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Allergies, Anaphylaxis, and Systemic M astocytosis: Introduction

The term atopic al lergy implies a famil ial tendency to manifest such conditions as asthma, rhinitis, 
urticaria, and eczematous dermatitis (atopic dermatitis) alone or in combination. However, 
individuals without an atopic background may also develop hypersensitivity reactions, particularly 
urticaria and anaphylaxis, associated with the same class of  antibody, IgE, found in atopic 
individuals. Inasmuch as the mast cell  is the key effector cell  of the biologic response in al lergic 
rhinitis, urticaria, anaphylaxis, and systemic mastocytosis, the introduction to these cl inical 
problems wil l  consider the developmental biology, activation pathway, product prof i le, and target 
tissues for this cell  type.

The binding of  IgE to human mast cel ls and basophi ls, a process termed sensi tization, prepares 
these cel ls for subsequent antigen-specif ic activation. The sensitization of the high-aff inity Fc 

receptor for IgE, designated Fc , and" border="0">RI, also stabil izes the cellular expression of 

the receptor. Fc RI  is composed of  one , one , and two disulf ide-l inked  chains, 

which together cross the plasma membrane seven times. The  chain is responsible for IgE 

binding, and the  and  chains provide for signal transduction that fol lows the aggregation 
of  the sensitized tetrameric receptors by polymeric antigen. Signal transduction is initiated through 
the action of an Src family–related tyrosine kinase, termed Lyn, that is consti tutively associated 

with the  chain. Lyn transphosphorylates the canonical immunoreceptor tyrosine-based 

activation motifs (ITAMs) of the  and  chains of  the receptor, resulting in recruitment of  

more active Lyn to the  chain and of  Syk tyrosine kinase. The phosphorylated tyrosines in the 
ITAM s function as binding sites for the tandem sr c homology two (SH2) domains within Syk. Syk 

activates not only phospholipase C , which associates with the L inker of Activated T Cells at 
the plasma membrane, but also phosphatidyl inositol 3-kinase to provide phosphatidylinositol-
3,4,5-trisphosphate, which al lows membrane targeting of the Tec family kinase Btk and its 
activation by Lyn. In addition, the Src family tyrosine kinase Fyn becomes activated after 
aggregation of  IgE receptors and phosphorylates the adapter protein Gab2 that enhances activation 
of phosphatidylinositol 3-kinase. Indeed, this additional input is essential for mast cel l  activation, 
but it can be partially inhibited by Lyn, indicating that the extent of mast cell activation is in part 

regulated by the interplay between these src family kinases. Activated phospholipase C
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cleaves phospholipid membrane substrates to provide inositol-1,4,5-trisphosphate (IP3) and 1,2-
diacylglycerols (1,2-DAGs) so as to mobil ize intracellular calcium and activate protein kinase C, 
respectively. The subsequent opening of calcium-regulated activated channels provides the 
sustained elevations of intracellular calcium required to recruit the mitogen-activated protein 
kinases, ERK , JNK , and p38 (serine/threonine kinases), which provide cascades to augment 
arachidonic acid release and to mediate nuclear translocation of transcription factors for various 
cytokines. The calcium ion–dependent activation of phosphol ipases cleaves membrane 
phospholipids to generate lysophospholipids, which, l ike 1,2-DAG, may facil i tate the fusion of the 
secretory granule perigranular membrane with the cel l  membrane, a step that releases the 
membrane-free granules containing the preformed mediators of mast cel l  effects.

The secretory granule of  the human mast cel l has a crystal l ine structure, unlike mast cel ls of lower 
species. IgE-dependent cell  activation results in solubil ization and swell ing of the granule contents 
within the first minute of receptor perturbation; this reaction is followed by the ordering of 
intermediate f i laments about the swollen granule, movement of  the granule toward the cell  surface, 
and fusion of  the perigranular membrane with that of other granules and with the plasmalemma to 
form extracellular channels for mediator release while maintaining cell viabil i ty.

In addition to exocytosis, aggregation of Fc RI initiates two other pathways for generation of 
bioactive products, namely, l ipid mediators and cytokines. The biochemical steps involved in 

expression of  such cytokines as tumor necrosis factor  (TNF- ) , interleukin (IL) 1, IL-6 , 
IL-4, IL-5, IL-13, granulocyte-macrophage colony-stimulating factor (GM-CSF), and others 
including an array of chemokines, have not been specifically def ined for mast cells. Inhibition 

studies of cytokine production (IL-1 , TNF- ,  and IL-6) in mouse mast cel ls with 
cyclosporine or FK506 reveal binding to the l igand-specif ic immunophil in and attenuation of the 
calcium ion– and calmodulin-dependent serine/threonine phosphatase, calcineurin.

Lipid mediator generation (Fig. 311-1) involves translocation of calcium ion–dependent cytosol ic 
phospholipase A2 to the outer nuclear membrane, with subsequent release of arachidonic acid for 
metabolic processing by the distinct prostanoid and leukotriene pathways. The constitutive 
prostaglandin endoperoxide synthase-1 (PGHS-1/cyclooxygenase-1) and the de novo inducible 
PGHS-2 (cyclooxygenase-2) convert released arachidonic acid to the sequential  intermediates, 
prostaglandins G2 and H2. The glutathione-dependent hematopoietic prostaglandin D2 (PGD2)  
synthase then converts PGH2 to PGD2, the predominant mast cell  prostanoid. The PGD2 receptors, 
DP1 and DP2, are distributed to smooth muscle as well  as to TH2 lymphocytes, eosinophi ls, and 
basophils implicated in allergic inf lammation.

Figure 311-1

Pathways for  biosynthesis and release of membrane-derived lipid mediators from mast 
cells. In the 5-l ipoxygenase pathway leukotriene A4 (LTA4) is the intermediate from which the 
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For the leukotriene biosynthetic pathway, the released arachidonic acid is metabolized by 5-
l ipoxygenase (5-LO) in the presence of  an integral nuclear membrane protein, the 5-LO activating 
protein (FLAP). The calcium ion–dependent translocation of  5-LO to the nuclear membrane 
converts the arachidonic acid to the sequential intermediates, 5-hydroperoxyeicosatetraenoic acid 
and leukotriene (LT) A4. LTA4 is conjugated with reduced glutathione by LTC4 synthase, an 
integral nuclear membrane protein homologous to FLAP. Intracellular LTC4 is released by a 
carrier-specific export step for extracellular conversion to LTD4 and LTE4 by sequential  removal 
of glutamic acid and glycine. Alternatively, cytosolic LTA4 hydrolase converts some LTA4 to the 
dihydroxy leukotriene LTB4, which also undergoes specific export. Two receptors for LTB4,  
BLT1 and BLT2, mediate chemotaxis of  human neutrophils. Two receptors for the cysteinyl 
leukotrienes, CysLT1 and CysLT2, are present on smooth muscle of  the airways and the 
microvasculature and on hematopoietic cel ls such as macrophages, eosinophi ls, and mast cel ls. 
Whereas CysLT1 has a preference for LTD4 and is blocked by the receptor antagonists in clinical 
use, CysLT2 is equally responsive to LTC4 and is unaf fected by these antagonists. The 
lysophospholipid formed during release of arachidonic acid from 1-O -alkyl-2-acyl-sn -glyceryl-3-
phosphorylcholine can be acetylated in the second position to form platelet-activating factor 
(PAF).

Unlike most other cel ls of  bone marrow origin, mast cel ls leave the marrow and circulate as 

committed progenitors lacking their def initive secretory granules and characteristic Fc RI . 
These committed progenitors express the receptor, c-ki t, for stem cell  factor (SCF), and unlike 
other l ineages, they retain and increase its expression with maturation. The SCF interaction with c-
ki t is an absolute requirement for the development of  constitutive tissue mast cel ls residing in skin 
and connective tissue sites and for the TH2 cell–dependent comitogenesis providing mast cel ls to 
mucosal surfaces. Indeed, in cl inical T cel l  deficiencies, mast cel ls are absent from the intestinal 
mucosa but are present in the submucosa. Based on the immunodetection of  secretory granule 
neutral  proteases, mast cel ls in the lung parenchyma and intestinal mucosa selectively express 
tryptase, and those in the intestinal and airway submucosa, skin, lymph nodes, and breast 
parenchyma express tryptase, chymase, and carboxypeptidase A  (CPA ). The secretory granules of  
mast cells selectively positive for tryptase exhibit closed scrolls with a periodicity suggestive of a 
crystal l ine structure by electron microscopy; whereas the secretory granules of mast cel ls with 
multiple proteases are scrol l-poor, with an amorphous or lattice-l ike appearance.

M ast cel ls are distributed at cutaneous and mucosal surfaces and in submucosal tissues about 
venules and could inf luence the entry of foreign substances by their rapid response capabil i ty (Fig. 
311-2). Upon stimulus-specif ic activation and secretory granule exocytosis, histamine and acid 
hydrolases are solubi l ized, whereas the neutral proteases, which are cationic, remain largely 
complexed to the anionic proteoglycans, heparin and chrondroitin sulfate E, so as to function in 

terminal-pathway enzymes generate the distinct f inal products, leukotriene C4 (LTC4)  and 
leukotriene B4 (LTB4), which leave the cel l by separate saturable transport systems. Gamma 
glutamyl transpeptidase and a dipeptidase then cleave glutamic acid and glycine from LTC4 to  
form LTD4 and LTE4, respectively. The major mast cel l  product of  the cyclooxygenase system is 
PGD2.
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concert. Histamine and the various l ipid mediators (PGD2, LTC4/D4/E4, PA F) alter venular 
permeabil i ty, thereby al lowing inf lux of  plasma proteins such as complement and 
immunoglobulins, whereas LTB4 mediates leukocyte–endothel ial  cel l  adhesion and subsequent 
directed migration (chemotaxis). The accumulation of  leukocytes and plasma opsonins would 
faci l i tate defense of  the microenvironment. The inf lammatory response can also be detrimental, as 
in bronchial asthma, where the smooth-muscle constrictor activity of the cysteinyl leukotrienes is 
evident and much more potent than that of  histamine.

The cellular component of  the mast cell–mediated inf lammatory response would be augmented 
and sustained by cytokines and chemokines of mast cell  origin. IgE-dependent activation of  

human skin mast cells in situ elicits TNF- production and release, which in turn induces 
endothelial cell responses favoring leukocyte adhesion. Similarly, activation of purified human 
lung mast cells or cord blood–derived cultured mast cells in vitro results in substantial production 

of proinflammatory (TNF- )  and immunomodulatory cytokines (IL-4, IL-5, IL-13) and 
chemokines. Bronchial biopsies of patients with bronchial asthma reveal that mast cel ls are 
immunohistochemically positive for IL-4 and IL-5, but that the predominant localization of IL-4 , 
IL-5, and GM -CSF is to T cel ls, def ined as TH2 by this profile. IL-4 modulates the T cel l  
phenotype to the TH2 subtype, determines the isotype switch to IgE (as does IL -13), and 

upregulates Fc RI-mediated expression of cytokines by mast cel ls.

An immediate and late cellular phase of al lergic inf lammation can be induced in the skin, nose, or 
lung of  some allergic humans with local al lergen challenge. In the immediate phase of  a local 
chal lenge, there is pruri tus and watery discharge from the nose, bronchospasm and mucus 
secretion in the lungs, and a wheal-and-f lare response with pruri tus in the skin. The reduced nasal 
patency, reduced pulmonary function, or evident erythema with swell ing at the skin site in a late-
phase response at 6 to 8 h is associated with biopsy f indings of inf i l trating and activated TH2 cel ls, 
eosinophils, basophils, and even some neutrophils. This al lergic inf lammation proceeding from 
early mast cell  activation to late cel lular infi l tration has been used as an experimental surrogate of  
perennial rhinitis or bronchial asthma. However, in bronchial asthma there is a separate variable, 
intrinsic hyperreactivity of the airways.

Consideration of the mechanism of immediate-type hypersensitivi ty diseases in the human has 
focused largely on the IgE-dependent recognition of  otherwise nontoxic substances. A  region of  

Figure 311-2

Bioactive mediators of three categories generated by IgE-dependent activation of  murine mast 
cel ls can el icit common but sequential target cel l  ef fects leading to acute and sustained 
inf lammatory responses. LT, leukotriene; PA F, platelet-activating factor; PGD2, prostaglandin 
D 2; IL, interleukin; GM-CSF, granulocyte-macrophage colony-stimulating factor; INF, 
interferon; TNF, tumor necrosis factor.
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chromosome 5 (5q23-31) contains genes implicated in the control of IgE levels including IL-4 and 
IL-13, as well as IL -3 and IL-9 involved in reactive mast cell hyperplasia and IL-5 and GM-CSF 
central to eosinophil  development and their enhanced tissue viabil i ty. Genes with l inkage to the 
specific IgE response to particular al lergens include those encoding the major histocompatibi l i ty 

complex (M HC) and certain chains of the T cell receptor (TCR- ) .  The complexity of 
atopy and the associated diseases includes susceptibi l i ty, severi ty, and therapeutic responses, each 
of  which is among the separate variables modulated by both innate and adaptive immune stimuli.

The induction of  al lergic disease requires sensitization of a predisposed individual to a specific 
al lergen. The greatest propensity for the development of atopic allergy occurs in chi ldhood and 
early adolescence. The al lergen is processed by antigen-presenting cel ls of  the monocytic l ineage 
located throughout the body at surfaces that contact the outside environment, such as the nose, 
lungs, eyes, skin, and intestine. These antigen-presenting cel ls present the epitope-bearing peptides 
via their M HC to particular T helper cel l  subsets. The T cel l  response depends both on cognate 
recognition through various l igand/receptor interactions and on the cytokine microenvironment, 

with IL-4 directing a TH2 response and interferon (IFN)  a TH1 profile. The TH2 response is 
associated with activation of specific B cel ls that can also present al lergens or that transform into 
plasma cells for antibody production. Synthesis and release into the plasma of al lergen-speci f ic 

IgE results in sensitization of Fc R1-bearing cel ls such as mast cel ls and basophi ls, which 
become activated upon exposure to the specif ic al lergen. In certain diseases, including those 

associated with atopy, the monocyte and eosinophil  populations can express a trimeric Fc R 1 

which lacks the  chain, and yet respond to i ts aggregation.
Anaphylaxis

Definition

The life-threatening anaphylactic response of  a sensitized human appears within minutes after 
administration of  specif ic antigen and is manifested by respiratory distress, laryngeal edema, 
and/or intense bronchospasm, of ten fol lowed by vascular col lapse or by shock without antecedent 
respiratory diff iculty. Cutaneous manifestations exemplif ied by pruritus and urticaria with or 
without angioedema are characteristic of such systemic anaphylactic reactions. Gastrointestinal 
manifestations include nausea, vomiting, crampy abdominal pain, and diarrhea.

Predisposing Factors and Etiology

There is no convincing evidence that age, sex, race, or geographic location predisposes a human to 
anaphylaxis except through exposure to some immunogen. According to most studies, atopy does 
not predispose individuals to anaphylaxis from penici ll in therapy or venom of a stinging insect but 
is a risk factor for allergens in food or latex.

The materials capable of  el ici ting the systemic anaphylactic reaction in humans include the 
following: heterologous proteins in the form of hormones (insulin, vasopressin, parathormone); 
enzymes (trypsin, chymotrypsin, penici l l inase, streptokinase); pol len extracts (ragweed, grass, 
trees); nonpol len extracts (dust mites, dander of cats, dogs, horses, and laboratory animals); food 
(peanuts, milk, eggs, seafood, nuts, grains, beans, gelatin in capsules); monoclonal antibodies; 
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occupation-related products (latex rubber products); and Hymenoptera venom (yellow jacket, 
yel low and baldfaced hornets, paper wasp, honey bee, imported f i re ants); polysaccharides such as 
dextran and thiomersal as a vaccine preservative; drugs such as protamine; antibiotics (penicil l ins, 
cephalosporins, amphotericin B, nitrofurantoin, quinolones); chemotherapy agents (carboplatin, 
pacli taxel, doxorubicin); local anesthetics (procaine, l idocaine); muscle relaxants (suxamethonium, 
gallamine, pancuronium); vitamins (thiamine, folic acid); diagnostic agents (sodium 
dehydrocholate, sulfobromophthalein); and occupation-related chemicals (ethylene oxide), which 
are considered to function as haptens that form immunogenic conjugates with host proteins. The 
conjugating hapten may be the parent compound, a nonenzymatical ly derived storage product, or a 
metaboli te formed in the host.

Pathophysiology and M anifestations

Individuals dif fer in the time of appearance of symptoms and signs, but the hallmark of the 
anaphylactic reaction is the onset of some manifestation within seconds to minutes af ter 
introduction of the antigen, generally by injection or less commonly by ingestion. There may be 
upper or lower airway obstruction or both. Laryngeal edema may be experienced as a " lump" in 
the throat, hoarseness, or stridor, while bronchial obstruction is associated with a feel ing of 
tightness in the chest and/or audible wheezing. Patients with bronchial asthma are predisposed to 
severe involvement of the lower airways. Flushing with diffuse erythema and a feeling of warmth 
may occur. A  characteristic feature is the eruption of well-circumscribed, discrete cutaneous 
wheals with erythematous, raised, serpiginous borders and blanched centers. These urticarial  
eruptions are intensely pruri tic and may be local ized or disseminated. They may coalesce to form 
giant hives, and they seldom persist beyond 48 h. A  local ized, nonpitting, deeper edematous 
cutaneous process, angioedema, may also be present. I t may be asymptomatic or cause a burning 
or stinging sensation.

