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NOTICE

Medicine is an ever-changing science. As new research and clinical experience
broaden our knowledge, changes in treatment and drug therapy are required.
The authors and the publisher of this work have checked with sources believed
to be reliable in their efforts to provide information that is complete and
generally in accord with the standards accepted at the time of publication.
However, in view of the possibility of human error or changes in medical
sciences, neither the authors nor the publisher nor any other party who has
been involved in the preparation or publication of this work warrants that the
information contained herein is in every respect accurate or complete, and they
disclaim all responsibility for any errors or omissions or for the results obtained
from use of the information contained in this work. Readers are encouraged to
confirm the information contained herein with other sources. For example and
in particular, readers are advised to check the product information sheet
included in the package of each drug they plan to administer to be certain that
the information contained in this work is accurate and that changes have not
been made in the recommended dose or in the contraindications for adminis-
tration. This recommendation is of particular importance in connection with
new or infrequently used drugs.
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Preface

This seventh edition of the pocket companion to Pharmacotherapy: A Patho-
physiologic Approach, seventh edition, is designed to provide practitioners and
students with critical information that can be easily used to guide drug therapy
decision making in the clinical setting. To ensure brevity and portability, the
bulleted format provides the user with essential textual information, key tables
and figures, and treatment algorithms.

Corresponding to the major sections in the main text, disorders are alpha-
betized within the following sections: Bone and Joint Disorders, Cardiovascular
Disorders, Dermatologic Disorders, Endocrinologic Disorders, Gastrointesti-
nal Disorders, Gynecologic and Obstetric Disorders, Hematologic Disorders,
Infectious Diseases, Neurologic Disorders, Nutritional Disorders, Oncologic
Disorders, Ophthalmic Disorders, Psychiatric Disorders, Renal Disorders,
Respiratory Disorders, and Urologic Disorders. Drug-induced conditions asso-
ciated with allergic and pseudoallergic reactions, hematologic disorders, liver
disease, pulmonary disorders, and kidney disease appear in five tabular appen-
dices. In the seventh edition, information on the management of pharmaco-
therapy in the elderly has been added as an appendix. Also in the seventh
edition, chapters have been added on adrenal gland disorders and influenza.

Carrying over a popular feature from Pharmacotherapy, each chapter is
organized in a consistent format:

* Disease state definition * Desired outcome
+ Concise review of relevant pathophysiology + Treatment
+ Clinical presentation + Monitoring

+ Diagnosis

The treatment section may include nonpharmacologic therapy, drug selec-
tion guidelines, dosing recommendations, adverse effects, pharmacokinetic
considerations, and important drug—drug interactions. When more in-depth
information is required, the reader is encouraged to refer to the primary text,
Pharmacotherapy: A Pathophysiologic Approach, seventh edition.

It is our sincere hope that students and practitioners find this book helpful
as they continuously strive to deliver highest quality patient-centered care.
We invite your comments on how we may improve subsequent editions of
this work.

Barbara G. Wells
Joseph T. DiPiro
Terry L. Schwinghammer
Cecily V. DiPiro

Please provide your comments about this book, Wells et al., Pharmacotherapy
Handbook, seventh edition, to its Authors and Publisher by writing to
pharmacotherapy@mcgraw-hill.com. Please indicate the author and title of
this handbook in the subject line of your e-mail.
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To the Reader

Basic and clinical research provides a continuous flow of biomedical infor-
mation that enables practitioners to use medications more effectively and
safely. The editors, authors, and publisher of this book have made every effort
to ensure accuracy of information provided. However, it is the responsibility
of all practitioners to assess the appropriateness of published drug therapy
information, especially in light of the specific clinical situation and new
developments in the field. The editors and authors have taken care to
recommend dosages that are consistent with current published guidelines
and other responsible literature. However, when dealing with new and
unfamiliar drug therapies, students and practitioners should consult several
appropriate information sources.
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SECTION 1

Edited by Terry L. Schwinghammer

Gout and Hyperuricemia

CHAPTER

DEFINITIONS

+ The term gout describes a disease spectrum including hyperuricemia, recur-
rent attacks of acute arthritis associated with monosodium urate crystals in
leukocytes found in synovial fluid, deposits of monosodium urate crystals in
tissues (tophi), interstitial renal disease, and uric acid nephrolithiasis.

+ Hyperuricemia may be an asymptomatic condition, with an increased
serum uric acid concentration as the only apparent abnormality. A urate
concentration greater than 7.0 mg/dL is abnormal and associated with an
increased risk for gout.

PATHOPHYSIOLOGY

+ In humans, uric acid is the end product of the degradation of purines. It
serves no known physiologic purpose and is regarded as a waste product.
The size of the urate pool is increased severalfold in individuals with gout.
This excess accumulation may result from either overproduction or
underexcretion.

+ The purines from which uric acid is produced originate from three
sources: dietary purine, conversion of tissue nucleic acid to purine nucleo-
tides, and de novo synthesis of purine bases.

+ Abnormalities in the enzyme systems that regulate purine metabolism may
result in overproduction of uric acid. An increase in the activity of
phosphoribosyl pyrophosphate (PRPP) synthetase leads to an increased
concentration of PRPP, a key determinant of purine synthesis and thus
uric acid production. A deficiency of hypoxanthine—guanine phosphoribo-
syl transferase (HGPRT) may also result in overproduction of uric acid.
HGPRT is responsible for the conversion of guanine to guanylic acid and
hypoxanthine to inosinic acid. These two conversions require PRPP as the
cosubstrate and are important reutilization reactions involved in nucleic
acid synthesis. A deficiency in the HGPRT enzyme leads to increased
metabolism of guanine and hypoxanthine to uric acid and more PRPP to
interact with glutamine in the first step of the purine pathway. Complete
absence of HGPRT results in the childhood Lesch-Nyhan syndrome,
characterized by choreoathetosis, spasticity, mental retardation, and mark-
edly excessive production of uric acid.

+ Uric acid may also be overproduced as a consequence of increased
breakdown of tissue nucleic acids, as with myeloproliferative and lympho-
proliferative disorders. Cytotoxic drugs used to treat these disorders can

—_



SECTION 1 | Bone and Joint Disorders

also result in overproduction of uric acid due to lysis and breakdown of
cellular matter.

+ Dietary purines play an unimportant role in the generation of hyperurice-
mia in the absence of some derangement in purine metabolism or
elimination.

+ About two-thirds of the uric acid produced each day is excreted in the
urine. The remainder is eliminated through the GI tract after enzymatic
degradation by colonic bacteria. A decline in the urinary excretion of uric
acid to a level below the rate of production leads to hyperuricemia and an
increased miscible pool of sodium urate.

+ Drugs that decrease renal clearance of uric acid through modification of
filtered load or one of the tubular transport processes include diuretics,
nicotinic acid, salicylates (less than 2 g/day), ethanol, pyrazinamide,
levodopa, ethambutol, cyclosporine, and cytotoxic drugs.

+ The average human produces 600 to 800 mg of uric acid daily and excretes
less than 600 mg in urine. Individuals who excrete more than 600 mg after
being on a purine-free diet for 3 to 5 days are considered overproducers.
Hyperuricemic individuals who excrete less than 600 mg of uric acid per
24 hours on a purine-free diet are defined as underexcretors of uric acid.
On a regular diet, excretion of more than 1,000 mg per 24 hours reflects
overproduction; less than this is probably normal.

+ Deposition of urate crystals in synovial fluid results in an inflammatory
process involving chemical mediators that cause vasodilation, increased
vascular permeability, complement activation, and chemotactic activity for
polymorphonuclear leukocytes. Phagocytosis of urate crystals by leuko-
cytes results in rapid lysis of cells and a discharge of proteolytic enzymes
into the cytoplasm. The ensuing inflammatory reaction is associated with
intense joint pain, erythema, warmth, and swelling.

+ Uric acid nephrolithiasis occurs in 10% to 25% of patients with gout.
Predisposing factors include excessive urinary excretion of uric acid, acidic
urine, and highly concentrated urine.

+ In acute uric acid nephropathy, acute renal failure occurs as a result of
blockage of urine flow secondary to massive precipitation of uric acid
crystals in the collecting ducts and ureters. This syndrome is a well-
recognized complication in patients with myeloproliferative or lymphopro-
liferative disorders and results from massive malignant cell turnover, partic-
ularly after initiation of chemotherapy. Chronic urate nephropathy is caused
by the long-term deposition of urate crystals in the renal parenchyma.

+ Tophi (urate deposits) are uncommon in gouty subjects and are a late
complication of hyperuricemia. The most common sites of tophaceous
deposits in patients with recurrent acute gouty arthritis are the base of the
great toe, helix of the ear, olecranon bursae, Achilles tendon, knees, wrists,
and hands.

CLINICAL PRESENTATION

+ Acute attacks of gouty arthritis are characterized by rapid onset of excruciat-
ing pain, swelling, and inflammation. The attack is typically monoarticular
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at first, most often affecting the first metatarsophalangeal joint (podagra),
and then, in order of frequency, the insteps, ankles, heels, knees, wrists,
fingers, and elbows. Attacks commonly begin at night, with the patient
awakening from sleep with excruciating pain. The affected joints are erythe-
matous, warm, and swollen. Fever and leukocytosis are common. Untreated
attacks may last from 3 to 14 days before spontaneous recovery.

Although acute attacks of gouty arthritis may occur without apparent
provocation, attacks may be precipitated by stress, trauma, alcohol inges-
tion, infection, surgery, rapid lowering of serum uric acid by ingestion of
uric acid—lowering agents, and ingestion of certain drugs known to elevate
serum uric acid concentrations.

DIAGNOSIS

+ The definitive diagnosis is accomplished by aspiration of synovial fluid
from the affected joint and identification of intracellular crystals of
monosodium urate monohydrate in synovial fluid leukocytes.

When joint aspiration is not a viable option, a presumptive diagnosis of
acute gouty arthritis may be made on the basis of the presence of the
characteristic signs and symptoms, as well as the response to treatment.

DESIRED OUTCOME

+ The goals in the treatment of gout are to terminate the acute attack,
prevent recurrent attacks of gouty arthritis, and prevent complications
associated with chronic deposition of urate crystals in tissues.

TREATMENT

ACUTE GOUTY ARTHRITIS
(Fig. 1-1)

Nonpharmacologic Therapy

+ Patients may be advised to reduce their intake of foods high in purines (e.g.,
organ meats), avoid alcohol, increase fluid intake, and lose weight if obese.

+ Joint rest for 1 to 2 days should be encouraged, and local application of ice
may be beneficial.

Nonsteroidal Antiinflammatory Drugs

+ Nonsteroidal antiinflammatory drugs (NSAIDs) are the mainstay of ther-
apy because of their excellent efficacy and minimal toxicity with short-
term use. There is little evidence to support one NSAID as more efficacious
than another, and three drugs (indomethacin, naproxen, and sulindac)
have FDA approval for this indication (Table 1-1).

Therapy should be initiated with maximum recommended doses for gout
at the onset of symptoms and continued for 24 hours after complete
resolution of an acute attack, then tapered quickly over 2 to 3 days. Acute
attacks generally resolve within 5 to 8 days after initiating therapy.

W



SECTION 1 | Bone and Joint Disorders

" Contraindication
Acute gouty arthritis }—» to NSAID?

YES NO
' ,
Onset of symptoms .
<48 hours? NSAID of choice
NO YES :
Inadequate response
Numper of joints Oral colchicine
involved
A
Inadequate response <
1 >1
Joint accessible to Contraindication to
injection? systemic corticosteroids?
YES NO
A
Intraarticular YES NO
corticosteroid
Y Y

Analgesics and joint rest Parenteral or oral corticosteroid

+/— oral colchicine +/— intraarticular corticosteroid

FIGURE 1-1. Treatment algorithm for acute gouty arthritis. (NSAID, nonsteroidal
antiinflammatory drug.)
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17:\:18 38 B B Dosage Regimens of Nonsteroidal Antiinflammatory
Drugs for Treatment of Acute Gouty Arthritis

Generic Name Dosage and Frequency

Etodolac 300 mg twice daily

Fenoprofen 300-600 mg three to four times daily

Ibuprofen 800 mg four times a day

Indomethacin 25-50 mg four times a day for 3 days, then taper to twice daily for 4-7 days
Ketoprofen 75 mg four times a day

Naproxen 500 mg twice daily for 3 days, then 250-500 mg daily for 4-7 days
Piroxicam 20 mg once daily or 10 mg twice daily

Sulindac 200 mg twice daily for 7-10 days

+ The most common adverse effects involve the GI system (gastritis, bleed-
ing, and perforation), kidneys (renal papillary necrosis, reduced creatinine
clearance [CL]), cardiovascular system (sodium and fluid retention,
increased blood pressure), and CNS (impaired cognitive function, head-
ache, dizziness).

+ Although the risk of GI complications is relatively small with short-term
therapy, coadministration with a proton pump inhibitor should be consid-
ered in elderly patients and others at increased GI risk. NSAIDs should be
used with caution in individuals with a history of peptic ulcer disease, heart
failure, uncontrolled hypertension, renal insufficiency, coronary artery
disease, or if they are receiving anticoagulants concurrently.

+ The efficacy and safety of cyclooxygenase-2 (COX-2) selective inhibitors
(e.g., celecoxib) have not been fully assessed in gouty arthritis, but they are
more costly than conventional NSAIDs and are unlikely to result in fewer
GI complications because of the short duration of therapy.

Colchicine

+ Colchicine is an antimitotic drug that is highly effective in relieving acute
gout attacks but has a low benefit-toxicity ratio. When colchicine is started
within the first 24 hours of an acute attack, about two-thirds of patients
respond within several hours. The likelihood of success decreases substan-
tially if treatment is delayed longer than 48 hours after symptom onset.

+ Oral colchicine causes dose-dependent GI adverse effects (nausea, vomit-
ing, and diarrhea) in 50% to 80% of patients before relief of the attack.
Non-GI adverse effects include neutropenia and axonal neuromyopathy,
which may be worsened in patients taking other myopathic drugs (e.g.,
statins) or in those with renal insufficiency. Colchicine should not be used
concurrently with macrolide antibiotics (especially clarithromycin) because
reduced biliary excretion may lead to increased plasma colchicine levels and
agranulocytosis.

+ Colchicine should be reserved for patients with insufficient relief, intoler-
ance, or contraindications to NSAIDs.

+ The usual oral colchicine dose is 1 mg initially, followed by 0.5 mg every 1
hour until the joint symptoms subside, the patient develops abdominal
discomfort or diarrhea, or a total dose of 8 mg has been given.
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IV colchicine should be avoided because it is associated with serious
adverse effects (e.g., bone marrow suppression, tissue necrosis from local
extravasation, disseminated intravascular coagulation, hepatocellular tox-
icity, and renal failure). If considered necessary, the recommended initial
IV dose is 2 mg (if renal function is normal) diluted in 10 to 20 mL of
normal saline administered slowly over 10 to 20 minutes in a secure, free-
flowing IV line to avoid extravasation. This may be followed by two
additional doses of 1 mg each at 6-hour intervals, with the total dose not
exceeding 4 mg. After a full IV course, patients should not receive
colchicine by any route for at least 7 days.

Corticosteroids

Corticosteroids may be used to treat acute attacks of gouty arthritis, but
they are reserved primarily for patients with a contraindication or who are
unresponsive to NSAID or colchicine therapy. Patients with multiple-joint
involvement may also benefit.

The recommended dose is prednisone 30 to 60 mg (or an equivalent dose
of another corticosteroid) orally once daily for 3 to 5 days. Because
rebound attacks may occur upon steroid withdrawal, the dose should be
gradually tapered in 5-mg increments over 10 to 14 days and discontinued.
A single intramuscular injection of a long-acting corticosteroid (e.g.,
methylprednisolone acetate) can be used as an alternative to the oral
route if patients are unable to take oral therapy. If not contraindicated,
low-dose colchicine can be used as adjunctive therapy to injectable
corticosteroids to prevent rebound flare-ups.

Intraarticular administration of triamcinolone hexacetonide 20 to 40 mg
may be useful for acute gout limited to one or two joints.
Adrenocorticotropic hormone (ACTH) gel, 40 to 80 USP units, may be
given intramuscularly every 6 to 8 hours for 2 to 3 days and then
discontinued. Studies with ACTH are limited, and it should be reserved for
patients with contraindications to first-line therapies (e.g., heart failure,
chronic renal failure, history of GI bleeding).

PROPHYLACTIC THERAPY OF INTERCRITICAL GOUT

General Approach

Prophylactic treatment can be withheld if the first episode of acute gouty
arthritis was mild and responded promptly to treatment, the patient’s
serum urate concentration was only minimally elevated, and the 24-hour
urinary uric acid excretion was not excessive (less than 1,000 mg/24 hours
on a regular diet).

If the patient had a severe attack of gouty arthritis, a complicated course of
uric acid lithiasis, a substantially elevated serum uric acid (greater than 10
mg/dL), or a 24-hour urinary excretion of uric acid of more than 1,000 mg,
then prophylactic treatment should be instituted immediately after resolu-
tion of the acute episode.

Prophylactic therapy is cost-effective for patients with frequent attacks of
gouty arthritis (i.e., two or more attacks per year) even if the serum uric
acid concentration is normal or only minimally elevated.
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Colchicine

Colchicine given in low oral doses (0.5 to 0.6 mg twice daily) may be
effective in preventing recurrent arthritis in patients with no evidence of
visible tophi and a normal or slightly elevated serum urate concentration.
The oral dose should be reduced to no more than 0.6 mg daily or every
other day in patients with renal or hepatic dysfunction. Treated patients
who sense the onset of an acute attack should increase the dose to 1 mg
every 2 hours; in most instances, the attack aborts after 1 or 2 mg.
Discontinuation of prophylaxis may be attempted if the serum urate
concentration remains normal and the patient is symptom-free for 1 year.

Uric Acid-Lowering Therapy

Patients with a history of recurrent acute gouty arthritis and a significantly
elevated serum uric acid concentration are probably best managed with
uric acid—lowering therapy.

Colchicine, 0.5 mg twice daily, is sometimes given during the first 6 to 12
months of antihyperuricemic therapy to minimize the risk of acute attacks
that may occur during initiation of uric acid—lowering therapy.

The therapeutic objective of antihyperuricemic therapy is to achieve and
maintain a serum uric acid concentration less than 6 mg/dL, and prefera-
bly below 5 mg/dL.

Xanthine Oxidase Inhibitor

Allopurinol and its major metabolite, oxypurinol, are xanthine oxidase
inhibitors and impair the conversion of hypoxanthine to xanthine and
xanthine to uric acid. Allopurinol also lowers the intracellular concentration
of PRPP. Because of the long half-life of its metabolite, allopurinol can be
given once daily orally. It is typically initiated at a dose of 100 mg/day and
increased by 100 mg/day at 1-week intervals to achieve a serum uric acid
level of 6 mg/dL or less. Serum levels can be checked about 1 week after
starting therapy or modifying the dose. Although typical doses are 100 to 300
mg daily, occasionally doses of 600 to 800 mg/day are necessary. The dose
should be reduced in patients with renal insufficiency (200 mg/day for CL,
60 mL/min or less, and 100 mg/day for CL_. 30 mL/min or less).
Allopurinol is the antihyperuricemic drug of choice in patients with a
history of urinary stones or impaired renal function, in patients who have
lymphoproliferative or myeloproliferative disorders and need pretreat-
ment with a xanthine oxidase inhibitor before initiation of cytotoxic
therapy to protect against acute uric acid nephropathy, and in patients
with gout who are overproducers of uric acid.

The major side effects of allopurinol are skin rash, urticaria, leukopenia, GI
problems, headache, and increased frequency of acute gouty attacks with
the initiation of therapy. An allopurinol hypersensitivity syndrome charac-
terized by fever, eosinophilia, dermatitis, vasculitis, and renal and hepatic
dysfunction occurs rarely but is associated with a 20% mortality rate.

Uricosuric Drugs

Probenecid and sulfinpyrazone increase the renal clearance of uric acid by
inhibiting the renal tubular reabsorption of uric acid. They should only be
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used in patients with documented underexcretion of uric acid. Therapy
with uricosuric drugs should be started at a low dose to avoid marked
uricosuria and possible stone formation. Maintenance of adequate urine
flow and alkalinization of the urine with sodium bicarbonate or Shohl’s
solution during the first several days of uricosuric therapy further diminish
the possibility of uric acid stone formation.

+ Probenecid is given initially at a dose of 250 mg twice daily for 1 to 2 weeks,
then 500 mg twice daily for 2 weeks. Thereafter, the daily dose is increased
by 500-mg increments every 1 to 2 weeks until satisfactory control is
achieved or a maximum dose of 2 g/day is reached.

+ The initial dose of sulfinpyrazone is 50 mg twice daily for 3 to 4 days, then
100 mg twice daily, increasing the daily dose by 100-mg increments each
week up to 800 mg/day.

+ The major side effects associated with uricosuric therapy are GI irritation,
rash and hypersensitivity, precipitation of acute gouty arthritis, and stone
formation. These drugs are contraindicated in patients who are allergic to
them and in patients with impaired renal function (CL., <50 mL/min) or a
history of renal calculi, and in patients who are overproducers of uric acid.

EVALUATION OF THERAPEUTIC OUTCOMES

+ A serum uric acid level should be checked in patients suspected of having an
acute gout attack, particularly if it is not the first attack and a decision is to
be made about starting prophylactic therapy. However, acute gout can occur
in the presence of normal serum uric acid concentrations. Repeat serum uric
acid measurements are generally not necessary except during the titration
phase of allopurinol to achieve a goal serum urate less than 6 mg/dL.

+ Patients with acute gout should be monitored for symptomatic relief of joint
pain as well as potential adverse effects and drug interactions related to drug
therapy. The acute pain of an initial attack of gouty arthritis should begin to
ease within about 8 hours of treatment initiation. Complete resolution of
pain, erythema, and inflammation usually occurs within 48 to 72 hours.

+ Patients receiving hypouricemic medications should have baseline assess-
ment of renal function, hepatic enzymes, complete blood count, and
electrolytes. The tests should be rechecked every 6 to 12 months in patients
receiving long-term prophylaxis.

+ Because of comorbidity with diabetes, dyslipidemia, hypertension, and
stroke, the presence of increased serum uric acid levels or gout should
prompt evaluation for cardiovascular disease and the need for appropriate
risk reduction measures. Clinicians should also look for possible correctable
causes of hyperuricemia (e.g., medications, obesity, and alcohol abuse).

See Chap. 96, Gout and Hyperuricemia, authored by Michael E. Ernst, Elizabeth
C. Clark, and David W. Hawkins, for a more detailed discussion of this topic.



Osteoarthritis

CHAPTER

DEFINITION

+ Osteoarthritis (OA) is a common, slowly progressive disorder affecting
primarily the weight-bearing diarthrodial joints of the peripheral and axial
skeleton. It is characterized by progressive deterioration and loss of
articular cartilage, resulting in osteophyte formation, pain, limitation of
motion, deformity, and progressive disability. Inflammation may or may
not be present in the affected joints.

PATHOPHYSIOLOGY

* Primary (idiopathic) OA, the most common type, has no known cause.
Subclasses of primary OA are localized OA (involving one or two sites) and
generalized OA (affecting three or more sites). The term erosive OA
indicates the presence of erosion and marked proliferation in the proximal
and distal interphalangeal (PIP and DIP) hand joints.

+ Secondary OA is associated with a known cause such as rheumatoid
arthritis or another inflammatory arthritis, trauma, metabolic or endo-
crine disorders, and congenital factors.

+ OA usually begins with damage to articular cartilage through injury, excess
joint loading from obesity or other reasons, or joint instability or injury
that causes abnormal loading. Damage to cartilage increases the metabolic
activity of chondrocytes, leading to increased synthesis of matrix constitu-
ents with cartilage swelling. This hypertrophic reparative response to
damage does not restore cartilage to normal but instead is the first step in
the process leading to further cartilage loss.

+ After the hypertrophic phase, there is increased synthesis of matrix metallo-
proteinases (MMPs) 1, 3, 13, and 28, which causes collagen destruction to
occur faster than synthesis, with a net loss of cartilage. Chondrocytes
contribute to collagen loss by secreting MMPs in response to inflammatory
mediators present in OA (interleukin-1 and tumor necrosis factor-c).
Chondrocytes also undergo apoptosis, probably as a result of induction of
nitric oxide synthase and production of toxic metabolites. This leaves fewer
chondrocytes to synthesize matrix components. OA chondrocytes are also
less responsive to the anabolic stimulus of transforming growth factor-f.
The net result of these processes is a progressive cycle of cartilage destruc-
tion and chondrocyte loss.

+ Subchondral bone adjacent to articular cartilage also undergoes pathologic
changes that allow progression of damage to articular cartilage. In OA,
subchondral bone releases vasoactive peptides and MMPs. Neovascular-
ization and subsequent increased permeability of the adjacent cartilage
occur, which contribute further to cartilage loss.

+ Substantial loss of cartilage causes joint space narrowing and leads to painful,
deformed joints. The remaining cartilage softens and develops fibrillations,
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and there is splitting, further cartilage loss, and exposure of underlying bone.
Cartilage is eventually eroded completely, leaving denuded subchondral bone
that becomes dense, smooth, and glistening (eburnation). A more brittle,
stiffer bone results, with decreased weight-bearing ability and development of
sclerosis and microfractures. New bone formations (osteophytes) that arise
from local and humoral factors appear at joint margins distant from cartilage
destruction; evidence indicates that osteophytes help to stabilize OA joints.
Local inflammatory changes occur in the joint capsule and synovium. The
synovium becomes infiltrated with T cells, and immune complexes appear.
Crystals or cartilage shards in synovial fluid may contribute to inflamma-
tion. There are also increased levels of interleukin-1, prostaglandin E,,
tumor necrosis factor-o, and nitric oxide in synovial fluid. Inflammatory
changes result in effusions and synovial thickening.

The pain of OA arises from activation of nociceptive nerve endings within
joints by mechanical and chemical irritants. OA pain may result from
distension of the synovial capsule by increased joint fluid; microfracture;
periosteal irritation; or damage to ligaments, synovium, or the meniscus.

CLINICAL PRESENTATION

The prevalence and severity of OA increase with age. Potential risk factors
include obesity, repetitive use through work or leisure activities, joint
trauma, and heredity.

The clinical presentation depends on duration and severity of disease and
the number of joints affected. The predominant symptom is a localized
deep, aching pain associated with the affected joint. Early in OA, pain
accompanies joint activity and decreases with rest. With progression, pain
occurs with minimal activity or at rest.

Joints most commonly affected are the DIP and PIP joints of the hand, the
first carpometacarpal joint, knees, hips, cervical and lumbar spine, and the
first metatarsophalangeal joint of the toe.

In addition to pain, limitation of motion, stiffness, crepitus, and deformi-
ties may occur. Patients with lower extremity involvement may report a
sense of weakness or instability.

Upon arising, joint stiffness typically lasts less than 30 minutes and resolves
with motion. Joint enlargement is related to bony proliferation or to
thickening of the synovium and joint capsule. The presence of a warm, red,
and tender joint may suggest an inflammatory synovitis.

Joint deformity may be present in the later stages as a result of subluxation,
collapse of subchondral bone, formation of bone cysts, or bony overgrowths.
Physical examination of the affected joints reveals tenderness, crepitus, and
possible joint enlargement. Heberden’s and Bouchard’s nodes are bony
enlargements (osteophytes) of the DIP and PIP joints, respectively.

DIAGNOSIS

The diagnosis of OA is dependent on patient history, clinical examination
of the affected joint(s), radiologic findings, and laboratory testing.
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Criteria for the classification of OA of the hips, knees, and hands were
developed by the American College of Rheumatology (ACR). The criteria
include the presence of pain, bony changes on examination, a normal
erythrocyte sedimentation rate (ESR), and radiographs showing characteristic
osteophytes or joint space narrowing.

For hip OA, a patient must have hip pain and two of the following: (1) an
ESR less than 20 mm/hour, (2) radiographic femoral or acetabular osteo-
phytes, or (3) radiographic joint space narrowing.

For knee OA, a patient must have knee pain and radiographic osteophytes
in addition to one or more of the following: (1) age greater than 50 years,
(2) morning stiffness of 30 minutes’ or less duration, or (3) crepitus on motion,
(4) bony enlargement, (6) bony tenderness, or (7) palpable joint warmth.

No specific clinical laboratory abnormalities occur in primary OA. The ESR
may be slightly elevated in patients with generalized or erosive inflammatory
OA. The rheumatoid factor test is negative. Analysis of the synovial fluid reveals
fluid with high viscosity. This fluid demonstrates a mild leukocytosis (less than
2,000 white blood cells/mm?) with predominantly mononuclear cells.

DESIRED OUTCOME

The major goals for the management of OA are to (1) educate the patient,
caregivers, and relatives; (2) relieve pain and stiffness; (3) maintain or
improve joint mobility; (4) limit functional impairment; and (5) maintain
or improve quality of life.

TREATMENT

NONPHARMACOLOGIC THERAPY

The first step is to educate the patient about the extent of the disease,
prognosis, and management approach. Dietary counseling and a struc-
tured weight-loss program are recommended for overweight OA patients.
Physical therapy—with heat or cold treatments and an exercise program—
helps to maintain and restore joint range of motion and reduce pain and
muscle spasms. Exercise programs using isometric techniques are designed
to strengthen muscles, improve joint function and motion, and decrease
disability, pain, and the need for analgesic use.

Assistive and orthotic devices such as canes, walkers, braces, heel cups, and
insoles can be used during exercise or daily activities.

Surgical procedures (e.g., osteotomy, partial or total arthroplasty, joint
fusion) are indicated for patients with functional disability and/or severe
pain unresponsive to conservative therapy.

PHARMACOLOGIC THERAPY

General Approach

Drug therapy in OA is targeted at relief of pain. Because OA often occurs
in older individuals who have other medical conditions, a conservative
approach to drug treatment is warranted.
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An individualized approach to treatment is necessary (Fig. 2-1). For mild
or moderate pain, topical analgesics or acetaminophen can be used. If
these measures fail or if there is inflammation, nonsteroidal antiinflamma-
tory drugs (NSAIDs) may be useful. Appropriate nondrug therapies
should be continued when drug therapy is initiated.

Acetaminophen

Acetaminophen is recommended by the ACR as first-line drug therapy for
pain management of OA. The dose is 325 to 650 mg every 4 to 6 hours on a
scheduled basis (maximum dose 4 g/day; maximum 2 g/day if chronic
alcohol intake or underlying liver disease). Comparable relief of mild to
moderate OA pain has been demonstrated for acetaminophen (2.6 to 4 g/
day) compared with aspirin (650 mg four times daily), ibuprofen (1,200 or
2,400 mg daily), and naproxen (750 mg daily). However, some patients
respond better to NSAIDs.

Acetaminophen is usually well tolerated, but potentially fatal hepatotoxicity
with overdose is well documented. It should be used with caution in patients
with liver disease and those who chronically abuse alcohol. Chronic alcohol
users (three or more drinks daily) should be warned about an increased risk
of liver damage or GI bleeding with acetaminophen. Other individuals do
not appear to be at increased risk for GI bleeding. Renal toxicity occurs less
frequently than with NSAIDs.

Nonsteroidal Antiinflammatory Drugs

NSAIDs at prescription strength are often prescribed for OA patients after
treatment with acetaminophen proves ineffective, or for patients with
inflammatory OA. Analgesic effects begin within 1 to 2 hours, whereas
antiinflammatory benefits may require 2 to 3 weeks of continuous therapy.
AIl NSAIDs have similar efficacy in reducing pain and inflammation in OA
(Table 2-1), although individual patient response differs among NSAIDs.

Selection of an NSAID depends on prescriber experience, medication cost,
patient preference, toxicities, and adherence issues. An individual patient
should be given a trial of one drug that is adequate in time (2 to 3 weeks)
and dose. If the first NSAID fails, another agent in the same or another
chemical class can be tried; this process may be repeated until an effective
drug is found. Combining two NSAIDs increases adverse effects without
providing additional benefit.

+ Cyclooxygenase-2 (COX-2) selective inhibitors (e.g., celecoxib) demonstrate

analgesic benefits that are similar to traditional nonselective NSAIDs.
Although COX-2 selective inhibition was designed to reduce NSAID-
induced gastropathy (e.g., ulcers, bleeding, perforation), concerns about
adverse cardiovascular events (e.g., myocardial infarction, stroke) have led
authorities to recommend their use only in selected patients who are at high
risk for NSAID-related GI effects and low risk for cardiovascular toxicity.
GI complaints are the most common adverse effects of NSAIDs. Minor
complaints such as nausea, dyspepsia, anorexia, abdominal pain, flatulence,
and diarrhea occur in 10% to 60% of patients. NSAIDs should be taken with
food or milk, except for enteric-coated products (milk or antacids may destroy
the enteric coating and cause increased GI symptoms in some patients).
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FIGURE 2-1. Treatment for osteoarthritis. (COX, cyclooxygenase; IA, intraarticular;
NSAID, nonsteroidal antiinflammatory drug; OA, osteoarthritis; PPI, proton pump
inhibitor.)
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17:\:18 32 B Medications Commonly Used in the Treatment of Osteoarthritis

Medication

Oral analgesics
Acetaminophen

Tramadol
Acetaminophen/codeine
Acetaminophen/oxycodone
Topical analgesics
Capsaicin 0.025% or 0.075%
Nutritional supplements
Glucosamine sulfate/chondroitin
sulfate
Nonsteroidal antiinflammatory
drugs (NSAIDs)
Carboxylic acids
Acetylated salicylates
Aspirin, plain, buffered, or
enteric-coated

Nonacetylated salicylates
Salsalate
Diflunisal
Choline salicylate?
Choline magnesium salicylate
Acetic acids
Etodolac
Diclofenac
Indomethacin
Ketorolac®
Nabumetone?
Propionic acids
Fenoprofen
Flurbiprofen
Ibuprofen
Ketoprofen
Naproxen
Naproxen sodium
Oxaprozin
Fenamates
Meclofenamate
Mefenamic acid®
Oxicams
Piroxicam
Meloxicam
Coxibs
Celecoxib

Dosage and Frequency

325-650 mg every 4-6 hours or 1 g three to four
times/day

50-100 mg every 4-6 hours

300-1,000 mg/15-60 mg every 4 hours as needed

325-650 mg/2.5-10 mg every 6 hours as needed

Apply to affected joint three to four times/day

500 mg/400 mg three times/day

325-650 mg every 4-6 hours for pain; antiin-
flammatory doses start at 3,600 mg/day in
divided doses

500-1,000 mg two to three times/day
500-1,000 mg two times/day

500-1,000 mg two to three times/day
500-1,000 mg two to three times/day

800-1,200 mg/day in divided doses

100-150 mg/day in divided doses

25 mg two to three times/day; 75 mg SR once daily
10 mg every 4-6 hours

500-1,000 mg one to two times/day

300-600 mg three to four times/day
200-300 mg/day in 2-4 divided doses
1,200-3,200 mg/day in 3-4 divided doses
150-300 mg/day in 3-4 divided doses
250-500 mg twice a day

275-550 mg twice a day

600-1,200 mg daily

200-400 mg/day in 3-4 divided doses
250 mg every 6 hours

10-20 mg daily
7.5 mg daily

100 mg twice daily or 200 mg once daily

Maximum
Dosage
(mg/day)

4,000

400
4,000/360
4,000/40

1,500/1,200

3,6007

3,000
1,500

3,000
3,0007

1,200
200

200; 150
40

2,000

3,200
300

3,200
300

1,500
1,375
1,800

400
1,000

20
15

200 (400 for RA)

RA, rheumatoid arthritis; SR, sustained-release.
9IMonitor serum salicylate levels over 3-3.6 g/day.
bOnly available as a liquid; 870 mg salicylate/5 mL.

Not approved for treatment of OA for more than 5 days.

INonorganic acid but metabolite is an acetic acid.
Not approved for treatment of OA.
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All NSAIDs have the potential to cause gastric and duodenal ulcers and
bleeding through direct (topical) or indirect (systemic) mechanisms. Risk
factors for NSAID-associated ulcers and ulcer complications (perforation,
gastric outlet obstruction, GI bleeding) include increased age, comorbid
medical conditions (e.g., cardiovascular disease), concomitant corticoster-
oid or anticoagulant therapy, and history of peptic ulcer disease or upper
GI bleeding.

For OA patients who need an NSAID but are at high risk for GI complica-
tions, the ACR recommendations include either a COX-2 selective inhibitor
or a nonselective NSAID in combination with either a proton pump
inhibitor or misoprostol.

NSAIDs may also cause kidney diseases, hepatitis, hypersensitivity reactions,
rash, and CNS complaints of drowsiness, dizziness, headaches, depression,
confusion, and tinnitus. All nonselective NSAIDs inhibit COX-1-dependent
thromboxane production in platelets, thereby increasing bleeding risk.
NSAIDs should be avoided in late pregnancy because of the risk of prema-
ture closure of the ductus arteriosus.

The most potentially serious drug interactions include the concomitant use
of NSAIDs with lithium, warfarin, oral hypoglycemics, high-dose metho-
trexate, antihypertensives, angiotensin-converting enzyme inhibitors, -
blockers, and diuretics.

Topical Therapies

Capsaicin, an extract of red peppers that causes release and ultimately
depletion of substance P from nerve fibers, has been beneficial in providing
pain relief in OA when applied topically over affected joints. It may be used
alone or in combination with oral analgesics or NSAIDs.

To be effective, capsaicin must be used regularly, and it may take up to 2 weeks
to work. It is well tolerated, but some patients experience temporary burning
or stinging at the site of application. Patients should be warned not to get the
cream in their eyes or mouth and to wash their hands after application.
Application of the cream, gel, or lotion is recommended four times daily,
but tapering to twice-daily application may enhance long-term adherence
with adequate pain relief.

Topical diclofenac in a dimethyl sulfoxide carrier (Pennsaid) is a safe and
effective treatment for OA pain. It is thought to act primarily by local
inhibition of COX-2 enzymes. The product was under review by the U.S.
FDA at the time of this writing.

Topical rubefacients containing methyl salicylate, trolamine salicylate,
and other salicylates may have modest, short-term efficacy for treating
acute pain associated with OA.

Glucosamine and Chondroitin

Glucosamine and chondroitin are dietary supplements that were shown
to stimulate proteoglycan synthesis from articular cartilage in vitro.
Although their excellent safety profile makes them appealing for patients
at high risk of adverse drug events, enthusiasm waned after results of a
large, well-controlled, National Institutes of Health-sponsored clinical trial
demonstrated no significant clinical response to glucosamine alone, chon-
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droitin alone, or combination therapy when compared to placebo across
all patients. In subgroup analyses, patients with moderate to severe knee
pain showed a response to combination glucosamine—chondroitin therapy
superior to placebo, but this finding did not reach the predetermined
threshold for pain reduction.

Because of their relative safety, a trial of glucosamine—chondroitin may be
reasonable in patients considering alternatives to traditional OA treat-
ment. Dosing should be at least glucosamine sulfate 1,500 mg/day and
chondroitin sulfate 1,200 mg/day in divided doses.

Glucosamine adverse effects are mild and include GI gas, bloating, and
cramps; it should not be used in patients with shellfish allergies. The most
common adverse effect of chondroitin is nausea.

Corticosteroids

Systemic corticosteroid therapy is not recommended in OA, given the lack
of proven benefit and the well-known adverse effects with long-term use.

Intraarticular corticosteroid injections can provide relief, particularly
when a joint effusion is present. Average doses for injection of large joints
in adults are methylprednisolone acetate 20 to 40 mg or triamcinolone
hexacetonide 10 to 20 mg. After aseptic aspiration of the effusion and
corticosteroid injection, initial pain relief may occur within 24 to 72
hours, with peak relief occurring in about 1 week and lasting for 4 to 8
weeks. The patient should minimize joint activity and stress on the joint
for several days after the injection. Therapy is generally limited to three or
four injections per year because of the potential systemic effects of the
drugs and because the need for more frequent injections indicates poor
response to therapy.

Hyaluronate Injections

High-molecular-weight hyaluronic acid is a constituent of normal cartilage
that provides lubrication with motion and shock absorbency during rapid
movements. Because the concentration and molecular size of endogenous
hyaluronic acid decrease in OA, exogenous administration has been studied
in an attempt to reconstitute synovial fluid and reduce symptoms.
Hyaluronic acid injections temporarily and modestly increase synovial
fluid viscosity and were reported to decrease pain, but many studies were
short term and poorly controlled with high placebo response rates.

Four intraarticular hyaluronic acid preparations are available for treating
pain associated with OA of the knee: sodium hyaluronate (Hyalgan 20
mg/2 mL; Supartz 25 mg/2.5 mL), hylan polymers (Synvisc 16 mg/2 mL),
and hyaluronan (Orthovisc 30 mg/2 mL). Hyalgan and Supartz are
administered once weekly for five injections, whereas Synvisc and Ortho-
visc are administered once weekly for three injections.

Injections are well tolerated, but acute joint swelling and local skin
reactions (e.g., rash, ecchymoses, or pruritus) have been reported.

These products may be beneficial for OA of the knee that is unresponsive
to other therapy, but they are expensive because treatment includes both
drug and administration costs.
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Opioid Analgesics

Low-dose opioid analgesics (e.g., oxycodone) may be useful for patients
who experience no relief with acetaminophen, NSAIDs, intraarticular
injections, or topical therapy.

They are particularly useful in patients who cannot take NSAIDs because
of renal failure, or for patients in whom all other treatment options have
failed and who are at high surgical risk, precluding joint arthroplasty.
Low-dose opioids should be used initially, usually in combination with
acetaminophen. Sustained-release compounds usually offer better pain con-
trol throughout the day and are used when simple opioids are ineffective.

Tramadol

Tramadol with or without acetaminophen has modest analgesic effects in
patients with OA. It may also be effective as add-on therapy in patients
taking concomitant NSAIDs or COX-2 selective inhibitors. As with opi-
oids, tramadol may be helpful for patients who cannot take NSAIDs or
COX-2 selective inhibitors.

Tramadol should be initiated at a lower dose (100 mg/day in divided
doses) and may be titrated as needed for pain control to a dose of 200 mg/
day. It is available in a combination tablet with acetaminophen and as a
sustained-release tablet.

Opioid-like adverse effects such as nausea, vomiting, dizziness, constipa-
tion, headache, and somnolence are common.

EVALUATION OF THERAPEUTIC OUTCOMES

To monitor efficacy, the patient’s baseline pain can be assessed with a
visual analog scale, and range of motion for affected joints can be assessed
with flexion, extension, abduction, or adduction.

+ Depending on the joint affected, measurement of grip strength and 50-feet

walking time can help assess hand and hip/knee OA, respectively.
Baseline radiographs can document the extent of joint involvement and
follow disease progression with therapy.

+ Other measures include the clinician’s global assessment based on the

patient’s history of activities and limitations caused by OA, the Western
Ontario and McMaster Universities Arthrosis Index, Stanford Health
Assessment Questionnaire, and documentation of analgesic or NSAID use.
Patients should be asked if they are having adverse effects from their
medications. They should also be monitored for any signs of drug-related
effects, such as skin rash, headaches, drowsiness, weight gain, or hyperten-
sion from NSAIDs.

Baseline serum creatinine, hematology profiles, and serum transaminases
with repeat levels at 6- to 12-month intervals are useful in identifying
specific toxicities to the kidney, liver, GI tract, or bone marrow.

See Chap. 95, Osteoarthritis, authored by Lucinda M. Buys and Mary Elizabeth
Elliott, for a more detailed discussion of this topic.
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CHAPTER

DEFINITION

+ Osteoporosis is a skeletal disorder characterized by compromised bone
strength predisposing individuals to an increased fracture risk.

+ Categories of osteoporosis include: (1) postmenopausal osteoporosis, (2) age-
related osteoporosis, and (3) secondary osteoporosis.

PATHOPHYSIOLOGY

+ Bone loss occurs when bone resorption exceeds bone formation, usually
from high bone turnover when the number and/or depth of bone resorption
sites greatly exceed the rate and ability of osteoblasts to form new bone.

+ In addition to reduced bone mineral density (BMD), bone quality and
structural integrity are impaired because of the increased quantity of
immature bone that is not yet adequately mineralized.

+ Men and women begin to lose a small amount of bone mass starting in the
third or fourth decade as a consequence of reduced bone formation.
Estrogen deficiency during menopause increases proliferation, differentia-
tion, and activation of new osteoclasts and prolongs survival of mature
osteoclasts; this increases bone resorption more than formation. Men do
not undergo a period of accelerated bone resorption similar to menopause.
The etiology of male osteoporosis is multifactorial; secondary causes and
aging are the most common contributing factors.

+ Age-related osteoporosis occurs mainly because of hormone, calcium, and
vitamin D deficiencies leading to accelerated bone turnover and reduced
osteoblast formation.

+ Drug-induced osteoporosis may result from systemic corticosteroids
(prednisone doses greater than 7.5 mg/day), thyroid hormone replace-
ment, some antiepileptic drugs (e.g., phenytoin, phenobarbital), depot
medroxyprogesterone acetate, and other agents.

CLINICAL PRESENTATION

+ Many patients are unaware that they have osteoporosis and only present
after fracture. Fractures can occur after bending, lifting, or falling, or
independent of any activity.

+ The most common osteoporosis-related fractures involve the vertebrae,
proximal femur, and distal radius (wrist or Colles’ fracture). Two-thirds of
patients with vertebral fractures are asymptomatic; the remainder present
with moderate to severe back pain that radiates down a leg after a new
vertebral fracture. The pain usually subsides significantly after 2 to 4 weeks,
but residual, chronic, low-back pain may persist. Multiple vertebral frac-
tures decrease height and sometimes curve the spine (kyphosis or lordosis)
with or without significant back pain.
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+ Patients with a nonvertebral fracture frequently present with severe pain,
swelling, and reduced function and mobility at the fracture site.

DIAGNOSIS

+ A patient history should be obtained to identify history of adult
fractures, comorbidities, surgeries, falls, and the presence of risk factors
for osteoporosis.

* Major risk factors include current smoker, low body weight (<127 Ib in
postmenopausal women), history of osteoporotic fracture in a first-degree
relative, and personal history of low-trauma fracture as an adult. Other
independent risk factors include age, high bone turnover, low body mass
index (<19 kg/m?), rheumatoid arthritis, and glucocorticoid use. Decision
tools may help identify individuals who should undergo BMD testing, such
as the Osteoporosis Risk Assessment Instrument and the Simple Calcu-
lated Osteoporosis Risk Estimation.

+ A complete physical examination and laboratory analysis are needed to
rule out secondary causes and to assess kyphosis and back pain. Laboratory
testing may include complete blood count, liver function tests, creatinine,
urea nitrogen, calcium, phosphorus, alkaline phosphatase, albumin, thy-
roid-stimulating hormone, free testosterone, 25-hydroxyvitamin D, and
24-hour urine concentrations of calcium and phosphorus. Urine or serum
biomarkers (e.g., cross-linked N-telopeptides of type I collagen, osteocal-
cin) are sometimes used.

+ Measurement of central (hip and spine) BMD with dual-energy x-ray
absorptiometry (DXA) is the gold standard for osteoporosis diagnosis.
Measurement at peripheral sites (forearm, heel, and phalanges) with
ultrasound or DXA is used only for screening purposes and to determine
the need for further testing.

+ A T-score is a comparison of the patient’s measured BMD to the mean
BMD of a healthy, young (20- to 29-year-old), sex-matched, white refer-
ence population. The T-score is the number of standard deviations from
the mean of the reference population.

+ The diagnosis of osteoporosis based on a low-trauma fracture or central
hip and/or spine DXA using World Health Organization T-score thresh-
olds. Normal bone mass is a T-score greater than —1, osteopenia is a T-
score of —1 to —2.4, and osteoporosis is a T-score at or below —2.5.

DESIRED OUTCOME

+ The primary goal of osteoporosis management is prevention. Optimizing
skeletal development and peak bone mass accrual in childhood, adolescence,
and early adulthood will reduce the future incidence of osteoporosis.

+ Once osteopenia or osteoporosis develops, the objective is to stabilize or
improve bone mass and strength and prevent fractures.

* Goals in patients who have already suffered osteoporotic fractures include
reducing future falls and fractures, improving functional capacity, reduc-
ing pain and deformity, and improving quality of life.
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PREVENTION AND TREATMENT

Management algorithms that incorporate both nonpharmacologic and phar-
macologic approaches are shown in Fig. 3-1 (women) and Fig. 3-2 (men).

NONPHARMACOLOGIC THERAPY

All individuals should have a balanced diet with adequate intake of calcium
and vitamin D (Table 3-1). Table 3-2 lists dietary sources of calcium and
vitamin D. If adequate dietary intake cannot be achieved, calcium supple-
ments are necessary.

Because excessive caffeine consumption increases calcium excretion, caf-
feine intake should ideally be limited to two servings per day. Moderate
caffeine intake (2 to 4 servings per day) should not be a concern if adequate
calcium intake is achieved.

Smoking cessation can help to optimize peak bone mass, minimize bone
loss, and ultimately reduce fracture risk.

Weight-bearing aerobic and strengthening exercises can decrease the risk
of falls and fractures by improving muscle strength, coordination, balance,
and mobility.

PHARMACOLOGIC THERAPY

ANTIRESORPTIVE THERAPY

Calcium

Calcium should be ingested in adequate amounts to prevent secondary
hyperparathyroidism and bone destruction. Although calcium increases
BMD, fracture prevention is minimal. It should be combined with vitamin
D and osteoporosis medications when needed.

Calcium carbonate is the salt of choice because it contains the highest
concentration of elemental calcium (40%) and is the least expensive (Table
3-3). It should be ingested with meals to enhance absorption from
increased acid secretion. Calcium citrate absorption is acid independent
and need not be taken with meals. Because the fraction of calcium
absorbed decreases with increasing dose, maximum single doses of 600 mg
or less of elemental calcium are recommended.

Constipation is the most common adverse reaction; it can be treated with
increased water intake, dietary fiber (given separately from calcium), and
exercise. Calcium carbonate can create gas, sometimes causing flatulence
or upset stomach.

Vitamin D Supplementation

Vitamin D deficiency results from insufficient intake, decreased sun
exposure, decreased skin production, decreased liver and renal metabo-
lism, and winter residence in northern climates.

Supplemental vitamin D maximizes intestinal calcium absorption and has
been shown to increase BMD; it may also reduce fractures.
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Women

Patient characteristics:

Presence of a low trauma fracture * 265 years of age o

(vertebrae, hip, wrist or forearm) * <65 years of age with >1 major risk factor for fracture?
 Abnormal peripheral BMD test

» Radiographic evidence of osteopenia
YES » Medical conditions or medications known to increase the risk for bone loss and fracture (e.g., RA)

YES

 Bone-healthy lifestyle?
e Calcium 1,200 mg/day

© Vitamin D 800-1,000 units/day T-score >-1.0 (_' Send for central DXA testing > T-score <-2.0 or
 Drug therapy: T-score —1.6 to —2.0 with >1

o First-line: bisphosphonate ¢ + major risk factor for fracture?
 Second-line: teriparatide®

T-score —1.1 to —2.0 without

: lzgg;mﬁ;'r?:ﬂ)rif::seal calcitonin * Bone-healthy lifestyle® any major risk factors* \
. ° \(l:ilc'u,ml; fgg_: ggg m?‘t/ (jgy + « Bone-healthy lifestyle?
* Obtain baseline central BMD testing for T TR Bone-healthy lifestyle? . \(;?Ciu'ml;ﬁgg T%/(()jgy its/d
monitoring response to thera ’ ' - o Vitamin -1,000 units/day
toring resp Py * Reevaluate BMD in 5 years or as o Calcium 1,000-1,200 mg/day « Drug therapy:
« Reevaluate BMD in 1-2 years appropriate e Vitamin D 600~1,000 units/day o First-line: bisphosphonate
o Drug therapy to prevent bone o Second-line: teriparatidec or raloxifene
loss can be considered ird-line: i itoni

“Major risk factors: current smoker, low body weight, personal history of fracture as an adult  Third-line: intranasal calcitonin
b(aﬂer age 45 ygars), history gf Iow—trayma fracture in a flrgt—degrge relative anq rheumatoid arthritis. « Reevaluate BMD in >2 years or « Reevaluate BVID in 1-2 years
Bone-healthy lifestyle: smoking cessation, well-balanced diet, resistance exercise, and fall as appropriate

prevention for seniors.

“Teriparatide can be considered a first-line option in patients with a T-score <-3.5.

FIGURE 3-1. Bone health therapeutic algorithm for women. (BMD, bone mineral density; CBC, complete blood count; DXA, dual-energy x-ray absorptiometry; PTH,
parathyroid hormone; RA, rheumatoid arthritis; TSH, thyroid-stimulating hormone.)



Men Patient characteristics:

* >70 years of age

Presence of a low trauma fracture « 50-70 years of age with multiple risk factors for fracture?

(vertebrae, hip, wrist or forearm) o Abnormal peripheral BMD test

» Radiographic evidence of osteopenia

» Medical conditions or medications known to increase the risk for bone loss and fracture (e.qg., RA)

YES
YES
« Bone-healthy lifestyle¢
. Cglml{m 1,200 mg/day . T-500r6 >-1.0 . _ T-score <—2.5 0
 Vitamin D 800-1,000 units/day <€«—— Send for central DXA testing P T score —2.0 to -2.4 with 31
 Drug therapy: -score ~2.0 to 2. >
« First-line: bisphosphonatee ¢ major risk factor for fracture?
* Second-line: teriparatidef ° Bone-healthy |ifesty|ec
o Third-line: intranasal calcitoning o Calcium 1,000-1,200 mg/day T-score —1.1 to —2.4 without
 Obtain baseline BMD testing for o Vitamin D 400-1,000 units/day any major risk factors? o Investigate for a secondary cause and
monitoring response to therapy? + treat as appropriate?
) « Reevaluate BMD in 5 years or as appropriate * Bone-healthy lifestyle®
* Reevaluate BMD in 1-2 years . o (Calcium 1,200 mg/day
* Investigate for a secondary o Vitamin D 800~1,000 units/day
o . . cause and treat as appropriate? | | o Drug therapy:
aMajor risk factors: current smoker, low body weight, personal history of fracture as an adult o Bone-healthy lifestyle¢ . First—liné- alendronate or
(after age 45 years), history of low-trauma fracture in a first-degree relative and rheumatoid arthritis. o Calcium 1,000—1,200 mg/day rise drona'teb‘
bBased on a normal male reference database. o Vitamin D 600—1,000 units/day « Second-line: teriparatide”
¢Bone-healthy lifestyle: smoking cessation, well-balanced diet, resistance exercise, and fall prevention AR __—
o Third-line: intranasal calcitonind
for seniors. Reevaluate BMD in >2 years '
dExamples of secondary causes include hypogonadism, rheumatoid arthritis, chronic obstructive or as appropriate Reevaluate BMD in 12 vears
pulmonary disease, systemic glucocorticoids. y

¢Alendronate and risedronate are FDA approved in men. Intravenous bisphosphonates are an option
if patient cannot tolerate oral bisphosphonates or has significant adherence problems.
"Teriparatide is FDA approved for use in men and can be considered a first-line option in men with a T-score <—3.5.
9Calcitonin is not FDA approved for use in men.
FIGURE 3-2. Bone health therapeutic algorithm for men. (BMD, bone mineral density; CBC, complete blood count; DXA, dual-energy x-ray absorptiometry; PTH,
parathyroid hormone; RA, rheumatoid arthritis; TSH, thyroid-stimulating hormone.)
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17:\:]1 3% I Daily Calcium and Vitamin D Recommendations

Institute of Medicine Adequate Intake

Group and Ages Elemental Calcium (mg)? Vitamin D (units)™®
Infants
Birth to 6 months 210 200
6-12 months 270 200
Children
1-3 years 500 200
4-8 years 800 200
9-13 years 1,300 200
Adolescents
14-18 years 1,300 200
Adults
19-50 years 1,000 200
51-70 years 1,200 400
>70 years 1,200 600

9y.S. Institute of Medicine of the National Academy of Sciences recommends no more than 2,500 mg/day elemental calcium and
2,000 units/day vitamin D.
bMost experts believe the recommended adequate intakes for vitamin D are too low.

+ Although the vitamin D intakes included in Table 3-1 are usually recom-
mended, many experts feel that adult intake should be 800 to 1,000 units
daily.

Bisphosphonates

(Table 3-4)

+ Bisphosphonates bind to hydroxyapatite in bone and decrease resorption
by inhibiting osteoclast adherence to bone surfaces. All bisphosphonates
become incorporated into bone, giving them long biologic half-lives of up
to 10 years.

+ Of the antiresorptive agents available, bisphosphonates provide the great-
est BMD increases and fracture risk reductions. Fracture reductions are
demonstrated as early as 6 months, with the greatest fracture reduction
seen in patients with lower initial BMD and in those with the greatest BMD
changes with therapy.

+ BMD increases are dose dependent and greatest in the first 6 to 12 months
of therapy. Small increases continue over time at the lumbar spine but
plateau after 2 to 5 years at the hip. After discontinuation, the increased
BMD is sustained for a prolonged period that varies depending on the
bisphosphonate used.

+ Alendronate, risedronate, and oral ibandronate are FDA approved for
prevention and treatment of postmenopausal osteoporosis. IV ibandr-
onate and zoledronic acid are indicated only for treatment of postmeno-
pausal women. Risedronate and alendronate are also approved for male
and glucocorticoid-induced osteoporosis.

+ Bisphosphonates must be administered carefully to optimize the clinical
benefit and minimize the risk of adverse GI effects. All bisphosphonates are
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17:\:]1 3% 2 Dietary Sources of Calcium and Vitamin D9

Calcium Vitamin D

Food Serving Size Content (mg) Content (units)
Milk 1 cup 300 100
Powdered nonfat milk 1 teaspoon 50 -
Ice cream 1 cup 200 -
Yogurt, fortified 1 cup 240-415 60
American cheese 10z 150 -
Cheddar cheese 10z 211 -
Cottage cheese 1/ cup 100 -
Swiss cheese 10z 250 -
Parmesan cheese 1 tablespoonful 70 -
Cheese pizza 1 slice 150 -
Macaroni and cheese 1 cup 360 -
Slim Fast 11 0z 400 140
Orange juice, fortified 1 cup 350 100
Soymilk, fortified 1 cup 80-300 100
Bread, fortified 1 slice 100 -
Cereals, fortified 1 cup 100-250 60
Sardines with bones 30z 370 230
Salmon with bones 30z 170-210 310
Catfish 30z - 570
Halibut 30z - 680
Tuna 40z - 260
Almonds 10z 80 -
Bok choy 1/ cup 125 -
Broccoli 1 cup 130-160 -
Collards 1/ cup 180 -
Corn bread 1 slice 85 -
Egg, medium 1 55 25
Figs, dried 5 medium 125 -
Kale 1/ cup 95 -
Orange 1 52 =
Soybeans 1 cup 130 -
Spinach 1/, cup 110 -
Tofu 407 140 -
Turnip greens 1/, cup 125 -

To calculate calcium content, multiply percentage on package by 1,000. To calculate vitamin D content, multiply percentage on
package by 400.

poorly absorbed (bioavailability 1% to 5%) even under optimal conditions.
Each oral tablet should be taken in the morning with at least 6 oz of plain tap
water (not coffee, juice, mineral water, or milk) at least 30 minutes (60
minutes for oral ibandronate) before consuming any food, supplement, or
medication. The patient should remain upright (sitting or standing) for at
least 30 minutes after alendronate and risedronate and 1 hour after iban-
dronate administration to prevent esophageal irritation and ulceration.

+ Most patients prefer once-weekly or once-monthly bisphosphonate
administration over daily therapy. If a patient misses a weekly dose, it can
be taken the next day. If more than 1 day has elapsed, that dose is skipped
until the next scheduled ingestion. If a patient misses a monthly dose, it
can be taken up to 7 days before the next scheduled dose.
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17:\: ]R3 &3 Calcium and Vitamin D Product Selection

Elemental
Product (% calcium)? Calcium (mg) Vitamin D (units)
Calcium carbonate (40%)” - -
Trade and generic products 200-600 100-200
Mylanta Supreme liquid (5 mL) 160 -
Tums Chewable 200 -
Tums EX 300 =
Tums Ultra 400 -
Rolaids chewable 471 -
0Os-Cal sugar-free chewable 500 400
Viactiv chews® 500 200
CalMax powder (10 mL) 400 -
Bayer's Women? 300 =
Ensure high calcum® (8 oz) 400 140
Calcium citrate (24%) - -
Generic 315 200
Citracal + Vit D 200-315 200
Citracal chew 500 200
Tricalcium phosphate (39%) - -
Posture-D 600 125
Vitamin D5 (cholecalciferol) 0 400, 700, 800, or 1,000
Ergocalciferol (D,)¢ - -
Liquid (1 mL) - 8,000
Tablets/capsules - 25,000 or 50,000
Intramuscular - 500,000

9Many products are adding magnesium, boron, zinc, copper, vitamin K, and/or manganese; sometimes adding “Plus” or “Ultra” to
their name. These products are not listed here.

bThere are many trade-name products for calcium carbonate (e.g, Calel-D, Caltrate, Os-Cal). Only calcium carbonate alternative
dosage forms (i.e., chewable, liquid, power) are specifically listed.

“Contains vitamin K.

Contains aspirin 81 mg.

CPrescription products.

+ The most common bisphosphonate adverse effects are nausea, abdominal
pain, and dyspepsia. Esophageal, gastric, or duodenal irritation, perforation,
ulceration, or bleeding may occur when administration directions are not
followed or when bisphosphonates are prescribed for patients with contrain-
dications. The most common adverse effects of IV bisphosphonates include
fever, flu-like symptoms, and local injection-site reactions. Osteonecrosis of
the jaw occurs rarely; if it develops, oral chlorhexidine washes, systemic
antibiotics, and systemic analgesics are used based on severity.

Mixed Estrogen Agonists/Antagonists

+ Raloxifene is an estrogen agonist on bone but an antagonist on the breast
and uterus. It is approved for prevention and treatment of postmenopausal
osteoporosis. Other estrogen agonists/antagonists may be approved soon
(e.g., bazedoxifene, lasofoxifene).

+ Raloxifene decreases vertebral fractures and increases spine and hip BMD,
but to a lesser extent than bisphosphonates. After discontinuation, the
beneficial effect is lost and bone loss returns to age- or disease-related rates.
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Drug

Calcium

D5 (cholecalciferol)

D, (ergocalciferol)

1,25(0H), vitamin D (cal-
itriol, Rocaltrol po, Calcijex
V)
Oral bisphosphonates
Alendronate (Fosamax,
Fosamax plus D)

Risedronate (Actonel)

Ibandronate (Boniva)

Adult Dosage
Adequate intake (Table 3-1) in divided doses

Adequate intake (Table 3-1); if malabsorption or
multiple anticonvulsants might require higher
doses (~=>4,000 or more units daily)

For vitamin D deficiency, 50,000 units once weekly or
once monthly; dosed dependent on serum calcium

0.25-0.5 mcg orally or 1-2 mcg/mL intravenously daily
for renal osteodystrophy, hypoparathyroidism, and
refractory rickets

5 mg daily, 35 mg weekly (prevention)

10 mg daily, 70 mg tablet, 70 mg tablet with vitamin
D 2,800 or 5,600 units, or 75 mL liquid weekly
(treatment)

5 mg daily, 35 mg weekly, 75 mg on 2 consecutive
days once monthly, 150 mg monthly
2.5 mg daily, 150 mg once monthly

Pharmacokinetics

Absorption—predominantly active
transport with some passive dif-
fusion, fractional absorption 10~
60, fecal elimination for the
unabsorbed and renal elimina-
tion for the absorbed calcium

Hepatic metabolism to 25(0H)
vitamin D and then renal metab-
olism to active compound
1,25(0H), vitamin D, other
active and inactive metabolites

Poorly absorbed—<19% decreasing
to zero with food or beverage
intake—long Ty, (<10 years);
renal elimination (of absorbed)
and fecal elimination (unab-
sorbed)

Adverse Effects

Constipation, gas, upset stom-
ach, rare kidney stones

Hypercalcemia, (weakness,
headache, somnolence, nau-
sea, cardiac rhythm distur-
bance), hypercalciuria

Nausea; heartburn; Gl pain, irri-
tation, perforation, ulceration,
andjor bleeding; transient flu-
like illness; muscle pains;
black box warning for rare
osteonecrosis of the jaw

Drug Interactions

Carbonate salts—decreased absorption with proton
pump inhibitors

Decrease absorption of iron, tetracycline, quinolones,
bisphosphonates, phenytoin, and fluoride when given
concomitantly

Might antagonize verapamil

Might induce hypercalcemia with thiazide diuretics

Fiber laxatives (variable), oxalates, phytates, and sulfates
can decrease calcium absorption if given concomitantly

Phenytoin, barbiturates, carbamazepine, rifampin
increase vitamin D metabolism

Cholestyramine, colestipol, orlistat, or mineral oil
decrease vitamin D absorption

Might induce hypercalcemia with thiazide diuretics in
hypoparathyroid patients

Do not coadminister with any other medication or
supplements (including calcium and vitamin D)



Intravenous bisphosphonates
Ibandronate (Boniva)
Zoledronic acid? (Reclast)

Mixed estrogen agonist/antagonist
Raloxifene (Evista)

Calcitonin (Miacalcin)

Teriparatide (1-34 units,
Forteo)

Testosterone products
Transdermal patch
(Testoderm TTS, Androderm,
Testim)

Testoderm (R) with or without
adhesive)

Gel (AndroGel 1%, Testim 19%)

Buccal system (Striant 30 mg)

Injection

Cypionate (100 or 200 mg/mL)
or enanthate (200 mg/mL) salt

Methyltestosterone (for women)

5 mg IV infusion yearly

Hepatic metabolism
60 mg daily

Renal elimination

3% nasal availability

95% bioavailability

Trnax ~30 minutes

T2 ~60 minutes

Hepatic metabolism

10% gel absorption (5 mg
absorbed from 50 mg tes-
tosterone in 5 g of gel)

200 units intranasal daily, alternating nares every
other day

20 mcg subcutaneously daily for up to 2 years

5 mg patch applied to arm, back, or thigh every
evening (patches 2.5, 4, 5, & 6 mg)”
6 mg applied to scrotal skin every evening

5 g gel applied to shoulder, upper arm, or
abdomen every morning

Place one system in gum area twice a day.
Alternate sides of mouth. Do not crush or
swallow

200-300 mg IM every 2-3 weeks

1.25-2.5 mg with esterified estrogen

Muscle pains, transient flu-like illness,
redness or swelling at injection site,
black-box warning for rare osteone-
crosis of the jaw

Hot flushes, leg cramps, venous throm-
boembolism, peripheral edema, rare
cataracts and gallbladder disease;
black box warning for fatal stroke

Rhinitis, epistaxis

Pain at injection site, nausea, dizziness,
leg cramps, rare increase in uric acid,
slightly increased calcium

Weight gain, acne, hirsutism, dyslipide-
mia, hepatic consequences, gyneco-
mastia, priapism, prostate disorders,
testicular atrophy, sleep apnea, and
skin reactions with patches

None

None

None

Gl, gastrointestinal; IM, intramuscular; Ty, time to maximum concentration; Ty, half life.
9No abdomen patch placement for Testim; none of these patches can be applied to the genitals.
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Raloxifene (like tamoxifen) is associated with decreased breast cancer risk.
Raloxifene is associated with decreases in total and low-density lipoprotein
cholesterol, neutral effects on high-density lipoprotein cholesterol, but
slight increases in triglycerides; no beneficial cardiovascular effects have yet
been demonstrated.

Raloxifene is well tolerated overall. Hot flushes occur more frequently in
women recently finishing menopause or discontinuing estrogen therapy
(ET). Endometrial bleeding occurs rarely. Raloxifene is contraindicated in
women with an active or past history of venous thromboembolism. Ther-
apy should be stopped if a patient anticipates extended immobility.

Calcitonin

Calcitonin is released from the thyroid gland when serum calcium is elevated.
Salmon calcitonin is used clinically because it is more potent and longer
lasting than the mammalian form. Calcitonin is reserved as a third-line agent
because efficacy is less robust than with the other antiresorptive therapies.
Calcitonin is indicated for osteoporosis treatment for women at least 5 years
past menopause. Although limited data suggest beneficial effects in men and
concomitantly with glucocorticoids, these indications are not FDA approved.
Only vertebral fractures have been documented to decrease with intranasal
calcitonin therapy. Calcitonin does not consistently affect hip BMD and
does not decrease hip fracture risk.

Calcitonin may provide pain relief to some patients with acute vertebral
fractures. If used, it should be prescribed for short-term treatment (4 weeks) and
should not be used in place of other more effective and less expensive analgesics,
nor should it preclude the use of more appropriate osteoporosis therapy.

The intranasal dose is 200 units daily, alternating nares every other day.
Subcutaneous administration of 100 units daily is available but rarely used
because of adverse effects and cost.

Estrogen Therapy

Estrogens are FDA approved for prevention of osteoporosis, but they
should only be used short-term in women who need ET for the manage-
ment of menopausal symptoms such as hot flushes. The risks of long-term
ET outweigh the potential bone benefits.

The enhanced BMD effects from ET and combined estrogen-progestin hor-
monal therapy (HT) significantly reduce fracture risk but are less than those
from bisphosphonates or teriparatide but greater than those from raloxifene or
calcitonin. Oral and transdermal estrogens at equivalent doses and continuous
or cyclic HT regimens have similar BMD effects. Effect on BMD is dose
dependent with some benefit seen with lower estrogen doses. When ET or HT
is discontinued, bone loss accelerates and fracture protection is lost.

The lowest effective dose of ET and HT should still be used for preventing
and controlling menopausal symptoms with use discontinued with symp-
tom abatement. Many contraindications to ET and HT exist and must be
identified before starting therapy.

Testosterone

Testosterone replacement is not FDA approved for the prevention or
treatment of osteoporosis. It should not be used solely for these indications
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but might be beneficial to reduce bone loss in patients needing therapy for
hypogonadal symptoms. In a few studies, women receiving oral methyltes-
tosterone 1.25 or 2.5 mg daily or testosterone implants 50 mg every 3
months had increased BMD. Various salt forms of testosterone were associ-
ated with increased BMD in some studies of hypogonadal men or senior
men with normal hormone levels or mild hormonal deficiency. Transdermal
gel, oral, intramuscular, and pellet testosterone products are available.

The virilizing and estrogenic adverse effects of these products are listed in
Table 3-4. Patients using them should be evaluated within 1 to 2 months
of initiation and then every 3 to 6 months thereafter.

Thiazide Diuretics

Thiazide diuretics increase urinary calcium reabsorption; two controlled
trials demonstrated small increases in bone mass over placebo.
Prescribing thiazide diuretics solely for osteoporosis is not recommended
but is a reasonable choice for patients with osteoporosis who require a
diuretic and for patients on glucocorticoids with a 24-hour urinary calcium
excretion >300 mg.

ANABOLIC THERAPY

Teriparatide

Teriparatide is a recombinant product representing the first 34 amino
acids in human parathyroid hormone. Teriparatide increases bone forma-
tion, the bone remodeling rate, and osteoblast number and activity. Both
bone mass and architecture are improved.

Teriparatide is FDA approved for postmenopausal women and men who
are at high risk for fracture. Candidates for therapy include patients with a
history of osteoporotic fracture, multiple risk factors for fracture, very low
bone density (e.g., T-score <-3.5), or those who have failed or are
intolerant of previous bisphosphonate therapy.

The drug reduces fracture risk in postmenopausal women, but no fracture
data are available in men. Lumbar spine BMD increases are higher than
with any other osteoporosis therapy. Although wrist BMD is decreased,
wrist fractures are not increased.

Discontinuation of therapy results in a decrease in BMD, but some
antifracture efficacy appears to be maintained. Sequential therapy with
teriparatide followed by an antiresorptive agent (e.g., bisphosphonate)
should be considered to maintain BMD gains.

The dose is 20 mcg administered subcutaneously in the thigh or abdominal
area (see Table 3-4). The initial dose should be given with the patient either
lying or sitting, in case orthostatic hypotension occurs. Each prefilled 3-mL
pen device delivers a 20-mcg dose each day for up to 28 days; the pen
device should be kept refrigerated.

Transient hypercalcemia rarely occurs. A trough serum calcium concen-
tration is recommended 1 month after initiation of therapy.

Teriparatide is contraindicated in patients at baseline increased risk for
osteosarcoma (e.g., Paget’s bone disease, unexplained alkaline phosphatase
elevations, pediatric patients, young adults with open epiphyses, or
patients with prior radiation therapy involving the skeleton).
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GLUCOCORTICOID-INDUCED OSTEOPOROSIS

Glucocorticoids decrease bone formation through decreased proliferation
and differentiation, and enhanced apoptosis of osteoblasts. They also increase
bone resorption, decrease calcium absorption, increase renal calcium excre-
tion, and result in secondary hyperparathyroidism.

Bone losses are rapid, with the greatest decrease occurring during the first 6
to 12 months of therapy. Low to medium doses of inhaled glucocorticoids
have no appreciative effect on BMD or fracture risk. Patients using high-dose,
inhaled glucocorticoids should be evaluated for osteopenia or osteoporosis.
Guidelines for managing corticosteroid-induced osteoporosis recommend
measuring BMD at the beginning of chronic therapy (prednisone 5 mg or
more daily or equivalent for at least 6 months) and followup monitoring
with DXA in 6 to 12 months. BMD should be measured in patients taking
chronic therapy whose baseline values were not obtained.

All patients starting or receiving long-term systemic glucocorticoid ther-
apy should receive at least 1,500 mg elemental calcium and 800 to 1,200
units of vitamin D daily and practice a bone-healthy lifestyle.

Both alendronate and risedronate have documented efficacy and are FDA
approved for glucocorticoid-induced osteoporosis. The American College of
Rheumatology guidelines recommend that all patients newly starting on
systemic glucocorticoids (=5 mg/day of prednisone equivalent) for an
anticipated duration of at least 3 months should receive preventive bisphos-
phonate therapy. Patients starting or receiving long-term glucocorticoid
therapy with documented low bone density (T-score below —1) or evidence
of a low-trauma fracture should also receive bisphosphonate treatment.
Teriparatide can be used if bisphosphonates are not tolerated or contrain-
dicated. Testosterone replacement therapy should be considered in men,
and high-dose hormonal oral contraceptives can be considered for pre-
menopausal women with documented hypogonadism.

EVALUATION OF THERAPEUTIC OUTCOMES

Patients receiving pharmacotherapy for low bone mass should be exam-
ined at least annually.

Patients should be asked about possible fracture symptoms (e.g., bone
pain, disability) at each visit.

Medication adherence and tolerance should be evaluated at each visit.
Central DXA BMD measurements can be obtained every 1 to 2 years for
monitoring bone loss and treatment response. More frequent monitoring
may be warranted in patients with conditions associated with higher rates
of bone loss (e.g., glucocorticoid use, after transplantation).

See Chap. 93, Osteoporosis and Other Metabolic Bone Diseases, authored by
Mary Beth O’Connell and Sheryl F. Vondracek, for a more detailed discussion of
this topic.
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Rheumatoid Arthritis

CHAPTER

DEFINITION

+ Rheumatoid arthritis (RA) is a chronic and usually progressive inflamma-
tory disorder of unknown etiology characterized by polyarticular symmet-
ric joint involvement and systemic manifestations.

PATHOPHYSIOLOGY

* RA results from a dysregulation of the humoral and cell-mediated compo-
nents of the immune system. Most patients produce antibodies called
rheumatoid factors; these seropositive patients tend to have a more
aggressive course than patients who are seronegative.

+ Immunoglobulins (Igs) can activate the complement system, which ampli-
fies the immune response by enhancing chemotaxis, phagocytosis, and
release of lymphokines by mononuclear cells that are then presented to T
lymphocytes. The processed antigen is recognized by the major histocom-
patibility complex proteins on the lymphocyte surface, resulting in activa-
tion of T and B cells.

+ Tumor necrosis factor (TNF), interleukin-1 (IL-1), and IL-6 are proinflamma-
tory cytokines important in the initiation and continuance of inflammation.

+ Activated T cells produce cytotoxins, which are directly toxic to tissues,
and cytokines, which stimulate further activation of inflammatory pro-
cesses and attract cells to areas of inflammation. Macrophages are stimu-
lated to release prostaglandins and cytotoxins.

+ Activated B cells produce plasma cells, which form antibodies that, in
combination with complement, result in accumulation of polymorphonu-
clear leukocytes. Polymorphonuclear leukocytes release cytotoxins, oxygen
free radicals, and hydroxyl radicals that promote cellular damage to syn-
ovium and bone.

+ Vasoactive substances (histamine, kinins, prostaglandins) are released at
sites of inflammation, increasing blood flow and vascular permeability.
This causes edema, warmth, erythema, and pain and makes it easier for
granulocytes to pass from blood vessels to sites of inflammation.

+ Chronic inflammation of the synovial tissue lining the joint capsule results in
tissue proliferation (pannus formation). Pannus invades cartilage and even-
tually the bone surface, producing erosions of bone and cartilage and leading
to joint destruction. The end results may be loss of joint space, loss of joint
motion, bony fusion (ankylosis), joint subluxation, tendon contractures, and
chronic deformity.

CLINICAL PRESENTATION

+ Nonspecific prodromal symptoms that develop insidiously over weeks to
months may include fatigue, weakness, low-grade fever, loss of appetite, and
joint pain. Stiffness and myalgias may precede development of synovitis.
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+ Joint involvement tends to be symmetric and affect the small joints of the
hands, wrists, and feet; the elbows, shoulders, hips, knees, and ankles may
also be affected.

+ Joint stiffness typically is worse in the morning, usually exceeds 30
minutes, and may persist all day.

+ On examination, joint swelling may be visible or may be apparent only by
palpation. The tissue feels soft and spongy and may appear erythematous
and warm, especially early in the course of the disease. Chronic joint
deformities commonly involve subluxations of the wrists, metacarpopha-
langeal joints, and proximal interphalangeal joints (swan-neck deformity,
boutonniere deformity, ulnar deviation).

+ Extra-articular involvement may include rheumatoid nodules, vasculitis,
pleural effusions, pulmonary fibrosis, ocular manifestations, pericarditis,
cardiac conduction abnormalities, bone marrow suppression, and lym-
phadenopathy.

DIAGNOSIS

+ The American Rheumatism Association criteria for classification of RA are
included in Table 4-1.

+ Laboratory abnormalities that may be seen include normocytic, normo-
chromic anemia; thrombocytosis or thrombocytopenia; leukopenia; ele-
vated erythrocyte sedimentation rate and C-reactive protein; positive

1 7:\:]0'™ B American Rheumatism Association Criteria for Classification
of Rheumatoid Arthritis—1987 Revision

Criteria? Definition

1. Morning stiffness Morning stiffness in and around the joints lasting at least 1 hour before maximal
improvement.

At least three joint areas simultaneously have soft tissue swelling or fluid (not bony
overgrowth alone) observed by a physician. The 14 possible joint areas are
(right or left): PIP, MCP, wrist, elbow, knee, ankle, and MTP joints.

At least one joint area swollen as above in wrist, MCP, or PIP joint.

2. Arthritis of three or
more joint areas

3. Arthritis of hand
joints

4. Symmetric arthritis Simultaneous involvement of the same joint areas (as in 2) on both sides of the
body (bilateral involvement of PIP, MCP, or MTP joints is acceptable without

absolute symmetry).

5. Rheumatoid
nodules

6. Serum rheumatoid
factor

7. Radiographic
changes

Subcutaneous nodules, over bony prominences, or extensor surfaces, or in
juxtaarticular regions, observed by a physician.

Demonstration of abnormal amounts of serum rheumatoid factor by any method
that has been positive in less than 5% of normal control subjects.

Radiographic changes typical of rheumatoid arthritis on posteroanterior hand and
wrist x-rays, which must include erosions or unequivocal bony decalcification
localized to or most marked adjacent to the involved joints (osteoarthritis
changes alone do not qualify).

MCP, metacarpophalangeal; MTP, metatarsophalangeal; PIP, proximal interphalangeal.
9For classification purposes, a patient is said to have rheumatoid arthritis if he or she has satisfied at least four of these seven criteria.
Criteria 1 through 4 must be present for at least 6 weeks. Patients with two clinical diagnoses are not excluded. Designation as classic,
definite, or probable rheumatoid arthritis is not to be made.
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rheumatoid factor (60% to 70% of patients); positive anticyclic citrulli-
nated peptide antibody (50% to 85% of patients), and positive antinuclear
antibodies (25% of patients).

+ Examination of aspirated synovial fluid may reveal turbidity, leukocytosis,
reduced viscosity, and normal or low glucose relative to serum concentrations.

+ Radiologic findings early in the disease course may include soft tissue
swelling and osteoporosis near the joint (periarticular osteoporosis).
Erosions occurring later in the disease course are usually seen first in the
metacarpophalangeal and proximal interphalangeal joints of the hands
and metatarsophalangeal joints of the feet.

DESIRED OUTCOME

+ The ultimate goal of RA treatment is to induce a complete remission,
although this may be difficult to achieve.

+ The primary objectives are to reduce joint swelling, stiffness, and pain;
preserve range of motion and joint function; improve quality of life;
prevent systemic complications; and slow destructive joint changes.

TREATMENT

NONPHARMACOLOGIC THERAPY

+ Adequate rest, weight reduction if obese, occupational therapy, physical
therapy, and use of assistive devices may improve symptoms and help
maintain joint function.

+ Patients with severe disease may benefit from surgical procedures such as
tenosynovectomy, tendon repair, and joint replacements.

+ Patient education about the disease and the benefits and limitations of
drug therapy is important.

PHARMACOLOGIC THERAPY

General Approach

+ A disease-modifying antirheumatic drug (DMARD) should be started
within the first 3 months of symptom onset (Fig. 4-1). DMARDs should be
used in all patients except those with limited disease. Early use of DMARDs
results in a more favorable outcome and can reduce mortality.

+ First-line DMARDs include methotrexate (MTX), hydroxychloroquine, sul-
fasalazine, and leflunomide. The order of agent selection is not clearly defined,
but MTX is often chosen initially because long-term data suggest superior
outcomes compared with other DMARDs and lower cost than biologic agents.
Leflunomide appears to have long-term efficacy similar to MTX.

+ Biologic agents with disease-modifying activity include the anti-TNF
agents (etanercept, infliximab, adalimumab), the IL-1 receptor antago-
nist anakinra, and rituximab, which depletes peripheral B cells. Biologic
agents are effective for patients who fail treatment with other DMARD:s.

+ DMARDs that are less frequently used include azathioprine, penicil-
lamine, gold salts (including auranofin), minocycline, cyclosporine, and
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Methotrexate or other DMARD
+ NSAID, + Prednisone
within first 3 months

Poor Response
Other DMARD Mono Rx Combo Biologic DMARD
(MTX if not used above) DMARD Rx mono or combo with
| DMARD
Poor Response

v ,

Try other combination, triple drug (DMARD + biologic), add low-dose
prednisone for longer term, consider second-line DMARD

FIGURE 4-1. Algorithm for treatment of rheumatoid arthritis. (DMARD, disease-
modifying antirheumatic drug; MTX, methotrexate; NSAID, nonsteroidal antiinflam-
matory drug; Rx, therapy.)

cyclophosphamide. These agents have either less efficacy or higher toxic-
ity, or both.

Combination therapy with two or more DMARDs may be effective when
single-DMARD treatment is unsuccessful. Combinations that are particu-
larly effective include (1) MTX plus cyclosporine, and (2) MTX plus
sulfasalazine and hydroxychloroquine.

Nonsteroidal antiinflammatory drugs (NSAIDs) and/or corticosteroids may
be used for symptomatic relief if needed. They provide relatively rapid
improvement compared with DMARDs, which may take weeks to months
before benefit is seen. However, NSAIDs have no impact on disease progres-
sion, and corticosteroids have the potential for long-term complications.

+ See Tables 4-2 and 4-3 for usual dosages and monitoring parameters for

DMARDs and NSAIDs used in RA.

Nonsteroidal Antiinflammatory Drugs

NSAIDs act primarily by inhibiting prostaglandin synthesis, which is only
a small portion of the inflammatory cascade. They possess both analgesic
and antiinflammatory properties and reduce stiffness but do not slow
disease progression or prevent bony erosions or joint deformity. They
should seldom be used as monotherapy for RA; instead, they should be
viewed as adjuncts to DMARD treatment. Common NSAID dosage
regimens are shown in Table 4-4.

Methotrexate

MTX inhibits cytokine production and purine biosynthesis, which may be
responsible for its antiinflammatory properties. Its onset is relatively rapid
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TABLE 4-2

Drug
NSAIDs

Methotrexate

Leflunomide

Hydroxychlo-

roquine

Sulfasalazine

Etanercept
Infliximab

Adalimumab
Anakinra
Rituximab

Abatacept

Auranofin

Gold
thiomalate

Azathioprine

Penicillamine

Cyclophospha-
mide

Usual Dose

See Table 4-4

Oral or IM: 7.5-15 mg/wk

Oral: 100 mg daily for 3
days, then 10-20 mg
daily; or 10-20 mg
daily without loading
dose

Oral: 200-300 mg twice
daily; after 1-2 months
may decrease to 200
mg once or twice daily

Oral: 500 mg twice daily,
then increase to 1 g
twice daily max

50 mg SC once weekly

3mg/kg IVato,2,and 6
weeks, then every 8
weeks

40 mg SC every 2 weeks

100 mg SC daily

Two 1,000-mg IV infu-
sions separated by
2 weeks

30-minute IV weight-based
infusion:

<60 kg =500 mg;
60-100 kg =750 mg;
>100 kg = 1,000 mg

Oral: 3 mg once or twice
daily

IM: 10-mg test dose, then
weekly dosing 25-50
mg; after response may
increase dosing interval

Oral: 50-150 mg daily

Oral: 125-250 mg daily, may
increase by 125-250 mg
every 1-2 months; max
750 mg/day

Oral: 1-2 mg/kg/day

Rheumatoid Arthritis

Usual Doses and Monitoring Parameters
for Antirheumatic Drugs

Initial Monitoring Tests

Ser or BUN, CBC every 2-4
weeks after starting therapy
for 1-2 months; salicylates:
serum salicylate levels if
therapeutic dose and no
response

Baseline: AST, ALT, ALK-P,
albumin, total bilirubin,
hepatitis B and C studies,
CBC with platelets, S,

Baseline: ALT, CBC with plate-

lets

Baseline: color fundus pho-
tography and automated
central perimetric analysis

Baseline: CBC with platelets,
then every week for 1
month

Tuberculin skin test

Tuberculin skin test

Tuberculin skin test
None
None

None

Baseline: UA, CBC with plate-

lets
Baseline and until stable: UA,

CBC with platelets preinjec-

tion

CBC with platelets, AST every
2 weeks for 1-2 months
Baseline: UA, CBC with plate-
lets, then every week for 1

month

UA, CBC with platelets every
week for 1 month

| CHAPTER 4

Maintenance
Monitoring Tests

Same as initial plus
stool guaiac every 6-
12 months

CBCwith platelets, AST,
albumin every 1-2
months

CBC with platelets and
ALT monthly initially,
and then every 6-8
weeks

Ophthalmoscopy every
9-12 months and
Amsler grid at home
every 2 weeks

Same as initial every 1-
2 months

None
None

None
None
None

None

Same as initial every 1-
2 months

Same as initial every
other dose

Same as initial every 1-
2 months

Same as initial every 1-
2 months, but every
2 weeks if dose
changes

Same tests as initial but
every 2-4 weeks

(continued)
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TABLE 4-2

Drug

Cyclosporine

Corticosteroids

Usual Dose
Oral: 2.5 mg/kg/day

Oral, IV, IM, 1A, and

Bone and Joint Disorders

Usual Doses and Monitoring Parameters
for Antirheumatic Drugs (Continued)

month

soft-tissue injections:
variable

Initial Monitoring Tests

Ser. blood pressure every

Glucose; blood pressure
every 3-6 months

Maintenance
Monitoring Tests

Same as initial

Same as initial

ALK-P, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CBC,
complete blood cell count; 1A, intraarticular; NSAIDs, nonsteroidal antiinflammatory drugs; S, serum creatinine; UA, urinalysis.

LT B Clinical Monitoring of Drug Therapy in Rheumatoid Arthritis

Drug

NSAIDs and
salicylates

Corticosteroids

Azathioprine

Gold (intramuscular or
oral)
Hydroxychloroquine

Methotrexate

Leflunomide

Penicillamine

Sulfasalazine

Etanercept, adali-
mumab, anakinra

Infliximab, rituximab,
abatacept

Toxicities Requiring
Monitoring

Gl ulceration and bleeding, renal
damage

Hypertension, hyperglycemia,
0steoporosis

Myelosuppression, hepatotoxicity,
lymphoproliferative disorders

Myelosuppression, proteinuria,
rash, stomatitis

Macular damage, rash,
diarrhea

Myelosuppression, hepatic fibro-
sis, cirrhosis, pulmonary infil-
trates or fibrosis, stomatitis,
rash

Hepatitis, GI distress, alopecia

Myelosuppression, proteinuria,
stomatitis, rash, dysgeusia

Myelosuppression, rash
Local injection-site reactions,

infection
Immune reactions, infection

Symptoms to Inquire About?

Blood in stool, black stool, dyspepsia,
nausea/vomiting, weakness, dizziness,
abdominal pain, edema, weight gain,
shortness of breath

Blood pressure if available, polyuria,
polydipsia, edema, shortness of
breath, visual changes, weight gain,
headaches, broken bones or bone
pain

Symptoms of myelosuppression
(extreme fatigue, easy bleeding or
bruising, infection), jaundice

Symptoms of myelosuppression, edema,
rash, oral ulcers, diarrhea

Visual changes, including a decrease in
night or peripheral vision, rash, diar-
rhea

Symptoms of myelosuppression, short-
ness of breath, nausea/vomiting lymph
node swelling, coughing, mouth sores,
diarrhea, jaundice

Nausea/vomiting, gastritis, diarrhea, hair
loss, jaundice

Symptoms of myelosuppression, edema,
rash, diarrhea, altered taste percep-
tion, oral ulcers

Symptoms of myelosuppression, photo-
sensitivity, rash, nausea/vomiting

Symptoms of infection

Postinfusion reactions, symptoms of
infection

NSAIDs, nonsteroidal antiinflammatory drugs.
9Altered immune function increases infection, which should be considered, particularly in patients taking azathioprine, methotrexate,
corticosteroids, or other drugs that may produce myelosuppression.
bOsteoporosis is not likely to manifest early in treatment, but all patients should be taking appropriate steps to prevent bone loss.
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3 7.\:]10 B, 9 Dosage Regimens for Nonsteroidal Antiinflammatory Drugs

Recommended Total Daily
Antiinflammatory Dosage

Drug Adult Children Dosing Schedule
Aspirin 26-52¢ 60-100 mg/kg Four times daily
Celecoxib 200-400 mg - Once or twice daily
Diclofenac 150-200 mg - Three to four times daily;
extended release: twice daily
Diflunisal 0.5-15g - Twice daily
Etodolac 02-12g(max,20  — Two to four times daily
mg/kg)

Fenoprofen 09-3g - Four times daily
Flurbiprofen 200-300 mg - Two to four times daily
Ibuprofen 12-32¢ 20-40 mg/kg Three to four times daily
Indomethacin 50-200 mg 2-4 mg/kg Two to four times daily;

(max, 200 mg) extended release: once daily
Meclofenamate 200-400 mg - Three to four times daily
Meloxicam 7.5-15 mg - Once daily
Nabumetone 1-2¢ - Once or twice daily
Naproxen 0.5-1¢g 10 mg/kg Twice daily; extended release:

once daily
Naproxen sodium 055-1.1¢g - Twice daily
Nonacetylated salicylates 12-48¢g - Two to six times daily
Oxaprozin 06-18g(max,26  — One to three times daily
mg/kg)

Piroxicam 10-20 mg - Once daily
Sulindac 300-400 mg - Twice daily
Tolmetin 0.6-1.8¢ 15-30 mg/kg Two to four times daily

(as early as 2 to 3 weeks), and 45% to 67% of patients remained on it in
studies ranging from 5 to 7 years.

+ Toxicities are GI (stomatitis, diarrhea, nausea, vomiting), hematologic
(thrombocytopenia, leukopenia), pulmonary (fibrosis, pneumonitis), and
hepatic (elevated enzymes, rare cirrhosis). Concomitant folic acid may
reduce some adverse effects without loss of efficacy. Liver injury tests
(aspartate aminotransferase or alanine aminotransferase) should be mon-
itored periodically, but a liver biopsy is recommended during therapy only
in patients with persistently elevated hepatic enzymes. MTX is teratogenic,
and patients should use contraception and discontinue the drug if concep-
tion is planned.

+ MTX is contraindicated in pregnant and nursing women, chronic liver
disease, immunodeficiency, pleural or peritoneal effusions, leukopenia,
thrombocytopenia, preexisting blood disorders, and creatinine clearance
<40 mL/min.

Leflunomide

+ Leflunomide (Arava) inhibits pyrimidine synthesis, which reduces lym-
phocyte proliferation and modulation of inflammation. Its efficacy for RA
is similar to that of MTX.

+ A loading dose of 100 mg/day for the first 3 days may result in a
therapeutic response within the first month. The usual maintenance dose
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of 20 mg/day may be lowered to 10 mg/day in cases of GI intolerance,
complaints of hair loss, or other dose-related toxicity.

The drug may cause liver toxicity and is contraindicated in patients with
preexisting liver disease. The ALT should be monitored monthly initially
and periodically thereafter. Leflunomide may cause bone marrow toxicity;
a complete blood cell count with platelets is reccommended monthly for 6
months and then every 6 to 8 weeks thereafter. It is teratogenic and should
be avoided during pregnancy.

Hydroxychloroquine

Hydroxychloroquine lacks the myelosuppressive, hepatic, and renal tox-
icities seen with some other DMARDs, which simplifies monitoring. Its
onset may be delayed for up to 6 weeks, but the drug should not be
considered a therapeutic failure until after 6 months of therapy with no
response.

Short-term toxicities include GI (nausea, vomiting, diarrhea), ocular
(accommodation defects, benign corneal deposits, blurred vision, scoto-
mas, night blindness, preretinopathy), dermatologic (rash, alopecia, skin
pigmentation), and neurologic (headache, vertigo, insomnia) effects. Peri-
odic ophthalmologic examinations are necessary for early detection of
reversible retinal toxicity.

Sulfasalazine

Sulfasalazine use is often limited by adverse effects. Antirheumatic effects
should be seen in 2 months.

+ Adverse effects include GI (anorexia, nausea, vomiting, diarrhea), derma-

tologic (rash, urticaria), hematologic (leukopenia, rare agranulocytosis),
and hepatic (elevated enzymes) effects. GI symptoms may be minimized
by starting with low doses, dividing the dose more evenly throughout the
day, and taking the drug with food.

Other Disease-Modifying Antirheumatic Drugs

The drugs in this section can be effective and may be of value in certain
clinical settings. However, they are used less frequently today because of
toxicity, lack of long-term benefits, or both.

Aurothioglucose (Solganol) (suspension in oil) and gold sodium thioma-
late (Myochrysine, Aurolate) (aqueous solution) are intramuscular (IM)
gold preparations with an onset that may be delayed for 3 to 6 months. They
require weekly injections for about 22 weeks before a less frequent mainte-
nance regimen may be initiated. Auranofin (Ridaura) is an oral gold
preparation that is more convenient but less effective than IM gold. Adverse
effects of gold salts include GI (nausea, vomiting, diarrhea), dermatologic
(rash, stomatitis), renal (proteinuria, hematuria), and hematologic (anemia,
leukopenia, thrombocytopenia) effects. Gold sodium thiomalate is associ-
ated with nitritoid reactions (flushing, palpitations, hypotension, tachycar-
dia, headache, blurred vision). Patients receiving IM gold may experience a
postinjection disease flare for 1 to 2 days after an injection.

Azathioprine is a purine analog that is converted to 6-mercaptopurine and
is thought to interfere with DNA and RNA synthesis. Antirheumatic effects

38



Rheumatoid Arthritis | CHAPTER 4

may be seen in 3 to 4 weeks. It should be discontinued if no response is
observed after 12 weeks at maximal doses. Its major adverse effects are
bone marrow suppression (leukopenia, macrocytic anemia, thrombocyto-
penia, pancytopenia), stomatitis, GI intolerance, infections, drug fever,
hepatotoxicity, and oncogenic potential.

+ Penicillamine onset may be seen in 1 to 3 months, and most responses
occur within 6 months. Early adverse effects include skin rash, metallic
taste, hypogeusia, stomatitis, anorexia, nausea, vomiting, and dyspepsia.
Glomerulonephritis may occur, which manifests as proteinuria and hema-
turia. Penicillamine is usually reserved for patients who are resistant to
other therapies because of the rare but potentially serious induction of
autoimmune diseases (e.g., Goodpasture’s syndrome, myasthenia gravis).

+ Cyclosporine reduces production of cytokines involved in T-cell activa-
tion and has direct effects on B cells, macrophages, bone, and cartilage
cells. Its onset appears to be 1 to 3 months. Important toxicities at doses of
1 to 10 mg/kg/day include hypertension, hyperglycemia, nephrotoxicity,
tremor, GI intolerance, hirsutism, and gingival hyperplasia. Cyclosporine
should be reserved for patients refractory to or intolerant of other
DMARD:. It should be avoided in patients with current or past malig-
nancy, uncontrolled hypertension, renal dysfunction, immunodeficiency,
low white blood cell or platelet counts, or elevated liver function tests.

Biologic Agents

+ Etanercept (Enbrel) is a fusion protein consisting of two p75-soluble TNF
receptors linked to an Fc fragment of human IgG;. It binds to and
inactivates TNF, preventing it from interacting with the cell-surface TNF
receptors and thereby activating cells. Most clinical trials used etanercept
in patients who failed DMARDs, and responses were seen in 60% to 75%
of patients. It has been shown to slow erosive disease progression to a
greater degree than oral MTX in patients with inadequate response to
MTX monotherapy. Adverse effects include local injection-site reactions,
and there have been case reports of pancytopenia and neurologic demye-
linating syndromes. No laboratory monitoring is required. The drug
should be avoided in patients with preexisting infection and in those at
high risk for developing infection. Treatment should be discontinued
temporarily if infections develop during therapy.

+ Infliximab (Remicade) is a chimeric anti-TNF antibody fused to a human
constant-region immunoglobulin G; (IgG;). It binds to TNF and prevents
its interaction with TNF receptors on inflammatory cells. To prevent
formation of antibodies to this foreign protein, MTX should be given
orally in doses used to treat RA for as long as the patient continues on
infliximab. In clinical trials, the combination of infliximab and MTX
halted progression of joint damage and was superior to MTX monother-
apy. Infliximab may increase the risk of infection, especially upper respira-
tory infections. An acute infusion reaction with fever, chills, pruritus, and
rash may occur within 1 to 2 hours after administration. Autoantibodies
and lupus-like syndrome have also been reported.

+ Adalimumab (Humira) is a human IgG; antibody to TNF that is less
antigenic than infliximab. It has response rates similar to other TNF
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inhibitors. Local injection site reactions were the most common adverse
event reported in clinical trials. It has the same precautions regarding
infections as the other biologics.

+ Anakinra (Kineret) is an IL-1 receptor antagonist (IL-1ra) that binds to
IL-1 receptors on target cells, preventing the interaction between IL-1 and
the cells. IL-1 normally stimulates release of chemotactic factors and
adhesion molecules that promote migration of inflammatory leukocytes to
tissues. The drug is approved for moderately to severely active RA in adults
who have failed one or more DMARDs. It can be used alone or in
combination with any of the other DMARDs except for TNF-blocking
agents. Many authorities believe that anakinra has a less robust response
than TNF inhibitors and reserve it for patients who fail those agents.
Injection-site reactions were the most common adverse effect (e.g., red-
ness, swelling, pain). Infection risk and precautions are similar to those for
the TNF inhibitors.

+ Abatacept (Orencia) is a costimulation modulator approved for patients
with moderate to severe disease who fail to achieve an adequate response
from one or more DMARDs. By binding to CD80/CD86 receptors on
antigen-presenting cells, abatacept inhibits interactions between the anti-
gen-presenting cells and T cells, preventing T cells from activating to
promote the inflaimmatory process. The drug is well tolerated, with
infusion reactions, headache, nasopharyngitis, dizziness, cough, back pain,
hypertension, dyspepsia, urinary tract infection, rash, and extremity pain
reported more frequently in clinical trials.

+ Rituximab (Rituxan) is a monoclonal chimeric antibody consisting of
mostly human protein with the antigen-binding region derived from a
mouse antibody to CD20 protein found on the cell surface of mature B
lymphocytes. Binding of rituximab to B cells results in nearly complete
depletion of peripheral B cells, with a gradual recovery over several
months. Rituximab is useful in patients failing MTX or TNF inhibitors.
Methylprednisolone 100 mg should be given 30 minutes prior to ritux-
imab to reduce the incidence and severity of infusion reactions. Acetamin-
ophen and antihistamines may also benefit patients who have a history of
reactions. MTX should be given concurrently in the usual doses for RA to
achieve the best therapeutic outcomes.

Corticosteroids

+ Corticosteroids have antiinflammatory and immunosuppressive proper-
ties. They interfere with antigen presentation to T lymphocytes, inhibit
prostaglandin and leukotriene synthesis, and inhibit neutrophil and
monocyte superoxide radical generation.

+ Oral corticosteroids (e.g., prednisone, methylprednisolone) can be used
to control pain and synovitis while DMARDs are taking effect (“bridging
therapy”). This is often used in patients with debilitating symptoms when
DMARD therapy is initiated.

+ Low-dose, long-term corticosteroid therapy may be used to control symp-
toms in patients with difficult-to-control disease. Prednisone doses below
7.5 mg/day (or equivalent) are well tolerated but are not devoid of the
long-term corticosteroid adverse effects. The lowest dose that controls
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symptoms should be used. Alternate-day dosing of low-dose oral cortico-
steroids is usually ineffective in RA.

High-dose oral or intravenous bursts may be used for several days to
suppress disease flares. After symptoms are controlled, the drug should be
tapered to the lowest effective dose.

The IM route is preferable in nonadherent patients. Depot forms (triam-
cinolone acetonide, triamcinolone hexacetonide, methylprednisolone
acetate) provide 2 to 6 weeks of symptomatic control. The onset of effect
may be delayed for several days. The depot effect provides a physiologic
taper, avoiding hypothalamic-pituitary axis suppression.

Intraarticular injections of depot forms may be useful when only a few
joints are involved. If effective, injections may be repeated every 3 months.
No one joint should be injected more than two or three times per year.
Adverse effects of systemic glucocorticoids limit their long-term use.
Dosage tapering and eventual discontinuation should be considered at
some point in patients receiving chronic therapy.

EVALUATION OF THERAPEUTIC OUTCOMES

Clinical signs of improvement include reduction in joint swelling, decreased
warmth over actively involved joints, and decreased tenderness to joint
palpation.

Symptom improvement includes reduction in joint pain and morning
stiffness, longer time to onset of afternoon fatigue, and improvement in
ability to perform daily activities.

Periodic joint radiographs may be useful in assessing disease progression.
Laboratory monitoring is of little value in monitoring response to therapy but
is essential for detecting and preventing adverse drug effects (see Table 4-2).
Patients should be questioned about the presence of symptoms that may
be related to adverse drug effects (see Table 4-3).

See Chap. 94, Rheumatoid Arthritis, authored by Arthur A. Schuna, for a
detailed discussion of this topic.

41




This page intentionally left blank



SECTION 2

Edited by Terry L. Schwinghammer

Acute Coronary Syndromes

CHAPTER

DEFINITIONS

+ Acute coronary syndromes (ACSs) include all clinical syndromes compat-
ible with acute myocardial ischemia resulting from an imbalance between
myocardial oxygen demand and supply.

+ In contrast to stable angina, an ACS results primarily from diminished
myocardial blood flow secondary to an occlusive or partially occlusive
coronary artery thrombus.

+ ACSs are classified according to electrocardiographic (ECG) changes into
(1) ST-segment-elevation ACS (STE ACS or STEMI) and (2) non-ST-
segment-elevation ACS (NSTE ACS), which includes non-ST-segment-
elevation myocardial infarction (NSTE MI) and unstable angina (UA).

+ After a STEMI, pathologic Q waves are seen frequently on the ECG and
usually indicate transmural MI. Non—Q-wave MI , which is seen predom-
inantly in NSTE M, is limited to the subendocardial myocardium.

« NSTEMI differs from UA in that ischemia is severe enough to produce
myocardial necrosis, resulting in release of detectable amounts of bio-
chemical markers, primarily troponin I or T and creatine kinase myocar-
dial band (CK-MB) from the necrotic myocytes into the bloodstream.

PATHOPHYSIOLOGY

+ The formation of atherosclerotic plaques is the underlying cause of coro-
nary artery disease (CAD) and ACS in most patients. Endothelial dysfunc-
tion leads to the formation of fatty streaks in the coronary arteries and
eventually to atherosclerotic plaques. Factors responsible for development
of atherosclerosis include hypertension, age, male gender, tobacco use,
diabetes mellitus, obesity, and dyslipidemia.

+ The cause of ACS in more than 90% of patients is rupture, fissuring, or
erosion of an unstable atheromatous plaque. Plaques most susceptible to
rupture have an eccentric shape, thin fibrous cap, large fatty core, high
content of inflammatory cells such as macrophages and lymphocytes, lim-
ited amounts of smooth muscle, and significant compensatory enlargement.

+ A partially or completely occlusive clot forms on top of the ruptured
plaque. Exposure of collagen and tissue factor induce platelet adhesion and
activation, which promote release of adenosine diphosphate and throm-
boxane A, from platelets. These produce vasoconstriction and potentiate
platelet activation. A change in the conformation of the glycoprotein (GP)
IIb/1Ia surface receptors of platelets occurs that cross-links platelets to each
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other through fibrinogen bridges (the final common pathway of platelet
aggregation).

+ Simultaneously, activation of the extrinsic coagulation cascade occurs as a
result of exposure of blood to the thrombogenic lipid core and endothe-
lium, which are rich in tissue factor. This pathway ultimately leads to the
formation of a fibrin clot composed of fibrin strands, cross-linked plate-
lets, and trapped red blood cells.

+ Ventricular remodeling occurs after an MI and is characterized by changes
in the size, shape, and function of the left ventricle that may lead to cardiac
failure. Factors contributing to ventricular remodeling include neurohor-
monal factors (e.g., activation of the renin-angiotensin-aldosterone and
sympathetic nervous systems), hemodynamic factors, mechanical factors,
changes in gene expression, and modifications in myocardial matrix metal-
loproteinase activity and their inhibitors. This process may lead to cardi-
omyocyte hypertrophy, loss of cardiomyocytes, and increased interstitial
fibrosis, which promote both systolic and diastolic dysfunction.

+ Complications of MI include cardiogenic shock, heart failure, valvular
dysfunction, various arrhythmias, pericarditis, stroke secondary to left
ventricular (LV) thrombus embolization, venous thromboembolism, and
LV free-wall rupture.

CLINICAL PRESENTATION

+ The predominant symptom of ACS is midline anterior chest discomfort (most
often occurring at rest), severe new-onset angina, or increasing angina that
lasts at least 20 minutes. The discomfort may radiate to the shoulder, down the
left arm, to the back, or to the jaw. Accompanying symptoms may include
nausea, vomiting, diaphoresis, or shortness of breath. Elderly patients, patients
with diabetes, and women are less likely to present with classic symptoms.

+ There are no specific features indicative of ACS on physical examination.
However, patients with ACS may present with signs of acute heart failure
or arrhythmias.

DIAGNOSIS

+ A 12-lead ECG should be obtained within 10 minutes of patient presenta-
tion. Key findings indicating myocardial ischemia or MI are ST-segment
elevation, ST-segment depression, and T-wave inversion (Fig. 5-1). These
changes in certain groupings of leads help to identify the location of the
involved coronary artery. The appearance of a new left bundle-branch block
accompanied by chest discomfort is highly specific for acute MI. Some
patients with myocardial ischemia have no ECG changes, so biochemical
markers and other risk factors for CAD should be assessed to determine the
patient’s risk for experiencing a new MI or other complications.

+ Biochemical markers of myocardial cell death are important for confirm-
ing the diagnosis of MI. An evolving MI is defined as a typical rise and
gradual fall in troponin I or T or a more rapid rise and fall of CK-MB (Fig.
5-2). Typically, blood is obtained immediately and two additional times in
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| Ischemic chest discomfort symptoms, lasting at least 20 minutes; suspect acute coronary syndrome |

v
ST-segment elevation 4_| Obtain and interpret a 12-lead ECG within 10 minutes I > | No ST-segment elevation
y ST-segment depression T-wave inversion Y NoECG changes

Risk stratification; multilead continuous ST- segment monitoring; obtain serial troponin and CK-MB
(fibrinolysis or primary PCI)

¢ Moderate risk
Obtain serial troponin and

CK-MB as confirmatory; results
not needed before reperfusion | Stress test to evaluate likelihood of CAD |

therapy is initiated; multilead

High risk
continuous ST-segment monitoring Negative stress test
Positive stress test

* A 4 Angiography with
Initiatg adjunctive ST-segment Diagnosis of noncardiac chest revascularization (PCl or
elevation ACS pharmacotherapy pain syndrome CABG)

Initiate reperfusion therapy
in appropriate candidates |

Initiate pharmacotherapy for non—ST—segment
elevation ACS based upon patient risk;
evaluate moderate and high-risk patients for
early angiography and revascularization

FIGURE 5-1. Evaluation of the acute coronary syndrome (ACS) patient. (CABG, coronary artery bypass graft surgery; CAD, coronary artery disease; CK-MB, creatine
kinase myocardial band; ECG, electrocardiogram; PCl, percutaneous coronary intervention.) (Reprinted with permission from the American College of Clinical
Pharmacy. Spinler SA. Acute coronary syndromes. In: Dunsworth TS, Richardson MM, Cheng JWM, et al, eds. Pharmacotherapy Self-Assessment Program, 6th ed.

Cardiology Il module. Kansas City: American College of Clinical Pharmacy, 2007:69-70.)
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the first 12 to 24 hours after presentation. An MI is identified if at least one
troponin value or two CK-MB values are greater than the MI decision limit
set by the hospital. Both troponins and CK-MB are detectable within 6
hours of MI. Troponins remain elevated for up to 10 days, whereas CK-
MB returns to normal within 48 hours.

+ Patient symptoms, past medical history, ECG, and troponin or CK-MB
determinations are used to stratify patients into low, medium, or high risk
of death or MI or likelihood of needing urgent coronary angiography and
percutaneous coronary intervention (PCI).

DESIRED OUTCOME

+ Short-term goals of therapy include: (1) early restoration of blood flow to
the infarct-related artery to prevent infarct expansion (in the case of MI)
or prevent complete occlusion and MI (in UA), (2) prevention of compli-
cations and death, (3) prevention of coronary artery reocclusion, (4) relief
of ischemic chest discomfort, and (5) maintenance of normoglycemia.

TREATMENT

GENERAL APPROACH

* General treatment measures include hospital admission, oxygen administra-
tion if saturation is less than 90%, continuous multilead ST-segment monitor-
ing for arrhythmias and ischemia, glycemic control, frequent measurement of
vital signs, bedrest for 12 hours in hemodynamically stable patients, use of
stools softeners to avoid Valsalva maneuver, and pain relief.

+ Blood chemistry tests that should be performed include potassium and
magnesium (which may affect heart rhythm), glucose (which when ele-
vated places the patient at higher risk for morbidity and mortality), serum
creatinine (to identify patients who may need drug dosing adjustments),
baseline complete blood cell count and coagulation tests (because most
patients receive antithrombotic therapy, which increases bleeding risk),
and fasting lipid panel. The fasting lipid panel should be drawn within the
first 24 hours of hospitalization because values for cholesterol (an acute
phase reactant) may be falsely low after that period.

+ It is important to triage and treat patients according to their risk category
(see Fig. 5-1).

+ Patients with STE ACS are at high risk of death, and efforts to reestablish
coronary perfusion should be initiated immediately (without evaluation of
biochemical markers).

+ Patients with NSTE ACS who are considered to be at low risk (based on
TIMI risk score) should have serial biochemical markers obtained. If they
are negative, the patient may be admitted to a general medical floor with
ECG telemetry monitoring, undergo a noninvasive stress test, or may be
discharged.

+ High-risk NSTE ACS patients should undergo early coronary angiogra-
phy (within 24 to 48 hours) and revascularization if a significant coronary
artery stenosis is found. Moderate-risk patients with positive biochemical
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markers typically also undergo angiography and revascularization, if
indicated.

Moderate-risk patients with negative biochemical markers may initially
undergo a noninvasive stress test, with only those having a positive test
proceeding to angiography.

NONPHARMACOLOGIC THERAPY

For patients with STE ACS, either fibrinolysis or primary PCI (with either
balloon angioplasty or stent placement) is the treatment of choice for
reestablishing coronary artery blood flow when the patient presents within
3 hours of symptom onset. Primary PCI may be associated with a lower
mortality rate than fibrinolysis, possibly because PCI opens more than
90% of coronary arteries compared with less than 60% opened with
fibrinolytics. The risks of intracranial hemorrhage (ICH) and major
bleeding are also lower with PCI than with fibrinolysis. Primary PCI is
generally preferred if institutions have skilled interventional cardiologists
and other necessary facilities, in patients with cardiogenic shock, in
patients with contraindications to fibrinolytics, and in patients presenting
with symptom onset more than 3 hours prior.

In patients with NSTE ACS, clinical practice guidelines recommend either
PCI or coronary artery bypass grafting revascularization as an early
treatment for high-risk patients, and that such an approach also be
considered for moderate-risk patients. An early invasive approach results
in fewer MIs, less need for revascularization procedures over the next year
after hospitalization, and lower cost than the conservative medical stabili-
zation approach.

EARLY PHARMACOTHERAPY FOR ST-SEGMENT-
ELEVATION ACUTE CORONARY SYNDROME

(Fig. 5-3)

According to the American College of Cardiology/American Heart Asso-
ciation (ACC/AHA) practice guidelines, early pharmacologic therapy
should include: (1) intranasal oxygen (if oxygen saturation is less than
90%); (2) sublingual (SL) nitroglycerin (NTG); (3) aspirin; (4) a B-blocker;
(5) unfractionated heparin (UFH) or enoxaparin; and (6) fibrinolysis in
eligible candidates. Morphine is administered to patients with refractory
angina as an analgesic and venodilator that lowers preload. These agents
should be administered early, while the patient is still in the emergency
department. An angiotensin-converting enzyme (ACE) inhibitor should
be started within 24 hours of presentation, particularly in patients with left
ventricular ejection fraction (LVEF) <40%, signs of heart failure, or an
anterior wall MJ, if there are no contraindications. IV NTG and S-blockers
should be administered to selected patients without contraindications.

Fibrinolytic Therapy

A fibrinolytic agent is indicated in patients with STE ACS presenting
within 12 hours of the onset of chest discomfort who have at least I mm of
STE in two or more contiguous ECG leads or a new left bundle-branch
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ST-segment elevation ACS |—> Oxygen (if 0, saturation <90%)
SL NTG, aspirin, clopidogrel,

IVNTG
I

| Symptoms <12 hours | | Symptoms >12 hours
PCI or CABG or fibrinolysis for selected
. patients; for PCI during hospitalization,
| Reperfusion therapy | administer abciximab or eptifibatide at

l time of PCI and clopidogrel
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UFH preferred (or enoxaparind), IV UFH or IV and SC enoxaparin (for
Abciximab preferred (or eptifibatide) selected patients)
v ’ :

[B-blocker (oral or IV), statin, ACE inhibitor (or ARB), eplerenone (or spironolactone)

FIGURE 5-3. Initial pharmacotherapy for ST-segment elevation acute coronary syndromes (ACS). (ACE, angiotensin-converting enzyme; ARB, angiotensin receptor
blocker; CABG, coronary artery bypass graft surgery; NTG, nitroglycerin; PCl, percutaneous coronary intervention; UFH, unfractionated heparin.) ?Although
recommended by the 2004 American College of Cardiology and American Heart Association practice guidelines, no dose recommendation is given. (Reprinted with
permission from the American College of Clinical Pharmacy. Spinler SA. Acute coronary syndromes. In: Dunsworth TS, Richardson MM, Cheng JWV, et al, eds.
Pharmacotherapy Self-Assessment Program, 6th ed. Cardiology Il module. Kansas City: American College of Clinical Pharmacy, 2007:69-70.)
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block. It should also be considered in patients with those findings and

persistent symptoms of ischemia who present within 12 to 24 hours of

symptom onset. Fibrinolysis is preferred over primary PCI in patients
presenting within 3 hours of symptom onset when there would be a delay
in performing primary PCIL

+ It is not necessary to obtain the results of biochemical markers before
initiating fibrinolytic therapy.

+ Absolute contraindications to fibrinolytic therapy include: (1) active internal
bleeding; (2) previous ICH at any time; (3) ischemic stroke within 3 months;
(4) known intracranial neoplasm; (5) known structural vascular lesion;
(6) suspected aortic dissection; and (7) significant closed head or facial
trauma within 3 months. Primary PCI is preferred in these situations.

+ Patients with relative contraindications to fibrinolytics may receive therapy
if the perceived risk of death from MI is higher than the risk of major
hemorrhage. These situations include: (1) severe, uncontrolled hypertension
(blood pressure [BP] greater than 180/110 mm Hg); (2) history of prior
ischemic stroke longer than 3 months prior, dementia, or known intracra-
nial pathology not considered an absolute contraindication; (3) current
anticoagulant use; (4) known bleeding diathesis; (5) traumatic or prolonged
cardiopulmonary resuscitation or major surgery within 3 weeks; (6) non-
compressible vascular puncture; (7) recent (within 2 to 4 weeks) internal
bleeding; (8) pregnancy; (9) active peptic ulcer; (10) history of severe,
chronic poorly controlled hypertension; and (11) for streptokinase, prior
administration (>5 days) or prior allergic reactions.

+ Practice guidelines indicate that a more fibrin-specific agent (alteplase,
reteplase, tenecteplase) is preferred over the non—fibrin-specific agent
streptokinase. Fibrin-specific agents open a greater percentage of infarct
arteries, which results in smaller infarcts and lower mortality.

+ Eligible patients should be treated as soon as possible, but preferably
within 30 minutes from the time they present to the emergency depart-
ment, with one of the following regimens:

v Alteplase: 15-mg IV bolus followed by 0.75-mg/kg infusion (maximum
50 mg) over 30 minutes, followed by 0.5-mg/kg infusion (maximum 35
mg) over 60 minutes (maximum dose 100 mg).

v Reteplase: 10 units IV over 2 minutes, followed 30 minutes later with
another 10 units IV over 2 minutes.

v Tenecteplase: A single IV bolus dose given over 5 seconds based on
patient weight: 30 mg if <60 kg; 35 mg if 60 to 69.9 kg; 40 mg if 70 to
79.9 kg; 45 mg if 80 to 89.9 kg; and 50 mg if 90 kg or greater.

v Streptokinase: 1.5 million units in 50 mL of normal saline or 5%
dextrose in water IV over 60 minutes.

+ ICH and major bleeding are the most serious side effects. The risk of ICH
is higher with fibrin-specific agents than with streptokinase. However, the
risk of systemic bleeding other than ICH is higher with streptokinase than
with fibrin-specific agents.

Aspirin
+ Aspirin should be administered to all patients without contraindications
within the first 24 hours of hospital admission. It provides an additional
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mortality benefit in patients with STE ACS when given with fibrinolytic
therapy.

+ In patients experiencing an ACS, non—enteric-coated aspirin, 162 to 325
mg, should be chewed and swallowed as soon as possible after the onset of
symptoms or immediately after presentation to the emergency department
regardless of the reperfusion strategy being considered.

+ A daily maintenance dose of 75 to 162 mg is reccommended thereafter and
should be continued indefinitely.

+ For patients undergoing PCI and receiving stents, the recommended dose
is 325 once daily for at least 30 days with bare metal stents, for 3 months
with a sirolimus-eluting stent, and for 6 months with a paclitaxel-eluting
stent, followed by 75 to 162 mg once daily thereafter.

+ Low-dose aspirin is associated with a reduced risk of major bleeding,
particularly GI bleeding. Other GI disturbances (e.g., dyspepsia, nausea)
are infrequent with low-dose aspirin. Ibuprofen should not be adminis-
tered on a regular basis concurrently with aspirin because it may block
aspirin’s antiplatelet effects.

Thienopyridines

+ Clopidogrel is recommended for patients with an aspirin allergy. A 300- to
600-mg loading dose is given on the first hospital day, followed by a
maintenance dose of 75 mg daily. It should be continued indefinitely.

+ For patients treated with fibrinolytics and in those receiving no revascular-
ization therapy, clopidogrel either 75 mg or 300 mg on day 1 followed by
75 mg once daily should be given for at least 14 to 28 days in addition to
aspirin.

+ For patients undergoing primary PCI, clopidogrel is administered as a 300-
to 600-mg loading dose followed by a 75 mg/day maintenance dose, in
combination with aspirin 325 mg once daily, to prevent subacute stent
thrombosis and long-term cardiovascular events.

+ The most frequent side effects of clopidogrel are nausea, vomiting, and
diarrhea (5% of patients). Thrombotic thrombocytopenia purpura has been
reported rarely. The most serious side effect of clopidogrel is hemorrhage.

+ Ticlopidine is associated with neutropenia that requires frequent monitor-
ing of the complete blood cell count during the first 3 months of use. For this
reason, clopidogrel is the preferred thienopyridine for ACS and PCI patients.

Glycoprotein lIIb/llla Receptor Inhibitors

+ Abciximab is a first-line GP IIb/IIla inhibitor for patients undergoing
primary PCI who have not received fibrinolytics. It should not be admin-
istered to STE ACS patients who will not be undergoing PCI.

+ Abciximab is preferred over eptifibatide and tirofiban in this setting
because it is the most widely studied agent in primary PCI trials.

+ Abciximab, in combination with aspirin, a thienopyridine, and UFH
(administered as an infusion for the duration of the procedure), reduces
mortality and reinfarction without increasing the risk of major bleeding.

+ The dose of abciximab is 0.25 mg/kg IV bolus given 10 to 60 minutes
before the start of PCI, followed by 0.125 mcg/kg/min (maximum 10 mcg/
min) for 12 hours.

51



SECTION 2 | Cardiovascular Disorders

GP IIb/IIIa inhibitors may increase the risk of bleeding, especially if given
in the setting of recent (<4 hours) administration of fibrinolytic therapy.
An immune-mediated thrombocytopenia occurs in about 5% of patients.

Anticoagulants

UFH is a first-line anticoagulant for STE ACS, both for medical therapy
and PCL

UFH should be initiated in the emergency department and continued for at
least 48 hours in patients who will receive chronic warfarin after acute MI. If a
patient undergoes PCI, UFH is discontinued immediately after the procedure.
If a fibrinolytic agent is administered, UFH is given concomitantly with
alteplase, reteplase, and tenecteplase, but UFH is not administered with
streptokinase because no benefit of combined therapy has been demon-
strated. Rates of reinfarction are higher if UFH is not given with the fibrin-
selective agents.

For STE ACS, the dose of UFH is 60 units/kg IV bolus (maximum 4,000
units) followed by a continuous IV infusion of 12 units/kg/hour (maxi-
mum 1,000 units/hour).

The dose is titrated to maintain the activated partial thromboplastin time
(aPTT) between 50 and 70 seconds. The first aPTT should be measured at
3 hours in patients with STE ACS who are treated with fibrinolytics and at
4 to 6 hours in patients not receiving thrombolytics.

Besides bleeding, the most frequent adverse effect of UFH is immune-
mediated thrombocytopenia, which occurs in up to 5% of patients.
Low-molecular-weight heparins (LMWHs) may be an alternative to UFH
in STE ACS. Enoxaparin may produce a modest benefit over UFH in
reducing the risk of death or nonfatal MI. Enoxaparin has not been studied
in the setting of primary PCIL.

Nitrates

Immediately upon presentation, one SL NTG tablet should be adminis-
tered every 5 minutes for up to three doses to relieve chest pain and
myocardial ischemia.

Intravenous NTG should be initiated in all patients with an ACS who do
not have a contraindication and who have persistent ischemic symptoms,
heart failure, or uncontrolled high BP. The usual dose is 5 to 10 mcg/min
by continuous infusion, titrated up to 200 mcg/min until relief of symp-
toms or limiting side effects (e.g., headache or hypotension). Treatment
should be continued for approximately 24 hours after ischemia is relieved.
NTG causes venodilation, which lowers preload and myocardial oxygen
demand. In addition, arterial vasodilation may lower BP, thereby reducing
myocardial oxygen demand. Arterial dilation also relieves coronary artery
vasospasm and improves myocardial blood flow and oxygenation.

Oral nitrates play a limited role in ACS because clinical trials have failed to
show a mortality benefit for IV followed by oral nitrate therapy in acute
MI. Therefore, other life-saving therapy, such as ACE inhibitors and f3-
blockers, should not be withheld.

The most significant adverse effects of nitrates are tachycardia, flushing,
headache, and hypotension. Nitrates are contraindicated in patients who
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have taken the oral phosphodiesterase-5 inhibitors sildenafil or vardenafil
within the prior 24 hours or tadalafil within the prior 48 hours.

p-Adrenergic Blockers

+ If there are no contraindications, a 3-blocker should be administered early
in the care of patients with STE ACS (within the first 24 hours) and
continued indefinitely.

+ The benefits result from blockade of f3; receptors in the myocardium, which
reduces heart rate, myocardial contractility, and BP, thereby decreasing
myocardial oxygen demand. The reduced heart rate increases diastolic time,
thus improving ventricular filling and coronary artery perfusion.

* Because of these effects, B-blockers reduce the risk for recurrent ischemia,
infarct size, risk of reinfarction, and occurrence of ventricular arrhythmias.

+ The usual doses of S-blockers are as follows:

v Metoprolol: 5 mg by slow (over 1 to 2 minutes) IV bolus, repeated every
5 minutes for a total initial dose of 15 mg. If a conservative regimen is
desired, initial doses can be reduced to 1 to 2 mg. This is followed in 15
to 30 minutes by 25 to 50 mg orally every 6 hours. If appropriate, initial
IV therapy may be omitted.

v Propranolol: 0.5 to 1 mg slow IV push, followed in 1 to 2 hours by 40
to 80 mg orally every 6 to 8 hours. If appropriate, the initial IV therapy
may be omitted.

v Atenolol: 5 mg IV dose, followed 5 minutes later by a second 5-mg IV
dose; then 50 to 100 mg orally every day beginning 1 to 2 hours after the
IV dose. The initial IV therapy may be omitted.

v Esmolol: Starting maintenance dose of 0.1 mg/kg/min IV, with titration
in increments of 0.05 mg/kg/min every 10 to 15 minutes as tolerated by
BP until the desired therapeutic response is obtained, limiting symp-
toms develop, or a dose of 0.2 mg/kg/min is reached. An optional
loading dose of 0.5 mg/kg may be given by slow IV administration (2 to
5 minutes) for more rapid onset of action. Alternatively, the initial IV
therapy may be omitted.

+ The most serious side effects early in ACS are hypotension, bradycardia,
and heart block. Initial acute administration of 3-blockers is not appropri-
ate for patients presenting with decompensated heart failure. However,
therapy may be attempted in most patients before hospital discharge after
treatment of acute heart failure. Diabetes mellitus is not a contraindication
to f-blocker use. If possible intolerance to fB-blockers is a concern (e.g.,
due to chronic obstructive pulmonary disease), a short-acting drug such as
metoprolol or esmolol should be administered IV initially.

Calcium Channel Blockers

+ In the setting of STE ACS, calcium channel blockers are reserved for
patients who have contraindications to -blockers. They are used for relief
of ischemic symptoms only.

+ Patients who had been prescribed calcium channel blockers for hyperten-
sion who are not receiving f3-blockers and who do not have a contraindi-
cation should have the calcium channel blocker discontinued and a -
blocker initiated.
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+ Dihydropyridine channel blockers (e.g., nifedipine) have little benefit on
clinical outcomes beyond symptom relief. The role of verapamil and
diltiazem appears to be limited to symptom relief or control of heart rate
in patients with supraventricular arrhythmias in whom pS-blockers are
contraindicated or ineffective.

+ Patients with variant (Prinzmetal’s) angina or cocaine-induced ACS may
benefit from calcium channel blockers as initial therapy because they can
reverse coronary vasospasm. f3-Blockers generally should be avoided in
these situations because they may worsen vasospasm through an unop-
posed B,-blocking effect on smooth muscle.

EARLY PHARMACOTHERAPY FOR NON-ST-SEGMENT-
ELEVATION ACUTE CORONARY SYNDROME

(Fig. 5-4)

+ Early pharmacotherapy for NSTE ACS is similar to that for STE ACS
except that: (1) fibrinolytic therapy is not administered; (2) GP IIb/IIla
receptor blockers are administered to high-risk patients; and (3) there are
no standard quality performance measures for patients with NSTE ACS
with UA.

+ According to ACC/AHA practice guidelines, early pharmacotherapy
should include: (1) intranasal oxygen (if oxygen saturation is <90%); (2) SL
NTG (IV therapy for selected patients); (3) aspirin; (4) an oral 3-blocker
(IV therapy optional); and (5) an anticoagulant (UFH, LMWH [enox-
aparin], fondaparinux, or bivalirudin). Morphine is also administered
to patients with refractory angina, as described previously. These agents
should be administered early, while the patient is still in the emergency
department.

Fibrinolytic Therapy

+ Fibrinolytics are not indicated in any patient with NSTE ACS, even those
who have positive biochemical markers that indicate infarction. The risk of
death from MI is lower in these patients, and the hemorrhagic risks of
fibrinolytic therapy outweigh the benefit.

Aspirin
+ Aspirin reduces the risk of death or developing MI by about 50% compared

with no antiplatelet therapy in patients with NSTE ACS. Dosing of aspirin is
the same as for STE ACS, and aspirin is continued indefinitely.

Thienopyridines

+ The addition of clopidogrel started on the first day of hospitalization as a
300- to 600-mg loading dose followed the next day by 75 mg/day orally is
recommended for most patients. Although aspirin is the mainstay of anti-
platelet therapy in ACS, addition of clopidogrel may further reduce morbid-
ity and mortality.

+ According to ACC/AHA 2007 guidelines, clopidogrel is indicated for up to
12 months in NSTE ACS patients, with a minimum treatment duration of
1 month after placement of a bare-metal stent and 12 months after
placement of a sirolimus- or paclitaxel-coated stent.
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FIGURE 5-4. Initial pharmacotherapy for non—ST-segment elevation acute coronary syndrome (ACS). (ACE, angiotensin-converting enzyme; ARB, angiotensin receptor
blocker; CABG, coronary artery bypass graft surgery; NTG, nitroglycerin; PCl, percutaneous coronary intervention; UFH, unfractionated heparin.) 9For selected patients.
bEnoxaparin, UFH, fondaparinux, or bivalirudin for early invasive strategy; enoxaparin or fondaparinux preferred if no angiography/PCl planned but UFH acceptable;
fondaparinux preferred if high risk for bleeding; UFH preferred anticoagulant for patients undergoing CABG. In patients unlikely to undergo CABG. IMay require an IV
supplemental dose. €Requires supplemental UFH bolus for PCI. For signs and symptoms of recurrent ischemia. 9SC enoxaparin or UFH can be continued at a lower
dose for venous thromboembolism prophylaxis. (Adapted with permission from the American College of Clinical Pharmacy. Spinler SA. Acute coronary syndromes.
In: Dunsworth TS, Richardson MM, Cheng JWM, et al., eds. Pharmacotherapy Self-Assessment Program, 6th ed. Cardiology Il module. Kansas City: American College
of Clinical Pharmacy, 2007:69-70.)
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+ Because of the potential increased risk for bleeding with combination
antiplatelet therapy, a low dose of aspirin (75 to 100 mg/day) is recom-
mended for maintenance therapy with clopidogrel.

+ In patients undergoing coronary artery bypass grafting, clopidogrel (but
not aspirin) should be withheld at least 5 days and preferably 7 days before
the procedure.

Glycoprotein lIIb/llla Receptor Inhibitors

+ Administration of tirofiban or eptifibatide is reccommended for high-risk
NSTE ACS patients as medical therapy without planned revascularization.

+ Administration of either abciximab or eptifibatide is recommended for
NSTE ACS patients undergoing PCI.

+ Tirofiban and eptifibatide are also indicated in patients with continued or
recurrent ischemia despite treatment with aspirin, clopidogrel, and an
anticoagulant.

Anticoagulants

+ For patients with NSTE ACS undergoing planned early angiography and
revascularization with PCI, UFH, LMWH (enoxaparin), fondaparinux, or
bivalirudin should be administered. Therapy should be continued for up
to 48 hours for UFH, until the patient is discharged, or a maximum of 8
days for either enoxaparin or fondaparinux, and until the end of the PCI
or angiography procedure (or up to 42 hours after PCI) for bivalirudin.

+ In patients initiating warfarin therapy, UFH or LMWHs should be contin-
ued until the international normalized ratio with warfarin is in the
therapeutic range.

+ For NSTE ACS, the dose of UFH is 60 to 70 units/kg IV bolus (maximum
5,000 units) followed by a continuous IV infusion of 12 to 15 units/kg/
hour (maximum 1,000 units/hour). The dose is titrated to maintain the
aPTT between 1.5 and 2.5 times control.

+ LMWHs are administered by a fixed, weight-based dose:

v Enoxaparin: 1 mg/kg subcutaneously every 12 hours (extend the inter-
val to 24 hours if creatinine clearance is less than 30 mL/min)

v Dalteparin: 120 international units/kg subcutaneously every 12 hours
(maximum single bolus dose of 10,000 units)

Nitrates

+ In the absence of contraindications, SL followed by IV NTG should be
administered to all patients with NSTE ACS. IV NTG is continued for
approximately 24 hours after ischemia relief.

B-Blockers

+ In the absence of contraindications, oral S-blockers should be adminis-
tered to all patients with NSTE ACS. IV S-blockers should be considered
in hemodynamically stable patients who present with persistent ischemia,
hypertension, or tachycardia. The drugs are continued indefinitely.

Calcium Channel Blockers

+ As described previously for STE ACS (page 53), calcium channel blockers
should not be administered to most patients with ACS.
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SECONDARY PREVENTION AFTER
MYOCARDIAL INFARCTION

DESIRED OUTCOME

The long-term goals after MI are to: (1) control modifiable coronary heart
disease (CHD) risk factors; (2) prevent development of systolic heart
failure; (3) prevent recurrent MI and stroke; and (4) prevent death,
including sudden cardiac death.

PHARMACOTHERAPY

General Approach

Pharmacotherapy that has been proven to decrease mortality, heart failure,
reinfarction, or stroke should be started before hospital discharge for
secondary prevention.

The ACC/AHA guidelines suggest that after MI from either STE or NSTE
ACS, patients should receive indefinite treatment with aspirin, a S-
blocker, and an ACE inhibitor.

All patients should receive SL NTG or lingual spray and instructions for
use in case of recurrent ischemic chest discomfort.

Clopidogrel should be considered for most patients, but the duration of
therapy is individualized according to the type of ACS and whether the
patient is treated medically or undergoes stent implantation.

All patients should receive annual influenza vaccination.

Selected patients also should be treated with long-term warfarin anticoag-
ulation.

For all ACS patients, treatment and control of modifiable risk factors such
as hypertension, dyslipidemia, and diabetes mellitus are essential.

Aspirin

Aspirin decreases the risk of death, recurrent M1, and stroke after MI. All
patients should receive aspirin indefinitely (or clopidogrel if there are
aspirin contraindications).

The risk of major bleeding from chronic aspirin therapy is approximately
2% and is dose related. Therefore, after an initial dose of 325 mg, chronic
low doses of 75 to 81 mg are recommended unless a stent is placed.

Thienopyridines

For patients with NSTE ACS, clopidogrel decreases the risk of death, MI,
or stroke. Most patients with NSTE ACS should receive clopidogrel, in
addition to aspirin, for up to 12 months.

For patients with STEMI treated medically without revascularization,
clopidogrel can be given for 14 to 28 days. If a stent has been implanted,
clopidogrel can be continued for up to 12 months in patients at low risk
for bleeding.

Anticoagulation

Warfarin should be considered in selected patients after an ACS, including
those with an LV thrombus, extensive ventricular wall motion abnormali-
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ties on cardiac echocardiogram, and a history of thromboembolic disease
or chronic atrial fibrillation.

Blockers, Nitrates, and Calcium Channel Blockers

After an ACS, patients should receive a B-blocker indefinitely, regardless of
whether they have residual symptoms of angina. Therapy should continue
indefinitely in the absence of contraindications or intolerance.

A calcium channel blocker can be used to prevent anginal symptoms in
patients who cannot tolerate or have a contraindication to a -blocker but
should not be used routinely in the absence of such symptoms.

All patients should be prescribed a short-acting SL NTG or lingual NTG
spray to relieve anginal symptoms when necessary. Chronic long-acting
nitrates have not been shown to reduce CHD event after MI. Therefore,
chronic long-acting oral nitrates are not used in ACS patients who have
undergone revascularization unless the patient has chronic stable angina
or significant coronary stenosis that was not revascularized.

ACE Inhibitors and Angiotensin Receptor Blockers
+ ACE inhibitors should be initiated in all patients after MI to reduce

mortality, decrease reinfarction, and prevent the development of heart
failure. Data suggest that most patients with CAD (not just those with ACS
or heart failure) benefit from an ACE inhibitor.

+ The dose should be low initially and titrated to the dose used in clinical

trials if tolerated. Example doses include the following:

v Captopril: 6.25 to 12.5 mg initially; target dose 50 mg two or three times
daily.

v Enalapril: 2.5 to 5 mg initially; target dose 10 mg twice daily.

v Lisinopril: 2.5 to 5 mg initially; target dose 10 to 20 mg once daily.

v Ramipril: 1.25 to 2.5 mg initially; target dose 5 mg twice daily or 10 mg
once daily.

v Trandolapril: 1 mg initially; target dose 4 mg once daily.

An angiotensin receptor blocker may be prescribed for patients with ACE

inhibitor cough and a low LVEF and heart failure after MI. Example doses

include the following:

v Candesartan: 4 to 8 mg initially; target dose 32 mg once daily.

v Valsartan: 40 mg initially; target dose 160 mg twice daily.

Aldosterone Antagonists

Either eplerenone or spironolactone should be considered within the first
2 weeks after MI to reduce mortality in all patients already receiving an
ACE inhibitor who have LVEF <40% and either heart failure symptoms or
a diagnosis of diabetes mellitus. The drugs are continued indefinitely.
Example oral doses include the following:

v Eplerenone: 25 mg initially; target dose 50 mg once daily.

v Spironolactone: 12.5 mg initially; target dose 25 to 50 mg once daily.

Lipid-Lowering Agents

All patients with CAD should receive dietary counseling and pharmaco-
therapy in order to reach a low-density lipoprotein (LDL) cholesterol
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concentration <100 mg/dL. Newer recommendations from the National
Cholesterol Education Program give an optional LDL goal of <70 mg/dL
in selected patients.

Statins are the preferred agents for lowering LDL cholesterol and should
be prescribed at or near discharge in most patients.

A fibrate derivative or niacin should be considered in selected patients
with a low high-density lipoprotein (HDL) cholesterol (<40 mg/dL) and/
or a high triglyceride level (>200 mg/dL).

Fish Oils (Marine-Derived Omega-3 Fatty Acids)

Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are omega-
3 polyunsaturated fatty acids that are most abundant in fatty fish such as
sardines, salmon, and mackerel. A diet high in EPA plus DHA or supple-
mentation with these fish oils reduces the risk of cardiovascular mortality,
reinfarction, and stroke in patients who have experienced an MI.

The AHA recommends that CHD patients consume approximately 1 g
EPA plus DHA per day, preferably from oily fish. Because of variable fish
oil content, one would need to consume from four to more than 14 6-oz
servings of fish per week to provide 7 g of the fish oils. Because the average
diet provides only 10% to 20% of that amount, supplements may be
considered in selected patients. Approximately three 1-g fish oil capsules
per day should be consumed to provide 1 g of EPA/DHA, depending on
the brand. Alternatively, the prescription drug LOVAZA (omega-3-acid
ethyl esters) can be used at a dose of 1 g/day. Higher doses of EPA/DHA (2
to 4 g/day) may be considered for managing hypertriglyceridemia.
Adverse effects of fish oils include fishy aftertaste, nausea, and diarrhea.

EVALUATION OF THERAPEUTIC OUTCOMES

Monitoring parameters for efficacy of therapy for both STE and NSTE
ACS include: (1) relief of ischemic discomfort; (2) return of ECG changes
to baseline; and (3) absence or resolution of heart failure signs.
Monitoring parameters for adverse effects are dependent upon the individ-
ual drugs used. In general, the most common adverse reactions from ACS
therapies are hypotension and bleeding.

See Chap. 18, Acute Coronary Syndromes, authored by Sarah A. Spinler and
Simon de Denus, for a more detailed discussion of this topic.
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Arrhythmias

CHAPTER

DEFINITION

+ Arrhythmia is defined as loss of cardiac rhythm, especially irregularity of
heartbeat. This chapter covers the group of conditions caused by an
abnormality in the rate, regularity, or sequence of cardiac activation.

PATHOPHYSIOLOGY

SUPRAVENTRICULAR ARRHYTHMIAS

+ Common supraventricular tachycardias requiring drug treatment are atrial
fibrillation (AF) or atrial flutter, paroxysmal supraventricular tachycardia
(PSVT), and automatic atrial tachycardias. Other common supraventricu-
lar arrhythmias that usually do not require drug therapy are not discussed
in this chapter (e.g., premature atrial complexes, wandering atrial pace-
maker, sinus arrhythmia, sinus tachycardia).

Atrial Fibrillation and Atrial Flutter

+ AF is characterized as an extremely rapid (400 to 600 atrial beats/min) and
disorganized atrial activation. There is a loss of atrial contraction (atrial
kick), and supraventricular impulses penetrate the atrioventricular (AV)
conduction system in variable degrees, resulting in irregular ventricular
activation and irregularly irregular pulse (120 to 180 beats/min).

+ Atrial flutter is characterized by rapid (270 to 330 atrial beats/min) but
regular atrial activation. The ventricular response usually has a regular
pattern and a pulse of 300 beats/min. This arrhythmia occurs less fre-
quently than AF but has similar precipitating factors, consequences, and
drug therapy.

+ The predominant mechanism of AF and atrial flutter is reentry, which is
usually associated with organic heart disease that causes atrial distention
(e.g., ischemia or infarction, hypertensive heart disease, valvular disor-
ders). Additional associated disorders include acute pulmonary embolus
and chronic lung disease, resulting in pulmonary hypertension and cor
pulmonale; and states of high adrenergic tone such as thyrotoxicosis,
alcohol withdrawal, sepsis, or excessive physical exertion.

Paroxysmal Supraventricular Tachycardia Caused by Reentry

+ PSVT arising by reentrant mechanisms includes arrhythmias caused by AV
nodal reentry, AV reentry incorporating an anomalous AV pathway,
sinoatrial (SA) nodal reentry, and intraatrial reentry.

Automatic Atrial Tachycardias
+ Automatic atrial tachycardias such as multifocal atrial tachycardia appear
to arise from supraventricular foci with enhanced automatic properties.

Severe pulmonary disease is the underlying precipitating disorder in 60%
to 80% of patients.
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VENTRICULAR ARRHYTHMIAS

Premature Ventricular Complexes

Premature ventricular complexes (PVCs) are common ventricular rhythm
disturbances that occur in patients with or without heart disease and may
be elicited experimentally by abnormal automaticity, triggered activity, or
reentrant mechanisms.

Ventricular Tachycardia
+ Ventricular tachycardia (VT) is defined by three or more repetitive PVCs

occurring at a rate greater than 100 beats/min. It occurs most commonly
in acute myocardial infarction (MI); other causes are severe electrolyte
abnormalities (e.g., hypokalemia), hypoxemia, and digitalis toxicity. The
chronic recurrent form is almost always associated with underlying
organic heart disease (e.g., idiopathic dilated cardiomyopathy or remote
MI with left ventricular [LV] aneurysm).

Sustained VT is that which requires therapeutic intervention to restore a
stable rhythm or that lasts a relatively long time (usually longer than 30
seconds). Nonsustained VT self-terminates after a brief duration (usually
less than 30 seconds). Incessant VT refers to VT occurring more frequently
than sinus rhythm, so that VT becomes the dominant rhythm. Monomor-
phic VT has a consistent QRS configuration, whereas polymorphic VT has
varying QRS complexes. Torsade de pointes (TdP) is a polymorphic VT in
which the QRS complexes appear to undulate around a central axis.

Ventricular Proarrhythmia

Proarrhythmia refers to development of a significant new arrhythmia (such
as VT, ventricular fibrillation [VF], or TdP) or worsening of an existing
arrhythmia. Proarrhythmia results from the same mechanisms that cause
other arrhythmias or from an alteration in the underlying substrate due to
the antiarrhythmic agent. TdP is a rapid form of polymorphic VT associ-
ated with evidence of delayed ventricular repolarization due to blockade of
potassium conductance. TdP may be hereditary or acquired. Acquired
forms are associated with many clinical conditions and drugs, especially
type Ia and type III Iy, blockers.

Ventricular Fibrillation

VF is electrical anarchy of the ventricle resulting in no cardiac output and
cardiovascular collapse. Sudden cardiac death occurs most commonly in
patients with ischemic heart disease and primary myocardial disease associ-
ated with LV dysfunction. VF associated with acute MI may be classified as
either (1) primary (an uncomplicated MI not associated with heart failure
[HF]) or (2) secondary or complicated (an MI complicated by HF).

BRADYARRHYTHMIAS

Asymptomatic sinus bradyarrhythmias (heart rate less than 60 beats/min)
are common especially in young, athletically active individuals. However,
some patients have sinus node dysfunction (sick sinus syndrome) because
of underlying organic heart disease and the normal aging process, which
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attenuates SA nodal function. Sinus node dysfunction is usually representa-
tive of diffuse conduction disease, which may be accompanied by AV block
and by paroxysmal tachycardias such as AF. Alternating bradyarrhythmias
and tachyarrhythmias are referred to as the tachy-brady syndrome.

AV block or conduction delay may occur in any area of the AV conduction
system. AV block may be found in patients without underlying heart
disease (e.g., trained athletes) or during sleep when vagal tone is high. It
may be transient when the underlying etiology is reversible (e.g., myo-
carditis, myocardial ischemia, after cardiovascular surgery, during drug
therapy). B-Blockers, digoxin, or nondihydropyridine calcium antagonists
may cause AV block, primarily in the AV nodal area. Type I antiarrhyth-
mics may exacerbate conduction delays below the level of the AV node. AV
block may be irreversible if the cause is acute MI, rare degenerative disease,
primary myocardial disease, or a congenital condition.

CLINICAL PRESENTATION

Supraventricular tachycardias may cause a variety of clinical manifesta-
tions ranging from no symptoms to minor palpitations and/or irregular
pulse to severe and even life-threatening symptoms. Patients may experi-
ence dizziness or acute syncopal episodes; symptoms of HF; anginal chest
pain; or, more often, a choking or pressure sensation during the tachycar-
dia episode.

AF or atrial flutter may be manifested by the entire range of symptoms
associated with other supraventricular tachycardias, but syncope is not a
common presenting symptom. An additional complication of AF is arte-
rial embolization resulting from atrial stasis and poorly adherent mural
thrombi, which accounts for the most devastating complication: embolic
stroke. Patients with AF and concurrent mitral stenosis or severe systolic
HEF are at particularly high risk for cerebral embolism.

PVCs often cause no symptoms or only mild palpitations. The presenta-
tion of VT may vary from totally asymptomatic to pulseless hemodynamic
collapse. Consequences of proarrhythmia range from no symptoms to
worsening of symptoms to sudden death. VF results in hemodynamic
collapse, syncope, and cardiac arrest.