In fatal cases with cl inical bronchial obstruction, the lungs show marked hyperinf lation on gross 
and microscopic examination. The microscopic f indings in the bronchi, however, are l imited to 
luminal secretions, peribronchial congestion, submucosal edema, and eosinophilic infi l tration, and 
the acute emphysema is attributed to intractable bronchospasm that subsides with death. The 
angioedema resulting in death by mechanical obstruction occurs in the epiglottis and larynx, but 
the process is also evident in the hypopharynx and to some extent in the trachea; on microscopic 
examination there is wide separation of  the col lagen fibers and the glandular elements; vascular 
congestion and eosinophil ic inf i l tration are also present. Patients dying of vascular col lapse 
without antecedent hypoxia from respiratory insuff iciency have visceral congestion with a 
presumptive loss of intravascular blood volume. The associated electrocardiographic 
abnormalities, with or without infarction, noted in some patients may ref lect a primary cardiac 
event mediated by mast cel ls or be secondary to a critical reduction in blood volume.

The angioedematous and urticarial manifestations of  the anaphylactic syndrome have been 
attributed to release of endogenous histamine. A  role for the cysteinyl leukotrienes in causing 
marked bronchiolar constriction seems l ikely. Vascular collapse without respiratory distress in 
response to experimental chal lenge with the sting of a hymenopteran was associated with marked 
and prolonged elevations in blood histamine and intravascular coagulation and kinin generation. 
The f inding that patients with systemic mastocytosis and episodic vascular col lapse excrete large 
amounts of PGD2 metaboli tes in addition to histamine suggests that PGD2 is also of importance in 
the hypotensive anaphylactic reactions. The actions of  the array of  mast cel l–derived mediators are 
l ikely additive or synergistic at the target tissues. 
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Diagnosis

The diagnosis of  an anaphylactic reaction depends on a history reveal ing the onset of the 
symptoms and signs within minutes af ter the responsible material is encountered. I t is appropriate 
to rule out a complement-mediated immune complex reaction, an idiosyncratic response to a 
nonsteroidal anti-inf lammatory drug (NSAID), or the direct effect of certain drugs or diagnostic 
agents on mast cel ls. Intravenous administration of a chemical mast cel l–degranulating agent, 
including opiate derivatives and radiographic contrast media, may el icit generalized urticaria, 
angioedema, and a sensation of  retrosternal oppression with or without clinically detectable 
bronchoconstriction or hypotension. Aspirin and other NSAIDs such as indomethacin, 
aminopyrine, and mefenamic acid may precipitate a l i fe-threatening episode of  obstruction of  
upper or lower airways, especially in patients with asthma, that is cl inically indistinguishable from 
anaphylaxis but is not associated with the presence of  specific IgE or elevation of blood tryptase. 
This syndrome, which is commonly associated with nasal polyposis, is due to inhibition of PGHS-
1 with corresponding unregulated, amplif ied generation of the cysteinyl leukotrienes via the 5-
LO/LTC4 synthase pathway. In the transfusion anaphylactic reaction that occurs in patients with 
IgA deficiency, the responsible specificity resides in IgG or IgE anti-IgA ; the mechanism of  the 
reaction mediated by IgG anti-IgA  is presumed to be complement activation with secondary mast 
cell participation.

The presence of  specif ic IgE in the blood of patients with systemic anaphylaxis has been 
demonstrated by passive transfer of  the serum intradermally into a normal recipient, followed in 
24 h by antigen chal lenge into the same site, with subsequent development of  a wheal and flare, 
the Prausnitz-Küstner reaction. To avoid the hazards of transferring hepatitis or other infections, it 
is preferable to use the serum to seek passive sensitization of  a human leukocyte suspension 
enriched with basophils for subsequent antigen-induced histamine release. Furthermore, 
radioimmunoassays using purified antigens can demonstrate specif ic IgE in serum of patients with 
anaphylactic reactions. Elevations of  tryptase levels in serum implicate mast cell  activation in an 
adverse systemic reaction and are particularly informative with episodes of hypotension during 
general  anesthesia or when there has been a fatal  outcome.

Anaphylaxis: Treatment

Early recognition of an anaphylactic reaction is mandatory, since death occurs within minutes to 
hours after the f irst symptoms. M ild symptoms such as pruritus and urticaria can be controlled by 
administration of 0.3 to 0.5 mL of 1:1000 (1.0 mg/mL) epinephrine SC or IM , with repeated doses 
as required at 5- to 20-min intervals for a severe reaction. I f  the antigenic material was injected 
into an extremity, the rate of  absorption may be reduced by prompt application of  a tourniquet 
proximal to the reaction site, administration of 0.2 mL of 1:1000 epinephrine into the site, and 
removal without compression of an insect stinger, i f  present. An IV  infusion should be initiated to 
provide a route for administration of 2.5 mL epinephrine, diluted 1:10,000, at 5- to 10-min 
intervals, volume expanders such as normal saline, and vasopressor agents such as dopamine i f 
intractable hypotension occurs. Replacement of  intravascular volume due to postcapil lary venular 

leakage may require several l iters of  sal ine. Epinephrine provides both - and -adrenergic 
effects, resulting in vasoconstriction, bronchial smooth-muscle relaxation, and attenuation of 
enhanced venular permeabil i ty. When epinephrine fai ls to control the anaphylactic reaction, 
hypoxia due to airway obstruction or related to a cardiac arrhythmia, or both, must be considered. 
Oxygen alone via a nasal catheter or with nebulized albuterol may be helpful, but either 
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endotracheal intubation or a tracheostomy is mandatory for oxygen delivery i f  progressive hypoxia 
develops. Ancil lary agents such as the antihistamine diphenhydramine, 50 to 100 mg IM  or IV , 
and aminophyll ine, 0.25 to 0.5 g IV, are appropriate for urticaria-angioedema and bronchospasm, 
respectively. Intravenous glucocorticoids, 0.5–1.0 mg/kg of medrol, are not effective for the acute 
event but may al leviate later recurrence of  bronchospasm, hypotension, or urticaria. 

Prevention

Prevention of  anaphylaxis must take into account the sensitivi ty of the recipient, the dose and 
character of  the diagnostic or therapeutic agent, and the effect of the route of administration on the 
rate of  absorption. Beta blockers are relatively contraindicated in persons at risk for anaphylactic 
reactions, especial ly those sensitive to Hymenoptera venom or those undergoing immunotherapy 
for respiratory system allergy. If  there is a definite history of  a past anaphylactic reaction, even 
though mild, i t is advisable to select a structurally unrelated agent. A  knowledge of cross-
reactivi ty among agents is critical since, for example, cephalosporins have a cross-reactive ring 
structure with the penici l l ins. A  prick or scratch skin test should precede an intradermal skin test, 
since the latter has a higher risk of  causing anaphylaxis. These tests should be performed before 
the administration of certain materials that are l ikely to el icit anaphylactic reactions, such as 
al lergenic extracts. Skin testing for antibiotics or chemotherapeutic agents should be performed 
only on patients with a positive clinical history consistent with an IgE-mediated reaction and in 
imminent need of the antibiotic in question; skin testing is of no value for non-IgE-mediated 
eruptions. With regard to penicil l in, two-thirds of patients with a positive reaction history and 
positive skin tests to benzylpenicilloyl-polylysine (BPL) and/or the minor determinant mixture 
(MDM) of benzylpenici l l in products experience allergic reactions with treatment, and these are 
almost uniformly of the anaphylactic type in those patients with minor determinant reactivity. 
Even patients without a history of previous cl inical reactions have a 2–6% incidence of  positive 
skin tests to the two test materials, and about 3 per 1000 with a negative history experience 
anaphylaxis with therapy, with a mortal i ty of about 1 per 100,000. 

Desensitization with most antibiotics and other classes of  therapeutic agents can proceed by the 
IV , SC, or oral route. Typically, graded quantities of the drug are given by the selected route using 
double doses unti l  a therapeutic dosage is achieved. Due to the risk of  systemic anaphylaxis during 
the course of  desensitization, such a procedure should be performed only in a setting in which 
resuscitation equipment is at hand and an IV  l ine is in place. I t is critical to give the therapeutic 
agent at regular intervals throughout the treatment period to prevent the reestablishment of  a 
signif icant pool of sensitized cells. 

A dif ferent form of protection involves the development of blocking antibody of the IgG class, 
which is protective against Hymenoptera venom–induced anaphylaxis by interacting with antigen 
so that less reaches the sensitized tissue mast cel ls. The maximal risk for systemic anaphylactic 
reactions in persons with Hymenoptera sensitivity occurs in association with a currently positive 
skin test. A lthough there is only low-grade cross-reactivity between honey bee and yel low jacket 
venoms, there is a high degree of  cross-reactivity between yellow jacket venom and the rest of  the 
vespid venoms (yellow or baldfaced hornets and wasps). Prevention involves modification of 
outdoor activities to exclude bare feet, wearing perfumed toi letries, eating in areas attractive to 
insects, cl ipping hedges or grass, and hauling away trash or fal len fruit. As with each anaphylactic 
sensitivity, the individual should wear an informational bracelet and have immediate access to an 
unexpired auto-injectable epinephrine kit. The l imitations of li festyle and the psychological duress 
can be addressed by venom immunotherapy. A lthough i t has been recommended that venom 
therapy be continued indefinitely or unti l  the skin and specific serum IgE tests are unremarkable, 
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there is evidence that 5 years of  treatment induces a state of resistance to sting reactions that is 
independent of serum levels of specif ic IgG or IgE. For children with a systemic reaction l imited 
to skin, the l ikel ihood of progression to more serious respiratory or vascular manifestations is low, 
and thus immunotherapy is not recommended.
Urticaria and Angioedema

Definition

Urticaria and angioedema may appear separately or together as cutaneous manifestations of  
local ized nonpitting edema; a similar process may occur at mucosal surfaces of  the upper 
respiratory or gastrointestinal tract. Urticaria involves only the superf icial portion of the dermis, 
presenting as wel l-circumscribed wheals with erythematous raised serpiginous borders with 
blanched centers that may coalesce to become giant wheals. Angioedema is a well-demarcated 
local ized edema involving the deeper layers of  the skin, including the subcutaneous tissue. 
Recurrent episodes of  urticaria and/or angioedema of  less than 6 weeks' duration are considered 
acute, whereas attacks persisting beyond this period are designated chronic.

Predisposing Factors and Etiology

The occurrence of urticaria and angioedema is probably more f requent than usually described 
because of the evanescent, sel f -l imited nature of such eruptions, which seldom require medical 
attention when l imited to the skin. A lthough persons in any age group may experience acute or 
chronic urticaria and/or angioedema, these lesions increase in f requency after adolescence, with 
the highest incidence occurring in persons in the third decade of  l i fe; indeed, one survey of  col lege 
students indicated that 15–20% had experienced a pruritic wheal reaction.

The classif ication of urticaria-angioedema presented in Table 311-1 focuses on the di fferent 
mechanisms for el ici ting cl inical disease and can be useful for differential diagnosis; nonetheless, 
most cases of chronic urticaria are idiopathic. Urticaria and/or angioedema occurring during the 
appropriate season in patients with seasonal respiratory al lergy or as a result of  exposure to 
animals or molds is attributed to inhalation or physical contact with pollens, animal dander, and 
mold spores, respectively. However, urticaria and angioedema secondary to inhalation are 
relatively uncommon compared to urticaria and angioedema elicited by ingestion of f resh fruits, 
shell f ish, f ish, milk products, chocolate, legumes including peanuts, and various drugs that may 
elicit not only the anaphylactic syndrome with prominent gastrointestinal complaints but also 
chronic urticaria.

Table 311-1 Classif ication of Urticaria and/or Angioedema

1. IgE-dependent
  a. Specific antigen sensitivity (pollens, foods, drugs, fungi, molds, Hymenoptera venom, 
helminths)
  b. Physical: dermographism, cold, solar
  c. Autoimmune
2. Bradykinin-mediated
  a. Hereditary angioedema: C1 inhibitor deficiency: null (type 1) and dysfunctional (type 2)
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Additional etiologies include physical stimuli such as cold, heat, solar rays, exercise, and 
mechanical irri tation. The physical urticarias can be distinguished by the precipitating event and 
other aspects of  the cl inical presentation. Dermographism, which occurs in 1–4% of  the 
population, is defined by the appearance of  a l inear wheal at the site of  a brisk stroke with a f irm 
object or by any conf iguration appropriate to the el iciting event. Dermographism has a prevalence 
that peaks in the second to third decades. I t is not influenced by an atopic diathesis and has a 
duration general ly of  <5 years. Pressure urticar ia , which often accompanies chronic idiopathic 
urticaria, presents in response to a sustained stimulus such as a shoulder strap or belt, running 
(feet), or manual labor (hands). Cholinergic urticaria is distinctive in that the pruritic wheals are 
of  small  size (1–2 mm) and are surrounded by a large area of  erythema; attacks are precipi tated by 
fever, a hot bath or shower, or exercise and are presumptively attributed to a rise in core body 
temperature. Exer cise-related anaphylaxis can be precipi tated by exertion alone or can be 
dependent on prior food ingestion. The cl inical presentation can be limited to f lushing, erythema, 
and pruritic urticaria but may progress to angioedema of the face, oropharynx, larynx, or intestine 
or to vascular collapse; it is distinguished from cholinergic urticaria by presenting with wheals of 
conventional size and by not occurring with fever or a hot bath. Cold urticaria is local at body 
areas exposed to low ambient temperature or cold objects (ice cube) but can progress to vascular 
collapse with immersion in cold water (swimming). Solar urticaria is subdivided into six groups 
by the response to specif ic portions of  the l ight spectrum. Vibratory angioedema may occur af ter 
years of occupational exposure or can be idiopathic; i t may be accompanied by cholinergic 
urticaria. Other rare forms of physical allergy, always defined by stimulus-specif ic el icitation, 
include local heat urticaria,  aquagenic urticar ia f rom contact with water of any temperature 
(sometimes associated with polycythemia vera), and contact urticaria from direct interaction with 
some chemical  substance.

Angioedema without urticaria due to generation of bradykinin occurs with C1 inhibitor (C1INH) 
def iciency that may be inborn as an autosomal dominant characteristic or may be acquired through 
appearance of  an autoantibody. The angiotensin-converting enzyme (ACE) inhibitors can provoke 
a similar cl inical presentation in 0.1–0.5% of hypertensive patients due to attenuated degradation 
of  bradykinin. The urticaria and angioedema associated with classic serum sickness or with 
hypocomplementemic cutaneous necrotizing angii tis are believed to be immune-complex diseases. 
The drug reactions to mast cel l  granule–releasing agents and to NSA IDs may be systemic, 

  b. Acquired angioedema: C1 inhibitor deficiency: anti-idiotype and anti-C1 inhibitor
  c. Angiotensin-converting enzyme inhibitors
3. Complement-mediated
  a. Necrotizing vasculi tis 
  b. Serum sickness
  c. Reactions to blood products
4. Nonimmunologic
  a. Direct mast cel l–releasing agents (opiates, antibiotics, curare, D -tubocurarine, radiocontrast 
media)
  b. Agents that alter arachidonic acid metabolism (aspirin and nonsteroidal anti-inf lammatory 
agents, azo dyes, and benzoates)
5. Idiopathic
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resembling anaphylaxis, or l imited to cutaneous sites.

Pathophysiology and M anifestations

Urticarial eruptions are distinctly pruritic, involve any area of the body from the scalp to the soles 
of  the feet, and appear in crops of  12- to 36-h duration, with old lesions fading as new ones appear. 
Most of the physical urticarias (cold, cholinergic, dermatographism) are an exception with 
individual lesions lasting less than 2 h. The most common sites for urticaria are the extremities and 
face, with angioedema often being periorbital and in the lips. A lthough self-l imited in duration, 
angioedema of the upper respiratory tract may be l i fe-threatening due to laryngeal obstruction, 
while gastrointestinal involvement may present with abdominal colic, with or without nausea and 
vomiting, and may precipitate unnecessary surgical intervention. No residual discoloration occurs 
with either urticaria or angioedema unless there is an underlying process leading to superimposed 
extravasation of erythrocytes.

The pathology is characterized by edema of the superficial dermis in urticaria and of  the 
subcutaneous tissue and deep dermis in angioedema. Col lagen bundles in affected areas are widely 
separated, and the venules are sometimes di lated. Any perivenular inf i l trate consists of  
lymphocytes, eosinophils, and neutrophils that are present in varying combination and numbers.

Perhaps the best-studied example of IgE- and mast cell–mediated urticaria and angioedema is col d 
urticaria. Cryoglobulins or cold agglutinins may be recognized, but not in the majority of patients. 
Immersion of an extremity in an ice bath precipitates angioedema of the distal portion with 
urticaria at the air interface within minutes of the challenge. Histologic studies reveal marked mast 
cel l  degranulation with associated edema of  the dermis and subcutaneous tissues. The venous 
effluent of the cold-challenged and angioedematous extremity shows a marked rise in plasma 
content of  histamine, whereas the venous ef fluent of  the contralateral normal extremity contains 
no increment of this mediator. Elevated levels of histamine have been found in the plasma of 
venous effluent and in the fluid of suction blisters at experimentally induced lesional sites in 
patients with dermographism, pressure urticaria, vibratory angioedema, l ight urticaria, and heat 
urticaria. By ultrastructural analysis, the pattern of mast cell degranulation in cold urticaria 
resembles an IgE-mediated response with solubil ization of granule contents, fusion of  the 
perigranular and cel l membranes, and discharge of  granule contents, whereas in a dermographic 
lesion there is an additional superimposed zonal (piecemeal) degranulation. Elevations of plasma 
histamine levels with biopsy-proven mast cel l degranulation have also been demonstrated with 
general ized attacks of  cholinergic urticaria and exercise-related anaphylaxis precipitated 
experimentally in subjects exercising on a treadmill while wearing a wet suit; however, only in 
cholinergic urticaria is there a concomitant decrease in pulmonary function.