Patients with bradyarrhythmias experience symptoms associated with
hypotension such as dizziness, syncope, fatigue, and confusion. If LV
dysfunction exists, symptoms of congestive HF may be exacerbated.

DIAGNOSIS

The surface electrocardiogram (ECG) is the cornerstone of diagnosis for
cardiac rhythm disturbances.

Less sophisticated methods are often the initial tools for detecting qualita-
tive and quantitative alterations of heartbeat. For example, direct ausculta-
tion can reveal the irregularly irregular pulse that is characteristic of AF.
Proarrhythmia can be difficult to diagnose because of the variable nature
of underlying arrhythmias.
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+ TdP is characterized by long QT intervals or prominent U waves on the
surface ECG.

+ Specific maneuvers may be required to delineate the etiology of syncope
associated with bradyarrhythmias. Diagnosis of carotid sinus hypersensi-
tivity can be confirmed by performing carotid sinus massage with ECG and
blood pressure monitoring. Vasovagal syncope can be diagnosed using the
upright body-tilt test.

+ On the basis of ECG findings, AV block is usually categorized into three
different types (first-, second-, or third-degree AV block).

DESIRED OUTCOME

+ The desired outcome depends on the underlying arrhythmia. For example,
the ultimate treatment goals of treating AF or atrial flutter are restoring
sinus rhythm, preventing thromboembolic complications, and preventing
further recurrences.

TREATMENT

GENERAL APPROACH

+ The use of antiarrhythmic drugs in the United States is declining because
of major trials that showed increased mortality with their use in several
clinical situations, the realization of proarrhythmia as a significant side
effect, and the advancing technology of nondrug therapies such as ablation
and the implantable cardioverter-defibrillator (ICD).

CLASSIFICATION OF ANTIARRHYTHMIC DRUGS

+ Drugs may have antiarrhythmic activity by directly altering conduction in
several ways. Drugs may depress the automatic properties of abnormal
pacemaker cells by decreasing the slope of phase 4 depolarization and/or
by elevating threshold potential. Drugs may alter the conduction charac-
teristics of the pathways of a reentrant loop.

+ The most frequently used classification system is that proposed by
Vaughan Williams (Table 6-1). Type Ia drugs slow conduction velocity,
prolong refractoriness, and decrease the automatic properties of sodium-
dependent (normal and diseased) conduction tissue. Type Ia drugs are
broad-spectrum antiarrhythmics, being effective for both supraventricular
and ventricular arrhythmias.

+ Although categorized separately, type Ib drugs probably act similarly to
type Ia drugs, except that type Ib agents are considerably more effective in
ventricular than supraventricular arrhythmias.

+ Type Ic drugs profoundly slow conduction velocity while leaving refracto-
riness relatively unaltered. Although effective for both ventricular and
supraventricular arrhythmias, their use for ventricular arrhythmias has
been limited by the risk of proarrhythmia.

+ Collectively, type I drugs can be referred to as sodium channel blockers.
Antiarrhythmic sodium channel receptor principles account for drug com-
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L.\ 8 [ Classification of Antiarrhythmic Drugs

Conduction Refractory Automa-

Type Drug Velocity? Period ticity lon Block

la Quinidine U T 1 Sodium (intermediate)
Procainamide Potassium
Disopyramide

Ib Lidocaine 0/ U 1 Sodium (fast on/off)
Mexiletine

Ic Flecainide S 0 U Sodium (slow on/off)
Propafenoneb Potassium?
Moricizine®

e B-Blockers I T U Calcium (indirect)

1] Amiodarone’ 0 ™ 0 Potassium
Dofetilide
Sotalol?
Ibutilide

Ive Verapamil 4 ) 4 Calcium
Diltiazem

0, no change; T, increased; |, decreased.

ariables for normal tissue models in ventricular tissue.
bAIso has type I, B-blocking actions.

“Classification controversial.

INot clinically manifest.

€Variables for sinoatrial and atrioventricular nodal tissue only.
"Also has sodium, calcium, and B-blocking actions.

binations that are additive (e.g., quinidine and mexiletine) and antagonis-
tic (e.g., flecainide and lidocaine), as well as potential antidotes to excess
sodium channel blockade (e.g., sodium bicarbonate, propranolol).

+ Type II drugs include B-adrenergic antagonists; clinically relevant mecha-
nisms result from their antiadrenergic actions. -Blockers are most useful in
tachycardias in which nodal tissues are abnormally automatic or are a
portion of a reentrant loop. These agents are also helpful in slowing ventric-
ular response in atrial tachycardias (e.g., AF) by their effects on the AV node.

+ Type III drugs specifically prolong refractoriness in atrial and ventricular
fibers and include very different drugs that share the common effect of
delaying repolarization by blocking potassium channels.

+ Bretylium (rarely used) has additional actions in that it first releases and
then depletes catecholamines. It increases the VF threshold and seems to
have selective antifibrillatory but not antitachycardic effects. Bretylium can
be effective in VF but is often ineffective in VT.

+ In contrast, amiodarone and sotalol are effective in most supraventricular
and ventricular tachycardias. Amiodarone displays electrophysiologic
characteristics consistent with each type of antiarrhythmic drug. It is a
sodium channel blocker with relatively fast on-off kinetics, has nonselec-
tive B-blocking actions, blocks potassium channels, and has slight calcium
antagonist activity. The impressive effectiveness and low proarrhythmic
potential of amiodarone have challenged the notion that selective ion
channel blockade is preferable. Sotalol is a potent inhibitor of outward

64



Arthythmias | CHAPTER 6

potassium movement during repolarization and also possesses nonselec-
tive 3-blocking actions. Ibutilide and dofetilide block the rapid component
of the delayed potassium rectifier current.

Type IV drugs inhibit calcium entry into the cell, which slows conduction,
prolongs refractoriness, and decreases SA and AV nodal automaticity.
Calcium channel antagonists are effective for automatic or reentrant
tachycardias that arise from or use the SA or AV nodes.

Recommended doses of the oral antiarrhythmic dosage forms are given in
Table 6-2; usual IV antiarrhythmic doses are shown in Table 6-3; common
side effects are listed in Table 6-4.

ATRIAL FIBRILLATION OR ATRIAL FLUTTER

Many methods are available for restoring sinus rhythm, preventing throm-
boembolic complications, and preventing further recurrences (Fig. 6-1);
however, treatment selection depends in part on onset and severity of
symptoms.

If symptoms are severe and of recent onset, patients may require direct-
current cardioversion (DCC) to restore sinus rhythm immediately.

If patients are hemodynamically stable, the focus should be directed toward
control of ventricular rate. Drugs that slow conduction and increase
refractoriness in the AV node should be used as initial therapy. In patients
with normal LV function (left ventricular ejection fraction >40%), IV -
blockers (propranolol, metoprolol, esmolol), diltiazem, or verapamil is
recommended. If a high adrenergic state is the precipitating factor, IV 3-
blockers can be highly effective and should be considered first. In patients
with left ventricular ejection fraction <40%, IV diltiazem and verapamil

1 7.\:18 X3y I Typical Maintenance Doses of Oral Antiarrhythmic Drugs

Drug Dose Dose Adjusted

Quinidine 200-300 mg sulfate salt q 6 h HEP, age >60 years
324-648 mg gluconate salt g 8-12 h

Procainamide 500-1,000 mg q 6 h (Pronestyl SR) HEP, REN?
1,000-2,000 mg q 12 h (Procanbid)

Disopyramide 100-150 mg q 6 h HEP, REN
200-300 mg q 12 h (SR form)

Mexiletine 200-300mg q 8 h HEP

Flecainide 50-150 mg g 8 h HEP, REN

Propafenone 150-300mgq 8 h HEP

Moricizine 200mgq8h HEP, REN

Sotalol 80-160 mg q 12 h REN?

Dofetilide 500 mcg q 12 h RENC

Amiodarone 400 mg two to three times daily until 10 g total, then

200-400 mg daily?

HEP, hepatic disease; REN, renal dysfunction; SR, sustained-release.

9Accumulation of parent compound or metabolite (e.g., NAPA) may occur.

bshould not be used for atrial fibrillation when creatinine clearance <40 mL/min.

“Dose should be based upon creatinine clearance; should not be used when creatinine clearance <20 mL/min.

Usual maintenance dose for atrial fibrillation is 200 mg/day (may further decrease dose to 100 mg/day with long-term use if patient
clinically stable in order to decrease risk of toxicity); usual maintenance dose for ventricular arrhythmias is 300-400 mg/day.
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17,1185 P Intravenous Antiarrhythmic Dosing

Drug Clinical Situation Dose
Amiodarone Pulseless VT/VF 300 mg IV/I0 push (can give additional 150 mg IV/IO push
if persistent VT/VF), followed by infusion of 1 mg/min
for 6 hours, then 0.5 mg/min
Stable VT (with a pulse) 150 mg IV over 10 minutes, followed by infusion of 1 mg/
min for 6 hours, then 0.5 mg/min
AF (termination) 5 mg/kg IV over 30 minutes, followed by infusion of 1 mg/
min for 6 hours, then 0.5 mg/min
Diltiazem PSVT; AF (rate control) 0.25 mg/kg IV over 2 minutes (may repeat with 0.35 mg/kg
IV over 2 minutes), followed by infusion of 5-15 mg/hour
Ibutilide AF (termination) 1 mg IV over 10 minutes (may repeat if needed)
Lidocaine Pulseless VT/VF 1-1.5 mg/kg IV/I0 push (can give additional 0.5-0.75 mg/kg
IV/I0 push every 5-10 minutes if persistent VT/VF [maxi-
mum cumulative dose =3 mg/kg]), followed by infusion
of 1-4 mg/min (1-2 mg/min if liver disease or HF)
Stable VT (with a pulse) 1-1.5 mg/kg IV push (can give additional 0.5-0.75 mg/kg

Procainamide

Verapamil

AF (termination); stable
VT (with a pulse)
PSVT; AF
(rate control)

IV push every 5-10 minutes if persistent VT [maximum
cumulative dose =3 mg/kg]), followed by infusion of 1-
4 mg/min (1-2 mg/min if liver disease or HF)

15-18 mg/kg IV over 60 minutes, followed by infusion of
1-4 mg/min

2.5-5 mg IV over 2 minutes (may repeat up to maximum
cumulative dose of 20 mg); can follow with infusion of

2.5-15 mg/hour

AF, atrial fibrillation; HF, heart failure; 10, intraosseous; PSVT, paroxysmal supraventricular tachycardia; VF, ventricular fibrillation; VT,
ventricular tachycardia.

should be avoided and IV SB-blockers should be used with caution. In
patients having an exacerbation of HF symptoms, IV digoxin or amio-
darone should be used as first-line therapy for ventricular rate control. IV
amiodarone can also be used in patients who are refractory or have contrain-
dications to fB-blockers, nondihydropyridine calcium channel blockers, and
digoxin.

+ After treatment with AV nodal blocking agents and a subsequent decrease
in ventricular response, the patient should be evaluated for the possibility
of restoring sinus rhythm if AF persists.

+ If sinus rhythm is to be restored, anticoagulation should be initiated prior
to cardioversion because return of atrial contraction increases risk of
thromboembolism. Patients with AF for longer than 48 hours or an
unknown duration should receive warfarin (target international normal-
ized ratio [INR] 2 to 3) for at least 3 weeks prior to cardioversion and
continuing for at least 4 weeks after effective cardioversion and return of
normal sinus rhythm. Patients with AF less than 48 hours in duration do
not require warfarin, but it is recommended that these patients receive
either IV unfractionated heparin or a low-molecular-weight heparin (sub-
cutaneously at treatment doses) at presentation prior to cardioversion.

+ After prior anticoagulation (or after transesophageal echocardiography
demonstrated the absence of a thrombus, thereby obviating the need for
warfarin) methods for restoring sinus rhythm in patients with AF or atrial
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LY5\:1 8 S I Side Effects of Antiarrhythmic Drugs

Quinidine Cinchonism, diarrhea, abdominal cramps, nausea, vomiting, hypotension, TdP, aggrava-
tion of underlying HF, conduction disturbances or ventricular arrhythmias, fever,
hepatitis, thrombocytopenia, hemolytic anemia

Procainamide Systemic lupus erythematosus, diarrhea, nausea, vomiting, TdP, aggravation of underly-
ing HF, conduction disturbances or ventricular arrhythmias, agranulocytosis
Disopyramide Anticholinergic symptoms (dry mouth, urinary retention, constipation, blurred vision),

nausea, anorexia, TdP, HF, aggravation of underlying conduction disturbances and/or
ventricular arrhythmias, hypoglycemia

Lidocaine Dizziness, sedation, slurred speech, blurred vision, paresthesia, muscle twitching,
confusion, nausea, vomiting, seizures, psychosis, sinus arrest, aggravation of underly-
ing conduction disturbances

Mexiletine Dizziness, sedation, anxiety, confusion, paresthesia, tremor, ataxia, blurred vision,
nausea, vomiting, anorexia, aggravation of underlying conduction disturbances or
ventricular arrhythmias

Moricizine Dizziness, headache, fatigue, insomnia, nausea, diarrhea, blurred vision, aggravation of
underlying conduction disturbances or ventricular arrhythmias

Flecainide Blurred vision, dizziness, dyspnea, headache, tremor, nausea, aggravation of underlying
HF, conduction disturbances, or ventricular arrhythmias

Propafenone Dizziness, fatigue, bronchospasm, headache, taste disturbances, nausea, vomiting,

bradycardia or AV block, aggravation of underlying HF, conduction disturbances, or
ventricular arrhythmias

Amiodarone Tremor, ataxia, paresthesia, insomnia, corneal microdeposits, optic neuropathy/neuritis,
nausea, vomiting, anorexia, constipation, TdP (<1%), bradycardia or AV block (IV and
oral use), pulmonary fibrosis, liver function test abnormalities, hepatitis, hypothyroid-
ism, hyperthyroidism, photosensitivity, blue-gray skin discoloration, hypotension (IV
use), phlebitis (IV use)

Dofetilide Headache, dizziness, TdP
Ibutilide Headache, TdP, hypotension
Sotalol Dizziness, weakness, fatigue, nausea, vomiting, diarrhea, bradycardia, TdP, broncho-

spasm, aggravation of underlying heart failure

AV, atrioventricular; HF, heart failure; TdP, torsade de pointes.

flutter are pharmacologic cardioversion and DCC. DCC is quick and more
often successful, but it requires prior sedation or anesthesia and has a small
risk of serious complications such as sinus arrest or ventricular arrhythmias.
Advantages of initial drug therapy are that an effective agent may be
determined in case long-term therapy is required. Disadvantages are signifi-
cant side effects such as drug-induced TdP, drug—drug interactions, and
lower cardioversion rate for drugs compared with DCC. There is relatively
strong evidence for efficacy of type III pure Ik blockers (ibutilide, dofeti-
lide), type Ic drugs (e.g., flecainide, propafenone), and amiodarone (oral or
IV). With the “pill in the pocket” approach, outpatient, patient-controlled
self-administration of a single, oral loading dose of either flecainide or
propafenone can be relatively safe and effective for termination of recent-
onset AF in selected patients without sinus or AV node dysfunction, bundle-
branch block, QT interval prolongation, Brugada’s syndrome, or structural
heart disease. It should only be considered in patients who have been
successfully cardioverted with these drugs on an inpatient basis.

+ The American College of Chest Physicians Consensus Conference on anti-
thrombotic therapy recommends chronic warfarin treatment (target INR
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Atrial Fibrillation/Flutter |

v
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Severe symptoms | Minimal or moderate symptoms
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ablation weeks or TEE antithrombotic
to exclude therapy
thrombus?@
Elective Consider
cardioversion adding AAD if
(electrical or patient remains
pharmacologic) symptomatic
despite
l adequate
ventricular rate
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May consider AAD (especially if patient
remains symptomatic despite adequate
No AADs ventricular rate control)?

May also consider leaving in AF (and
providing rate control and anticoagulation)

A

Consider chronic antithrombotic therapy
for patients with risk factors for stroke®

FIGURE 6-1. Algorithm for the treatment of atrial fibrillation (AF) and atrial flutter.
9f AF <48 hours, anticoagulation prior to cardioversion is unnecessary; may
consider transesophageal echocardiogram (TEE) if patient has risk factors for stroke.
bpblation may be considered for patients who fail or do not tolerate one
antiarrhythmic drug (AAD). “Chronic antithrombotic therapy should be considered
in all patients with AF and risk factors for stroke regardless of whether or not they
remain in sinus rhythm. (BB, B-blocker; CCB, calcium channel blocker [ie,
verapamil or diltiazem]; DCC, direct-current cardioversion.)
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2.5; range 2 to 3) for all patients with AF who are at high risk for stroke
(rheumatic mitral valve disease; previous ischemic stroke, transient ischemic
attack, or other systemic embolic event; age >75 years; moderate or severe
LV systolic dysfunction and/or congestive HF; hypertension; or prosthetic
heart valve). Those at intermediate risk (age 65 to 75 years with none of the
high-risk factors) should receive either warfarin (target INR 2.5; range 2 to
3) or aspirin 325 mg/day. Those at low risk (age <65 years with none of the
high-risk factors) should receive aspirin 325 mg/day. Chronic antithrom-
botic therapy should be considered for all patients with AF and risk factors
for stroke regardless of whether or not they remain in sinus rhythm.

+ AF often recurs after initial cardioversion because most patients have
irreversible underlying heart or lung disease. A metaanalysis confirmed that
quinidine maintained sinus rhythm better than placebo; however, 50% of
patients had recurrent AF within 1 year, and more importantly, quinidine
increased mortality, presumably due in part to proarrhythmia. Type Ic (e.g.,
flecainide, propafenone) and type III (e.g., amiodarone, sotalol, dofetilide)
antiarrhythmic agents may be alternatives to quinidine; however, these
agents are also associated with proarrhythmia. Consequently, chronic anti-
arrhythmic drugs should be reserved for patients with recurrent paroxysmal
AF associated with intolerable symptoms during episodes of AF.

PAROXYSMAL SUPRAVENTRICULAR TACHYCARDIA

+ The choice between pharmacologic and nonpharmacologic methods for
treating PSVT depends on symptom severity (Fig. 6-2). Synchronized
DCC is the treatment of choice if symptoms are severe (e.g., syncope, near
syncope, anginal chest pain, severe HF). Nondrug measures that increase
vagal tone to the AV node (e.g., unilateral carotid sinus massage, Valsalva
maneuver) can be used for mild to moderate symptoms. If these methods
fail, drug therapy is the next option.

+ The choice among drugs is based on the QRS complex (see Fig. 6-2). Drugs
can be divided into three broad categories: (1) those that directly or
indirectly increase vagal tone to the AV node (e.g., digoxin); (2) those that
depress conduction through slow, calcium-dependent tissue (e.g., adeno-
sine, [-blockers, calcium channel blockers); and (3) those that depress
conduction through fast, sodium-dependent tissue (e.g., quinidine, procain-
amide, disopyramide, flecainide).

+ Adenosine has been recommended as the drug of first choice in patients
with PSVT because its short duration of action will not cause prolonged
hemodynamic compromise in patients with wide QRS complexes who
actually have VT rather than PSVT.

+ After acute PSVT is terminated, long-term preventive treatment is indicated
if frequent episodes necessitate therapeutic intervention or if episodes are
infrequent but severely symptomatic. Serial testing of antiarrhythmic agents
can be evaluated in the ambulatory setting via ambulatory ECG recordings
(Holter monitors) or telephonic transmissions of cardiac rhythm (event
monitors) or by invasive electrophysiologic techniques in the laboratory.

+ Transcutaneous catheter ablation using radiofrequency current on the
PSVT substrate should be considered in any patient who would have
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FIGURE 6-2. Algorithm for the treatment of acute (top portion) paroxysmal supraventricular tachycardia and chronic prevention of recurrences (bottom portion). Note:
For empiric bridge therapy prior to radiofrequency ablation procedures, calcium channel blockers (or other atrioventricular [AV] nodal blockers) should not be used if
the patient has AV reentry with an accessory pathway. (AAD, antiarrhythmic drugs; AF, atrial fibrillation; AP, accessory pathway; AVN, atrioventricular nodal; AVNRT,
atrioventricular nodal reentrant tachycardia; AVRT, atrioventricular reentrant tachycardia; DCC, direct-current cardioversion; ECG, electrocardiographic monitoring; EPS,
electrophysiologic studies; PRN, as needed; VT, ventricular tachycardia.)
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previously been considered for chronic antiarrhythmic drug treatment. It
is highly effective and curative, rarely results in complications, obviates the
need for chronic antiarrhythmic drug therapy, and is cost-effective.

AUTOMATIC ATRIAL TACHYCARDIAS

Underlying precipitating factors should be corrected by ensuring proper
oxygenation and ventilation and by correcting acid-base or electrolyte
disturbances.

If tachycardia persists, the need for additional treatment is determined by
symptoms. Patients with asymptomatic atrial tachycardia and relatively
slow ventricular response usually require no drug therapy.

+ In symptomatic patients, medical therapy can be tailored either to control

ventricular response or to restore sinus rhythm. Nondihydropyridine
calcium antagonists (e.g., verapamil) are considered first-line drug ther-
apy for decreasing ventricular response. Type I agents (e.g., procainamide,
quinidine) are only occasionally effective in restoring sinus rhythm. DCC
is ineffective, and fB-blockers are usually contraindicated because of coex-
isting severe pulmonary disease or uncompensated HF.

PREMATURE VENTRICULAR COMPLEXES

In apparently healthy individuals, drug therapy is unnecessary because PVCs
without associated heart disease carry little or no risk. In patients with risk
factors for arrhythmic death (recent MI, LV dysfunction, complex PVCs),
chronic drug therapy should be restricted to f-blockers because only they
have been conclusively proven to prevent mortality in these patients.

VENTRICULAR TACHYCARDIA

Acute Ventricular Tachycardia

If severe symptoms are present, synchronized DCC should be instituted
immediately to restore sinus rhythm. Precipitating factors should be
corrected if possible. If VT is an isolated electrical event associated with a
transient initiating factor (e.g., acute myocardial ischemia, digitalis toxic-
ity), there is no need for long-term antiarrhythmic therapy after precipitat-
ing factors are corrected.

Patients with mild or no symptoms can be treated initially with antiar-
rhythmic drugs. IV amiodarone is now recommended as first-line therapy
in this situation. Procainamide or lidocaine given IV is a suitable alterna-
tive. Synchronized DCC should be delivered if the patient’s status deterio-
rates, VT degenerates to VF, or drug therapy fails.

Sustained Ventricular Tachycardia
+ Patients with chronic recurrent sustained VT are at extremely high risk for

death; trial-and-error attempts to find effective therapy are unwarranted.
Neither electrophysiologic studies nor serial Holter monitoring with drug
testing is ideal. These findings and the side-effect profiles of antiarrhyth-
mic agents have led to nondrug approaches.
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The automatic ICD is a highly effective method for preventing sudden
death due to recurrent VT or VE.

Patients with complex ventricular ectopy should not receive type I or III
antiarrhythmic drugs.

Ventricular Proarrhythmia

The typical form of proarrhythmia caused by the type Ic antiarrhythmic
drugs is a rapid, sustained, monomorphic VT with a characteristic sinusoidal
QRS pattern that is often resistant to resuscitation with cardioversion or
overdrive pacing. Some clinicians have had success with IV lidocaine (com-
petes for the sodium channel receptor) or sodium bicarbonate (reverses the
excessive sodium channel blockade).

Torsade de Pointes

For an acute episode of TdP, most patients require and respond to DCC.
However, TdP tends to be paroxysmal and often recurs rapidly after DCC.

+ IV magnesium sulfate is considered the drug of choice for preventing

recurrences of TdP. If ineffective, strategies to increase heart rate and
shorten ventricular repolarization should be instituted (i.e., temporary
transvenous pacing at 105 to 120 beats/min or pharmacologic pacing with
isoproterenol or epinephrine infusion). Agents that prolong the QT
interval should be discontinued, and exacerbating factors (e.g., hypokale-
mia, hypomagnesemia) corrected. Drugs that further prolong repolariza-
tion (e.g., IV procainamide) are contraindicated. Lidocaine is usually
ineffective.

Ventricular Fibrillation

Patients with pulseless VT or VF (with or without associated myocardial
ischemia) should be managed according to the American Heart Associa-
tion’s guidelines for cardiopulmonary resuscitation and emergency cardio-
vascular care (see Chap. 7). After successful resuscitation, antiarrhythmics
should be continued until the patient’s rhythm and overall status are
stable. Long-term antiarrhythmics or ICD implantation may or may not
be required.

BRADYARRHYTHMIAS

Treatment of sinus node dysfunction involves elimination of symptomatic
bradycardia and possibly managing alternating tachycardias such as AF.
Asymptomatic sinus bradyarrhythmias usually do not require therapeutic
intervention.

In general, long-term therapy of choice for patients with significant
symptoms is a permanent ventricular pacemaker.

Drugs commonly employed to treat supraventricular tachycardias should
be used with caution, if at all, in the absence of a functioning pacemaker.
Symptomatic carotid sinus hypersensitivity also should be treated with
permanent pacemaker therapy. Patients who remain symptomatic may
benefit from adding an o-adrenergic stimulant such as midodrine.
Vasovagal syncope has traditionally been treated successfully with oral -
blockers (e.g., metoprolol) to inhibit the sympathetic surge that causes
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forceful ventricular contraction and precedes the onset of hypotension and
bradycardia. Other drugs that have been used successfully (with or without
B-blockers) include fludrocortisone, anticholinergics (scopolamine patches,
disopyramide), a-adrenergic agonists (midodrine), adenosine analogs
(theophylline, dipyridamole), and selective serotonin reuptake inhibitors
(sertraline, fluoxetine).

Atrioventricular Block

If patients with Mobitz II or third-degree AV block develop signs or
symptoms of poor perfusion (e.g., altered mental status, chest pain,
hypotension, shock) associated with bradycardia or AV block, transcuta-
neous pacing should be initiated immediately. Atropine (0.5 mg IV given
every 3 to 5 minutes, up to 3 mg total dose) should be given as the pacing
leads are being placed. Infusions of epinephrine (2 to 10 mcg/min) or
dopamine (2 to 10 mcg/kg/min) can be used in the event of atropine
failure. These agents will not help if AV block is below the AV node
(Mobitz II or trifascicular AV block).

Chronic symptomatic AV block warrants insertion of a permanent pace-
maker. Patients without symptoms can sometimes be followed closely
without the need for a pacemaker.

EVALUATION OF THERAPEUTIC OUTCOMES

The most important monitoring parameters include (1) mortality (total
and due to arrhythmic death), (2) arrhythmia recurrence (duration,
frequency, symptoms), (3) hemodynamic consequences (rate, blood pres-
sure, symptoms), and (4) treatment complications (need for alternative or
additional drugs, devices, or surgery).

See Chap. 19, The Arrhythmias, authored by Cynthia A. Sanoski, Marieke
Dekker Schoen, and Jerry L. Bauman, for a more detailed discussion of this topic.
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Cardiopulmonary Arrest

CHAPTER

DEFINITION

+ Cardiopulmonary arrest is the abrupt cessation of spontaneous and
effective ventilation and circulation after a cardiac or respiratory event.
Cardiopulmonary resuscitation (CPR) provides artificial ventilation and
circulation until it is possible to provide advanced cardiac life support
(ACLS) and reestablish spontaneous circulation.

PATHOPHYSIOLOGY

+ Cardiopulmonary arrest in adults usually results from arrhythmias. The
most common arrhythmias are ventricular fibrillation (VF) and pulseless
ventricular tachycardia (PVT), often in patients after myocardial infarc-
tion (MI) or pulmonary embolism (PE). In children, cardiopulmonary
arrest is often the terminal event of progressive shock or respiratory
failure.

+ Two theories exist regarding the mechanism of blood flow in CPR.

v The cardiac pump theory states that the active compression of the heart
between the sternum and vertebrae creates an “artificial systole” in
which intraventricular pressure increases, the atrioventricular valves
close, the aortic valve opens, and blood is forced out of the ventricles.
When ventricular compression ends, the decline in intraventricular
pressure causes the mitral and tricuspid valves to open, and ventricular
filling begins.

v The more recent thoracic pump theory is based on the belief that blood
flow during CPR results from intrathoracic pressure alterations induced
by chest compressions. During compression (systole), a pressure gradi-
ent develops between the intrathoracic arteries and extrathoracic veins,
causing forward blood flow from the lungs into the systemic circulation.
After compression ends (diastole), intrathoracic pressure declines and
blood flow returns to the lungs.

+ Components of both theories may apply to the mechanism of blood flow
during CPR.

CLINICAL PRESENTATION

+ The onset of cardiopulmonary arrest may be characterized by symptoms of
anxiety, mental status changes, or unconsciousness; cold, clammy extrem-
ities; dyspnea, shortness of breath, or no respiration; chest pain; diaphore-
sis, and nausea or vomiting.

+ Physical signs may include hypotension; tachycardia, bradycardia, irregu-
lar or no pulse; cyanosis; hypothermia; and distant or absent heart and
lung sounds.
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DIAGNOSIS

+ Rapid diagnosis of cardiopulmonary arrest is vital to the success of CPR.

Patients must receive early intervention to prevent cardiac rhythms from

degenerating into less treatable arrhythmias.

Cardiopulmonary arrest is diagnosed initially by observation of clinical

manifestations consistent with cardiac arrest. The diagnosis is confirmed

by evaluating vital signs, especially heart rate and respirations.

Electrocardiography (ECG) is useful for determining the cardiac rhythm,

which in turn determines drug therapy.

v VF is electrical anarchy of the ventricle resulting in no cardiac output
and cardiovascular collapse.

v Pulseless electrical activity (PEA) is the absence of a detectable pulse and
the presence of some type of electrical activity other than VF or PVT.

v Asystole is the presence of a “flat line” on the ECG monitor.

DESIRED OUTCOME

+ The goal of CPR is the return of spontaneous circulation (ROSC) with
effective ventilation and perfusion as quickly as possible to minimize
hypoxic damage to vital organs.

After successful resuscitation, the primary goals include optimizing tissue
oxygenation, identifying precipitating cause(s) of arrest, and preventing
subsequent episodes.

TREATMENT

GENERAL APPROACH

+ The philosophies for providing CPR and emergency cardiovascular care
(ECC) have been organized and revised periodically by the American
Heart Association. The latest evidence-based guidelines for CPR and ECC
resulted from the Guidelines 2005 Conference (Table 7-1).

The likelihood of a successful resuscitation outcome is enhanced if each of

four critical elements in the “chain of survival” is implemented promptly:

(1) early recognition of the emergency and activation of emergency

medical services; (2) early bystander basic life support and CPR; (3) early

delivery of a shock with a defibrillator; and (4) early ACLS followed by
resuscitation care delivered by healthcare professionals.

In basic life support, the following actions are performed in this order:

v First, determine patient responsiveness. If there is no response, immedi-
ately activate the emergency medical response team and obtain an
automated external defibrillator (AED) if one is available.

v Next, open the victim’s airway and assess the effectiveness of breathing.
If the victim is breathing, assist as needed. If the victim is not breathing,
administer two rescue breaths.

v Determine if there is an effective pulse. If an effective pulse is present,
continue rescue breathing with frequent assessments of effective circu-
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i7:\:18 3 A B Evidence-Based Treatment Recommendations
for Cardiopulmonary Resuscitation

Recommendation
Recommendations Grades”
Immediate bystander CPR Class |

High-quality CPR should be performed with minimal interruption in chest
compressions and defibrillation as soon as it can be accomplished.
Epinephrine Class Ilb
1 mg IV/I0 should be administered every 3-5 minutes in patients with VF, PVT,
PEA, or asystole.
Vasopressin Class indeterminate
40 units IV/10 can replace either the first or second dose of epinephrine in
patients with VF, PVT, or asystole. There is insufficient evidence to recommend
either for or against its use in PEA.
Amiodarone Class lIb
300 mg IV/IO can be followed by 150 mg IV/IO in patients with VF/PVT
unresponsive to CPR, shock, and a vasopressor.
Lidocaine Class indeterminate
Lidocaine can be considered an alternative to amiodarone in patients with \VF/
PVT. The initial dose is 1-1.5 mg/kg IV. Additional doses of 0.5-0.75 mg/kg can
be administered at 5- to 10-minute intervals to a maximum dose of 3 mg/kg if
VF/PVT persists.
Magnesium Class lla
Magnesium is recommended for VF/PVT that is caused by torsade de pointes. 1-2
g diluted in 10 mL D5W should be administered IV/IO push over 5-20 minutes.
(linical studies have not demonstrated a benefit when magnesium was routinely
administered during CPR when torsade de pointes was not present.
Fibrinolysis Class lla
Thrombolytics should be considered on a case-by-case basis when pulmonary
embolism is suspected.
Hypothermia Class lla
Hypothermia should be implemented in unconscious adult patients with ROSC
after out-of-hospital cardiac arrest when the initial rhythm was VF. These
patients should be cooled to 32°C (89.6°F) to 34°C (93.2°F) for 12-24 hours.
Hypothermia may be beneficial for patients with non-VF arrest out-of-hospital or ~ Class llb
for in-hospital cardiac arrest.
Atropine Class indeterminate
Atropine 1 mg IV/I0 every 3-5 minutes (maximum total of 3 doses or 3 mg) can
be considered for patients with asystole or PEA.

CPR, cardiopulmonary resuscitation; D5W, 5% dextrose in water; PEA, pulseless electrical activity; PVT, pulseless ventricular

tachycardia; ROSC, return of spontaneous circulation; VF, ventricular fibrillation.

9American College of Cardiology and American Heart Association evidence grading system.

Key for evidence-based classifications:
Class I: High-level prospective studies support the action or therapy and the benefit substantially outweighs the potential for harm.
The treatment should be administered.
Class lla: The weight of evidence supports the action or therapy, and the therapy is considered acceptable and useful. It is
reasonable to administer the treatment.
Class IIb: The evidence documented only short-term benefits, or positive results were documented with lower levels of evidence.
Class lIb recommendations can be considered either optional or recommended by experts despite the absence of high-level
supporting evidence.
Class III: The risk outweighs the benefit for a particular treatment. The treatment should not be administered and can be harmful.
Class indeterminate: This is either a continuing area of research or an area where research is just beginning. No recommendation
(either for or against) can be made.
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lation until help arrives. If there is no pulse, immediately institute chest
compressions. The recommended rate is 100 beats/min, with cycles of
30 compressions followed by two rescue breaths.

v If there is no AED available, continue cycles of compressions/breaths,
with pulse checks every 2 minutes (five cycles) until help arrives or the
patient regains spontaneous circulation.

v If an AED is available, check the rhythm to determine if defibrillation is
advised. If so, then deliver one shock with the immediate resumption of
chest compressions/rescue breaths. After five cycles, reevaluate the rhythm
to determine the need for further defibrillation. Repeat this sequence of
actions until helps arrives or the rhythm is no longer “shockable.”

v If the rhythm is not shockable, then continue chest compressions/rescue
breath cycles until help arrives or the victim recovers spontaneous
circulation.

+ Once ACLS providers arrive, further definitive therapy is given (Fig. 7-1).
If the rhythm is not shockable, it is likely to be either asystole or PEA.

+ Central venous catheter access results in faster and higher peak drug
concentrations than peripheral venous administration, but central line
access is not needed in most resuscitation attempts. However, if a central
line is already present, it should be the access site of choice. If IV access
(either central or peripheral) has not been established, a large peripheral
venous catheter should be inserted. Intraosseous (I0) administration is the
preferred alternative if IV administration cannot be achieved.

+ If neither IV nor IO access can be established, atropine, lidocaine, epineph-
rine, naloxone, and vasopressin may be administered endotracheally. The
endotracheal dose should generally be two to two and one-half times larger
than the IV/IO dose.

TREATMENT OF VENTRICULAR FIBRILLATION
AND VENTRICULAR TACHYCARDIA

Nonpharmacologic Therapy

+ Persons in VF or PVT should receive electrical defibrillation with one
shock using 360 joules (monophasic defibrillator) or 150 to 200 joules
(biphasic defibrillator). After defibrillation is attempted, CPR should be
immediately restarted and continued for 2 minutes (five cycles) before
checking a pulse. If there is still evidence of VF/PVT after 2 minutes, repeat
attempts at single-discharge defibrillation should be attempted along with
pharmacologic therapy. After the first unsuccessful shock, vasopressors are
the initial recommended therapy (before or after the second shock). After
the second unsuccessful shock, antiarrhythmics can be considered (before
or after the third shock). Five cycles of chest compressions should be
performed between attempts at defibrillation. This algorithm is repeated
until either a pulse is obtained with effective circulation, the rhythm
changes, or the patient expires.

+ Endotracheal intubation and IV access should be obtained when feasible,
but not at the expense of stopping chest compressions. Once an airway is
achieved, patients should be ventilated with 100% oxygen.
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FIGURE 7-1. Advanced cardiac life support (ACLS) treatment algorithm for adult
cardiopulmonary arrest. (CPR, cardiopulmonary resuscitation; PEA, pulseless electri-

cal activity; PVT, pulseless ventricular tachycardia; VF, ventricular fibrillation.)

+ Hypothermia can protect from cerebral injury by suppressing chemical
reactions that occur after restoration of blood flow following cardiac
arrest. Based on the results of two clinical trials, unconscious adult patients
with spontaneous circulation after out-of-hospital cardiac arrest should be
cooled to 32°C (89.6°F) to 34°C (93.2°F) for 12 to 24 hours when the initial
rhythm is VF. Cooling may also benefit other rhythms or in-hospital
cardiac arrest in adults; there is insufficient evidence to recommend

therapeutic hypothermia in children.
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Pharmacologic Therapy
(See Table 7-1)
Sympathomimetics

The goal of sympathomimetic therapy is to augment both coronary and
cerebral perfusion pressures during the low-flow state associated with CPR.
These agents increase systemic arteriolar vasoconstriction, thereby improv-
ing coronary and cerebral perfusion pressure. They also maintain vascular
tone, decrease arteriolar collapse, and shunt blood to the heart and brain.
Epinephrine is a drug of first choice for treating VF, PVT, asystole, and
PEA. It is an agonist of ¢, 0, 1, and 3, receptors. Its effectiveness is
thought to be primarily due to its o effects.

The standard adult dose of epinephrine is 1 mg administered by IV or IO
injection every 3 to 5 minutes. Although some studies have shown that
higher doses (e.g., up to 5 mg) may increase the initial resuscitation rate,
overall survival is not significantly improved.

Norepinephrine (an ¢, ¢, and f3; agonist) demonstrated higher resusci-
tation rates compared to epinephrine in one study (64% vs. 32%) but no
significant difference in survival to hospital discharge. Consequently,
epinephrine remains the first-line sympathomimetic for CPR.

Vasopressin

Vasopressin is a potent vasoconstrictor that increases blood pressure and
systemic vascular resistance. It may have several advantages over epineph-
rine. First, the metabolic acidosis that frequently accompanies cardiopul-
monary arrest can blunt the vasoconstrictive effect of epinephrine; this
does not occur with vasopressin. Second, stimulation of 3 receptors by
epinephrine can increase myocardial oxygen demand and complicate the
postresuscitative phase of CPR. Vasopressin can also have a beneficial
effect on renal blood flow in the kidney, causing vasodilation and increased
water reabsorption.

Despite these potential advantages, clinical experience with vasopressin is
limited and comparative trials with epinephrine have produced mixed results.
Overall, these studies suggest that vasopressin is effective as part of ACLS after
cardiac arrest, but its superiority to epinephrine remains questionable.

Antiarrhythmics

The purpose of antiarrhythmic drug therapy after unsuccessful defibrillation
and vasopressor administration is to prevent the development or recurrence
of VF and PVT by raising the fibrillation threshold. However, the role of
antiarrhythmics is limited because clinical evidence demonstrating improved
survival to hospital discharge is lacking. Only amiodarone and lidocaine are
recommended in the 2005 guidelines for CPR and ECC.

Amiodarone is the preferred antiarrhythmic during cardiac arrest according
to the 2005 guidelines. Hypotension occurs frequently but can generally be
reversed by decreasing the infusion rate. Other acute effects include fever,
elevated liver function tests, confusion, nausea, and thrombocytopenia.
Lidocaine is recommended as an alternative to amiodarone in the 2005
guidelines.
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Thrombolytics

+ The role of thrombolytics during CPR has been investigated because most
cardiac arrests are related to either MI or PE. Although several studies
demonstrated successful thrombolytic use, few have shown improvements to
hospital discharge, and an increase in bleeding was noted. Therefore, throm-
bolytics should be considered on a case-by-case basis when PE is suspected.

Magnesium

+ Although severe hypomagnesemia has been associated with VF/PVT, clinical
trials have not demonstrated any benefit with routine administration of
magnesium during a cardiac arrest. Because two observation trials showed
improvement in ROSC in patients with arrests associated with torsade de
pointes, magnesium administration should be limited to these patients.

TREATMENT OF PULSELESS ELECTRICAL
ACTIVITY AND ASYSTOLE

Nonpharmacologic Therapy

+ Successful treatment of PEA and asystole depends almost entirely on diagnosis
of the underlying cause. Potentially reversible causes include (1) hypovolemia,
(2) hypoxia, (3) preexisting acidosis, (4) hyperkalemia, (5) hypothermia,
(6) hypoglycemia, (7) drug overdose, (8) cardiac tamponade, (9) tension
pneumothorax, (10) coronary thrombosis, (11) pulmonary thrombosis,
and (12) trauma.

+ Treatment of PEA is similar to treatment of asystole. Both conditions
require CPR, airway control, and IV access. Defibrillation should be
avoided in asystole because the resulting parasympathetic discharge can
reduce the chance of ROSC and worsen the chance of survival. If available,
transcutaneous pacing can be attempted.

Pharmacologic Therapy

(See Table 7-1)

+ Epinephrine may be given in doses identical to those used for the
treatment of VF or PVT.

*+ Vasopressin can be substituted for the first or second dose of epinephrine
in patients with asystole. There is insufficient evidence to make a treatment
recommendation for PEA.

+ Atropine is an antimuscarinic agent that blocks the depressant effect of
acetylcholine on the sinus and atrioventricular nodes, thereby decreasing
parasympathetic tone. During asystole, parasympathetic tone may increase
because of vagal stimulation from intubation, hypoxia and acidosis, or
alterations in the balance of parasympathetic and sympathetic control. There
are no prospective controlled trials showing benefit from atropine for
treatment of asystole or PEA. Overall, the results show that although
atropine may achieve ROSC in some instances, asystolic arrest is almost
always fatal. Atropine should be considered for asystole or PEA because of its
relative safety, ease of administration, low cost, and theoretical advantages.
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ACID-BASE MANAGEMENT DURING
CARDIOPULMONARY RESUSCITATION

Acidosis occurs during cardiac arrest because of decreased blood flow and
inadequate ventilation. Chest compressions generate only about 20% to
30% of normal cardiac output, leading to inadequate organ perfusion,
tissue hypoxia, and metabolic acidosis. Furthermore, the lack of ventila-
tion causes retention of carbon dioxide, leading to respiratory acidosis.
The combined acidosis reduces myocardial contractility and may cause
arrhythmias because of a lower fibrillation threshold.

In early cardiac arrest, adequate alveolar ventilation is the primary means
of limiting carbon dioxide accumulation and controlling the acid—base
imbalance. With arrests of long duration, buffer therapy is often necessary.
Sodium bicarbonate administration for cardiac arrest is controversial
because there are few clinical data supporting its use, and it may have some
detrimental effects. Sodium bicarbonate can be used in special circum-
stances (i.e., underlying metabolic acidosis, hyperkalemia, salicylate over-
dose, or tricyclic antidepressant overdose). The dosage should be guided
by laboratory analysis if possible.

EVALUATION OF THERAPEUTIC OUTCOMES

To measure the success of CPR, therapeutic outcome monitoring should
occur both during the resuscitation attempt and in the postresuscitation
phase. The optimal outcome following CPR is an awake, responsive,
spontaneously breathing patient. Ideally, patients must remain neurologi-
cally intact with minimal morbidity after the resuscitation.

+ Heart rate, cardiac rhythm, and blood pressure should be assessed and

documented throughout the resuscitation attempt and after each interven-
tion. Determination of the presence or absence of a pulse is paramount to
deciding which interventions are appropriate.

Coronary perfusion pressure should be assessed in patients for whom
intraarterial monitoring is in place.

End-tidal carbon dioxide monitoring is a safe and effective method to
assess cardiac output during CPR and has been associated with ROSC.
Clinicians should consider the precipitating cause of the cardiac arrest, such
as M1, electrolyte imbalance, or primary arrhythmia. Prearrest status should
be carefully reviewed, particularly if the patient was receiving drug therapy.
Altered cardiac, hepatic, and renal function resulting from ischemic
damage during the arrest warrant special attention.

Neurologic function should be assessed by the Cerebral Performance
Category and the Glasgow Coma Scale.

See Chap. 14, Cardiopulmonary Resuscitation, authored by Jeffrey F. Barletta
and Jeffrey L. Wilt, for a more detailed discussion of this topic.
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Heart Failure

CHAPTER

DEFINITION

Heart failure (HF) is a clinical syndrome caused by the inability of the
heart to pump sufficient blood to meet the metabolic needs of the body.
HF can result from any disorder that reduces ventricular filling (diastolic
dysfunction) and/or myocardial contractility (systolic dysfunction).

PATHOPHYSIOLOGY

Causes of systolic dysfunction (decreased contractility) are reduction in
muscle mass (e.g., myocardial infarction [MI]), dilated cardiomyopathies,
and ventricular hypertrophy. Ventricular hypertrophy can be caused by
pressure overload (e.g., systemic or pulmonary hypertension, aortic or
pulmonic valve stenosis) or volume overload (e.g., valvular regurgitation,
shunts, high-output states).

Causes of diastolic dysfunction (restriction in ventricular filling) are
increased ventricular stiffness, ventricular hypertrophy, infiltrative myocar-
dial diseases, myocardial ischemia and infarction, mitral or tricuspid valve
stenosis, and pericardial disease (e.g., pericarditis, pericardial tamponade).
The leading causes of HF are coronary artery disease and hypertension.
As cardiac function decreases after myocardial injury, the heart relies on the
following compensatory mechanisms: (1) tachycardia and increased contrac-
tility through sympathetic nervous system activation; (2) the Frank-Starling
mechanism, whereby increased preload increases stroke volume; (3) vaso-
constriction; and (4) ventricular hypertrophy and remodeling. Although
these compensatory mechanisms initially maintain cardiac function, they are
responsible for the symptoms of HF and contribute to disease progression.
The neurohormonal model of HF recognizes that an initiating event (e.g.,
acute MI) leads to decreased cardiac output but that the HF state then
becomes a systemic disease whose progression is mediated largely by
neurohormones and autocrine/paracrine factors. These substances include
angiotensin I, norepinephrine, aldosterone, natriuretic peptides, arginine
vasopressin, proinflammatory cytokines (e.g., tumor necrosis factor o,
interleukin-6 and interleukin-1p), and endothelin-1.

Common precipitating factors that may cause a previously compensated
patient to decompensate include noncompliance with diet or drug ther-
apy, coronary ischemia, inappropriate medication use, cardiac events (e.g.,
M]I, atrial fibrillation), pulmonary infections, and anemia.

Drugs may precipitate or exacerbate HF because of their negative inotro-
pic, cardiotoxic, or sodium- and water-retaining properties.

CLINICAL PRESENTATION

The patient presentation may range from asymptomatic to cardiogenic shock.
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+ The primary symptoms are dyspnea (particularly on exertion) and
fatigue, which lead to exercise intolerance. Other pulmonary symp-
toms include orthopnea, paroxysmal nocturnal dyspnea, tachypnea,
and cough.

+ Fluid overload can result in pulmonary congestion and peripheral edema.

+ Nonspecific symptoms may include fatigue, nocturia, hemoptysis, abdom-
inal pain, anorexia, nausea, bloating, ascites, poor appetite, ascites, mental
status changes, and weight gain.

+ Physical examination findings may include pulmonary crackles, an S;
gallop, cool extremities, Cheyne-Stokes respiration, tachycardia, narrow
pulse pressure, cardiomegaly, symptoms of pulmonary edema (extreme
breathlessness, anxiety, sometimes with coughing pink, frothy sputum),
peripheral edema, jugular venous distention, hepatojugular reflux, and
hepatomegaly.

DIAGNOSIS

+ A diagnosis of HF should be considered in patients exhibiting characteris-
tic signs and symptoms. A complete history and physical examination with
appropriate laboratory testing are essential in the initial evaluation of
patients suspected of having HF.

+ Laboratory tests for identifying disorders that may cause or worsen HF
include compete blood count; serum electrolytes (including calcium and
magnesium); renal, hepatic, and thyroid function tests; urinalysis; lipid
profile; and hemoglobin A1C.

+ Ventricular hypertrophy can be demonstrated on chest x-ray or ECG.
Chest x-ray may also show pleural effusions or pulmonary edema.

* The echocardiogram is the single most useful evaluation procedure
because it can identify abnormalities of the pericardium, myocardium, or
heart values and quantify the left ventricular ejection fraction (LVEF) to
determine if systolic or diastolic dysfunction is present.

+ The New York Heart Association Functional Classification System is
intended primarily to classify symptomatic HF patients according to the
physician’s subjective evaluation. Functional class (FC)-I patients have no
limitation of physical activity, FC-II patients have slight limitation, FC-III
patients have marked limitation, and FC-IV patients are unable to carry on
physical activity without discomfort.

+ The recent American College of Cardiology/American Heart Association
(ACC/AHA) staging system provides a more comprehensive framework
for evaluating, preventing, and treating HF (Fig. 8-1).

DESIRED OUTCOME

+ The therapeutic goals for chronic HF are to improve quality of life, relieve
or reduce symptoms, prevent or minimize hospitalizations, slow disease
progression, and prolong survival.
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Common Examples

Hypertension, coronary artery or other
atherosclerotic vascular disease,
diabetes, obesity, metabolic syndrome

Stage A
Patients at high risk
for developing HF

¢ Development of structural heart
disease

Stage B
Patients with structural
heart disease but no HF

signs or symptoms

Previous MI, left ventricular
hypertrophy, left ventricular systolic
dysfunction

v HF symptoms develop

Stage C
Patients with structural
heart disease and current or
previous symptoms

Left ventricular systolic dysfunction and
symptoms such as dyspnea, fatigue, and
reduced exercise tolerance

ainjieq Meay 1o uoissaibold

¢ Treatment-resistant symptoms
Patients with treatment refractory

symptoms at rest despite maximal
medical therapy (e.qg., patients requiring
recurrent hospitalization or who cannot be
discharged without mechanical assist
devices or inotropic therapy)

Stage D
Refractory HF requiring
specialized interventions

FIGURE 8-1. The American College of Cardiology/American Heart Association
heart failure (HF) staging system. (MI, myocardial infarction.)

TREATMENT OF CHRONIC HEART FAILURE
GENERAL APPROACH

+ The first step in managing chronic HF is to determine the etiology or
precipitating factors. Treatment of underlying disorders (e.g., anemia,
hyperthyroidism) may obviate the need for treating HF.

+ Nonpharmacologic interventions include cardiac rehabilitation and
restriction of fluid intake (maximum 2 L/day from all sources) and dietary
sodium (approximately 2 to 3 g of sodium per day).

+ Stage A: The emphasis is on identifying and modifying risk factors to
prevent development of structural heart disease and subsequent HF.
Strategies include smoking cessation and control of hypertension, diabetes
mellitus, and dyslipidemia according to current treatment guidelines.
Angiotensin-converting enzyme (ACE) inhibitors (or angiotensin recep-
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tor blockers [ARBs]) should be strongly considered for antihypertensive
therapy in patients with multiple vascular risk factors.

+ Stage B: In these patients with structural heart disease but no symptoms,
treatment is targeted at minimizing additional injury and preventing or
slowing the remodeling process. In addition to treatment measures out-
lined for stage A, patients with a previous MI should receive both ACE
inhibitors (or ARBs in patients intolerant of ACE inhibitors) and -
blockers regardless of the ejection fraction. Patients with reduced ejection
fractions (less than 40%) should also receive both agents, regardless of
whether they have had an MI.

+ Stage C: Most patients with structural heart disease and previous or
current HF symptoms should receive the treatments for Stages A and B as
well as initiation and titration of a diuretic (if clinical evidence of fluid
retention), ACE inhibitor, and S-blocker (if not already receiving a f-
blocker for previous MI, left ventricular [LV] dysfunction, or other
indication). If diuresis is initiated and symptoms improve once the patient
is euvolemic, long-term monitoring can begin. If symptoms do not
improve, an aldosterone receptor antagonist, ARB (in ACE inhibitor-
intolerant patients), digoxin, and/or hydralazine/isosorbide dinitrate
(ISDN) may be useful in carefully selected patients. Other general mea-
sures include moderate sodium restriction, daily weight measurement,
immunization against influenza and pneumococcus, modest physical
activity, and avoidance of medications that can exacerbate HF.

+ Stage D: Patients with symptoms at rest despite maximal medical therapy
should be considered for specialized therapies, including mechanical
circulatory support, continuous intravenous positive inotropic therapy,
cardiac transplantation, or hospice care.

PHARMACOLOGIC THERAPY

Drug Therapies for Routine Use
Diuretics

+ Compensatory mechanisms in HF stimulate excessive sodium and water
retention, often leading to systemic and pulmonary congestion. Conse-
quently, diuretic therapy (in addition to sodium restriction) is recom-
mended in all patients with clinical evidence of fluid retention. However,
because they do not alter disease progression or prolong survival, they are
not considered mandatory therapy for patients without fluid retention.

+ Thiazide diuretics (e.g., hydrochlorothiazide) are relatively weak diuretics
and are used alone infrequently in HF. However, thiazides or the thiazide-
like diuretic metolazone can be used in combination with a loop diuretic
to promote effective diuresis. Thiazides may be preferred over loop
diuretics in patients with only mild fluid retention and elevated blood
pressure because of their more persistent antihypertensive effects.

+ Loop diuretics (furosemide, bumetanide, torsemide) are usually necessary
to restore and maintain euvolemia in HF. In addition to acting in the thick
ascending limb of the loop of Henle, they induce a prostaglandin-mediated
increase in renal blood flow that contributes to their natriuretic effect.
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17:1:] 0.5 B Loop Diuretic Use in Heart Failure

Furosemide Bumetanide Torsemide
Usual daily dose (oral) 20-160 mg/day 0.5-4 mg/day 10-80 mg/day
Ceiling dose?
Normal renal function 80-160 mg 1-2 mg 20-40 mg
CLg: 20-50 mL/min 160 mg 2mg 40 mg
CLg: <20 mb/min 400 mg 8-10 mg 100 mg
Bioavailability 10-100% 80-90% 80-100%
Average: 50%
Affected by food Yes Yes No
Half-life 0.3-3.4 hours 0.3-1.5 hours 3-4 hours

Clcg, creatinine clearance.
9Ceiling dose: single dose above which additional response is unlikely to be observed.

Unlike thiazides, loop diuretics maintain their effectiveness in the presence
of impaired renal function, although higher doses may be necessary.

+ Doses of loop diuretics above the recommended ceiling doses produce no
additional diuresis in HF. Thus, once those doses are reached, more frequent
dosing should be used for additional effect, rather than giving progressively
higher doses. Ranges of doses and ceiling doses for loop diuretics in patients
with varying degrees of renal function are listed in Table 8-1.

Angiotensin-Converting Enzyme Inhibitors

+ ACE inhibitors (Table 8-2) decrease angiotensin I and aldosterone, attenu-
ating many of their deleterious effects, including reducing ventricular
remodeling, myocardial fibrosis, myocyte apoptosis, cardiac hypertrophy,
norepinephrine release, vasoconstriction, and sodium and water retention.

1 7:\:18 ;5 3 ACE Inhibitors Routinely Used for Treatment of Heart Failure

Generic Brand Target Dosing-
Name Name Initial Dose Survival Benefit? Prodrug Elimination?
Captopril Capoten 6.25 mg three 50 mg three times No Renal

times daily daily
Enalapril Vasotec 2.5-5 mg twice 10 mg twice daily Yes Renal

daily
Lisinopril Zestril, 2.5-5 mg daily 20-40 mg daily® No Renal

Prinivil
Quinapril Accupril 10 mg twice daily ~ 20-40 Dwg twice Yes Renal
daily

Ramipril Altace 125-2.5mg 5 mg twice daily Yes Renal

twice daily
Fosinopril Monopril 5-10 mg daily 40 mg daily? Yes Renal/hepatic
Trandolapril ~ Mavik 0.5-1 mg daily 4 mg daily Yes Renal/hepatic
Perindopril Aceon 2 mg daily 8-16 mg daily Yes Renal/hepatic

Target doses associated with survival benefits in clinical trials.

bPrimary route of elimination.

Note that in the ATLAS trial no significant difference in mortality was found between low-dose (~5 mg/day) and high-dose (~35
mg/day) lisinopril therapy.

Jeffects on mortality have not been evaluated.
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Clinical trials have produced unequivocal evidence that ACE inhibitors
improve symptoms, slow disease progression, and decrease mortality in
patients with HF and reduced LVEF (stage C). These patients should
receive ACE inhibitors unless contraindications are present. ACE inhibi-
tors should also be used to prevent the development of HF in at-risk
patients (i.e., stages A and B).

B-Blockers

There is overwhelming clinical trial evidence that certain -blockers slow
disease progression, decrease hospitalizations, and reduce mortality in
patients with HF.
Beneficial effects of fB-blockers may result from antiarrhythmic effects,
slowing or reversing ventricular remodeling, decreasing myocyte death
from catecholamine-induced necrosis or apoptosis, preventing fetal gene
expression, improving LV systolic function, decreasing heart rate and
ventricular wall stress and thereby reducing myocardial oxygen demand,
and inhibiting plasma renin release.
The ACC/AHA guidelines recommend use of f-blockers in all stable
patients with HF and a reduced LVEF in the absence of contraindications
or a clear history of B-blocker intolerance. Patients should receive a -
blocker even if symptoms are mild or well controlled with ACE inhibitor
and diuretic therapy. It is not essential that ACE inhibitor doses be
optimized before a B-blocker is started because the addition of a -blocker
is likely to be of greater benefit than an increase in ACE inhibitor dose.
B-Blockers are also recommended for asymptomatic patients with a
reduced LVEF (stage B) to decrease the risk of progression to HF.
Because of their negative inotropic effects, B-blockers should be started in
very low doses with slow upward dose titration to avoid symptomatic
worsening or acute decompensation. Patients should be titrated to target
doses when possible to provide maximal survival benefits. However, even
lower doses have benefits over placebo, so any dose is likely to provide some
benefit.
Metoprolol CR/XL, carvedilol, and bisoprolol are the only S-blockers
shown to reduce mortality in large HF trials. It cannot be assumed that
immediate-release metoprolol will provide benefits equivalent to meto-
prolol CR/XL. Because bisoprolol is not available in the necessary starting
dose of 1.25 mg, the choice is typically limited to either carvedilol or
metoprolol CR/XL. On the basis of regimens proven in large clinical trials
to reduce mortality, initial and target oral doses are as follows:

v Carvedilol, 3.125 mg twice daily initially; target dose, 25 mg twice daily
(the target dose for patients weighing more than 85 kg is 50 mg twice
daily). Carvedilol CR should be considered in patients with difficulty
maintaining adherence to the immediate-release formulation.

v Metoprolol succinate CR/XL, 12.5 to 25 mg once daily initially; target
dose, 200 mg once daily.

v Bisoprolol, 1.25 mg once daily initially; target dose, 10 mg once daily.

Doses should be doubled no more often than every 2 weeks, as tolerated,

until the target dose or the maximally tolerated dose is reached. Patients
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should understand that dose up-titration is a long, gradual process and
that achieving the target dose is important to maximize benefits. Further,
the response to therapy may be delayed, and HF symptoms may actually
worsen during the initiation period.

Drug Therapies to Consider for Selected Patients
Angiotensin Il Receptor Blockers

The angiotensin II receptor antagonists block the angiotensin II receptor
subtype AT, preventing the deleterious effects of angiotensin II, regardless
of its origin. They do not appear to affect bradykinin and are not associated
with the side effect of cough that sometimes results from ACE inhibitor—
induced accumulation of bradykinin. Also, direct blockade of AT; recep-
tors allows unopposed stimulation of AT, receptors, causing vasodilation
and inhibition of ventricular remodeling.
Although some data suggest that ARBs produce equivalent mortality
benefits when compared to ACE inhibitors, the ACC/AHA guidelines
recommend use of ARBs only in patients with stage A, B, or C HF who are
intolerant of ACE inhibitors. Although there are seven ARBs on the market
in the United States, only candesartan and valsartan are FDA-approved for
the treatment of HF and are the preferred agents.
Therapy should be initiated at low doses and then titrated to target doses:
v Candesartan, 4 to 8 mg once daily initially; target dose, 32 mg once
daily.
v Valsartan, 20 to 40 mg twice daily initially; target dose, 160 mg twice
daily.
Blood pressure, renal function, and serum potassium should be evaluated
within 1 to 2 weeks after therapy initiation and dose increases, with these
endpoints used to guide subsequent dose changes. It is not necessary to
reach target ARB doses before adding a 3-blocker.
Cough and angioedema are the most common causes of ACE inhibitor
intolerance. Caution should be exercised when ARBs are used in patients
with angioedema from ACE inhibitors because cross-reactivity has been
reported. ARBs are not alternatives in patients with hypotension, hyper-
kalemia, or renal insufficiency due to ACE inhibitors because they are just
as likely to cause these adverse effects.
Combination therapy with an ARB and ACE inhibitor offers a theoretical
advantage over either agent alone through more complete blockade of the
deleterious effects of angiotensin II. However, clinical trial results indicate
that the addition of an ARB to optimal HF therapy (e.g., ACE inhibitors,
B-blockers, diuretics) offers marginal benefits at best with increased risk of
adverse effects. Addition of an ARB may be considered in patients who
remain symptomatic despite receiving optimal conventional therapy.

Aldosterone Antagonists

Spironolactone and eplerenone block the mineralocorticoid receptor, the
target site for aldosterone. In the kidney, aldosterone antagonists inhibit
sodium reabsorption and potassium excretion. However, diuretic effects
are minimal, suggesting that their therapeutic benefits result from other
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actions. Effects in the heart attenuate cardiac fibrosis and ventricular
remodeling. Recent evidence also suggests an important role in attenuating
the systemic proinflammatory state and oxidative stress caused by aldos-
terone. Spironolactone also interacts with androgen and progesterone
receptors, which may lead to gynecomastia and other sexual side effects;
these effects are less frequent with eplerenone because of its low affinity for
androgen and progesterone receptors.

+ Based on clinical trial results demonstrating reduced mortality, low-dose
aldosterone antagonists may be appropriate for: (1) patients with moder-
ately severe to severe HF who are receiving standard therapy; and (2) those
with LV dysfunction early after MI.

+ Data from clinical practice suggest that the risks of serious hyperkalemia
and worsening renal function are much higher than observed in clinical
trials. This may be due in part to failure of clinicians to consider renal
impairment, reduce or stop potassium supplementation, or monitor renal
function and potassium closely once the aldosterone antagonist is initi-
ated. Thus, aldosterone antagonists must be used cautiously and with
careful monitoring of renal function and potassium concentration. They
should be avoided in patients with renal impairment, recent worsening of
renal function, high-normal potassium levels, or a history of severe
hyperkalemia.

+ Initial doses should be low (spironolactone 12.5 mg/day; eplerenone 25
mg/day), especially in the elderly and those with diabetes or creatinine
clearance <50 mL/min. A spironolactone dose of 25 mg/day was used in
one major clinical trial. The eplerenone dose should be titrated to the
target dose of 50 mg once daily, preferably within 4 weeks as tolerated by
the patient.

Digoxin

+ Although digoxin has positive inotropic effects, its benefits in HF are related
to its neurohormonal effects. Digoxin attenuates the excessive sympathetic
nervous system activation present in HF patients, perhaps by reducing
central sympathetic outflow and improving impaired baroreceptor func-
tion. It also increases parasympathetic activity in HF patients and decreases
heart rate, thus enhancing diastolic filling. Digoxin does not improve
survival in patients with HF but does provide symptomatic benefits.

+ In patients with HF and supraventricular tachyarrhythmias such as atrial
fibrillation, digoxin should be considered early in therapy to help control
ventricular response rate.

+ For patients in normal sinus rhythm, effects on symptom reduction and
quality-of-life improvement are evident in patients with mild to severe HF.
Therefore, it should be used together with standard HF therapies (ACE
inhibitors, -blockers, and diuretics) in patients with symptomatic HF to
reduce hospitalizations.

+ Doses should be adjusted to achieve plasma digoxin concentration of 0.5
to 1 ng/mL. Higher plasma levels are not associated with additional
benefits but may increase the risk of toxicity. Most patients with normal
renal function can achieve this level with a dose of 0.125 mg/day. Patients
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with decreased renal function, the elderly, or those receiving interacting
drugs (e.g., amiodarone) should receive 0.125 mg every other day. In the
absence of supraventricular tachyarrhythmias, a loading dose is not indi-
cated because digoxin is a mild inotropic agent that produces gradual
effects over several hours, even after loading. Blood samples for measuring
plasma digoxin concentrations should be collected at least 6 hours, and
preferably 12 hours or more, after the last dose.

Nitrates and Hydralazine

+ Nitrates (e.g., ISDN) and hydralazine were combined originally in the
treatment of HF because of their complementary hemodynamic actions.
Nitrates are primarily venodilators, producing reductions in preload.
Hydralazine is a direct vasodilator that acts predominantly on arterial
smooth muscle to reduce systemic vascular resistance (SVR) and increase
stroke volume and cardiac output. Evidence also suggests that the combi-
nation may provide additional benefits by interfering with the biochemical
processes associated with HF progression.

+ The combination of nitrates and hydralazine improves the composite
endpoint of mortality, hospitalizations for HF, and quality of life in African
Americans who receive standard therapy. A fixed-dose combination prod-
uct is available that contains ISDN 20 mg and hydralazine 37.5 mg (BiDil).
Practice guidelines recommend adding ISDN and hydralazine as part of
standard therapy in African Americans with moderately severe to severe
HF. The combination may also be reasonable for patients of other ethnici-
ties with persistent symptoms despite optimized therapy with an ACE
inhibitor (or ARB) and f3-blocker. The combination is also appropriate as
first-line therapy in patients unable to tolerate ACE inhibitors or ARBs
because of renal insufficiency, hyperkalemia, or possibly hypotension.

+ Obstacles to successful therapy with this drug combination include the
need for frequent dosing (i.e., three times daily with the fixed-dose
combination product), a high frequency of adverse effects (e.g., headache,
dizziness, GI distress), and increased cost for the fixed-dose combination
product.

TREATMENT OF ACUTE DECOMPENSATED
HEART FAILURE
GENERAL APPROACH

+ The term decompensated HF refers to patients with new or worsening signs
or symptoms that are usually caused by volume overload and/or hypoper-
fusion and lead to the need for additional medical care, such as emergency
department visits and hospitalizations.

+ The goals of therapy are to relieve congestive symptoms, optimize volume
status, treat symptoms of low cardiac output, and minimize the risks of
drug therapy so the patient can be discharged in a compensated state on
oral drug therapy.

+ Hospitalization should occur or be considered depending on each patient’s
symptoms and physical findings. Admission to an intensive care unit may
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be required if the patient experiences hemodynamic instability requiring
frequent monitoring, invasive hemodynamic monitoring, or rapid titra-
tion of IV medications with close monitoring.

+ Cardiopulmonary support must be instituted and adjusted rapidly. Elec-
trocardiogram (ECG) monitoring, continuous pulse oximetry, urine flow
monitoring, and automated blood pressure recording are necessary. Periph-
eral or femoral arterial catheters may be used for continuous assessment of
arterial pressure.

+ Reversible or treatable causes of decompensation should be addressed and
corrected. Drugs that may aggravate HF should be evaluated carefully and
discontinued when possible.

+ The first step in managing decompensated HF is to ascertain that optimal
treatment with oral medications has been achieved. If there is evidence of
fluid retention, aggressive diuresis, often with IV diuretics, should be
accomplished. Optimal treatment with an ACE inhibitor should be a
priority. Although B-blockers should not be started during this period of
instability, they should be continued, if possible, in patients who are
already receiving them on a chronic basis. Most patients should be
receiving digoxin at a low dose prescribed to achieve a trough serum
concentration of 0.5 to 1 ng/mL.

+ Appropriate management of decompensated HF is aided by determination
of whether the patient has signs and symptoms of fluid overload (“wet”
HF) or low cardiac output (“dry” HF) (Fig. 8-2).

+ Invasive hemodynamic monitoring should be considered in patients who
are refractory to initial therapy, whose volume status is unclear, or who
have clinically significant hypotension such as systolic BP <80 mm Hg.
Such monitoring helps guide treatment and classify patients into four
specific hemodynamic subsets based on cardiac index and pulmonary
artery occlusion pressure (PAOP). Refer to textbook Chap. 16 (Heart
Failure) for more information.

PHARMACOTHERAPY OF ACUTE
DECOMPENSATED HEART FAILURE

Diuretics

+ IV loop diuretics, including furosemide, bumetanide, and torsemide, are
used for acute decompensated HF, with furosemide being the most widely
studied and used agent.

+ Bolus diuretic administration decreases preload by functional venodilation
within 5 to 15 minutes and later (>20 min) via sodium and water excretion,
thereby improving pulmonary congestion. However, acute reductions in
venous return may severely compromise effective preload in patients with
significant diastolic dysfunction or intravascular depletion.

+ Because diuretics can cause excessive preload reduction, they must be used
judiciously to obtain the desired improvement in congestive symptoms
while avoiding a reduction in cardiac output, symptomatic hypotension,
or worsening renal function.

+ Diuresis may be improved by adding a second diuretic with a different
mechanism of action (e.g., combining a loop diuretic with a distal tubule
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ADHF

Evaluate and optimize chronic therapy
D/C meds that worsen HF

Assess for signs/symptoms of fluid
overload and/or low cardiac output

syndrome
Low cardiac output (“cold”)
Fluid overload (“wet”) Adequate volume status
IV loop diuretic Fluid overload (“wet”)
= IV vasodilators +
Low cardiac output (“cold”) SBP <90 mm Hg
Symptomatic hypotension
Symptom relief? SBP <90 mm Hg Worsening renal function

Symptomatic hypotension
Worsening renal function
Unresponsive/intolerant IV
vasodilators

l_|_|

Yes No No Yes No \ifs
Increase loop IV inotropes IV vasodilators IV inotropes
diuretic dose Consider IV
Loop diuretic loop diuretics
continuous infusion Symptom relief? Symptom relief?
Add second diuretic Symptom relief?
Ultrafiltration No Yes No Yes
No Yes ¢ ¢
Symptom relief? Add IV Consider
inotropes v
vasodilators*
Yes No or
IV inotropes
Symptom relief?

Yes No

Consider invasive
hemodynamic monitoring

Optimize chronic oral therapy <——————
* Depending on SBP

FIGURE 8-2. General treatment algorithm for acute decompensated heart failure
(ADHF) based on clinical presentation. IV vasodilators that may be used include
nitroglycerin, nesiritide, or nitroprusside. Metolazone or spironolactone may be
added if the patient fails to respond to loop diuretics and a second diuretic is
required. IV inotropes that may be used include dobutamine or milrinone. (D/C,
discontinue; HF, heart failure; SBP, systolic blood pressure.) (Reprinted and
adapted from J Cardiac Fail, Vol 12, pages el-el22, copyright 2006, with
permission from Elsevier.)
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blocker such as metolazone or hydrochlorothiazide). The loop diuretic-
thiazide combination should generally be reserved for inpatients who can
be monitored closely for the development of severe sodium, potassium,
and volume depletion. Very low doses of the thiazide-type diuretic should
be used in the outpatient setting to avoid serious adverse events.

Positive Inotropic Agents
Dobutamine

Dobutamine is a f3;- and f3,-receptor agonist with some o -agonist effects.
The net vascular effect is usually vasodilation. It has a potent inotropic
effect without producing a significant change in heart rate. Initial doses of
2.5 to 5 mcg/kg/min can be increased progressively to 20 mcg/kg/min on
the basis of clinical and hemodynamic responses.

Dobutamine increases cardiac index because of inotropic stimulation,
arterial vasodilation, and a variable increase in heart rate. It causes
relatively little change in mean arterial pressure compared with the more
consistent increases observed with dopamine.

Although concern over attenuation of dobutamine’s hemodynamic effects
with prolonged administration has been raised, some effect is likely
retained. Consequently, the dobutamine dose should be tapered rather
than abruptly discontinued.

Milrinone

Milrinone is a bipyridine derivative that inhibits phosphodiesterase III and
produces positive inotropic and arterial and venous vasodilating effects;
hence, milrinone has been referred to as an inodilator. It has supplanted
use of amrinone, which has a higher rate of thrombocytopenia.

During IV administration, milrinone increases stroke volume (and cardiac
output) with little change in heart rate. It also decreases PAOP by
venodilation and thus is particularly useful in patients with a low cardiac
index and an elevated LV filling pressure. However, this decrease in
preload can be hazardous for patients without excessive filling pressure,
leading to a decrease in cardiac index.

Milrinone should be used cautiously as a single agent in severely hypoten-
sive HF patients because it will not increase, and may even decrease,
arterial blood pressure.

The usual loading dose of milrinone is 50 mcg/kg over 10 minutes. If rapid
hemodynamic changes are unnecessary, the loading dose should be elimi-
nated because of the risk of hypotension. Most patients are simply started
on the maintenance continuous infusion of 0.25 mcg/kg/min (up to 0.75
mcg/kg/min).

The most notable adverse events are arrhythmia, hypotension, and, rarely,
thrombocytopenia. Patients should have platelet counts determined before
and during therapy.

Routine use of milrinone (and perhaps other inotropes) should be dis-
couraged because recent studies suggest a higher in-hospital mortality rate
than with some other drugs. However, inotropes may be needed in selected
patients such as those with low cardiac output states with organ hypoper-
fusion and cardiogenic shock. It may be considered for patients receiving
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chronic f-blocker therapy because its positive inotropic effect does not
involve stimulation of SB-receptors.

Dopamine

Dopamine should generally be avoided in decompensated HF, but its
pharmacologic actions may be preferable to dobutamine or milrinone in
patients with marked systemic hypotension or cardiogenic shock in the
face of elevated ventricular filling pressures, where dopamine in doses
greater than 5 mcg/kg/min may be necessary to raise central aortic
pressure.

Dopamine produces dose-dependent hemodynamic effects because of its
relative affinity for o-, B;-, B,-, and D;- (vascular dopaminergic) recep-
tors. Positive inotropic effects mediated primarily by f3;-receptors become
more prominent with doses of 2 to 5 mcg/kg/min. At doses between 5 to
10 mcg/kg/min, chronotropic and ¢;-mediated vasoconstricting effects
become more prominent. Especially at higher doses, dopamine alters
several parameters that increase myocardial oxygen demand and poten-
tially decrease myocardial blood flow, worsening ischemia in some patients
with coronary artery disease.

Vasodilators

Arterial vasodilators act as impedance-reducing agents, reducing afterload
and causing a reflex increase in cardiac output. Venodilators act as preload
reducers by increasing venous capacitance, reducing symptoms of pulmo-
nary congestion in patients with high cardiac filling pressures. Mixed
vasodilators act on both arterial resistance and venous capacitance vessels,
reducing congestive symptoms while increasing cardiac output.

Nitroprusside

Sodium nitroprusside is a mixed arterial-venous vasodilator that acts
directly on vascular smooth muscle to increase cardiac index and decrease
venous pressure. Despite its lack of direct inotropic activity, nitroprusside
exerts hemodynamic effects that are qualitatively similar to those of
dobutamine and milrinone. However, nitroprusside generally decreases
PAOP, SVR, and blood pressure more than those agents do.

Hypotension is an important dose-limiting adverse effect of nitroprusside
and other vasodilators. Therefore, nitroprusside is primarily used in
patients who have a significantly elevated SVR and often requires invasive
hemodynamic monitoring.

Nitroprusside is effective in the short-term management of severe HF in a
variety of settings (e.g., acute MI, valvular regurgitation, after coronary
bypass surgery, decompensated HF). Generally, it will not worsen, and
may improve, the balance between myocardial oxygen demand and sup-
ply. However, an excessive decrease in systemic arterial pressure can
decrease coronary perfusion and worsen ischemia.

Nitroprusside has a rapid onset and a duration of action of less than 10
minutes, which necessitates use of continuous IV infusions. It should be
initiated at a low dose (0.1 to 0.2 mcg/kg/min) to avoid excessive hypoten-
sion, and then increased by small increments (0.1 to 0.2 mcg/kg/min)
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every 5 to 10 minutes as needed and tolerated. Usual effective doses range
from 0.5 to 3 mcg/kg/min. Because of a rebound phenomenon after abrupt
withdrawal of nitroprusside in patients with HF, doses should be tapered
slowly when stopping therapy. Nitroprusside-induced cyanide and thiocy-
anate toxicity are unlikely when doses less than 3 mcg/kg/min are admin-
istered for less than 3 days, except in patients with serum creatinine levels
above 3 mg/dL.

Nitroglycerin

The major hemodynamic effects of IV nitroglycerin are decreased preload
and PAOP because of functional venodilation and mild arterial vasodila-
tion. It is used primarily as a preload reducer for patients with pulmonary
congestion. In higher doses, nitroglycerin displays potent coronary vasodi-
lating properties and beneficial effects on myocardial oxygen demand and
supply, making it the vasodilator of choice for patients with severe HF and
ischemic heart disease.

Nitroglycerin should be initiated at 5 to 10 mcg/min (0.1 mcg/kg/min) and
increased every 5 to 10 minutes as necessary and tolerated. Maintenance
doses usually range from 35 to 200 mcg/min (0.5 to 3 mcg/kg/min).
Hypotension and an excessive decrease in PAOP are important dose-
limiting side effects. Some tolerance develops in most patients over 12 to
72 hours of continuous administration.

Nesiritide

Nesiritide is manufactured using recombinant techniques and is identical
to the endogenous B-type natriuretic peptide secreted by the ventricular
myocardium in response to volume overload. Consequently, nesiritide
mimics the vasodilatory and natriuretic actions of the endogenous peptide,
resulting in venous and arterial vasodilation; increases in cardiac output;
natriuresis and diuresis; and decreased cardiac filling pressures, sympathetic
nervous system activity, and renin-angiotensin-aldosterone system activity.
The precise role of nesiritide in the pharmacotherapy of decompensated
HF remains controversial. Compared to nitroglycerin, it appears to pro-
duce little improvement in clinical outcomes and is substantially more
expensive. Two recent metaanalyses suggest an increased risk of worsening
renal function as well as an increase in mortality with nesiritide. A
prospective randomized trial is being conducted to clarify the safety and
efficacy of nesiritide.

MECHANICAL CIRCULATORY SUPPORT

Intraaortic Balloon Pump

The intraaortic balloon pump (IABP) is typically employed in patients with
advanced HF who do not respond adequately to drug therapy, such as those
with intractable myocardial ischemia or patients in cardiogenic shock.

IABP support increases cardiac index, coronary artery perfusion, and myocar-
dial oxygen supply accompanied by decreased myocardial oxygen demand.
IV vasodilators and inotropic agents are generally used in conjunction with
the IABP to maximize hemodynamic and clinical benefits.

95




SECTION 2 | Cardiovascular Disorders

Ventricular Assist Devices

Ventricular assist devices are surgically implanted and assist, or in some
cases replace, the pumping functions of the right and/or left ventricles.
Ventricular assist devices can be used in the short-term (days to several
weeks) for temporary stabilization of patients awaiting an intervention to
correct the underlying cardiac dysfunction. They can also be used long
term (several months to years) as a bridge to heart transplantation.
Permanent device implantation has recently become an option for patients
who are not candidates for heart transplantation.

SURGICAL THERAPY

Orthotopic cardiac transplantation is the best therapeutic option for
patients with chronic irreversible New York Heart Association Class IV
HEF, with a 10-year survival of approximately 50% in well-selected patients.
The shortage of donor hearts has prompted development of new surgical
techniques, including ventricular aneurysm resection, mitral valve repair,
and myocardial cell transplantation, which have resulted in variable
degrees of symptomatic improvement.

EVALUATION OF THERAPEUTIC OUTCOMES

CHRONIC HEART FAILURE

Patients should be asked about the presence and severity of symptoms and
how the symptoms affect their daily activities.

The efficacy of diuretic treatment is evaluated by disappearance of the
signs and symptoms of excess fluid retention. Physical examination should
focus on body weight, extent of jugular venous distension, presence of
hepatojugular reflux, and presence and severity of pulmonary congestion
(rales, dyspnea on exertion, orthopnea, paroxysmal nocturnal dyspnea)
and peripheral edema.

Other outcomes include improvement in exercise tolerance and fatigue,
decreased nocturia, and a decrease in heart rate.

Blood pressure should be monitored to ensure that symptomatic hypoten-
sion does not develop as a result of drug therapy.

Body weight is a sensitive marker of fluid loss or retention, and patients
should weigh themselves daily and report changes to their healthcare
provider so that adjustments can be made in diuretic doses.

Symptoms may worsen initially on f-blocker therapy, and it may take
weeks to months before patients notice symptomatic improvement.
Routine monitoring of serum electrolytes and renal function is mandatory
in patients with HF.

ACUTE DECOMPENSATED HEART FAILURE

Initial stabilization requires achievement of adequate arterial oxygen
saturation and content.
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+ Cardiac index and blood pressure must be sufficient to ensure adequate
organ perfusion, as assessed by alert mental status, creatinine clearance
sufficient to prevent metabolic azotemic complications, hepatic function
adequate to maintain synthetic and excretory functions, a stable heart rate
and rhythm, absence of ongoing myocardial ischemia or infarction,
skeletal muscle and skin blood flow sufficient to prevent ischemic injury,
and normal arterial pH (7.34 to 7.47) with a normal serum lactate
concentration. These goals are most often achieved with a cardiac index
greater than 2.2 L/min/m?, a mean arterial blood pressure greater than 60
mm Hg, and PAOP of 25 mm Hg or greater.

+ Discharge from the intensive care unit requires maintenance of the
preceding parameters in the absence of ongoing IV infusion therapy,
mechanical circulatory support, or positive-pressure ventilation.

See Chap. 16, Heart Failure, authored by Robert B. Parker, Jo E. Rodgers, and
Larisa H. Cavallari, for a more detailed discussion of this topic.
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CHAPTER

DEFINITION

Dyslipidemia is defined as elevated total cholesterol, low-density lipopro-
tein (LDL) cholesterol, or triglycerides; a low high-density lipoprotein
(HDL) cholesterol; or a combination of these abnormalities. Hyperlipo-
proteinemia describes an increased concentration of the lipoprotein mac-
romolecules that transport lipids in the plasma. Abnormalities of plasma
lipids can result in a predisposition to coronary, cerebrovascular, and
peripheral vascular arterial disease.

PATHOPHYSIOLOGY

Cholesterol, triglycerides, and phospholipids are transported in the blood-
stream as complexes of lipid and proteins known as lipoproteins. Elevated
total and LDL cholesterol and reduced HDL cholesterol are associated with
the development of coronary heart disease (CHD).

The response-to-injury hypothesis states that risk factors such as oxidized
LDL, mechanical injury to the endothelium, excessive homocysteine,
immunologic attack, or infection-induced changes in endothelial and
intimal function lead to endothelial dysfunction and a series of cellular
interactions that culminate in atherosclerosis. The eventual clinical out-
comes may include angina, myocardial infarction, arrhythmias, stroke,
peripheral arterial disease, abdominal aortic aneurysm, and sudden death.
Atherosclerotic lesions are thought to arise from transport and retention of
plasma LDL through the endothelial cell layer into the extracellular matrix
of the subendothelial space. Once in the artery wall, LDL is chemically
modified through oxidation and nonenzymatic glycation. Mildly oxidized
LDL then recruits monocytes into the artery wall. These monocytes then
become transformed into macrophages that accelerate LDL oxidation.
Oxidized LDL provokes an inflammatory response mediated by a number
of chemoattractants and cytokines (e.g., monocyte colony-stimulating
factor, intercellular adhesion molecule, platelet-derived growth factor,
transforming growth factors, interleukin-1, interleukin-6).

Repeated injury and repair within an atherosclerotic plaque eventually lead
to a fibrous cap protecting the underlying core of lipids, collagen, calcium,
and inflammatory cells such as T lymphocytes. Maintenance of the fibrous
plaque is critical to prevent plaque rupture and subsequent coronary
thrombosis.

Primary or genetic lipoprotein disorders are classified into six categories for
the phenotypic description of dyslipidemia. The types and corresponding
lipoprotein elevations include the following: I (chylomicrons), Ila (LDL), ITb
(LDL + very low density lipoprotein, or VLDL), III (intermediate-density
lipoprotein), IV (VLDL), and V (VLDL + chylomicrons). Secondary forms
of hyperlipidemia also exist, and several drug classes may elevate lipid levels
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(e.g., progestins, thiazide diuretics, glucocorticoids, B-blockers, isotretinoin,
protease inhibitors, cyclosporine, mirtazapine, sirolimus).

The primary defect in familial hypercholesterolemia is the inability to bind
LDL to the LDL receptor (LDL-R) or, rarely, a defect of internalizing the
LDL-R complex into the cell after normal binding. This leads to lack of
LDL degradation by cells and unregulated biosynthesis of cholesterol, with
total cholesterol and LDL cholesterol (LDL-C) being inversely propor-
tional to the deficit in LDL-Rs.

CLINICAL PRESENTATION

Familial hypercholesterolemia is characterized by a selective elevation in
plasma LDL and deposition of LDL-derived cholesterol in tendons (xan-
thomas) and arteries (atheromas).

Familial lipoprotein lipase deficiency is characterized by a massive accu-
mulation of chylomicrons and a corresponding increase in plasma triglyc-
erides or a type I lipoprotein pattern. Presenting manifestations include
repeated attacks of pancreatitis and abdominal pain, eruptive cutaneous
xanthomatosis, and hepatosplenomegaly beginning in childhood. Symp-
tom severity is proportional to dietary fat intake, and consequently to the
elevation of chylomicrons. Accelerated atherosclerosis is not associated
with this disease.

Patients with familial type III hyperlipoproteinemia develop the following
clinical features after age 20: xanthoma striata palmaris (yellow discolora-
tions of the palmar and digital creases); tuberous or tuberoeruptive
xanthomas (bulbous cutaneous xanthomas); and severe atherosclerosis
involving the coronary arteries, internal carotids, and abdominal aorta.
Type IV hyperlipoproteinemia is common and occurs in adults, primarily
in patients who are obese, diabetic, and hyperuricemic and do not have
xanthomas. It may be secondary to alcohol ingestion and can be aggra-
vated by stress, progestins, oral contraceptives, thiazides, or B-blockers.
Type V is characterized by abdominal pain, pancreatitis, eruptive xantho-
mas, and peripheral polyneuropathy. These patients are commonly obese,
hyperuricemic, and diabetic; alcohol intake, exogenous estrogens, and
renal insufficiency tend to be exacerbating factors. The risk of atheroscle-
rosis is increased with this disorder.

DIAGNOSIS

A fasting lipoprotein profile including total cholesterol, LDL, HDL, and
triglycerides should be measured in all adults 20 years of age or older at
least once every 5 years.

Measurement of plasma cholesterol (which is about 3% lower than serum
determinations), triglyceride, and HDL levels after a 12-hour or longer fast
is important, because triglycerides may be elevated in nonfasted individu-
als; total cholesterol is only modestly affected by fasting.

Two determinations, 1 to 8 weeks apart, with the patient on a stable diet and
weight, and in the absence of acute illness, are reccommended to minimize
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variability and to obtain a reliable baseline. If the total cholesterol is >200
mg/dL, a second determination is recommended, and if the values are more
than 30 mg/dL apart, the average of three values should be used.

After a lipid abnormality is confirmed, major components of the evaluation
are the history (including age, gender, and, if female, menstrual and estrogen
replacement status), physical examination, and laboratory investigations.

A complete history and physical examination should assess (1) presence or
absence of cardiovascular risk factors or definite cardiovascular disease in
the individual; (2) family history of premature cardiovascular disease or
lipid disorders; (3) presence or absence of secondary causes of hyperlipid-
emia, including concurrent medications; and (4) presence or absence of
xanthomas, abdominal pain, or history of pancreatitis, renal or liver
disease, peripheral vascular disease, abdominal aortic aneurysm, or cere-
bral vascular disease (carotid bruits, stroke, or transient ischemic attack).
Diabetes mellitus is regarded as a CHD risk equivalent. That is, the
presence of diabetes in patients without known CHD is associated with the
same level of risk as patients without diabetes but having confirmed CHD.
If the physical examination and history are insufficient to diagnose a
familial disorder, then agarose-gel lipoprotein electrophoresis is useful to
determine which class of lipoproteins is affected. If the triglyceride levels
are <400 mg/dL and neither type III hyperlipidemia nor chylomicrons are
detected by electrophoresis, then one can calculate VLDL and LDL
concentrations: VLDL = triglycerides + 5; LDL = total cholesterol — (VLDL
+ HDL). Initial testing uses total cholesterol for case finding, but subse-
quent management decisions should be based on LDL.

Because total cholesterol is composed of cholesterol derived from LDL,
VLDL, and HDL, determination of HDL is useful when total plasma
cholesterol is elevated. HDL may be elevated by moderate alcohol ingestion
(fewer than two drinks per day), physical exercise, smoking cessation, weight
loss, oral contraceptives, phenytoin, and terbutaline. HDL may be lowered
by smoking, obesity, a sedentary lifestyle, and drugs such as -blockers.
Diagnosis of lipoprotein lipase deficiency is based on low or absent enzyme
activity with normal human plasma or apolipoprotein C-II, a cofactor of
the enzyme.

DESIRED OUTCOME

The goals of treatment are to lower total and LDL cholesterol in order to
reduce the risk of first or recurrent events such as myocardial infarction,
angina, heart failure, ischemic stroke, or other forms of peripheral arterial
disease such as carotid stenosis or abdominal aortic aneurysm.

TREATMENT

GENERAL APPROACH

The National Cholesterol Education Program Adult Treatment Panel III
(NCEP ATP III) recommends that a fasting lipoprotein profile and risk
factor assessment be used in the initial classification of adults.
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1 V:\: 105 B Classification of Total, LDL, and HDL
Cholesterol and Triglycerides

Total cholesterol

<200 mg/dL Desirable
200-239 mg/dL Borderline high
2240 mg/dL High
LDL cholesterol
<100 mg/dL Optimal
100-129 mg/dL Near or above optimal
130-159 mg/dL Borderline high
160-189 mg/dL High
>190 mg/dL Very high
HDL cholesterol
<40 mg/dL Low
>60 mg/dL High
Triglycerides
<150 mg/dL Normal
150-199 mg/dL Borderline high
200-499 mg/dL High
>500 mg/dL Very high

HDL, high-density lipoprotein; LDL, low-density lipoprotein.

« If the total cholesterol is <200 mg/dL, then the patient has a desirable
blood cholesterol level (Table 9-1). If the HDL is also >40 mg/dL, no
further follow-up is recommended for patients without known CHD and
who have fewer than two risk factors (Table 9-2).

+ In patients with borderline-high blood cholesterol (200 to 239 mg/dL),
assessment of risk factors is needed to more clearly define disease risk.

+ Decisions regarding classification and management are based on the LDL
cholesterol levels listed in Table 9-3.

+ There are four categories of risk that modify the goals and modalities of
LDL-lowering therapy. The highest risk category is having known CHD or
CHD risk equivalents; the risk for major coronary events is equal to or
greater than that for established CHD (i.e., >20% per 10 years, or 2% per
year). The next category is moderately high risk, consisting of patients with

F.CTRCS I Major Risk Factors (Exclusive of LDL Cholesterol)
That Modify LDL Goals®

Age
Men: >45 years
Women: =55 years or premature menopause without estrogen-replacement therapy
Family history of premature CHD (definite myocardial infarction or sudden death before 55 years of age in father
or other male first-degree relative or before 65 years of age in mother or other female first-degree relative)
Cigarette smoking
Hypertension (=140/90 mm Hg or on antihypertensive medication)
Low HDL cholesterol (<40 mg/dL)?

CHD, coronary heart disease; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
9Diabetes is regarded as a CHD risk equivalent.
bHDL cholesterol (=60 mg/dL) counts as a “negative” risk factor; its presence removes one risk factor from the total count.
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1V:\:1A B S [ DL Cholesterol Goals and Cutpoints for Therapeutic Lifestyle
Changes (TLCs) and Drug Therapy in Different Risk Categories

LDL Level at LDL Level at Which
LDL Goal Which to Initiate  to Consider Drug
Risk Category (mg/dL) TLCs (mg/dL) Therapy (mg/dL)
High risk: CHD or CHD risk equiv- <100 (optional =100 2100 (<100: consider
alents (10-year risk >20%) goal: <70) drug options)?
Moderately high risk: 2+ risk fac- <130 >130 >130 (100-129: consider
tors (10-year risk 10-20%) drug options)
Moderate risk: 2+ risk factors <130 >130 2160
(10-year risk <10%0)
Lower risk: 0-1 risk factor® <160 2160 2190 (160-189: LDL-
lowering drug optional)

CHD, coronary heart disease; LDL, low-density lipoprotein.

9Some authorities recommend use of LDL-lowering drugs in this category if LDL cholesterol <100 mg/dL cannot be achieved by TLCs.
Others prefer to use drugs that primarily modify triglycerides and HDL (e.g., nicotinic acid or fibrates). Clinical judgment also may call
for deferring drug therapy in this subcategory.

bAImost all people with 0-1 risk factor have a 10-year risk <10%; thus 10-year risk assessment in people with 0-1 risk factor is not
necessary.

two or more risk factors in which 10-year risk for CHD is 10% to 20%.
Moderate risk is defined as two or more risk factors and a 10-year risk of
>10%. The lowest risk category is persons with zero to one risk factor,
which is usually associated with a 10-year CHD risk of <10%.

ATP III recognizes the metabolic syndrome as a secondary target of risk
reduction after LDL-C has been addressed. This syndrome is characterized
by abdominal obesity, atherogenic dyslipidemia (elevated triglycerides,
small LDL particles, low HDL cholesterol), increased blood pressure,
insulin resistance (with or without glucose intolerance), and prothrom-
botic and proinflammatory states. If the metabolic syndrome is present,
the patient is considered to have a CHD risk equivalent.

Other targets include non-HDL goals for patients with triglycerides >200
mg/dL. Non-HDL cholesterol is calculated by subtracting HDL from total
cholesterol, and the targets are 30 mg/dL greater than for LDL at each risk
stratum.

NONPHARMACOLOGIC THERAPY

Therapeutic lifestyle changes are begun on the first visit and include
dietary therapy, weight reduction, and increased physical activity. Induc-
ing a weight loss of 10% should be discussed with patients who are
overweight. In general, physical activity of moderate intensity 30 minutes
a day for most days of the week should be encouraged. All patients should
be counseled to stop smoking and to meet the Seventh Joint National
Committee on the Detection, Evaluation, and Treatment of High Blood
Pressure guidelines for control of hypertension.

The objectives of dietary therapy are to progressively decrease the intake of
total fat, saturated fat, and cholesterol and to achieve a desirable body
weight (Table 9-4).
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1y:\:{ R ® B Macronutrient Recommendations for
the Therapeutic Lifestyle Change Diet

Component? Recommended Intake

Total fat 25-35% of total calories

Saturated fat <7% of total calories
Polyunsaturated fat Up to 10% of total calories
Monounsaturated fat Up to 20% of total calories

Carbohydratesb 50-60% of total calories

Cholesterol <200 mg/day

Dietary fiber 20-30 g/day

Plant sterols 2 g/day

Protein Approximately 15% of total calories

Total calories To achieve and maintain desirable body weight

ICalories from alcohol not included.
bearbohydrates should derive from foods rich in complex carbohydrates, such as whole grains, fruits, and vegetables.

+ Excessive dietary intake of cholesterol and saturated fatty acids leads to
decreased hepatic clearance of LDL and deposition of LDL and oxidized
LDL in peripheral tissues.

+ Increased intake of soluble fiber in the form of oat bran, pectins, certain
gums, and psyllium products can result in useful adjunctive reductions in
total and LDL cholesterol (5% to 20%), but these dietary alterations or
supplements should not be substituted for more active forms of treatment.
They have little or no effect on HDL-C or triglyceride concentrations.
These products may also be useful in managing constipation associated
with the bile acid resins (BARs).

+ Ingestion of 2 to 3 g/day of plant sterols and stanols will reduce LDL by 6%
to 15%. They are usually available in commercial margarines.

+ In epidemiologic studies, ingestion of large amounts of cold-water oily fish was
associated with a reduction in CHD risk. Fish oil supplementation has a fairly
large effect in reducing triglycerides and VLDL cholesterol, but it either has no
effect on total and LDL cholesterol or may cause elevations in these fractions.
Other actions of fish oil may account for any cardioprotective effects.

+ If all recommended dietary changes from the NCEP were instituted, the
estimated average reduction in LDL would range from 20% to 30%.

PHARMACOLOGIC THERAPY

+ The effect of drug therapy on lipids and lipoproteins is shown in Table 9-5.

+ Recommended drugs of choice for each lipoprotein phenotype are given in
Table 9-6.

+ Available products and their doses are provided in Table 9-7.

Bile Acid Resins (Cholestyramine, Colestipol, Colesevelam)

+ The primary action of BARs is to bind bile acids in the intestinal lumen,
with a concurrent interruption of enterohepatic circulation of bile acids,
which decreases the bile acid pool size and stimulates hepatic synthesis of
bile acids from cholesterol. Depletion of the hepatic pool of cholesterol
results in an increase in cholesterol biosynthesis and an increase in the
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1 7.\: 10 B Effects of Drug Therapy on Lipids and Lipoproteins

Drug

Cholestyramine, colestipol,
colesevelam
Niacin

Mechanism of Action

T LDL catabolism
1 Cholesterol absorption
1 LDL and VLDL synthesis

Gemfibrozil, fenofibrate, clofibrate

T VLDL clearance

1 VLDL synthesis

Lovastatin, pravastatin, simva-

statin, fluvastatin, atorvastatin,

rosuvastatin
Ezetimibe

T LDL catabolism
d LDL synthesis

Blocks cholesterol absorption

across the intestinal border

Effects on
Effects on Lipids  Lipoproteins
1 Cholesterol L DL
T VLDL
| Triglyceride L,
{ Cholesterol Lo,
T HDL
| Triglyceride JLvipL,
1 Cholesterol L LDL,
T HDL
4 Cholesterol 4 LDL
{1 Cholesterol J DL

7, increased; {, decreased.

number of LDL-Rs on the hepatocyte membrane, which stimulates an
enhanced rate of catabolism from plasma and lowers LDL levels. The
increase in hepatic cholesterol biosynthesis may be paralleled by increased
hepatic VLDL production, and, consequently, BARs may aggravate hyper-
triglyceridemia in patients with combined hyperlipidemia.
+ BARs are useful in treating primary hypercholesterolemia (familial hyper-
cholesterolemia, familial combined hyperlipidemia, type IIa hyperlipopro-

teinemia).

+ GI complaints of constipation, bloating, epigastric fullness, nausea, and
flatulence are most commonly reported. These adverse effects can be

1 7:\:18 X2 Lipoprotein Phenotype and Recommended Drug Treatment

Lipoprotein Type

|
lla

Drug of Choice

Not indicated

Statins

Cholestyramine or colestipol

Niacin

Iib

Statins
Fibrates
Niacin

Fibrates
Niacin

Fibrates
Niacin
Fibrates
Niacin

Combination Therapy

Niacin or BARs

Statins or niacin
Statins or BARs

Ezetimibe

BARs, fibrates, or niacin
Statins or niacin or BARs?
Statins or fibrates
Ezetimibe

Statins or niacin

Statins or fibrates
Ezetimibe

Niacin

Fibrates

Niacin

Fish oils

BARs, bile acid resins; fibrates include gemfibrozil or fenofibrate.

9BARs are not used as first-line therapy if triglycerides are elevated at baseline because hypertriglyceridemia may worsen with a BAR alone.

104



LV:\:IR % A Comparison of Drugs Used in the Treatment of Hyperlipidemia

Hyperlipidemia

CHAPTER 9

Maximum
Drug Dosage Forms Usual Daily Dose Daily Dose
Cholestyramine (Questran) ~ Bulk powder/4-g packets 8 g three times daily 32¢g
Cholestyramine (Cholybar) 4 g resin per bar 8 g three times daily 32g
Colestipol hydrochloride Bulk powder/5-g packets 10 g twice daily 30¢g
(Colestid)
Colesevelam (Welchol) 625-mg tablets 1,875 mg twice daily 4,375 mg
Niacin 50-, 100-, 250-, and 500-mg 2 g twice daily 9¢g
tablets; 125-, 250-, and
500-mg capsules
Extended-release niacin 500-, 750-, and 1,000-mg 500 mg 2,000 mg
(Niaspan) tablets
Extended-release niacin + Niacin/lovastatin 500-mg/20- 500 mg/20 mg 1,000 mg/
lovastatin (Advicor) mg tablets 20 mg
Niacin/lovastatin 750-mg/20- ~ — -
mg tablets
Niacin/lovastatin 1,000-mg/ - -
20-mg tablets
Fenofibrate (Tricor) 67-, 134-, and 200-mg cap- 54 mg or 67 mg 201 mg
sules (micronized); 54- and
160-mg tablets
Gemfibrozil (Lopid) 300-mg capsules 600 mg twice daily 158
Lovastatin (Mevacor) 20- and 40-mg tablets 20-40 mg 80 mg
Pravastatin (Pravachol) 10+, 20-, 40-, and 80-mg tablets ~ 10-20 mg 40 mg
Simvastatin (Zocor) 5-, 10-, 20-, 40-, and 80-mg 10-20 mg 80 mg
tablets
Atorvastatin (Lipitor) 10+, 20-, 40, and 80-mg tablets 10 mg 80 mg
Rosuvastatin (Crestor) 5-,10-, 20- and 40-mg tablets 5 mg 40 mg
Ezetimibe (Zetia) 10-mg tablet 10 mg 10 mg
Simvastatin/ezetimibe Simvastatin/ezetimibe 10 mg/  Simvastatin/ezetimibe ~ Simvastatin/
(Vytorin) 10 mg, 20 mg/10 mg, 40 ezetimibe
mg/10 mg, and 80 mg/10 20 mg/10 mg 80 mg/10 mg

mg

Gemfibrozil, fenofibrate, and lovastatin are available as generic products. This table does not include all drugs used for treating

dyslipidemia.

managed by increasing fluid intake, modifying the diet to increase bulk,
and using stool softeners.

The gritty texture and bulk may be minimized by mixing the powder with
orange drink or juice. Colestipol may have better palatability than chole-
styramine because it is odorless and tasteless. Tablet forms should help
improve adherence with this form of therapy.

Other potential adverse effects include impaired absorption of fat-soluble
vitamins A, D, E, and K; hypernatremia and hyperchloremia; GI obstruc-
tion; and reduced bioavailability of acidic drugs such as warfarin, nicotinic
acid, thyroxine, acetaminophen, hydrocortisone, hydrochlorothiazide,
loperamide, and possibly iron. Drug interactions may be avoided by alter-
nating administration times with an interval of 6 hours or greater between
the BAR and other drugs.
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Niacin

Niacin (nicotinic acid) reduces the hepatic synthesis of VLDL, which in
turn leads to a reduction in the synthesis of LDL. Niacin also increases
HDL by reducing its catabolism.

The principal use of niacin is for mixed hyperlipidemia or as a second-line
agent in combination therapy for hypercholesterolemia. It is a first-line
agent or alternative for the treatment of hypertriglyceridemia and diabetic
dyslipidemia.

Niacin has many common adverse drug reactions; most of the symptoms
and biochemical abnormalities seen do not require discontinuation of
therapy.

Cutaneous flushing and itching appear to be prostaglandin mediated and
can be reduced by taking aspirin 325 mg shortly before niacin ingestion.
Taking the niacin dose with meals and slowly titrating the dose upward
may minimize these effects. Concomitant alcohol and hot drinks may
magnify the flushing and pruritus from niacin, and they should be avoided
at the time of ingestion. GI intolerance is also a common problem.
Potentially important laboratory abnormalities occurring with niacin
therapy include elevated liver function tests, hyperuricemia, and hypergly-
cemia. Niacin-associated hepatitis is more common with sustained-release
preparations, and their use should be restricted to patients intolerant of
regular-release products. Niacin is contraindicated in patients with active
liver disease, and it may exacerbate preexisting gout and diabetes.

+ Nicotinamide should not be used in the treatment of hyperlipidemia

because it does not effectively lower cholesterol or triglyceride levels.

HMG-CoA Reductase Inhibitors (Atorvastatin, Fluvastatin,
Lovastatin, Pravastatin, Rosuvastatin, Simvastatin)

Statins inhibit 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase, interrupting the conversion of HMG-CoA to mevalonate, the
rate-limiting step in de novo cholesterol biosynthesis. Reduced synthesis of
LDL and enhanced catabolism of LDL mediated through LDL-Rs appear
to be the principal mechanisms for lipid-lowering effects.

When used as monotherapy, statins are the most potent total and LDL
cholesterol-lowering agents and among the best tolerated. Total and LDL
cholesterol are reduced in a dose-related fashion by 30% or more when
added to dietary therapy.

Combination therapy with a statin and BAR is rational because numbers
of LDL-Rs are increased, leading to greater degradation of LDL cholesterol;
intracellular synthesis of cholesterol is inhibited; and enterohepatic recy-
cling of bile acids is interrupted.

Combination therapy with a statin and ezetimibe is also rational because
ezetimibe inhibits cholesterol absorption across the gut border and adds
12% to 20% further reduction when combined with a statin or other drugs.
Constipation occurs in fewer than 10% of patients taking statins. Other
adverse effects include elevated serum aminotransferase levels (primarily
alanine aminotransferase), elevated creatine kinase levels, myopathy, and
rarely rhabdomyolysis.
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Fibric Acids (Gemfibrozil, Fenofibrate, Clofibrate)

Fibrate monotherapy is effective in reducing VLDL, but a reciprocal rise in
LDL may occur and total cholesterol values may remain relatively
unchanged. Plasma HDL concentrations may rise 10% to 15% or more
with fibrates.

Gemfibrozil reduces the synthesis of VLDL and, to a lesser extent,
apolipoprotein B with a concurrent increase in the rate of removal of
triglyceride-rich lipoproteins from plasma. Clofibrate is less effective
than gemfibrozil or niacin in reducing VLDL production.

GI complaints occur in 3% to 5% of patients, rash in 2%, dizziness in
2.4%, and transient elevations in transaminase levels and alkaline phos-
phatase in 4.5% and 1.3%, respectively. Clofibrate and, less commonly,
gemfibrozil may enhance the formation of gallstones.

A myositis syndrome of myalgia, weakness, stiffness, malaise, and eleva-
tions in creatine kinase and aspartate aminotransferase may occur and
seems to be more common in patients with renal insufficiency.

Fibrates may potentiate the effects of oral anticoagulants, and the
international normalized ratio should be monitored very closely with
this combination.

Ezetimibe

Ezetimibe interferes with the absorption of cholesterol from the brush
border of the intestine, a novel mechanism that makes it a good choice for
adjunctive therapy. It is approved as both monotherapy and for use with a
statin. The dose is 10 mg once daily, given with or without food. When
used alone, it results in an approximate 18% reduction in LDL cholesterol.
When added to a statin, ezetimibe lowers LDL by about an additional 12%
to 20%. A combination product (Vytorin) containing ezetimibe 10 mg and
simvastatin 10, 20, 40, or 80 mg is available. Ezetimibe is well tolerated;
approximately 4% of patients experience GI upset. Because cardiovascular
outcomes with ezetimibe have not been evaluated, it should be reserved for
patients unable to tolerate statin therapy or those who do not achieve
satisfactory lipid lowering with a statin alone.

Fish Oil Supplementation

Diets high in omega-3 polyunsaturated fatty acids (from fish oil), most
commonly eicosapentaenoic acid (EPA), reduce cholesterol, triglyc-
erides, LDL, and VLDL and may elevate HDL cholesterol.

Fish oil supplementation may be most useful in patients with hypertri-
glyceridemia, but its role in treatment is not well defined.

Lovaza (omega-3-acid ethyl esters) is a prescription form of concen-
trated fish oil EPA 465 mg and docosahexaenoic acid 375 mg. The daily
dose is 4 g/day, which can be taken as four 1-g capsules once daily or two
1-g capsules twice daily. This product lowers triglycerides by 14% to 30%
and raises HDL by about 10%.

Complications of fish oil supplementation such as thrombocytopenia
and bleeding disorders have been noted, especially with high doses (EPA,
15 to 30 g/day).

107




SECTION 2 | Cardiovascular Disorders

TREATMENT RECOMMENDATIONS

Treatment of type I hyperlipoproteinemia is directed toward reduction of
chylomicrons derived from dietary fat with the subsequent reduction in
plasma triglycerides. Total daily fat intake should be no more than 10 to 25
g/day, or approximately 15% of total calories. Secondary causes of hyper-
triglyceridemia should be excluded, and, if present, the underlying disor-
der should be treated appropriately.

Primary hypercholesterolemia (familial hypercholesterolemia, familial
combined hyperlipidemia, type ITa hyperlipoproteinemia) is treated with
BARs, statins, niacin, or ezetimibe.

+ Combined hyperlipoproteinemia (type IIb) may be treated with statins,

niacin, or gemfibrozil to lower LDL-C without elevating VLDL and triglyc-
erides. Niacin is the most effective agent and may be combined with a BAR.
A BAR alone in this disorder may elevate VLDL and triglycerides, and their
use as single agents for treating combined hyperlipoproteinemia should be
avoided.

Type II hyperlipoproteinemia may be treated with fibrates or niacin.
Although fibrates have been suggested as the drugs of choice, niacin is a
reasonable alternative because of the lack of data supporting a cardiovas-
cular mortality benefit from fibrates and because of their potentially
serious adverse effects. Fish oil supplementation may be an alternative
therapy.

Type V hyperlipoproteinemia requires stringent restriction of dietary fat
intake. Drug therapy with fibrates or niacin is indicated if the response to
diet alone is inadequate. Medium-chain triglycerides, which are absorbed
without chylomicron formation, may be used as a dietary supplement for
caloric intake if needed for both types I and V.

Combination Drug Therapy

Combination therapy may be considered after adequate trials of mono-
therapy and for patients documented to be adherent to the prescribed
regimen. Two or three lipoprotein profiles at 6-week intervals should
confirm lack of response prior to initiation of combination therapy.
Contraindications to and drug interactions with combined therapy should
be screened carefully, and the extra cost of drug product and monitoring
should be considered.

In general, a statin plus a BAR or niacin plus a BAR provide the greatest
reduction in total and LDL cholesterol.

Regimens intended to increase HDL levels should include either gemfib-
rozil or niacin, bearing in mind that statins combined with either of these
drugs may result in a greater incidence of hepatotoxicity or myositis.

+ Familial combined hyperlipidemia may respond better to a fibrate and a

statin than to a fibrate and a BAR.

TREATMENT OF HYPERTRIGLYCERIDEMIA

Lipoprotein pattern types I, I, IV, and V are associated with hypertriglyc-
eridemia, and these primary lipoprotein disorders should be excluded
prior to implementing therapy.
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A family history positive for CHD is important in identifying patients at
risk for premature atherosclerosis. If a patient with CHD has elevated
triglycerides, the associated abnormality is probably a contributing factor
to CHD and should be treated.

High serum triglycerides (see Table 9-1) should be treated by achieving
desirable body weight, consumption of a low saturated fat and cholesterol
diet, regular exercise, smoking cessation, and restriction of alcohol (in
selected patients).

ATP III identifies the sum of LDL and VLDL (termed non-HDL [total
cholesterol — HDLY]) as a secondary therapeutic target in persons with high
triglycerides (=200 mg/dL). The goal for non-HDL with high serum
triglycerides is set at 30 mg/dL higher than that for LDL on the premise
that a VLDL level of 30 mg/dL or less is normal.

Drug therapy with niacin should be considered in patients with border-
line-high triglycerides but with accompanying risk factors of established
CHD, family history of premature CHD, concomitant LDL elevation or
low HDL, and genetic forms of hypertriglyceridemia associated with CHD.
Niacin may be used cautiously in persons with diabetes because a clinical
trial found only a slight increase in glucose and no change in hemoglobin
A1C. Alternative therapies include gemfibrozil, statins, and fish oil. The
goal of therapy is to lower triglycerides and VLDL particles that may be
atherogenic, increase HDL, and reduce LDL.

+ Very high triglycerides are associated with pancreatitis and other adverse

consequences. Management includes dietary fat restriction (10% to 20% of
calories as fat), weight loss, alcohol restriction, and treatment of coexisting
disorders (e.g., diabetes). Drug therapy includes gemfibrozil, niacin, and
higher-potency statins (atorvastatin, rosuvastatin, and simvastatin).

TREATMENT OF LOW HIGH-DENSITY
LIPOPROTEIN CHOLESTEROL

Low HDL cholesterol is a strong independent risk predictor of CHD. ATP
III redefined low HDL cholesterol as <40 mg/dL but specified no goal for
HDL cholesterol raising. In low HDL, the primary target remains LDL, but
treatment emphasis shifts to weight reduction, increased physical activity,
smoking cessation, and to fibrates and niacin if drug therapy is required.

TREATMENT OF DIABETIC DYSLIPIDEMIA

Diabetic dyslipidemia is characterized by hypertriglyceridemia, low HDL,
and minimally elevated LDL. Small, dense LDL (pattern B) in diabetes is
more atherogenic than larger, more buoyant forms of LDL (pattern A).
ATP III considers diabetes to be a CHD risk equivalent, and the primary
target is to lower the LDL to <100 mg/dL. When LDL is >130 mg/dL, most
patients require simultaneous therapeutic lifestyle changes and drug ther-
apy. When LDL is between 100 and 129 mg/dL, intensifying glycemic
control, adding drugs for atherogenic dyslipidemia (fibrates, niacin), and
intensifying LDL-lowering therapy are options. Statins are considered by
many to be the drugs of choice because the primary target is LDL.
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EVALUATION OF THERAPEUTIC OUTCOMES

Short-term evaluation of therapy for hyperlipidemia is based on response
to diet and drug treatment as measured in the clinical laboratory by total
cholesterol, LDL-C, HDL cholesterol, and triglycerides.

Many patients treated for primary hyperlipidemia have no symptoms or
clinical manifestations of a genetic lipid disorder (e.g., xanthomas), so
monitoring is solely laboratory based.

In patients treated for secondary intervention, symptoms of atheroscle-
rotic cardiovascular disease, such as angina or intermittent claudication,
may improve over months to years. Xanthomas or other external manifes-
tations of hyperlipidemia should regress with therapy.

Lipid measurements should be obtained in the fasted state to minimize
interference from chylomicrons. Monitoring is needed every few months
during dosage titration. Once the patient is stable, monitoring at intervals
of 6 months to 1 year is sufficient.

Patients on BAR therapy should have a fasting panel checked every 4 to 8
weeks until a stable dose is reached; triglycerides should be checked at a
stable dose to ensure they have not increased.

Niacin requires baseline tests of liver function (alanine aminotransferase),
uric acid, and glucose. Repeat tests are appropriate at doses of 1,000 to
1,500 mg/day. Symptoms of myopathy or diabetes should be investigated
and may require creatine kinase or glucose determinations. Patients with
diabetes may require more frequent monitoring.

Patients receiving statins should have a fasting panel 4 to 8 weeks after the
initial dose or dose changes. Liver function tests should be obtained at
baseline and periodically thereafter based on package insert information.
Some experts believe that monitoring for hepatotoxicity and myopathy
should be triggered by symptoms.

Patients with multiple risk factors and established CHD should also be
monitored and evaluated for progress in managing their other risk factors
such as blood pressure control, smoking cessation, exercise and weight
control, and glycemic control (if diabetic).

Evaluation of dietary therapy with diet diaries and recall survey instru-
ments allows information about diet to be collected in a systematic fashion
and may improve patient adherence to dietary reccommendations.

See Chap. 23, Hyperlipidemia, authored by Robert L. Talbert, for a more
detailed discussion of this topic.
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CHAPTER

DEFINITION

+ Hypertension is defined by persistent elevation of arterial blood pressure
(BP). The Seventh Report of the Joint National Committee on the
Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7)
classifies adult BP as shown in Table 10-1.

+ Patients with diastolic blood pressure (DBP) values <90 mm Hg and
systolic blood pressure (SBP) values 2140 mm Hg have isolated systolic
hypertension.

A hypertensive crisis (BP >180/120 mm Hg) may be categorized as either
a hypertensive emergency (extreme BP elevation with acute or progressing
target organ damage) or a hypertensive urgency (severe BP elevation
without acute or progressing target organ injury).

PATHOPHYSIOLOGY

+ Hypertension is a heterogeneous disorder that may result either from a
specific cause (secondary hypertension) or from an underlying pathophysio-
logic mechanism of unknown etiology (primary or essential hypertension).
Secondary hypertension accounts for fewer than 10% of cases, and most of
these are caused by chronic kidney disease or renovascular disease. Other
conditions causing secondary hypertension include pheochromocytoma,
Cushing’s syndrome, hyperthyroidism, hyperparathyroidism, primary aldos-
teronism, pregnancy, obstructive sleep apnea, and coarctation of the aorta.
Some drugs that may increase BP include corticosteroids, estrogens, nonster-
oidal antiinflammatory drugs (NSAIDs), amphetamines, sibutramine, cyclo-
sporine, tacrolimus, erythropoietin, and venlafaxine.

+ Multiple factors may contribute to the development of primary hyperten-
sion, including:

v Humoral abnormalities involving the renin-angiotensin-aldosterone
system, natriuretic hormone, or hyperinsulinemia;

v A pathologic disturbance in the CNS, autonomic nerve fibers, adrener-
gic receptors, or baroreceptors;

v Abnormalities in either the renal or tissue autoregulatory processes for
sodium excretion, plasma volume, and arteriolar constriction;

v A deficiency in the local synthesis of vasodilating substances in the
vascular endothelium, such as prostacyclin, bradykinin, and nitric
oxide, or an increase in production of vasoconstricting substances such
as angiotensin I and endothelin I;

v A high sodium intake and increased circulating natriuretic hormone
inhibition of intracellular sodium transport, resulting in increased
vascular reactivity and a rise in BP; and

v Increased intracellular concentration of calcium, leading to altered vascu-
lar smooth muscle function and increased peripheral vascular resistance.
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iy:\:IRR S I Classification of Blood Pressure in Adults

Classification Systolic (mm Hg) Diastolic (mm Hg)
Normal <120 and <80
Prehypertension 120-139 or 80-89

Stage 1 hypertension 140-159 or 90-99

Stage 2 hypertension >160 or >100

The main causes of death in hypertensive subjects are cerebrovascular
accidents, cardiovascular (CV) events, and renal failure. The probability of
premature death correlates with the severity of BP elevation.

CLINICAL PRESENTATION

Patients with uncomplicated primary hypertension are usually asymptom-
atic initially.

Patients with secondary hypertension may complain of symptoms sugges-
tive of the underlying disorder. Patients with pheochromocytoma may
have a history of paroxysmal headaches, sweating, tachycardia, palpita-
tions, and orthostatic hypotension. In primary aldosteronism, hypokale-
mic symptoms of muscle cramps and weakness may be present. Patients
with hypertension secondary to Cushing’s syndrome may complain of
weight gain, polyuria, edema, menstrual irregularities, recurrent acne, or
muscular weakness.

DIAGNOSIS

Frequently, the only sign of primary hypertension on physical examination
is elevated BP. The diagnosis of hypertension should be based on the average
of two or more readings taken at each of two or more clinical encounters.
As hypertension progresses, signs of end-organ damage begin to appear,
chiefly related to pathologic changes in the eye, brain, heart, kidneys, and
peripheral blood vessels.

The funduscopic examination may reveal arteriolar narrowing, focal
arteriolar narrowing, arteriovenous nicking, and retinal hemorrhages,
exudates, and infarcts. The presence of papilledema indicates hypertensive
emergency requiring rapid treatment.

Cardiopulmonary examination may reveal an abnormal heart rate or
rhythm, left ventricular (LV) hypertrophy, precordial heave, third and
fourth heart sounds, and rales.

Peripheral vascular examination can detect evidence of atherosclerosis,
which may present as aortic or abdominal bruits, distended veins, dimin-
ished or absent peripheral pulses, or lower extremity edema.

Patients with renal artery stenosis may have an abdominal systolic-diastolic
bruit.

Patients with Cushing’s syndrome may have the classic physical features of
moon face, buffalo hump, hirsutism, and abdominal striae.
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Baseline hypokalemia may suggest mineralocorticoid-induced hyperten-
sion. The presence of protein, blood cells, and casts in the urine may
indicate renovascular disease.

Laboratory tests that should be obtained in all patients prior to initiating
drug therapy include urinalysis, complete blood cell count, serum chemis-
tries (sodium, potassium, creatinine, fasting glucose, fasting lipid panel),
and a 12-lead electrocardiogram (ECG). These tests are used to assess other
risk factors and to develop baseline data for monitoring drug-induced
metabolic changes.

More specific laboratory tests are used to diagnose secondary hypertension.
These include plasma norepinephrine and urinary metanephrine levels for
pheochromocytoma, plasma and urinary aldosterone levels for primary
aldosteronism, and plasma renin activity, captopril stimulation test, renal
vein renins, and renal artery angiography for renovascular disease.

DESIRED OUTCOME

The overall goal of treating hypertension is to reduce morbidity and
mortality by the least intrusive means possible.

Goal BP values are <140/90 for most patients, but <130/80 for patients with
diabetes mellitus, significant chronic kidney disease, known coronary artery
disease (myocardial infarction [MI], angina), noncoronary atherosclerotic
vascular disease (ischemic stroke, transient ischemic attack, peripheral
arterial disease [PAD], abdominal aortic aneurysm), or a 10% or greater
Framingham 10-year risk of fatal coronary heart disease or nonfatal ML
Patients with LV dysfunction have a BP goal of <120/80 mm Hg.

SBP is a better predictor of CV risk than DBP and must be used as the
primary clinical marker of disease control in hypertension.

TREATMENT

NONPHARMACOLOGIC THERAPY

All patients with prehypertension and hypertension should be prescribed
lifestyle modifications, including (1) weight reduction if overweight, (2) adop-
tion of the Dietary Approaches to Stop Hypertension eating plan, (3) dietary
sodium restriction ideally to 1.5 g/day (3.8 g/day sodium chloride), (4) regular
aerobic physical activity, (5) moderate alcohol consumption (two or fewer
drinks per day), and (6) smoking cessation.

Lifestyle modification alone is appropriate therapy for patients with
prehypertension. Patients diagnosed with stage 1 or 2 hypertension should
be placed on lifestyle modifications and drug therapy concurrently.

PHARMACOLOGIC THERAPY

Initial drug selection depends on the degree of BP elevation and the
presence of compelling indications for selected drugs.

Most patients with stage 1 hypertension should be treated initially with a
thiazide diuretic, angiotensin-converting enzyme (ACE) inhibitor, angio-
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Initial Drug Therapy

Choices
No Compelling Compelling
Indications Indications
| See Fig. 10-2
v v
Stage 1 Stage 2
Hypertension Hypertension
(SBP 140-159 or DBP 90— (SBP >160 or DBP =100
99 mm Hg) mm Hg)
Thiazide-type diuretics [A-1]: Two-drug combination for most [A-3].
ACE inhibitor, ARB, CCB, or Usually a thiazide-type diuretic with
combination [A-2]. an ACE inhibitor, or ARB, or CCB [A-2].

FIGURE 10-1. Algorithm for treatment of hypertension. Drug therapy recommen-
dations are graded with strength of recommendation and quality of evidence in
brackets. Strength of recommendations: A, B, C = good, moderate, and poor
evidence to support recommendation, respectively. Quality of evidence: 1 =
Evidence from more than one properly randomized, controlled trial. 2 = Evidence
from at least one well-designed clinical trial with randomization; from cohort or
case-controlled analytic studies; or dramatic results from uncontrolled experiments
or subgroup analyses. 3 = Evidence from opinions of respected authorities, based
on clinical experience, descriptive studies, or reports of expert communities. (ACE,
angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CCB, calcium
channel blocker; DBP, diastolic blood pressure; SBP, systolic blood pressure.)

tensin II receptor blocker (ARB), or calcium channel blocker (CCB) (Fig.
10-1). Combination therapy is recommended for patients with stage 2
disease, with one of the agents being a thiazide-type diuretic unless contra-
indications exist.

+ There are six compelling indications where specific antihypertensive drug
classes have shown evidence of unique benefits (Fig. 10-2).

+ Diuretics, ACE inhibitors, ARBs, and CCBs are primary agents acceptable
as first-line options based on outcome data demonstrating CV risk
reduction benefits (Table 10-2). 3-Blockers may be used either to treat a
specific compelling indication or as combination therapy with a primary
antihypertensive agent for patients without a compelling indication.

+ o;-Blockers, direct renin inhibitors, central o,-agonists, peripheral
adrenergic antagonists, and direct arterial vasodilators are alternatives
that may be used in select patients after primary agents (Table 10-3).
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Compelling
Indication(s)

v v v v v v
Chronic
Left Ventricular Postmyocardial Coronary Diabetes Kidn ely Rg:glr(znt
Function Infarction Disease Mellitus Disease Prevention
Diurf_»‘tiC_V\_lith -Blocker B-Blocker ACE inhibitor ACE inhibitor Diuretic with
ACE inhibitor [A-1]; [A-1]; A-1]; [A-1]; ACE inhibitor
Standard [A-1; then add then add [A-2]
Pharmacotherapy then add ACE inhibitor ACE inhibitor or or or
-Blocker [A-1] or [A-1] or ARB
A-1] ARB[A-2] A-2] ARB [A-2] ARB [A-1] ARB [A-2]
v v v v
ARB [A-2] or oo
aldosterone Aldosterone B [B-2], —
Add-on antagonist antagonist diuretic DEggt]'c
Pharmacotherapy [A-2] A-2] [B-2]
v
[-Blocker
[B-2],
CCB [B-2]

FIGURE 10-2. Compelling indications for individual drug classes. Compelling indications for specific drugs are evidence-based recommendations from outcome
studies or existing clinical guidelines. (ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CCB, calcium channel blocker.)
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17.\:18 8 [\ B3 Primary Antihypertensive Agents

Class/Subclass/Drug (brand name)

Diu

retics
Thiazides
Chlorthalidone (Hygroton)
Hydrochlorothiazide (Microzide)
Indapamide (Lozol)
Metolazone (Zaroxolyn)
Loops
Bumetanide (Bumex)
Furosemide (Lasix)
Torsemide (Demadex)
Potassium sparing
Amiloride (Midamor)
Amiloride/hydrochlorothiazide (Moduretic)
Triamterene (Dyrenium)
Triamterene/hydrochlorothiazide (Dyazide)
Aldosterone antagonists
Eplerenone (Inspra)
Spironolactone (Aldactone)
Spironolactone/hydrochlorothiazide (Aldactazide)

Angiotensin-converting enzyme inhibitors

Benazepril (Lotensin)
Captopril (Capoten)
Enalapril (Vasotec)
Fosinopril (Monopril)
Lisinopril (Prinivil, Zestril)
Moexipril (Univasc)
Perindopril (Aceon)
Quinapril (Accupril)
Ramipril (Altace)
Trandolapril (Mavik)

Angiotensin Il receptor blockers

(Candesartan (Atacand)
Eprosartan (Teveten)
Irbesartan (Avapro)
Losartan (Cozaar)
Olmesartan (Benicar)
Telmisartan (Micardis)
Valsartan (Diovan)

Calcium channel blockers
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Dihydropyridines
Amlodipine (Norvasc)
Felodipine (Plendil)
Isradipine (DynaCirc)
Isradipine SR (DynaCirc SR)
Nicardipine sustained release (Cardene SR)
Nifedipine long-acting (Adalat CC, Procardia XL)
Nisoldipine (Sular)

Usual Dose
Range, mg/day

12.5-25
12.5-25
1.25-2.5
25-5

0.5-4
20-80
5-10

5-10
5-10/50-100
50-100
37.5-75/25-50

50-100
25-50
25-50/25-50

10-40
12.5-150
5-40
10-40
10-40
7.5-30
4-16
10-80
2.5-10
1-4

8-32
600-800
150-300
50-100
20-40
20-80
80-320

2.5-10
5-20
5-10
5-20
60-120
30-90
10-40

Daily

Frequency

or2

or2

Tor2
Tor2

1or2
20r3
1or2

or2

or2
or2

or2
or2

1
1
1
1or2
1
1
1

_- e, N = N = —

(continued)
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Primary Antihypertensive Agents (Continued)
Usual Dose Daily
Class/Subclass/Drug (brand name) Range, mg/day  Frequency
Calcium channel blockers (cont'd)
Nondihydropyridines
Diltiazem sustained-release (Cardizem SR) 180-360 2
Diltiazem sustained-release (Cardizem CD, Cartia 120-480 1
XT, Dilacor XR, Diltia XT, Tiazac, Taztia XT)
Diltiazem extended-release (Cardizem LA) 120-540 1 (morning or evening)
Verapamil sustained-release (Calan SR, Isoptin SR, 180-480 Tor2
Verelan)
Verapamil controlled-onset extended-release 180-420 1 (in the evening)
(Covera HS)
Verapamil oral drug absorption system (Verelan PM) ~ 100-400 1 (in the evening)
B-Blockers
Cardioselective
Atenolol (Tenormin) 25-100 1
Betaxolol (Kerlone) 5-20 1
Bisoprolol (Zebeta) 2.5-10 1
Metoprolol tartrate (Lopressor) 100-400 2
Metoprolol succinate extended release (Toprol XL) 50-200 1
Nonselective
Nadolol (Corgard) 40-120 1
Propranolol (Inderal) 160-480 2
Propranolol long-acting (Inderal LA, InnoPran XL) 80-320 1
Timolol (Blocadren) 10-40 1
Intrinsic sympathomimetic activity
Acebutolol (Sectral) 200-800 2
Carteolol (Cartrol) 25-10 1
Penbutolol (Levatol) 10-40 1
Pindolol (Visken) 10-60 2
Mixed o+ and B-blockers
Carvedilol (Coreg) 12.5-50 2
Carvedilol phosphate (Coreg CR) 20-80 1
Labetalol (Normodyne, Trandate) 200-800 2
Alternative Antihypertensive Agents
Class Drug (Brand Name) Usual Dose Range, mg/day Daily Frequency
oy-Blockers
Doxazosin (Cardura) 1-8 1
Prazosin (Minipress) 2-20 20r3
Terazosin (Hytrin) 1-20 lor2
Direct renin inhibitor
Aliskiren (Tekturna) 150-300 1
Central or,-agonists
Clonidine (Catapres) 0.1-0.8 2
Clonidine patch (Catapres-TTS) 0.1-0.3 1 weekly
Methyldopa (Aldomet) 250-1,000 2
Peripheral adrenergic antagonist
Reserpine (generic only) 0.05-0.25 1
Direct arterial vasodilators
Minoxidil (Loniten) 10-40 lor2
Hydralazine (Apresoline) 20-100 2t04
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Diuretics

Thiazides are the preferred type of diuretic for treating hypertension, and
all are equally effective in lowering BP.

Potassium-sparing diuretics are weak antihypertensives when used alone
but provide an additive hypotensive effect when combined with thiazide or
loop diuretics. Moreover, they counteract the potassium- and magnesium-
losing properties and perhaps glucose intolerance caused by other diuretics.
Aldosterone antagonists (spironolactone, eplerenone) are also potas-
sium-sparing diuretics but are more potent antihypertensives with a slow
onset of action (up to 6 weeks with spironolactone).

Acutely, diuretics lower BP by causing diuresis. The reduction in plasma
volume and stroke volume associated with diuresis decreases cardiac output
and, consequently, BP. The initial drop in cardiac output causes a compen-
satory increase in peripheral vascular resistance. With chronic diuretic
therapy, the extracellular fluid volume and plasma volume return almost to
pretreatment levels, and peripheral vascular resistance falls below its pre-
treatment baseline. The reduction in peripheral vascular resistance is
responsible for the long-term hypotensive effects. Thiazides lower BP by
mobilizing sodium and water from arteriolar walls, which may contribute
to decreased peripheral vascular resistance.

When diuretics are combined with other antihypertensive agents, an
additive hypotensive effect is usually observed because of independent
mechanisms of action. Furthermore, many nondiuretic antihypertensive
agents induce salt and water retention, which is counteracted by concur-
rent diuretic use.

Side effects of thiazides include hypokalemia, hypomagnesemia, hypercal-
cemia, hyperuricemia, hyperglycemia, hyperlipidemia, and sexual dys-
function. Loop diuretics have less effect on serum lipids and glucose, but
hypocalcemia may occur.

Hypokalemia and hypomagnesemia may cause muscle fatigue or cramps.
Serious cardiac arrhythmias may occur, especially in patients receiving
digitalis therapy, patients with LV hypertrophy, and those with ischemic
heart disease. Low-dose therapy (e.g., 25 mg hydrochlorothiazide or 12.5
mg chlorthalidone daily) rarely causes significant electrolyte disturbances.
Potassium-sparing diuretics may cause hyperkalemia, especially in patients
with chronic kidney disease or diabetes, and in patients receiving concurrent
treatment with an ACE inhibitor, ARB, NSAID, or potassium supplement.
Eplerenone has an increased risk for hyperkalemia and is contraindicated in
patients with impaired renal function or type 2 diabetes with proteinuria.
Spironolactone may cause gynecomastia in up to 10% of patients, but this
effect occurs rarely with eplerenone.

Angiotensin-Converting Enzyme Inhibitors

ACE facilitates production of angiotensin II, which has a major role in
regulating arterial BP. ACE is distributed in many tissues and is present in
several different cell types, but its principal location is in endothelial cells.
Therefore, the major site for angiotensin II production is in the blood
vessels, not the kidney. ACE inhibitors block the conversion of angiotensin
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I to angiotensin II, a potent vasoconstrictor and stimulator of aldosterone
secretion. ACE inhibitors also block the degradation of bradykinin and
stimulate the synthesis of other vasodilating substances including prosta-
glandin E, and prostacyclin. The fact that ACE inhibitors lower BP in
patients with normal plasma renin activity suggests that bradykinin and
perhaps tissue production of ACE are important in hypertension.

« Starting doses of ACE inhibitors should be low with slow dose titration.
Acute hypotension may occur at the onset of ACE inhibitor therapy,
especially in patients who are sodium- or volume-depleted, in heart failure
exacerbation, very elderly, or on concurrent vasodilators or diuretics.
Patients with these risk factors should start with half the normal dose
followed by slow dose titration (e.g., 6-week intervals).

+ All 10 ACE inhibitors available in the United States can be dosed once daily
for hypertension except captopril, which is usually dosed two or three
times daily. The absorption of captopril (but not enalapril or lisinopril) is
reduced by 30% to 40% when given with food.

+ ACE inhibitors decrease aldosterone and can increase serum potassium
concentrations. Hyperkalemia occurs primarily in patients with chronic
kidney disease or diabetes and in those also taking ARBs, NSAIDs,
potassium supplements, or potassium-sparing diuretics.

+ Acute renal failure is a rare but serious side effect of ACE inhibitors;
preexisting kidney disease increases the risk. Bilateral renal artery stenosis or
unilateral stenosis of a solitary functioning kidney renders patients depen-
dent on the vasoconstrictive effect of angiotensin II on efferent arterioles,
making these patients particularly susceptible to acute renal failure.

+ The GFR decreases in patients receiving ACE inhibitors because of inhibi-
tion of angiotensin II vasoconstriction on efferent arterioles. Serum
creatinine concentrations often increase, but modest elevations (e.g.,
absolute increases of less than 1 mg/dL) do not warrant changes. Therapy
should be stopped or the dose reduced if larger increases occur.

+ Angioedema is a serious potential complication that occurs in less than 1%
of patients. It may be manifested as lip and tongue swelling and possibly
difficulty breathing. Drug withdrawal is necessary for all patients with
angioedema, and some patients may also require drug treatment and/or
emergent intubation. Cross-reactivity between ACE inhibitors and ARBs
has been reported.

+ A persistent dry cough occurs in up to 20% of patients and is thought to
be due to inhibition of bradykinin breakdown.

+ ACE inhibitors are absolutely contraindicated in pregnancy because of
possible major congenital malformations associated with exposure in the
first trimester and serious neonatal problems, including renal failure and
death in the infant, from exposure during the second and third trimesters.

Angiotensin Il Receptor Blockers

+ Angiotensin II is generated by the renin-angiotensin pathway (which
involves ACE) and an alternative pathway that uses other enzymes such as
chymases. ACE inhibitors block only the renin-angiotensin pathway,
whereas ARBs antagonize angiotensin I generated by either pathway. The
ARBs directly block the angiotensin type 1 receptor that mediates the
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known effects of angiotensin II (vasoconstriction, aldosterone release,
sympathetic activation, antidiuretic hormone release, and constriction of
the efferent arterioles of the glomerulus).

Unlike ACE inhibitors, ARBs do not block the breakdown of bradykinin.
While this accounts for the lack of cough as a side effect, there may be
negative consequences because some of the antihypertensive effect of ACE
inhibitors may be due to increased levels of bradykinin. Bradykinin may
also be important for regression of myocyte hypertrophy and fibrosis, and
increased levels of tissue plasminogen activator.

All drugs in this class have similar antihypertensive efficacy and fairly flat
dose-response curves. The addition of low doses of a thiazide diuretic can
increase efficacy significantly.

In patients with type 2 diabetes and nephropathy, ARB therapy has been
shown to significantly reduce progression of nephropathy. For patients with
LV dysfunction, ARB therapy has also been shown to reduce the risk of CV
events when added to a stable regimen of a diuretic, ACE inhibitor, and 8-
blocker or as alternative therapy in ACE inhibitor-intolerant patients.

ARBs appear to have the lowest incidence of side effects compared with
other antihypertensive agents. Because they do not affect bradykinin, they
do not cause a dry cough like ACE inhibitors. Like ACE inhibitors, they
may cause renal insufficiency, hyperkalemia, and orthostatic hypotension.
Angioedema is less likely to occur than with ACE inhibitors, but cross-
reactivity has been reported. ARBs should not be used in pregnancy.

Calcium Channel Blockers

CCBs cause relaxation of cardiac and smooth muscle by blocking voltage-
sensitive calcium channels, thereby reducing the entry of extracellular
calcium into cells. Vascular smooth muscle relaxation leads to vasodilation
and a corresponding reduction in BP. Dihydropyridine calcium channel
antagonists may cause reflex sympathetic activation, and all agents (except
amlodipine and felodipine) may demonstrate negative inotropic effects.
Verapamil decreases heart rate, slows atrioventricular (AV) nodal conduc-
tion, and produces a negative inotropic effect that may precipitate heart
failure in patients with borderline cardiac reserve. Diltiazem decreases AV
conduction and heart rate to a lesser extent than verapamil.

Diltiazem and verapamil can cause cardiac conduction abnormalities such as
bradycardia, AV block, and heart failure. Both can cause anorexia, nausea,
peripheral edema, and hypotension. Verapamil causes constipation in about
7% of patients.

Dihydropyridines cause a baroreceptor-mediated reflex increase in heart
rate because of their potent peripheral vasodilating effects. Dihydropy-
ridines do not decrease AV node conduction and are not effective for
treating supraventricular tachyarrhythmias.

Short-acting nifedipine may rarely cause an increase in the frequency,
intensity, and duration of angina in association with acute hypotension.
This effect may be obviated by using sustained-released formulations of
nifedipine or other dihydropyridines. Other side effects of dihydropyridines
include dizziness, flushing, headache, gingival hyperplasia, and peripheral
edema. Side effects due to vasodilation such as dizziness, flushing, head-
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ache, and peripheral edema occur more frequently with dihydropyridines
than with verapamil or diltiazem.

B-Blockers

The exact hypotensive mechanism of f-blockers is not known but may
involve decreased cardiac output through negative chronotropic and inotro-
pic effects on the heart and inhibition of renin release from the kidney.
Even though there are important pharmacodynamic and pharmacokinetic
differences among the various f-blockers, there is no difference in clinical
antihypertensive efficacy.

Atenolol, betaxolol, bisoprolol, and metoprolol are cardioselective at low
doses and bind more avidly to f;-receptors than to [3,-receptors. As a
result, they are less likely to provoke bronchospasm and vasoconstriction
and may be safer than nonselective 3-blockers in patients with asthma,
chronic obstructive pulmonary disease, diabetes, and PAD. Cardioselectiv-
ity is a dose-dependent phenomenon, and the effect is lost at higher doses.
Acebutolol, carteolol, penbutolol, and pindolol possess intrinsic sym-
pathomimetic activity (ISA) or partial S-receptor agonist activity. When
sympathetic tone is low, as in resting states, [-receptors are partially
stimulated, so resting heart rate, cardiac output, and peripheral blood flow
are not reduced when receptors are blocked. Theoretically, these drugs
may have advantages in patients with heart failure or sinus bradycardia.
Unfortunately, they do not reduce CV events as well as other B-blockers
and may increase risk after MI or in those with high coronary disease risk.
Thus, agents with ISA are rarely needed.

There are pharmacokinetic differences among S-blockers in first-pass
metabolism, serum half-lives, degree of lipophilicity, and route of elimina-
tion. Propranolol and metoprolol undergo extensive first-pass metabo-
lism. Atenolol and nadolol have relatively long half-lives and are excreted
renally; the dosage may need to be reduced in patients with moderate to
severe renal insufficiency. Even though the half-lives of the other -
blockers are much shorter, once-daily administration still may be effective.
B-Blockers vary in their lipophilic properties and thus CNS penetration.
Side effects from fB-blockade in the myocardium include bradycardia, AV
conduction abnormalities, and acute heart failure. Blocking f3,-receptors
in arteriolar smooth muscle may cause cold extremities and aggravate PAD
or Raynaud’s phenomenon because of decreased peripheral blood flow.
Abrupt cessation of -blocker therapy may produce unstable angina, MI,
or even death in patients with coronary disease. In patients without heart
disease, abrupt discontinuation of f-blockers may be associated with
tachycardia, sweating, and generalized malaise in addition to increased BP.
For these reasons, it is always prudent to taper the dose gradually over 1 to
2 weeks before discontinuation.

Increases in serum lipids and glucose appear to be transient and of little
clinical importance. f-Blockers increase serum triglyceride levels and
decrease high-density lipoprotein cholesterol levels slightly. -Blockers
with a-blocking properties (carvedilol and labetalol) do not affect serum
lipid concentrations.
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oq-Receptor Blockers

Prazosin, terazosin, and doxazosin are selective o;-receptor blockers that
inhibit catecholamine uptake in smooth muscle cells of the peripheral
vasculature, resulting in vasodilation.

A potentially severe side effect is a first-dose phenomenon characterized by
orthostatic hypotension accompanied by transient dizziness or faintness,
palpitations, and even syncope within 1 to 3 hours of the first dose or after
later dosage increases. These episodes can be obviated by having the
patient take the first dose, and subsequent first increased doses, at bedtime.
Occasionally, orthostatic dizziness persists with chronic administration.
Sodium and water retention can occur with chronic administration. These
agents are most effective when given with a diuretic to maintain antihyper-
tensive efficacy and minimize potential edema.

Because data suggest that doxazosin (and probably other o;-receptor
blockers) are not as protective against CV events as other therapies, they
should be reserved as alternative agents for unique situations, such as men
with benign prostatic hyperplasia. If used to lower BP in this situation, they
should only be used in combination with primary antihypertensive agents.

Direct Renin Inhibitor

Aliskiren blocks the renin-angiotensin-aldosterone system at its point of a
activation, which results in reduced plasma renin activity and BP. It
provides BP reductions comparable to an ACE inhibitor, ARB, or CCB. It
also has additive antihypertensive effects when used in combination with
thiazides, ACE inhibitors, ARBs, or CCBs. It is approved for monotherapy
or in combination with other agents.

Many of the cautions and adverse effects seen with ACE inhibitors and
ARBs apply to aliskiren. It is contraindicated in pregnancy.

At this time, aliskiren should be used only as an alternative therapy because
of the lack of long-term studies evaluating CV event reduction and its
significant cost compared to generic agents with outcomes data.

Central o,-Agonists

Clonidine, guanabenz, guanfacine, and methyldopa lower BP primarily
by stimulating o,-adrenergic receptors in the brain, which reduces sympa-
thetic outflow from the vasomotor center and increases vagal tone. Stimu-
lation of presynaptic «,-receptors peripherally may contribute to the
reduction in sympathetic tone. Consequently, there may be decreases in
heart rate, cardiac output, total peripheral resistance, plasma renin activity,
and baroreceptor reflexes.

Chronic use results in sodium and fluid retention. Other side effects may
include depression, orthostatic hypotension, dizziness, and anticholinergic
effects.

Abrupt cessation may lead to rebound hypertension, which is thought to
result from a compensatory increase in norepinephrine release that follows
discontinuation of presynaptic o-receptor stimulation.

Methyldopa rarely may cause hepatitis or hemolytic anemia. A transient
elevation in hepatic transaminases occasionally occurs and is clinically
unimportant. However, the drug should be quickly discontinued if persis-
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tent increases in serum hepatic transaminases or alkaline phosphatase are
detected, as this may herald the onset of a fulminant, life-threatening
hepatitis. A Coombs-positive hemolytic anemia occurs in less than 1% of
patients receiving methyldopa, although 20% exhibit a positive direct
Coombs test without anemia. For these reasons, methyldopa has limited
usefulness in the management of hypertension except in pregnancy.

Reserpine

Reserpine depletes norepinephrine from sympathetic nerve endings and
blocks the transport of norepinephrine into its storage granules. When the
nerve is stimulated, less than the usual amount of norepinephrine is
released into the synapse. This reduces sympathetic tone, decreasing
peripheral vascular resistance and BP.

Reserpine has a long half-life that allows for once-daily dosing, but it may
take 2 to 6 weeks before the maximal antihypertensive effect is seen.
Reserpine can cause significant sodium and fluid retention, and it should
be given with a diuretic (preferably a thiazide).

Reserpine’s strong inhibition of sympathetic activity allows increased
parasympathetic activity to occur, which is responsible for side effects of
nasal stuffiness, increased gastric acid secretion, diarrhea, and bradycardia.
The most serious side effect is dose-related mental depression resulting
from CNS depletion of catecholamines and serotonin. This can be mini-
mized by not exceeding 0.25 mg daily.

Direct Arterial Vasodilators

Hydralazine and minoxidil cause direct arteriolar smooth muscle relax-
ation. Compensatory activation of baroreceptor reflexes results in increased
sympathetic outflow from the vasomotor center, producing an increase in
heart rate, cardiac output, and renin release. Consequently, the hypoten-
sive effectiveness of direct vasodilators diminishes over time unless the
patient is also taking a sympathetic inhibitor and a diuretic.

All patients taking these drugs for long-term hypertension therapy should
first receive both a diuretic and a -blocker. The diuretic minimizes the
side effect of sodium and water retention. Direct vasodilators can precipi-
tate angina in patients with underlying coronary artery disease unless the
baroreceptor reflex mechanism is completely blocked with a f-blocker.
Nondihydropyridine CCBs can be used as an alternative to B-blockers in
patients with contraindications to -blockers.

Hydralazine may cause a dose-related, reversible lupus-like syndrome,
which is more common in slow acetylators. Lupus-like reactions can
usually be avoided by using total daily doses of less than 200 mg. Other
hydralazine side effects include dermatitis, drug fever, peripheral neurop-
athy, hepatitis, and vascular headaches. For these reasons, hydralazine has
limited usefulness in the treatment of hypertension. However, it may be
useful in patients with severe chronic kidney disease and in kidney failure.
Minoxidil is a more potent vasodilator than hydralazine, and the compen-
satory increases in heart rate, cardiac output, renin release, and sodium
retention are more dramatic. Severe sodium and water retention may
precipitate congestive heart failure. Minoxidil also causes reversible hyper-
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trichosis on the face, arms, back, and chest. Minoxidil is reserved for very
difficult to control hypertension and in patients requiring hydralazine who
experience drug-induced lupus.