Up to 40% of patients with chronic urticaria have autoantibodies to IgE or more commonly to the 

 chain of Fc RI. In these patients, autologous serum injected into their own skin can induce 
a wheal and f lare involving mast cell activation. An association with antibodies to microsomal 
peroxidase and/or thyroglobulin has been observed often with cl inically signif icant Hashimoto's 
thyroiditis. In vitro studies reveal that these autoantibodies can mediate basophil  degranulation 
with enhancement by serum as a source of  the anaphylatoxic f ragment, C5a.

Hereditary angioedema is an autosomal dominant disease due to a deficiency of  C1INH (type 1) in 
about 85% of patients and to a dysfunctional protein (type 2) in the remainder. In the acquired 
form there is excessive consumption of C1INH due either to immune complexes formed between 
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anti-idiotypic antibody and monoclonal IgG presented by B cell lymphomas or to an autoantibody 
directed to C1INH. C1INH blocks the catalytic function of activated factor XII (Hageman factor) 
and of kall ikrein, as well as the C1r/C1s components of C1. During cl inical attacks of angioedema, 
C1INH-def icient patients have elevated plasma levels of  bradykinin, particularly in the venous 
effluent of an involved extremity, and reduced levels of prekall ikrein and high-molecular-weight 
kininogen, from which bradykinin is cleaved. The parallel decline in the complement substrates 
C4 and C2 ref lects the action of activated C1 during such attacks. M ice with targeted disruption of 
the gene for C1INH exhibit a chronic increase in vascular permeabil i ty. The pathobiology is 
aggravated by administration of an ACE inhibitor (captopri l) and is attenuated by breeding the 
C1INH null strain to a bradykinin 2 receptor (Bk2R) null strain. As ACE is also described as 
kininase I I, the use of  blockers results in impaired bradykinin degradation and explains the 
angioedema occurring idiosyncratically in hypertensive patients with a normal C1INH.

Diagnosis

The rapid onset and self-l imited nature of  urticarial and angioedematous eruptions are 
distinguishing features. Additional characteristics are the occurrence of the urticarial crops in 
various stages of  evolution and the asymmetric distribution of the angioedema. Urticaria and/or 
angioedema involving IgE-dependent mechanisms are often appreciated by historic considerations 
implicating specific al lergens or physical stimuli, by seasonal incidence, and by exposure to 
certain environments. Direct reproduction of the lesion with physical stimuli is particularly 
valuable because i t so often establishes the cause of  the lesion. The diagnosis of an environmental 
al lergen based on the cl inical history can be conf irmed by skin testing or assay for al lergen-
specific IgE in serum. IgE-mediated urticaria and/or angioedema may or may not be associated 
with an elevation of total IgE or with peripheral eosinophil ia. Fever, leukocytosis, and an elevated 
sedimentation rate are absent.

The classif ication of  urticarial and angioedematous states noted in Table 311-1 in terms of  
possible mechanisms necessari ly includes some dif ferential diagnostic points. 
Hypocomplementemia is not observed in IgE-mediated mast cel l  disease and may ref lect ei ther an 
acquired abnormality generally attributed to the formation of immune complexes or a genetic 
def iciency of C1INH. Chronic recurrent urticaria, generally in females, associated with arthralgias, 
an elevated sedimentation rate, and normo- or hypocomplementemia suggests an underlying 
cutaneous necrotizing angiitis. Vasculitic urticaria typically persists longer than 72 h, whereas 
conventional urticaria often has a duration of <24–48 h. Confirmation depends on a biopsy that 
reveals cellular inf i l tration, nuclear debris, and f ibrinoid necrosis of  the venules. The same 
pathobiologic process accounts for the urticaria in association with such diseases as systemic lupus 
erythematosus or viral hepatitis with or without an associated arteri tis. Serum sickness per se or a 
similar cl inical entity due to drugs includes not only urticaria but also pyrexia, lymphadenopathy, 
myalgia, and arthralgia or arthritis. Urticarial reactions to blood products or intravenous 
administration of  immunoglobulin are defined by the event and generally are not progressive 
unless the recipient is IgA-deficient in the former case or the reagent is aggregated in the latter.

The diagnosis of  hereditary angioedema is suggested not only by family history but also by the 
lack of pruritus and of urticarial lesions, the prominence of recurrent gastrointestinal attacks of 
col ic, and episodes of  laryngeal edema. L aboratory diagnosis depends on demonstrating a 
deficiency of C1INH antigen (type 1) or a nonfunctional protein (type 2) by a catalytic inhibition 
assay. While levels of  C1 are normal, i ts substrates, C4 and C2, are chronical ly depleted and fal l  
further during attacks due to the activation of additional C1. The acquired forms of C1INH 
def iciency have the same clinical manifestations but dif fer in the lack of a famil ial element and 
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exhibit a reduction of C1 function and C1q protein as well as C1INH, C4, and C2. Inborn and 
acquired C1INH deficiency and ACE inhibitor–el ici ted angioedema are associated with elevated 
levels of bradykinin.

Urticaria and angioedema can be dif ferentiated from contact sensitivity, a vesicular eruption that 
progresses to chronic thickening of the skin with continued al lergenic exposure. They can also be 
differentiated from atopic dermatitis, a condition that may present as erythema, edema, papules, 
vesiculation, and oozing proceeding to a subacute and chronic stage in which vesiculation is less 
marked or absent and scaling, f issuring, and lichenification predominate in a distribution that 
characteristical ly involves the f lexor surfaces. In cutaneous mastocytosis, the reddish brown 
macules and papules, characteristic of  urticaria pigmentosa, urticate with pruri tus upon trauma; 
and in systemic mastocytosis, without or with urticaria pigmentosa, there is an episodic systemic 
f lushing with or without urtication but no angioedema.

Urticaria and Angioedema: Treatment

Identif ication of the etiologic factor(s) and its elimination provide the most satisfactory therapeutic 
program; this approach is feasible to varying degrees with IgE-mediated reactions to al lergens or 
physical stimuli. For most forms of urticaria, H1 antihistamines such as chlorpheniramine or 
diphenhydramine, and including the nonsedating class such as loratadine, desloratadine, 
fexofenadine, or cetirizine, are effective in attenuating both urtication and pruritus. 
Cyproheptadine in dosages beginning at 8 mg and ranging up to 32 mg dai ly and especially 
hydroxyzine in dosages beginning at 40 mg and ranging up to 200 mg daily have proven effective 
when H1 antihistamines have been inadequate. Addition of an H2 antagonist such as cimetidine, 
ranitidine, or famotidine in conventional dosages may add benefit when H1 antihistamines are 
inadequate. Doxepin, a dibenzoxepin tricyclic compound with both H1 and H2 receptor antagonist 
activity, is yet another alternative. A  CysLT1 antagonist such as montelukast, 10 mg/d, or 
zaf irlukast, 20 mg twice a day, can be add-on therapy. Topical glucocorticoids are of  no value, and 
systemic glucocorticoids are generally avoided in idiopathic, al lergen-induced, or physical 
urticarias due to their long-term toxicity. Systemic glucocorticoids are useful in the management 
of patients with pressure urticaria, with vasculitic urticaria (especially with eosinophil 
prominence), with idiopathic angioedema with or without urticaria, or with chronic urticaria that 
responds poorly to conventional treatment. With persistent vasculitic urticaria, 
hydroxychloroquine or colchicine may be added to the regimen after hydroxyzine and before or 
along with systemic glucocorticoids. Cyclosporine can be efficacious for patients with chronic 
idiopathic or chronic autoimmune urticaria that is severe and poorly responsive to other modalities 
and/or where a glucocorticoid requirement is excessive.

The therapy of inborn C1INH deficiency has been simplif ied by the f inding that attenuated 
androgens correct the biochemical defect and afford prophylactic protection; their ef ficacy is 
attributed to production by the normal gene of an amount of functional C1INH sufficient to control 

the spontaneous activation of C1. The antif ibrinolytic agent -aminocaproic acid may be used 
for preoperative prophylaxis but is contraindicated in patients with thrombotic tendencies or 
ischemia due to arterial atherosclerosis. Infusion of isolated C1INH protein and SC administration 
of  a bradykinin 2 receptor antagonist are each being assessed for amelioration of  attacks.
Systemic M astocytosis
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Definition

Systemic mastocytosis is def ined by a clonal expansion of  mast cel ls that in most instances is 
indolent and nonneoplastic. The mast cel l  expansion is generally recognized only in bone marrow 
and in the normal peripheral distribution sites of  the cel ls, such as skin, gastrointestinal mucosa, 
l iver, and spleen. M astocytosis occurs at any age and has a sl ight preponderance in males. The 
prevalence of systemic mastocytosis is not known, a famil ial occurrence is rare, and atopy is not 
increased.

Classif ication and Pathophysiology

A  recent consensus classif ication for mastocytosis recognizes cutaneous mastocytosis with 
variants and four systemic forms (Table 311-2). The form designated as indolent systemic 
mastocytosis (ISM) accounts for the majority of patients; i t implies that there is no evidence of an 
associated hematologic disorder, l iver disease, or lymphadenopathy and is not known to alter li fe 
expectancy. In systemic mastocytosis associated with clonal hematologic non-mast cel l  l ineage 
di sease (SM-AHNM D), the prognosis is determined by the nature of the associated disorder, 
which can range from dysmyelopoiesis to leukemia. In aggressive systemic mastocytosis (ASM), 
mast cell inf i l tration/proliferation in multiple organs such as l iver, spleen, gut, CNS, and/or bone, 
results in a poor prognosis; a subset of  these patients has prominent eosinophi l ia with 
hepatosplenomegaly and lymphadenopathy. Mast cel l  leukemia is the rarest form of the disease 
and is invariably fatal at present; the peripheral blood contains circulating, metachromatically 
staining, atypical mast cel ls.

A point mutation of A to T at codon 816 of c-ki t that causes an aspartic acid to val ine substi tution 

Table 311-2 Classif ication of M astocytosis

Cutaneous mastocytosis (CM )
   Urticaria pigmentosa (UP)/maculopapular cutaneous mastocytosis (M PCM)
  Variants: plaque form, nodular form; telangiectasia macularis eruptiva perstans (TMEP); dif fuse 
cutaneous mastocytosis (DCM )
  Solitary mastocytoma of skin
Indolent systemic mastocytosis (ISM)
Systemic mastocytosis with an associated clonal hematologic non-mast cel l  l ineage disease (SM -
AHNMD)
Aggressive systemic mastocytosis (ASM )
  Variant: lymphadenopathic mastocytosis with eosinophil ia
Mast cell leukemia (MCL)
M ast cell sarcoma (M CS)

Source: M odified from P Valent et al, in ES Jaffee et al (eds): World Health Organization 
Classification of Tumors: Pathology and Genetics in Tumors of Hematopoietic and Lymphoid 
Tissues, Lyon, IARC Press, 2001.
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is found in multiple cell l ineages in patients with mastocytosis, indicating a somatic gain-in-
function mutation. This substitution, as well as other rare mutations of c-ki t, is characteristic of 
adults with SM-AHNM D but is also detected in patients with ISM or cutaneous mastocytosis, as 
might be anticipated because mast cel ls at any si te are of bone marrow l ineage. In infants and 
children with cutaneous manifestations, namely, urticaria pigmentosa or bullous lesions, visceral 
involvement is usually lacking, and resolution is common because gain-in-function mutations are 
infrequent.

Clinical Manifestations

The cl inical manifestations of systemic mastocytosis, distinct f rom a leukemic complication, are 
due to tissue occupancy by the mast cel l  mass, the tissue response to that mass, and the release of 
bioactive substances acting at both local and distal si tes. The pharmacological ly induced 
manifestations are pruri tus, f lushing, palpitations and vascular col lapse, gastric distress, lower 
abdominal crampy pain, and recurrent headache. The increase in cell  burden is evidenced by the 
lesions of  urticaria pigmentosa at skin si tes, and directly causes bone pain and malabsorption. 
Mast cell–mediated f ibrotic changes occur in l iver, spleen, and bone marrow but not in 
gastrointestinal tissue or skin. Immunof luorescent analysis of  bone marrow and skin lesions in 
ISM  and of  spleen, lymph node, and skin in ASM  has revealed only one mast cel l  phenotype, 
namely, scroll-poor cel ls expressing tryptase, chymase, and CPA .

The cutaneous lesions of urticaria pigmentosa are reddish-brown macules or papules that respond 
to trauma with urtication and erythema (Darier's sign). The apparent incidence of  these lesions is 

90% in patients with ISM and <50% in those with SM-AHNMD or ASM. Approximately 1% 
of patients with ISM  have skin lesions that appear as tan-brown macules with striking patchy 
erythema and associated telangiectasia (telangiectasia macularis eruptiva perstans). In the upper 
gastrointestinal tract, gastri tis and peptic ulcer are a signif icant problem. In the lower intestinal 
tract, the occurrence of  diarrhea and abdominal pain is attributed to increased moti l i ty due to mast 
cel l  mediators, and this can be aggravated by malabsorption, which can also cause secondary 
nutritional insufficiency and osteomalacia. The periportal fibrosis associated with mast cell 
infi l tration and a prominence of  eosinophils may lead to portal hypertension and ascites. In some 
patients, f lushing and recurrent vascular col lapse are markedly aggravated by an idiosyncratic 
response to a minimal dosage of NSAIDs. The neuropsychiatric disturbances are cl inical ly most 
evident as impaired recent memory, decreased attention span, and "migraine-l ike"  headaches. 
Patients may experience exacerbation of a specific cl inical sign or symptom with alcohol 
ingestion, use of  mast cel l–interactive narcotics, or ingestion of NSAIDs.

Diagnosis

A lthough the diagnosis of  mastocytosis is general ly suspected on the basis of the clinical history 
and physical f indings, and can be supported by laboratory procedures, i t can be established only by 
a tissue diagnosis. By recent convention, the diagnosis of  systemic mastocytosis depends heavi ly 
on bone marrow biopsy to meet the criteria of one major plus one minor or three minor f indings 
(Table 311-3). The bone marrow provides the major cri terion by revealing aggregates of  mast 
cel ls, of ten in paratrabecular and perivascular locations with lymphocytes and eosinophils, as well  
as the minor cri teria of  an abnormal mast cel l  morphology, an aberrant mast cel l membrane 
immunophenotype, or a codon 816 mutation in any cell  type. A  serum total tryptase level and/or a 
24-h urine collection for measurement of histamine, histamine metabolites, or metabolites of  
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PGD2 are noninvasive approaches to consider before bone marrow biopsy. The  form of 
tryptase is elevated in more than one-half  of patients with systemic mastocytosis and provides a 

minor criterion; the  form is increased in patients undergoing an anaphylactic reaction. 
Additional studies directed by the presentation include a bone scan or skeletal survey; contrast 
studies of the upper gastrointestinal tract with small-bowel follow-through, computed tomography 
scan, or endoscopy; and a neuropsychiatric evaluation, including an electroencephalogram.

The dif ferential diagnosis requires the exclusion of other f lushing disorders. The 24-h urine 
assessment of  5-hydroxy-indoleacetic acid and metanephrines should exclude a carcinoid tumor or 
a pheochromocytoma. Most patients with recurrent anaphylaxis, including the idiopathic group, 
present with angioedema and/or wheezing, which are not manifestations of  systemic mastocytosis.

Systemic Mastocytosis: Treatment

The management of  systemic mastocytosis uses a stepwise and symptom/sign–directed approach 
that includes an H1 antihistamine for f lushing and pruritus, an H2 antihistamine or proton pump 
inhibitor for gastric acid hypersecretion, oral cromolyn sodium for diarrhea and abdominal pain, 
and aspirin for severe f lushing with or without associated vascular col lapse, despite use of H1 and 
H 2 antihistamines, to block biosynthesis of PGD2. Systemic glucocorticoids appear to al leviate the 
malabsorption. Headaches are generally managed with tricycl ic antidepressants and other 
neurotransmitter-modifying agents. Ketotifen has been used to al leviate f lushing in patients with 
gastric intolerance to NSA IDs and in patients with bone pain or intractable headaches. The 

efficacy of IFN- in ASM is controversial, and this may relate to dosage l imitations due to side 
ef fects. Treatment with hydroxyurea to reduce the mast cel l  l ineage progenitors may have merit in 
ASM. Chemotherapy is appropriate for the frank leukemias. A lthough c-ki t is a receptor tyrosine 
kinase, the gain-in-function mutation of codon 816 is not susceptible to inhibition by imatinib 

Table 311-3 Diagnostic Criteria for Systemic Mastocytosisa  

M ajor: Multi focal dense infi l trates of mast cells in bone marrow or other extracutaneous tissues 
with confirmation by immunodetection of tryptase or metachromasia

M inor: Abnormal mast cell morphology with a spindle shape and/or multi lobed or eccentric 
nucleus

Aberrant mast cell surface phenotype with expression of CD25 and CD2 (IL -2 receptor) in 
addition to C117 (c-kit)

Detection of codon 816 mutation in peripheral blood cells, bone marrow cells, or lesional tissue

Total serum tryptase (mostly alpha) greater than 20 ng/mL

aDiagnosis requires either major and one minor or three minor criteria.
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mesylate.
Allergic Rhinitis

Definition

A llergic rhinitis is characterized by sneezing; rhinorrhea; obstruction of the nasal passages; 
conjunctival, nasal, and pharyngeal i tching; and lacrimation, all  occurring in a temporal 
relationship to al lergen exposure. A lthough commonly seasonal due to el icitation by airborne 
pollens, i t can be perennial in an environment of chronic exposure. The incidence of al lergic 
rhinitis in North A merica is about 7%, with the peak occurring in childhood and adolescence. The 
prevalence in North America is nearly 20%.

Predisposing Factors and Etiology

Allergic rhinitis generally presents in atopic individuals, i.e., in persons with a family history of a 
similar or related symptom complex and a personal history of col lateral al lergy expressed as 
eczematous dermatitis, urticaria, and/or asthma (Chap. 248). Up to 40% of patients with rhinitis 
manifest asthma, whereas ~70% of individuals with asthma experience rhinitis. Symptoms 
generally appear before the fourth decade of l i fe and tend to diminish gradually with aging, 
although complete spontaneous remissions are uncommon. A  relatively small number of  weeds 
that depend on wind rather than insects for cross-pol l ination, as wel l  as grasses and some trees, 
produce suff icient quantities of pollen suitable for wide distribution by air currents to elicit 
seasonal al lergic rhinitis. The dates of poll ination of these species generally vary l i ttle f rom year to 
year in a particular locale but may be quite dif ferent in another cl imate. In the temperate areas of  
North America, trees typically poll inate from M arch through M ay, grasses in June and early July, 
and ragweed from mid-A ugust to early October. M olds, which are widespread in nature because 
they occur in soi l  or decaying organic matter, may propagate spores in a pattern dependent on 
cl imatic conditions. Perennial al lergic rhinitis occurs in response to al lergens that are present 
throughout the year, including desquamating epithelium in animal dander, cockroach-derived 
proteins, mold spores, or dust, which has mites such as Dermatophagoides farinae and D . 
pteronyssinus. Dust mites are scavengers of f lecks of human skin and coat the digestate with mite-
specific protein for excretion. In up to one-half of patients with perennial rhinitis, no clear-cut 
al lergen can be demonstrated as causative. The abi l i ty of  allergens to cause rhinitis rather than 

lower respiratory symptoms may be attributed to their large size, 10 to 100 m, and retention 
within the nose.

Pathophysiology and M anifestations

Episodic rhinorrhea, sneezing, obstruction of the nasal passages with lacrimation, and pruritus of 
the conjunctiva, nasal mucosa, and oropharynx are the hallmarks of  al lergic rhinitis. The nasal 
mucosa is pale and boggy, the conjunctiva congested and edematous, and the pharynx is general ly 
unremarkable. Swell ing of  the turbinates and mucous membranes with obstruction of the sinus 
ostia and eustachian tubes precipi tates secondary infections of the sinuses and middle ear, 
respectively. Nasal polyps, representing mucosal protrusions containing edema f luid with variable 
numbers of eosinophils, can increase obstructive symptoms and can concurrently arise within the 
nasopharynx or sinuses. Nasal polyps may occur independent of  al lergic rhinitis in patients with 
the aspirin-intolerant triad of  rhinosinusitis and asthma. 

The nose presents a large mucosal surface area through the folds of  the turbinates and serves to 
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adjust the temperature and moisture content of  inhaled air and to f i l ter out particulate materials 

>10 m in size by impingement in a mucous blanket; cil iary action moves the entrapped 
particles toward the pharynx. Entrapment of  pol len and digestion of  the outer coat by mucosal 
enzymes such as lysozymes release protein allergens generally of 10,000 to 40,000 molecular 
weight. The initial interaction occurs between the al lergen and intraepithelial mast cells and then 
proceeds to involve deeper perivenular mast cel ls, both of which are sensitized with specific IgE. 
During the symptomatic season when the mucosae are already swollen and hyperemic, there is 
enhanced adverse reactivi ty to the seasonal pol len as well  as to antigenical ly unrelated pol lens for 
which there is underlying hypersensitivity due to improved penetration of the allergens. Biopsy 
specimens of nasal mucosa during seasonal rhinitis show submucosal edema with infi l tration by 
eosinophils, along with some basophils and neutrophils.

The mucosal surface f luid contains IgA  that is present because of  i ts secretory piece and also IgE, 
which apparently arrives by dif fusion from plasma cells in proximity to mucosal surfaces. IgE 
f ixes to mucosal and submucosal mast cel ls, and the intensity of the cl inical response to inhaled 
allergens is quantitatively related to the naturally occurring pollen dose. In sensitive individuals, 
the introduction of  allergen into the nose is associated with sneezing, "stuff iness,"  and discharge, 
and the f luid contains histamine, PGD2, and leukotrienes. Thus the mast cells of  the nasal mucosa 
and submucosa generate and release mediators through IgE-dependent reactions that are capable 
of producing tissue edema and eosinophilic inf il tration.

Diagnosis

The diagnosis of  seasonal allergic rhinitis depends largely on an accurate history of  occurrence 
coincident with the pol l ination of the of fending weeds, grasses, or trees. The continuous character 
of perennial al lergic rhinitis due to contamination of the home or place of work makes historic 
analysis dif f icult, but there may be a variabil i ty in symptoms that can be related to exposure to 
animal dander, dust mite and/or cockroach al lergens, fungal spores, or work-related al lergens such 
as latex. Patients with perennial rhinitis commonly develop the problem in adult l i fe, and manifest 
nasal congestion and a postnasal discharge, often associated with thickening of the sinus 
membranes demonstrated by radiography. Perennial nonallergic rhinitis associated with nasal 
eosinophils (NARES) occurs in the middle decades of l i fe and is characterized by nasal 
obstruction, anosmia, chronic sinusitis, and frequent aspirin intolerance. The term vasomotor  
rhinitis designates a condition of  enhanced reactivity of  the nasopharynx in which a symptom 
complex resembling perennial al lergic rhinitis occurs with nonspecif ic stimuli and without tissue 
eosinophil ia or an allergic etiology. Other entities to be excluded are structural abnormalities of 
the nasopharynx; exposure to irri tants; gustatory or ethanol-induced rhinitis; hypothyroidism; 
upper respiratory infection; pregnancy with prominent nasal mucosal edema; prolonged topical use 

of  -adrenergic agents in the form of  nose drops (rhinitis medicamentosa); and the use of  

certain therapeutic agents such as rauwolf ia, -adrenergic antagonists, estrogens, progesterone, 
ACE inhibitors, aspirin and NSAIDS, and drugs for erecti le dysfunction (phosphodiesterase-5  
inhibitors).

The nasal secretions of al lergic patients are rich in eosinophi ls, and a modest peripheral 
eosinophil ia is a common feature. Local or systemic neutrophil ia implies infection. Total serum 
IgE is frequently elevated, but the demonstration of immunologic specif icity for IgE is critical to 
an etiologic diagnosis. A  skin test by the intracutaneous route (puncture or prick) with the 
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allergens of interest provides a rapid and reliable approach to identifying al lergen-specif ic IgE that 
has sensitized cutaneous mast cel ls. A  positive intracutaneous skin test with 1:10–1:20 
weight/volume of extract has a high predictive value for the presence of al lergy. An intradermal 
test with a 1:500–1:1000 dilution of 0.05 mL may follow if indicated by history when the 
intracutaneous test is negative; but while more sensitive, i t is less rel iable due to the reactivity of  
some asymptomatic individuals at the test dose. Skin testing by the intracutaneous route for food 
allergens can be supportive of the cl inical history. A  double-blind, placebo-control led chal lenge 
may document a food al lergy, but such a procedure does bear the risk of  an anaphylactic reaction. 
An el imination diet is safer but is tedious and less def initive. Food al lergy is uncommon as a cause 
of allergic rhinitis.

Newer methodology for detecting total IgE, including the development of enzyme-l inked 
immunosorbent assays (ELISA) employing anti-IgE bound to either a solid-phase or a l iquid-
phase particle, provides rapid and cost-effective determinations. M easurements of specif ic anti-
IgE in serum are obtained by i ts binding to an al lergen and quantitation by subsequent uptake of 
labeled anti-IgE. A s compared to the skin test, the assay of specif ic IgE in serum is less sensitive 
but has high specif icity.

Prevention

Avoidance of exposure to the offending allergen is the most effective means of controlling allergic 
diseases; removal of  pets from the home to avoid animal danders, uti l ization of air-fi l tration 
devices to minimize the concentrations of airborne pollens, el imination of cockroach-derived 
proteins by chemical destruction of  the pest and careful food storage, travel to nonpoll inating areas 
during the critical periods, and even a change of domici le to el iminate a mold spore problem may 
be necessary. Control of  dust mites by allergen avoidance includes use of  plastic-l ined covers for 
mattresses, pi l lows, and comforters; using a f i l ter-equipped vacuum cleaner; washing bedding and 
clothes at temperatures >54.5°C (above 130°F); and el imination of carpets and drapes.

Allergic Rhinitis: Treatment

A lthough al lergen avoidance is the most cost-effective means of managing allergic rhinitis, 
treatment with pharmacologic agents represents the standard approach to seasonal or perennial  
allergic rhinitis. Oral antihistamines of the H1 class are ef fective for nasopharyngeal i tching, 
sneezing, and watery rhinorrhea and for such ocular manifestations as i tching, tearing, and 
erythema, but they are not ef ficacious for the nasal congestion. The older antihistamines are 
sedating, and they induce psychomotor impairment, including reduced eye-hand coordination and 
impaired automobile driving skills. Their anticholinergic (muscarinic) effects include visual 
disturbance, urinary retention, and constipation. Because the newer H1 antihistamines such as 
fexofenadine, loratadine, desloradine, cetirizine, and azelastine are less l ipophil ic and more H1
selective, their abil i ty to cross the blood-brain barrier is reduced, and thus their sedating and 
anticholinergic side effects are minimized. These newer antihistamines do not differ appreciably in 
efficacy for relief of rhinitis and/or sneezing. Oral antihistamines have l i ttle benefit on congestion. 
Azelastine nasal spray may benef it individuals with nonallergic vasomotor rhinitis, but i t has an 
adverse ef fect of  dysgeusia (taste perversion) in some patients. Because antihistamines have l i ttle 

ef fect on congestion, -adrenergic agents such as phenylephrine or oximetazol ine are general ly 
used topically to al leviate nasal congestion and obstruction. However, the duration of  their 
efficacy is l imited because of rebound rhinitis (i.e., 7- to 14-day use can lead to rhini tis 
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medicamentosa) and such systemic responses as hypertension. Oral  -adrenergic agonist 
decongestants containing pseudoephedrine are standard for the management of  nasal congestion, 
general ly in combination with an antihistamine. These pseudoephedrine combination products can 
cause insomnia and are precluded in patients with narrow angle glaucoma, urinary retention, 
severe hypertension, marked coronary artery disease, or a f i rst trimester pregnancy. The CysLT1 
blocker, montelukast, is approved for both seasonal and perennial rhinitis. Cromolyn sodium, a 
nasal spray, is essential ly without side ef fects and is used prophylactical ly on a continuous basis 
during the season. The cl inical eff icacy of cromolyn sodium used prophylactically is less than that 
of  second-generation oral antihistamines. Intranasal high-potency glucocorticoids are the most 
potent drugs available for the rel ief  of  establ ished rhinitis, seasonal or perennial, and are effective 
in rel ieving nasal congestion. They provide eff icacy with substantial ly reduced side effects as 
compared with this same class of  agent administered oral ly. Their most f requent side ef fect is local 
irritation, with Candida overgrowth being a rare occurrence. The currently avai lable intranasal 
glucocorticoids— beclomethasone, f lunisol ide, budesonide, f luticasone, and mometasone— ar e 
equally effective clinically, achieving up to 70% overall symptom relief with some variation in the 
time period for onset of benefit. Topical ipratropium is an anticholinergic agent effective in 
reducing rhinorrhea, including that in patients with perennial symptoms, and it can be additionally 
efficacious when combined with intranasal steroids. Local treatment with cromolyn sodium may 
be effective in mild allergic conjunctivitis. Topical antihistamines such as olopatadine, azelastine, 
or epinastine provide rapid rel ief  of  i tching and redness and are more effective than oral 
antihistamines.

Immunotherapy, of ten termed hyposensi tization, consists of repeated subcutaneous injections of  
gradually increasing concentrations of  the al lergen(s) considered to be specifical ly responsible for 
the symptom complex. Control led studies of ragweed, grass, dust mite, and cat dander al lergens 
administered for treatment of al lergic rhinitis have demonstrated at least partial rel ief  of symptoms 
and signs. The duration of such immunotherapy is 3–5 years, with discontinuation being based on 
minimal symptoms over two consecutive seasons of  exposure. Cl inical benef i t appears related to 
the administration of a high dose of relevant al lergen advancing from weekly to monthly intervals. 
Patients should remain at the treatment site for at least 20 min af ter al lergen administration so that 
any anaphylactic consequence can be managed. Local reactions with erythema and induration are 
not uncommon and may persist for 1 to 3 days. Immunotherapy is contraindicated in patients with 
signif icant cardiovascular disease or unstable asthma and should be conducted with particular 

caution in any patient requiring -adrenergic blocking therapy because of the dif f iculty in 
managing an anaphylactic complication. The response to immunotherapy is derived from a 
complex of cellular and humoral effects that l ikely includes a modulation in T cell cytokine 
production. Immunotherapy should be reserved for clearly documented seasonal or perennial 
rhinitis, cl inically related to def ined allergen exposure with confirmation by the presence of 
al lergen-specif ic IgE. Early studies suggest that systemic treatment with a monoclonal antibody to 
IgE (omalizumab) that blocks mast cell  sensitization has efficacy for al lergic rhinitis and can be 
used with immunotherapy to enhance safety and eff icacy. However, current approval is only to 
treat patients with persistent al lergic asthma not control led by inhaled glucocorticoid therapy. A  
sequence for the management of al lergic or perennial rhinitis based on an al lergen-speci f ic 
diagnosis and stepwise management as required for symptom control would include the fol lowing: 
(1) identif ication of the offending allergen(s) by history with confirmation of the presence of 
al lergen-specif ic IgE by skin test and/or serum assay; (2) avoidance of the of fending al lergen; and 
(3) medical management in a stepwise fashion (Fig. 311-3). M ild intermittent symptoms of 
al lergic rhinitis are treated with oral antihistamines, oral CysLT1 antagonists, intranasal 
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antihistamines, or intranasal cromolyn prophylaxis. Moderate to more severe allergic rhinitis is 
managed with intranasal glucocorticoids plus oral antihistamines, oral CysLT1 antagonists, or 
antihistamine-decongestant combinations. Persistent allergic rhinitis requiring the daily use of 
intranasal glucocorticoids with add-on interventions such as oral antihistamines, decongestant 
combinations, or topical ipratropium merits consideration of allergen-specif ic immunotherapy. 
Even a brief  course of oral prednisone can be indicated.

Figure 311-3

Algor ithm for the diagnosis and management of rhinitis. ENT, ear, nose, and throat surgeon.
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Harrison's I nternal M edicine > Chapter 312. Autoimmunity and Autoimmune Diseases >

Autoimmunity and Autoimmune Diseases: Introduction

One of the classical ly accepted features of  the immune system is the capacity to distinguish self 
f rom nonself . A lthough they are able to recognize and generate reactions to a vast array of 
foreign materials, most animals do not mount immune responses to self-antigens under ordinary 
circumstances and thus are tolerant to self. Whereas recognition of  self plays an important role in 
shaping both the T cel l  and B cell  repertoires of  immune receptors and plays an essential role in 
the recognition of nominal antigen by T cells, the development of potential ly harmful immune 
responses to self-antigens is, in general, precluded. Autoimmunity therefore represents the end 
result of the breakdown of one or more of  the basic mechanisms regulating immune tolerance.

The essential feature of  an autoimmune disease is that tissue injury is caused by the immunologic 
reaction of the organism with i ts own tissues. Autoimmunity, on the other hand, refers merely to 
the presence of antibodies or T lymphocytes that react with self-antigens and does not necessari ly 
imply that the development of self-reactivi ty has pathogenic consequences.

Autoimmunity may be seen in normal individuals and in higher frequency in normal older 
people. In addition, autoreactivity may develop during various infectious conditions. The 
expression of autoimmunity may be self-l imited, as occurs with many infectious processes, or 
persistent. When autoimmunity is induced by an inciting event, such as infection or tissue 
damage from trauma or infarction, there may or may not be ensuing pathology. Even in the 
presence of  organ pathology, i t may be dif f icult to determine whether the damage is mediated by 
autoreactivity. Thus, the presence of self-reactivi ty may be ei ther the cause or a consequence of  
an ongoing pathologic process.
Mechanisms of Autoimmunity

Since Ehrl ich f irst postulated the existence of mechanisms to prevent the generation of self-
reactivity in 1900, ideas concerning the nature of this inhibition have developed in parallel with 
the progressive increase in understanding of the immune system. Burnet's clonal selection theory 
included the idea that interaction of lymphoid cells with their specif ic antigens during fetal or 
early postnatal l i fe would lead to el imination of such " forbidden clones." This idea became 
untenable, however, when i t was shown by a number of  investigators that autoimmune diseases 
could be induced by simple immunization procedures that autoantigen-binding cel ls could be 
demonstrated easily in the circulation of normal individuals, and that self-l imited autoimmune 
phenomena frequently developed during infections. These observations indicated that clones of  
cel ls capable of  responding to autoantigens were present in the repertoire of antigen-reactive cel ls 
in normal adults and suggested that mechanisms in addition to clonal deletion were responsible 
for preventing their activation.