Postganglionic Sympathetic Inhibitors

Guanethidine and guanadrel deplete norepinephrine from postganglionic
sympathetic nerve terminals and inhibit the release of norepinephrine in
response to sympathetic nerve stimulation. This reduces cardiac output
and peripheral vascular resistance.

Orthostatic hypotension is common due to blockade of reflex-mediated
vasoconstriction. Other side effects include erectile dysfunction, diarrhea,
and weight gain. Because of these complications, postganglionic sympa-
thetic inhibitors have little or no role in the management of hypertension.

COMPELLING INDICATIONS

The six compelling indications identified by JNC 7 represent specific
comorbid conditions for which clinical trial data support using specific
antihypertensive drug classes to treat both hypertension and the compel-
ling indication (see Fig. 10-2).

Left Ventricular Dysfunction (Systolic Heart Failure)

ACE inhibitor with diuretic therapy is recommended as the first-line
regimen of choice. ACE inhibitors have numerous outcome data showing
reduced CV morbidity and mortality. Diuretics provide symptomatic relief
of edema by inducing diuresis. Loop diuretics are often needed, especially
in patients with more advanced disease.

Because of the high renin status of patients with heart failure, ACE inhibitors
should be initiated at low doses to avoid orthostatic hypotension.
B-Blocker therapy is appropriate to further modify disease in LV dysfunc-
tion and is a component of this first-line regimen (standard therapy) for
these patients. Because of the risk of exacerbating heart failure, they must
be started in very low doses and titrated slowly to high doses based on
tolerability. Bisoprolol, carvedilol, and metoprolol succinate are the only
B-blockers proven to be beneficial in LV dysfunction.

+ ARBs are acceptable as alternative therapy for patients who cannot tolerate

ACE inhibitors and possibly as add-on therapy for those already receiving
a standard three-drug regimen.

An aldosterone antagonist may be considered in addition to a diuretic,
ACE inhibitor or ARB, and f-blocker. Regimens employing both an
aldosterone antagonist and ARB are not recommended because of the
potential risk of severe hyperkalemia.

Postmyocardial Infarction

B-Blocker (without ISA) and ACE inhibitor therapy is recommended. -
Blockers decrease cardiac adrenergic stimulation and reduce the risk of a
subsequent MI or sudden cardiac death. ACE inhibitors improve cardiac
function and reduce CV events after MI. ARBs are alternatives to ACE
inhibitors in postmyocardial patients with LV dysfunction.

The aldosterone antagonist eplerenone reduces CV morbidity and mortal-
ity in patients soon after an acute MI (within 3 to 14 days) in patients with
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symptoms of acute LV dysfunction. Its use should be limited to selected
patients, and then with diligent monitoring of serum potassium.

Coronary Artery Disease

B-Blockers (without ISA) are first-line therapy in chronic stable angina
and have the ability to reduce BP, improve myocardial consumption, and
decrease demand. Long-acting CCBs are either alternatives (the nondihy-
dropyridines verapamil and diltiazem) or add-on therapy (dihydropy-
ridines) to fB-blockers in chronic stable angina. Once ischemic symptoms
are controlled with f-blocker and/or CCB therapy, other antihypertensive
drugs (e.g., ACE inhibitor, ARB) can be added to provide additional CV
risk reduction. Thiazide diuretics may be added thereafter to provide
additional BP lowering and further reduce CV risk.

For acute coronary syndromes, first-line therapy should consist of a -
blocker and ACE inhibitor; the combination lowers BP, controls acute
ischemia, and reduces CV risk.

Diabetes Mellitus

The BP goal in diabetes is less than 130/80 mm Hg.

All patients with diabetes and hypertension should be treated with either
an ACE inhibitor or an ARB. Both classes provide nephroprotection and
reduced CV risk.

A thiazide-type diuretic is reccommended as the second agent to lower BP
and provide additional CV risk reduction.

+ CCBs are useful add-on agents for BP control in hypertensive patients with

diabetes. Limited data suggest that nondihydropyridines may have more
renal protective effects than dihydropyridines.

B-Blockers reduce CV risk in patients with diabetes and should be used
when needed as add-on therapy with other standard agents or to treat
another compelling indication (e.g., postmyocardial infarction). However,
they may mask most of the symptoms of hypoglycemia (tremor, tachycar-
dia, and palpitations but not sweating) in tightly controlled patients, delay
recovery from hypoglycemia, and produce elevations in BP due to vaso-
constriction caused by unopposed a-receptor stimulation during the
hypoglycemic recovery phase. Despite these potential problems, 3-block-
ers can be used safely in patients with diabetes.

Chronic Kidney Disease

Either an ACE inhibitor or ARB is recommended as first-line therapy to
control BP and preserve kidney function in chronic kidney disease. Some
data indicate that the combination of an ACE inhibitor and ARB may be
more effective than either agent alone. However, routine use of the
combination is controversial.

Because these patients usually require multiple-drug therapy, diuretics and
a third antihypertensive drug class (e.g., B-blocker, CCB) are often needed.

Recurrent Stroke Prevention

One clinical trial showed that the combination of an ACE inhibitor and
thiazide diuretic reduces the incidence of recurrent stroke in patients with
a history of ischemic stroke or transient ischemic attacks.
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Reductions in risk of recurrent ischemic stroke have also been seen with
ARB-based therapy.

SPECIAL POPULATIONS

Selection of drug therapy should follow the JNC 7 guidelines, but the
treatment approach in some patient populations may be slightly different.
In these situations, alternative agents may have unique properties that
benefit a coexisting condition, but the data may not be based on evidence
from outcome studies in hypertension.

Older People

+ Elderly patients may present with either isolated systolic hypertension or
an elevation in both SBP and DBP. Epidemiologic data indicate that CV
morbidity and mortality are more closely related to SBP than to DBP in
patients 50 years of age and older.

+ Diuretics and ACE inhibitors provide significant benefits and can be used

safely in the elderly, but smaller-than-usual initial doses might be needed,
and dosage titrations should occur over a longer period to minimize the
risk of hypotension.

Centrally acting agents and -blockers should generally be avoided or used
with caution because they are frequently associated with dizziness and
postural hypotension.

Children and Adolescents

+ Secondary hypertension is much more common in children than in adults.
Kidney disease (e.g., pyelonephritis, glomerulonephritis) is the most com-
mon cause of secondary hypertension in children. Coarctation of the aorta
can also produce secondary hypertension. Medical or surgical manage-
ment of the underlying disorder usually restores normal BP.
Nonpharmacologic treatment (particularly weight loss in obese children)
is the cornerstone of therapy of primary hypertension.

ACE inhibitors, ARBs, -blockers, CCBs, and thiazide-type diuretics are all
acceptable drug therapy choices.

ACE inhibitors, ARBs, and direct renin inhibitors are contraindicated in
sexually active girls because of potential teratogenic effect and in those who
might have bilateral renal artery stenosis or unilateral stenosis in a solitary
kidney.

Pregnant Women

Preeclampsia, defined as BP 2140/90 mm Hg that appears after 20 weeks’
gestation accompanied by new-onset proteinuria (=300 mg/24 hours), can
lead to life-threatening complications for both the mother and fetus.
Definitive treatment of preeclampsia is delivery, and this is indicated if
pending or frank eclampsia (preeclampsia and convulsions) is present.
Otherwise, management consists of restricting activity, bedrest, and close
monitoring. Salt restriction or other measures that contract blood volume
should be avoided. Antihypertensives are used prior to induction of labor
if the DBP is >105-110 mm Hg, with a target DBP of 95-105 mm Hg. IV
hydralazine is most commonly used; IV labetalol is also effective.
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Chronic hypertension is defined as elevated BP that was noted before
pregnancy began. Methyldopa is considered the drug of choice because of
experience with its use. B-Blockers, labetalol, and CCBs are also reasonable
alternatives. ACE inhibitors and ARBs are known teratogens and are
absolutely contraindicated. The direct renin inhibitor aliskiren also should
not be used in pregnancy.

African Americans

Hypertension is more common and more severe in African Americans than
in those of other races. Differences in electrolyte homeostasis, glomerular
filtration rate, sodium excretion and transport mechanisms, plasma renin
activity, and BP response to plasma volume expansion have been noted.
Lifestyle modifications are recommended to augment drug therapy. Thia-
zide diuretics are first-line drug therapy for most patients, but recent
guidelines aggressively promote combination therapy. Two drugs are
recommended in patients with SBP values 215 mm Hg from goal.
Thiazides and CCBs are particularly effective in African Americans. Anti-
hypertensive response is significantly increased when either class is com-
bined with a -blocker, ACE inhibitor, or ARB.

Pulmonary Disease and Peripheral Arterial Disease

Although B-blockers (especially nonselective agents) have generally been
avoided in hypertensive patients with asthma and chronic obstructive
pulmonary disease because of fear of inducing bronchospasm, data
suggest that cardioselective -blockers can be used safely. Consequently,
cardioselective agents should be used to treat a compelling indication (i.e.,
postmyocardial infarction, coronary disease, or heart failure) in patients
with reactive airway disease.

PAD is a coronary artery disease risk equivalent, and a BP goal of <130/80
mm Hg is recommended. ACE inhibitors may be ideal in patients with
symptomatic lower-extremity PAD; CCBs may also be beneficial. -
Blockers have traditionally been considered problematic because of possi-
ble decreased peripheral blood flow secondary to unopposed stimulation
of a-receptors that results in vasoconstriction. However, f-blockers are
not contraindicated in PAD and have not been shown to adversely affect
walking capability.

Dyslipidemia

Dyslipidemia is a major CV risk factor, and it should be controlled in
hypertensive patients.

Thiazide diuretics and fB-blockers without ISA may affect serum lipids
adversely, but these effects generally are transient and of no clinical
consequence.

The o-blockers have favorable effects (decreased low-density lipoprotein
cholesterol and increased high-density lipoprotein cholesterol levels).
However, because they do not reduce CV risk as effectively as thiazide
diuretics, this benefit is not clinically applicable.

ACE inhibitors and CCBs have no effect on serum cholesterol.
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HYPERTENSIVE URGENCIES AND EMERGENCIES

+ Hypertensive urgencies are ideally managed by adjusting maintenance
therapy by adding a new antihypertensive and/or increasing the dose of a
present medication.

v Acute administration of a short-acting oral drug (captopril, clonidine,
or labetalol) followed by careful observation for several hours to ensure
a gradual BP reduction is an option.

v Oral captopril doses of 25 to 50 mg may be given at 1- to 2-hour
intervals. The onset of action is 15 to 30 minutes.

v For treatment of hypertensive rebound after withdrawal of clonidine, 0.2
mg is given initially, followed by 0.2 mg hourly until the DBP falls below
110 mm Hg or a total of 0.7 mg has been administered; a single dose may
be sufficient.

v Labetalol can be given in a dose of 200 to 400 mg, followed by additional
doses every 2 to 3 hours.

+ Hypertensive emergencies require immediate BP reduction to limit new or
progressing target-organ damage. The goal is not to lower BP to normal;
instead, the initial target is a reduction in mean arterial pressure of up to 25%
within minutes to hours. If BP is then stable, it can be reduced toward 160/100—
110 mm Hg within the next 2 to 6 hours. Precipitous drops in BP may cause
end-organ ischemia or infarction. If BP reduction is well tolerated, additional
gradual decrease toward the goal BP can be attempted after 24 to 48 hours.

v Nitroprusside is the agent of choice for minute-to-minute control in most
cases. It is usually given as a continuous IV infusion at a rate of 0.25 to 10
mcg/kg/min. Its onset of hypotensive action is immediate and disappears
within 1 to 2 minutes of discontinuation. When the infusion must be
continued longer than 72 hours, serum thiocyanate levels should be
measured, and the infusion should be discontinued if the level exceeds 12
mg/dL. The risk of thiocyanate toxicity is increased in patients with
impaired kidney function. Other adverse effects include nausea, vomiting,
muscle twitching, and sweating.

v Dosing guidelines and adverse effects of parenteral agents for treating
hypertensive emergency are listed in Table 10-4.

EVALUATION OF THERAPEUTIC OUTCOMES

+ Clinic-based BP monitoring is the standard for managing hypertension. BP
response should be evaluated 2 to 4 weeks after initiating or making changes
in therapy. Once goals BP values are obtained, BP monitoring can be done
every 3 to 6 months, assuming no signs or symptoms of acute target-organ
disease. More frequent evaluations are required in patients with a history of
poor control, nonadherence, progressive target-organ damage, or symptoms
of adverse drug effects.

+ Self-measurements of BP or automatic ambulatory BP monitoring can be useful
to establish effective 24-hour control. These techniques are currently recom-
mended only for select situations such as suspected white coat hypertension.

+ Patients should be monitored for signs and symptoms of progressive
target-organ disease. A careful history should be taken for chest pain (or
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17.\:18 9 B 9 Parenteral Antihypertensive Agents
for Hypertensive Emergency

Onset Duration
Drug Dose (minutes)  (minutes)  Adverse Effects
Sodium 0.25-10 mcg/kg/min IV infu- Immediate  1-2 Nausea, vomiting, mus-
nitroprusside sion (requires special deliv- cle twitching, sweat-
ery system) ing, thiocyanate and
cyanide intoxication
Nicardipine 5-15 mg/hour IV 5-10 15-30; may  Tachycardia, headache,
hydrochloride exceed flushing, local phlebitis
240
Fenoldopam 0.1-0.3 mcg/kg/min IV infu- <5 30 Tachycardia, headache,
mesylate sion nausea, flushing
Nitroglycerin 5-100 mcg/min IV infusion 2-5 5-10 Headache, vomiting,
methemoglobinemia,
tolerance with pro-
longed use
Hydralazine 12-20 mg IV 10-20 60-240 Tachycardia, flushing,
hydrochloride  10-50 mg intramuscular 20-30 240-360 headache, vomiting,
aggravation of angina
Labetalol 20-80 mg IV bolus every 10 5-10 180-360 Vomiting, scalp tingling,
hydrochloride minutes; 0.5-2.0 mg/min bronchoconstriction,
IV infusion dizziness, nausea,
heart block, ortho-
static hypotension
Esmolol 250-500 mcg/kg/min IV bolus, 1-2 10-20 Hypotension, nausea,
hydrochloride then 50-100 mcg/kg/min IV asthma, first-degree
infusion; may repeat bolus heart block, heart
after 5 minutes or increase failure

infusion to 300 mcg/min

pressure), palpitations, dizziness, dyspnea, orthopnea, headache, sudden
change in vision, one-sided weakness, slurred speech, and loss of balance
to assess for the presence of complications.

+ Other clinical parameters that should be monitored periodically include
funduscopic changes on eye examination, LV hypertrophy on ECG,
proteinuria, and changes in kidney function.

+ Monitoring for adverse drug effects should typically occur 2 to 4 weeks
after starting a new agent or dose increases, and then every 6 to 12 months
in stable patients. Additional monitoring may be needed for other con-
comitant diseases. Patients taking aldosterone antagonists should have
potassium concentration and kidney function assessed within 3 days and
again at 1 week after initiation to detect potential hyperkalemia.

+ Patient adherence with the therapeutic regimen should be assessed regu-
larly. Patients should be questioned periodically about changes in their
general health perception, energy level, physical functioning, and overall
satisfaction with treatment.

See Chap. 15, Hypertension, authored by Joseph ]. Saseen and Eric J. MacLaugh-
lin, for a more detailed discussion of this topic.

129




CHAPTER

Ischemic Heart Disease ] ]

DEFINITION

Ischemic heart disease (IHD) is defined as a lack of oxygen and decreased
or no blood flow to the myocardium resulting from coronary artery
narrowing or obstruction. IHD may present as an acute coronary syn-
drome (ACS, which includes unstable angina and non—ST-segment eleva-
tion or ST-segment elevation myocardial infarction [MI]), chronic stable
exertional angina, ischemia without symptoms, or ischemia due to coro-
nary artery vasospasm (variant or Prinzmetal angina).

PATHOPHYSIOLOGY

The major determinants of myocardial oxygen demand (MVO0,) are heart
rate (HR), contractility, and intramyocardial wall tension during systole.
Wall tension is thought to be the most important factor. Because the
consequences of IHD usually result from increased demand in the face of
a fixed oxygen supply, alterations in MVO, are important in producing
ischemia and for interventions intended to alleviate it.

A clinically useful indirect estimate of MVO, is the double product (DP),
which is HR multiplied by systolic blood pressure (SBP) (DP = HR x SBP).
The DP does not consider changes in contractility (an independent
variable), and because only changes in pressure are considered, volume
loading of the left ventricle and increased MVO, related to ventricular
dilation are underestimated.

The caliber of the resistance vessels delivering blood to the myocardium
and MVO, are the prime determinants in the occurrence of ischemia.

The normal coronary system consists of large epicardial or surface vessels
(R;) that offer little resistance to myocardial flow and intramyocardial
arteries and arterioles (R,), which branch into a dense capillary network to
supply basal blood flow (Fig. 11-1). Under normal circumstances, the
resistance in R, is much greater than that in R;. Myocardial blood flow is
inversely related to arteriolar resistance and directly related to the coronary
driving pressure.

Atherosclerotic lesions occluding R, increase arteriolar resistance, and R,
can vasodilate to maintain coronary blood flow. With greater degrees of
obstruction, this response is inadequate, and the coronary flow reserve
afforded by R, vasodilation is insufficient to meet oxygen demand.
Relatively severe stenosis (greater than 70%) may provoke ischemia and
symptoms at rest, whereas less severe stenosis may allow a reserve of
coronary blood flow for exertion.

The diameter and length of obstructing lesions and the influence of
pressure drop across an area of stenosis also affect coronary blood flow and
function of the collateral circulation. Dynamic coronary obstruction can
occur in normal vessels and vessels with stenosis in which vasomotion or
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FIGURE 11-1. Coronary artery anatomy. (From Tintinalli JE, Kelen GD, Stapczynski
JR, eds. Tintinalli's Emergency Medicine: A Comprehensive Study Guide, 6th ed.
New York: McGraw-Hill, 2004:344.)

spasm may be superimposed on a fixed stenosis. Persisting ischemia may
promote growth of developed collateral blood flow.

+ Critical stenosis occurs when the obstructing lesion encroaches on the
luminal diameter and exceeds 70%. Lesions creating obstruction of 50% to
70% may reduce blood flow, but these obstructions are not consistent, and
vasospasm and thrombosis superimposed on a “noncritical” lesion may
lead to clinical events such as ML If the lesion enlarges from 80% to 90%,
resistance in that vessel is tripled. Coronary reserve is diminished at about
85% obstruction due to vasoconstriction.

+ Abnormalities of ventricular contraction can occur, and regional loss of
contractility may impose a burden on the remaining myocardial tissue,
resulting in heart failure, increased MvO,, and rapid depletion of blood
flow reserve. Zones of tissue with marginal blood flow may develop that
are at risk for more severe damage if the ischemic episode persists or
becomes more severe. Nonischemic areas of myocardium may compensate
for the severely ischemic and border zones of ischemia by developing more
tension than usual in an attempt to maintain cardiac output. The left or
right ventricular dysfunction that ensues may be associated with clinical
findings of an S; gallop, dyspnea, orthopnea, tachycardia, fluctuating
blood pressure, transient murmurs, and mitral or tricuspid regurgitation.
Impaired diastolic and systolic function leads to elevation of the filling
pressure of the left ventricle.

CLINICAL PRESENTATION

+ Many episodes of ischemia do not cause symptoms of angina (silent
ischemia). Patients often have a reproducible pattern of pain or other
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symptoms that appear after a specific amount of exertion. Increased
symptom frequency, severity, or duration, and symptoms at rest suggest an
unstable pattern that requires immediate medical evaluation.

Symptoms may include a sensation of pressure or burning over the
sternum or near it, which often radiates to the left jaw, shoulder, and arm.
Chest tightness and shortness of breath may also occur. The sensation
usually lasts from 30 seconds to 30 minutes.

Precipitating factors include exercise, cold environment, walking after a
meal, emotional upset, fright, anger, and coitus. Relief occurs with rest and
within 45 seconds to 5 minutes of taking nitroglycerin.

Patients with variant or Prinzmetal angina secondary to coronary spasm
are more likely to experience pain at rest and in the early morning hours.
Pain is not usually brought on by exertion or emotional stress nor is it
relieved by rest; the electrocardiogram (ECG) pattern is that of current
injury with ST-segment elevation rather than depression.

Unstable angina is stratified into categories of low, intermediate, or high
risk for short-term death or nonfatal MI. Features of high-risk unstable
angina include (but are not limited to): (1) accelerating tempo of
ischemic symptoms in the preceding 48 hours; (2) pain at rest lasting
more than 20 minutes; (3) age greater than 75 years; (4) ST-segment
changes; and (5) clinical findings of pulmonary edema, mitral regurgita-
tion, S3, rales, hypotension, bradycardia, or tachycardia.

Episodes of ischemia may also be painless, or “silent,” in at least 60% of
patients, perhaps due to a higher threshold and tolerance for pain than in
patients who have pain more frequently.

DIAGNOSIS

Important aspects of the clinical history include the nature or quality of the
chest pain, precipitating factors, duration, pain radiation, and the response
to nitroglycerin or rest. There appears to be little relationship between the
historical features of angina and the severity or extent of coronary artery
vessel involvement. Ischemic chest pain may resemble pain arising from a
variety of noncardiac sources, and the differential diagnosis of anginal pain
from other etiologies may be difficult based on history alone.

The patient should be asked about existing personal risk factors for coronary
heart disease (CHD) including smoking, hypertension, and diabetes mellitus.
A detailed family history should be obtained that includes information
about premature CHD, hypertension, familial lipid disorders, and diabetes
mellitus.

There are few signs on physical examination to indicate the presence of
coronary artery disease (CAD). Findings on the cardiac examination may
include abnormal precordial systolic bulge, decreased intensity of S,
paradoxical splitting of S, S3, Sy, apical systolic murmur, and diastolic
murmur. Elevated HR or blood pressure can yield an increased DP and may
be associated with angina. Noncardiac physical findings suggesting signifi-
cant cardiovascular disease include abdominal aortic aneurysms or periph-
eral vascular disease.
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+ Recommended laboratory tests include hemoglobin (to ensure adequate
oxygen-carrying capacity), fasting glucose (to exclude diabetes), and fast-
ing lipoprotein panel. Important risk factors in some patients may include
C-reactive protein; homocysteine level; evidence of Chlamydia infection;
and elevations in lipoprotein (a), fibrinogen, and plasminogen activator
inhibitor. Cardiac enzymes should all be normal in stable angina. Tropo-
nin T or I, myoglobin, and creatinine kinase MB may be elevated in
unstable angina.

+ The resting ECG is normal in about one-half of patients with angina who
are not experiencing an acute attack. Typical ST-T-wave changes include
depression, T-wave inversion, and ST-segment elevation. Variant angina is
associated with ST-segment elevation, whereas silent ischemia may pro-
duce elevation or depression. Significant ischemia is associated with ST-
segment depression of greater than 2 mm, exertional hypotension, and
reduced exercise tolerance.

+ Exercise tolerance (stress) testing (ETT) is recommended for patients with
an intermediate probability of CAD. Results correlate well with the likeli-
hood of progressing to angina, occurrence of acute MI, and cardiovascular
death. Ischemic ST-segment depression during ETT is an independent risk
factor for cardiovascular events and mortality. Thallium myocardial perfu-
sion scintigraphy may be used in conjunction with ETT to detect reversible
and irreversible defects in blood flow to the myocardium.

+ Radionuclide angiocardiography is used to measure ejection fraction (EF),
regional ventricular performance, cardiac output, ventricular volumes,
valvular regurgitation, asynchrony or wall motion abnormalities, and
intracardiac shunts.

+ Ultrarapid computed tomography may minimize artifact from heart
motion during contraction and relaxation and provides a semiquantitative
assessment of calcium content in coronary arteries.

+ Echocardiography is useful if the history or physical findings suggest
valvular pericardial disease or ventricular dysfunction. In patients unable
to exercise, pharmacologic stress echocardiography (e.g., dobutamine,
dipyridamole, or adenosine) may identify abnormalities that would occur
during stress.

+ Cardiac catheterization and coronary angiography are used in patients with
suspected CAD to document the presence and severity of disease as well as
for prognostic purposes. Interventional catheterization is used for throm-
bolytic therapy in patients with acute MI and for managing patients with
significant CAD to relieve obstruction through percutaneous transluminal
coronary angioplasty, atherectomy, laser treatment, or stent placement.

+ A chest radiograph should be done if the patient has heart failure symptoms.

DESIRED OUTCOME

+ The short-term goals of therapy for IHD are to reduce or prevent anginal
symptoms that limit exercise capability and impair quality of life. Long-
term goals are to prevent CHD events such as MI, arrhythmias, and heart
failure and to extend the patient’s life.
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TREATMENT

RISK-FACTOR MODIFICATION

Primary prevention through the modification of risk factors should signif-
icantly reduce the prevalence of IHD. Secondary intervention is effective in
reducing subsequent morbidity and mortality.

Risk factors for IHD are additive and can be classified as alterable or
unalterable. Unalterable risk factors include gender, age, family history or
genetic composition, environmental influences, and, to some extent,
diabetes mellitus. Alterable risk factors include smoking, hypertension,
hyperlipidemia, obesity, sedentary lifestyle, hyperuricemia, psychosocial
factors such as stress and type A behavior patterns, and the use of drugs
that may be detrimental (e.g., progestins, corticosteroids, and cyclospor-
ine). Although thiazide diuretics and S-blockers (nonselective without
intrinsic sympathomimetic activity) may elevate both cholesterol and
triglycerides by 10% to 20%, and these effects may be detrimental, no
objective evidence exists from prospective well-controlled studies to sup-
port avoiding these drugs.

PHARMACOLOGIC THERAPY

B-Adrenergic Blocking Agents

Decreased HR, contractility, and blood pressure reduce MVO, and oxygen
demand in patients with effort-induced angina. -Blockers do not improve
oxygen supply and, in certain instances, unopposed ¢r-adrenergic stimula-
tion may lead to coronary vasoconstriction.

B-Blockers improve symptoms in about 80% of patients with chronic
exertional stable angina, and objective measures of efficacy demonstrate
improved exercise duration and delay in the time at which ST-segment
changes and initial or limiting symptoms occur. 3-Blockade may allow
angina patients previously limited by symptoms to perform more exercise
and ultimately improve overall cardiovascular performance through a
training effect.

Ideal candidates for f-blockers include patients in whom physical activity
is a prominent cause of attacks; those with coexisting hypertension,
supraventricular arrhythmias, or postmyocardial infarction angina; and
those with anxiety associated with anginal episodes. -Blockers may be
used safely in angina and heart failure.

B-Blockade is effective in chronic exertional angina as monotherapy and in
combination with nitrates and/or calcium channel antagonists. 3-Blockers
are the first-line drugs in chronic angina requiring daily maintenance
therapy because they are more effective in reducing episodes of silent
ischemia and early morning peak of ischemic activity and improving
mortality after Q-wave MI than nitrates or calcium channel antagonists.
If B-blockers are ineffective or not tolerated, then monotherapy with a
calcium channel antagonist or combination therapy may be instituted.
Reflex tachycardia from nitrates can be blunted with -blocker therapy,
making this a useful combination. Patients with severe angina, rest angina,
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or variant angina may be better treated with calcium channel antagonists
or long-acting nitrates.

+ Initial doses of -blockers should be at the lower end of the usual dosing
range and titrated to response. Treatment objectives include lowering the
resting HR to 50 to 60 beats/min and limiting maximal exercise HR to about
100 beats/min or less. HR with modest exercise should be no more than
about 20 beats/min above resting HR (or a 10% increment over resting HR).

+ There is little evidence to suggest superiority of any particular f3-blocker.
Those with longer half-lives may be administered less frequently, but even
propranolol may be given twice a day in most patients. Membrane
stabilizing activity is irrelevant in the treatment of angina. Intrinsic
sympathomimetic activity appears to be detrimental in patients with rest
or severe angina because the reduction in HR would be minimized,
therefore limiting a reduction in MV0,. Cardioselective f3-blockers may be
used in some patients to minimize adverse effects such as bronchospasm,
intermittent claudication, and sexual dysfunction. Combined nonselective
B- and o-blockade with labetalol may be useful in some patients with
marginal left ventricular (LV) reserve.

+ Adverse effects of 3-blockade include hypotension, heart failure, bradycar-
dia, heart block, bronchospasm, altered glucose metabolism, fatigue,
malaise, and depression. Abrupt withdrawal in patients with angina has
been associated with increased severity and number of pain episodes and
MI. Tapering of therapy over about 2 days should minimize the risk of
withdrawal reactions if therapy is to be discontinued.

Nitrates

+ The action of nitrates appears to be mediated indirectly through reduction
of MVO, secondary to venodilation and arterial-arteriolar dilation, leading
to a reduction in wall stress from reduced ventricular volume and pressure.
Direct actions on the coronary circulation include dilation of large and small
intramural coronary arteries, collateral dilation, coronary artery stenosis
dilation, abolition of normal tone in narrowed vessels, and relief of spasm.

+ Pharmacokinetic characteristics common to nitrates include a large first-
pass effect of hepatic metabolism, short to very short half-lives (except for
isosorbide mononitrate [ISMN]), large volumes of distribution, high
clearance rates, and large interindividual variations in plasma or blood
concentrations. The half-life of nitroglycerin is 1 to 5 minutes regardless
of the route, hence the potential advantage of sustained-release and
transdermal products. Isosorbide dinitrate (ISDN) is metabolized to
ISMN. ISMN has a half-life of about 5 hours and may be given once or
twice daily, depending on the product chosen.

+ Nitrate therapy may be used to terminate an acute anginal attack, to
prevent effort- or stress-induced attacks, or for long-term prophylaxis,
usually in combination with B-blockers or calcium channel antagonists.
Sublingual, buccal, or spray nitroglycerin products are preferred for
alleviation of anginal attacks because of rapid absorption (Table 11-1).
Symptoms may be prevented by prophylactic oral or transdermal products
(usually in combination with -blockers or calcium channel antagonists),
but development of tolerance may be problematic.
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TABLE 11-1 RVUEIERONES

Product Onset (minutes) Duration Initial Dose
Nitroglycerin
% 1-2 3-5 minutes 5 mcg/min
Sublingual/lingual 1-3 30-60 minutes 0.3 mg
Oral 40 3-6 hours 2.5-9 mg three times daily
Ointment 20-60 2-8 hours '/-1 inch
Patch 40-60 >8 hours 1 patch
Erythritol tetranitrate 5-30 4-6 hours 5-10 mg three times daily
Pentaerythritol tetranitrate 30 4-8 hours 10-20 mg three times daily
Isosorbide dinitrate
Sublingual/chewable 2-5 1-2 hours 2.5-5 mg three times daily
Oral 20-40 4-6 hours 5-20 mg three times daily
Isosorbide mononitrate 30-60 6-8 hours 20 mg daily, twice daily?
9Product-dependent.

+ Sublingual nitroglycerin, 0.3 to 0.4 mg, relieves pain in about 75% of
patients within 3 minutes, with another 15% becoming pain-free in 5 to 15
minutes. Pain persisting beyond 20 to 30 minutes after use of two to three
nitroglycerin tablets suggests ACS, and the patient should be instructed to
seek emergency aid.

+ Chewable, oral, and transdermal products are acceptable for long-term
prophylaxis of angina. Dosing of long-acting preparations should be
adjusted to provide a hemodynamic response. This may require doses of
oral ISDN ranging from 10 to 60 mg as often as every 3 to 4 hours due to
tolerance or first-pass metabolism. Intermittent (10 to 12 hours on, 12 to
14 hours off) transdermal nitroglycerin therapy may produce modest but
significant improvement in exercise time in chronic stable angina.

+ Adverse effects include postural hypotension with associated CNS symp-
toms, reflex tachycardia, headaches and flushing, and occasional nausea.
Excessive hypotension may result in MI or stroke. Noncardiovascular
adverse effects include rash (especially with transdermal nitroglycerin) and
methemoglobinemia with high doses given for extended periods.

+ Because both the onset and offset of tolerance to nitrates occur quickly,
one strategy to circumvent it is to provide a daily nitrate-free interval of 8
to 12 hours. For example, ISDN should not be used more often than three
times a day to avoid tolerance.

+ Nitrates may be combined with other drugs with complementary mecha-
nisms of action for chronic prophylactic therapy. Combination therapy is
generally used in patients with more frequent symptoms or symptoms that
do not respond to f-blockers alone (nitrates plus S-blockers or calcium
channel antagonists), in patients intolerant of S-blockers or calcium
channel antagonists, and in patients having an element of vasospasm
leading to decreased supply (nitrates plus calcium channel antagonists).

Calcium Channel Antagonists

+ Direct actions include vasodilation of systemic arterioles and coronary
arteries, leading to a reduction of arterial pressure and coronary vascular
resistance as well as depression of myocardial contractility and the conduc-
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tion velocity of the sinoatrial and atrioventricular (AV) nodes. Reflex -
adrenergic stimulation overcomes much of the negative inotropic effect,
and depression of contractility becomes clinically apparent only in the
presence of LV dysfunction and when other negative inotropic drugs are
used concurrently.

Verapamil and diltiazem cause less peripheral vasodilation than dihydro-
pyridines such as nifedipine but greater decreases in AV node conduction.
They must be used with caution in patients with preexisting conduction
abnormalities or in patients taking other drugs with negative chronotropic
properties.

MVO0, is reduced with all calcium channel antagonists primarily because of
reduced wall tension secondary to reduced arterial pressure. Overall, the
benefit provided by calcium channel antagonists is related to reduced
MVO, rather than improved oxygen supply.

In contrast to the B-blockers, calcium channel antagonists have the
potential to improve coronary blood flow through areas of fixed coronary
obstruction by inhibiting coronary artery vasomotion and vasospasm.
Good candidates for calcium channel antagonists include patients with
contraindications or intolerance to [-blockers, coexisting conduction
system disease (excluding the use of verapamil and possibly diltiazem),
Prinzmetal angina, peripheral vascular disease, severe ventricular dysfunc-
tion, and concurrent hypertension. Amlodipine is probably the agent of
choice in severe ventricular dysfunction, and the other dihydropyridines
should be used with caution if the EF is less than 40%.

Ranolazine

The mechanism of action of ranolazine has not been determined, but it
may be related to reduction in calcium overload in ischemic myocytes
through inhibition of the late sodium current. Its antianginal effects do not
depend on reductions in HR or blood pressure.

Ranolazine is indicated for the treatment of chronic angina. Based on
controlled trials, the improvement in exercise time is a modest increase of 15
to about 45 seconds compared with placebo. In a large ACS trial, ranolazine
reduced recurrent ischemia but did not improve the primary efficacy
composite end point of cardiovascular death, MI, or recurrent ischemia.
Because it prolongs the QT interval, ranolazine should be reserved for
patients who have not achieved an adequate response to other antianginal
drugs. It should be used in combination with amlodipine, -blockers, or
nitrates.

The most common adverse effects are dizziness, headache, constipation, and
nausea. Ranolazine should be started at 500 mg twice daily and increased to
1,000 mg twice daily if needed based on symptoms. Baseline and followup
ECGs should be obtained to evaluate effects on the QT interval.

TREATMENT OF STABLE EXERTIONAL ANGINA PECTORIS

Table 11-2 lists the evidence-based drug therapy recommendations of the
American College of Cardiology and American Heart Association. A
treatment algorithm is shown in Fig. 11-2.
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17:\:]R3 B B Evidence-Based Recommendations for Treatment
of Stable Exertional Angina Pectoris

Recommendation

Recommendations Grades”
All patients should be given the following unless contraindications exist:

* Aspirin Class I, Level A

» B-Blockers with prior Ml Class |, Level A

» Angiotensin-converting enzyme inhibitor (ACEI) to patients with CAD and Class |, Level A

diabetes or LV dysfunction
* LDL-lowering therapy with CAD and LDL >130 mg/dL Class |, Level A
« Sublingual nitroglycerin for immediate relief of angina Class |, Level B

« Calcium antagonists or long-acting nitrates for reduction of symptoms when 8- Class |, Level B
blockers are contraindicated
« Calcium antagonists or long-acting nitrates in combination with 3-blockers when Class |, Level C
initial treatment with B-blockers is unsuccessful
» Calcium antagonists or long-acting nitrates as a substitute for B-blockers if initial Class |, Level A
treatment with B-blockers leads to unacceptable side effects
Clopidogrel may be substituted for aspirin when aspirin is absolutely contraindicated ~ Class Ila, Level B
Long-acting nondihydropyridine calcium antagonists instead of B-blockers as initial therapy ~ Class Ila, Level B
ACEIs are recommended in patients with CAD or other vascular disease Class Ila, Level B
Low-intensity anticoagulation with warfarin, in addition to aspirin, is recommended (lass lIb, Level B
but bleeding would be increased
Therapies to be avoided include:
« Dipyridamole Class Ill, Level B
» Chelation therapy Class Ill, Level B

CAD, coronary artery disease; LDL, low-density lipoprotein; LV, left ventricular; MI, myocardial infarction.

9American College of Cardiology and American Heart Association Evidence Grading System. Recommendation Class:

| = Conditions for which there is evidence or general agreement that a given procedure or treatment is useful and effective.

Il = Conditions for which there is conflicting evidence or a divergence of opinion about the usefulness/efficacy of a given
procedure or treatment.

lla = Weight of evidence/opinion is in favor of usefulness or efficacy.

1Ib = Usefulness/efficacy is less well established by evidence/opinion.

Il = Conditions for which there is evidence or general agreement that a given procedure or treatment is not useful/effective and
in some cases may be harmful.

Level of Evidence:

A = Data derived from multiple randomized clinical trials with large numbers of patients.

B = Data derived from a limited number of randomized trials with small numbers of patients, careful analyses of nonrandomized
studies, or observational registries.

C = Expert consensus was the primary basis for the recommendation.

After assessing and manipulating alterable risk factors, a regular exercise
program should be undertaken with caution in a graduated fashion and
with adequate supervision to improve cardiovascular and muscular fitness.
Nitrate therapy should be the first step in managing acute attacks of
chronic stable angina if the episodes are infrequent (e.g., a few times per
month). If angina occurs no more often than once every few days, then
sublingual nitroglycerin tablets or spray or buccal products may be
sufficient.

For prophylaxis when undertaking activities that predictably precipitate
attacks, nitroglycerin 0.3 to 0.4 mg sublingually may be used about 5
minutes prior to the time of the activity. Nitroglycerin spray may be useful
when inadequate saliva is produced to rapidly dissolve sublingual nitro-
glycerin or if a patient has difficulty opening the tablet container. The
response usually lasts about 30 minutes.
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+ When angina occurs more frequently than once a day, chronic prophylac-
tic therapy should be instituted. 3-Blockers may be preferable because of
less frequent dosing and other desirable properties (e.g., potential cardio-
protective effects, antiarrhythmic effects, lack of tolerance, antihyperten-
sive efficacy). The appropriate dose should be determined by the goals
outlined for HR and DP. An agent should be selected that is well tolerated
by individual patients at a reasonable cost. Patients most likely to respond
well to B-blockade are those with a high resting HR and those with a
relatively fixed anginal threshold (i.e., their symptoms appear at the same
level of exercise or workload on a consistent basis).

+ Calcium channel antagonists have the potential advantage of improving
coronary blood flow through coronary artery vasodilation as well as decreas-
ing MVO, and may be used instead of -blockers for chronic prophylactic
therapy. They are as effective as B-blockers and are most useful in patients
who have a variable threshold for exertional angina. Calcium antagonists
may provide better skeletal muscle oxygenation, resulting in decreased
fatigue and better exercise tolerance. They can be used safely in many
patients with contraindications to -blocker therapy. The available drugs
have similar efficacy in the management of chronic stable angina. Patients
with conduction abnormalities and moderate to severe LV dysfunction (EF
<35%) should not be treated with verapamil, whereas amlodipine may be
used safely in many of these patients. Diltiazem has significant effects on the
AV node and can produce heart block in patients with preexisting conduc-
tion disease or when other drugs with effects on conduction (e.g., digoxin,
B-blockers) are used concurrently. Nifedipine may cause excessive HR
elevation, especially if the patient is not receiving a -blocker, and this may
offset its beneficial effect on MVO,. The combination of calcium channel
antagonists and f-blockers is rational because the hemodynamic effect of
calcium antagonists is complementary to -blockade. However, combina-
tion therapy may not always be more effective than single-agent therapy.

+ Chronic prophylactic therapy with long-acting forms of nitroglycerin
(oral or transdermal), ISDN, ISMN, and pentaerythritol trinitrate may
also be effective when angina occurs more than once a day, but develop-
ment of tolerance is a limitation. Monotherapy with nitrates should not be
first-line therapy unless 3-blockers and calcium channel antagonists are
contraindicated or not tolerated. A nitrate-free interval of 8 hours per day
or longer should be provided to maintain efficacy. Dose titration should be
based on changes in the DP. The choice among nitrate products should be
based on experience, cost, and patient acceptance.

TREATMENT OF CORONARY ARTERY SPASM
AND VARIANT ANGINA PECTORIS

+ All patients should be treated for acute attacks and maintained on prophylac-
tic treatment for 6 to 12 months after the initial episode. Aggravating factors
such as alcohol or cocaine use and cigarette smoking should be stopped.

+ Nitrates are the mainstay of therapy, and most patients respond rapidly to
sublingual nitroglycerin or ISDN. IV and intracoronary nitroglycerin may
be useful for patients not responding to sublingual preparations.
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*Conditions that exacerbate or provoke angina
Medications:

-Vasodilators

-Excessive thyroid replacement
-Vasoconstrictors

Other medical problems:
-Profound anemia
-Uncontrolled hypertension
-Hyperthyroidism
-Hypoxemia

Other cardiac problems:
-Tachyarrhythmias
-Bradyarrhythmias

-Valvular heart disease (espec. AS)
-Hypertrophic cardiomyopathy

FIGURE 11-2. Treatment of stable angina pectoris. (AS, aortic stenosis; CABG,
coronary artery bypass grafting; CAD, coronary artery disease; JNC VII, Seventh
Report of the Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure; MI, myocardial infarction, NCEP, National
Cholesterol Education Program; NTG, nitroglycerin; PTCA, percutaneous translumi-

nal coronary angioplasty; QD, every day.) (continued)
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Education and risk
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program

— l Serious
Aspirin 81 t0 325 mg QD|_ aqyerse effect or—| Clopidogrel
if no contraindication contraindication
Yes

|

Cigarette | Smoking cessation
smoking? Yes program

[

No

Cholesterol high? Yes —| See NCEP Guidelines

No

Blood pressure
high?

Routine Follow-up including (as
—— | appropriate) diet, exercise program,
diabetes management

Yes —>{ See JNC VIl Guidelines

/_\_/

**At any point in this process, based on
coronary anatomy, severity of anginal
symptoms, and patient preferences, it is
reasonable to consider evaluation for coronary
revascularization. Unless a patient is
documented to have left main, three-vessel,
or two-vessel coronary artery disease with
significant stenosis of the proximal left anterior
descending coronary artery, there is no
demonstrated survival advantage associated
with revascularization in low-risk patients

with chronic stable angina; thus, medical
therapy should be attempted in most

patients before considering PTCA or CABG.

FIGURE 11-2. (Continued)

+ Because calcium channel antagonists may be more effective, have few
serious adverse effects, and can be given less frequently than nitrates, some
authorities consider them the agents of choice for variant angina. Nifed-
ipine, verapamil, and diltiazem are all equally effective as single agents for
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initial management. Patients unresponsive to calcium channel antagonists
alone may have nitrates added. Combination therapy with nifedipine plus
diltiazem or nifedipine plus verapamil is reported to be useful in patients
unresponsive to single-drug regimens.

B-Blockers have little or no role in the management of variant angina as
they may induce coronary vasoconstriction and prolong ischemia.

EVALUATION OF THERAPEUTIC OUTCOMES

Subjective measures of drug response include the number of painful
episodes, amount of rapid-acting nitroglycerin consumed, and patient-
reported alterations in activities of daily living (e.g., time to walk two
blocks, number of stairs climbed without pain).

Objective clinical measures of response include HR, blood pressure, and
the DP as a measure of MVO,.

Objective assessment also includes the resolution of ECG changes at rest,
during exercise, or with ambulatory ECG monitoring.

Monitoring for major adverse effects should be undertaken; they include
headache and dizziness with nitrates; fatigue and lassitude with B-blockers;
and peripheral edema, constipation, and dizziness with calcium channel
antagonists.

The ECG is very useful, particularly if the patient is experiencing chest pain
or other symptoms thought to be of ischemic origin. ST-segment devia-
tions are very important, and the extent of their deviation is related to the
severity of ischemia.

ETT may also be used to evaluate the response to therapy, but the expense
and time needed to perform this test preclude its routine use.

A comprehensive plan includes ancillary monitoring of lipid profiles,
fasting plasma glucose, thyroid function tests, hemoglobin/hematocrit,
and electrolytes.

For variant angina, reduction in symptoms and nitroglycerin consumption
as documented by a patient diary can assist the interpretation of objective
data obtained from ambulatory ECG recordings. Evidence of efficacy
includes the reduction of ischemic events, both ST-segment depression
and elevation. Additional evidence is a reduced number of attacks of
angina requiring hospitalization, and the absence of MI and sudden death.

See Chap. 17, Ischemic Heart Disease, authored by Robert L. Talbert, for a more
detailed discussion of this topic.

142



CHAPTER

12 I

DEFINITION

+ Shock refers to conditions manifested by hemodynamic alterations (e.g.,
hypotension, tachycardia, low cardiac output [CO], and oliguria) caused
by intravascular volume deficit (hypovolemic shock), myocardial pump
failure (cardiogenic shock), or peripheral vasodilation (septic, anaphylac-
tic, or neurogenic shock). The underlying problem in these situations is
inadequate tissue perfusion resulting from circulatory failure.

PATHOPHYSIOLOGY

+ Shock results in failure of the circulatory system to deliver sufficient
oxygen (O,) to body tissues despite normal or reduced O, consumption.
General pathophysiologic mechanisms of different forms of shock are
similar except for initiating events.

+ Hypovolemic shock is characterized by acute intravascular volume defi-
ciency due to external losses or internal redistribution of extracellular
water. This type of shock can be precipitated by hemorrhage, burns,
trauma, surgery, intestinal obstruction, and dehydration from consider-
able insensible fluid loss, overaggressive loop-diuretic administration, and
severe vomiting or diarrhea. Relative hypovolemia leading to hypovolemic
shock occurs during significant vasodilation, which accompanies anaphy-
laxis, sepsis, and neurogenic shock.

+ Regardless of the etiology, fall in blood pressure (BP) is compensated by an
increase in sympathetic outflow, activation of the renin-angiotensin system,
and other humoral factors that stimulate peripheral vasoconstriction. Com-
pensatory vasoconstriction redistributes blood away from the skin, skeletal
muscles, kidneys, and GI tract toward vital organs (e.g., heart, brain) in an
attempt to maintain oxygenation, nutrition, and organ function.

+ Severe metabolic lactic acidosis often develops secondary to tissue
ischemia and causes localized vasodilation, which further exacerbates the
impaired cardiovascular state.

CLINICAL PRESENTATION

+ Shock presents with a diversity of signs and symptoms. Patients with
hypovolemic shock may present with thirst, anxiousness, weakness, light-
headedness, and dizziness. Patients may also report scanty urine output
and dark-yellow-colored urine.

+ Hypotension, tachycardia, tachypnea, confusion, and oliguria are com-
mon symptoms. Myocardial and cerebral ischemia, pulmonary edema
(cardiogenic shock), and multisystem organ failure often follow.

+ Significant hypotension (systolic blood pressure [SBP] less than 90 mm Hg)
with reflex sinus tachycardia (greater than 120 beats/min) and increased
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respiratory rate (more than 30 breaths/min) are often observed in hypovo-
lemic patients. Clinically, the patient presents with extremities cool to the
touch and a “thready” pulse. The patient may be cyanotic due to hypox-
emia. Sweating results in a moist, clammy feel. Digits will have severely
slowed capillary refill.

Mental status changes associated with volume depletion may range from
subtle fluctuations in mood to agitation to unconsciousness.

Respiratory alkalosis secondary to hyperventilation is usually observed
secondary to CNS stimulation of ventilatory centers as a result of trauma,
sepsis, or shock. Lung auscultation may reveal crackles (pulmonary edema)
or absence of breath sounds (pneumothorax, hemothorax). Chest roent-
genogram can confirm early suspicions or disclose an undetected abnor-
mality such as pneumonia (pulmonary infiltrates). Continued insult to the
lungs may result in adult respiratory distress syndrome.

Kidneys are exquisitely sensitive to changes in perfusion pressures. Moder-
ate alterations can lead to significant changes in glomerular filtration rate.
Oliguria, progressing to anuria, occurs because of vasoconstriction of
afferent arterioles.

Redistribution of blood flow away from the GI tract may cause stress gastritis,
gut ischemia, and, in some cases, infarction, resulting in GI bleeding.
Progressive liver damage (shock liver) manifests as elevated serum hepatic
transaminases and unconjugated bilirubin. Impaired synthesis of clotting
factors may increase prothrombin time (PT), international normalized
ratio, and activated partial thromboplastin time (aPTT).

DIAGNOSIS AND MONITORING

Information from noninvasive and invasive monitoring (Table 12-1) and
evaluation of past medical history, clinical presentation, and laboratory
findings are key components in establishing the diagnosis as well as in
assessing general mechanisms responsible for shock. Regardless of the
etiology, consistent findings include hypotension (SBP less than 90 mm Hg),
depressed cardiac index (CI less than 2.2 L/min/m?), tachycardia (heart rate
greater than 100 beats/min), and low urine output (less than 20 mL/hour).
Noninvasive assessment of BP using the sphygmomanometer and stetho-
scope may be inaccurate in the shock state.

A pulmonary artery (Swan-Ganz) catheter can be used to determine central
venous pressure (CVP); pulmonary artery pressure; CO; and pulmonary
artery occlusive pressure (PAOP), an approximate measure of the left ventric-
ular end-diastolic volume and a major determinant of left ventricular preload.
CO (2.5 to 3 L/min) and mixed venous oxygen saturation (70% to 75%)
may be very low in a patient with extensive myocardial damage.
Respiratory alkalosis is associated with low partial pressure of O, (25 to 35
mm Hg) and alkaline pH, but normal bicarbonate. The first two values are
measured by arterial blood gas, which also yields partial pressure of carbon
dioxide and arterial oxygen saturation. Circulating arterial oxygen satura-
tion can also be measured by an oximeter, which is a noninvasive method
that is fairly accurate and useful at the patient’s bedside.
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Parameter

Blood pressure (systolic/diastolic)
Mean arterial pressure

Pulmonary artery pressure

Mean pulmonary artery pressure
Central venous pressure
Pulmonary artery occlusive pressure
Heart rate

Cardiac output

Cardiac index

Stroke volume index

Systemic vascular resistance index
Pulmonary vascular resistance index
Arterial oxygen saturation

Mixed venous oxygen saturation
Arterial oxygen content

Venous oxygen content

Oxygen content difference
Oxygen consumption index
Oxygen delivery index

Oxygen extraction ratio
Intramucosal pH

Index

Shock | CHAPTER 12

Normal Value?

100-130/70-85 mm Hg

80-100 mm Hg

25/10 mm Hg

12-15 mm Hg

8-12 mm Hg

12-15 mm Hg

60-80 beats/min

4-7 L/min

2.8-3.6 L/min/m?

30-50 mL/m?

1,500-2,100 dyne * sec/m? « cm®
45-225 dyne * sec/m? » cm®
97% (range 95-100%)

70-75%

20.1 vol% (range 19-21%)

15.5 vol% (range 11.5-16.5%)

5 vol% (range, 4-6%)

131 mL/min/m? (range, 100-180)
578 mL/min/m? (range, 370-730)
25% (range, 22-300)

7.40 (range, 7.35-7.45)
Parameter indexed to body surface area

9Normal values may not be the same as values needed to optimize management of a critically ill patient.

+ Renal function can be grossly assessed by hourly measurements of urine

output, but estimation of creatinine clearance based on isolated serum
creatinine values in critically ill patients may yield erroneous results.
Decreased renal perfusion and aldosterone release result in sodium reten-
tion and, thus, low urinary sodium (<30 mEq/L).

In normal individuals, oxygen consumption (VO,) is dependent on oxygen
delivery (DO,) up to a certain critical level (VO, flow dependency). At this
point, tissue O, requirements have apparently been satisfied and further
increases in DO, will not alter VO, (flow independency). However, studies
in critically ill patients show a continuous, pathologic dependence rela-
tionship of VO, on DO,. These indexed parameters are calculated as: DO,
= CI x (Ca0,) and VO, = CI x (Ca0, — CvVO,), where CI = cardiac index,
Ca0, = arterial oxygen content, and CvO, = mixed venous oxygen content.
Currently available data do not support the concept that patient outcome
or survival is altered by treatment measures directed to achieve supranor-
mal levels of DO, and VO,.

The V0,:D0, ratio (oxygen extraction ratio) can be used to assess ade-
quacy of perfusion and metabolic response. Patients who are able to
increase VO, when DO, is increased are more likely to survive. However,
low VO, and O, extraction ratio values are indicative of poor O, utilization
and lead to greater mortality.

Blood lactate concentrations may be used as another measure of tissue
oxygenation and may show better correlation with outcome than O,
transport parameters in some patients.
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Gastric tonometry measures gut luminal PCO, at equilibrium by placing a
saline-filled gas-permeable balloon in the gastric lumen. Increases in
mucosal PCO, and calculated decreases in gastric intramucosal pH (pHi)
are associated with mucosal hypoperfusion and perhaps increased mortal-
ity. However, the presence of respiratory acid—base disorders, systemic
bicarbonate administration, arterial blood gas measurement errors, enteral
feeding products, and blood or stool in the gut may confound pHi
determinations. Many clinicians believe that the change in gastric mucosal
PCO, may be more accurate than pHi.

DESIRED OUTCOME

The initial goal is to support O, delivery through the circulatory system
by assuring effective intravascular plasma volume, optimal O,-carrying
capacity, and adequate BP while definitive diagnostic and therapeutic
strategies are being determined. The ultimate goals are to prevent further
progression of the disease with subsequent organ damage and, if possible,
to reverse organ dysfunction that has already occurred.

TREATMENT

GENERAL PRINCIPLES

Fig. 12-1 contains an algorithm summarizing one approach to an adult
patient presenting with hypovolemia.

Supplemental O, should be initiated at the earliest signs of shock, begin-
ning with 4 to 6 L/min via nasal cannula or 6 to 10 L/min by face mask.
Adequate fluid resuscitation to maintain circulating blood volume is
essential in managing all forms of shock. Different therapeutic options are
discussed in the next section.

If fluid challenge does not achieve desired end points, pharmacologic
support is necessary with inotropic and vasoactive drugs.

FLUID RESUSCITATION FOR HYPOVOLEMIC SHOCK

Initial fluid resuscitation consists of isotonic crystalloid (0.9% sodium
chloride or lactated Ringer’s solution), colloid (5% Plasmanate or albu-
min, 6% hetastarch), or whole blood. Choice of solution is based on O,-
carrying capacity (e.g., hemoglobin, hematocrit), cause of hypovolemic
shock, accompanying disease states, degree of fluid loss, and required
speed of fluid delivery.

Most clinicians agree that crystalloids should be the initial therapy of
circulatory insufficiency. Crystalloids are preferred over colloids as initial
therapy for burn patients because they are less likely to cause interstitial
fluid accumulation. If volume resuscitation is suboptimal following several
liters of crystalloid, colloids should be considered. Some patients may
require blood products to assure maintenance of O,-carrying capacity, as
well as clotting factors and platelets for blood hemostasis.
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A l Is inadequate tissue perfusion suspected? ‘

Yes { No
7 ¥
20 mL/kg LR (or infuse as rapidly as possible if Continue periodic
unmeasurable pressure or obvious exsanguination) assessment
7
l Inadequate tissue perfusion ]
Yes [ No
12
l Possible decompensated CHF ‘ l Continue periodic assessment l
Yes [ No
¥ ¥
Systolic blood pressure <90 ‘ ’ Patient >70 years old or has interstitial fluid accumulation ‘
Yes l No
7 ¥
Begin dopamine at 5 mcg/kg/min Begin dobutamine at 2 mcg/kg/min
-+ consider pulmonary artery catheter + consider pulmonary artery catheter
Yes No
v
Weight <60 kg 20 mL/kg LR (or continue rapid infusion until adequate perfusion)
Yes No Inadequate tissue perfusion with evidence of fluid-related complications?
Yes No
v v 1
Consider 250 mL 5% albumin + Consider 500 mL 5% albumin + Begin dopamine at 5 mcg/kg/min + Continue periodic assessment + infusions of LR
pulmonary artery catheter pulmonary artery catheter consider pulmonary artery catheter as needed to maintain adequate perfusion

FIGURE 12-1. A. Hypovolemia protocol for adults. This protocol is not intended to replace or delay therapies such as surgical intervention or blood products for restoring
oxygen-carrying capacity or hemostasis. If available, some measurements may be used in addition to those listed in the algorithm, such as mean arterial pressure or pulmonary
artery catheter recordings. The latter may be used to assist in medication choices (e.g, agents with primary pressor effects may be desirable in patients with normal cardiac
outputs, whereas dopamine or dobutamine may be indicated in patients with suboptimal cardiac outputs). Lower maximal doses of the medications in this algorithm should
be considered when pulmonary artery catheterization is not available. Colloids that may be substituted for albumin are hetastarch 6% and dextran 40. (continued)



Continued inadequate tissue
perfusion but toleration of
fluid administration
(e.g., no evidence of
pulmonary edema)

Yes | No
7
20 mL/kg LR (or continue rapid infusion Patient receiving
until adequate perfusion) + consider dobutamine
addition of medications if not responding Yes No
to fluid challenges. Norepinephrine v M
0.1 mcg/kg/min if systolic blood - K .
pressure <70; dopamine 5 meg/kg/min if Increase dose_z by 5_ mcg/kg/min Do_butamlne 2 _mcg/kg/mln
systolic blood pressure 70-90; at 10-minute intervals (if on dopamine, try to
dobutamine 2 meg/kg/min (if already on ur:tll{?{[: mcg/rfg/mm, decreaase the/ kdo/pa.mme to
dobutamine, increase dose by 5 mcg/kg/min) oxicity or efficacy meg/kg/min)
if systolic blood pressure >90 +

If systolic blood pressure Inadequate perfusion
- <70 + norepinephrine (or
Inadequate perfusion increase . Yes No

Yes 7 2
v Increase dobutamine by Continue periodic
If systolic blood pressure 3-5 mcg/kg/min at 10-minute assessment
<70, add or increase intervals until 20 mcg/kg/min,
dose of norepinephrine toxicity or efficacy
or if systolic blood pressure
>70, increase dose of Continue periodic
dopamine or dobutamine assessment
at 10-minute intervals until
20 mcg/kg/min,
toxicity or efficacy

FIGURE 12-1. (Continued) B. Ongoing management of inadequate tissue perfusion. (CHF, congestive heart failure; LR, lactated Ringer's solution.)
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Crystalloids

+ Crystalloids consist of electrolytes (e.g., Na*, CI", K*) in water solutions,
with or without dextrose. Lactated Ringer’s solution may be preferred
because it is unlikely to cause the hyperchloremic metabolic acidosis seen
with infusion of large amounts of normal saline.

+ Crystalloids are administered at a rate of 500 to 2,000 mL/hour, depending
on the severity of the deficit, degree of ongoing fluid loss, and tolerance to
infusion volume. Usually 2 to 4 L of crystalloid normalizes intravascular
volume.

+ Advantages of crystalloids include rapidity and ease of administration,
compatibility with most drugs, absence of serum sickness, and low cost.

+ The primary disadvantage is the large volume necessary to replace or
augment intravascular volume. Approximately 4 L of normal saline must
be infused to replace 1 L of blood loss. In addition, dilution of colloid
oncotic pressure leading to pulmonary edema is more likely to follow
crystalloid than colloid resuscitation.

Colloids

+ Colloids are larger molecular weight solutions (more than 30,000 daltons)
that have been recommended for use in conjunction with or as replace-
ments for crystalloid solutions. Albumin is a monodisperse colloid
because all of its molecules are of the same molecular weight, whereas
hetastarch and dextran solutions are polydisperse compounds with mol-
ecules of varying molecular weights.

+ The theoretical advantage of colloids is their prolonged intravascular
retention time compared to crystalloid solutions. Isotonic crystalloid
solutions have substantial interstitial distribution within minutes of IV
administration, but colloids remain in the intravascular space for hours or
days, depending on factors such as capillary permeability. However, even
with intact capillary permeability, the colloid molecules eventually leak
through capillary membranes.

+ Albumin 5% and 25% concentrations are available. It takes approximately
three to four times as much lactated Ringer’s or normal saline solution to
yield the same volume expansion as 5% albumin solution. However,
albumin is much more costly than crystalloid solutions. The 5% albumin
solution is relatively iso-oncotic, whereas 25% albumin is hyperoncotic
and tends to pull fluid into the compartment containing the albumin
molecules. In general, 5% albumin is used for hypovolemic states. The
25% solution should not be used for acute circulatory insufficiency unless
diluted with other fluids or unless it is being used in patients with excess
total body water but intravascular depletion, as a means of pulling fluid
into the intravascular space.

+ Hetastarch 6% has comparable plasma expansion to 5% albumin solution
but is usually less expensive, which accounts for much of its use.
Hetastarch should be avoided in situations in which short-term impair-
ments in hemostasis could have adverse consequences (e.g., cardiopulmo-
nary bypass surgery, intracranial hemorrhage), because it may aggravate
bleeding due to mechanisms such as decreased factor VIII activity.
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Hetastarch may cause elevations in serum amylase concentrations but does
not cause pancreatitis.

Dextran-40, dextran-70, and dextran-75 are available for use as plasma
expanders (the number indicates the average molecular weight x 1,000).
These solutions are not used as often as albumin or hetastarch for plasma
expansion, possibly due to concerns related to aggravation of bleeding (i.e.,
anticoagulant actions related to inhibiting stasis of microcirculation) and
anaphylaxis, which is more likely to occur with the higher molecular
weight solutions.

Colloids (especially albumin) are expensive solutions, and a large study
involving almost 7,000 critically ill patients found no significant difference
in 28-day mortality between patients resuscitated with either normal saline
or 4% albumin. For these reasons, crystalloids should be considered first-
line therapy in patients with hypovolemic shock.

Adverse effects of colloids are generally extensions of their pharmacologic
activity (e.g., fluid overload, dilutional coagulopathy). Albumin and dex-
tran may be associated with anaphylactoid reactions or anaphylaxis.
Bleeding may occur in certain patients receiving hetastarch and dextran.

Blood Products

Whole blood could be used for large volume blood loss, but most
institutions use component therapy, with crystalloids or colloids used for
plasma expansion.

+ Packed red blood cells contain hemoglobin that increases the O,-carrying

capacity of blood, thereby increasing O, delivery to tissues. This is a
function not performed by crystalloids or colloids. Packed red cells are
usually indicated in patients with continued deterioration after volume
replacement or obvious exsanguination. The product needs to be warmed
before administration, especially when used in children.

Fresh frozen plasma replaces clotting factors. Although it is often over-
used, the product is indicated if there is ongoing hemorrhage in patients
with a PT or aPTT greater than 1.5 times normal, severe hepatic disease, or
other bleeding disorders.

Platelets are used for bleeding due to severe thrombocytopenia (platelet
counts less than 10,000/mm?) or in patients with rapidly dropping platelet
counts, as seen in massive bleeding.

Cryoprecipitate and factor VIII are generally not indicated in acute hemor-
rhage but may be used once specific deficiencies have been identified.

Risks associated with infusion of blood products include transfusion-
related reactions, virus transmission (rare), hypocalcemia resulting from
added citrate, elevations in serum potassium and phosphorus concentra-
tions from use of stored blood that has hemolyzed, increased blood
viscosity from supranormal hematocrit elevations, and hypothermia from
failure to appropriately warm solutions before administration.

PHARMACOLOGIC THERAPY FOR SHOCK

Inotropic agents and vasopressors are generally not indicated in the initial
treatment of hypovolemic shock (assuming that fluid therapy is adequate),
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as the body’s normal response is to increase CO and constrict blood vessels
to maintain BP. However, once the cause of circulatory insufficiency has
been stopped or treated and fluids have been optimized, medications may be
needed in patients who continue to have signs and symptoms of inadequate
tissue perfusion. Pressor agents such as norepinephrine and high-dose
dopamine should be avoided if possible because they may increase BP at the
expense of peripheral tissue ischemia. In patients with unstable BP despite
massive fluid replacement and increasing interstitial fluid accumulation,
inotropic agents such as dobutamine are preferred if BP is adequate (SBP 90
mm Hg or greater) because they should not aggravate the existing vasocon-
striction. When pressure cannot be maintained with inotropes, or when
inotropes with vasodilatory properties cannot be used due to concerns about
inadequate BP, pressors may be required as a last resort.

The choice of vasopressor or inotropic agent in septic shock should be
made according to the needs of the patient. An algorithm for the use of
fluid resuscitation and these pharmacologic agents in septic shock is shown
in Fig. 12-2. The traditional approach is to start with dopamine, then
norepinephrine; dobutamine is added for low CO states, and occasionally
epinephrine and phenylephrine are used when necessary. However,
recent observations of improved outcomes with norepinephrine and
decreased regional perfusion with dopamine are calling into question the
use of dopamine as a first-line agent.

The receptor selectivities of vasopressors and inotropes are listed in Table
12-2. In general, these drugs act rapidly with short durations of action and
are given as continuous infusions. Potent vasoconstrictors such as norepi-
nephrine and phenylephrine should be given through central veins due to
the possibility of extravasation and tissue damage with peripheral admin-
istration. Careful monitoring and calculation of infusion rates are advised
because dosing adjustments are made frequently and varying admixture
concentrations are used in volume-restricted patients.

Dopamine is often the initial vasopressor used in septic shock because it
increases BP by increasing myocardial contractility and vasoconstriction.
Although dopamine has been reported to have dose-related receptor activity
at dopamine, f3;, and o receptors, this dose-response relationship has not
been confirmed in critically ill patients. In patients with septic shock, there is
overlap of hemodynamic effects with doses as low as 3 mcg/kg/min. Doses of
5 to 10 mcg/kg/min are initiated to improve MAP. In septic shock, these doses
increase CI by improving ventricular contractility, heart rate, MAP, and
systemic vascular resistance (SVR). The clinical utility of dopamine in septic
shock is limited because large doses are frequently necessary to maintain CO
and MAP. At doses above 20 mcg/kg/min, there is limited further improve-
ment in cardiac performance and regional hemodynamics. The use of
dopamine is also hampered frequently by tachycardia and tachydysrhyth-
mias. Other adverse effects limiting its use in septic shock include increases in
PAOP, pulmonary shunting, and decreases in Pa0,. Dopamine should be
used with caution in patients with elevated preload, as it may worsen
pulmonary edema. Low doses of dopamine (1 to 3 mcg/kg/min) once were
advocated for use in patients with septic shock receiving vasopressors with or
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Fluid Resuscitation (order of preference):

1. Crystalloid: 500-1,000 mL per 30 minutes or
2. Colloid: 300-500 mL per 30 minutes

Goal:

=CVP: 8-12 mm Hg

*PAOP: 12—15 mm Hg

| mAP>6smmHg? |
Yes |

| Reevaluate clinical status frequently. |

No

—_

. Continue fluid administration.
. Initiate norepinephrine 0.02—3 mcg/kg/min or
dopamine 2—20 mcg/kg/min titrated every 5-15 minutes.
=If dysrhythmia present, use phenylephrine
0.5-9 mcg/kg/min.
. ACTH stimulation test. Consider hydrocortisone
200-300 mg/day x 7 days.
. If patient meets institutional guidelines, consider
drotrecogin alfa (activated).

I Scvo, (or SVo,) >70%? l—

Yes No

N

w

S~

Cl 3.0 L/min/m?? 1. Red blood cell transfusion: Goal Hct >30%
2. Dobutamine 2—-20 mcg/kg/min titrated.

Yes

Dobutamine 2-20
mcg/kg/min titrated

MAP >65 mm Hg?
Yes No

| Reevaluate clinical status frequently. | 1. Add another catecholamine vasopressor.
2. Initiate vasopressin 0.01-0.04 units/min.

FIGURE 12-2. Algorithmic approach to the use of vasopressors and inotropes in
septic shock. Approach is intended to be used in conjunction with clinical judgment,
hemodynamic monitoring parameters, and therapy end points. (ACTH, adrenocor-
ticotropic hormone; Cl, cardiac index; CVP, central venous pressure; Hct, hematocrit;
MAP, mean arterial pressure; PAOP, pulmonary artery occlusive pressure; SCVO5,
central venous oxygen saturation; Svo,, mixed venous oxygen saturation.)
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1V:\:10 b2y 3l Receptor Pharmacology of Selected Inotropic and
Vasopressor Agents Used in Septic Shock?

Agent o (3 B B D
Dobutamine (0.5-4 mg/mL Ds\W or NS)

2-10 mcg/kg/min + 0 . 4 0

>10-20 mcg/kg/min ++ 0 e+ 4+ 0
Dopamine (0.8-3.2 mg/mL DsW or NS)

1-3 mcg/kg/min 0 0 + 0 .

3-10 mcg/kg/min 0/+ 0 o+t ++ T+

>10-20 mcg/kg/min +++ 0 o+ + 0
Epinephrine (0.008-0.016 mg/mL DsW or NS)

0.01-0.05 mcg/kg/min ++ ++ O 4+ 0

>0.05-3 mcg/kg/min 4+ -+ 4+ + 0
Norepinephrine (0.016-0.064 mg/mL DsW)

0.02-3 mcg/kg/min 4 T+ +++ +++ 0
Phenylephrine (0.1-0.4 mg/mL DsW or NS)

0.5-9 mcg/kg/min . + ¥ 0 0

Activity ranges from no activity (0) to maximal (++++) activity.
D, dopamine; DsW, dextrose 5% in water; NS, normal saline.

without oliguria. The goal of therapy is to minimize or reverse renal vasocon-
striction caused by other pressors, to prevent oliguric renal failure, or to
convert it to nonoliguric renal failure. Based on recent clinical trial results,
low-dose dopamine for treatment or prevention of acute renal failure cannot
be justified and should be eliminated from routine clinical use.

+ Norepinephrine is a combined o- and B-agonist, but it primarily produces
vasoconstriction, thereby increasing SVR. It generally produces either no
change or a slight decrease in CO. Norepinephrine is initiated after
vasopressor doses of dopamine (4 to 20 mcg/kg/min), alone or in combi-
nation with dobutamine (5 mcg/kg/min), fail to achieve the desired goals.
Doses of dopamine and dobutamine are kept constant or stopped; in some
instances, dopamine is kept at low doses for purported renal protection.
Norepinephrine, 0.01 to 2 mcg/kg/min, reliably and predictably improves
hemodynamic parameters to normal or supranormal values in most
patients with septic shock. Recent data suggest that norepinephrine should
potentially be repositioned as the vasopressor of choice in septic shock.

+ Dobutamine is primarily a selective f3;-agonist with mild 3, and vascular
oy activity, resulting in strong positive inotropic activity without concom-
itant vasoconstriction. Dobutamine produces a larger increase in CO and
is less arrhythmogenic than dopamine. Clinically, 3,-induced vasodilation
and the increased myocardial contractility with subsequent reflex reduc-
tion in sympathetic tone lead to a decrease in SVR. Even though dobuta-
mine is optimally used for low CO states with high filling pressures or in
cardiogenic shock, vasopressors may be needed to counteract arterial
vasodilation. The addition of dobutamine (held constant at 5 mcg/kg/min)
to epinephrine regimens can improve gastric mucosal perfusion as mea-
sured by improvements in pHi, arterial lactate concentrations, and PCO,
gap. Dobutamine should be started with doses ranging from 2.5 to 5 mcg/
kg/min. Doses above 5 mcg/kg/min provide limited beneficial effects on
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O, transport values and hemodynamics and may increase adverse cardiac
effects. Infusion rates should be guided by clinical end points and mixed
venous oxygen saturation/central venous oxygen saturation. Decreases in
partial pressure of O,, as well as myocardial adverse effects such as tachycar-
dia, ischemic changes on ECG, tachydysrhythmias, and hypotension, are
seen.

+ Phenylephrine is a pure o;-agonist and is thought to increase BP through
vasoconstriction. It may also increase contractility and CO. Phenylephrine
may be beneficial in septic shock because of its selective o-agonism,
vascular effects, rapid onset, and short duration. Phenylephrine may be a
useful alternative in patients who cannot tolerate the tachycardia or tachy-
dysrhythmias with use of dopamine or norepinephrine, in patients with
known underlying myocardial dysfunction, and in patients refractory to
dopamine or norepinephrine (because of B-receptor desensitization). It is
generally initiated at dosages of 0.5 mcg/kg/min and may be titrated every 5
to 15 minutes to desired effects. Adverse effects such as tachydysrhythmias
are infrequent when it is used as a single agent or with higher doses.

+ Epinephrine has combined o and [-agonist effects and has traditionally
been reserved as the vasopressor of last resort because of reports of peripheral
vasoconstriction, particularly in the splanchnic and renal beds. At the high
infusion rates used in septic shock, o-adrenergic effects are predominantly
seen, and SVR and MAP are increased. It is an acceptable single agent in septic
shock due to its combined vasoconstrictor and inotropic effects. Epinephrine
may be particularly useful when used earlier in the course of septic shock in
young patients and those without known cardiac abnormalities. Infusion
rates of 0.04 to 1 mcg/kg/min alone increase hemodynamic and O, transport
variables to supranormal levels without adverse effects in patients without
coronary heart disease. Large doses (0.5 to 1 mcg/kg/min) may be required
when epinephrine is added to other agents. Smaller doses (0.1 to 0.5 mcg/kg/
min) are effective if dobutamine and dopamine infusions are kept constant.
Although DO, increases mainly as a function of consistent increases in CI
(and a more variable increase in SVR), VO, may not increase and the oxygen
extraction ratio may fall. Lactate concentrations may rise during the first few
hours of epinephrine therapy but normalize over the ensuing 24 hours in
survivors. Caution must be used before considering epinephrine for manag-
ing hypoperfusion in hypodynamic patients with coronary artery disease to
avoid ischemia, chest pain, and myocardial infarction.