Currently, three general processes are thought to be involved in the maintenance of  selective 
unresponsiveness to autoantigens (Table 312-1): (1) sequestration of self-antigens, rendering 
them inaccessible to the immune system; (2) specif ic unresponsiveness (tolerance or anergy) of 
relevant T or B cells; and (3) l imitation of potential reactivity by regulatory mechanisms.

Table 312-1 Mechanisms Preventing Autoimmunity
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Derangements of  these normal processes may predispose to the development of  autoimmunity 
(Table 312-2). In general, these abnormal responses relate to stimulation by exogenous agents, 
usually bacterial or viral, or endogenous abnormalities in the cells of  the immune system. 
M icrobial superantigens, such as staphylococcal protein A  and staphylococcal enterotoxins, are 
substances that can stimulate a broad range of  T and B cel ls based upon specif ic interactions with 
selected famil ies of immune receptors, irrespective of their antigen specificity. I f  autoantigen-
reactive T and/or B cells express these receptors, autoimmunity might develop. A lternatively, 
molecular mimicry or cross-reactivity between a microbial product and a self-antigen might lead 
to activation of  autoreactive lymphocytes. One of the best examples of  autoreactivity and 
autoimmune disease resulting from molecular mimicry is rheumatic fever, in which antibodies to 
the M  protein of streptococci cross-react with myosin, laminin, and other matrix proteins. 
Deposition of these autoantibodies in the heart initiates an inf lammatory response. M olecular 
mimicry between microbial proteins and host tissues has been reported in type 1 diabetes 
mell i tus, rheumatoid arthritis, and multiple sclerosis. The capacity of nonspecific stimulation of 
the immune system to predispose to the development of  autoimmunity has been explored in a 
number of models; one is provided by the effect of  adjuvants on the production of autoimmunity. 
Autoantigens become much more immunogenic when administered with adjuvant. I t is presumed 
that infectious agents may be able to overcome self-tolerance because they possess molecules, 
such as bacterial endotoxin, that have adjuvant-l ike ef fects on the immune system by stimulating 
cells through Toll-l ike receptors.

1. Sequestration of self-antigen 
2. Generation and maintenance of tolerance
  a. Central deletion of autoreactive lymphocytes
  b. Peripheral anergy of  autoreactive lymphocytes
  c. Receptor replacement by autoreactive lymphocytes
3. Regulatory mechanisms

Table 312-2 Mechanisms of Autoimmunity

I . Exogenous
  A. Molecular mimicry
  B. Superantigenic stimulation
  C. Microbial adjuvanticity
I I . Endogenous
  A . A ltered antigen presentation
    1. Loss of immunologic privilege
    2. Presentation of  novel or crytic epitopes (epitope spreading)
    3. Alteration of self-antigen 
    4. Enhanced function of  antigen-presenting cel ls
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Endogenous derangements of the immune system may also contribute to the loss of  immunologic 
tolerance to self-antigens and the development of autoimmunity (Table 312-2). M any 
autoantigens reside in immunological ly privi leged sites, such as the brain or the anterior chamber 
of  the eye. These sites are characterized by the inabil i ty of  engraf ted tissue to el ici t immune 
responses. Immunologic privi lege results from a number of events, including the limited entry of 
proteins from those sites into lymphatics, the local production of immunosuppressive cytokines 

such as transforming growth factor , and the local expression of molecules such as Fas l igand 
that can induce apoptosis of  activated T cells. Lymphoid cells remain in a state of immunologic 
ignorance (neither activated nor anergized) to proteins expressed uniquely in immunologically 
privi leged sites. I f the privi leged site is damaged by trauma or inf lammation, or if  T cells are 
activated elsewhere, proteins expressed at this site can become the targets of  immunologic 
assault. Such an event may occur in multiple sclerosis and sympathetic ophthalmia, in which 
antigens uniquely expressed in the brain and eye, respectively, become the target of activated T 
cel ls.

A lterations in antigen presentation may also contribute to autoimmunity. This may occur by 
epitope spreading, in which protein determinants (epitopes) not routinely seen by lymphocytes 
(cryptic epitopes) are recognized as a result of  immunologic reactivity to associated molecules. 
For example, animals immunized with one protein component of a multimolecular complex may 
be induced to produce antibodies to the other components of  the complex. Finally, inflammation, 
drug exposure, or normal senescence may cause a primary chemical al teration in proteins, 
resulting in the generation of immune responses that cross-react with normal self-proteins. 
A lterations in the availabil ity and presentation of autoantigens may be important components of 
immunoreactivity in certain models of organ-specif ic autoimmune diseases. In addition, these 
factors may be relevant in understanding the pathogenesis of various drug-induced autoimmune 
conditions. However, the diversity of autoreactivity manifest in non-organ-specif ic systemic 
autoimmune diseases suggests that these conditions might result from a more general activation 
of the immune system rather than from an alteration in individual self-antigens.

A  number of experimental models have suggested that intense stimulation of T lymphocytes can 
produce nonspecif ic signals that bypass the need for antigen-specif ic helper T cells and lead to 
polyclonal B cell activation with the formation of multiple autoantibodies. For example, 
antinuclear, antierythrocyte, and anti lymphocyte antibodies are produced during the chronic 
graft-versus-host reaction. In addition, true autoimmune diseases, including autoimmune 

a. Costimulatory molecule expression
b. Cytokine production
  B. Increased T cell  help
    1. Cytokine production
    2. Costimulatory molecules
  C. Increased B cell function
  D. Apoptotic defects
  E. Cytokine imbalance
  F. A ltered immunoregulation

Page 25 of  219A ccessM edicine - Print

1/3/2013fi le:///C:/Users/Lesea/AppData/Local/Temp/~hhDC34.htm



hemolytic anemia and immune complex–mediated glomerulonephritis, can also be induced in 
this manner. While it is clear that such dif fuse activation of helper T cell activity can cause 
autoimmunity, nonspecif ic stimulation of B lymphocytes can also lead to the production of 
autoantibodies. Thus, the administration of  polyclonal B cell  activators, such as bacterial 
endotoxin, to normal mice leads to the production of  a number of  autoantibodies, including those 
directed to DNA and IgG (rheumatoid factor).

Aberrant selection of  the B or T cel l  repertoire at the time of  antigen receptor expression can also 
predispose to autoimmunity. For example, B cell  immunodeficiency caused by an absence of the 
B cell receptor–associated kinase, Bruton's tyrosine kinase, leads to X -l inked 
agammaglobulinemia. This syndrome is characterized by reduced B cell  activation, but also by 
diminished negative selection of autoreactive B cells, resulting in increased autoreactivity within 
a def icient B cell repertoire. L ikewise, negative selection of autoreactive T cells in the thymus 
requires expression of the autoimmune regulator (A IRE) gene that enables the expression of 
tissue-specif ic proteins in thymic medullary epithelial cel ls. Peptides from these proteins are 
expressed in the context of  M HC molecules and mediate the el imination of  autoreactive T cells. 
The absence of  A IRE gene expression leads to a failure of negative selection of autoreactive 
cells, autoantibody production, and severe inf lammatory destruction of multiple organs. 
Individuals deficient in A IRE gene expression develop autoimmune polyendocrinopathy-
candidiasis-ectodermal dystrophy (APECED).

Primary alterations in the activity of T and/or B cells, cytokine imbalances, or defective 
immunoregulatory circuits may also contribute to the emergence of autoimmunity. For example, 
decreased apoptosis, as can be seen in animals with defects in Fas (CD95) or Fas l igand or in 
patients with related abnormalities, can be associated with the development of  autoimmunity. 
Similarly, diminished production of tumor necrosis factor (TNF) and interleukin (IL ) 10 has been 
reported to be associated with the development of autoimmunity.

Autoimmunity may also result f rom an abnormality of immunoregulatory mechanisms. 
Observations made in both human autoimmune disease and animal models suggest that defects in 
the generation and expression of regulatory T cell activity may allow for the production of 
autoimmunity. I t has recently been appreciated that the IPEX (immunodysregulation, 
polyendocrinopathy, enteropathy X-l inked) syndrome results from the fai lure to express the 
FOXP3 gene, which encodes a molecule critical in the dif ferentiation of regulatory T cells. 
Administration of normal regulatory T cells or factors derived from them can prevent the 
development of autoimmune disease in rodent models of  autoimmunity.

I t should be apparent that no single mechanism can explain al l  the varied manifestations of  
autoimmunity. Furthermore, genetic evaluation has shown that a number of  abnormalities of ten 
need to converge to induce an autoimmune disease. A dditional factors that appear to be 
important determinants in the induction of autoimmunity include age, sex (many autoimmune 
diseases are far more common in women), genetic background, exposure to infectious agents, 
and environmental contacts. How all  of these disparate factors affect the capacity to develop self-
reactivity is currently being intensively investigated.

Genetic Considerations

Evidence in humans that there are susceptibi l i ty genes for autoimmunity comes from family 
studies and especial ly f rom studies of  twins. Studies in type 1 diabetes mell i tus, rheumatoid 
arthri tis, multiple sclerosis, and systemic lupus erythematosus (SLE) have shown that 
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approximately 15–30% of pairs of  monozygotic twins show disease concordance, compared with 
<5% of dizygotic twins. The occurrence of dif ferent autoimmune diseases within the same family 
has suggested that certain susceptibi li ty genes may predispose to a variety of  autoimmune 
diseases. Genetic mapping has begun to identi fy chromosomal regions that predispose to specif ic 
autoimmune diseases. One gene is a phosphatase expressed by a variety of  hematopoietic cel ls 
that downregulates antigen receptor–mediated stimulation, PTPN22. A  loss-of-function 
polymorphism of this gene is associated with both type 1 diabetes melli tus and rheumatoid 
arthritis in some populations. In addition to this evidence from humans, certain inbred mouse 
strains reproducibly develop specif ic spontaneous or experimental ly induced autoimmune 
diseases, whereas others do not. These f indings have led to an extensive search for genes that 
determine susceptibi l i ty to autoimmune disease.

The most consistent association for susceptibi li ty to autoimmune disease has been with particular 
al leles of  the major histocompatibi l i ty complex (M HC). I t has been suggested that the association 
of M HC genotype with autoimmune disease relates to dif ferences in the abil ity of dif ferent allel ic 
variations of MHC molecules to present autoantigenic peptides to autoreactive T cells. An 
alternative hypothesis involves the role of MHC alleles in shaping the T cell  receptor repertoire 
during T cell ontogeny in the thymus. Additionally, specific MHC gene products may be 
themselves the source of  peptides that can be recognized by T cel ls. Cross-reactivi ty between 
such M HC peptides and peptides derived from proteins produced by common microbes may 
trigger autoimmunity by molecular mimicry. However, M HC genotype alone does not determine 
the development of autoimmunity. Identical twins are far more l ikely to develop the same 
autoimmune disease than M HC-identical nontwin siblings, suggesting that genetic factors other 
than the M HC also affect disease susceptibi li ty. Recent studies of the genetics of type 1 diabetes 
mell i tus, SLE, rheumatoid arthritis, and multiple sclerosis in humans and mice have shown that 
there are several independently segregating disease susceptibi l i ty loci in addition to the MHC.

There is evidence that several other genes are important in increasing susceptibi li ty to 
autoimmune disease. In humans, inherited homozygous deficiency of  the early proteins of the 
classic pathway of complement (C1, C4, or C2) is very strongly associated with the development 
of  SLE. In mice and humans, abnormalities in the genes encoding proteins involved in the 
regulation of  apoptosis, including Fas (CD95, tumor necrosis factor receptor superfamily 6) and 
Fas l igand (CD95 l igand; CD178, tumor necrosis factor l igand superfamily 6), are strongly 
associated with the development of autoimmunity. There is also evidence that inherited variation 
in the level of expression of certain cytokines, such as TNF or IL -10, may also increase 
susceptibi l i ty to autoimmune disease.

A  further important factor in disease susceptibi l i ty is the hormonal status of the patient. Many 
autoimmune diseases show a strong sex bias, which appears in most cases to relate to the 
hormonal status of  women.

Immunopathogenic M echanisms in Autoimmune Diseases

The mechanisms of tissue injury in autoimmune diseases can be divided into antibody-mediated 
and cel l-mediated processes. Representative examples are l isted in Table 312-3.

Table 312-3 M echanisms of  Tissue Damage in Autoimmune Disease
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The pathogenicity of autoantibodies can be mediated through several mechanisms, including 
opsonization of soluble factors or cel ls, activation of an inf lammatory cascade via the 
complement system, and interference with the physiologic function of soluble molecules or cells.

Effector M echanism Target D isease
Autoantibody Blocking or 

inactivation  Chain of the nicotinic 
acetylcholine receptor

M yasthenia gravis

Phospholipid– 2-
glycoprotein 1 complex

Antiphospholipid 
syndrome

Insulin receptor Insulin-resistant diabetes 
mel l i tus 

Intrinsic factor Pernicious anemia
Stimulation TSH receptor (LATS)

Proteinase-3 (ANCA)

Epidermal cadherin1

Desmoglein 3

Graves' disease

Wegener's granulomatosis

Pemphigus vulgaris 

Complement activation
3 Chain of collagen IV

Goodpasture's syndrome

Immune-complex 
formation

Double-strand DNA Systemic lupus 
erythematosus

Ig Rheumatoid arthritis 
Opsonization Platelet GpIIb:IIIa Autoimmune 

thrombocytopenic purpura 
Rh antigens, I  antigen Autoimmune hemolytic 

anemia
Antibody-dependent 
cellular cytotoxicity

Thyroid peroxidase, 
thyroglobulin

Hashimoto's thyroiditis

T cells Cytokine production ? Rheumatoid arthritis,

 multiple sclerosis, type 1 
diabetes mel li tus 

Cellular cytotoxicity ? Type 1 diabetes mell i tus

N ote: ANCA, antineutrophil cytoplasmic antibody; LATS, long-acting thyroid stimulator; TSH, 
thyroid-stimulating hormone.
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In autoimmune thrombocytopenic purpura, opsonization of platelets targets them for el imination 
by phagocytes. L ikewise, in autoimmune hemolytic anemia, binding of immunoglobulin to red 
cel l  membranes leads to phagocytosis and lysis of  the opsonized cel l . Goodpasture's syndrome, a 
disease characterized by lung hemorrhage and severe glomerulonephri tis, represents an example 
of antibody binding leading to local activation of complement and neutrophil accumulation and 

activation. The autoantibody in this disease binds to the 3 chain of type IV  collagen in the 
basement membrane. In SLE, activation of the complement cascade at sites of  immunoglobulin 
deposition in renal glomeruli  is considered to be a major mechanism of renal damage.

Autoantibodies can also interfere with normal physiologic functions of cells or soluble factors. 
Autoantibodies against hormone receptors can lead to stimulation of cells or to inhibition of cell 
function through interference with receptor signaling. For example, long-acting thyroid 
stimulators, which are autoantibodies that bind to the receptor for thyroid-stimulating hormone 
(TSH), are present in Graves' disease and function as agonists, causing the thyroid to respond as 
i f  there were an excess of TSH. A lternatively, antibodies to the insul in receptor can cause 
insulin-resistant diabetes mell i tus through receptor blockade. In myasthenia gravis, 
autoantibodies to the acetylchol ine receptor can be detected in 85–90% of  patients and are 
responsible for muscle weakness. The exact location of  the antigenic epitope, the valence and 
af finity of the antibody, and perhaps other characteristics determine whether activation or 
blockade results from antibody binding.

Antiphospholipid antibodies are associated with thromboembolic events in primary and 
secondary antiphosphol ipid syndrome and have also been associated with fetal  wastage. The 

major antibody is directed to the phospholipid– 2-glycoprotein I  complex and appears to exert 
a procoagulant ef fect. In pemphigus vulgaris, autoantibodies bind to a component of  the 
epidermal cel l desmosome, desmoglein 3, and play a role in the induction of  the disease. They 
exert their pathologic effect by disrupting cell-cell junctions through stimulation of the 
production of epithelial proteases, leading to blister formation. Cytoplasmic antineutrophil 
cytoplasmic antibody (c-ANCA ), found in Wegener's granulomatosis, is an antibody to an 
intracellular antigen, the 29-kDa serine protease (proteinase-3). In vitro experiments have shown 
that IgG anti-c-ANCA causes cellular activation and degranulation of primed neutrophils.

I t is important to note that autoantibodies of  a given specif ici ty may cause disease only in 
genetically susceptible hosts, as has been shown in experimental models of  myasthenia gravis. 
Final ly, some autoantibodies seem to be markers for disease but have as yet no known 
pathogenic potential.

A utoimmune Diseases 

Manifestations of autoimmunity are found in a large number of pathologic conditions. However, 
their presence does not necessari ly imply that the pathologic process is an autoimmune disease. 
A  number of attempts to establ ish formal cri teria for the diagnosis of  autoimmune diseases have 
been made, but none is universal ly accepted. One set of  cri teria is shown in Table 312-4 ; 
however, this should be viewed merely as a guide in consideration of  the problem.

Table 312-4 Human Autoimmune Disease: Presumptive Evidence for an Immunologic 
Pathogenesis
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To classi fy a disease as autoimmune, i t is necessary to demonstrate that the immune response to a 
self-antigen causes the observed pathology. Ini tial ly, the demonstration that antibodies against 
the affected tissue could be detected in the serum of  patients suffering f rom various diseases was 
taken as evidence that these diseases had an autoimmune basis. However, such autoantibodies are 
also found when tissue damage is caused by trauma or infection, and the autoantibody is 
secondary to tissue damage. Thus, i t is necessary to show that autoimmunity is pathogenic before 
classifying a disease as autoimmune.

I f the autoantibodies are pathogenic, i t may be possible to transfer disease to experimental 
animals by the administration of  autoantibodies, with the subsequent development of  pathology 
in the recipient similar to that seen in the patient f rom whom the antibodies were obtained. This 
has been shown, for example, in Graves' disease. Some autoimmune diseases can be transferred 
f rom mother to fetus and are observed in the newborn babies of diseased mothers. The symptoms 
of  the disease in the newborn usually disappear as the levels of the maternal antibody decrease. 
An exception is congenital heart block, in which damage to the developing conducting system of 
the heart as a result of  transfer of anti-Ro antibody from the mother results in permanent heart 
block.

In most situations, the critical factors that determine when the development of autoimmunity 
results in autoimmune disease have not been del ineated. The relationship of autoimmunity to the 
development of autoimmune disease may relate to the f ine specif ici ty of  the antibodies or T cel ls 
or their specif ic ef fector capabil i ties. In many circumstances, a mechanistic understanding of  the 
pathogenic potential  of  autoantibodies has not been establ ished. In some autoimmune diseases, 
biased production of cytokines by helper T (TH ) cel ls may play a role in pathogenesis. In this 
regard, T cells can differentiate into specialized effector cells that predominantly produce 

interferon  (TH1) or IL-4 (TH2) (Chap. 308). The former faci l i tate macrophage activation 
and classic cel l-mediated immunity, whereas the latter are thought to have regulatory functions 
and are involved in the resolution of  normal immune responses and also the development of  

Major Criteria
  1. Presence of autoantibodies or evidence of cellular reactivity to self
  2. Documentation of relevant autoantibody or lymphocytic infi l trate in the pathologic lesion
  3. Demonstration that relevant autoantibody or T cel ls can cause tissue pathology
    a. Transplacental transmission
    b. Adaptive transfer into animals
    c. In vitro impact on cellular function
Supportive Evidence
  1. Reasonable animal model
  2. Benef icial effect from immunosuppressive agents
  3. Association with other evidence of autoimmunity
  4. No evidence of infection or other obvious cause
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responses to a variety of  parasi tes. In a number of  autoimmune diseases, such as rheumatoid 
arthri tis, multiple sclerosis, type 1 diabetes mell i tus, and Crohn's disease, there appears to be 
biased dif ferentiation of TH1 cel ls, with resultant organ damage.

Organ-Specific versus Systemic Autoimmune Diseases

Autoimmune diseases form a spectrum, f rom those specifical ly af fecting a single organ to 
systemic disorders with involvement of many organs (Table 312-5). Hashimoto's autoimmune 
thyroiditis is an example of an organ-specif ic autoimmune disease (Chap. 335). In this disorder, 
there is a specific lesion in the thyroid associated with infi l tration of mononuclear cells and 
damage to fol l icular cells. Antibody to thyroid constituents can be demonstrated in nearly al l  
cases. Other organ- or tissue-specif ic autoimmune disorders include pemphigus vulgaris, 
autoimmune hemolytic anemia, idiopathic thrombocytopenic purpura, Goodpasture's syndrome, 
myasthenia gravis, and sympathetic ophthalmia. One important feature of some organ-speci f ic 
autoimmune diseases is the tendency for overlap, such that an individual with one specif ic 
syndrome is more l ikely to develop a second syndrome. For example, there is a high incidence of  
pernicious anemia in individuals with autoimmune thyroiditis. More striking is the tendency for 
individuals with an organ-specific autoimmune disease to develop multiple other manifestations 
of  autoimmunity without the development of associated organ pathology. Thus, as many as 50% 
of individuals with pernicious anemia have non-cross-reacting antibodies to thyroid consti tuents, 
whereas patients with myasthenia gravis may develop antinuclear antibodies, anti thyroid 
antibodies, rheumatoid factor, anti lymphocyte antibodies, and polyclonal 
hypergammaglobulinemia. Part of the explanation for this may relate to the genetic elements 
shared by individuals with these different diseases.

Table 312-5 Some A utoimmune Diseases

Organ Specific
Graves' disease

Hashimoto's thyroiditis

Autoimmune polyglandular syndrome

Type 1 diabetes mell i tus 

Insulin-resistant diabetes mel l i tus 

Immune-mediated infertility

A utoimmune Addison's disease

Pemphigus vulgaris 

Pemphigus fol iaceus

Dermatitis herpetiformis

Vitiligo

Autoimmune hemolytic anemia

Autoimmune thrombocytopenic purpura 

Pernicious anemia

Myasthenia gravis

M ultiple sclerosis 

Guillain-Barré syndrome

Stiff-man syndrome

Acute rheumatic fever

Sympathetic ophthalmia

Page 31 of  219A ccessM edicine - Print

1/3/2013fi le:///C:/Users/Lesea/AppData/Local/Temp/~hhDC34.htm



Systemic autoimmune diseases dif fer f rom organ-specif ic diseases in that pathologic lesions are 
found in multiple diverse organs and tissues. The hallmark of these conditions is the 
demonstration of  associated relevant autoimmune manifestations that are l ikely to be etiologic in 
the organ pathology. SLE represents the prototype of  these disorders because of i ts abundance of  
autoimmune manifestations.

SLE is a disease of protean manifestations that characteristical ly involves the kidneys, joints, 
skin, serosal surfaces, blood vessels, and central  nervous system (Chap. 313). The disease is 
associated with a vast array of  autoantibodies whose production appears to be a part of a 
generalized hyperreactivity of  the humoral immune system. Other features of SLE include 
general ized B cel l  hyperresponsiveness, polyclonal hypergammaglobulinemia, and increased 
ti ters of  antibodies to commonly encountered viral antigens.

Autoimmune Diseases: Treatment

Treatment of  autoimmune diseases can focus on either suppressing the induction of 
autoimmunity, restoring normal regulatory mechanisms, or inhibiting the effector mechanisms. 
To el iminate autoreactive cells, immunosuppressive or ablative therapies are most commonly 
used. In recent years, cytokine blockade has been demonstrated to be ef fective in preventing 
immune activation in some diseases. New therapies are currently in cl inical trials to target 
lymphoid cells more specif ically, either by blocking a costimulatory signal needed for T or B cell 
activation, by eliminating the effector T cells or B cells, or by using autoantigen itself  to induce 
tolerance. One major advance in inhibiting effector mechanisms has been the introduction of  
cytokine blockade, targeting TNF or IL-1, that appears to l imit organ damage in some diseases. 
Biologicals that interface with T cell activation (abatacept) or delete B cells (ri tuximab) have also 
recently been approved for the treatment of  rheumatoid arthri tis. Therapies that prevent target 
organ damage or support target organ function remain an important therapeutic approach to 
autoimmune disease.

A utoimmune alopecia Goodpasture's syndrome

Organ Nonspecific (Systemic)
Systemic lupus erythematosus

Rheumatoid arthritis

Systemic necrotizing vasculi tis 

Wegener's granulomatosis

Antiphospholipid syndrome

Sjögren's syndrome
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Definition and Prevalence

Systemic lupus erythematosus (SL E) is an autoimmune disease in which organs and cel ls 
undergo damage mediated by tissue-binding autoantibodies and immune complexes. Ninety 
percent of patients are women of child-bearing years; people of both sexes, al l ages, and al l 
ethnic groups are susceptible. Prevalence of SLE in the United States is 15–50 per 100,000; the 
highest prevalence among ethnic groups studied is in A frican Americans.
Pathogenesis and Etiology

The proposed pathogenic mechanisms of  SLE are il lustrated in Fig. 313-1. Interactions between 
susceptibi l i ty genes and environmental factors result in abnormal immune responses. Those 
responses include (1) activation of innate immunity (dendritic cells) by CpG DNA, DNA in 
immune complexes, and RNA in RNA/protein self-antigens; (2) lowered activation thresholds 
of adaptive immunity cells (antigen-specif ic T and B lymphocytes); (3) ineffective regulatory 
and inhibitory CD4+ and CD8+ T cells; and (4) reduced clearance of apoptotic cells and of 
immune complexes. Self-antigens (nucleosomal DNA /protein; RNA/protein in Sm, Ro, and La; 
phospholipids) are available for recognition by the immune system in surface blebs of  apoptotic 
cel ls; thus antigens, autoantibodies, and immune complexes persist for prolonged periods of  
time, allowing inf lammation and disease to develop. Immune activation of circulating and 
tissue-bound cel ls is accompanied by increased secretion of proinf lammatory tumor necrosis 

factor (TNF)  and type 1 and 2 interferons (IFNs), and the B cell–driving cytokines B 
lymphocyte stimulator (BLyS) and interleukin (IL ) 10. Upregulation of genes induced by 
interferons is a genetic "signature" of SLE. However, lupus T and natural ki l ler (NK) cells fail 
to produce enough IL -2 and transforming growth factor (TGF) to induce regulatory CD4+ and 
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inhibitory CD8+ T cells. The result of  these abnormalities is sustained production of pathogenic 
autoantibodies (referred to in Fig. 313-1 and described in Table 313-1) and immune complexes, 
which bind to target tissues, with activation of complement and phagocytic cells that recognize 
Ig-coated circulating blood cells. Activation of  complement and immune cells leads to release 
of  chemotaxins, cytokines, chemokines, vasoactive peptides, and destructive enzymes. In the 
setting of chronic inf lammation, accumulation of growth factors and products of chronic 
oxidation contribute to irreversible tissue damage in glomeruli , arteries, lungs, and other tissues.

Figure 313-1

Pathogenesis of SL E. Genes conf irmed in more than one independent cohort as increasing 
susceptibi li ty to SLE or lupus nephritis are l isted. Gene-environment interactions result in 
abnormal immune responses that generate pathogenic autoantibodies and immune complexes 
that deposit in tissue, activate complement, cause inflammation, and over time lead to 
irreversible organ damage. Ag, antigen; C1q, complement system; C3, complement 
component; CNS, central nervous system; DC, dendritic cell; EBV, Epstein-Barr virus; HLA, 
human leukocyte antigen; FcR, immunoglobulin Fc-binding receptor; IL, interleukin; MBL, 
mannose-binding l igand; MCP, monocyte chemotactic protein; PTPN, phosphotyrosine 
phosphatase; UV, ultraviolet.
Table 313-1 Autoantibodies in Systemic Lupus Erythematosus (SLE)

Antibody Prevalence, 
%

Antigen 
Recognized

Clinical Utility

A ntinuclear 
antibodies

98 Multiple nuclear Best screening test; repeated negative 
tests make SLE unlikely

Anti-dsDNA 70 DNA (double-
stranded)

High titers are SLE-specif ic and in 
some patients correlate with disease 
activity, nephritis, vasculitis 

Anti-Sm 25 Protein complexed 
to 6 species of 
nuclear U1 RNA

Specif ic for SLE; no definite clinical 
correlations; most patients also have 
anti-RNP; more common in A frican 
A mericans and A sians than 
Caucasians

Anti-RNP 40 Protein complexed 

to U1 RNA

Not specif ic for SLE; high titers 
associated with syndromes that have 
overlap features of  several rheumatic 
syndromes including SLE; more 
common in A frican Americans than 
Caucasians

Anti-Ro (SS-A) 30 Protein complexed 
to hY RNA, 
primarily 60 kDa 

Not specif ic for SLE; associated with 
sicca syndrome, subacute cutaneous 
lupus, and neonatal lupus with 
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SLE is a multigenic disease. In most genetically susceptible individuals, normal al leles of 
multiple normal genes each contribute a small  amount to abnormal immune responses; i f  
enough variations accumulate, disease results. Some predisposing genes conf irmed in at least 
two independent cohorts are listed in Fig. 313-1. Homozygous def iciencies of  early components 
of  complement (C1q,r,s; C2; C4) confer strong predisposition to SLE, but such deficiencies are 
rare. Each of  the other genes l isted increases risk for SLE by only 1.5- to 3-fold. Some gene 
al leles probably contribute to disease susceptibi l i ty by inf luencing clearance of apoptotic cells 
(C1q, MBL) or immune complexes (FcR 2A and 3A), antigen presentation (HLA-DR2,3,8), B 
cell maturation (IL-10), T cell activation (PTPN22), or chemotaxis (MCP-1). None of  these 
hypotheses is proven. In addition to inf luencing disease susceptibi l i ty in various ethnic groups, 
some genes inf luence cl inical manifestations of disease (e.g., FcR2A/3A, MBL, PDCD1 for 
nephritis; MCP-1 for arthri tis and vasculi tis). A  region on chromosome 16 contains genes that 
predispose to SLE, rheumatoid arthri tis, psoriasis, and Crohn's disease, suggesting the presence 
of "autoimmunity genes"  that, when interacting with other genes, predispose to dif ferent 

and 52 kDa congenital  heart block; associated 
with decreased risk for nephritis

Anti-L a (SS-B) 10 47-kDa protein 
complexed to hY  
RNA

Usually associated with anti-Ro; 
associated with decreased risk for 
nephritis

Antihistone 70 Histones associated 
with DNA (in 
nucleosome, 
chromatin)

More frequent in drug-induced lupus 
than in SLE

Antiphospholipid 50 Phosphol ipids, 

2 glycoprotein 
1 cofactor, 
prothrombin

Three tests avai lable— ELISA s for 

cardiol ipin and 2G1, sensi tive 
prothrombin time (DRVVT); 
predisposes to clotting, fetal  loss, 
thrombocytopenia

Antierythrocyte 60 Erythrocyte 
membrane

M easured as direct Coombs' test; a 
small  proportion develops overt 
hemolysis

Antiplatelet 30 Surface and al tered 
cytoplasmic 
antigens in platelets

Associated with thrombocytopenia 
but sensitivity and specificity are not 
good; this is not a useful cl inical test

A ntineuronal 
(includes anti-
glutamate receptor)

60 Neuronal  and 
lymphocyte surface 
antigens

In some series a positive test in CSF 
correlates with active CNS lupus

Antiribosomal P 20 Protein in 
ribosomes

In some series a posi tive test in 
serum correlates with depression or 
psychosis due to CNS lupus

N ote: CNS, central nervous system; CSF, cerebrospinal fluid; DRVVT, dilute Russell viper 
venom time; ELISA , enzyme-linked immunosorbent assay.
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autoimmune diseases. There are l ikely to be protective gene al leles as well . A l l  these gene 
combinations influence immune responses to the external and internal environment; when such 
responses are too high and/or too prolonged, autoimmune disease results.

Female sex is permissive for SLE; females of many mammalian species make higher antibody 
responses than males. Women exposed to estrogen-containing oral contraceptives or hormone 
replacement have an increased risk of  developing SLE (1.2- to 2-fold). Estradiol binds to 
receptors on T and B lymphocytes, increasing activation and survival of  those cells, thus 
favoring prolonged immune responses.

Several environmental stimuli may inf luence SLE (Fig. 313-1). Exposure to ultraviolet l ight 
causes f lares of SLE in approximately 70% of patients, possibly by increasing apoptosis in skin 
cells or by altering DNA and intracellular proteins to make them antigenic. It is l ikely that some 
infections induce a normal immune response that matures to contain some T and B cel ls that 
recognize self-antigens; such cel ls are not appropriately regulated, and autoantibody production 
occurs. M ost SLE patients have autoantibodies for 3 years or more before the f irst symptoms of  
disease, suggesting that regulation controls the degree of  autoimmunity for years before 
quantities and quali ties of  autoantibodies and pathogenic B and T cel ls actual ly cause cl inical 
disease. Epstein-Barr virus (EBV) may be one infectious agent that can trigger SLE in 
susceptible individuals. Children and adults with SLE are more l ikely to be infected by EBV 
than age-,  sex-,  and ethnicity-matched controls— an observation confirmed in African-
American adults in another population. EBV activates and infects B lymphocytes and survives 
in those cel ls for decades; i t also contains amino acid sequences that mimic sequences on 
human spliceosomes (RNA/protein antigens of ten recognized by autoantibodies in people with 
SLE). Thus, interplay between genetic susceptibi li ty, environment, sex, and abnormal immune 
responses results in autoimmunity (Chap. 312).
Pathology

In SLE, biopsies of affected skin show deposition of Ig at the dermal-epidermal junction (DEJ), 
injury to basal keratinocytes, and inflammation dominated by T lymphocytes in the DEJ and 
around blood vessels and dermal appendages. Cl inical ly unaf fected skin may also show Ig 
deposition at the DEJ.