+ Vasopressin causes vasoconstrictive effects that, unlike adrenergic recep-
tor agonists, are preserved during hypoxia and severe acidosis. It also
causes vasodilation in the pulmonary, coronary, and selected renal vascu-
lar beds that may reduce pulmonary artery pressure and preserve cardiac
and renal function. However, based on available evidence, vasopressin is
not recommended as a replacement for norepinephrine or dopamine in
patients with septic shock but may be considered in patients who are
refractory to catecholamine vasopressors despite adequate fluid resuscita-
tion. If used, the dose should not exceed 0.01 to 0.04 units/min.

+ Corticosteroids were shown in a metaanalysis to improve hemodynamics
and survival and reduce the duration of vasopressor support in septic shock.
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Corticosteroids can be initiated in septic shock when adrenal insufficiency is
present or when weaning of vasopressor therapy proves futile. A daily dose
equivalent to 200 to 300 mg hydrocortisone should be continued for 7 days.
Adverse events are few because of the short duration of therapy.

EVALUATION OF THERAPEUTIC OUTCOMES

The initial monitoring of a patient with suspected volume depletion should
include vital signs, urine output, mental status, and physical examination.
Placement of a CVP line provides a useful (although indirect and insensitive)
estimate of the relationship between increased right atrial pressure and CO.
The indications for pulmonary artery catheterization are controversial.
Because there is a lack of a well-defined outcome of data associated with
this procedure, its use is presently best reserved for complicated cases of
shock not responding to conventional fluid and medication therapies.
Complications related to catheter insertion, maintenance, and removal
include damage to vessels and organs during insertion, arrhythmias,
infections, and thromboembolic damage.

Laboratory tests indicated for the ongoing monitoring of shock include
electrolytes and renal function tests (blood urea nitrogen, serum creati-
nine); complete blood count to assess possible infection, O,-carrying
capacity of the blood, and ongoing bleeding; PT and aPTT to assess
clotting ability; and lactate concentration and base deficit to detect inade-
quate tissue perfusion.

Cardiovascular and respiratory parameters should be monitored continu-
ously (see Table 12-1). Trends, rather than specific CVP or PAOP num-
bers, should be monitored because of interpatient variability in response.
Successful fluid resuscitation should increase SBP (greater than 90 mm Hg),
CI (greater than 2.2 L/min/m?), and urine output (0.5 to 1 mL/kg/hour) while
decreasing SVR to the normal range. MAP greater than 60 mm Hg should be
achieved to ensure adequate cerebral and coronary perfusion pressure.
Intravascular volume overload is characterized by high filling pressures (CVP
greater than 12 to 15 mm Hg, PAOP greater than 20 to 24 mm Hg) and
decreased CO (less than 3.5 L/min). If volume overload occurs, furosemide, 20
to 40 mg, should be administered by slow IV push to produce rapid diuresis of
intravascular volume and “unload” the heart through venous dilation.
Coagulation problems are primarily associated with low levels of clotting
factors in stored blood as well as dilution of endogenous clotting factors and
platelets following administration of the blood. As a result, a coagulation panel
(PT, international normalized ratio, aPTT) should be checked in patients
undergoing replacement of 50% to 100% of blood volume in 12 to 24 hours.

See Chap. 25, Use of Vasopressors and Inotropes in the Pharmacotherapy of
Shock, authored by Robert MacLaren, Maria I. Rudis, and Joseph F. Dasta, and
Chap. 26, Hypovolemic Shock, authored by Brian L. Erstad, for a more detailed
discussion of this topic.
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CHAPTER

DEFINITION

Stroke is a term used to describe an abrupt onset of focal neurologic deficit
that lasts at least 24 hours and is presumed to be of vascular origin. Stroke
can be either ischemic or hemorrhagic in origin. Transient ischemic
attacks (TIAs) are focal ischemic neurologic deficits lasting less than 24
hours and usually less than 30 minutes.

PATHOPHYSIOLOGY

RISK FACTORS FOR STROKE

Nonmodifiable risk factors for stroke include increased age, male gender,
race (African American, Asian, Hispanic), family history of stroke, and low
birth weight.

The major modifiable risk factors include hypertension and cardiac disease
(especially atrial fibrillation).

Other major risk factors include diabetes mellitus, dyslipidemia, and
cigarette smoking.

ISCHEMIC STROKE

Ischemic strokes account for 88% of all strokes and are due either to local
thrombus formation or to emboli that occlude a cerebral artery. Cerebral
atherosclerosis is a causative factor in most cases of ischemic stroke, although
30% are of unknown etiology. Emboli can arise either from intra- or
extracranial arteries. Twenty percent of embolic strokes arise from the heart.
In carotid atherosclerosis, plaques may rupture, resulting in collagen expo-
sure, platelet aggregation, and thrombus formation. The clot may cause local
occlusion or may dislodge and travel distally, eventually occluding a cerebral
vessel.

In the case of cardiogenic embolism, stasis of blood flow in the atria or
ventricles leads to formation of local clots that can dislodge and travel
through the aorta to the cerebral circulation.

The final result of both thrombus formation and embolism is arterial
occlusion, decreasing cerebral blood flow and causing ischemia and
ultimately infarction distal to the occlusion.

HEMORRHAGIC STROKE

Hemorrhagic strokes account for 12% of strokes and include subarachnoid
hemorrhage, intracerebral hemorrhage, and subdural hematomas. Sub-
arachnoid hemorrhage may result from trauma or rupture of an intracranial
aneurysm or arteriovenous malformation. Intracerebral hemorrhage occurs
when a ruptured blood vessel within the brain parenchyma causes forma-
tion of a hematoma. Subdural hematomas are most often caused by trauma.
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+ The presence of blood in the brain parenchyma causes damage to sur-
rounding tissue through a mass effect and the neurotoxicity of blood
components and their degradation products. Compression of tissue sur-
rounding hematomas may lead to secondary ischemia. Much of the early
mortality of hemorrhagic stroke is due to an abrupt increase in intracranial
pressure that can lead to herniation and death.

CLINICAL PRESENTATION

+ The patient may not be able to give a reliable history because of cognitive
or language deficits. This information may need to be obtained from
family members or other witnesses.

+ The patient may experience weakness on one side of the body, inability to
speak, loss of vision, vertigo, or falling. Ischemic stroke is not usually
painful, but headache may occur and may be severe in hemorrhagic stroke.

+ Patients usually have multiple signs of neurologic dysfunction on physical
examination. The specific deficits observed depend upon the area of the
brain involved. Hemi- or monoparesis and hemisensory deficits are
common. Patients with posterior circulation involvement may present
with vertigo and diplopia. Anterior circulation strokes commonly result in
aphasia. Patients may also experience dysarthria, visual field defects, and
altered levels of consciousness.

DIAGNOSIS

+ Laboratory tests for hypercoagulable states should be done only when the
cause of the stroke cannot be determined based on the presence of well-
known risk factors. Protein C, protein S, and antithrombin III are best
measured in steady state rather than in the acute stage. Antiphospholipid
antibodies are of higher yield but should be reserved for patients aged less
than 50 years and those who have had multiple venous or arterial throm-
botic events or livedo reticularis.

+ Computed tomography (CT) head scan will reveal an area of hyperinten-
sity (white) in an area of hemorrhage and will be normal or hypointense
(dark) in an area of infarction. The area of infarction may not be visible on
CT scan for 24 hours (and rarely longer).

+ Magnetic resonance imaging of the head will reveal areas of ischemia with
higher resolution and earlier than the CT scan. Diffusion-weighted imag-
ing will reveal an evolving infarct within minutes.

+ Carotid Doppler studies will determine whether there is a high degree of
stenosis in the carotid arteries.

+ The electrocardiogram will determine whether atrial fibrillation is present.

+ A transthoracic echocardiogram can detect valve or wall motion abnor-
malities that are sources of emboli to the brain.

+ A transesophageal echocardiogram is a more sensitive test for left atrial
thrombus. It is also effective in examining the aortic arch for atheroma,
another potential source of emboli.
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Transcranial Doppler can determine the presence of intracranial sclerosis
(e.g., middle cerebral artery stenosis).

DESIRED OUTCOME

The goals of treatment for acute stroke are to: (1) reduce the ongoing
neurologic injury and decrease mortality and long-term disability; (2) prevent
complications secondary to immobility and neurologic dysfunction; and
(3) prevent stroke recurrence.

TREATMENT

GENERAL APPROACH

The initial approach is to ensure adequate respiratory and cardiac support
and to determine quickly whether the lesion is ischemic or hemorrhagic
based on a CT scan.

Ischemic stroke patients presenting within hours of symptom onset should
be evaluated for reperfusion therapy.

Elevated blood pressure should remain untreated in the acute period (first
7 days) after ischemic stroke because of the risk of decreasing cerebral
blood flow and worsening symptoms. The pressure should be lowered if it
exceeds 220/120 mm Hg or there is evidence of aortic dissection, acute
myocardial infarction, pulmonary edema, or hypertensive encephalopa-
thy. If blood pressure is treated in the acute phase, short-acting parenteral
agents (e.g., labetalol, nicardipine, nitroprusside) are preferred.

Patients with hemorrhagic stroke should be assessed to determine whether
they are candidates for surgical intervention via an endovascular or
craniotomy approach.

After the hyperacute phase has passed, attention is focused on preventing
progressive deficits, minimizing complications, and instituting appropri-
ate secondary prevention strategies.

NONPHARMACOLOGIC THERAPY

In acute ischemic stroke, surgical interventions are limited. However,
surgical decompression can be lifesaving in cases of significant swelling
associated with cerebral infarction. An interdisciplinary approach to stroke
care that includes early rehabilitation is very effective in reducing long-
term disability. In secondary prevention, carotid endarterectomy is effec-
tive in reducing stroke incidence and recurrence in appropriate patients.
Carotid stenting may be effective in reducing recurrent stroke risk in
patients at high risk of complications during endarterectomy.

In subarachnoid hemorrhage due to a ruptured intracranial aneurysm or
arteriovenous malformation, surgical intervention to clip or ablate the
vascular abnormality substantially reduces mortality from rebleeding. The
benefits of surgery are less well documented in cases of primary intracere-
bral hemorrhage. In patients with intracerebral hematomas, insertion of
an intraventricular drain with monitoring of intracranial pressure is
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commonly performed. Surgical decompression of a hematoma is contro-
versial except when it is a last resort in a life-threatening situation.

PHARMACOLOGIC THERAPY OF ISCHEMIC STROKE

* The American Heart Association/American Stroke Association (AHA/
ASA) Stroke Council guidelines for the management of acute ischemic
stroke give grade A recommendations (i.e., evidence supported by data
from randomized trials) to only two pharmacologic therapies: (1) IV tissue
plasminogen activator (alteplase) within 3 hours of onset; and (2) aspirin
within 48 hours of onset. Evidence-based recommendations for pharma-
cotherapy of ischemic stroke are given in Table 13-1.

+ Alteplase initiated within 3 hours of symptom onset has been shown to
reduce the ultimate disability due to ischemic stroke. A head CT scan must
be obtained to rule out hemorrhage before beginning therapy. The patient
must also meet specific inclusion criteria and no exclusionary criteria (Table
13-2). The dose is 0.9 mg/kg (maximum 90 mg) infused IV over 1 hour after
a bolus of 10% of the total dose given over 1 minute. Anticoagulant and

V-:INR S Bl Recommendations for Pharmacotherapy of Ischemic Stroke

Recommendation
Recommendation Grades”
Acute treatment Alteplase 0.9 mg/kg IV (maximum 90 mg) over 1 hour  Class |, Level A

in selected patients within 3 hours of onset
Aspirin 160-325 mg daily started within 48 hours of onset ~ Class |, Level A
Secondary prevention

Noncardioembolic Antiplatelet therapy Class I, Level A
Aspirin 50-325 mg daily Class lla, Level A
Clopidogrel 75 mg daily Class IIb, Level B
Aspirin 25 mg + extended-release dipyridamole 200 Class lla, Level A

mg twice daily
Cardioembolic (esp. Warfarin (INR =2.5) Class |, Level A
atrial fibrillation)

All patients Antihypertensive treatment Class I, Level A

Previously hypertensive ACE inhibitor + diuretic Class I, Level A

Previously normotensive  ACE inhibitor + diuretic Class lla, Level B

Dyslipidemic Statin Class I, Level A

Normal lipids Statin Class lla, Level B

ACE, angiotensin-converting enzyme; INR, international normalized ratio.
9American Stroke Association Evidence Grading System.
Recommendation Class:
| = Conditions for which there is evidence or general agreement that a procedure or treatment is useful and effective.
Il = Conditions for which there is conflicting evidence or a divergence of opinion about the usefulness/efficacy of a procedure or
treatment.
lla = Weight of evidence/opinion is in favor of usefulness or efficacy.
IIb = Usefulness/efficacy is less well established by evidence/opinion.
Il = Conditions for which there is evidence or general agreement that a procedure or treatment is not useful/effective and in
some cases may be harmful.
Level of Evidence:
A = Data derived from multiple randomized clinical trials.
B = Data derived from a single randomized trial or nonrandomized studies.
C = Expert consensus or case studies.
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17:\:18 3 k&M Inclusion and Exclusion Criteria for Alteplase
Use in Acute Ischemic Stroke

Inclusion Criteria (all YES boxes must be checked before treatment)
YES

QO Age 18 years or older

Q Clinical diagnosis of ischemic stroke causing a measurable neurologic deficit

Q Time of symptom onset well established to be less than 180 minutes before treatment would begin
Exclusion Criteria (all NO boxes must be checked before treatment)
NO

Q Evidence of intracranial hemorrhage on noncontrast head CT

Q Only minor or rapidly improving stroke symptoms

Q High clinical suspicion of subarachnoid hemorrhage even with normal CT

O Active internal bleeding (e.g., GI/GU bleeding within 21 days)
Known bleeding diathesis, including but not limited to platelet count <100,000/mm?®
Patient has received heparin within 48 hours and had an elevated aPTT
Recent use of anticoagulant (e.g., warfarin) and elevated PT (>15 seconds)/INR
Intracranial surgery, serious head trauma, or previous stroke within 3 months
Major surgery or serious trauma within 14 days
Recent arterial puncture at noncompressible site
Lumbar puncture within 7 days
History of intracranial hemorrhage, arteriovenous malformation, or aneurysm
QO Witnessed seizure at stroke onset
QO Recent acute myocardial infarction
Q SBP>185 mm Hg or DBP >110 mm Hg at time of treatment

oy o

aPTT, activated partial thromboplastin time; CT, computed tomography; DBP, diastolic blood pressure; GU, genitourinary; INR,
international normalized ratio; PT, prothrombin time; SBP, systolic blood pressure.

antiplatelet therapy should be avoided for 24 hours, and the patient should
be monitored closely for hemorrhage.

Aspirin 50 to 325 mg/day started between 24 and 48 hours after completion
of alteplase has also been shown to reduce long-term death and disability.
The AHA/ASA guidelines recommend that antiplatelet therapy as the corner-
stone of antithrombotic therapy for the secondary prevention of ischemic
stroke and should be used in noncardioembolic strokes. Aspirin, clopidogrel,
and extended-release dipyridamole plus aspirin are all considered first-line
antiplatelet agents (see Table 13-1). The combination of aspirin and clopido-
grel can only be recommended in patients with ischemic stroke and a recent
history of myocardial infarction or coronary stent placement and then only
with ultra-low-dose aspirin to minimize bleeding risk.

Warfarin is the antithrombotic agent of first choice for secondary prevention
in patients with atrial fibrillation and a presumed cardiac source of embolism.
Elevated blood pressure is common after ischemic stroke, and its treat-
ment is associated with a decreased risk of stroke recurrence. The Joint
National Committee and AHA/ASA guidelines recommend an angioten-
sin-converting enzyme inhibitor and a diuretic for reduction of blood
pressure in patients with stroke or TIA after the acute period (first 7 days).
Angiotensin II receptor blockers have also been shown to reduce the risk
of stroke and should be considered in patients unable to tolerate angiotensin-
converting enzyme inhibitors after acute ischemic stroke.

The National Cholesterol Education Program considers ischemic stroke or
TIA to be a coronary risk equivalent and recommends the use of statins in

160



Stroke | CHAPTER 13

ischemic stroke patients to achieve a low-density lipoprotein cholesterol
concentration of less than 100 mg/dL.

+ Low-molecular-weight heparin or low-dose subcutaneous unfraction-
ated heparin (5,000 units twice daily) is reccommended for prevention of
deep venous thrombosis in hospitalized patients with decreased mobility
due to stroke and should be used in all but the most minor strokes.

+ The use of full-dose unfractionated heparin in the acute stroke period has
not been proven to positively affect stroke outcome, and it significantly
increases the risk of intracerebral hemorrhage. Trials of low-molecular-
weight heparins and heparinoids have been largely negative and do not
support their routine use in stroke patients.

PHARMACOLOGIC THERAPY OF HEMORRHAGIC STROKE

+ There are currently no standard pharmacologic strategies for treating
intracerebral hemorrhage. Medical guidelines for managing blood pres-
sure, increased intracranial pressure, and other medical complications in
acutely ill patients in neurointensive care units should be followed.

+ Subarachnoid hemorrhage due to aneurysm rupture is associated with a
high incidence of delayed cerebral ischemia in the 2 weeks after the bleeding
episode. Vasospasm of the cerebral vasculature is thought to be responsible
for the delayed ischemia and occurs between 4 and 21 days after the bleed.
The calcium channel blocker nimodipine is recommended to reduce the
incidence and severity of neurologic deficits resulting from delayed ischemia.
Nimodipine 60 mg every 4 hours should be initiated on diagnosis and
continued for 21 days in all subarachnoid hemorrhage patients. If hypoten-
sion occurs, it can be managed by reducing the dosing interval to 30 mg

L.C-IREREJ Monitoring Hospitalized Acute Stroke Patients

Treatment Parameter(s) Frequency
Ischemic Alteplase BP, neurologic function, Every 15 minutes x 1 hour; every
stroke bleeding 0.5 hour x 6 hours; every 1 hour
% 17 hours; every shift after
Aspirin Bleeding Daily
Clopidogrel Bleeding Daily
ERDP/ASA Headache, bleeding Daily
Warfarin Bleeding, INR, Hb/Hct INR daily x 3 days; weekly until
stable; monthly
Hemorrhagic BP, neurologic function, ICP Every 2 hours in ICU
stroke Nimodipine (for BP, neurologic function, Every 2 hours in ICU
SAH) fluid status
All patients Temperature, CBC Temp. every 8 hours; CBC daily
Pain (calf or chest) Every 8 hours
Electrolytes and ECG Up to daily
Heparins for DVT Bleeding, platelets Bleeding daily, platelets if sus-
prophylaxis pected thrombocytopenia

BP, blood pressure; CBC, complete blood count; DVT, deep vein thrombosis; ECG, electrocardiogram; ERDP/ASA, extended-release
dipyridamole plus aspirin; Hb, hemoglobin; Hct, hematocrit; ICP, intracranial pressure; ICU, intensive care unit; INR, international
normalized ratio; SAH, subarachnoid hemorrhage.
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every 2 hours (same daily dose), reducing the total daily dose (30 mg every 4
hours), and maintaining intravascular volume and pressor therapy.

EVALUATION OF THERAPEUTIC OUTCOMES

+ Patients with acute stroke should be monitored intensely for the develop-
ment of neurologic worsening, complications, and adverse effects from
treatments. The most common reasons for clinical deterioration in stroke
patients are: (1) extension of the original lesion in the brain; (2) develop-
ment of cerebral edema and raised intracranial pressure; (3) hypertensive
emergency; (4) infection (e.g., urinary and respiratory tract); (5) venous
thromboembolism; (6) electrolyte abnormalities and rhythm disturbances;
and (7) recurrent stroke. The approach to monitoring stroke patients is
summarized in Table 13-3.

See Chap. 22, Stroke, authored by Susan C. Fagan and David C. Hess, for a more
detailed discussion of this topic.

162



Venous Thromboembolism

CHAPTER

DEFINITION

Venous thromboembolism (VTE) results from clot formation in the
venous circulation and is manifested as deep vein thrombosis (DVT) and
pulmonary embolism (PE). A DVT is a thrombus composed of cellular
material (red and white blood cells, platelets) bound together with fibrin
strands. A PE is a thrombus that arises from the systemic circulation and
lodges in the pulmonary artery or one of its branches, causing complete or
partial obstruction of pulmonary blood flow.

PATHOPHYSIOLOGY

The coagulation cascade is a stepwise series of enzymatic reactions that
results in the formation of a fibrin mesh (Fig. 14-1). It can be triggered
through either the intrinsic or extrinsic pathways. The intrinsic pathway is
activated when negatively charged surfaces in contact with the blood
activate factor XII, and activated platelets convert factor XI. The extrinsic
pathway is activated when damaged vascular tissue releases tissue throm-
boplastin. Vascular injury also exposes the subendothelium, causing
adherence, activation, and aggregation of platelets. The intrinsic and
extrinsic pathways meet at a common point with the activation of factor X.
With its partner, factor Va, factor Xa converts prothrombin (II) to
thrombin (ITa), which then cleaves fibrinogen-forming fibrin monomers.
Factor XIII covalently bonds fibrin strands together. The fibrinolytic
protein plasmin ultimately degrades the fibrin mesh into soluble end
products known as fibrin split products or fibrin degradation products.
Three primary components—venous stasis, vascular injury, and hyperco-
agulability (Virchow’s triad)—play a role in the development of a patho-
genic thrombus.

Venous stasis is slowed blood flow in the deep veins of the legs resulting
from damage to venous valves, vessel obstruction, prolonged periods of
immobility, or increased blood viscosity. Conditions associated with
venous stasis include major medical illness (e.g., heart failure, myocardial
infarction), major surgery, paralysis (e.g., stroke, spinal cord injury),
polycythemia vera, obesity, or varicose veins.

Vascular injury may result from major orthopedic surgery (e.g., knee and
hip replacement), trauma (especially fractures of the pelvis, hip, or leg), or
indwelling venous catheters.

Hypercoagulable states include malignancy; activated protein C resistance;
deficiency of protein C, protein S, or antithrombin; factor VIII or XI excess;
antiphospholipid antibodies; and other situations. Estrogens and selective
estrogen receptor modulators have been linked to venous thrombosis,
perhaps due in part to increased serum clotting factor concentrations.
Although a thrombus can form in any part of the venous circulation, the
majority of thrombi begin in the lower extremities. Once formed, a venous
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FIGURE 14-1. Coagulation cascade. (AT, antithrombin; HCII, heparin cofactor II;
TFPI, tissue factor pathway inhibitor.)

thrombus may: (1) remain asymptomatic; (2) lyse spontaneously; (3) obstruct
the venous circulation; (4) propagate into more proximal veins; (5) embolize;
or (6) act in any combination of these ways. Even asymptomatic patients may
experience long-term consequences, such as the postthrombotic syndrome
and recurrent VTE.

CLINICAL PRESENTATION

+ Most patients with VTE never develop symptoms from the acute event.

+ Symptoms of DVT include unilateral leg swelling, pain, tenderness, ery-
thema, and warmth. Physical signs may include a palpable cord and a
positive Homans’ sign.

+ Postthrombotic syndrome (a long-term complication of DVT caused by
damage to venous valves) may produce chronic lower extremity swelling,
pain, tenderness, skin discoloration, and ulceration.
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+ Symptoms of PE include dyspnea, tachypnea, pleuritic chest pain, tachy-
cardia, palpitations, cough, diaphoresis, and hemoptysis. Cardiovascular
collapse, characterized by cyanosis, shock, and oliguria, is an ominous sign.

DIAGNOSIS

+ Assessment of the patient’s status should focus on the search for risk
factors (e.g., increased age, major surgery, previous VTE, trauma, malig-
nancy, hypercoagulable states, and drug therapy). Signs and symptoms of
DVT are nonspecific, and objective tests are required to confirm or exclude
the diagnosis.

+ Radiographic contrast studies are the most accurate and reliable method
for diagnosis of VTE. Contrast venography allows visualization of the
entire venous system in the lower extremity and abdomen. Pulmonary
angiography allows visualization of the pulmonary arteries. The diagnosis
of VTE can be made if there is a persistent intraluminal filling defect on
multiple x-ray films.

* Because contrast studies are expensive, invasive, and technically difficult to
perform and evaluate, noninvasive tests (e.g., ultrasonography, computed
tomography scans, and the ventilation-perfusion scan) are used frequently
for the initial evaluation of patients with suspected VTE.

+ D-dimer is a degradation product of fibrin blood clots, and levels obtained
by a simple blood test are substantially elevated in patients with acute
thrombosis. Although the D-dimer test is a very sensitive marker of clot
formation, elevated levels can result from a variety of other conditions
(e.g., recent surgery or trauma, pregnancy, and cancer). Therefore, a
negative test can help exclude the diagnosis of VTE, but a positive test
cannot confirm the diagnosis.

DESIRED OUTCOME

+ The objectives of treating VTE are to prevent the development of PE and
the postthrombotic syndrome, to reduce morbidity and mortality from the
acute event, and to minimize adverse effects and cost of treatment.

TREATMENT

(Fig. 14-2 and Table 14-1)

UNFRACTIONATED HEPARIN

+ Unfractionated heparin (UFH) is a heterogeneous mixture of sulfated
glycosaminoglycans of variable lengths and pharmacologic properties. The
molecular weight of these molecules ranges from 3,000 to 30,000 daltons
(mean 15,000 daltons).

+ The anticoagulant effect of UFH is mediated through a specific pentasaccha-
ride sequence on the heparin molecule that binds to antithrombin, provok-
ing a conformational change. The UFH-antithrombin complex is 100 to
1,000 times more potent as an anticoagulant than antithrombin alone.
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FIGURE 14-2. Treatment of venous thromboembolism (VTE). (LMWH, low-molec-
ular-weight heparin; PE, pulmonary embolism; SBP, systolic blood pressure; UFH,

unfractionated heparin.)
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17:\: IR V'S B Consensus Guidelines for Venous
Thromboembolism Treatment

Recommendation Grade?
Acute Acute treatment of DVT or PE should be with LMWH, fondaparinu, 1A
anticoagulation intravenous UFH, or adjusted-dose subcutaneous UFH

The dose of UFH should be sufficient to prolong the aPTT to a range 1C+
that corresponds to a plasma heparin level of 0.2 to 0.4 international
units/mL by protamine titration or an anti-Xa level of 0.3 to 0.6
international units/mL

LMWH and fondaparinux are preferred over UFH 2B

An LMWH is preferred in patients with cancer 1A

Duration of acute Treatment with UFH, LMWH, or fondaparinux should be overlapped with 1A
treatment warfarin for at least 5 days and can be stopped when the INR is >2.0;

most patients should have warfarin started at the same time as UFH,
LMWH, or fondaparinux

Patients with cancer should be treated with an LMWH for at least 6 1A
months
A longer period of heparin therapy (approximately 10 days) is 1C
recommended for massive PE or severe iliofemoral thrombosis
Long-term Oral anticoagulation therapy (target INR 2.5, range: 2.0 to 3.0) should be 1A
anticoagulation continued for at least 3 months; if oral anticoagulation therapy is

contraindicated (e.g, pregnancy), a treatment dose of LMWH or
adjusted-dose UFH should be used

Patients with an idiopathic VTE, an inherited disorder of hypercoagula- 1A
bility, or antiphospholipid antibodies should be treated indefinitely
(at least 2.5 years)

Patients with continuing risk factors (e.g., malignancy, immobility) 1C
should be treated for at least 12 months

aPTT, activated partial thromboplastin time; DVT, deep vein thrombosis; INR, international normalized ratio; LMWH, low-molecular-
weight heparin; PE, pulmonary embolism; UFH, unfractionated heparin; VTE, venous thromboembolism.

Refers to grade of recommendation (1A, strong recommendation applying to most patients without reservation; 1C, intermediate-
strength recommendation that may change when stronger evidence becomes available; 1C+, strong recommendation that applies to
most patients in most circumstances; 2B, weak recommendation where alternative approaches likely to be better for some patients
under some circumstances).

Antithrombin inhibits the activity of factors IXa, Xa, XIIa, and thrombin
(ITa). It also inhibits thrombin-induced activation of factors V and VIII.

« UFH prevents the growth and propagation of a formed thrombus and
allows the patient’s own thrombolytic system to degrade the clot.

+ Contraindications to heparin therapy include hypersensitivity to the drug,
active bleeding, hemophilia, severe liver disease with elevated prothrombin
time (PT), severe thrombocytopenia, malignant hypertension, and inabil-
ity to meticulously supervise and monitor treatment.

« UFH must be given parenterally, preferably by the IV or subcutaneous
(SC) route. Intramuscular administration is discouraged because absorp-
tion is erratic and it may cause large hematomas.

+ IV administration is needed when rapid anticoagulation is required. A
weight-based IV bolus dose followed by a continuous IV infusion is
preferred (Table 14-2).

+ The activated partial thromboplastin time (aPTT) should be measured prior
to initiation of therapy then no sooner than 6 hours after beginning the
infusion or after a dose change. The traditional therapeutic range is 1.5 to 2.5

167




SECTION 2 |

Cardiovascular Disorders

:\:] 0 V' 5 I Weight-Based” Dosing for Unfractionated Heparin

Indication

Deep venous thrombosis/pulmonary embolism

Activated Partial Thromboplastin Time (seconds)

<37 (or >12 seconds below institution-specific thera-
peutic range)

37-47 (or 1-12 seconds below institution-specific
therapeutic range)

48-71 (within institution-specific therapeutic range)

72-93 (or 1-22 seconds above institution-specific
therapeutic range)

>93 (or >22 seconds above institution-specific thera-

Administered by Continuous IV Infusion

Initial Loading Dose Initial Infusion Rate

80-100 units/kg 17-20 units/kg/hour
Maximum = 10,000 Maximum = 2,300
units units/hour

Maintenance Infusion Rate
Dose Adjustment

80 units/kg bolus then increase infusion by 4
units/kg/hour

40 units/kg bolus then increase infusion by 2
units/kg/hour

No change

Decrease infusion by 2 units/kg/hour

Hold infusion for 1 hour then decrease by 3 units/

peutic range) kg/hour

9Use actual body weight for all calculations. Adjusted body weight may be used for obese patients (>130% of ideal body weight).

times the mean normal control value. Because of interlaboratory variability,
an institution-specific aPTT therapeutic range that correlates with a plasma
heparin concentration of 0.3 to 0.7 units/mL should be established. The dose
of heparin should be adjusted promptly based on the patient’s response and
the institution-specific therapeutic range (see Table 14-1). Once the target
aPTT is achieved, daily monitoring is indicated for minor dosing adjustments.

Bleeding is the primary adverse effect associated with UFH. The most

common bleeding sites are the GI tract, urinary tract, and soft tissues.

Critical areas include intracranial, pericardial, and intraocular sites as well

as the adrenal glands. Symptoms of bleeding may include severe headache,

joint pain, chest pain, abdominal pain, swelling, tarry stools, hematuria, or
the passing of bright red blood through the rectum.

If major bleeding occurs, UFH should be discontinued immediately and IV

protamine sulfate should be given by slow IV infusion over 10 minutes (1

mg/100 units of UFH infused during the previous 4 hours; maximum 50 mg).

Thrombocytopenia (platelet count less than 150,000/mm?®) is common

and two distinct types can occur:

v Heparin-associated thrombocytopenia is a benign, transient, and mild
phenomenon that usually occurs within the first few days of treatment.
Platelet counts rarely drop below 100,000/mm? and recover with con-
tinued therapy.

v Heparin-induced thrombocytopenia (HIT) is a serious immune-mediated
problem that requires immediate intervention. For patients receiving thera-
peutic UFH doses, a baseline platelet count should be obtained before
therapy is initiated and then every-other-day for 14 days or until therapy is
stopped, whichever occurs first. HIT should be suspected if a patient
develops a thromboembolic event (e.g., DVT, PE, stroke, myocardial infarc-
tion, limb artery occlusion) during or soon after receiving UFH. The platelet
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count invariably drops by more than 50% from baseline and is typically less
than 150,000/mm?>. Platelet counts typically begin to fall after 5 to 10 days of
UFH therapy but may drop sooner if the patient has received UFH in the
past 3 months. Laboratory testing to detect heparin antibodies must be
performed to confirm the diagnosis of HIT. All sources of heparin (includ-
ing heparin flushes) should be discontinued immediately, and an alternative
anticoagulant should be initiated. Anticoagulants that rapidly inhibit
thrombin activity and are devoid of significant cross-reactivity with hep-
arin—PF-4 antibodies are the drugs of choice. The direct thrombin inhibi-
tors lepirudin and argatroban are FDA approved for this use; bivalirudin
is also commercially available (see section on direct thrombin inhibitors).
Bruising, local irritation, mild pain, erythema, histamine-like reactions, and
hematoma can occur at the site of injection. Hypersensitivity reactions
involving chills, fever, urticaria, and rarely bronchospasm, nausea, vomiting,
and shock have been reported in patients with HIT. Long-term UFH has
been reported to cause alopecia, priapism, hyperkalemia, and osteoporosis.

LOW-MOLECULAR-WEIGHT HEPARINS

Low-molecular-weight heparins (LMWHs) are fragments of UFH that are
heterogeneous mixtures of sulfated glycosaminoglycans with approxi-
mately one-third the molecular weight of UFH.
Advantages of LMWHSs over UFH include: (1) more predictable anticoagu-
lation dose response; (2) improved SC bioavailability; (3) dose-independent
clearance; (4) longer biologic half-life; (5) lower incidence of thrombocyto-
penia; and (6) less need for routine laboratory monitoring.
Like UFH, the LMWHs enhance and accelerate the activity of antithrom-
bin and prevent the growth and propagation of formed thrombi. The peak
anticoagulant effect is seen in 3 to 5 hours after SC dosing.
The usefulness of LMWHSs has been evaluated extensively for many
indications, including acute coronary syndromes, DVT, PE, and preven-
tion of VTE in several high-risk populations.
SC dosage regimens are based on body weight and vary depending upon
the product and indication. The recommended doses (based on actual
body weight) for treatment of DVT with or without PE are:
v Enoxaparin (Lovenox) 1 mg/kg every 12 hours or 1.5 mg/kg every 24 hours
v Dalteparin (Fragmin) 100 units/kg every 12 hours or 200 units/kg every
24 hours
v Tinzaparin (Innohep) 175 units/kg every 24 hours
Because the LMWHs achieve predictable anticoagulant response when
given subcutaneously, routine laboratory monitoring is unnecessary to
guide dosing. The PT and aPTT are minimally affected by LMWH. Prior
to the initiation of therapy, a baseline PT/international normalized ratio
(INR), aPTT, complete blood cell count (CBC) with platelet count, and
serum creatinine should be obtained. Periodic monitoring of the CBC and
platelet counts and occult fecal blood is recommended during therapy.
Measuring antifactor Xa activity may be helpful in patients who have
significant renal impairment, weigh less than 50 kg, are morbidly obese,
require prolonged therapy (e.g., more than 14 days), are pregnant, or are
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at a very high risk for bleeding or thrombotic recurrence. Samples for
antifactor Xa activity should be drawn approximately 4 hours after the
second or third SC injection. For the treatment of VTE, an acceptable
target range is 0.5 to 1 unit/mL.

+ As with UFH, bleeding is the most common adverse effect of the LMWHs,
but major bleeding may be less common than with UFH. Minor bleeding
occurs frequently, particularly at the site of injection. If major bleeding
occurs, protamine sulfate should be administered IV, although it cannot
neutralize the anticoagulant effect completely. The recommended dose of
protamine sulfate is 1 mg per 1 mg of enoxaparin or 1 mg per 100 antifactor
Xa units of dalteparin or tinzaparin administered in the previous 8 hours. If
the LMWH dose was given in the previous 8 to 12 hours, the protamine
sulfate dose is 0.5 mg per 100 antifactor Xa units. Protamine sulfate is not
recommended if the LMWH was given more than 12 hours earlier.

FONDAPARINUX

+ Fondaparinux sodium (Arixtra) is a selective inhibitor of factor Xa. Similar
to UFH and the LMWH, it binds to antithrombin, greatly accelerating its
activity. However, it has no direct effect on thrombin activity at therapeutic
plasma concentrations. It is approved for prevention of VTE in patients
undergoing orthopedic (hip fracture, hip and knee replacement) surgery and
for treatment of VIE and PE. For VTE prevention, the dose is 2.5 mg
subcutaneously once daily starting 6 to 8 hours after surgery. For treatment
of DVT and PE, the usual dose is 7.5 mg subcutaneously once daily. A CBC
should be measured at baseline and periodically thereafter to detect occult
bleeding. Signs and symptoms of bleeding should be monitored daily.
Patients receiving fondaparinux do not require routine coagulation testing.

DIRECT THROMBIN INHIBITORS

+ These agents interact directly with thrombin and do not require anti-
thrombin to have antithrombotic activity. They are capable of inhibiting
both circulating and clot-bound thrombin, which is a potential advantage
over UFH and the LMWHs. They also do not induce immune-mediated
thrombocytopenia and are widely used for the treatment of HIT.

+ Lepirudin (Refludan) is indicated for anticoagulation in patients with HIT
and associated thrombosis to prevent further thromboembolic complica-
tions. The recommended dose is 0.4 mg/kg as an IV bolus over 15 to 20
seconds, followed by a 0.15-mg/kg/hour continuous IV infusion for 2 to 10
days or longer if clinically needed. After obtaining a baseline aPTT, an
aPTT should be obtained at least 4 hours after starting the infusion and
then at least daily thereafter. The dose should be titrated to achieve an
aPTT 1.5 to 2.5 times control. Dose adjustment is required in patients with
impaired renal function. Many patients develop antibodies to lepirudin,
which may increase its anticoagulant effect; close monitoring of aPTT is
necessary during prolonged therapy. Because fatal anaphylaxis has been
reported in patients who developed antibodies, patients should not be
treated with lepirudin more than once.
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* Bivalirudin (Angiomax, formerly known as Hirulog) has several indica-
tions: (1) use as an anticoagulant in patients with unstable angina under-
going percutaneous transluminal coronary angioplasty; (2) with provisional
use of glycoprotein IIb/IIIa inhibitor for use as an anticoagulant in patients
undergoing percutaneous coronary intervention; (3) for patients with (or at
risk of) HIT undergoing PCI. For PCI, the recommended dose is an IV
bolus of 0.75 mg/kg followed by a continuous infusion of 1.75 mg/kg/hour
for the duration of the PCI procedure. Bivalirudin is intended for use with
aspirin 300 to 325 mg/day. The activated clotting time is used to monitor
the anticoagulant effect of bivalirudin.

+ Argatroban has two indications: (1) prevention or treatment of thrombo-
sis in patients with HIT; and (2) as an anticoagulant in patients with HIT,
or at risk of HIT, who are undergoing PCI. The recommended dose for the
treatment of HIT is 2 mcg/kg/min by continuous IV infusion. The first
aPTT should be obtained 2 hours after initiation. The dose can be adjusted
as clinically indicated (maximum 10 mcg/kg/min) until the aPTT is 1.5 to
3 times control.

¢ Desirudin (Iprivask) is approved for prevention of DVT in patients
undergoing elective hip replacement surgery; it is expected to be available
for sale in the United States in late 2008. The recommended dose is 15 mg
subcutaneously every 12 hours beginning 5 to 15 minutes prior to surgery
and for up to 12 days thereafter. Daily aPTT monitoring is recommended.

+ Contraindications are similar to those of other antithrombotic drugs, and
hemorrhage is the most common and serious adverse effect. For all agents
in this class, a CBC should be obtained at baseline and periodically
thereafter to detect potential bleeding. There are no known agents that
reverse the activity of direct thrombin inhibitors.

WARFARIN

+ Warfarin inhibits the enzymes responsible for the cyclic interconversion
of vitamin K in the liver. Reduced vitamin K is a cofactor required for the
carboxylation of the vitamin K-dependent coagulation proteins pro-
thrombin (II); factors VII, IX, and X; and the endogenous anticoagulant
proteins C and S. By reducing the supply of vitamin K available to serve as
a cofactor in the production of these proteins, warfarin indirectly slows
their rate of synthesis. By suppressing the production of clotting factors,
warfarin prevents the initial formation and propagation of thrombi.
Warfarin has no direct effect on previously circulating clotting factors or
previously formed thrombi. The time required to achieve its anticoagulant
effect depends on the elimination half-lives of the coagulation proteins.
Because prothrombin has a 2- to 3-day half-life, warfarin’s full antithrom-
botic effect is not achieved for 8 to 15 days after initiation of therapy.

+ Warfarin should begin concurrently with UFH or LMWH therapy. For
patients with acute VTE, heparin and warfarin therapy should be over-
lapped for at least 4 to 5 days, regardless of whether the target INR has been
achieved earlier. The UFH or LMWH can then be discontinued once the
INR is within the desired range for 2 consecutive days.
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* Guidelines for initiating warfarin therapy are given in Fig. 14-3. The usual
initial dose is 5 to 10 mg. In older patients (age >60 years) and those taking
potentially interacting medications, a starting dose of 2.5 mg should be
considered.

+ Warfarin therapy is monitored by the INR (target: 2 to 3 for DVT or PE).
After an acute thromboembolic event, the INR should be measured
minimally every 3 days during the first week of therapy. In general, dose
changes should not be made more frequently than every 3 days. Doses
should be adjusted by calculating the weekly dose and reducing or
increasing it by 5% to 25%. The effect of a small dose change may not
become evident for 5 to 7 days. Once the patient’s dose response is
established, an INR should be determined every 7 to 14 days until it
stabilizes and then every 4 weeks thereafter.

« If the initial thrombotic event was associated with a major transient or
reversible factor (e.g., hospitalization), only 3 months of oral anticoagula-
tion is warranted. For VTE associated with a minor transient or reversible
factor (e.g., within 6 weeks of starting estrogen therapy), 3 months is
reasonable but some experts prefer 6 months of treatment. Patients with
unprovoked (idiopathic) VTE have a high recurrence rate and should be
considered for indefinite oral anticoagulation if possible, but should
receive at least 6 to 12 months of therapy. Indefinite or lifelong anticoagu-
lation should be considered for patients with recurrent VTE events or one
of the thrombophilias known to impart a high lifetime risk of thrombosis.

+ Hemorrhagic complications ranging from mild to severe and life-threaten-
ing can occur at any body site. The GI tract is the most frequent site of
bleeding. Bruising on the arms and legs is common, but a painful hematoma
may necessitate temporary discontinuation of therapy. Intracranial hemor-
rhage is the most serious complication and often results in permanent
disability and death. Fig. 14-4 outlines guidelines for managing an elevated
INR. Patients with a mildly elevated INR (3.5 to 5) and no signs or
symptoms of bleeding can usually be managed by either reducing the dose
or holding one or two warfarin doses. If rapid reduction of an elevated INR
is required, oral or IV administration of vitamin K; (phytonadione) can be
given. Oral administration is preferable in the absence of major bleeding.
The IV route produces the most rapid reversal of anticoagulation, but it has
been associated with anaphylactoid reactions. If the INR is 5 to 9, warfarin
doses may be withheld or may be combined with oral phytonadione 1 to 5
mg. If the INR is greater than 9, a 5-mg oral dose is recommended. Low
vitamin K doses reduce the INR consistently within 24 hours without
making the patient refractory to warfarin. In the event of serious or life-
threatening bleeding, IV vitamin K should be administered together with
fresh-frozen plasma, clotting factor concentrates, or recombinant factor VIL

+ Nonhemorrhagic adverse effects include the rare “purple toe syndrome”
and skin necrosis.

+ Absolute contraindications to warfarin include active bleeding, hemor-
rhagic tendencies, pregnancy, and a history of warfarin-induced skin
necrosis. It should be used with great caution in patients with a history of
GI bleeding, recent neurosurgery, alcoholic liver disease, severe renal
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Can a PT/INR be obtained

No

Yes
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CHAPTER 14

Start warfarin with 5 mg daily
Consider 2.5-mg dose if patient age
>60 years; concurrent use of
interacting medications; or
bleeding risk is high

Start warfarin with 5 mg daily
Consider 7.5-10 mg dose if patient
age <60 years; concurrent use of
interacting medications; and
bleeding risk is low

Measure PT/INR on day 3 or 4

INR <1.5—increase weekly dose 10-25%

INR = 1.5—-19—no dose change

INR = 2.0-2.5—decrease weekly dose 25-50%
INR = 2.5—decrease weekly dose 50% or hold

Measure PT/INR on day 2

INR <1.5—no dose change

INR = 1.5—1.9—decrease dose 25-50%
INR = 2.0-2.5—decrease dose 50-75%
INR >2.5—hold next dose

Measure PT/INR on days 5-7

INR <1.5—increase weekly dose 10-25%

INR = 1.5-19—increase weekly dose 0-20%

INR = 2.0-3.0—no dose change

INR >3.0—decrease weekly dose 10-25%
or hold

Measure PT/INR on day 3
INR <1.5—increase dose 0-25%
INR = 1.5-1.9—mno dose change
INR = 2.0-2.5—decrease dose 25-50%
INR = 2.5—decrease 50% or hold
next dose

Measure PT/INR on days 8-10

INR <1.5—increase weekly dose 15-35%

INR = 1.5-1.9—increase weekly dose 5-20%

INR = 2.0-3.0—no dose change

INR >3.0—decrease weekly dose 10-25%
or hold

Measure PT/INR on day 4
INR <1.5—increase dose 0-25%
INR = 1.5—1.9—no dose change or
increase 10-25%
INR = 2.0-3.0—decrease dose 0-25%
INR >3.0—decrease 50% or hold
next dose

Measure PT/INR on days 11-14

INR <1.6—increase weekly dose 15-35%

INR = 1.6-1.9—increase dose 5-20%

INR = 2.0-3.0—no dose change

INR >3.0—decrease weekly dose 5-20%
or hold

A

Measure PT/INR on day 5

INR <1.5—increase dose 25%

INR = 1.5-1.9—increase dose 0-25%

INR = 2.0-3.0—no dose change or
decrease dose 10-25%

INR >3.0—decrease 25-50%

FIGURE 14-3. Initiation of warfarin therapy. (INR, international normalized ratio;

PT, prothrombin time.)
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Is the patient experiencing signs or symptoms of bleeding? OR
Is rapid reversal of excessive anticoagulation required?

I
Yes i ¢ No

Determine the site and severity of What is the INR
bleeding. value?

Administer vitamin K 10 mg via slow
IV infusion, along with fresh-frozen

plasma, rFVII, or prothrombin complex * ¢

as needed. Check INR in 12 hours Y

and repeat vitamin K infusion as Above therapeutic

needed until INR normalized or within range but <5.0 5.0-9.0 >9.0

therapeutic range.

v

Omit next 1-2 doses of
warfarin. Check INR in 3-7 days. Omit next 1-3 doses of
Restart warfarin at reduced dose. warfarin
A\ and
. . Administer vitamin K
Does the patient have risk 5-10 mg orally.

factors for bleeding? | | cpeck INR in 1224 hours.

N —

If INR still elevated
Yes No above 9, repeat
¢ Y administration of
. . vitamin K.
Omit next 1_3. doses of _Are conditions presentl that Check INR every 24 hours.
warfarin increase the patlent’§ risk of Restart warfarin at
N andl ) thromb_oerpbollc reduced dose once
administer vitamin K complications? therapeutic.
2.5 mg orally. Check INR
every 24-48 hours.
Restart at reduced dose.
Yes
No
v v
Omit next 1-3 doses of Omit next 1-3 doses of
warfarin. Consider warfarin
administering vitamin K 2.5 mg orally if and
INR >8.0. Avoid using higher doses administer vitamin K 2.5—-5 mg
(5-10 mg) of vitamin K. Check INR every orally and check INR every
24-48 hours. Restart at reduced 24-48 hours. Restart at reduced
dose once therapeutic. dose once therapeutic.

FIGURE 14-4. Management of an elevated international normalized ratio (INR) in
patients taking warfarin. Dose reductions should be made by determining the
weekly warfarin dose and reducing the weekly dose by 10% to 25% based on the
degree of INR elevation. Conditions that increase the risk of thromboembolic
complications include history of hypercoagulability disorders (e.g., protein C or S
deficiency, presence of antiphospholipid antibodies, antithrombin deficiency, acti-
vated protein C resistance), arterial or venous thrombosis within the previous
month, thromboembolism associated with malignancy, and mechanical mitral valve
in conjunction with atrial fibrillation, previous stroke, poor ventricular function, or
coexisting mechanical aortic valve. (rFVII, recombinant factor VII.)
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impairment, or inability to keep follow-up appointments for monitoring.

+ Because of the large number of food—drug and drug-drug interactions

with warfarin, close monitoring and additional INR determinations may
be indicated whenever other medications are initiated, or discontinued, or
an alteration in consumption of vitamin K—containing foods is noted.

THROMBOLYSIS AND THROMBECTOMY

Thrombolytic agents are proteolytic enzymes that enhance the conversion
of plasminogen to plasmin, which subsequently degrades the fibrin matrix.
In the management of PE, thrombolytics restore pulmonary artery patency
more rapidly when compared to UFH alone, but this early benefit does not
improve long-term patient outcomes. Thrombolytic therapy has not been
shown to improve morbidity or mortality and is associated with a substan-
tial risk of hemorrhage. For these reasons, thrombolytics should be reserved
for patients with PE who are most likely to benefit (e.g., those who present
with shock, hypotension, right ventricular strain, or massive DVT with limb
gangrene).

Three thrombolytic agents and regimens are available for treatment of

DVT and/or PE:

v Streptokinase (Streptase): 250,000 units IV over 30 minutes followed by
a continuous IV infusion of 100,000 units/hour for 24 hours (PE) or 24
to 72 hours (DVT).

v Urokinase (Abbokinase): For PE, 4,400 international units/kg IV over 10
minutes followed by 4,400 international units/kg/hour for 12 to 24 hours.

v Alteplase (Activase): For PE, 100 mg by IV infusion over 2 hours.

UFH should not be used during thrombolytic therapy. The aPTT should

be measured after the completion of thrombolytic therapy. If the aPTT at

that time is <2.5 times control, a UFH infusion should be started and
adjusted to maintain the aPTT in the therapeutic range. If the posttreat-

ment aPTT is >2.5 times control, it should be remeasured every 2 to 4

hours and a UFH infusion started when the aPTT is <2.5 times control.

Venous thrombectomy may be performed to remove a massive obstructive

thrombus in a patient with significant iliofemoral venous thrombosis,

particularly if the patient is either not a candidate for or has not responded
to thrombolysis. Full-dose anticoagulation therapy is essential during the
entire operative and postoperative period. These patients need indefinite

oral anticoagulation therapy targeted to an INR of 2.5 (range 2.0 to 3.0).

PREVENTION OF VENOUS THROMBOEMBOLISM

Nonpharmacologic methods improve venous blood flow by mechanical
means and include early ambulation, electrical stimulation of calf muscles
during prolonged surgery, graduated compression stockings, intermittent
pneumatic compression devices, and inferior vena cava filters.

Pharmacologic techniques counteract the propensity for thrombosis for-
mation by dampening the coagulation cascade. Appropriately selected
therapy can dramatically reduce the incidence of VTE after hip or knee
replacement, general surgery, myocardial infarction, and ischemic stroke.
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L7:\: 1R VB3 Risk Classification and Consensus
Guidelines for VTE Prevention

Level of Risk

Low
Minor surgery, age <40 years, and no dlinical risk factors
Moderate
Major or minor surgery, age 40-60 years, and no clinical risk
factors
Major surgery, age <40 years and no clinical risk factors
Minor surgery, with clinical risk factor(s)
Acutely ill (e.g., MI, ischemic stroke, CHF exacerbation), and
no clinical risk factors
High
Major surgery, age >60 years, and no clinical risk factors
Major surgery, age 40-60 years, with clinical risk factor(s)
Acutely ill (e.g., MI, ischemic stroke, CHF exacerbation), with
risk factor(s)

Highest
Major lower extremity orthopedic surgery
Hip fracture
Multiple trauma
Major surgery, age >40 years, and prior history of VTE
Major surgery, age >40 years, and malignancy
Major surgery, age >40 years, and hypercoagulable state
Spinal cord injury or stroke with limb paralysis

Prevention Strategies

Ambulation

UFH 5,000 units SCq 12 h
Dalteparin 2,500 units SC q 24 h
Enoxaparin 40 mg SC g 24 h
Tinzaparin 3,500 units SC q 24 h
IPC

Graduated compression stockings

UFH 5,000 units SCq 8 h
Dalteparin 5,000 units SC q 24 h
Enoxaparin 40 mg SC q 24 h
Fondaparinux 2.5 mg SC q 24 h
Tinzaparin 75 units/kg SC q 24 h
IPC
Adjusted dose UFH SC q 8 h (aPTT >36
seconds)
Dalteparin 5,000 units SC q 24 h
Desirudin 15mg SCq 12 h
Enoxaparin 30 mg SCq 12 h
Fondaparinux 2.5 mg SC q 24 h
Tinzaparin 75 units/kg SC q 24 h
Warfarin (INR = 2.0-3.0)
IPC with UFH 5,000 units SCq 8 h

aPTT, activated partial thromboplastin time; CHF, congestive heart failure; INR, international normalized ratio; IPC, intermittent
pneumatic compression; MI, myocardial infarction; UFH, unfractionated heparin; VTE, venous thromboembolism.

The LMWHs and fondaparinux provide superior protection against VITE
compared with low-dose UFH. Even so, UFH is a highly effective, cost-
conscious choice for many patients, provided that it is given in the
appropriate dose (Table 14-3). Adjusted-dose SC UFH with doses adjusted
to maintain the aPTT at high-normal is more effective than low-dose UFH
in the highest risk patients (hip and knee replacement surgery). There is no
evidence that one LMWH is superior to another for the prevention of VTE.
Warfarin is commonly used for VTE prevention after orthopedic surgeries
of the lower extremities, but evidence is equivocal regarding its relative
effectiveness compared to LMWH for preventing clinically important VTE
events in the highest risk populations.

Prophylaxis should be continued throughout the period of risk. For
general surgical procedures and medical conditions, prophylaxis can be
discontinued once the patient is able to ambulate regularly and other risk
factors are no longer present. Most clinical trials support the use of
antithrombotic therapy for 21 to 35 days after total hip replacement and
hip fracture repair surgeries.
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EVALUATION OF THERAPEUTIC OUTCOMES

+ Patients should be monitored for resolution of symptoms, the develop-
ment of recurrent thrombosis, and symptoms of the postthrombotic
syndrome, as well as for adverse effects from the treatments described in
this chapter.

+ Hemoglobin, hematocrit, and blood pressure should be monitored care-
fully to detect bleeding from anticoagulant therapy.

+ Coagulation tests (aPTT, PT, INR) should be performed prior to initiating
therapy to establish the patient’s baseline values and guide later anticoag-
ulation.

+ Outpatients taking warfarin should be questioned about medication
adherence and symptoms related to bleeding and thromboembolic com-
plications. Any changes in concurrent medications should be carefully
explored.

See Chap. 21, Venous Thromboembolism, authored by Stuart T. Haines, Daniel
M. Witt, and Edith A. Nutescu, for a more detailed discussion of this topic.
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SECTION 3

Edited by Terry L. Schwinghammer

-I 5 Acne Vulgaris

CHAPTER

DEFINITION

+ Acne vulgaris is a common, usually self-limiting, multifactorial disease involv-
ing inflammation of the sebaceous follicles of the face and upper trunk.

PATHOPHYSIOLOGY

+ The four primary factors involved in the formation of acne lesions are
increased sebum production, sloughing of keratinocytes, bacterial growth,
and inflammation.

+ Increased androgen activity at puberty triggers growth of sebaceous glands
and enhanced sebum production. Sebum consists of glycerides, wax esters,
squalene, and cholesterol. Glyceride is converted to free fatty acids and glycerol
by lipases, which are products of Propionibacterium acnes. Free fatty acids may
irritate the follicular wall and cause increased cell turnover and inflammation.

+ The primary lesion, the comedo, forms as a result of plugging of the
pilosebaceous follicle. The follicular canal widens, and cell production
increases. Sebum mixes with excess loose cells in the follicular canal to form
a keratinous plug. This appears as an open comedo, or “blackhead” (because
of melanin accumulation). Inflammation or trauma to the follicle may lead
to formation of a closed comedo, or “whitehead.” Closed comedones can
become larger, inflammatory lesions secondary to P. acnes activity. P. acnes
is a resident anaerobic organism that proliferates in the environment created
by the mixture of excessive sebum and keratinocytes. It can trigger inflam-
matory acne lesions by producing biologically active mediators and promot-
ing proinflammatory cytokine release.

« If the follicular wall is damaged or ruptured, follicle contents may extrude
into the dermis and present as a pustule.

A primary factor in the development of acne is an alteration in the pattern
of keratinization within the follicle. Increased production and sloughing of
keratinocytes correlate with comedo formation.

CLINICAL PRESENTATION

+ Acne lesions typically occur on the face, back, upper chest, and shoulders.
Severity varies from a mild comedonal form to severe inflammatory
necrotic acne. The disease is categorized as mild, moderate, or severe,
depending on the type and severity of lesions.

+ Lesions may take months to heal completely, and fibrosis associated with
healing may lead to permanent scarring.
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DIAGNOSIS

+ Diagnosis is established by observation of acne lesions (e.g., comedones,
pustules, papules, nodules, cysts) on the face, back, or chest. The presence
of five to 10 comedones is usually considered to be diagnostic.

DESIRED OUTCOME

+ The goals of treatment are to prevent the formation of new acne lesions,
heal existing lesions, and prevent or minimize scarring.

TREATMENT

GENERAL APPROACH

+ Patient education about goals, realistic expectations, and dangers of

overtreatment is important to optimize therapeutic outcomes. Treatment

regimens are targeted to types of lesions and acne severity (Fig. 15-1):

v Mild acne usually is managed with topical retinoids alone or with topical
antimicrobials, salicylic acid, or azelaic acid.

v Moderate acne can be managed with topical retinoids in combination
with oral antibiotics and, if indicated, benzoyl peroxide.

v Severe acne is often managed with oral isotretinoin.

Initial treatment is aimed at reducing lesion count and may last from a few

months to several years; chronic indefinite therapy may be required to

maintain control in some cases.

Topical treatment forms include creams, lotions, solutions, gels, and

disposable wipes. Responses to different formulations may depend on skin

type and individual preference.

Antibiotics such as tetracyclines and macrolides are the agents of choice for

papulopustular acne.

Oral isotretinoin is the treatment of choice in severe papulopustular acne

and nodulocystic/conglobate acne. Hormonal therapy may be an effective

alternative in female patients.

NONPHARMACOLOGIC THERAPY

« Surface skin cleansing with soap and water has a relatively small effect on
acne because it has minimal impact within follicles.

Skin scrubbing or excessive face washing does not necessarily open or
cleanse pores and may lead to skin irritation.

Use of gentle, nondrying cleansing agents is important to avoid skin
irritation and dryness during some acne therapies.

TOPICAL PHARMACOTHERAPY

Benzoyl Peroxide

+ Benzoyl peroxide may be used to treat superficial inflammatory acne. It is a
nonantibiotic antibacterial that is bacteriostatic against P. acnes. It is decom-
posed on the skin by cysteine, liberating free oxygen radicals that oxidize
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Acne Treatment Algorithms
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FIGURE 15-1. Algorithms for acne treatment.
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bacterial proteins. It increases the sloughing rate of epithelial cells and
loosens the follicular plug structure, resulting in some degree of comedolytic
activity.

Soaps, lotions, creams, washes, and gels are available in concentrations of
1% to 10%. The 10% concentration is not significantly more effective but
may be more irritating. Gel formulations are usually most potent, whereas
lotions, creams, and soaps have weaker potency. Alcohol-based gel prepa-
rations generally cause more dryness and irritation.

To limit irritation and increase tolerability, begin with a low-potency
formulation (2.5%) and increase either the strength (5% to 10%) or
application frequency (every other day, each day, then twice daily).
Patients should be advised to apply the formulation chosen to cool, clean,
dry skin no more often than twice daily to minimize irritation. Fair or
moist skin is more sensitive; patients should apply the medication to dry
skin at least 30 minutes after washing.

Side effects include dryness, irritation, and allergic contact dermatitis. It
may bleach or discolor some fabrics (e.g., clothing, bed linen, towels).

Tretinoin

Tretinoin (a retinoid; topical vitamin A acid) is a comedolytic agent that
increases cell turnover in the follicular wall and decreases cohesiveness of
cells, leading to extrusion of comedones and inhibition of new comedo
formation. It also decreases the number of cell layers in the stratum
corneum from about 14 to about five.

Tretinoin is available as 0.05% solution (most irritating), 0.01% and
0.025% gels, and 0.025%, 0.05%, and 0.1% creams (least irritating).
Treatment initiation with 0.025% cream is recommended for mild acne in
people with sensitive and nonoily skin, 0.01% gel for moderate acne on
easily irritated skin in people with oily complexions, and 0.025% gel for
moderate acne in those with nonsensitive and oily skin.

Patients should be advised to apply the medication to dry skin approxi-
mately 30 minutes after washing to minimize erythema and irritation.
Slowly increasing the application frequency from every other day to daily
and then twice daily may also increase tolerability.

A flare of acne may appear suddenly after initiation of treatment, followed
by clinical clearing in 8 to 12 weeks. Once control is established, therapy
should be continued at the lowest effective concentration and the longest
effective interval that minimizes acne exacerbations.

Side effects include skin irritation, erythema, peeling, allergic contact dermatitis
(rare), and increased sensitivity to sun exposure, wind, cold, and other irritants.
Concomitant use of an antibacterial agent with tretinoin can decrease
keratinization, inhibit P. acnes, and decrease inflammation. A regimen of
benzoyl peroxide each morning and tretinoin at bedtime may enhance
efficacy and be less irritating than either agent used alone.

Adapalene

Adapalene (Differin) is a third-generation retinoid with comedolytic, kera-
tolytic, and antiinflammatory activity. It is available as 0.1% gel, cream,
alcoholic solution, and pledgets. A 0.3% gel formulation is also available.
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Adapalene is indicated for mild to moderate acne vulgaris. The 0.1% gel
can be used as an alternative to tretinoin 0.025% gel to achieve better
tolerability in some patients.

Coadministration with a topical or oral antibiotic is reasonable for moder-
ate forms of acne.

Tazarotene

Tazarotene (Tazorac) is a synthetic acetylenic retinoid that is converted to
its active form, tazarotenic acid, after topical application.

It is used in the treatment of mild to moderate acne vulgaris and has
comedolytic, keratolytic, and antiinflammatory action.

The product is available as a 0.05% and 0.1% gel or cream.

Dose-related adverse effects include erythema, pruritus, stinging, and burning.

Erythromycin

Erythromycin in concentrations of 1% to 4% with or without zinc is
effective against inflammatory acne. Zinc combination products may
enhance penetration of erythromycin into the pilosebaceous unit.

Topical erythromycin formulations include a gel, lotion, solution, and
disposable pads that are usually applied twice daily.

Development of P. acnes resistance to erythromycin may be reduced by
combination therapy with benzoyl peroxide.

Clindamycin

Clindamycin inhibits P. acnes and provides comedolytic and antiinflam-
matory activity.

It is available as 1% or 2% concentrations in gel, lotion, solution, foam,
and disposable pad formulations and is usually applied twice daily.
Combination with benzoyl peroxide increases efficacy.

Azelaic Acid

Azelaic acid (Azelex) has antibacterial, antiinflammatory, and come-
dolytic activity.

Azelaic acid is useful for mild to moderate acne in patients who do not
tolerate benzoyl peroxide. It is also useful for postinflammatory hyperpig-
mentation because it has skin-lightening properties.

It is available in 20% cream and 15% gel formulations, which are usually
applied twice daily on clean, dry skin.

+ Although uncommon, mild transient burning, pruritus, stinging, and

tingling may occur.

Salicylic Acid, Sulfur, and Resorcinol

Salicylic acid, sulfur, and resorcinol are second-line topical therapies.
They are keratolytic and mildly antibacterial agents. Salicylic acid has
comedolytic and antiinflammatory action.

Each agent has been classified as safe and effective by an FDA advisory
panel. Some combinations may be synergistic (e.g., sulfur and resorcinol).
Keratolytics may be less irritating than benzoyl peroxide and tretinoin, but
they are not as effective comedolytic agents.

Disadvantages include the odor created by hydrogen sulfide on reaction of
sulfur with skin, the brown scale from resorcinol, and (rarely) salicylism
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from long-term use of high concentrations of salicylic acid on highly
permeable (inflamed or abraded) skin.

SYSTEMIC PHARMACOTHERAPY

Isotretinoin

Isotretinoin (Accutane) decreases sebum production, changes sebum com-
position, inhibits P. acnes growth within follicles, inhibits inflammation, and
alters patterns of keratinization within follicles.

It is the treatment of choice for severe nodulocystic acne. It can be used in
patients who have failed conventional treatment as well as those who have
scarring acne, chronic relapsing acne, or acne associated with severe psycho-
logical distress.

Dosing guidelines range from 0.5 to 1 mg/kg/day, but the cumulative dose
taken during a treatment course may be the major factor influencing long-
term outcome. Optimal results are usually attained with cumulative doses of
120 to 150 mg/kg.

A 5-month course is sufficient for most patients. Alternatively, an initial dose of
1 mg/kg/day for 3 months, then reduced to 0.5 mg/kg/day and, if possible, to
0.2 mg/kg/day for 3 to 9 more months may optimize the therapeutic outcome.
Adverse effects are frequent and often dose related. About 90% of patients
experience mucocutaneous effects; drying of the mouth, nose, and eyes is
most common. Cheilitis and skin desquamation occur in more than 80% of
patients. The conjunctiva and nasal mucosa are affected less frequently.
Systemic effects include transient increases in serum cholesterol and triglyc-
erides, increased creatine kinase, hyperglycemia, photosensitivity, pseudo-
tumor cerebri, excess granulation tissue, hepatomegaly with abnormal liver
injury tests, bone abnormalities, arthralgias, muscle stiffness, headache, and
a high incidence of teratogenicity. Patients should be counseled about and
screened for depression during therapy, although a causal relationship to
isotretinoin therapy is controversial.

Because of teratogenicity, contraception is required in female patients
beginning 1 month before therapy, continuing throughout treatment, and
for up to 3 months after discontinuation of therapy. All patients receiving
isotretinoin must participate in the iPLEDGE program, which requires
pregnancy tests and assurances by prescribers and pharmacists that they
will follow required procedures.

Oral Antibacterial Agents

Erythromycin has efficacy similar to tetracycline, but it induces higher
rates of bacterial resistance. Resistance may be reduced by combination
therapy with benzoyl peroxide. Erythromycin can be used for patients who
require systemic antibiotics but cannot tolerate tetracyclines, or those who
acquire bacterial resistance to tetracyclines. The usual dose is 1 g/day with
meals to minimize GI intolerance.

Azithromycin is a safe and effective alternative for moderate to severe
inflammatory acne. Its long half-life permits intermittent dosing three
times a week.
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Tetracyclines inhibit P. acnes, reduce the amount of keratin in sebaceous

follicles, and have antiinflammatory properties (inhibiting chemotaxis,

phagocytosis, complement activation, and cell-mediated immunity). Draw-
backs to tetracyclines include hepatotoxicity and predisposition to infections

(e.g., vaginal candidiasis). Other adverse effects include GI disturbances,

photosensitivity, tooth discoloration in children, and inhibition of skeletal

growth in the developing fetus. Tetracyclines must not be combined with
systemic retinoids because of an increased risk of intracranial hypertension.

v Tetracycline is the least expensive agent in this class and is often
prescribed for initial therapy in moderate to severe acne vulgaris. A
common initial dose is 500 mg twice daily given 1 hour before meals;
after 1 or 2 months when marked improvement is observed, the dose
may be reduced to 500 mg daily for another 1 or 2 months. Tetracycline
administration must be separated from food and dairy products.

v Doxycycline is commonly used for moderate to severe acne vulgaris. It
is more effective and produces less resistance than tetracycline. The
initial dose is 100 or 200 mg daily, followed by 50 mg daily as a
maintenance dose after improvement is seen. Doxycycline may be given
with food, but it is more effective when taken 30 minutes before meals.

v Minocycline is also commonly used for moderate to severe acne
vulgaris. It is more effective than tetracycline. It is dosed similar to
doxycycline (100 mg/day or 50 mg twice daily) and on an indefinite
basis in selected patients. Minocycline has the most reported adverse
effects of the tetracyclines, some of which may be serious.

Trimethoprim-sulfamethoxazole (or trimethoprim alone) is a second-line

oral agent that may be used for patients who do not tolerate tetracyclines and

erythromycin or in cases of resistance to these antibiotics. The adult dose is
usually 800 mg sulfamethoxazole and 160 mg trimethoprim twice daily.

Clindamycin use is limited by diarrhea and the risk of pseudomembra-

nous colitis.

Oral Contraceptives

Oral contraceptives containing both an estrogen and progestin are used as
an alternate treatment for moderate acne in women. Contraceptive agents
currently FDA approved for this indication include norgestimate with
ethinyl estradiol and norethindrone acetate with ethinyl estradiol.

EVALUATION OF THERAPEUTIC OUTCOMES

Information regarding pathogenic factors and the importance of medica-
tion compliance should be conveyed to patients.

Patients should understand that effectiveness of any therapeutic regimen
may require 6 to 8 weeks and that they may also notice an exacerbation of
acne after initiation of topical comedolytic therapy.

See Chap. 100, Acne Vulgaris, authored by Dennis P. West, Amy Lloyd,
Kimberly A. Bauer, Lee E. West, Laura Scuderi, and Giuseppe Micali, for a more
detailed discussion of this topic.
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CHAPTER

DEFINITION

Psoriasis is a common chronic inflammatory disease characterized by recur-
rent exacerbations and remissions of thickened, erythematous, and scaling
plaques.

PATHOPHYSIOLOGY

Cell-mediated immune mechanisms play a central role in psoriasis. Cuta-
neous inflammatory T-cell-mediated immune activation requires two T-
cell signals mediated via cell-cell interactions by surface proteins and
antigen-presenting cells such as dendritic cells or macrophages. The first
signal is the interaction of the T-cell receptor with antigen presented by
antigen-presenting cells. The second signal (called costimulation) is medi-
ated through various surface interactions.

Once T cells are activated, they migrate from lymph nodes and the blood-
stream into skin and secrete various cytokines (e.g., interferon % interleukin
2 [IL-2]) that induce the pathologic changes of psoriasis. Local keratinocytes
and neutrophils are induced to produce other cytokines, such as tumor
necrosis factor-or (TNF-), IL-8, and others.

As a result of pathogenic T-cell production and activation, psoriatic epider-
mal cells proliferate at a rate sevenfold faster than normal epidermal cells.
Epidermal proliferation is also elevated in apparently normal skin of psoriatic
patients.

There is a significant genetic component in psoriasis. Studies of histocom-
patibility antigens in psoriatic patients indicate a number of significant
associations, especially with HLA-Cw6, where the relative likelihood for
developing psoriasis is 9 to 15 times normal.

Climate, stress, alcohol, smoking, infection, trauma, and drugs may
aggravate psoriasis. Warm seasons and sunlight improve psoriasis in 80%
of patients, whereas 90% of patients worsen in cold weather. Psoriatic
lesions may develop at the site of injury (e.g., rubbing, venipuncture, bites,
surgery) on normal-appearing skin (Koebner response). Lithium carbon-
ate, B-adrenergic blockers, some antimalarials, nonsteroidal antiinflam-
matory drugs, and tetracyclines have been reported to exacerbate psoriasis.

CLINICAL PRESENTATION

Psoriatic lesions are relatively asymptomatic, but about 25% of patients
complain of pruritus.

Lesions are characterized by sharply demarcated, erythematous papules
and plaques often covered with silver-white fine scales. Initial lesions are
usually small papules that enlarge over time and coalesce into plaques. If
the fine scale is removed, a salmon-pink lesion is exposed, perhaps with
punctate bleeding from prominent dermal capillaries (Auspitz sign).
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+ Scalp psoriasis ranges from diffuse scaling on an erythematous scalp to
thickened plaques with exudation, microabscesses, and fissures. Trunk,
back, arm, and leg lesions may be generalized, scattered, discrete, droplike
lesions or large plaques. Palms, soles, face, and genitalia may also be
involved. Affected nails are often pitted and associated with subungual
keratotic material. Yellowing under the nail plate may be seen.

Psoriatic arthritis is a distinct clinical entity in which both psoriatic lesions
and inflammatory arthritis-like symptoms occur. Distal interphalangeal
joints and adjacent nails are most commonly involved, but knees, elbows,
wrists, and ankles may also be affected.

DIAGNOSIS

+ The diagnosis is based on physical examination findings of the character-
istic lesions of psoriasis.

+ The medical history of a patient with psoriasis should include information
about the onset and duration of lesions, family history of psoriasis,
presence of exacerbating factors, previous history of antipsoriatic treat-
ment (if any) along with efficacy and adverse effect data, exposure to
chemicals and toxins, and allergies (food, drugs, and environmental).

+ Skin biopsy of lesional skin is useful in confirming the diagnosis.

DESIRED OUTCOME

+ The goal of therapy is to achieve resolution of lesions, but partial clearing
using regimens with decreased toxicity and increased patient acceptability
is acceptable in some cases.

TREATMENT
NONPHARMACOLOGIC THERAPY

+ Emollients (moisturizers) hydrate the stratum corneum and minimize
water evaporation. They may enhance desquamation, eliminate scaling,
and decrease pruritus. The lotions, creams, or ointments often need to be
applied up to four times a day to achieve a beneficial response. Adverse
effects include folliculitis and allergic or irritant contact dermatitis.
Balneotherapy (and climatotherapy) involves bathing in waters contain-
ing certain salts, often combined with natural sun exposure. The salts in
certain waters (e.g., the Dead Sea) reduce activated T cells in skin and may
be remittive for psoriasis.