In renal biopsies, the pattern and severity of injury are important in diagnosis and in selecting 
the best therapy. M ost published cl inical studies of lupus nephritis have used the World Health 
Organization (WHO) classification of lupus nephritis. However, the International Society of 
Nephrology (ISN) and the Renal Pathology Society (RPS) have published a new, similar 
classif ication (Table 313-2) that wil l  probably replace the WHO standards. An advantage of the 
ISN/RPS classif ication is the addition of "a" for active and "c"  for chronic changes, giving the 
physician information regarding the potential reversibili ty of disease. A ll the classif ication 
systems focus on glomerular disease, although the presence of tubular intersti tial  and vascular 
disease is important to cl inical outcomes. In general, class I II  and IV  disease, as well  as class V  
accompanied by II I  or IV  disease, should be treated with aggressive immunosuppression i f 
possible, because there is a high risk for end-stage renal disease (ESRD) i f  patients are 
untreated or undertreated. Treatment for lupus nephritis is not recommended in patients with 
class I or I I disease or with extensive irreversible changes. In chi ldren, a diagnosis of SLE can 
be established on the basis of  renal histology without meeting additional diagnostic cri teria 
(Table 313-3).
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Table 313-2 Classif ication of Lupus Nephritis (International Society of Nephrology and Renal 
Pathology Society)

Class I : M inimal M esangial Lupus Nephritis 
Normal glomeruli by l ight microscopy, but mesangial immune deposits by 
immunof luorescence.
Class I I :M esangial Proliferative Lupus Nephritis
Purely mesangial hypercellularity of any degree or mesangial matrix expansion by l ight 
microscopy, with mesangial immune deposits. A  few isolated subepithelial or subendothelial 
deposits may be visible by immunofluorescence or electron microscopy, but not by l ight 
microscopy.
Class I I I : Focal Lupus Nephritis
Active or inactive focal, segmental or global endo- or extracapil lary glomerulonephritis 
involving <50% of all glomeruli, typically with focal subendothelial immune deposits, with or 
without mesangial alterations.
  Class III (A): Active lesions— focal proliferative lupus nephritis
  Class II I (A/C): Active and chronic lesions— focal proli ferative and sclerosing lupus 
nephritis
  Class I I I (C): Chronic inactive lesions with glomerular scars— focal sclerosing lupus 
nephritis
Class IV : Diffuse Lupus Nephritis
Active or inactive dif fuse, segmental or global endo- or extracapil lary glomerulonephritis 
involving 50% of all glomeruli, typically with diffuse subendothelial immune deposits, with or 
without mesangial alterations. This class is divided into diffuse segmental (IV -S) lupus 
nephritis when 50% of the involved glomeruli have segmental lesions, and dif fuse global (IV -
G) lupus nephritis when 50% of the involved glomeruli have global lesions. Segmental  i s 
defined as a glomerular lesion that involves less than half  of  the glomerular tuf t. This class 
includes cases with dif fuse wire loop deposits but with l i ttle or no glomerular proliferation. 
  Class IV-S (A): Active lesions— dif fuse segmental proliferative lupus nephritis
  Class IV-G (A): Active lesions— diffuse global proliferative lupus nephritis
  Class IV-S (A/C): Active and chronic lesions— diffuse segmental prol i ferative and sclerosing 
lupus nephritis
  Class IV-G (A/C): Active and chronic lesions— dif fuse global proli ferative and sclerosing 
lupus nephritis
  Class IV-S (C): Chronic inactive lesions with scars— dif fuse segmental sclerosing lupus 
nephritis
  Class IV-G (C): Chronic inactive lesions with scars— dif fuse global sclerosing lupus 
nephritis
Class V: M embranous Lupus Nephritis
Global or segmental subepithelial immune deposits or their morphologic sequelae by l ight 
microscopy and by immunofluorescence or electron microscopy, with or without mesangial 
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alterations. Class V lupus nephritis may occur in combination with class II I or IV, in which 
case both wil l  be diagnosed. Class V  lupus nephritis may show advanced sclerosis.
Class VI :Advanced Sclerotic Lupus Nephritis

90% of glomeruli globally sclerosed without residual activity.

Indicate and grade (mild, moderate, severe) tubular atrophy, interstitial inflammation and 
f ibrosis, severity of arteriosclerosis or other vascular lesions.

Source: JJ Weening et al: K idney Int 65:521, 2004. Reprinted by permission from M acmillan 
Publishers Ltd., Copyright 2004.
Table 313-3 Diagnostic Criteria for Systemic Lupus Erythematosus

M alar rash Fixed erythema, flat or raised, over the malar eminences
Discoid rash Erythematous circular raised patches with adherent keratotic scal ing and 

foll icular plugging; atrophic scarring may occur
Photosensitivity Exposure to ultraviolet l ight causes rash
Oral ulcers Includes oral and nasopharyngeal ulcers, observed by physician
Arthritis Nonerosive arthritis of  two or more peripheral joints, with tenderness, 

swelling, or effusion
Serositis Pleuritis or pericarditis documented by ECG or rub or evidence of effusion
Renal disorder

Proteinuria >0.5 g/d or Seizures or ps" border="0">3+, or cellular 
casts

Neurologic 
disorder

Seizures or psychosis without other causes

Hematologic 
disorder Hemolytic anemia or leukopenia (<4000/ L) or lymphopenia (<1500/

L) or thrombocytopenia (<100,000/ L) in the absence of  of fending 
drugs

Immunologic 
disorder

Anti-dsDNA, anti-Sm, and/or anti-phospholipid

A ntinuclear 
antibodies

An abnormal ti ter of  ANA by immunofluorescence or an equivalent assay 
at any point in time in the absence of drugs known to induce ANAs

If 75%.

4 of these cri teria, wel l  documented, are present at any time in a patient's history, the diagnosis 

is l ikely to be SLE. Specif icity is 95%; sensitivi ty is 75%. 
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Histologic abnormalities in blood vessels may also determine therapy. Patterns of vasculi tis are 
not specif ic for SLE but may indicate active disease: leukocytoclastic vasculitis is most 
common (Chap. 319).

Lymph node biopsies are usually performed to rule out infection or malignancies. In SLE, they 
show nonspecific dif fuse chronic inflammation.

N ote: ANA, antinuclear antibodies; dsDNA, double-strand DNA ; ECG, electrocardiography.

Source: Criteria published by EM Tan et al: Arthritis Rheum 25:1271, 1982; update by M C 
Hochberg, Arthritis Rheum 40:1725, 1997.

Diagnosis

The diagnosis of SLE is based on characteristic cl inical features and autoantibodies. Current 
criteria (2006) for classification are l isted in Table 313-3 (new cri teria are being developed), 
and an algorithm for diagnosis and initial therapy is shown in Fig. 313-2. The cri teria are 
intended for confirming the diagnosis of  SLE in patients included in studies; the author uses 
them in individual patients for estimating the probabil i ty that a disease is SLE. Any 

combination of  4 of 11 criteria, well documented at any time during an individual's history, 
makes it likely that the patient has SLE. (Specif icity and sensitivity are ~95% and ~75%, 
respectively.) In many patients, criteria accrue over time. Antinuclear antibodies (ANA) are 
positive in >98% of patients during the course of  disease; repeated negative tests suggest that 
the diagnosis is not SL E, unless other autoantibodies are present (Fig. 313-2). High-ti ter IgG 
antibodies to double-stranded DNA and antibodies to the Sm antigen are both specific for SLE 
and, therefore, favor the diagnosis in the presence of  compatible cl inical manifestations. The 
presence in an individual of multiple autoantibodies without cl inical symptoms should not be 
considered diagnostic for SLE, although such persons are at increased risk since cl inical SLE 
begins in most patients years af ter autoantibodies appear.

Figure 313-2

Algorithm for diagnosis and initial therapy of SLE. ANA, antinuclear antibodies; CBC, 
complete blood count.

Interpretation of Clinical Manifestations

When a diagnosis of  SLE is made, i t is important to establish the severity and potential 
reversibi l i ty of  the i l lness and to estimate the possible consequences of  various therapeutic 
interventions. In the fol lowing paragraphs, descriptions of  some disease manifestations begin 
with relatively mild problems and progress to those more li fe-threatening.

Overview and Systemic M anifestations

A t its onset, SLE may involve one or several organ systems; over time, additional 
manifestations may occur (Tables 313-3 and 313-4). M ost of  the autoantibodies characteristic 
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of each person are present at the time cl inical manifestations appear (Tables 313-1 and 313-3) . 
Severity of SLE varies from mild and intermittent to severe and fulminant. M ost patients 
experience exacerbations interspersed with periods of  relative quiescence; permanent complete 
remissions (absence of symptoms with no treatment) are rare. Systemic symptoms, particularly 
fatigue and myalgias/arthralgias, are present most of  the time. Severe systemic i l lness requiring 
glucocorticoid therapy can occur with fever, prostration, weight loss, and anemia with or 
without other organ-targeted manifestations.

Table 313-4 Clinical Manifestations of SLE and Prevalence over the Entire Course of 
D iseasea

M anifestation Prevalence, %
Systemic: Fatigue, malaise, fever, anorexia, weight loss 95
Musculoskeletal 95
 Arthralgias/myalgias 95
 Nonerosive polyarthritis 60
 Hand deformities 10
 Myopathy/myositis 25/5 
 Ischemic necrosis of  bone 15
Cutaneous 80
 Photosensitivity 70
 M alar rash 50
 Oral ulcers 40
 Alopecia 40
 Discoid rash 20
 Vasculitis rash 20
 Other (e.g., urticaria, subacute cutaneous lupus) 15
Hematologic 85
 Anemia (chronic disease) 70

 Leukopenia (<4000/ L)
65

 Lymphopenia (<1500/ L)
50

 Thrombocytopenia (<100,000/ L)
15

 Lymphadenopathy 15
 Splenomegaly 15
 Hemolytic anemia 10
Neurologic 60
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 Cognitive disorder 50
 M ood disorder 40
 Headache 25
 Seizures 20
 Mono-, polyneuropathy 15
 Stroke, TIA 10
 Acute confusional state or movement disorder 2–5
 Aseptic meningitis, myelopathy <1
Cardiopulmonary 60
 Pleurisy, pericarditis, effusions 30–50
 M yocarditis, endocarditis 10
 L upus pneumonitis 10
 Coronary artery disease 10
 Interstitial f ibrosis 5
 Pulmonary hypertension, ARDS, hemorrhage <5
 Shrinking lung syndrome <5
Renal 30–50
 Proteinuria >500 mg/24 h, cel lular casts 30–50
 Nephrotic syndrome 25
 End-stage renal disease 5–10
Gastrointestinal 40
 Nonspecif ic (nausea, mild pain, diarrhea) 30
 Abnormal l iver enzymes 40
 Vasculitis 5
Thrombosis 15
 V enous 10
 Arterial 5
Ocular 15
 Sicca syndrome 15
 Conjunctivitis, episcleritis 10
 Vasculitis 5

aNumbers indicate percent of  patients who have the manifestation at some time during the 
course of  i l lness.

N ote: A RDS, acute respiratory distress syndrome; TIA , transient ischemic attack.
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M usculoskeletal M anifestations

Most people with SLE have intermittent polyarthritis, varying from mild to disabling, 
characterized by sof t tissue swell ing and tenderness in joints, most commonly in hands, wrists, 
and knees. Joint deformities (hands and feet) develop in only 10%. Erosions on joint x-rays are 
rare; their presence suggests a non-lupus inflammatory arthropathy such as rheumatoid arthritis 
(Chap. 314); some experts think that erosions can occur in SLE. If  pain persists in a single joint, 
such as knee, shoulder, or hip, a diagnosis of  ischemic necrosis of bone should be considered, 
particularly i f  there are no other manifestations of active SLE. The prevalence of ischemic 
necrosis of  bone is increased in SLE, especial ly in patients treated with systemic 
glucocorticoids. M yositis with cl inical muscle weakness, elevated creatine kinase levels, 
positive M RI scan, and muscle necrosis and inf lammation on biopsy can occur, although most 
patients have myalgias without frank myositis. Glucocorticoid therapies (commonly) and 
antimalarial  therapies (rarely) can also cause muscle weakness; these adverse effects must be 
distinguished f rom active disease.

Cutaneous M anifestations

Lupus dermatitis can be classified as discoid lupus erythematosus (DLE), systemic rash, 
subacute cutaneous lupus erythematosus (SCLE), or "other."  Discoid lesions are roughly 
circular with sl ightly raised, scaly hyperpigmented erythematous rims and depigmented, 
atrophic centers in which al l dermal appendages are permanently destroyed. L esions can be 
disf iguring, particularly on the face and scalp. Treatment consists primarily of topical or locally 
injected glucocorticoids and systemic antimalarials. Only 5% of people with DLE have SLE 
(although half  have positive ANA); however, among individuals with SLE, as many as 20% 
have DLE. The most common SLE rash is a photosensitive, sl ightly raised erythema, 
occasionally scaly, on the face (particularly the cheeks and nose— the "butterf ly" rash), ears, 
chin, V  region of  the neck, upper back, and extensor surfaces of the arms. Worsening of  this 
rash of ten accompanies flare of systemic disease. SCLE consists of  scaly red patches similar to 
psoriasis or circular flat red-rimmed lesions. Patients with these manifestations are exquisitely 
photosensitive; most have antibodies to Ro (SS-A). Other SLE rashes include recurring 
urticaria, l ichen planus–l ike dermatitis, bullae, and panniculi tis (" lupus profundus"). Rashes can 
be minor or severe; they may be the major disease manifestation. Small, painful ulcerations on 
the oral or nasal mucosa are common in SLE; the lesions resemble aphthous ulcers.

Renal M anifestations

Nephritis is usually the most serious manifestation of SLE, particularly since nephritis and 
infection are the leading causes of  mortal ity in the first decade of  disease. Since nephritis is 
asymptomatic in most lupus patients, urinalysis should be ordered in any person suspected of 
having SLE. The classification of lupus nephritis is primarily histologic (see "Pathology," 
above, and Table 313-2). Renal biopsy is useful in planning current and near-future therapies. 
Patients with dangerous proliferative forms of glomerular damage (ISN II I and IV) usually have 
microscopic hematuria and proteinuria (>500 mg per 24 h); approximately one-half  develop 
nephrotic syndrome, and most develop hypertension. I f diffuse proliferative glomerulonephritis 
(DPGN) is untreated, virtually al l  patients develop ESRD within 2 years of diagnosis. 
Therefore, aggressive immunosuppression is indicated (usually systemic glucocorticoids plus a 
cytotoxic drug), unless damage is irreversible (Fig. 313-2, Table 313-5). A frican Americans are 
more l ikely to develop ESRD than are Caucasians, even with the most current therapies. 
Overall in the United States, ~20% of individuals with lupus DPGN die or develop ESRD 
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within 10 years of diagnosis. Such individuals require aggressive control of SLE and of the 
complications of renal disease and of therapy. A  small proportion of SLE patients with 
proteinuria (usually nephrotic) have membranous glomerular changes without prol i feration on 
renal biopsy. Their outcome is better than for those with DPGN, but proteinuria is less l ikely to 
improve on lupus nephritis immunosuppressive therapies. Lupus nephritis tends to be an 
ongoing disease, with f lares requiring re-treatment over many years. For most people with 
lupus nephri tis, accelerated atherosclerosis becomes important af ter several years of  disease; 
attention must be given to control of  blood pressure, hyperl ipidemia, and hyperglycemia.

Table 313-5 Medications for the Management of SLE

M edication Dose Range Drug Interactions Ser ious or  Common 
Adverse Effects

NSAIDs, sal icylates 
(Ecotrina and St. Joseph's 
aspirina approved by FDA 
for use in SLE) 

Doses toward 
upper l imit of 
recommended 
range usual ly 
required

A2R/ACE inhibitors, 
glucocorticoids, 
f luconazole, 
methotrexate, 
thiazides

NSAIDs: Higher 
incidence of  aseptic 
meningitis, transaminitis, 
decreased renal  function, 
vasculi tis of  skin; entire 
class, especial ly COX-2-
specific inhibitors, may 
increase risk for 
myocardial infarction

Salicylates: ototoxicity, 
tinni tus 

Both: GI events and 
symptoms, al lergic 
reactions, dermati tis, 
dizziness, acute renal  
fai lure, edema, 
hypertension 

Topical glucocorticoids Mid-potency 
for face; mid to 
high potency 
other areas

None known Atrophy of skin, contact 
dermatitis, foll iculitis, 
hypopigmentation, 
infection

Topical  sunscreens SPF 15 at least; 
30+ preferred

None known Contact dermatitis

Hydroxychloroquinea

(quinacrine can be added 
or substituted)

200–400 mg 
qd (100 mg qd)

None known Retinal damage, 
agranulocytosis, aplastic 
anemia, ataxia, 
cardiomyopathy, 
dizziness, myopathy, 
ototoxicity, peripheral 
neuropathy, pigmentation 
of  skin, seizures, 

Page 45 of  219A ccessM edicine - Print

1/3/2013fi le:///C:/Users/Lesea/AppData/Local/Temp/~hhDC34.htm



thrombocytopenia

Quinacrine usual ly causes 
dif fuse yellow skin 
coloration

DHEA 
(dehydroepiandrosterone)

200 mg qd Unclear A cne, menstrual  
irregulari ties, high serum 
levels of  testosterone

M ethotrexate b (for 
dermatitis, arthritis)

10–25 mg once 
a week, PO or 
SC, with folic 
acid; decrease 
dose i f CrCl < 
60 mL/min

Acitretin, lef lunomide, 
NSA IDs and 
sal icylates, penici l lins, 
probenecid, 
sul fonamides, 
trimethoprim

A nemia, bone marrow 
suppression, leucopenia, 
thrombocytopenia, 
hepatotoxicity, 
nephrotoxicity, infections, 
neurotoxicity, pulmonary 
f ibrosis, pneumonitis, 
severe dermati tis, seizures

Glucocorticoids, orala
(several  speci f ic brands 
are approved by FDA for 
use in SLE) 

Prednisone, 
prednisolone: 
0.5–1 mg/kg 
per day for 
severe SL E

0.07–0.3 
mg/kg per day 
or qod for 
mi lder disease

A2R/ACE 
antagonists, 
antiarrhythmics class 
I I I, 

2, cyclosporine, 
NSA IDs and 
sal icylates, 
phenothiazines, 
phenytoins, 
quinolones, ri fampin, 
risperidone, thiazides, 
sul fonylureas, 
warfarin