FIRST-LINE TOPICAL PHARMACOTHERAPY

Keratolytics

+ Salicylic acid is one of the most commonly used keratolytics. It causes a
disruption in corneocyte-to-corneocyte cohesion in the abnormal horny
layer of psoriatic skin. This serves to remove scales, smooth the skin, and
decrease hyperkeratosis. The keratolytic effect enhances penetration and
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efficacy of some other topical agents such as corticosteroids. It is applied as
a 2% to 10% gel or lotion two or three times a day. Salicylic acid produces
local irritation. Application to large, inflamed areas may induce salicylism
with symptoms of nausea, vomiting, tinnitus, or hyperventilation.

Corticosteroids

Topical corticosteroids (Table 16-1) may halt synthesis and mitosis of
DNA in epidermal cells and appear to inhibit phospholipase A, lowering
the amounts of arachidonic acid, prostaglandins, and leukotrienes in the
skin. These effects, coupled with local vasoconstriction, reduce erythema,
pruritus, and scaling. As antipsoriatic agents, they are best used adjunc-
tively with a product that specifically functions to normalize epidermal
hyperproliferation.

Low-potency products (e.g., hydrocortisone 1%) have a weak antiinflam-
matory effect and are safest for long-term application, for use on the face
and intertriginous areas, for use with occlusion, and for use in infants and
young children.

Medium-potency products are used in moderate inflammatory derma-
toses. They may be used on the face and intertriginous areas for a limited
time.

High-potency preparations are used primarily as alternatives to systemic
corticosteroids when local therapy is feasible.

Very high potency products may be used for thick, chronic psoriatic lesions
but for only short periods of time and on relatively small surface areas.
Ointments are the most effective formulations for psoriasis because they
have an occlusive oily phase that conveys a hydrating effect and enhances
penetration of the corticosteroid into the dermis. They are not suited for
use in the axilla, groin, or other intertriginous areas where maceration and
folliculitis may develop secondary to the occlusive effect.

Creams are more cosmetically desirable for some patients. They may be
used in intertriginous areas even though their lower oil content makes
them more drying than ointments.

Topical corticosteroids are applied two to four times daily during long-
term therapy.

Adpverse effects include local tissue atrophy, skin degeneration, and striae. If
detected early, these effects may be reversible with discontinuation. Thin-
ning of the epidermis may result in visibly distended capillaries (telangiec-
tasias) and purpura. Acneiform eruptions and masking of symptoms of
bacterial or fungal skin infections have been reported. Systemic conse-
quences include risk of suppression of the hypothalamic-pituitary-adrenal
axis, hyperglycemia, and development of cushingoid features. Tachyphy-
laxis and rebound flare of psoriasis after abrupt cessation of therapy can also
occur.

Vitamin D Analogs

Vitamin D and its analogs inhibit keratinocyte differentiation and prolif-
eration and have antiinflammatory effects by reducing IL-8, IL-2, and
other cytokines. Use of vitamin D itself is limited by its propensity to cause
hypercalcemia.
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LV:-:IRR (A B Selected Topical Corticosteroids and Vasoconstricting Potency

Corticosteroids

Alclometasone dipropionate
Amcinonide

Beclomethasone dipropionate
Betamethasone benzoate

Betamethasone dipropionate

Betamethasone valerate

Clobetasol propionate
Clobetasol butyrate
Clocortolone pivalate
Desonide
Desoximetasone
Dexamethasone
Dexamethasone sodium

phosphate
Diflorasone diacetate

Diflucortolone valerate
Flumethasone pivalate
Fluocinolone acetonide

Fluocinonide

Flurandrenolide

Fluticasone propionate

Halcinonide

Dosage Forms/Strength (%)

Cream 0.05

Ointment 0.05

Lotion, ointment 0.1

Cream 0.1

Cream, lotion, ointment 0.025

Cream, gel 0.025

Ointment 0.025

Cream AF (optimized vehicle) 0.05

Cream 0.05

Gel, lotion, cintment (optimized
vehicle) 0.05

Lotion 0.05

Ointment 0.05

Topical aerosol 0.1

Cream 0.01, 0.05, 0.1

Lotion, ointment 0.05, 0.1

Foam 0.12

Cream, ointment, solution, foam
0.05

Cream, ointment 0.05

Cream 0.1

Cream, lotion, ointment 0.05

Cream 0.05

Cream, ointment 0.25

Gel 0.05

Gel 0.1

Topical aerosol 0.01, 0.04

Cream 0.1

Cream 0.05

Ointment 0.05
Ointment (optimized vehicle) 0.05
Cream, ointment 0.1
Cream, ointment 0.03
Cream 0.01

Cream 0.025

Cream 0.2

Ointment 0.025
Solution 0.01

Gel, cream, ointment 0.05
Solution 0.05

Cream, ointment 0.0125
Ointment 0.05

Cream, lotion 0.05

Tape 4 mcg/cm?

Cream 0.05

Ointment 0.05

Cream 0.025, 0.1
Ointment 0.1

Solution 0.1

USP Potency
Ratings?
Low

Low

High
High
Medium
Medium
Medium
Very high
High
Very high

High
High
High
Medium
Medium
Medium
Very high

Medium
Low
Low
Medium
High
High
Low
Low
Low

High
High
Very high
Medium
Low
Medium
Medium
High
Medium
Medium
High
High
Low
Medium
Medium
Medium
Medium
Medium
High
High
High

Vasoconstrictive
Potency Rating”

VI

Vi
Il
Il
Il
Vil
Vil
Vil

(continued)
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1 V:\: 10 (3 B Selected Topical Corticosteroids and Vasoconstricting Potency
(Continued)

USP Potency  Vasoconstrictive

Corticosteroids Dosage Forms/Strength (%) Ratings? Potency Rating®

Halobetasol propionate Cream, ointment 0.05 Very high |

Hydrocortisone Cream, lotion, ointment (all Low Vil

strengths)
Hydrocortisone acetate Cream, lotion, ointment (all Low Vil
strengths)

Hydrocortisone butyrate Cream 0.1 Medium v
Ointment 0.1 Medium

Hydrocortisone valerate Cream 0.2 Medium v
Ointment 0.2 Medium v

Methylprednisolone acetate Cream, ointment 0.25 Low Vil
Ointment 1 Low Vil

Mometasone furoate Cream 0.1 Medium v
Lotion, ointment 0.1 Medium I

Triamcinolone acetonide Cream, ointment 0.1 Medium I\
Cream, lotion, ointment 0.025 Medium -
Cream (Aristocort) 0.1 Medium Vi
Cream (Kenalog) 0.1 High I\
Lotion 0.1 Medium Vv
Ointment (Aristocort, Kenalog) 0.1 High Il
Cream, ointment 0.5 High 1l
Topical aerosol 0.015 Medium -

AYSP ratings are low, medium, high, and very high.
byasoconstriction potency scale is | (highest) to VIl (lowest); — denotes unknown vasoconstrictive properties.

+ Calcipotriene (Dovonex) is a synthetic vitamin D analog used for mild to
moderate plaque psoriasis. Improvement is usually seen within 2 weeks of
treatment, and approximately 70% of patients demonstrate marked
improvement after 8 weeks. Adverse effects occur in about 10% of patients
and include lesional and perilesional burning and stinging. Calcipotriene
0.005% cream, ointment, or solution is applied one or two times a day (no
more than 100 g/wk).

+ Calcitriol and tacalcitol are other vitamin D derivatives that have been
studied for treatment of psoriasis.

Tazarotene

+ Tazarotene (Tazorac) is a synthetic retinoid that is hydrolyzed to its active
metabolite, tazarotenic acid, which modulates keratinocyte proliferation
and differentiation. It is available as a 0.05% or 0.1% gel and cream and is
applied once daily (usually in the evening) for mild to moderate plaque
psoriasis. Adverse effects are dose- and frequency related and include mild
to moderate pruritus, burning, stinging, and erythema. Application of the
gel to eczematous skin or to more than 20% of body surface area is not
recommended because this may lead to extensive systemic absorption.
Tazarotene is often used with topical corticosteroids to decrease local
adverse effects and increase efficacy.
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SECOND-LINE TOPICAL PHARMACOTHERAPY

Coal Tar

Coal tar contains numerous hydrocarbon compounds formed from distil-
lation of bituminous coal. Ultraviolet B (UVB) light—activated coal tar
photoadducts with epidermal DNA and inhibits DNA synthesis. This
normalized epidermal replication rate reduces plaque elevation.

Coal tar preparations of 2% to 5% tar are available in lotions, creams,
shampoos, ointments, gels, and solutions. It is usually applied directly to
lesions in the evening and allowed to remain in skin contact through the
night. It may also be used in bathwater.

Coal tar is an effective treatment, but it is time-consuming, causes local
irritation, has an unpleasant odor, stains skin and clothing, and increases
sensitivity to UV light (including the sun).

The risk of carcinogenicity is low, but there may be a higher rate of
nonmyeloma skin cancers in patients chronically exposed to coal tar and
UV light.

Anthralin

Anthralin possesses antiproliferative activity on keratinocytes, inhibiting
DNA synthesis by intercalation between DNA strands.

Because anthralin exerts its clinical effects at low cellular concentrations,
therapy usually starts with low concentrations (0.1% to 0.25%) with gradual
increases to higher concentrations (0.5% to 1%). Cream and ointment formu-
lations are usually applied in the evening and allowed to remain overnight.
Alternatively, short-contact anthralin therapy (SCAT) with application for
10 to 20 minutes of higher concentrations (1% to 5%) in water-soluble
vehicles is effective with decreased local adverse effects.

Anthralin products must be applied only to affected areas because contact
with uninvolved skin may result in excessive irritation and staining, which
usually disappear within 1 to 2 weeks of discontinuation. Staining of
affected plaques indicates a positive response because cell turnover has
been slowed enough to take up the stain.

Inflammation, irritation, and staining of skin and clothing are often therapy-
limiting effects.

FIRST-LINE SYSTEMIC PHARMACOTHERAPY

Biologic therapies—primarily immunomodulating agents designed to
alter immune responses—comprise first-line systemic therapy.

Infliximab (Remicade) is a chimeric monoclonal antibody directed against
TNF-c. Recently, its indications have been expanded to include psoriatic
arthritis and treatment of adults with chronic severe plaque psoriasis. An
advantage over other systemic psoriasis treatments is that infliximab does
not adversely affect blood counts, hepatic enzyme levels, or kidney func-
tion. The recommended dose is 5 mg/kg as an IV infusion at weeks 0, 2, and
6, then every 8 weeks thereafter. For psoriatic arthritis, it may be used with
or without methotrexate. Adverse effects include headaches, fever, chills,
fatigue, diarrhea, pharyngitis, upper respiratory and urinary tract infec-
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tions. Hypersensitivity reactions (urticaria, dyspnea, hypotension) and
lymphoproliferative disorders have been reported.

+ Etanercept (Enbrel) is a fusion protein that binds TNF-@, competitively
interfering with its interaction with cell-bound receptors. Unlike the
chimeric infliximab, etanercept is fully humanized, thereby minimizing
the risk of immunogenicity. Etanercept is FDA approved for reducing
signs and symptoms and inhibiting the progression of joint damage in
patients with psoriatic arthritis. It can be used in combination with
methotrexate in patients who do not respond adequately to methotrexate
alone. It is also indicated for adult patients with chronic moderate to severe
plaque psoriasis who are candidates for systemic therapy or phototherapy.
The recommended dose for psoriatic arthritis is 50 mg subcutaneously
once per week. For plaque psoriasis, the dose is 50 mg subcutaneously
twice weekly (administered 3 or 4 days apart) for 3 months followed by a
maintenance dose of 50 mg per week. Adverse effects include local
reactions at the injection site (20% of patients), respiratory tract and GI
infections, abdominal pain, nausea and vomiting, headaches, and rash.
Serious infections (including tuberculosis) and malignancies are rare.

+ Adalimumab (Humira) is a human immunoglobulin G; monoclonal
TNF-a antibody. The binding of adalimumab results in inactivation of the
proinflammatory cytokine TNF-¢. It is indicated for psoriatic arthritis and
treatment of adults with moderate to severe chronic plaque psoriasis who
are candidates for systemic therapy or phototherapy. The recommended
dose for psoriatic arthritis is 40 mg subcutaneously every other week. The
recommended dose for adults with plaque psoriasis is an initial dose of 80
mg, followed by 40 mg every other week starting 1 week after the initial
dose. The most common adverse reactions are infections (e.g., upper
respiratory, sinusitis), injection site reactions, headache, and rash.

+ Alefacept (Amevive) is a dimeric fusion protein that binds to CD2 on T
cells to inhibit cutaneous T-cell activation and proliferation. It also
produces a dose-dependent decrease in circulating total lymphocytes.
Alefacept is approved for treatment of moderate to severe plaque psoriasis
and is also effective for treatment of psoriatic arthritis. Significant response
is usually achieved after about 3 months of therapy. The recommended
dose is 15 mg intramuscularly once weekly for 12 weeks. Adverse effects are
mild and include pharyngitis, flu-like symptoms, chills, dizziness, nausea,
headache, injection site pain and inflammation, and nonspecific infection.

+ Efalizumab (Raptiva) is a humanized monoclonal antibody that inhibits
CD11-¢ integrin, which is involved in T-cell activation, migration into
skin, and cytotoxic function. It is approved for adults with chronic,
moderate to severe plaque psoriasis who are candidates for systemic therapy
or phototherapy. The recommended dose is a single 0.7 mg/kg subcutane-
ous conditioning dose followed by weekly subcutaneous doses of 1 mg/kg
(200 mg maximum single dose). The most frequent adverse effects are mild
to moderate flu-like complaints such as headache, nausea, chills, nonspe-
cific infection, pain, fever, and asthenia. Cases of exacerbation of psoriasis
on discontinuation have been reported, leading to the suggestion that
continuous treatment may be required to maintain disease suppression.
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SECOND-LINE SYSTEMIC PHARMACOTHERAPY

+ Acitretin (Soriatane) is a retinoic acid derivative and the active metabolite
of etretinate. It is indicated for severe psoriasis, including erythrodermic
and generalized pustular types. However, it is more useful as an adjunct in
the treatment of plaque psoriasis. It has shown good results when com-
bined with other therapies, including UVA combined with oral methox-
salen (PUVA) and UVB and topical calcipotriol. The initial recommended
dose is 25 or 50 mg; therapy is continued until lesions have resolved. It is
better tolerated when taken with meals. Adverse effects include hypervita-
minosis A (dry lips/cheilitis, dry mouth, dry nose, dry eyes/conjunctivitis,
dry skin, pruritus, scaling, and hair loss), hepatotoxicity, skeletal changes,
hypercholesterolemia, and hypertriglyceridemia. Acitretin is a teratogen
and is contraindicated in females who are pregnant or who plan pregnancy
within 3 years after drug discontinuation.

+ Cyclosporine demonstrates immunosuppressive activity by inhibiting the
first phase of T-cell activation. It also inhibits release of inflammatory media-
tors from mast cells, basophils, and polymorphonuclear cells. It is used in the
treatment of both cutaneous and arthritis manifestations of severe psoriasis.
The usual dose is between 2.5 and 5 mg/kg/day given in two divided doses.
Adverse effects include nephrotoxicity, hypertension, hypomagnesemia,
hyperkalemia, alterations in liver function tests, elevations of serum lipids, GI
intolerance, paresthesias, hypertrichosis, and gingival hyperplasia. Cumulative
treatment for more than 2 years may increase the risk of malignancy,
including skin cancers and lymphoproliferative disorders.

+ Tacrolimus, an immunosuppressant that inhibits T-cell activation, is a useful
alternative in severe recalcitrant psoriasis. Although it is not FDA approved
for this indication, patients have received oral doses of 0.05 mg/kg daily, with
increases up to 0.15 mg/kg daily, depending on results. Adverse effects include
diarrhea, nausea, paresthesias, hypertension, tremor, and insomnia.

+ Methotrexate, an antimetabolite, is indicated for moderate to severe psoriasis.
It is particularly beneficial for psoriatic arthritis. It is also indicated for patients
refractory to topical or UV therapy. Methotrexate can be administered orally,
subcutaneously, or intramuscularly. The starting dose is 7.5 to 15 mg per
week, increased incrementally by 2.5 mg every 2 to 4 weeks until response;
maximal doses are approximately 25 mg/wk. Adverse effects include nausea,
vomiting, mucosal ulceration, stomatitis, malaise, headache, macrocytic ane-
mia, and hepatic and pulmonary toxicity. Nausea and macrocytic anemia can
be ameliorated by giving oral folic acid 1 to 5 mg/day. Methotrexate should be
avoided in patients with active infections and in those with liver disease. It is
contraindicated in pregnancy because it is teratogenic.

+ Mycophenolate mofetil (CellCept) inhibits DNA and RNA synthesis and has
been shown to have a specific lymphocyte antiproliferative effect. Although
not FDA approved for this indication, oral mycophenolate mofetil appears
effective in the treatment of moderate to severe plaque psoriasis. The usual
dose is 500 mg orally four times a day, up to a maximum of 4 g/day. Common
adverse effects include GI toxicity (diarrhea, nausea, vomiting), hematologic
effects (anemia, neutropenia, thrombocytopenia), and viral and bacterial
infections. Lymphoproliferative disease or lymphoma has been reported.
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Sulfasalazine is an antiinflammatory agent that inhibits 5-lipoxygenase. It
is used selectively as an alternative treatment, particularly in patients with
concurrent psoriatic arthritis. When used alone, it is not as effective as
methotrexate, PUVA, or acitretin. However, it has a relatively high margin
of safety. The usual oral dose is 3 to 4 g/day for 8 weeks. Its adverse effects
are similar to other sulfonamide antibiotics.

6-Thioguanine is a purine analog that has been used as an alternative treatment
for psoriasis when conventional therapies have failed. The typical dose is 80
mg twice weekly, increased by 20 mg every 2 to 4 weeks; the maximum dose
is 160 mg three times a week. Adverse effects include bone marrow suppres-
sion, GI complications (e.g., nausea, diarrhea), and elevation of liver function
tests. 6-Thioguanine may be less hepatotoxic and therefore more useful than
methotrexate in hepatically compromised patients with severe psoriasis.
Hydroxyurea inhibits cell synthesis in the S phase of the DNA cycle. It is
used selectively in the treatment of psoriasis, especially in those with liver
disease who would be at risk of adverse effects with other agents. However,
it is less effective than methotrexate. The typical dose is 1 g/day, with a
gradual increase to 2 g/day as needed and as tolerated. Adverse effects
include bone marrow toxicity with leukopenia or thrombocytopenia,
cutaneous reactions, leg ulcers, and megaloblastic anemia.

PHOTOTHERAPY AND PHOTOCHEMOTHERAPY

UVB light (290 to 320 nm) therapy is an important phototherapeutic inter-
vention for psoriasis. The most effective wavelength is 310 to 315 nm, which
led to development of a UVB narrowband light source, in which 83% of the
UVB emission is at 310 to 313 nm. Topical and systemic psoriatic therapies
are used adjunctively to hasten and improve the response to UVB photother-
apy. Emollients enhance efficacy of UVB and can be applied just before
treatments. Combining short-contact anthralin, calcipotriene, or topical
retinoids to UVB may also improve results. However, topical application
should be done after or at least 2 hours before UVB therapy because
phototherapy can inactivate the topical product. UVB phototherapy may
also be more effective when added to systemic treatments such as methotrex-
ate and oral retinoids.

+ PUVA is a photochemotherapeutic approach for selected patients. Candi-

dates for PUVA therapy usually have moderate to severe, incapacitating
psoriasis unresponsive to conventional topical and systemic therapies. Systemic
PUVA consists of oral ingestion of a potent photosensitizer such as methox-
salen (8-methoxypsoralen) at a constant dose (0.6 to 0.8 mg/kg) and variable
doses of UVA depending on patient skin phototype and history of previous
response to UV radiation. Two hours after ingesting psoralen, the patient is
exposed to UVA light. Photochemotherapy is performed two or three times a
week. Partial clearing occurs in most patients by the twenty-fifth treatment.

Another method that may have less carcinogenic potential is to topically
deliver the photosensitizer (methoxsalen) to the skin by adding it to bath
water (bath PUVA) or as a topical cream (PUVA cream) instead of
through systemic administration. Advantages of this approach include
minimal risk of systemic effects, overall reduction of PUVA dose to one-
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fourth of that required with conventional PUVA, and reduction in the risk
of nonmelanoma skin cancer.

COMBINATIONAL, ROTATIONAL, AND SEQUENTIAL THERAPY

+ If monotherapy with a systemic agent does not provide optimal outcomes,
combining systemic therapies with other modalities may enhance benefit.
The dose of each agent may often be reduced, resulting in lower toxicity.
Combinations include:

v Acitretin + UVB light

v Acitretin + photochemotherapy using UVA light (PUVA)
v Methotrexate + UVB light

v PUVA + UVB light

v Methotrexate + cyclosporine

* Rotational therapy involves using a biologic regimen for a limited period and
then switching to a nonbiologic regimen, continuing on a rotational basis.
One objective of this approach is to minimize cumulative drug toxicity.

+ Sequential therapy involves rapid clearing of psoriasis with aggressive
therapy (e.g., cyclosporine), followed by a transitional period in which a
safer drug such as acitretin is started at maximal dosing. Subsequently, a
maintenance period using acitretin in lower doses or in combination with
UVB or PUVA can be continued.

EVALUATION OF THERAPEUTIC OUTCOMES

+ Patients should understand the general concepts of therapy and the
importance of adherence.

+ Monitoring for disease resolution and side effects is critical to successful
therapy. A positive response is noted with the normalization of involved
areas of skin, as measured by reduced erythema and scaling, as well as
reduction of plaque elevation.

+ The psoriasis area and severity index is a uniform method to determine the
extent of body surface area affected, along with the degree of erythema,
induration, and scaling. Severity scores are rated as <12 (mild), 12 to 18
(moderate), and >18 (severe).

+ The Physician Global Assessment can also be used to summarize erythema,
induration, scaling, and extent of plaques relative to baseline assessment.

+ The National Psoriasis Foundation Psoriasis Score incorporates quality of
life and the patient’s perception of well-being as well as induration, extent
of involvement, the physician’s static global assessment, and pruritus.

+ Achievement of efficacy by any therapeutic regimen requires days to weeks.
Initial dramatic response may be achieved with some agents such as corticoster-
oids. However, sustained benefit with pharmacologically specific antipsoriatic
therapy may require 2 to 8 weeks or longer for clinically meaningful response.

See Chap. 101, Psoriasis, authored by Dennis P. West, Amy Lloyd, Lee E. West,
Kimberly A. Bauer, Maria Letizia Musumeci, and Giuseppe Micali, for a more
detailed discussion of this topic.
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Skin Disorders and
Cutaneous Drug Reactions

CHAPTER

DEFINITION

The word dermatitis denotes an inflammatory erythematous rash. The
disorders discussed in this chapter include contact dermatitis, seborrheic
dermatitis, diaper dermatitis, and atopic dermatitis. Drug-induced skin
disorders have been associated with most commonly used medications and
may present as maculopapular eruptions, fixed-drug eruptions, and pho-
tosensitivity reactions.

PATHOPHYSIOLOGY

Contact dermatitis is an acute or chronic inflammatory skin condition
resulting from contact of an inciting factor with the skin. In allergic contact
dermatitis, an antigenic substance triggers Langerhans cells, and their immu-
nologic responses produce the allergic skin reaction, sometimes several days
later. Irritant contact dermatitis is caused by an organic substance that usually
results in a reaction within a few hours of exposure.

Diaper dermatitis (diaper rash) is an acute, inflammatory dermatitis of the
buttocks, genitalia, and perineal region. The reaction is a type of contact
dermatitis, as it results from direct fecal and moisture contact with the skin
in an occlusive environment.

Atopic dermatitis is an inflammatory condition with genetic, environmental,
and immunologic mechanisms. Many immune cells have demonstrated
abnormalities, including Langerhans cells, monocytes, macrophages, lym-
phocytes, mast cells, and keratinocytes.

Drug-induced cutaneous reactions tend to be immunologic in origin and
relate to hypersensitivity, but some reactions are nonallergic. The patho-
genesis of fixed-drug reactions is not well understood.

Drug-induced photosensitivity reactions are divided into phototoxicity (a
nonimmunologic reaction) and photoallergic reactions (an immunologic
reaction). The latter form is far less common. Medications associated with
photosensitivity reactions include fluoroquinolones, nonsteroidal antiin-
flammatory drugs, phenothiazines, antihistamines, estrogens, progestins,
sulfonamides, sulfonylureas, thiazide diuretics, and tricyclic antidepressants.

CLINICAL PRESENTATION

The skin lesions of dermatitis may or may not be painful or pruritic.
Typically, lesions are described as being less than or greater than 0.5 cm in
diameter.

Macules are circumscribed, flat lesions of any shape or size that differ from
surrounding skin because of their color. They may result from hyperpig-
mentation, hypopigmentation, vascular abnormalities, capillary dilatation
(erythema), or purpura.
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* Papules are small, solid, elevated lesions that are usually less than 1 cm in
diameter. They may result from metabolic deposits in the dermis, from
localized dermal cellular infiltrates, or from localized hyperplasia of cellular
elements in the dermis and epidermis.

+ Plaques are mesa-like elevations that occupy a relatively large surface area
in comparison with their height above the skin surface.

« Seborrheic dermatitis typically occurs around the areas of skin rich in seba-
ceous follicles (e.g., the face, ears, scalp, and upper trunk). In infants with
involvement of the scalp, the condition is commonly referred to as cradle cap.

* Diaper dermatitis results in erythematous patches, skin erosions, vesicles,
and ulcerations. Although commonly seen in infants, it can occur in adults
who wear diapers for incontinence.

+ Atopic dermatitis in its acute phase is associated with intensely pruritic,
erythematous papules and vesicles over erythematous skin. Scratching may
result in excoriations and exudates. Subacute lesions are thicker, paler,
scaly, erythematous and excoriated plaques. Chronic lesions are character-
ized by thickened plaques, accentuated skin markings (lichenification),
and fibrotic papules. In all phases, the atopic skin has a dry luster.

* Drug-induced cutaneous reactions are unpredictable, ranging from mild,
self-limiting episodes to more severe, life-threatening conditions. Selected
drugs implicated in various types of skin eruptions are included in Table
17-1. Maculopapular eruptions are most common and often involve the

LV-:INR WA Bl Types of Drug-Induced Skin Eruptions

Pattern and Mucous
Clinical Distribution of Membrane
Presentation Skin Lesions Involvement  Implicated Drugs Treatment
Erythema multi-  Target lesions, Absent Anticonvulsants (incud-  Supportive?
forme limbs ing lamotrigine), sul-
fonamide antibiotics,
allopurinol, NSAIDs,
dapsone
Stevens- Atypical targets, Present As above IV immuno-
Johnson's widespread globulins,
syndrome cyclosporine
Toxic epidermal Epidermal necrosis Present As above Supportive”
necrolysis with skin
detachment
Pseudoporphyria  Skin fragility, blister ~ Absent Tetracycline, furo- Supportive”
formation in semide, naproxen
photodistribution
Linear IgA Bullous dermatosis Present or Vancomycin, lithium, Supportive?
disease absent diclofenac, piroxicam,
amiodarone
Pemphigus Flaccid bullae, chest  Present or Penicillamine, captopril, Supportive?
absent piroxicam, penicillin,
rifampin
Bullous pem- Tense bullae, wide-  Present or Furosemide, penicil- Supportive”
phigoid spread absent lamine, penicillins, sul-

fasalazine, captopril

IgA, immunoglobulin A; NSAIDs, nonsteroidal antiinflammatory drugs.
9Supportive care includes administration of systemic glucocorticoids until all symptoms of active disease disappear.
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trunk or pressure areas in a symmetric fashion. Early eruptions appear
within a few hours to 3 days after drug ingestion, whereas late eruptions
occur up to 9 days after exposure.

A fixed-drug reaction usually presents as an erythematous or hyperpig-
mented round or oval lesion usually between a few millimeters to 20 cm in
diameter. The oral mucosa and genitalia are the most common sites
involved, but lesions can appear anywhere on the body. If the patient takes
the drug again, the reaction tends to recur within 30 minutes to 8 hours in
the same location. Although this is highly indicative of a fixed-drug
reaction, rechallenge should be avoided when possible.

Sun-induced drug eruptions appear similar to a sunburn and present with
erythema, papules, edema, and sometimes vesicles. They appear in areas
exposed to sunlight (e.g., the ears, nose, cheeks, forearms, and hands).

DIAGNOSIS

Patient age and hormonal status in women should be considered in the
initial evaluation of patients with skin disorders. Older patients are
predisposed to developing psoriasis, seborrhea, and other skin conditions.
Atopic dermatitis is most likely to occur in children. Menopausal women
tend to develop brown hyperpigmentation, or melasma. Pregnant women
may develop hyperpigmentation of the areola and genitalia as well as
melasma.

Patients presenting with a rash or skin lesion should be evaluated for
potential anaphylaxis or angioedema (e.g., symptoms of difficulty in
breathing, fever, nausea, vomiting).

The area involved and the number of lesions present are important
considerations. A rash involving only the arms and legs suggests a nonsys-
temic cause, whereas involvement of the trunk as well as the arms and legs
indicates a systemic cause.

Lesions should be inspected for color, texture, size, and temperature. Areas
that are oozing, erythematous, and warm to the touch may be infected.
The duration of the skin condition should be determined, and the temporal
relationship with any new medications should be established.

Assessment for potential drug-induced skin disorders begins with a compre-
hensive medication history, including episodes of previous drug allergies.
Diagnostic criteria for atopic dermatitis include the presence of pruritus with
three or more of the following: (1) history of flexural dermatitis of the face
in children younger than 10 years of age; (2) history of asthma or allergic
rhinitis in the child or a first-degree relative; (3) history of generalized xerosis
(dry skin) within the past year; (4) visible flexural eczema; (5) onset of rash
before 2 years of age.

DESIRED OUTCOME

The goals of treatment for contact dermatitis are to relieve the patient’s
symptoms, identify the underlying cause, identify and remove offending
agents, and avoid future exposure to likely offending agents.
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Therapeutic goals for seborrheic dermatitis are to loosen and remove
scales, prevent yeast colonization, control secondary infections, and reduce
itching and erythema.

General treatment goals for patients with skin disorders are to relieve
bothersome symptoms, remove precipitating factors, prevent recurrences,
avoid adverse treatment effects, and improve quality of life.

TREATMENT

CONTACT DERMATITIS

+ Initial treatment should focus on identification and removal of the

offending agent.

Products that relieve itching, rehydrate the skin, and decrease the weeping
of lesions provide some immediate relief.

In the acute inflammatory stage, wet dressings are preferred because
ointments and creams further irritate the tissue.

Astringents such as aluminum acetate or witch hazel decrease weeping
from lesions, dry out the skin, and relieve itching. They are applied as a wet
dressing for no longer than 7 days.

For chronic dermatitis, lubricants, emollients, or moisturizers should be
applied after bathing. Soap-free cleansers and colloidal oatmeal products
also alleviate itching and soothe the skin.

If the reaction does not subside within a few days, topical or oral cortico-
steroids may be needed.

SEBORRHEIC DERMATITIS

Depending on the area of the body that is affected, topical solutions or
scalp shampoos may be used.

Scalp involvement can be treated with twice-daily topical corticosteroids
in conjunction with a shampoo containing selenium sulfide, coal tar, or
salicylic acid to help soften and remove scales.

Topical calcineurin inhibitors (e.g., tacrolimus ointment, pimecrolimus
cream) have fungicidal and antiinflammatory properties and can be used
for the scalp or face.

DIAPER DERMATITIS

Effective treatment involves frequent diaper changes and keeping the area dry.
Lukewarm water and mild soap can be used to clean the area thoroughly,
which should then be allowed to dry.

Occlusive agents (e.g., zinc oxide, titanium dioxide, petrolatum) should
be generously applied to the area before the clean diaper is put on the child.

ATOPIC DERMATITIS

An algorithm for the treatment of atopic dermatitis is provided in Fig. 17-1.
Possible aggravating factors that may trigger a flare-up should be identified
and avoided.
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Initial assessment of disease history, extent, and severity
Include assessment of psychological distress, impact on family

!

> Emollients, education
Acute control of pruritus and inflammation Adjunctive therapy
o Topical corticosteroids or Avoidance of
« Topical calcineurin inhibitors!:2 trigger factors
?'"‘ecl.""'m”s twice _‘fa"y or Bacterial infections:
Disease remission | —> acrolimus twice daily oral and/or topical
(Z;H?:ﬂg;g; N *Always read the label antibiotics
Viral infections:
I antiviral therapy
Psychological
i interventions
Maintenance therapy o .
For disease persistence and/or frequent Antihistamines
recurrences

o At earliest signs of local recurrence use
topical calcineurin inhibitors to prevent disease
progression

e Pimecrolimus reduces the incidence of flares3

 Long-term maintenance use of topical calcineurin
inhibitors'2

* |ntermittent use of topical corticosteroids

!

Severe refractory disease

 Phototherapy
 Potent topical steroids
* Cyclosporine

* Methotrexate

* Oral steroids

© Azathioprine
 Psychotherapeutic

1. The evidence of the safety and efficacy of pimecrolimus was derived from studies primarily in patients with
mild-to-moderate atopic dermatitis; tacrolimus data was derived from moderate-to-severe patients.

2. Pimecrolimus has been studied in clinical trials in infants as young as 3 months, as compared with
tacrolimus from 2 years.

3. Clinical trial data have proven that pimecrolimus reduces incidence of flares, these trials have not
been performed for tacrolimus.

FIGURE 17-1. Treatment of atopic dermatitis.

+ Moisturizers, including emollients, occlusives, and humectants should be
recommended based on the needs of individual patients.

+ Topical corticosteroids may be used for short-term treatment of acute
flare-ups (see Table 16-1 in Chap. 16 on Psoriasis). Most corticosteroids
are applied once or twice daily. High-potency agents are used for less than
3 weeks for flare-ups or for lichenified (thickened) lesions. Moderate-
potency steroids may be used for more chronic conditions, and low-
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potency steroids are usually used in children. When used in combination
with other topical agents such as moisturizers, the corticosteroid should be
applied first, rubbed in well, and followed by the other product.

+ Antihistamines are frequently used, but few clinical studies support their
efficacy. A sedating antihistamine (e.g., hydroxyzine, diphenhydramine)
can offer an advantage by facilitating sleep because pruritus is often worse
at night.

+ Doxepin is a tricyclic antidepressant that inhibits histamine receptors. It
may be helpful in atopic patients who have a component of depression.
Doses of 10 to 75 mg at night and up to 75 mg twice daily in adults have
been used.

+ The topical immunomodulators tacrolimus (Protopic) and pimecrolimus
(Elidel) inhibit calcineurin, which normally initiatives T-cell activation.
These agents can be used on all parts of the body for prolonged periods
without producing corticosteroid-induced adverse effects. Tacrolimus
ointment 0.03% and 0.1% is applied twice daily; the lower strength is
preferred in children with moderate to severe atopic dermatitis. The most
common adverse effect is transient itching and burning at the site of
application. Pimecrolimus cream 1% is applied twice daily for mild to
moderate atopic dermatitis in adults and children older than age 2.

+ Coal tar preparations reduce itching and skin inflammation and are available
as crude coal tar (1% to 3%) or liquor carbonis detergens (5% to 20%). They
have been used in combination with topical corticosteroids, as adjuncts to
permit effective use of lower corticosteroid strengths, and in conjunction with
ultraviolet light therapies. Patients can apply the product at bedtime and
wash it off in the morning. Factors limiting coal tar use include its strong odor
and staining of clothing. Coal tar preparations should not be used on acute
oozing lesions, which would result in stinging and irritation.

CUTANEOUS DRUG REACTIONS

+ Most maculopapular reactions disappear within a few days after discon-
tinuing the agent, so symptomatic control of the affected area is the
primary intervention. Topical corticosteroids and oral antihistamines
can relieve pruritus. In severe cases, a short course of systemic corticoster-
oids may be warranted.

+ Treatment of fixed drug reactions involves removal of the offending agent.
Other therapeutic measures include corticosteroids, antihistamines to
relieve itching, and perhaps cool water compresses on the affected area.

+ Photosensitivity reactions typically resolve with drug discontinuation. Some
patients benefit from topical corticosteroids and oral antihistamines, but
these are relatively ineffective. Systemic corticosteroids (e.g., oral predni-
sone 1 mg/kg/day tapered over 3 weeks) is more effective for these patients.

EVALUATION OF THERAPEUTIC OUTCOMES

+ Information regarding causative factors, avoidance of substances that
trigger skin reactions, and the potential benefits and limitations of non-
drug and drug therapy should be conveyed to patients.
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+ Patients with chronic skin conditions should be evaluated periodically to
assess disease control, the efficacy of current therapy, and the presence of
possible adverse effects.

See Chap. 99, Dermatologic Drug Reactions and Self-Treatable Skin Disorders,
and Chap. 102, Atopic Dermatitis, both authored by Nina H. Cheigh, for a more
detailed discussion of this topic.
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Adrenal Gland Disorders

CHAPTER

DEFINITIONS

+ Hyperfunction of the adrenal glands occurs in Cushing’s syndrome, a
disorder caused by excessive secretion of cortisol by the adrenal gland
(hypercortisolism). Other causes of adrenal gland hyperfunction include
primary and secondary aldosteronism (not discussed in this chapter; refer
to textbook Chap. 79 for more information on these disorders).

+ Adrenal gland hypofunction is associated with primary (Addison’s disease) or
secondary adrenal insufficiency. Adrenal insufficiency occurs when the adre-
nal glands do not produce enough cortisol and, in some cases, aldosterone.

CUSHING'S SYNDROME

PATHOPHYSIOLOGY

+ Cushing’s syndrome results from the effects of supraphysiologic levels of
glucocorticoids originating from either exogenous administration or
from endogenous overproduction by the adrenal gland (adrenocortico-
trophic hormone [ACTH]-dependent) or by abnormal adrenocortical
tissues (ACTH-independent).

+ ACTH-dependent Cushing’s syndrome is usually caused by overproduc-
tion of ACTH by the pituitary gland, causing adrenal hyperplasia (Cush-
ing’s disease). Pituitary adenomas account for about 80% of these cases.
Ectopic ACTH-secreting tumors and nonneoplastic corticotropin hyperse-
cretion are responsible for the remaining 20% of cases.

+ Ectopic ACTH syndrome refers to excessive ACTH production resulting
from an endocrine or nonendocrine tumor, usually of the pancreas,
thyroid, or lung (e.g., small-cell lung cancer).

+ ACTH-independent Cushing’s syndrome is usually caused by adrenal ade-
nomas and carcinomas.

CLINICAL PRESENTATION

+ The most common findings in Cushing’s syndrome are central obesity and
facial rounding (90% of patients). Peripheral obesity and fat accumulation
occur in 50% of patients. Fat accumulation in the dorsocervical area
(buffalo hump) is a nonspecific finding, but increased supraclavicular fat
pads are more specific for Cushing’s syndrome. Patients are often
described as having moon facies and a buffalo hump.

+ Many patients complain of myopathies (65%) or muscular weakness (85%).
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+ Striae are usually present along the lower abdomen and take on a red to
purple color.

+ Hypertension is seen in 75% to 85% of patients with diastolic blood
pressures >119 mm Hg noted in over 20% of patients.

+ Glucose intolerance is seen in 60% of patients.

+ Psychiatric changes can occur in up to 55% of patients.

+ Approximately 50% to 60% of patients develop Cushing-induced osteopo-
rosis; about 40% present with back pain and 20% will progress to compres-
sion fractures of the spine.

+ Gonadal dysfunction is common with amenorrhea seen in up to 75% of
women.

* Excess androgen secretion is responsible for 80% of women presenting
with hirsutism.

DIAGNOSIS

+ The presence of hypercortisolism can be established with a midnight
plasma cortisol, late-night (11 PM) salivary cortisol, 24-hour urine free
cortisol, and/or low-dose dexamethasone suppression test.

+ Other tests that can help determine the etiology include the high-dose
dexamethasone suppression test, plasma ACTH test, metyrapone stimula-
tion test, corticotropin-releasing hormone stimulation test or inferior petro-
sal sinus sampling.

+ Abnormal adrenal anatomy is effectively identified using high-resolution
computed tomography scanning and perhaps magnetic resonance imaging.

DESIRED OUTCOME

+ The goals of treatment for Cushing’s syndrome are to limit morbidity and
mortality and return the patient to a normal functional state by removing
the source of hypercortisolism without causing any pituitary or adrenal
deficiencies.

TREATMENT

+ Treatment plans in Cushing’s syndrome based on etiology are included in
Table 18-1.

Nonpharmacologic Therapy

+ The treatment of choice for both ACTH-dependent and ACTH-indepen-
dent Cushing’s syndrome is surgical resection of any offending tumors.

+ Pituitary irradiation provides clinical improvement in about 50% of
patients, but improvement may not be seen for 6 to 12 months and
pituitary-dependent hormone deficiencies can occur.

Pharmacotherapy

Steroidogenic Inhibitors

+ These agents are used primarily in preparation for surgery, as adjunctive
treatment after unsuccessful surgery or radiotherapy, or for refractory
patients who are not surgical candidates. They should not be used after
successful surgery.
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Etiology

Ectopic ACTH syndrome

Pituitary-dependent

Adrenal adenoma

Adrenal carcinoma

Nondrug

Surgery, chemotherapy,
irradiation

Surgery, irradiation

Surgery, postoperative
replacement
Surgery

Generic (Brand) Drug Name
Metyrapone (Metopirone) 250-mg capsules
Aminoglutethimide (Cytadren) 250-mg tabs
Cyproheptadine (Periactin)

2 mg/5 mL syrup

or 4-mg tabs

Mitotane (Lysodren) 500-mg tabs

Metyrapone
Ketoconazole (Nizoral) 200-mg tabs

Mitotane

Treatment

Initial

0.5-1 g/day, divided every 4-6 hours

0.5-1 g/day, divided two to four times a
day for 2 weeks
4 mg twice a day

0.5-1 g/day, increased by 0.5-1 g/day
every 1-4 weeks

See above

200 mg once or twice a day

See above

Dosing
Usual

1-2 g/day, divided every 4-6
hours
1 g/day, divided every 6 hours

24-32 mg/day, divided four times
aday

1-4 g daily, with food to decrease
Gl effects

See above

200-1,200 mg/day, divided twice a
day

See above

Max
6 g/day
2 g/day

32 mg/day

12 g/day

See above

1,600 mg/day divided
four times a day

See above

ACTH, adrenocorticotropic hormone.
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Metyrapone inhibits 11-hydroxylase activity, resulting in inhibition of cortisol
synthesis. Initially, patients can demonstrate an increase in plasma ACTH
concentrations because of a sudden drop in cortisol. This can cause an increase
in androgenic and mineralocorticoid hormones resulting in hypertension,
acne, and hirsutism. Nausea, vomiting, vertigo, headache, dizziness, abdomi-
nal discomfort, and allergic rash have been reported after oral administration.
Aminoglutethimide inhibits cortisol synthesis by blocking the conversion of
cholesterol to pregnenolone early in the cortisol pathway. Side effects include
severe sedation, nausea, ataxia, and skin rashes. Most of these effects are dose
dependent and limit aminoglutethimide use in many patients. When used
alone, aminoglutethimide is indicated for short-term use in inoperable
Cushing’s disease with ectopic ACTH syndrome as the suspected underlying
etiology. Aminoglutethimide has limited efficacy as a single agent, with
relapse occurring after discontinuation of therapy.

Combination therapy with metyrapone and aminoglutethimide appears
more effective than either agent alone for various etiologies of Cushing’s
disease with fewer side effects and is useful for inoperable patients.
Ketoconazole inhibits a variety of cytochrome P450 enzymes, including
11-hydroxylase and 17-hydroxylase. It is highly effective in lowering
cortisol in Cushing’s disease, and patients can be maintained successfully
on therapy for months to years. The most common adverse effects are
reversible elevation of hepatic transaminases and GI upset. It can cause
gynecomastia and lower plasma testosterone values.

Etomidate is an imidazole derivative similar to ketoconazole that inhibits
11-hydroxylase. Because it is only available in a parenteral formulation, its
use is limited to patients with acute hypercortisolemia awaiting surgery.

Adrenolyt/c Agents

Mitotane inhibits the 11-hydroxylation of 11-desoxycortisol and 11-
desoxycorticosterone in the adrenal cortex. The net result is reduced
synthesis of cortisol and corticosterone. It decreases the cortisol secretion
rate, plasma cortisol concentrations, urinary free cortisol, and plasma
concentrations of the 17-substituted steroids. Degeneration of cells within
the zona fasciculata and reticularis occurs with resultant atrophy of the
adrenal cortex. The zona glomerulosa is minimally affected during acute
therapy but can become damaged after long-term treatment. Because
mitotane can severely reduce cortisol production, patients should be
hospitalized before initiating therapy. The drug should be continued as
long as clinical benefits occur. Nausea and diarrhea are common at doses
>2 g/day and can be avoided by gradually increasing the dose and/or
administering it with food. Lethargy, somnolence, and other CNS effects
are also common. Reversible hypercholesterolemia can occur.

Neuromodulators of ACTH Release

None of the neuromodulatory agents has demonstrated consistent clinical
efficacy for treating Cushing’s syndrome. Combination therapy with these
agents may prove more efficacious than any single agent.

Cyproheptadine can decrease ACTH secretion; monitoring should
include morning plasma cortisol and 24-hour urinary free cortisol concen-
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trations. Side effects include sedation and hyperphagia. Cyproheptadine
should be reserved for nonsurgical candidates who fail more conventional
therapy. Because the response rate is no more than 30%, patients should
be followed closely for relapses.

Tretinoin can reduce ACTH secretion through inhibition of transcrip-
tional activities. Its use has been limited to animal models, and efficacy in
humans is undetermined.

Other neuromodulatory agents include bromocriptine, cabergoline, val-
proic acid, octreotide, and rosiglitazone.

Glucocorticoid-Receptor Blocking Agents

Mifepristone (RU-486) is a progesterone-, androgen-, and glucocorticoid-
receptor antagonist that inhibits dexamethasone suppression and increases
endogenous cortisol and ACTH values in normal subjects. Limited experi-
ence in Cushing’s syndrome suggests that mifepristone is highly effective
in reversing the manifestations of hypercortisolism.

EVALUATION OF THERAPEUTIC OUTCOMES

Close monitoring of 24-hour urinary free cortisol levels and serum cortisol
levels are essential to identify adrenal insufficiency in patients with Cush-
ing’s syndrome. Steroid secretion should be monitored with all drug
therapy and corticosteroid replacement given if needed.

ADRENAL INSUFFICIENCY

PATHOPHYSIOLOGY

Primary adrenal insufficiency (Addison’s disease) most often involves the
destruction of all regions of the adrenal cortex. There are deficiencies of
cortisol, aldosterone, and the various androgens. Medications that inhibit
cortisol synthesis (e.g., ketoconazole) or accelerate cortisol metabolism
(e.g., phenytoin, rifampin, phenobarbital) can also cause primary adrenal
insufficiency.

Secondary adrenal insufficiency most commonly results from exogenous
corticosteroid use, leading to suppression of the hypothalamic-pituitary-
adrenal axis and decreased release of ACTH, resulting in impaired andro-
gen and cortisol production. Mirtazapine and progestins (e.g., medroxy-
progesterone acetate, megestrol acetate) have also been reported to induce
secondary adrenal insufficiency. Secondary disease typically presents with
normal mineralocorticoid concentrations.

CLINICAL PRESENTATION

Weight loss, dehydration, hyponatremia, hyperkalemia, and elevated blood
urea nitrogen are common in Addison’s disease.

Hyperpigmentation is common in Addison’s disease and may involve
exposed and nonexposed parts of the body. Hyperpigmentation is usually
not seen in secondary adrenal insufficiency because of low amounts of
melanocyte-stimulating hormone.
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DIAGNOSIS

The short cosyntropin-stimulation test can be used to assess patients with
suspected hypocortisolism. An increase to a cortisol level 218 mcg/dL (500
mmol/L) rules out adrenal insufficiency.

Patients with Addison’s disease have an abnormal response to the short
cosyntropin-stimulation test. Plasma ACTH levels are usually 400 to 2,000
pg/mL in primary insufficiency versus normal to low (0 to 50 pg/mL) in
secondary insufficiency. A normal cosyntropin-stimulation test does not
rule out secondary adrenal insufficiency.

Other tests include the insulin hypoglycemia test, the metyrapone test, and
the corticotrophin-releasing hormone stimulation test.

DESIRED OUTCOME

The goals of treatment for adrenal insufficiency are to limit morbidity and
mortality, return the patient to a normal functional state, and prevent
episodes of acute adrenal insufficiency.

TREATMENT

Nonpharmacologic Therapy

Patients must be informed of treatment complications, expected outcome,
proper medication administration and adherence, and possible side effects.

Pharmacotherapy of Adrenal Insufficiency
Corticosteroids

Hydrocortisone, cortisone, and prednisone are the glucocorticoids of
choice, administered twice daily at the lowest effective dose while mimick-
ing the normal diurnal rhythm of cortisol production.

Recommended starting total daily doses are hydrocortisone 15 mg, corti-
sone acetate 20 mg, or prednisone 2.5 mg (Table 18-2). Two-thirds of the
dose is given in the morning, and one-third is given in the evening.

The patient’s symptoms can be monitored every 6 to 8 weeks to assess
proper glucocorticoid replacement.

Fludrocortisone acetate 0.05 to 0.2 mg orally once daily can be used to
replace mineralocorticoid loss. If parenteral therapy is needed, 2 to 5 mg of

17:\: IR K% Relative Potencies of Glucocorticoids

Anti- Equivalent Approximate Sodium-

inflammatory Potency Half-Life Retaining
Glucocorticoid Potency (mg) (minutes) Potency
Cortisone 0.8 25 30 2
Hydrocortisone 1 20 90 2
Prednisone 35 5 60 1
Prednisolone 4 5 200 1
Triamcinolone 5 4 300 0
Methylprednisolone 5 4 180 0
Betamethasone 25 0.6 100-300 0
Dexamethasone 30 0.75 100-300 0

208



Adrenal Gland Disorders | CHAPTER 18

deoxycorticosterone trimethylacetate in oil can be administered intramus-
cularly every 3 to 4 weeks. The major reason for adding the mineralocorti-
coid is to minimize development of hyperkalemia.

Because most adrenal crises occur because of glucocorticoid dose reductions
or lack of stress-related dose adjustments, patients receiving corticosteroid-
replacement therapy should add 5 to 10 mg hydrocortisone (or equivalent) to
their normal daily regimen shortly before strenuous activities such as exercise.
During times of severe physical stress (e.g., febrile illnesses, after accidents),
patients should be instructed to double their daily dose until recovery.
Treatment of secondary adrenal insufficiency is identical to primary
disease treatment with the exception that mineralocorticoid replacement is
usually not necessary.

Pharmacotherapy of Acute Adrenal Insufficiency

Acute adrenal insufficiency (also known as adrenal crisis or Addisonian
crisis) represents a true endocrine emergency.

Stressful situations, surgery, infection, and trauma are potential events that
increase adrenal requirements, especially in patients with some underlying
adrenal or pituitary insufficiency.

The most common cause of adrenal crisis is abrupt withdrawal of exoge-
nous glucocorticoids in patients receiving chronic treatment that resulted
in hypothalamic-pituitary-adrenal—axis suppression.

Hydrocortisone given parenterally is the corticosteroid of choice because of its
combined glucocorticoid and mineralocorticoid activity. The starting dose is
100 mg IV by rapid infusion, followed by a continuous infusion or intermit-
tent bolus of 100 to 200 mg every 24 hours. IV administration is continued for
24 to 48 hours. If the patient is stable at that time, oral hydrocortisone can be
started at a dose of 50 mg every 8 hours for another 48 hours. A hydrocortisone
taper is then initiated until the dosage is 30 to 50 mg/day in divided doses.
Fluid replacement often is required and can be accomplished with IV
dextrose 5% in normal saline solution at a rate to support blood pressure.
If hyperkalemia is present after the hydrocortisone maintenance phase,
additional mineralocorticoid usually is required. Fludrocortisone acetate
0.1 mg orally once daily is the agent of choice.

Patients with adrenal insufficiency should carry a card or wear a bracelet or
necklace that contains information about their condition. They should also
have easy access to injectable hydrocortisone or glucocorticoid suppositories
in case of an emergency or during times of physical stress, such as febrile
illness or injury.

EVALUATION OF THERAPEUTIC OUTCOMES

The end point of therapy for adrenal insufficiency is difficult to assess in
most patients, but a reduction in excess pigmentation is a good clinical
marker. Development of features of Cushing’s syndrome indicates exces-
sive replacement.

See Chap. 79, Adrenal Gland Disorders, authored by John G. Gums and Shawn
Anderson, for a more detailed discussion of this topic.
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Diabetes Mellitus

CHAPTER

DEFINITION

+ Diabetes mellitus (DM) is a group of metabolic disorders characterized by
hyperglycemia and abnormalities in carbohydrate, fat, and protein metab-
olism. It results from defects in insulin secretion, insulin sensitivity, or
both. Chronic microvascular, macrovascular, and neuropathic complica-
tions may ensue.

PATHOPHYSIOLOGY

+ Type 1 DM accounts for 5% to 10% of all diabetes cases. It generally
develops in childhood or early adulthood and results from immune-
mediated destruction of pancreatic f-cells, resulting in an absolute
deficiency of insulin. There is a long preclinical period (up to 9 to 13
years) marked by the presence of immune markers when f-cell destruc-
tion is thought to occur. Hyperglycemia occurs when 80% to 90% of f3-
cells are destroyed. There is a transient remission (“honeymoon” phase)
followed by established disease with associated risks for complications and
death. The factors that initiate the autoimmune process are unknown, but
the process is mediated by macrophages and T lymphocytes with circulat-
ing autoantibodies to various f-cell antigens (e.g., islet cell antibody,
insulin antibodies).

+ Type 2 DM accounts for as many as 90% of DM cases and is usually
characterized by the presence of both insulin resistance and relative
insulin deficiency. Insulin resistance is manifested by increased lipolysis
and free fatty acid production, increased hepatic glucose production, and
decreased skeletal muscle uptake of glucose. -Cell dysfunction is pro-
gressive and contributes to worsening blood glucose control over time.
Type 2 DM occurs when a diabetogenic lifestyle (excessive calories,
inadequate exercise, and obesity) is superimposed upon a susceptible
genotype.

+ Uncommon causes of diabetes (1% to 2% of cases) include endocrine
disorders (e.g., acromegaly, Cushing’s syndrome), gestational diabetes
mellitus (GDM), diseases of the exocrine pancreas (e.g., pancreatitis),
and medications (e.g., glucocorticoids, pentamidine, niacin, and o-
interferon).

« Impaired fasting glucose and impaired glucose tolerance are terms used to
describe patients whose plasma glucose levels are higher than normal but
not diagnostic of DM (see Diagnosis). These disorders are risk factors for
developing DM and cardiovascular disease and are associated with the
insulin-resistance syndrome.

+ Microvascular complications include retinopathy, neuropathy, and nephrop-
athy. Macrovascular complications include coronary heart disease, stroke, and
peripheral vascular disease.
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CLINICAL PRESENTATION

TYPE 1 DIABETES MELLITUS

+ Individuals with type 1 DM are often thin and are prone to develop
diabetic ketoacidosis if insulin is withheld or under conditions of severe
stress with an excess of insulin counterregulatory hormones.

*+ Between 20% and 40% of patients present with diabetic ketoacidosis after
several days of polyuria, polydipsia, polyphagia, and weight loss.

TYPE 2 DIABETES MELLITUS

+ Patients with type 2 DM are often asymptomatic and may be diagnosed
secondary to unrelated blood testing. However, the presence of complica-
tions may indicate that they have had DM for several years.

+ Lethargy, polyuria, nocturia, and polydipsia can be present on diagnosis;
significant weight loss is less common.

DIAGNOSIS

+ Screening for type 2 DM should be performed every 3 years in all adults
beginning at the age of 45. Testing should be considered at an earlier age
and more frequently in individuals with risk factors (e.g., family history of
DM, obesity, signs of insulin resistance).

+ The recommended screening test is a fasting plasma glucose (FPG).
Normal FPG is less than 100 mg/dL (5.6 mmol/L).

+ Impaired fasting glucose is defined as FPG of 100 to 125 mg/dL (5.6 to 6.9
mmol/L).

+ Impaired glucose tolerance is diagnosed when the 2-hour postload sample
of the oral glucose tolerance test is between 140 and 199 mg per dL (7.8 to
11.0 mmol/L).

* The diagnostic criteria for DM are contained in Table 19-1.

+ Pregnant women should undergo risk assessment for GDM at their first
prenatal visit and proceed with glucose testing if at high risk (e.g., positive
family history, personal history of GDM, marked obesity, or member of a
high-risk ethnic group).

. :INR S Criteria for the Diagnosis of Diabetes Mellitus?

Symptoms of diabetes plus casual’ plasma glucose concentration >200 mg/dL (11.1 mmol/L)
or

Fasting plasma glucose >126 mg/dL (7.0 mmol/L)

or

2-Hour postload glucose >200 mg/dL (11.1 mmol/L) during an ocTr?

9In the absence of unequivocal hyperglycemia, these criteria should be confirmed by repeat testing on a different day. The third
measure (oral glucose tolerance test; OGTT) is not recommended for routine clinical use.

beasual is defined as any time of day without regard to time since last meal. The classic symptoms of diabetes include polyuria,
polydipsia, and unexplained weight loss.

“Fasting is defined as no caloric intake for at least 8 hours.

The test should be performed as described by the World Health Organization, using a glucose load containing the equivalent of
75 g anhydrous glucose dissolved in water.
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LIRS Ry 3l Glycemic Goals of Therapy

Biochemical Index ADA ACE and AACE
Hemoglobin A1C <7%? <6.5%
Preprandial plasma glucose 90-130 mg/dL <110 mg/dL
(5.0-7.2 mmol/L) (6.1 mmol/L)
Postprandial plasma glucose <180 mg/dL® <140 mg/dL
(<10 mmol/L) (<7.8 mmol/L)

AACE, American Association of Clinical Endocrinologists; ACE, American College of Endocrinology; ADA, American Diabetes
Association; DCCT, Diabetes Control and Complications Trial.

9Referenced to a nondiabetic range of 4-6% using a DCCT-based assay. More stringent glycemic goals (i.e., a normal A1C, <6%) may
further reduce complications at the cost of increased risk of hypoglycemia (particularly in those with type 1 diabetes).

bpostprandial glucose measurements should be made 1-2 hours after the beginning of the meal, generally the time of peak levels in
patients with diabetes.

DESIRED OUTCOME

The goals of therapy in DM are to ameliorate symptoms of hyperglycemia,
reduce the onset and progression of microvascular and macrovascular com-
plications, reduce mortality, and improve quality of life. Desirable plasma
glucose and glycosylated hemoglobin (A1C) levels are listed in Table 19-2.

TREATMENT

GENERAL APPROACH

Near-normal glycemia reduces the risk of microvascular disease complica-
tions, but aggressive management of traditional cardiovascular risk factors
(i.e., smoking cessation, treatment of dyslipidemia, intensive blood pressure
control, antiplatelet therapy) is needed to reduce macrovascular disease risk.
Appropriate care requires goal setting for glycemia, blood pressure, and
lipid levels; regular monitoring for complications; dietary and exercise
modifications; appropriate self-monitoring of blood glucose (SMBG); and
appropriate assessment of laboratory parameters.

NONPHARMACOLOGIC THERAPY

Medical nutrition therapy is recommended for all patients. For individuals
with type 1 DM, the focus is on regulating insulin administration with a
balanced diet to achieve and maintain a healthy body weight. A meal plan that
is moderate in carbohydrates and low in saturated fat, with a focus on
balanced meals is recommended. In addition, patients with type 2 DM often
require caloric restriction to promote weight loss. Bedtime and between-meal
snacks are not usually needed if pharmacologic management is appropriate.

Aerobic exercise can improve insulin resistance and glycemic control in
most patients and may reduce cardiovascular risk factors, contribute to
weight loss or maintenance, and improve well-being. Exercise should be
started slowly in previously sedentary patients. Older patients and those
with atherosclerotic disease should have a cardiovascular evaluation prior
to beginning a substantial exercise program.
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Insulin and Other Injectable Preparations

(Tables 19-3 and 19-4)

* Regular insulin has a relatively slow onset of action when given subcutane-
ously, requiring injection 30 minutes prior to meals to achieve optimal
postprandial glucose control and to prevent delayed postmeal hypoglycemia.

+ Lispro, aspart, and glulisine insulins are analogs that are more rapidly
absorbed, peak faster, and have shorter durations of action than regular
insulin. This permits more convenient dosing within 10 minutes of meals
(rather than 30 minutes prior), produces better efficacy in lowering
postprandial blood glucose than regular insulin in type 1 DM, and
minimizes delayed postmeal hypoglycemia.

J:TUSRERJ Available Insulins and Other Injectable Preparations

Generic Name

Rapid-acting insulins
Humalog (insulin lispro)
NovoLog (insulin aspart)
Apidra (insulin glulisine)

Short-acting insulins
Humulin R (regular)
Novolin R (regular)

Intermediate-acting insulins (NPH)
Humulin N
Novolin N
Long-acting insulins
Lantus (insulin glargine)
Levemir (insulin detemir)
Premixed insulins
Premixed insulin analogs

Humalog Mix 75/25 (75% neu-
tral protamine lispro, 25%
lispro)

Novolog Mix 70/30 (70% aspart
protamine suspension, 30%
aspart)

Humalog Mix 50/50 (50% neutral
protamine lispro, 50% lispro)

NPH-regular combinations

Humulin 70/30

Novolin 70/30

Humulin 50/50

Other injectable preparations
Exenatide (Byetta)

Pramlintide (Symlin)

Analog”’

Yes
Yes
Yes
No
No
No
No
Yes

Yes

Yes

Yes

Yes

No
No
No
No

Yes

Administration Options

Insulin pen 3-mL, vial, and 3-mL pen cartridge
Insulin pen 3-mL, vial, or 3-mL pen cartridge
3-mL pen cartridge or OptiClik pen system

100 units, 10-mL vial; 500 units, 20-mL vial
Insulin pen, vial, or 3-mL pen cartridge, and

InnoLet

Vial, prefilled pen
Vial, prefilled pen, and InnoLet

Vial, 3-mL OptiClik pen system

Vial, 3-mL pen cartridge and InnoLet
Vial, prefilled pen

Vial, prefilled pen, 3-mL pen cartridge

3-mL pen

Vial, prefilled pen
Vial, pen cartridge, InnoLet
Vial

5-mcg/dose and 10-mcg/dose, 60 doses pre-
filled pen
5-mL vial, 1.5-mL and 2.7-mL SymlinPen

NPH, neutral protamine Hagedorn.

9Allinsulins available in the United States are made by human recombinant DNA technology. An insulin analog is a modified human

insulin molecule that imparts particular pharmacokinetic advantages.
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1y : A -2 8 Pharmacokinetics of Various Insulins
Administered Subcutaneously

Peak Duration  Maximum

Type of Insulin ~ Onset (hours) (hours) Duration (hours)  Appearance
Rapid-acting

Aspart 15-30 minutes 1-2 3-5 5-6 Clear

Lispro 15-30 minutes 1-2 3-4 4-6 Clear

Clulisine 15-30 minutes 1-2 3-4 5-6 Clear
Short-acting

Regular 30-60 minutes 2-3 3-6 6-8 Clear
Intermediate-acting

NPH 2-4 hours 4-6 8-12 14-18 Cloudy
Long-acting

Glargine 4-5 hours - 22-24 24 Clear

Detemir 2 hours 6-9 14-24 24 Clear

NPH, neutral protamine Hagedorn.

+ Neutral protamine hagedorn (NPH) is intermediate-acting. Variability in
absorption, inconsistent preparation by the patient, and inherent pharma-
cokinetic differences may contribute to a labile glucose response, noctur-
nal hypoglycemia, and fasting hyperglycemia.

+ Glargine and detemir are long-acting “peakless” human insulin analogs
that result in less nocturnal hypoglycemia than NPH insulin when given at
bedtime.

+ In type 1 DM, the average daily insulin requirement is 0.5 to 0.6 units/kg.
Requirements may fall to 0.1 to 0.4 units/kg in the honeymoon phase.
Higher doses (0.5 to 1 unit/kg) are warranted during acute illness or
ketosis. In type 2 DM, a dosage range of 0.7 to 2.5 units/kg is often required
for patients with significant insulin resistance.

+ Hypoglycemia and weight gain are the most common adverse effects of
insulin. Treatment of hypoglycemia is as follows:

v Glucose (10 to 15 g) given orally is the recommended treatment in
conscious patients.

v Dextrose IV may be required in individuals who have lost consciousness.

v Glucagon, 1 g intramuscular, is the treatment of choice in unconscious
patients when IV access cannot be established.

+ Exenatide is a synthetic analog of exendin-4, a 39-amino acid peptide
isolated from the saliva of the Gila monster that enhances glucose-
dependent insulin secretion and reduces hepatic glucose production. It
also decreases appetite and slows gastric emptying, which may reduce
caloric intake and cause weight loss. It significantly decreases postprandial
glucose excursions but has only a modest effect on FPG values. The average
A1C reduction is approximately 0.9%. The most common adverse effects
are nausea, vomiting, and diarrhea. The initial dose is 5 mcg subcutane-
ously twice daily, titrated to 10 mcg twice daily in 1 month if needed and
as tolerated. It should be injected 0 to 60 minutes before the morning and
evening meals. Exenatide should be used as adjunctive therapy in patients
who have not achieved adequate glycemic control despite treatment with
metformin, a sulfonylurea, and/or a thiazolidinedione.

214



Diabetes Mellitus | CHAPTER 19

Pramlintide is a synthetic analog of amylin, a neurohormone cosecreted
from f-cells with insulin. Pramlintide suppresses inappropriately high
postprandial glucagon secretion, reduces food intake (which can cause
weight loss), and slows gastric emptying. The average A1C reduction is
approximately 0.6%, but optimization of concurrent insulin therapy may
result in further A1C decreases. Pramlintide decreases prandial glucose
excursions but has little effect on FPG concentrations. Its main advantage
is in type 1 DM, where it helps stabilize wide, postprandial glycemic
swings. The most common adverse effects are nausea, vomiting, and
anorexia. It does not cause hypoglycemia when used alone, but it is
indicated only in patients receiving insulin, so hypoglycemia can occur. If
a prandial insulin dose is used, it should be reduced by 30% to 50% when
pramlintide is started to minimize severe hypoglycemic reactions. In type
2 DM, the starting dose is 60 mcg subcutaneously prior to major meals; the
dose is titrated up to 120 mcg per dose as tolerated and as warranted based
on postprandial plasma glucose levels. In type 1 DM, dosing starts at 15
mcg prior to each meal, titrated up to a maximum of 60 mcg prior to each
meal if tolerated and warranted.

Sulfonylureas
(Table 19-5)

Sulfonylureas exert a hypoglycemic action by stimulating pancreatic secre-
tion of insulin. All sulfonylureas are equally effective in lowering blood
glucose when administered in equipotent doses. On average, the A1C will
fall by 1.5% to 2% with FPG reductions of 60 to 70 mg/dL (3.3 to 3.9
mmol/L).

The most common side effect is hypoglycemia, which is more problematic
with long half-life drugs. Individuals at high risk include the elderly, those
with renal insufficiency or advanced liver disease, and those who skip
meals, exercise vigorously, or lose a substantial amount of weight. Weight
gain is common; less common adverse effects include skin rash, hemolytic
anemia, GI upset, and cholestasis. Hyponatremia is most common with
chlorpropamide but has also been reported with tolbutamide.

The recommended starting doses (see Table 19-5) should be reduced in
elderly patients who may have compromised renal or hepatic function.
Dosage can be titrated every 1 to 2 weeks (longer interval with chlorpropa-
mide) to achieve glycemic goals.

Short-Acting Insulin Secretagogues (Meglitinides)

Similar to sulfonylureas, meglitinides lower glucose by stimulating pancre-
atic insulin secretion, but insulin release is glucose dependent and dimin-
ishes at low blood glucose concentrations. Hypoglycemic risk appears to be
less with meglitinides than with sulfonylureas. The average reduction in
A1C is about 0.8% to 1%. These agents can be used to provide increased
insulin secretion during meals (when it is needed) in patients who are close
to glycemic goals. They should be administered before each meal (up to 30
minutes prior). If a meal is skipped, the medication should also be skipped.
Repaglinide (Prandin) is initiated at 0.5 to 2 mg with a maximum dose of
4 mg per meal (up to four meals per day or 16 mg/day).
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7. \:] N B Oral Agents for the Treatment of Type 2 Diabetes Mellitus

Recommended Starting Dosage (mg/day)

Generic Name Dosage Equivalent
(generic version available? Strengths Therapeutic Maximum Dose  Duration of
Y =yes, N = no) Brand (mg) Nonelderly Elderly Dose (mg) (mg/day) Action Metabolism or Therapeutic Notes
Sulfonylureas
Acetohexamide (Y) Dymelor 250, 500 250 125-250 500 1,500 Upto16hours  Metabolized in liver; metabolite potency
equal to parent compound; renally
eliminated
Chlorpropamide (Y) Diabinese 100, 250 250 100 250 500 Upto72 hours  Metabolized in liver; also excreted
unchanged renally
Tolazamide (Y) Tolinase 100, 250, 500 100-250 100 250 1,000 Upto24 hours  Metabolized in liver; metabolite less active
than parent compound; renally eliminated
Tolbutamide (Y) Orinase 250, 500 1,000-2,000 500-1,000 1,000 3,000 Upto 12 hours  Metabolized in liver to inactive metabo-
lites that are renally excreted
Glipizide (Y) Glucotrol 5,10 5 25-5 5 40 Upto20hours  Metabolized in liver to inactive metabolites
Glipizide (Y) Glucotrol XL 25,5,10,20 5 25-5 5 20 24 hours Slow-release form; do not cut tablet
Glyburide (Y) DiaBeta, 1.25,25,5 5 1.25-2.5 5 20 Upto24 hours  Metabolized in liver; elimination ‘/2 renal,
Micronase 1/, feces
Glyburide, micronized (Y)  Glynase 1536 3 15-3 3 12 Upto24 hours  Equal control, but better absorption from
micronized preparation
Glimepiride (Y) Amaryl 1,2,4 1-2 0.5-1 2 8 24 hours Metabolized in liver to inactive metabolites
Short-acting insulin secretagogues
Nateglinide (N) Starlix 60, 120 120 with meals 120 with meals NA 120 mg three Up to 4 hours Metabolized by cytochrome P450
times a day (CYP450) 2C9 and 3A4 to weakly active
metabolites; renally eliminated
Repaglinide (N) Prandin 05, 1,2 0.5-1 with meals ~ 0.5-1 with meals ~ NA 16 Up to 4 hours Metabolized by CYP 3A4 to inactive

metabolites; excreted in bile



Biguanides

Metformin (Y) Glucophage
Metformin extended- Glucophage
release (Y) XR
Thiazolidinediones
Pioglitazone (N) Actos
Rosiglitazone (N) Avandia

o-Glucosidase inhibitors
Acarbose (N) Precose

Miglitol (N) Glyset
Dipeptidyl peptidase-1V (DPP-IV) inhibitors
Sitagliptin (N) Januvia

Example combination products
Glyburide/metformin (Y) Glucovance

Glipizide/metformin (N) Metaglip

Rosiglitazone/metformin Avandamet

Q)

500, 850, 1,000
500, 750, 1,000

15, 30, 45

2,48

25, 50, 100

25, 50, 100

25, 50, 100

125/250, 2.5/
500, 5/500

2.5/250, 2.5/
500, 5/500

1/500, 2/500, 4/
500, 2/1,000,
4/1,000

500 mg twice a day
500-1,000 mg with
evening meal

2-4

25 mg 1-3 times
aday

25 mg 1-3 times
a day

100 mg daily

2.5-5/500 mg
twice a day

2.5-5/500 mg
twice a day

1-2/500 mg
twice a day

Assess renal function
Assess renal
function

25 mg 1-3 times
aday

25 mg 1-3 times
a day

25-100 mg daily
based on renal
function

1.25/250 mg twice
a day; assess
renal function

2.5/250 mg;
assess renal
function

1/500 mg twice a
day; assess
renal function

NA
NA

NA

NA

NA

NA

NA

NA

NA

NA

2,550
2,550

45

8 mg/day or 4
mg twice a day

25-100 mg three
times a day

25-100 mg 3
times a day

100 mg daily

20mg of glyburide,
2,000 mg of
metformin

20 mg of glipizide,
2,000 mg of
metformin

8 mg of rosiglita-
zone; 2,000 mg
of metformin

Up to 24 hours
Up to 24 hours

24 hours

24 hours

1-3 hours

1-3 hours

24 hours

Combination
medication

Combination
medication

Combination
medication

No metabolism; renally secreted and excreted

Take with evening meal or may split dose;
may consider trial if intolerant to imme-
diate-release

Metabolized by CYP 2C8 and 3A4; two
metabolites have longer half-lives than
parent compound

Metabolized by CYP 2C8 and 2C9 to inactive
metabolites that are renally excreted

Eliminated in bile

Eliminated renally

50 mg daily if creatinine clearance >30 to
<50 mL/min; 25 mg daily if creatinine

clearance <30 mL/min

Used as initial therapy: 1.25/250 mg twice
a day

Used as initial therapy: 2.5/250 mg twice a
day

Can use as initial therapy

NA, not available.
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+ Nateglinide (Starlix) dosing is 120 mg three times daily before each meal.
The dose may be lowered to 60 mg per meal in patients who are near goal
A1C when therapy is initiated.

Biguanides

+ Metformin is the only biguanide available in the United States. It enhances
insulin sensitivity of both hepatic and peripheral (muscle) tissues. This
allows for increased uptake of glucose into these insulin-sensitive tissues.
Metformin consistently reduces A1C levels by 1.5% to 2%, FPG levels by
60 to 80 mg/dL, and retains the ability to reduce FPG levels when they are
very high (>300 mg/dL). It reduces plasma triglycerides and low-density
lipoprotein (LDL) cholesterol by 8% to 15% and modestly increases high-
density lipoprotein (HDL) cholesterol (2%). It does not induce hypoglyce-
mia when used alone.

+ Metformin should be included in the therapy for all type 2 DM patients (if
tolerated and not contraindicated) because it is the only oral antihypergly-
cemic medication proven to reduce the risk of total mortality and cardio-
vascular death.

* The most common adverse effects are abdominal discomfort, stomach
upset, diarrhea, anorexia, and a metallic taste. These effects can be
minimized by titrating the dose slowly and taking it with food. Extended-
release metformin (Glucophage XR) may reduce some of the GI side
effects. Lactic acidosis occurs rarely and can be minimized by avoiding its
use in patients with renal insufficiency (serum creatinine 1.4 mg/dL or
greater in women and 1.5 mg/dL or greater in men), congestive heart
failure, or conditions predisposing to hypoxemia or inherent lactic acido-
sis. Metformin should be discontinued 2 to 3 days prior to IV radiographic
dye studies and withheld until normal renal function has been docu-
mented poststudy.

+ Metformin immediate-release is usually initiated at 500 mg twice daily
with the largest meals and increased by 500 mg weekly until glycemic goals
or 2,000 mg/day is achieved. Metformin 850 mg can be dosed once daily
and then increased every 1 to 2 weeks to a maximum of 850 mg three times
daily (2,550 mg/day).

+ Metformin extended-release (Glucophage XR) can be initiated with 500
mg with the evening meal and increased by 500 mg weekly to a maximum
dose of 2,000 mg/day. Administration two to three times a day may help
minimize GI side effects and improve glycemic control. The 750-mg
tablets can be titrated weekly to the maximum dose of 2,250 mg/day.

Thiazolidinediones (Glitazones)

+ These agents activate PPAR-7; a nuclear transcription factor important in
fat cell differentiation and fatty acid metabolism. PPAR-yagonists enhance
insulin sensitivity in muscle, liver, and fat tissues indirectly. Insulin must
be present in significant quantities for these actions to occur.

+ When given for about 6 months, pioglitazone and rosiglitazone reduce
A1C values by about 1.5% and FPG levels by about 60 to 70 mg/dL at
maximal doses. Maximal glycemic-lowering effects may not be seen until
3 to 4 months of therapy. Monotherapy is often ineffective unless the drugs
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are given early in the disease course when sufficient fS-cell function and
hyperinsulinemia are present.

+ Pioglitazone decreases plasma triglycerides by 10% to 20%, whereas
rosiglitazone tends to have no effect. Pioglitazone does not cause signifi-
cant increases in LDL cholesterol, whereas LDL cholesterol may increase
by 5% to 15% with rosiglitazone.

+ Fluid retention may occur, perhaps as a result of peripheral vasodilation
and/or improved insulin sensitization with a resultant increase in renal
sodium and water retention. A dilutional anemia may result, which does
not require treatment. Edema is reported in 4% to 5% of patients when
glitazones are used alone or with other oral agents. When used in
combination with insulin, the incidence of edema is about 15%. Glitazones
are contraindicated in patients with New York Heart Association Class III
and IV heart failure and should be used with great caution in patients with
Class I or II heart failure or other underlying cardiac disease.

+ Weight gain is dose related, and an increase of 1.5 to 4 kg is not
uncommon. Rarely, rapid gain of a large amount of weight may necessitate
discontinuation of therapy. Weight gain positively predicts a larger A1C
reduction but must be balanced with the potential adverse effects of long-
term weight gain.

+ Several case reports of hepatotoxicity with pioglitazone or rosiglitazone
have been reported, but improvement in alanine aminotransferase (ALT)
was consistently observed upon drug discontinuation. Baseline ALT
should be obtained prior to therapy and then periodically thereafter at the
practitioner’s discretion. Neither drug should be started if the baseline
ALT exceeds 2.5 times the upper limit of normal. The drugs should be
discontinued if the ALT is more than 3 times the upper limit of normal.

+ Rosiglitazone has been associated with an increased risk of myocardial
ischemic events such as angina or myocardial infarction in several studies.
Although causality has not been conclusively established, the FDA has
required that a “black box” warning be added to the labeling. A new long-
term study to evaluate potential cardiovascular risks is planned.

+ Pioglitazone (Actos) is started at 15 mg once daily. The maximum dose is
45 mg/day.

+ Rosiglitazone (Avandia) is initiated with 2 to 4 mg once daily. The
maximum dose is 8 mg/day. A dose of 4 mg twice daily can reduce A1C by
0.2% to 0.3% more than a dose of 8 mg taken once daily.

a-Glucosidase Inhibitors

+ These agents prevent the breakdown of sucrose and complex carbohy-
drates in the small intestine, thereby prolonging the absorption of carbo-
hydrates. The net effect is a reduction in the postprandial glucose
concentrations (40 to 50 mg/dL) while fasting glucose levels are relatively
unchanged (about 10% reduction). Efficacy on glycemic control is modest,
with average reductions in A1C of 0.3% to 1%. Good candidates for these
drugs are patients who are near target A1C levels with near-normal FPG
levels but high postprandial levels.

+ The most common side effects are flatulence, bloating, abdominal discom-
fort, and diarrhea, which can be minimized by slow dosage titration. If
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hypoglycemia occurs when used in combination with a hypoglycemic agent
(sulfonylurea or insulin), oral or parenteral glucose (dextrose) products or
glucagon must be given because the drug will inhibit the breakdown and
absorption of more complex sugar molecules (e.g., sucrose).

Acarbose (Precose) and miglitol (Glyset) are dosed similarly. Therapy is
initiated with a very low dose (25 mg with one meal a day) and increased
very gradually (over several months) to a maximum of 50 mg three times
daily for patients weighing 60 kg or more, or 100 mg three times daily for
patients above 60 kg. The drugs should be taken with the first bite of the
meal so that the drug is present to inhibit enzyme activity.

Dipeptidyl Peptidase-IV Inhibitors

Dipeptidyl peptidase-IV inhibitors prolong the half-life of an endoge-
nously produced glucagon-like peptide-1. These agents partially reduce the
inappropriately elevated glucagon postprandially and stimulate glucose-
dependent insulin secretion. The average reduction in AIC is approxi-
mately 0.7% to 1% at a dose of 100 mg/day.

The drugs are well tolerated, weight neutral, and do not cause GI side
effects. Mild hypoglycemia appears to be the only significant adverse effect,
but long-term safety data are limited.

Sitagliptin (Januvia) is usually dosed at 100 mg orally once daily. In patients
with renal impairment, the daily dose should be reduced to 50 mg (creati-
nine clearance 30-50 mL/min) or 25 mg (creatinine clearance <30 mL/min).

+ Vildagliptin was not approved in the United States at the time of this

writing (June 2008). The usual dose is expected to be similar to Sitagliptin.

PHARMACOTHERAPY OF TYPE 1 DIABETES MELLITUS

All patients with type I DM require insulin, but the type and manner of
delivery differ considerably among individual patients and clinicians.
Therapeutic strategies should attempt to match carbohydrate intake with
glucose-lowering processes (usually insulin) and exercise. Dietary inter-
vention should allow the patient to live as normal a life as possible.

Fig. 19-1 depicts the relationship between glucose concentrations and
insulin secretion over the course of a day and how various insulin regimens
may be given.

+ The timing of insulin onset, peak, and duration of effect must match meal

patterns and exercise schedules to achieve near-normal blood glucose
values throughout the day.

A regimen of two daily injections that may roughly approximate physiologic
insulin secretion is split-mixed injections of a morning dose of NPH insulin
and regular insulin before breakfast and again before the evening meal (see
Fig. 19-1, no. 1). This assumes that the morning NPH insulin provides basal
insulin for the day and covers the midday meal, the morning regular insulin
covers breakfast, the evening NPH insulin gives basal insulin for the rest of
the day, and the evening regular insulin covers the evening meal. Patients
may be started on 0.6 units/kg/day, with two-thirds given in the morning
and one-third in the evening. Intermediate-acting insulin (e.g., NPH) should
comprise two-thirds of the morning dose and one-half of the evening dose.
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Intensive insulin therapy regimens
7AM 11 AM 5PM Bedtime
1.2doses,?Ror R, LA GLU R,L, A GLU
rapid acting +N +N
+N
2. 3 doses, R or R, L, A GLU R,L A GLU R, L, A, GLU
rapid acting +N +N
+N
3.4 doses, R or R, L, A, GLU R,L, A, GLU R,L,A, GLU N
rapid acting
+N
4.4 doses R or R, L, A, GLU R,L,A, GLU R,L,A, GLU N
rapid acting +N
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5.4 doses,b R R,L, A, GLU R,L, A, GLU R,L,A, GLU GorD?
or rapid acting (G may be given
+ long acting anytime every 24
hours)
~———— Adjusted Basal —— >

6. CS-Il pump Bolus Bolus Bolus

aMany clinicians may not consider this intensive insulin therapy
bMay be given twice daily in type 1 DM = 5 doses

FIGURE 19-1. Relationship between insulin and glucose over the course of a day
and how various insulin regimens could be given. (A, aspart; CS-ll, continuous
subcutaneous insulin infusion; D, detemir; G, glargine; GLU, glulisine; L, lispro; N,
neutral protamine Hagedomn; R, regular.)
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However, most patients are not sufficiently predictable in their schedule and
food intake to allow tight glucose control with this approach. If the fasting
glucose in the morning is too high, the evening NPH dose may be moved to
bedtime (now three total injections per day). This may provide sufficient
intensification of therapy for some patients.

+ The basal-bolus injection concept attempts to replicate normal insulin physi-
ology by giving intermediate- or long-acting insulin as the basal component
and short-acting insulin as the bolus portion (see Fig. 19-1, nos. 2, 3, 4, and 5).
Intensive therapy using this approach is recommended for all adult patients at
the time of diagnosis to reinforce the importance of glycemic control from the
outset of treatment. Because children and prepubescent adolescents are rela-
tively protected from microvascular complications and must be managed with
a regimen that is practical for them, less intensive therapy (two injections per
day of premixed insulins) is reasonable until they are postpubertal.

+ The basal insulin component may be provided by once- or twice-daily NPH
or detemir, or once-daily insulin glargine. Most type 1 DM patients require
two injections of all insulins except insulin glargine. All of the insulins (with
the exception of insulin glargine) have some degree of peak effect that must
be considered in planning meals and activity. Insulin glargine or insulin
detemir is a feasible basal insulin supplement for most patients.

* The bolus insulin component is given before meals with regular insulin,
insulin lispro, insulin aspart, or insulin glulisine. The rapid onset and
short duration of rapid-acting insulin analogs more closely replicate
normal physiology than regular insulin, allowing the patient to vary the
amount of insulin injected based on the preprandial SMBG level, upcom-
ing activity level, and anticipated carbohydrate intake. Most patients have
a prescribed dose of insulin preprandially that they vary based on an
insulin algorithm. Carbohydrate counting is an effective tool for determin-
ing the amount of insulin to be injected preprandially.

+ As an example, patients may begin on about 0.6 units/kg/day of insulin,
with basal insulin 50% of the total dose and prandial insulin 20% of the
total dose before breakfast, 15% before lunch, and 15% before dinner.
Most patients require total daily doses between 0.5 and 1 unit/kg/day.

+ Continuous subcutaneous insulin infusion pump therapy (generally using
insulin lispro or aspart to diminish aggregation) is the most sophisticated
form of basal-bolus insulin delivery (see Fig. 19-1, no. 6). The basal insulin
dose may be varied, consistent with changes in insulin requirements through-
out the day. In selected patients, this feature of continuous subcutaneous
insulin infusion allows greater glycemic control. However, it requires greater
attention to detail and frequency of SMBG more than four injections daily.

+ All patients receiving insulin should have extensive education in the
recognition and treatment of hypoglycemia.

PHARMACOTHERAPY OF TYPE 2 DIABETES MELLITUS

(Fig. 19-2)

+ Symptomatic patients may initially require insulin or combination oral
therapy to reduce glucose toxicity (which may reduce B-cell insulin
secretion and worsen insulin resistance).
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Glycemic Control Algorithm
Glycemic Control Algorithm for Type 2 DM in Children' and Adults

Targets

Initial intervention®~
Diabetes education,
medical nutrition, and exercise

Targets met Fasting SMBG/PP targets

not met after 1 month
A1C every 3-6 months -
Begin monotherapy
or dual therapy46

Monotherapy

A1C <6.5%
Fasting SMBG <110 mg/dL
2-hr PP SMBG <140-180 mg/dL

Dual therapy Dual therapy

Targets not met

Targets met after 3 months

Initial monotherapy options:
Metformin’,7

TZDs

Sulfonylureas”

Insulin (see textbook for Insulin Algorithm)2
Other monotherapy options:

Nonsulfonylurea secretagogues—nateglinide
or repaglinide

a-Glucosidase inhibitors—acarbose or miglitol

Dual-therapy options:

Sulfonylurea + metformin’

Metformin + TZD

Sulfonylurea or metformin + exenatide

Add insulin for any A1C > target
(see Insulin Algorithm);
consider referral to endocrinologist

Continue therapy Targets not met after 3 months (* Add third oral agent or exenatide f
A1C every 3-6 months Begin dual therapy A1C <8.5%; OR
Targets met

Other combination options:

Insulin (see Insulin algorithm in

textbook)?

Nonsulfonylurea secretagogues—nateglinide
or repaglinide

a-Glucosidase inhibitors—acarbose or miglitol

Continue therapy <
A1C every 3-6 months

1Metformin is the only FDA-approved oral diabetic agent for children (=age 10); other agents may be used at the discretion of the clinician. 2See textbook for Insulin Algorithm for
Type 2 Diabetes Mellitus in Children and Adults. 3If initial presentation with glucose =260 mg/dL in symptomatic patient, consider insulin or insulin analog as initial

intervention, probably with dual therapy. 4Monotherapy with sulfonylurea or metformin does not sustain A1C reductions (UKPDS study); dual therapy certainly

indicated if initial glucose =210 mg/dL or A1C =9.0%. SThese interventions should be maintained lifelong; see Medical Nutrition, Weight Loss, and

Exercise Algorithms in textbook. SIf initial dual therapy is initiated, decide on add-on therapy options within 3 months if glycemic targets are not met. 7Sulfonylureas and

metformin are the most studied and least expensive oral diabetes agents; glipizide ER and glimepiride have a lower incidence of hypoglycemia than glyburide. Publication #45-11265.

FIGURE 19-2. Glycemic control algorithm for type 2 diabetes mellitus (DM) in children and adults. (A1C, glycosylated hemoglobin; ER, extended release; PP,
postprandial; SMBG, self-monitoring of blood glucose; TZD, thiazolidinedione; UKPDS, United Kingdom Prospective Diabetes Study.) (Reprinted with permission from

the Texas Diabetes Council.)
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Patients with A1C of about 7% or less are usually treated with therapeutic
lifestyle measures with or without an insulin sensitizer. Those with A1C
>7% but <8% are initially treated with a single oral agent. Patients with
higher initial A1C values may benefit from initial therapy with two oral
agents or insulin. Most patients with A1C values >9% to 10% require two
or more agents to reach glycemic goals.

Obese patients (>120% ideal body weight) without contraindications
should be started on metformin initially, titrated to about 2,000 mg/day.
A thiazolidinedione (rosiglitazone, pioglitazone) may be used in patients
intolerant of or having a contraindication to metformin.
Near-normal-weight patients may be treated with insulin secretagogues.
Failure of initial therapy should result in addition of another class of drug.
Substitution of a drug from another class should be reserved for drug
intolerance. Metformin and an insulin secretagogue are often first- and
second-line therapy.

Initial combination therapy should be considered for patients with A1C
>9% to 10%, and several oral combination products are available.

If a patient has inadequate control on two drugs, adding a third class can
be considered (e.g., a glitazone, exenatide, a dipeptidyl peptidase-IV
inhibitor, or basal insulin). Therapy should be guided by the A1C, FPG,
cost, additional benefits (e.g., weight loss), and avoidance of side effects).
Virtually all patients ultimately become insulinopenic and require insulin
therapy. Patients are often transitioned to insulin by using a bedtime
injection of an intermediate- or long-acting insulin with oral agents used
primarily for glycemic control during the day. This results in less hyperin-
sulinemia during the day and less weight gain than more traditional insulin
strategies. Insulin sensitizers are commonly used with insulin because
most patients are insulin resistant.

When the combination of bedtime insulin plus daytime oral medications
fails, a conventional multiple daily dose insulin regimen with an insulin
sensitizer can be tried.

Because of the variability of insulin resistance, insulin doses may range
from 0.7 to 2.5 units/kg/day or more.

TREATMENT OF COMPLICATIONS

Retinopathy

Patients with established retinopathy should be examined by an ophthal-
mologist at least every 6 to 12 months.

Early background retinopathy may reverse with improved glycemic con-
trol. More advanced disease will not regress with improved control and
may actually worsen with short-term improvements in glycemia.

Laser photocoagulation has markedly improved sight preservation in
diabetic patients.

Neuropathy

Peripheral neuropathy is the most common complication in type 2 DM
outpatients. Paresthesias, numbness, or pain may be predominant symp-
toms. The feet are involved far more often than the hands. Improved
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glycemic control may alleviate some of the symptoms. Pharmacologic
therapy is symptomatic and empiric, including low-dose tricyclic antide-
pressants, anticonvulsants (e.g., gabapentin, pregabalin, carbamaze-
pine), duloxetine, venlafaxine, topical capsaicin, and various analgesics,
including tramadol and nonsteroidal antiinflammatory drugs.

+ Gastroparesis can be severe and debilitating. Improved glycemic control,
discontinuation of medications that slow gastric motility, and use of meto-
clopramide (preferably for only a few days at a time) or erythromycin may
be helpful.

+ Patients with orthostatic hypotension may require mineralocorticoids or
adrenergic agonists.

+ Diabetic diarrhea is commonly nocturnal and frequently responds to a 10-
to 14-day course of an antibiotic such as doxycycline or metronidazole.
Octreotide may be useful in unresponsive cases.

+ Erectile dysfunction is common, and initial treatment should include one of
the oral medications currently available (e.g., sildenafil, vardenafil, tadalafil).

Nephropathy

* Glucose and blood pressure control are most important for prevention of
nephropathy, and blood pressure control is most important for retarding
the progression of established nephropathy.

+ Angiotensin-converting enzyme inhibitors and angiotensin receptor
blockers have shown efficacy in preventing the clinical progression of renal
disease in patients with type 2 DM. Diuretics are frequently necessary due
to volume-expanded states and are recommended second-line therapy.

Peripheral Vascular Disease and Foot Ulcers

+ Claudication and nonhealing foot ulcers are common in type 2 DM.
Smoking cessation, correction of dyslipidemia, and antiplatelet therapy are
important treatment strategies.

+ Pentoxifylline (Trental) or cilostazol (Pletal) may be useful in selected
patients. Revascularization is successful in selected patients.

+ Local debridement and appropriate footwear and foot care are important
in the early treatment of foot lesions. Topical treatments may be beneficial
in more advanced lesions.

Coronary Heart Disease

+ Multiple-risk-factor intervention (treatment of dyslipidemia and hyperten-
sion, smoking cessation, antiplatelet therapy) reduces macrovascular events.

+ The National Cholesterol Education Program Adult Treatment Panel IIT
guidelines (see Chap. 9) classify the presence of DM as a coronary heart
disease risk equivalent, and the goal LDL cholesterol is <100 mg/dL. An
optional LDL goal in high-risk DM patients is <70 mg/dL. After the LDL
goal is reached (usually with a statin), treatment of high triglycerides (=200
mg/dL) is considered. The non-HDL goal for patients with DM is <130 mg/
dL. Niacin or a fibrate can be added to reach that goal if triglycerides are 201
to 499 mg/dL or if the patient has low HDL cholesterol (<40 mg/dL).

+ The American Diabetes Association and the National Kidney Foundation
recommend a goal blood pressure of <130/80 mm Hg in patients with DM.

225



SECTION 4 | Endocrinologic Disorders

Angiotensin-converting enzyme inhibitors and angiotensin receptor
blockers are generally recommended for initial therapy. Many patients
require multiple agents, so diuretics, calcium channel blockers, and -
blockers are useful as second and third agents.

EVALUATION OF THERAPEUTIC OUTCOMES

The A1C is the current standard for following long-term glycemic control
for the previous 3 months. It should be measured at least twice a year in
patients meeting treatment goals on a stable therapeutic regimen.
Regardless of the insulin regimen chosen, gross adjustments in the total daily
insulin dose can be made based on A1C measurements and symptoms such
as polyuria, polydipsia, and weight gain or loss. Finer insulin adjustments
can be determined on the basis of the results of frequent SMBG.

Patients receiving insulin should be questioned about the recognition of
hypoglycemia at least annually. Documentation of frequency of hypogly-
cemia and the treatment required should be recorded.

Patients receiving bedtime insulin should be monitored for hypoglycemia
by asking about nocturnal sweating, palpitations, and nightmares, as well
as the results of SMBG.

Patients with type 2 DM should have a routine urinalysis at diagnosis as the
initial screening test for albuminuria. If positive, a 24-hour urine for
quantitative assessment will assist in developing a treatment plan. If the
urinalysis is negative for protein, a test to evaluate the presence of
microalbuminuria is recommended.

Fasting lipid profiles should be obtained at each follow-up visit if not at goal,
annually if stable and at goal, or every 2 years if the profile suggests low risk.
Regular frequency of foot exams (each visit), urine albumin assessment
(annually), and dilated ophthalmologic exams (yearly or more frequently
with abnormalities) should also be documented.

Assessment for influenza and pneumococcal vaccine administration and
assessment and management of other cardiovascular risk factors (e.g.,
smoking and antiplatelet therapy) are components of sound preventive
medicine strategies.

See Chap. 77, Diabetes Mellitus, authored by Curtis L. Triplitt, Charles A.
Reasner, and William L. Isley, for a more detailed discussion of this topic.
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Thyroid Disorders

CHAPTER

DEFINITION

Thyroid disorders encompass a variety of disease states affecting thyroid
hormone production or secretion that result in alterations in metabolic
stability. Hyperthyroidism and hypothyroidism are the clinical and bio-
chemical syndromes resulting from increased and decreased thyroid hor-
mone production, respectively.

THYROID HORMONE PHYSIOLOGY

The thyroid hormones thyroxine (T,) and triiodothyronine (T;) are
formed on thyroglobulin, a large glycoprotein synthesized within the
thyroid cell. Inorganic iodide enters the thyroid follicular cell and is
oxidized by thyroid peroxidase and covalently bound (organified) to
tyrosine residues of thyroglobulin.

The iodinated tyrosine residues monoiodotyrosine (MIT) and diiodoty-
rosine (DIT) combine (couple) to form iodothyronines in reactions
catalyzed by thyroid peroxidase. Thus, two molecules of DIT combine to
form T,, and MIT and DIT join to form Tj.

Thyroid hormone is liberated into the bloodstream by the process of
proteolysis within thyroid cells. T4 and T3 are transported in the blood-
stream by three proteins: thyroid-binding globulin, thyroid-binding preal-
bumin, and albumin. Only the unbound (free) thyroid hormone is able to
diffuse into the cell, elicit a biologic effect, and regulate thyroid-stimulat-
ing hormone (TSH) secretion from the pituitary.

T, is secreted solely from the thyroid gland, but less than 20% of Tj is
produced there; the majority of Tj is formed from the breakdown of T,
catalyzed by the enzyme 5'-monodeiodinase found in peripheral tissues. T
is about five times more active than T.

T, may also be acted on by the enzyme 5'-monodeiodinase to form reverse
T3, which has no significant biologic activity.

Thyroid hormone production is regulated by TSH secreted by the anterior
pituitary, which in turn is under negative feedback control by the circulat-
ing level of free thyroid hormone and the positive influence of hypotha-
lamic thyrotropin-releasing hormone. Thyroid hormone production is
also regulated by extrathyroidal deiodination of T, to T3, which can be
affected by nutrition, nonthyroidal hormones, drugs, and illness.

THYROTOXICOSIS (HYPERTHYROIDISM)

PATHOPHYSIOLOGY

Thyrotoxicosis results when tissues are exposed to excessive levels of Ty,
T3, or both.

TSH-secreting pituitary tumors release biologically active hormone that is
unresponsive to normal feedback control. The tumors may cosecrete
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prolactin or growth hormone; therefore, patients may present with amen-
orrhea, galactorrhea, or signs of acromegaly.

In Graves’ disease, hyperthyroidism results from the action of thyroid-stimu-
lating antibodies (TSADb) directed against the thyrotropin receptor on the
surface of the thyroid cell. These immunoglobulin G antibodies bind to the
receptor and activate the enzyme adenylate cyclase in the same manner as TSH.
An autonomous thyroid nodule (toxic adenoma) is a discrete thyroid mass
whose function is independent of pituitary control. Hyperthyroidism usually
occurs with larger nodules (i.e., those greater than 3 cm in diameter).

In multinodular goiters (Plummer’s disease), follicles with a high degree of
autonomous function coexist with normal or even nonfunctioning folli-
cles. Thyrotoxicosis occurs when the autonomous follicles generate more
thyroid hormone than is required.

Painful subacute (granulomatous or de Quervain’s) thyroiditis is believed
to be caused by viral invasion of thyroid parenchyma.

Painless (silent, lymphocytic, postpartum) thyroiditis is a common cause
of thyrotoxicosis; its etiology is not fully understood and may be heteroge-
neous; autoimmunity may underlie most cases.

Thyrotoxicosis factitia is hyperthyroidism produced by the ingestion of
exogenous thyroid hormone. This may occur when thyroid hormone is
used for inappropriate indications, when excessive doses are used for
accepted medical indications, or when it is used surreptitiously by patients.
Amiodarone may induce thyrotoxicosis (2% to 3% of patients) or
hypothyroidism. It interferes with type I 5'-deiodinase, leading to reduced
conversion of T4 to T3, and iodide release from the drug may contribute to
iodine excess. Amiodarone also causes a destructive thyroiditis with loss of
thyroglobulin and thyroid hormones.

CLINICAL PRESENTATION

Symptoms of thyrotoxicosis include nervousness, anxiety, palpitations,
emotional lability, easy fatigability, heat intolerance, loss of weight concur-
rent with an increased appetite, increased frequency of bowel movements,
proximal muscle weakness (noted on climbing stairs or arising from a
sitting position), and scanty or irregular menses in women.

Physical signs of thyrotoxicosis may include warm, smooth, moist skin and
unusually fine hair; separation of the ends of the fingernails from the nail
beds (onycholysis); retraction of the eyelids and lagging of the upper lid
behind the globe upon downward gaze (lid lag); tachycardia at rest, a
widened pulse pressure, and a systolic ejection murmur; occasional gyne-
comastia in men; a fine tremor of the protruded tongue and outstretched
hands; and hyperactive deep tendon reflexes.

Graves’ disease is manifested by hyperthyroidism, diffuse thyroid enlarge-
ment, and the extrathyroidal findings of exophthalmos, pretibial myxedema,
and thyroid acropachy. The thyroid gland is usually diffusely enlarged, with
a smooth surface and consistency varying from soft to firm. In severe disease,
a thrill may be felt and a systolic bruit may be heard over the gland.

In subacute thyroiditis, patients complain of severe pain in the thyroid
region, which often extends to the ear on the affected side. Low-grade fever
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is common, and systemic signs and symptoms of thyrotoxicosis are present.
The thyroid gland is firm and exquisitely tender on physical examination.

+ Painless thyroiditis has a triphasic course that mimics that of painful
subacute thyroiditis. Most patients present with mild thyrotoxic symp-
toms; lid retraction and lid lag are present but exophthalmos is absent. The
thyroid gland may be diffusely enlarged, but thyroid tenderness is absent.

+ Thyroid storm is a life-threatening medical emergency characterized by
severe thyrotoxicosis, high fever (often greater than 39.4°C [103°F]), tachy-
cardia, tachypnea, dehydration, delirium, coma, nausea, vomiting, and
diarrhea. Precipitating factors include infection, trauma, surgery, radioac-
tive iodine (RAI) treatment, and withdrawal from antithyroid drugs.

DIAGNOSIS

+ An elevated 24-hour radioactive iodine uptake (RAIU) indicates true
hyperthyroidism: the patient’s thyroid gland is overproducing Ty, T5, or
both (normal RAIU 10% to 30%). Conversely, a low RAIU indicates that
the excess thyroid hormone is not a consequence of thyroid gland
hyperfunction but is likely caused by thyroiditis or hormone ingestion.

+ TSH-induced hyperthyroidism is diagnosed by evidence of peripheral
hypermetabolism, diffuse thyroid gland enlargement, elevated free thyroid
hormone levels, and elevated serum immunoreactive TSH concentrations.
Because the pituitary gland is extremely sensitive to even minimal eleva-
tions of free Ty, a “normal” or elevated TSH level in any thyrotoxic patient
indicates inappropriate production of TSH.

+ TSH-secreting pituitary adenomas are diagnosed by demonstrating lack of
TSH response to thyrotropin-releasing hormone stimulation, inappropri-
ate TSH levels, elevated TSH o-subunit levels, and radiologic imaging.

+ In thyrotoxic Graves’ disease, there is an increase in the overall hormone
production rate with a disproportionate increase in Tj relative to T, (Table
20-1). Saturation of thyroid-binding globulin is increased due to the
elevated levels of serum T, and T3, which is reflected in an elevated T; resin
uptake. As a result, the concentrations of free Ty, free T3, and the free T,
and Tj indices are increased to an even greater extent than are the measured
serum total T, and T; concentrations. The TSH level is undetectable due to
negative feedback by elevated levels of thyroid hormone at the pituitary. In

1V:\:10Lis Bl Thyroid Function Test Results in Different Thyroid Conditions

Free
T; Resin  Thyroxine

Total T, Free T, Total T;  Uptake Index TSH

Normal 4.5-109 0.8-2.7 60-181 22-34% 1.0-43 0.5-4.7 milli-
mcg/dL ng/dL ng/dL units international
units per liter

Hyperthyroid 00 0 T ) 0 L
Hypothyroid (A (A 1’ NS AAS ™
Increased TBG T Normal T 4 Normal Normal

TBG, thyroid-binding globulin; TSH, thyroid-stimulating hormone; Ts, triiodothyronine; T,, thyroxine.
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patients with manifest disease, measurement of the serum free T, concen-
tration (or total T, and T; resin uptake), total T3, and TSH will confirm the
diagnosis of thyrotoxicosis. If the patient is not pregnant, an increased 24-
hour RAIU documents that the thyroid gland is inappropriately using the
iodine to produce more thyroid hormone when the patient is thyrotoxic.

+ Toxic adenomas may result in hyperthyroidism with larger nodules.

Because there may be isolated elevation of serum T3 with autonomously
functioning nodules, a Tj level must be measured to rule out T toxicosis
if the T, level is normal. After a radioiodine scan demonstrates that the
toxic thyroid adenoma collects more radioiodine than the surrounding
tissue, independent function is documented by failure of the autonomous
nodule to decrease its iodine uptake during exogenous T3 administration.
In multinodular goiters, a thyroid scan shows patchy areas of autono-
mously functioning thyroid tissue.

A low RAIU indicates the excess thyroid hormone is not a consequence of
thyroid gland hyperfunction. This may be seen in painful subacute
thyroiditis, painless thyroiditis, struma ovarii, follicular cancer, and facti-
tious ingestion of exogenous thyroid hormone.

In subacute thyroiditis, thyroid function tests typically run a triphasic
course in this self-limited disease. Initially, serum T, levels are elevated due
to release of preformed thyroid hormone from disrupted follicles. The 24-
hour RAIU during this time is less than 2% because of thyroid inflamma-
tion and TSH suppression by the elevated T, level. As the disease
progresses, intrathyroidal hormone stores are depleted, and the patient
may become mildly hypothyroid with an appropriately elevated TSH level.
During the recovery phase, thyroid hormone stores are replenished and
serum TSH elevation gradually returns to normal.

During the thyrotoxic phase of painless thyroiditis, the 24-hour RAIU is
suppressed to less than 2%. Antithyroglobulin and antimicrosomal anti-
body levels are elevated in more than 50% of patients.

Thyrotoxicosis factitia should be suspected in a thyrotoxic patient without
evidence of increased hormone production, thyroidal inflammation, or
ectopic thyroid tissue. The RAIU is low because thyroid gland function is
suppressed by the exogenous thyroid hormone. Measurement of plasma
thyroglobulin reveals the presence of very low levels.

DESIRED OUTCOME

The therapeutic objectives for hyperthyroidism are to normalize the pro-
duction of thyroid hormone; minimize symptoms and long-term conse-
quences; and provide individualized therapy based on the type and severity
of disease, patient age and gender, existence of nonthyroidal conditions,
and response to previous therapy.

TREATMENT

Nonpharmacologic Therapy
+ Surgical removal of the thyroid gland should be considered in patients

with a large gland (>80 g), severe ophthalmopathy, or a lack of remission
on antithyroid drug treatment.
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If thyroidectomy is planned, propylthiouracil (PTU) or methimazole
(MMI) is usually given until the patient is biochemically euthyroid (usually
6 to 8 weeks), followed by the addition of iodides (500 mg/day) for 10 to
14 days before surgery to decrease the vascularity of the gland. Levothy-
roxine may be added to maintain the euthyroid state while the thiona-
mides are continued.

Propranolol has been used for several weeks preoperatively and 7 to 10
days after surgery to maintain a pulse rate less than 90 beats/min.
Combined pretreatment with propranolol and 10 to 14 days of potassium
iodide also has been advocated.

Complications of surgery include persistent or recurrent hyperthyroidism
(0.6% to 18%), hypothyroidism (up to about 49%), hypoparathyroidism
(up to 4%), and vocal cord abnormalities (up to 5%). The frequent
occurrence of hypothyroidism requires periodic follow-up for identifica-
tion and treatment.

Antithyroid Pharmacotherapy
Thioureas (Thionamides)

PTU and MMI block thyroid hormone synthesis by inhibiting the peroxi-
dase enzyme system of the thyroid gland, thus preventing oxidation of
trapped iodide and subsequent incorporation into iodotyrosines and
ultimately iodothyronine (“organification”); and by inhibiting coupling of
MIT and DIT to form T, and T5. PTU (but not MMI) also inhibits the
peripheral conversion of T, to T;.

Usual initial doses include PTU 300 to 600 mg daily (usually in three or
four divided doses) or MMI 30 to 60 mg daily given in three divided doses.
Evidence exists that both drugs can be given as a single daily dose.
Improvement in symptoms and laboratory abnormalities should occur
within 4 to 8 weeks, at which time a tapering regimen to maintenance
doses can be started. Dosage changes should be made on a monthly basis
because the endogenously produced T, will reach a new steady-state
concentration in this interval. Typical daily maintenance doses are PTU 50
to 300 mg and MMI 5 to 30 mg.

Antithyroid drug therapy should continue for 12 to 24 months to induce a
long-term remission.

Patients should be monitored every 6 to 12 months after remission. If a
relapse occurs, alternate therapy with RAI is preferred to a second course
of antithyroid drugs, as subsequent courses of therapy are less likely to
induce remission.

Minor adverse reactions include pruritic maculopapular rashes, arthral-
gias, fever, and a benign transient leukopenia (white blood cell count less
than 4,000/mm3 ). The alternate thiourea may be tried in these situations,
but cross-sensitivity occurs in about 50% of patients.

Major adverse effects include agranulocytosis (with fever, malaise, gingivi-
tis, oropharyngeal infection, and a granulocyte count less than 250/mm?),
aplastic anemia, a lupus-like syndrome, polymyositis, GI intolerance,
hepatotoxicity, and hypoprothrombinemia. If it occurs, agranulocytosis
almost always develops in the first 3 months of therapy; routine monitor-
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ing is not recommended because of its sudden onset. Patients who have
experienced a major adverse reaction to one thiourea should not be
converted to the alternate drug because of cross-sensitivity.

lodides

TIodide acutely blocks thyroid hormone release, inhibits thyroid hormone
biosynthesis by interfering with intrathyroidal iodide use, and decreases
the size and vascularity of the gland.

Symptom improvement occurs within 2 to 7 days of initiating therapy, and
serum T, and T3 concentrations may be reduced for a few weeks.

Todides are often used as adjunctive therapy to prepare a patient with Graves’
disease for surgery, to acutely inhibit thyroid hormone release and quickly
attain the euthyroid state in severely thyrotoxic patients with cardiac decom-
pensation, or to inhibit thyroid hormone release after RAI therapy.
Potassium iodide is available as a saturated solution (SSKI, 38 mg iodide
per drop) or as Lugol’s solution, containing 6.3 mg of iodide per drop.
The typical starting dose of SSKI is 3 to 10 drops daily (120 to 400 mg) in
water or juice. When used to prepare a patient for surgery, it should be
administered 7 to 14 days preoperatively.

As an adjunct to RAI, SSKI should not be used before but rather 3 to 7 days
after RAI treatment so that the RAI can concentrate in the thyroid.
Adverse effects include hypersensitivity reactions (skin rashes, drug fever,
rhinitis, conjunctivitis); salivary gland swelling; “iodism” (metallic taste,
burning mouth and throat, sore teeth and gums, symptoms of a head cold,
and sometimes stomach upset and diarrhea); and gynecomastia.

Adrenergic Blockers

B-Blockers have been used widely to ameliorate thyrotoxic symptoms such as
palpitations, anxiety, tremor, and heat intolerance. They have no effect on
peripheral thyrotoxicosis and protein metabolism and do not reduce TSAb or
prevent thyroid storm. Propranolol and nadolol partially block the conver-
sion of T to T3, but this contribution to the overall therapeutic effect is small.
B-Blockers are usually used as adjunctive therapy with antithyroid drugs,
RAI, or iodides when treating Graves’ disease or toxic nodules; in prepara-
tion for surgery; or in thyroid storm. B-Blockers are primary therapy only
for thyroiditis and iodine-induced hyperthyroidism.

Propranolol doses required to relieve adrenergic symptoms vary, but an
initial dose of 20 to 40 mg four times daily is effective for most patients
(heart rate less than 90 beats/min). Younger or more severely toxic patients
may require as much as 240 to 480 mg/day.

B-Blockers are contraindicated in patients with decompensated heart fail-
ure unless it is caused solely by tachycardia (high output). Other contrain-
dications include sinus bradycardia, concomitant therapy with monoamine
oxidase inhibitors or tricyclic antidepressants, and patients with spontane-
ous hypoglycemia. Side effects include nausea, vomiting, anxiety, insomnia,
lightheadedness, bradycardia, and hematologic disturbances.

+ Centrally acting sympatholytics (e.g., clonidine) and calcium channel

antagonists (e.g., diltiazem) may be useful for symptom control when
contraindications to -blockade exist.
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Radioactive lodine

Sodium iodide 131 is an oral liquid that concentrates in the thyroid and
initially disrupts hormone synthesis by incorporating into thyroid hor-
mones and thyroglobulin. Over a period of weeks, follicles that have taken
up RAI and surrounding follicles develop evidence of cellular necrosis and
fibrosis of the interstitial tissue.

RALI is the agent of choice for Graves’ disease, toxic autonomous nodules,
and toxic multinodular goiters. Pregnancy is an absolute contraindication
to the use of RAL

B-Blockers are the primary adjunctive therapy to RAI, since they may be
given anytime without compromising RAI therapy.

Patients with cardiac disease and elderly patients are often treated with
thionamides prior to RAI ablation because thyroid hormone levels will
transiently increase after RAI treatment due to release of preformed
thyroid hormone.

Antithyroid drugs are not routinely used after RAI because their use is
associated with a higher incidence of posttreatment recurrence or persis-
tent hyperthyroidism.

If iodides are administered, they should be given 3 to 7 days after RAI to
prevent interference with the uptake of RAI in the thyroid gland.

The goal of therapy is to destroy overactive thyroid cells, and a single dose
of 4,000 to 8,000 rad results in a euthyroid state in 60% of patients at 6
months or less. A second dose of RAI should be given 6 months after the
first RAI treatment if the patient remains hyperthyroid.

Hypothyroidism commonly occurs months to years after RAIL The acute,
short-term side effects include mild thyroidal tenderness and dysphagia.
Long-term follow-up has not revealed an increased risk for development
of thyroid carcinoma, leukemia, or congenital defects.

Treatment of Thyroid Storm

The following therapeutic measures should be instituted promptly: (1) sup-
pression of thyroid hormone formation and secretion; (2) antiadrenergic
therapy; (3) administration of corticosteroids; and (4) treatment of associ-
ated complications or coexisting factors that may have precipitated the
storm (Table 20-2).

LV:\:JA 3 i5 3l Drug Dosages Used in the Management of Thyroid Storm

Drug Regimen

Propylthiouracil 900-1,200 mg/day orally in four or six divided doses
Methimazole 90-120 mg/day orally in four or six divided doses
Sodium iodide Up to 2 g/day IV in single or divided doses
Lugol's solution 5-10 drops three times a day in water or juice
Saturated solution of potassium iodide 1-2 drops three times a day in water or juice
Propranolol 40-80 mg every 6 hours

Dexamethasone 5-20 mg/day orally or IV in divided doses
Prednisone 25-100 mg/day orally in divided doses
Methylprednisolone 20-80 mg/day IV in divided doses
Hydrocortisone 100-400 mg/day IV in divided doses
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PTU in large doses is the preferred thionamide because it interferes with
the production of thyroid hormones and blocks the peripheral conversion
of T4 to T3.

TIodides, which rapidly block the release of preformed thyroid hormone,
should be administered after PTU is initiated to inhibit iodide use by the
overactive gland.

Antiadrenergic therapy with the short-acting agent esmolol is preferred
because it can be used in patients with pulmonary disease or at risk for
cardiac failure and because its effects can be rapidly reversed.
Corticosteroids are generally recommended, but there is no convincing
evidence of adrenocortical insufficiency in thyroid storm,; their benefits may
be attributed to their antipyretic action and stabilization of blood pressure.
General supportive measures, including acetaminophen as an antipyretic
(aspirin or other nonsteroidal antiinflammatory drugs may displace bound
thyroid hormone), fluid and electrolyte replacement, sedatives, digoxin,
antiarrhythmics, insulin, and antibiotics should be given as indicated.
Plasmapheresis and peritoneal dialysis have been used to remove excess
hormone in patients not responding to more conservative measures.

EVALUATION OF THERAPEUTIC OUTCOMES

After therapy (thionamides, RAI, or surgery) for hyperthyroidism has been
initiated, patients should be evaluated on a monthly basis until they reach
a euthyroid condition.

Clinical signs of continuing thyrotoxicosis or the development of hypothy-
roidism should be noted.

After T4 replacement is initiated, the goal is to maintain both the free T,
level and the TSH concentration in the normal range. Once a stable dose
of T, is identified, the patient may be followed every 6 to 12 months.

HYPOTHYROIDISM

PATHOPHYSIOLOGY

The vast majority of hypothyroid patients have thyroid gland failure
(primary hypothyroidism). The causes include chronic autoimmune thy-
roiditis (Hashimoto’s disease), iatrogenic hypothyroidism, iodine defi-
ciency, enzyme defects, thyroid hypoplasia, and goitrogens.

Pituitary failure (secondary hypothyroidism) is an uncommon cause
resulting from pituitary tumors, surgical therapy, external pituitary radia-
tion, postpartum pituitary necrosis, metastatic tumors, tuberculosis, his-
tiocytosis, and autoimmune mechanisms.

CLINICAL PRESENTATION

Adult manifestations of hypothyroidism include dry skin, cold intolerance,
weight gain, constipation, weakness, lethargy, fatigue, muscle cramps,
myalgia, stiffness, and loss of ambition or energy. In children, thyroid
hormone deficiency may manifest as growth retardation.
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+ Physical signs include coarse skin and hair, cold or dry skin, periorbital
puffiness, bradycardia, and slowed or hoarse speech. Objective weakness
(with proximal muscles being affected more than distal muscles) and slow
relaxation of deep tendon reflexes are common. Reversible neurologic
syndromes such as carpal tunnel syndrome, polyneuropathy, and cerebel-
lar dysfunction may also occur.

+ Most patients with pituitary failure (secondary hypothyroidism) have
clinical signs of generalized pituitary insufficiency such as abnormal
menses and decreased libido, or evidence of a pituitary adenoma such as
visual field defects, galactorrhea, or acromegaloid features.

+ Myxedema coma is a rare consequence of decompensated hypothyroidism
manifested by hypothermia, advanced stages of hypothyroid symptoms,
and altered sensorium ranging from delirium to coma. Untreated disease
is associated with a high mortality rate.

DIAGNOSIS

+ A rise in the TSH level is the first evidence of primary hypothyroidism.
Many patients have a free T, level within the normal range (compensated
hypothyroidism) and few, if any, symptoms of hypothyroidism. As the
disease progresses, the free T, concentration drops below the normal level.
The Tj concentration is often maintained in the normal range despite a
low T,. Antithyroid peroxidase antibodies and antithyroglobulin antibod-
ies are likely to be elevated. The RAIU is not a useful test in the evaluation
of hypothyroidism because it can be low, normal, or even elevated.

+ Pituitary failure (secondary hypothyroidism) should be suspected in a
patient with decreased levels of T, and inappropriately normal or low TSH
levels.

DESIRED OUTCOME

* The treatment goals for hypothyroidism are to normalize thyroid hormone
concentrations in tissue, provide symptomatic relief, prevent neurologic
deficits in newborns and children, and reverse the biochemical abnormal-
ities of hypothyroidism.

TREATMENT OF HYPOTHYROIDISM

(See Table 20-3)

+ Levothyroxine (L-thyroxine, T,) is the drug of choice for thyroid hormone
replacement and suppressive therapy because it is chemically stable, rela-
tively inexpensive, free of antigenicity, and has uniform potency; however,
any of the commercially available thyroid preparations can be used. Once a
particular product is selected, therapeutic interchange is discouraged.

+ Because T3 (and not Ty) is the biologically active form, levothyroxine
administration results in a pool of thyroid hormone that is readily and
consistently converted to Ts.

+ Young patients with long-standing disease and patients older than 45 years
without known cardiac disease should be started on 50 mcg daily of
levothyroxine and increased to 100 mcg daily after 1 month.
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17.\:18 i B9l Thyroid Preparations Used in the Treatment of Hypothyroidism

Drug/Dosage Form Content Relative Dose

Thyroid USP
Armour Thyroid (T,:T5 ratio) Desiccated beef or pork 1 grain (equivalent
9.5 mcg:2.25 mcg, thyroid gland to 60 mcg of Ty)
19 mcg:4.5 mcg,
38 mcg:9 mcg,
57 mcg:13.5 mcg,
76 mcg:18 mcg,
114 mcg:27 mcg,
152 mcg:36 mcg,
190 mcg:45 mcg tablets

Thyroglobulin
Proloid 32-, 65-, 100-, 130-, 200-mg tablets Partially purified pork 1 grain
thyroglobulin
Levothyroxine Synthetic T4 50-60 mcg
Synthroid, Levothroid, Levoxyl, Unithroid, and
other generics 25-, 50-, 75-, 88-, 100-, 112-,
125-, 137-, 150-, 175-, 200-, 300-mcg tablets;
200- and 500-mcg/vial injection
Liothyronine Synthetic Ty 15-37.5 mcg
Cytomel 5-, 25-, and 50-mcg tablets
Liotrix
Thyrolar '/, /5 1+, 2-, and 3-strength tablets Synthetic T,:Ts in 4:1 50-60 mcg T, and
ratio 12.5-15mcg Ty

Ts, triiodothyronine; T,, thyroxine.

The recommended initial daily dose for older patients or those with known
cardiac disease is 25 mcg/day titrated upward in increments of 25 mcg at
monthly intervals to prevent stress on the cardiovascular system.

The average maintenance dose for most adults is about 125 mcg/day, but
there is a wide range of replacement doses, necessitating individualized
therapy and appropriate monitoring to determine an appropriate dose.
Patients with subclinical hypothyroidism and marked elevations in TSH
(greater than 10 milli-international units per liter [mIU/L]) and high titers
of TSAb or prior treatment with sodium iodide 131 may benefit from
treatment with levothyroxine.

Levothyroxine is the drug of choice for pregnant women, and the objective
of the treatment is to decrease TSH to 1 mIU/L and to maintain free T,
concentrations in the normal range.

Cholestyramine, calcium carbonate, sucralfate, aluminum hydroxide, fer-
rous sulfate, soybean formula, and dietary fiber supplements may impair
the absorption of levothyroxine from the GI tract. Drugs that increase
nondeiodinative T, clearance include rifampin, carbamazepine, and possi-
bly phenytoin. Amiodarone may block the conversion of T, to Tj.
Thyroid, USP (or desiccated thyroid) is derived from hog, beef, or sheep
thyroid gland. It may be antigenic in allergic or sensitive patients. Inexpen-
sive generic brands may not be bioequivalent.

Thyroglobulin is a purified hog-gland extract that is standardized biologically
to give a T;:T; ratio of 2.5:1. It has no clinical advantages and is not widely used.
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Liothyronine (synthetic T3) has uniform potency but has a higher inci-
dence of cardiac adverse effects, higher cost, and difficulty in monitoring
with conventional laboratory tests.

Liotrix (synthetic T,:T5 in a 4:1 ratio) is chemically stable, pure, and has a
predictable potency but is expensive. It lacks therapeutic rationale because
about 35% of T, is converted to T peripherally.

Excessive doses of thyroid hormone may lead to heart failure, angina
pectoris, and myocardial infarction. Allergic or idiosyncratic reactions can
occur with the natural animal-derived products such as desiccated thyroid
and thyroglobulin, but they are extremely rare with the synthetic products
used today. Excess exogenous thyroid hormone may reduce bone density
and increase the risk of fracture.

TREATMENT OF MYXEDEMA COMA

Immediate and aggressive therapy with IV bolus levothyroxine, 300 to 500
mcg, has traditionally been used. Initial treatment with IV liothyronine or
a combination of both hormones has also been advocated because of
impaired conversion of T, to Ts.

Glucocorticoid therapy with IV hydrocortisone 100 mg every 8 hours
should be given until coexisting adrenal suppression is ruled out.
Consciousness, lowered TSH concentrations, and normal vital signs are
expected within 24 hours.

Maintenance levothyroxine doses are typically 75 to 100 mcg IV until the
patient stabilizes and oral therapy is begun.

Supportive therapy must be instituted to maintain adequate ventilation,
euglycemia, blood pressure, and body temperature. Underlying disorders
such as sepsis and myocardial infarction must be diagnosed and treated.

EVALUATION OF THERAPEUTIC OUTCOMES

Serum TSH concentration is the most sensitive and specific monitoring
parameter for adjustment of levothyroxine dose. Concentrations begin to
fall within hours and are usually normalized within 2 to 6 weeks.

TSH and T, concentrations should both be checked every 6 weeks until a
euthyroid state is achieved. An elevated TSH level indicates insufficient
replacement. Serum T, concentrations can be useful in detecting noncom-
pliance, malabsorption, or changes in levothyroxine product bioequiva-
lence. TSH may also be used to help identify noncompliance.

In patients with hypothyroidism caused by hypothalamic or pituitary
failure, alleviation of the clinical syndrome and restoration of serum T, to
the normal range are the only criteria available for estimating the appro-
priate replacement dose of levothyroxine.

See Chap. 78, Thyroid Disorders, authored by Steven I. Sherman and Robert L.
Talbert, for a more detailed discussion of this topic.
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SECTION 5

Edited by Joseph T. DiPiro and Terry L. Schwinghammer

Cirrhosis and

CHAPTER

Portal Hypertension

DEFINITIONS

Cirrhosis is defined as a diffuse process characterized by fibrosis and a
conversion of the normal hepatic architecture into structurally abnormal
nodules. The end result is destruction of hepatocytes and their replace-
ment by fibrous tissue.

+ The resulting resistance to blood flow results in portal hypertension and

the development of varices and ascites. Hepatocyte loss and intrahepatic
shunting of blood results in diminished metabolic and synthetic function,
which leads to hepatic encephalopathy (HE) and coagulopathy.

Cirrhosis has many causes (Table 21-1). In the United States, excessive
alcohol intake and chronic viral hepatitis (types B and C) are the most
common causes.

PATHOPHYSIOLOGY

Cirrhosis results in elevation of portal blood pressure because of fibrotic
changes within the hepatic sinusoids, changes in the levels of vasodilatory
and vasoconstrictor mediators, and an increase in blood flow to the
splanchnic vasculature. The pathophysiologic abnormalities that cause it
result in the commonly encountered problems of ascites, portal hyperten-
sion and esophageal varices, HE, and coagulation disorders.

ASCITES

Ascites is the pathologic accumulation of lymph fluid within the peritoneal
cavity. It is one of the earliest and most common presentations of cirrhosis.
The development of ascites is related to systemic arterial vasodilation that
leads to the activation of the baroreceptors in the kidney and an activation
of the renin-angiotensin system, with sodium and water retention and
vasoconstrictor production.

PORTAL HYPERTENSION AND VARICES

The most important sequelae of portal hypertension are the development
of varices and alternative routes of blood flow. Patients with cirrhosis are
at risk for varices when portal pressures exceed the vena cava pressure by
greater than or equal to 12 mm Hg.

Hemorrhage from varices occurs in 25% to 40% of patients with cirrhosis,
and each episode of bleeding carries a 25% to 30% risk of death.
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L.\:IR 3 B Etiology of Cirrhosis

Chronic alcohol consumption
Chronic viral hepatitis (types B, C, and D)
Metabolic liver disease
Hemochromatosis
Wilson's disease
oy-Antitrypsin deficiency
Nonalcoholic steatohepatitis (“fatty liver”)
Cholestatic liver diseases
Primary biliary cirrhosis
Secondary biliary cirrhosis (possible causes: gallstones, strictures, parasitic infection)
Primary sclerosing cholangitis (associated with ulcerative colitis and cholangiocarcinoma)
Budd-Chiari's syndrome
Severe congestive heart failure and constrictive pericarditis
Drugs and herbals
Isoniazid, methyldopa, amiodarone, methotrexate, phenothiazine, estrogen, anabolic steroids, black
cohosh, Jamaican bush tea

HEPATIC ENCEPHALOPATHY

HE is a central nervous system disturbance with a wide range of neuropsy-
chiatric symptoms associated with hepatic insufficiency and liver failure.
The symptoms of HE are thought to result from an accumulation of gut-
derived nitrogenous substances in the systemic circulation as a conse-
quence of shunting through portosystemic collaterals bypassing the liver.
These substances then enter the CNS and result in alterations of neu-
rotransmitters that affect consciousness and behavior.

Altered ammonia, glutamate, benzodiazepine receptor agonists, and man-
ganese are associated with HE. However, serum ammonia levels are poorly
correlated with mental status in HE.

Type A HE is induced by acute liver failure, Type B results from portal-
systemic bypass without intrinsic liver disease, and Type C occurs with
cirrhosis. HE may be classified as episodic, persistent, or minimal.

COAGULATION DEFECTS

Complex coagulation derangements can occur in cirrhosis. These derange-
ments include the reduction in the synthesis of coagulation factors,
excessive fibrinolysis, disseminated intravascular coagulation, thrombocy-
topenia, and platelet dysfunction.

Vitamin K—dependent clotting factor, including factor VII, is affected early.
The net effect of these events is the development of bleeding diathesis.

CLINICAL PRESENTATION

The range of presentation of patients with cirrhosis may be from asymptom-
atic with abnormal laboratory tests to acute life-threatening hemorrhage.
Table 21-2 describes the presenting signs and symptoms of cirrhosis.
Jaundice is often a late manifestation of cirrhosis, and its absence does not
exclude the diagnosis. The classic signs of cirrhosis, such as palmar
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Signs and symptoms
Asymptomatic
Hepatomegaly, splenomegaly
Pruritus, jaundice, palmar erythema, spider angiomata, hyperpigmentation
Gynecomastia, reduced libido
Ascites, edema, pleural effusion, and respiratory difficulties
Malaise, anorexia, and weight loss
Encephalopathy
Laboratory tests
Hypoalbuminemia
Elevated prothrombin time
Thrombocytopenia
Elevated alkaline phosphatase
Elevated aspartate transaminase (AST), alanine transaminase (ALT), and y-glutamyl transpeptidase (GGT)

erythema, spider angiomata, and gynecomastia, are neither sensitive nor
specific for the disease.

On questioning, a patient who abuses alcohol will often underestimate the
amount of alcohol consumed.

An elevation of prothrombin time was the single most reliable manifesta-
tion of cirrhosis. The combination of thrombocytopenia, encephalopathy,
and ascites had the highest predictive value.

LABORATORY ABNORMALITIES

Routine liver assessment tests include alkaline phosphatase, bilirubin,
aspartate transaminase, alanine transaminase, and y~glutamyl transpepti-
dase (GGT). Additional markers of hepatic synthetic activity include
albumin and prothrombin time. The substances are typically elevated in
chronic inflammatory liver diseases such as hepatitis C, but may be normal
in others with resolved infectious processes.

The aminotransferases, aspartate transaminase and alanine transaminase,
are enzymes that have increased concentrations in plasma following
hepatocellular injury. The highest concentrations are seen in acute viral
infections, or ischemic or toxic liver injury.

Alkaline phosphatase levels and GGT are elevated in plasma with obstruc-
tive disorders that disrupt the flow of bile from hepatocytes to the bile
ducts or from the biliary tree to the intestines in condition such as primary
biliary cirrhosis, sclerosing cholangitis, drug-induced cholestasis, gallstone
disease, and autoimmune cholestatic liver disease.

The levels of GGT in plasma correlate well with elevations of alkaline
phosphatase and are a sensitive marker for cholestatic liver disease.
Elevations of serum bilirubin are common in end-stage liver disease and
obstruction of the common bile duct, but other causes of hyperbilirubin-
emia are numerous.

Fig. 21-1 describes a general algorithm for the interpretation of liver
function tests.

Albumin and coagulation factors are markers of hepatic synthetic activity
and are used to estimate hepatocyte functioning in cirrhosis.
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Pattern of abnormal

liver function test
[
v L
Obstructive Hepatocellular
(alkaline, phosphatase, GGT, bilirubin) (AST/ALT)

Imaging Magnitude

(ultrasound, CT scan)

—

Dilated Nondilated | >20 x Normal | | <20 x Normal |
biliary tree biliary tree
) 7 ; }
Gallstones/ Intrahepatic process Hepatitis Broad DDX
Malignancy \—l—l Drugs I—,
Ischemia
Drugs
Primary biliary cirrhosis
Hepatitis
Malignancy

FIGURE 21-1. Interpretation of liver function tests. (ALT, alanine transaminase;
AST, aspartate transaminase; CT, computed tomography; DDX, differential diagno-
sis; GGT, pglutamyl transpeptidase.)

Thrombocytopenia is a relatively common feature in chronic liver disease
found in 30% to 64% of cirrhotic patients.

Liver biopsy plays a central role in the diagnosis and staging of liver disease.
The Child-Pugh classification system uses a combination of physical and
laboratory findings to assess and define the severity of cirrhosis and is a
predictor of patient survival, surgical outcome, and risk of variceal bleed-
ing (Table 21-3).

TREATMENT

DESIRED OUTCOME

Clinical improvement or resolution of acute complications, such as
variceal bleeding, and resolution of hemodynamic instability for an epi-
sode of acute variceal hemorrhage.

Prevention of complications, achieving adequate lowering of portal pres-
sure with medical therapy using S-adrenergic blocker therapy, or support-
ing abstinence from alcohol.

GENERAL APPROACHES

Identify and eliminate the causes of cirrhosis (e.g., alcohol abuse).

Assess the risk for variceal bleeding and begin pharmacologic prophylaxis
where indicated, reserving endoscopic therapy for high-risk patients or
acute bleeding episodes.

The patient should be evaluated for clinical signs of ascites and managed
with pharmacologic treatment (e.g., diuretics) and paracentesis. Careful
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7:\:18 3 Bl Criteria and Scoring for the Child-Pugh
Grading of Chronic Liver Disease

Score 1 2 3
Bilirubin (mg/dL) 1-2 2-3 >3
Albumin (mg/dL) >35 28-35 <28
Ascites None Mild Moderate
Encephalopathy (grade) None Tand2 3and 4
Prothrombin time (sec prolonged) 1-4 4-6 >6

Grade A, 1-6 points; grade B, 7-9 points; grade C, 10-15 points.

monitoring for spontaneous bacterial peritonitis (SBP) should be employed
in patients with ascites who undergo acute deterioration.

HE is a common complication of cirrhosis and requires clinical vigilance
and treatment with dietary restriction, elimination of CNS depressants,
and therapy to lower ammonia levels.

Frequent monitoring for signs of hepatorenal syndrome, pulmonary
insufficiency, and endocrine dysfunction is necessary.

MANAGEMENT OF PORTAL HYPERTENSION
AND VARICEAL BLEEDING

The management of varices involves three strategies: (1) primary prophylaxis
to prevent rebleeding, (2) treatment of variceal hemorrhage, and (3) secon-
dary prophylaxis to prevent rebleeding in patients who have already bled.

Primary Prophylaxis

The mainstay of primary prophylaxis is the use of nonselective -adrener-
gic blocking agents such as propranolol or nadolol. These agents reduce
portal pressure by reducing portal venous inflow via two mechanisms:
decrease in cardiac output, and decrease in splanchnic blood flow. They
prevent bleeding, and there is a trend toward reduced mortality.
B-Adrenergic blocker therapy should be continued for life, unless it is not
tolerated, because bleeding can occur when therapy is abruptly discontinued.
All patients with cirrhosis and portal hypertension should be considered
for endoscopic screening, and patients with large varices should receive
primary prophylaxis with $-adrenergic blockers.

Therapy should be initiated with propranolol, 10 mg three times daily, or
nadolol, 20 mg once daily, and titrated to a reduction in resting heart rate
of 20% to 25%, an absolute heart rate of 55 to 60 beats/min, or the
development of adverse effects.

Endoscopic band ligation (EBL) should be considered in patients with
contraindications or intolerance to -adrenergic blockers.

There is insufficient evidence to recommend nitrates in addition to -
adrenergic blockers to further lower portal pressure.

Acute Variceal Hemorrhage

Fig. 21-2 presents an algorithm for the management of variceal hemor-
rhage. Evidence-based recommendations for selected treatments are pre-
sented in Table 21-4.
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Acute bleed

Resuscitation
ABCs
Sedation

v

Somatostatin
Octreotide
Prophylactic antibiotic therapy

v

| Endoscopy: Diagnostic and therapeutic

I
v v

v

v

| Nonportal hypertension source | | Portal hypertension gastropathy | | Isolated gastric varices | | Esophageal varices |

v v

v

v

Somatostatin

Octreotide

Tamponade
Octreotide
TIPS

Octreotide for 5 days and
endoscopy banding or
sclerotherapy

If unresolved—TIPS

FIGURE 21-2. Management of acute variceal hemorrhage. (ABCs, airway, breathing, and circulation; TIPS, transjugular intrahepatic portosystemic shunt.)

Rebleeding

| Child-Pugh A or early B | | Child-Pugh|

No rebleeding

Continue endoscopy
p-blockers
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17.\:18 32 B¥ 9 Evidence-Based Table of Selected Treatment
Recommendations: Variceal Bleeding in Portal Hypertension

Recommendation Grade

Prevention of variceal bleeding

Nonselective B-blockers should be initiated in patients with medium or large esophageal 1A
varices

EBL should be offered to patients who have contraindications or intolerance to nonselective 5D
Bblockers

Treatment of variceal bleeding

Antibiotic prophylaxis should be instituted on admission 1A

Vasoactive drugs should be started as soon as possible, prior to endoscopy, and maintained 1A
for 2-5 days

EBL is the recommended form of endoscopic therapy for acute esophageal variceal 1A

bleeding and should be used in conjunction with vasoactive drug therapy
Secondary prophylaxis of variceal bleeding
Nonselective B-blockers, EBL, or both should be used for prevention of recurrent variceal 1A
bleeding

EBL, endoscopic band ligation.

Recommendation Grading: Level of Evidence 1 = highest; 5 = lowest; Grade of Recommendation: A = strongest; D = weakest.
Data from Defranchis R. Updating consensus in portal hypertension. Report of the Baveno Il consensus workshop on definitions,
methodology and therapeutic strategies in portal hypertension. J Hepatol 2000,33:846-852.

+ Initial treatment goals include: (1) adequate fluid resuscitation, (2) correction
of coagulopathy and thrombocytopenia, (3) control of bleeding, (4) preven-
tion of rebleeding, and (5) preservation of liver function.

+ Prompt stabilization and aggressive fluid resuscitation of patients with
active bleeding are followed by endoscopic examination. Airway manage-
ment is critical.

+ The American College of Gastroenterology recommends esophagogas-
troduodenoscopy employing endoscopic injection sclerotherapy or EBL of
varices as the primary diagnostic and treatment strategy for upper GI tract
hemorrhage secondary to portal hypertension and varices.

+ Fluid resuscitation involves colloids initially and subsequent blood products.

+ Vasoactive drug therapy (somatostatin, octreotide, or terlipressin) to stop or
slow bleeding is routinely employed early in patient management to allow
stabilization of the patient and to permit endoscopy to proceed under more
favorable conditions. These agents decrease splanchnic blood flow and
reduce portal and variceal pressures, without significant adverse effects.

+ Treatment with octreotide or somatostatin should be initiated early to
control bleeding and facilitate endoscopy. Octreotide is preferred and is
administered as an IV bolus of 50 to 100 mcg and is followed by a
continuous infusion of 25 mcg/hour, up to a maximum rate of 50 mcg/
hour. Patients should be monitored for hypo- or hyperglycemia.

* Vasopressin, alone or in combination with nitroglycerin, can no longer be
recommended as first-line therapy for the management of variceal hemor-
rhage. Vasopressin causes nonselective vasoconstriction and can result in
hypertension, severe headaches, coronary ischemia, myocardial infarction,
and arrhythmias.
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Antibiotic therapy should be used early to prevent sepsis in patients with
signs of infection or ascites.

EBL is the recommended form of endoscopic therapy for acute variceal
bleeding, although endoscopic injection sclerotherapy (injection of 1 to 4
mL of a sclerosing agent into the lumen of the varices) may be used if the
ligation is technically difficult. EBL is often used for upper GI tract
hemorrhage secondary to portal hypertension and varices.

If standard therapy fails to control bleeding, a salvage procedure such as
balloon tamponade (with a Sengstaken-Blakemore tube), transjugular
intrahepatic portosystemic shunt, or surgical shunting is necessary.

Prevention of Rebleeding

B-Adrenergic blockers along with EBL is the best treatment option for
prevention of rebleeding.

In patients without contraindications, f-adrenergic blocking agents
should be the initial step in prevention of rebleeding, along with EBL. Use
of a long-acting fB-adrenergic blocker (such as nadolol) is usually recom-
mended to improve compliance, and gradual, individualized dose escala-
tion may help to minimize side effects. A decrease in hepatic venous
pressure gradient to <12 mm Hg or a reduction of more than 20% from
baseline are considered therapeutic targets.

Propranolol may be given at 20 mg three times daily (or nadolol, 20 to 40
mg once daily) and titrated weekly to achieve a goal of heart rate 55 to 60
beats/min or a heart rate that is 25% lower than the baseline heart rate.
Patients should be monitored for evidence of heart failure, bronchospasm,
or glucose intolerance.

For patients who fail to achieve sufficient reductions in portal pressure
with f-blocker therapy alone, combination therapy with isosorbide
mononitrate may more effectively lower portal pressures.

ASCITES

For patients with ascites, a serum-ascites albumin gradient should be
determined. If the serum-ascites albumin gradient is greater than 1.1,
portal hypertension is present with 97% accuracy.

The treatment of ascites secondary to portal hypertension includes absti-
nence from alcohol, sodium restriction, and diuretics. Sodium chloride
should be restricted to 2 g/day.

Diuretic therapy should be initiated with single morning doses of spirono-
lactone, 100 mg, and furosemide, 40 mg, with a goal of 0.5-kg maximum
daily weight loss. The dose of each can be increased together, maintaining
the 100:40 mg ratio, to a maximum daily dose of 400 mg spironolactone
and 160 mg furosemide.

If tense ascites is present, a 4- to 6-L paracentesis should be performed
prior to institution of diuretic therapy and salt restriction.

Patients who experience encephalopathy, severe hyponatremia despite fluid
restriction, or renal insufficiency should have diuretic therapy discontinued.
Liver transplantation should be considered in patients with refractory
ascites.
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LV.\: 1033 ELRl Treatment Goals: Acute and Chronic Hepatic Encephalopathy

Acute Hepatic Encephalopathy Chronic Hepatic Encephalopathy

Control precipitating factor Reverse encephalopathy

Reverse encephalopathy Avoid recurrence

Hospital/inpatient therapy Home/outpatient therapy

Maintain fluid and hemodynamic support Manage persistent neuropsychiatric abnormalities
Expect normal mentation after recovery Manage chronic liver disease

High prevalence of abnormal mentation after recovery

SPONTANEOUS BACTERIAL PERITONITIS

+ Antibiotic therapy for prevention of SBP should be considered in all
patients who are at high risk for this complication (those who experience
a prior episode of SBP or variceal hemorrhage, and those with low-protein
ascites).

+ Patients with documented or suspected SBP should receive broad-spec-
trum antibiotic therapy to cover Escherichia coli, Klebsiella pneumoniae,
and Streptococcus pneumoniae.

+ Cefotaxime, 2 g every 8 hours, or a similar third-generation cephalosporin
is considered the drug of choice. Oral ofloxacin, 400 mg every 12 hours, is
equivalent to IV cefotaxime.

Hepatic Encephalopathy

+ Table 21-5 describes the treatment goals for HE.
+ The first approach to treatment of HE is to identify any precipitating causes.
Precipitating factors and therapy alternatives are presented in Table 21-6.

i -V:TN3PI B Portosystemic Encephalopathy:
Precipitating Factors and Therapy

Factor Therapy Alternatives
Gl bleeding Band ligation/sclerotherapy
Variceal Octreotide
Nonvariceal Endoscopic therapy
Proton pump inhibitors
Infection/sepsis Antibiotics
Paracentesis
Electrolyte abnormalities Discontinue diuretics
Fluid and electrolyte replacement
Sedative ingestion Discontinue sedatives/tranquilizers
Consider reversal (flumazenil/naloxone)
Dietary excesses Limit daily protein
Lactulose
Constipation Cathartics
Bowel cleansing/enema
Renal insufficiency Discontinue diuretics

Discontinue nonsteroidal antiinflammatory drugs, nephrotoxic antibiotics
Fluid resuscitation
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17.\:18 32 B Al Management Approach and Outcome Assessments

Monitoring
Complication Treatment Approach Parameter Outcome Assessment
Ascites Diet, diuretics, paracente- Daily assessment of Prevent or eliminate ascites
sis, TIPS weight and its secondary
complications
Spontaneous Antibiotic therapy, prophy-  Evidence of dlinical Prevent/treat infection to
bacterial laxis if undergoing para- deterioration (e.g., decrease mortality
peritonitis centesis abdominal pain,
fever, anorexia,
malaise, fatigue)
Variceal bleeding Pharmacologic prophylaxis Child-Pugh score, Appropriate reduction in
endoscopy, CBC heart rate and portal
pressure
Endoscopy, vasoactive drug ~ CBC, evidence of Acute: control acute bleed.
therapy (octreotide), scle- overt bleeding Chronic: variceal obliter-
rotherapy, volume resus- ation, reduce portal
citation, pharmacologic pressures
prophylaxis
Coagulation Blood products (PPF, plate-  CBC, prothrombin Normalize PT, maintain/
disorders lets), vitamin K time, platelet count improve hemostasis
Hepatic encepha- ~ Ammonia reduction (lactu-  Grade of encepha- Maintain functional capac-
lopathy lose, cathartics), elimina- lopathy, EEG, psy- ity, prevent hospitaliza-
tion of drugs causing chological testing, tion for encephalopathy,
CNS depression, limit mental status decrease ammonia
excess protein in diet changes, concur- levels, provide adequate
rent drug therapy nutrition
Hepatorenal syn-  Eliminate concurrent neph- Serum and urine elec-  Prevent progressive renal
drome rotoxins (NSAIDs), trolytes, concurrent injury by preventing
decrease or discontinue drug therapy dehydration and avoid-
diuretics, volume resusci- ing other nephrotoxins
tation, liver transplantation Liver transplantation for
refractory hepatorenal
syndrome
Hepatopulmo- Paracentesis, O, therapy Dyspnea, presence of ~ Acute: relief of dyspnea
nary syn- ascites and hypoxia. Chronic:
drome manage ascites as above

(CBC, complete blood cell count; EEG, electroencephalogram; NSAIDs, nonsteroidal antiinflammatory drugs; O,, oxygen; PPF, plasma
protein fraction; PT, prothrombin time; TIPS, transjugular intrahepatic portosystemic shunt.

Treatment approaches include: (1) reduction of blood ammonia concentra-
tions by dietary restrictions, and drug therapy aimed at inhibiting ammonia
production or enhancing its removal (lactulose and antibiotics) and (2) inhibi-
tion of paminobutyric acid—benzodiazepine receptors by flumazenil.
Approaches to reducing blood ammonia concentrations include: In
patients with acute HE, limit protein intake to 10 to 20 g/day while
maintaining the total caloric intake. Protein intake can be titrated by
increasing 10 to 20 g/day every 3 to 5 days to a total of 0.8 to 1 g/kg/day.
With chronic HE, restrict protein intake to 40 g/day.

In episodic HE, lactulose is initiated at 45 mL every hour (or 300 mL
lactulose syrup with 700 mL water given as a retention enema) until
catharsis begins. The dose is then decreased to 15 to 30 mL orally every 8
to 12 hours and titrated to produce two to three soft, acidic stools per day.
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+ Antibiotic therapy with metronidazole or neomycin is reserved for
patients who have not responded to diet and lactulose.

+ Zinc acetate supplementation (220 mg twice daily) is recommended for
long-term management in patients with cirrhosis who are zinc deficient.

+ Other adjunctive therapies that may be considered for patient’s refractory
to standard therapy include L-ornithine L-aspartate or flumazenil 0.2 mg
up to 15 mg IV.

EVALUATION OF THERAPEUTIC OUTCOMES

+ Table 21-7 summarizes the management approach for patients with
cirrhosis, including monitoring parameters and therapeutic outcomes.

See Chap. 39, Portal Hypertension and Cirrhosis, authored by Julie M. Sease,
Edward G. Timm, and James 