Infection, VZV infection, 
hypertension, 
hyperglycemia, 
hypokalemia, acne, 
al lergic reactions, 
anxiety, aseptic necrosis 
of  bone, cushingoid 
changes, CHF, f ragi le 
skin, insomnia, menstrual 
irregulari ties, mood 
swings, osteoporosis, 
psychosis

M ethylprednisolone 
sodium succinate, IVa

(approved for lupus 
nephritis)

For severe 
disease, 1 g IV  
qd  x  3 days

As for oral 
glucocorticoids

As for oral 
glucocorticoids (i f  used 
repeatedly); anaphylaxis 

Cyclophosphamideb

 IV

7–25 mg/kg q 
month x  6 ;  
consider mesna 
administration 
with dose

Allopurinol, bone 
marrow suppressants, 
colony-stimulating 
factors, doxorubicin, 
ri tuximab, 
succinylchol ine, 
zidovudine

Infection, VZV infection, 
bone marrow suppression, 
leukopenia, anemia, 
thrombocytopenia, 
hemorrhagic cysti tis (less 
with IV), carcinoma of 
the bladder, alopecia, 
nausea, diarrhea, malaise, 
mal ignancy, ovarian and 
testicular failure

 Oral 1.5–3 mg/kg 
per day
D ecrease dose 
for CrCl < 25 
mL/min

Mycophenolate mofeti lb 2–3 g/d PO; Acyclovir, antacids, Infection, leukopenia, 
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Nervous System M anifestations

There are many central nervous system (CNS) and peripheral nervous system manifestations of 
SLE; in some patients these are the major cause of morbidity and mortal ity. I t is useful to 
approach this diagnostically by asking f irst whether the symptoms result from SLE or another 
condition (such as infection in immunosuppressed individuals). I f symptoms are related to SLE, 
i t should be determined whether they are caused by a dif fuse process or vascular occlusive 
disease. The most common manifestation of dif fuse CNS lupus is cognitive dysfunction, 
including dif f iculties with memory and reasoning. Headaches are also common. When 
excruciating, they often indicate SLE f lare; when milder, they are dif ficult to distinguish from 
migraine or tension headaches. Seizures of any type may be caused by lupus; treatment of ten 
requires both antiseizure and immunosuppressive therapies. Psychosis can be the dominant 
manifestation of SLE; it must be distinguished from glucocorticoid-induced psychosis. The 

latter usually occurs in the f irst weeks of glucocorticoid therapy, at daily doses of 40 mg of  
prednisone or equivalent; psychosis resolves over several days after glucocorticoids are 
decreased or stopped. M yelopathy is not rare and is of ten disabl ing; rapid immunosuppressive 

decrease dose 
if  CrCl <25 
mL/min

azathioprine, bi le 
acid–binding resins, 
ganciclovir, iron, salts, 
probenecid, oral  
contraceptives

anemia, 
thrombocytopenia, 
lymphoma, 
lymphoproliferative 
disorders, mal ignancy, 
alopecia, cough, diarrhea, 
fever, GI  symptoms, 
headache, hypertension, 
hypercholesterolemia, 
hypokalemia, insomnia, 
peripheral  edema, 
transaminitis, tremor, rash

Azathioprineb 2–3 mg/kg per 
day PO; 
decrease 
frequency of  
dose i f CrCl < 
50 mL/min

ACE inhibitors, 
allopurinol, bone 
marrow suppressants, 
interferons, 
mycophenolate 
mofeti l, rituximab, 
warfarin, zidovudine

Infection, VZV infection, 
bone marrow suppression, 
leukopenia, anemia, 
thrombocytopenia, 
pancreati tis, 
hepatotoxicity, 
mal ignancy, alopecia, 
fever, flulike i llness, GI 
symptoms

aIndicates medication is approved for use in SLE by the U.S. Food and Drug Administration.

bIndicates the medication has been used with glucocorticoids in the trials showing eff icacy.

N ote: A 2R, angiotensin 2 receptor; A CE, angiotensin-converting enzyme; CHF, congestive 
heart fai lure; CrCl, creatinine clearance; FDA, U.S. Food and Drug Administration; GI, 
gastrointestinal; NSAIDs, nonsteroidal anti-inf lammatory drugs; SPF, sun protection factor; 
VZV, varicella-zoster virus.
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therapy starting with glucocorticoids is standard of care.

Vascular Occlusions

The prevalence of  transient ischemic attacks, strokes, and myocardial infarctions is increased in 
patients with SLE. These vascular events are increased in, but not exclusive to, SLE patients 
with antibodies to phospholipids (aPL). It is l ikely that antiphospholipid antibodies are 
associated with hypercoagulabi li ty and acute thrombotic events, whereas chronic disease is 
associated with accelerated atherosclerosis. Ischemia in the brain can be caused by focal 
occlusion (either noninf lammatory or associated with vasculitis) or by embolization from 
carotid artery plaque or from f ibrinous vegetations of L ibman-Sacks endocarditis. A ppropriate 
tests for aPL  (see below) and for sources of  emboli should be ordered in such patients to 
estimate the need for, intensity of, and duration of anti-inflammatory and/or anticoagulant 
therapies. In SLE, myocardial infarctions are primari ly manifestations of accelerated 
atherosclerosis. The increased risk for vascular events is seven- to tenfold overall , and higher in 
women <45 years old with SLE. Characteristics associated with increased risk for 
atherosclerosis include older age, hypertension, dyslipidemia, dysfunctional proinf lammatory 
high-density lipoproteins, repeated high scores for disease activity, high cumulative or daily 
doses of glucocorticoids, and high levels of  homocysteine. When it is most likely that an event 
results from clotting, long-term anticoagulation is the therapy of  choice. Two processes can 
occur at once— vasculi tis plus bland vascular occlusions— in which case i t is appropriate to 
treat with anticoagulation plus immunosuppression. The role of  statin therapies in SLE is being 
investigated.

Pulmonary Manifestations

The most common pulmonary manifestation of SLE is pleuritis with or without pleural 
effusion. This manifestation, when mild, may respond to treatment with nonsteroidal anti-
inf lammatory drugs (NSAIDs); when more severe, patients require a brief  course of 
glucocorticoid therapy. Pulmonary inf il trates also occur as a manifestation of active SLE and 
are diff icult to distinguish from infection on imaging studies. Life-threatening pulmonary 
manifestations include interstitial inflammation leading to fibrosis, shrinking lung syndrome, 
and intraalveolar hemorrhage; al l  of  these probably require early aggressive 
immunosuppressive therapy as wel l  as supportive care.

Cardiac Manifestations

Pericarditis is the most f requent cardiac manifestation; it usually responds to anti-inflammatory 
therapy and inf requently leads to tamponade. M ore serious cardiac manifestations are 
myocarditis and f ibrinous endocarditis of L ibman-Sacks. The endocardial  involvement can lead 
to valvular insufficiencies, most commonly of the mitral or aortic valves, or to embolic events. 
I t has not been proven that glucocorticoid or other immunosuppressive therapies lead to 
improvement of lupus myocarditis or endocarditis, but i t is usual practice to administer a trial of 
high-dose steroids along with appropriate supportive therapy for heart fai lure, arrhythmia, or 
embolic events. As discussed above, patients with SLE are at increased risk for myocardial 
infarction, usually due to accelerated atherosclerosis, which probably results f rom chronic 
inf lammation and/or chronic oxidative damage to l ipids and to organs.

Hematologic Manifestations

Page 48 of  219A ccessM edicine - Print

1/3/2013fi le:///C:/Users/Lesea/AppData/Local/Temp/~hhDC34.htm



The most f requent hematologic manifestation of SLE is anemia, usually normochromic 
normocytic, reflecting chronic i l lness. Hemolysis can be rapid in onset and severe, requiring 
high-dose glucocorticoid therapy, which is effective in most patients. Leukopenia is also 
common and almost always consists of  lymphopenia, not granulocytopenia; this rarely 
predisposes to infections and by i tself  usually does not require therapy. Thrombocytopenia may 

be a recurring problem. If  platelet counts are >40,000/ L  and abnormal bleeding is absent, 
therapy may not be required. High-dose glucocorticoid therapy (e.g., 1 mg/kg per day of 
prednisone or equivalent) is usually ef fective for the first few episodes of  severe 
thrombocytopenia. Recurring or prolonged hemolytic anemia or thrombocytopenia, or disease 
requiring an unacceptably high dose of daily glucocorticoids, should be treated with an 
additional strategy (see "Treatment,"  below).

Gastrointestinal M anifestations

Nausea, sometimes with vomiting, and diarrhea can be manifestations of  an SLE f lare, as can 
dif fuse abdominal pain caused by autoimmune peritonitis and/or intestinal vasculi tis. Increases 
in serum aspartate aminotransferase (AST) and alanine aminotransferase (A LT) are common 
when SLE is active. These manifestations usually improve promptly during systemic 
glucocorticoid therapy. Vasculitis involving the intestine may be life-threatening; perforations, 
ischemia, bleeding, and sepsis are f requent complications. A ggressive immunosuppressive 
therapy with high-dose glucocorticoids is recommended for short-term control; evidence of  
recurrence is an indication for additional therapies.

Ocular Manifestations

Sicca syndrome (Sjögren's syndrome; Chap. 317) and nonspecif ic conjunctivitis are common in 
SLE and rarely threaten vision. In contrast, retinal vasculi tis and optic neuritis are serious 
manifestations: bl indness can develop over days to weeks. A ggressive immunosuppression is 
recommended, although there are no control led trials to prove effectiveness. Complications of  
glucocorticoid therapy include cataracts (common) and glaucoma.
Laboratory Tests

Laboratory tests serve (1) to establish or rule out the diagnosis; (2) to fol low the course of 
disease, particularly to suggest that a f lare is occurring or organ damage is developing; and (3) 
to identi fy adverse effects of  therapies.

Tests for A utoantibodies 

(Tables 313-1 and 313-3) Diagnostically, the most important autoantibodies to detect are A NA 
since the test is positive in >95% of patients, usually at the onset of symptoms. A  few patients 
develop ANA within 1 year of symptom onset; repeated testing may thus be useful. ANA-
negative lupus exists but is very rare in adults and is usually associated with other 
autoantibodies (anti-Ro or anti-DNA). High-titer IgG antibodies to double-stranded DNA  
(dsDNA) (but not to single-stranded DNA) are specif ic for SLE. There is no international 
standardized test for ANA; variabil i ty between dif ferent service laboratories is high. Enzyme-
linked immunosorbent assays (EL ISA) and immunofluorescent reactions of  sera with the 
dsDNA in the f lagellate Crithidia luciliae have ~60% sensitivity for SLE; identification of 
high-avidity anti-dsDNA in the Farr assay is not as sensitive but may correlate better with risk 
for nephritis. Titers of anti-dsDNA vary over time. In some patients, increases in quantities of  
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anti-dsDNA herald a f lare, particularly of nephritis or vasculitis. Antibodies to Sm are also 
specific for SLE and assist in diagnosis; anti-Sm antibodies do not usually correlate with 
disease activity or cl inical manifestations. aPL are not specif ic for SL E, but their presence 
fulfi l ls one classification criterion and they identify patients at increased risk for venous or 
arterial clotting, thrombocytopenia, and fetal loss. There are two widely accepted tests that 
measure dif ferent antibodies (anticardiolipin and the lupus anticoagulant): (1) ELISA for 
anticardiolipin (internationally standardized with good reproducibil i ty) and (2) a sensitive 
phospholipid-based activated prothrombin time such as the dilute Russel l  venom viper test. 

Some centers also recommend measurement of  antibodies to 2 glycoprotein 1, a serum 
protein cofactor that is the target of most antibodies to cardiol ipin and some lupus 
anticoagulants. High titers of IgG anticardiolipin (>50 IU) indicate high risk for a clinical 
episode of clotting. Quantities of aPL may vary markedly over time; repeated testing is justif ied 
if  cl inical manifestations of the antiphospholipid antibody syndrome (APS) appear. To make a 
diagnosis of  APS, with or without SLE, requires the presence of clotting and/or repeated fetal 
losses plus at least two positive tests for aPL, at least 12 weeks apart.

An additional autoantibody test with predictive value (not used for diagnosis) detects anti-Ro, 
which indicates increased risk for neonatal lupus, sicca syndrome, and SCLE. Women with 
child-bearing potential and SLE should be screened for aPL  and anti-Ro.

Standard Tests for Diagnosis

Screening tests for complete blood count, platelet count, and urinalysis may detect 
abnormali ties that contribute to the diagnosis and inf luence management decisions.

Tests for Following Disease Course

It is useful to fol low tests that indicate the status of  organ involvement known to be present 
during SLE flares. These might include hemoglobin levels, platelet counts, urinalysis, and 
serum levels of creatinine or albumin. There is great interest in identification of additional 
markers of disease activity. Candidates include levels of anti-DNA  antibodies, several 
components of  complement (C3 is most widely available), activated complement products 
(including those that bind to the C4d receptor on erythrocytes), IFN-inducible genes, soluble 
IL-2, and urinary adiponectin or monocyte chemotactic protein 1. None is uniformly agreed 
upon as a rel iable indicator of  f lare or of  response to therapeutic interventions. The physician 
should determine for each patient whether certain laboratory test changes predict f lare. If  so, 
al tering therapy in response to these changes has been shown to prevent f lares. In addition, 
given the increased prevalence of  atherosclerosis in SLE, i t is advisable to fol low the 
recommendations of  the National Cholesterol Education Program for testing and treatment, 
including scoring of SLE as an independent risk factor, similar to diabetes mell i tus.
Systemic Lupus Erythematosus: Treatment

There is no cure for SLE, and complete sustained remissions are rare. Therefore, the physician 
should plan to control acute, severe f lares and then develop maintenance strategies that suppress 
symptoms to an acceptable level and prevent organ damage. Usual ly patients wi l l  endure some 
adverse ef fects of  medications. Therapeutic choices depend on (1) whether disease 
manifestations are l ife-threatening or l ikely to cause organ damage, justifying aggressive 
therapies; (2) whether manifestations are potential ly reversible; and (3) the best approaches to 
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preventing complications of  disease and i ts treatments. Therapies, doses, and adverse ef fects are 
l isted in Table 313-5.

Conservative Therapies for Management of  Non-Life-Threatening Disease

Among patients with fatigue, pain, and autoantibodies of SLE, but without major organ 
involvement, management can be directed to suppression of symptoms. A nalgesics and 
antimalarials are mainstays. NSAIDs are useful analgesics/anti-inflammatories, particularly for 
arthritis/arthralgias. However, two major issues currently indicate caution in using NSA IDs. 
First, SLE patients compared with the general population are at increased risk for NSAID-
induced aseptic meningitis, elevated serum transaminases, hypertension, and renal dysfunction. 
Second, all NSAIDs, particularly those that inhibit cyclooxygenase-2 specif ical ly, may increase 
risk for myocardial infarction. Acetaminophen to control pain may be a good strategy, but 
NSAIDs may be more ef fective in some patients, and the relative hazards of  NSAIDs compared 
with low-dose glucocorticoid therapy have not been establ ished. Antimalarials 
(hydroxychloroquine, chloroquine, and quinacrine) often reduce dermatitis, arthritis, and 
fatigue. A  randomized, placebo-control led, prospective trial has shown that hydroxychloroquine 
reduces the number of  disease f lares; i t may also reduce accrual of tissue damage over time. 
Because of potential retinal toxicity, patients receiving antimalarials should undergo 
ophthalmologic examinations at least annually. A  placebo-controlled prospective trial suggests 
that administration of dehydroepiandrosterone may reduce disease activity. If  quality of l i fe is 
inadequate in spite of  these conservative measures, treatment with low doses of systemic 
glucocorticoids may be necessary.

Life-Threatening SLE: Proliferative Forms of Lupus Nephritis

The mainstay of treatment for any inf lammatory l ife-threatening or organ-threatening 
manifestations of SLE is systemic glucocorticoids (0.5–2 mg/kg per day PO or 1000 mg of 
methylprednisolone sodium succinate IV  daily for 3 days followed by 0.5–1 mg/kg of daily 
prednisone or equivalent). Evidence that glucocorticoid therapy is l i fe-saving comes from 
retrospective studies from the predialysis era; survival is signif icantly better in people with 
DPGN treated with high-dose daily glucocorticoids (40–60 mg of prednisone daily for 4–6  
months) versus lower doses. Currently, high doses are recommended for much shorter periods; 
recent trials of interventions for severe SLE employ 4–6 weeks of  these doses. Thereafter, doses 
are tapered as rapidly as the cl inical si tuation permits, usual ly to a maintenance dose varying 
from 5 to 10 mg of prednisone or equivalent per day or from 10 to 20 mg every other day. Most 
patients with an episode of  severe lupus require many years of  maintenance therapy with low-
dose glucocorticoids, which can be increased to prevent or treat disease f lares. Frequent 
attempts to gradually reduce the glucocorticoid requirement are recommended since virtual ly 
everyone develops important adverse ef fects (Table 313-5). Prospective control led trials in 
active lupus nephritis show that administration of high doses of glucocorticoids (1000 mg of 
methylprednisolone daily for 3 days) by intravenous routes compared with daily oral routes 
shortens the time to maximal improvement by a few weeks but does not result in better renal 
function. It has become standard practice to initiate therapy for active, potentially l i fe-
threatening SLE with high-dose IV  glucocorticoid pulses, based on studies in lupus nephritis. 
This approach must be tempered by safety considerations, such as the presence of  conditions 
adversely af fected by glucocorticoids (infection, hyperglycemia, hypertension, osteoporosis, 
etc.).

Cytotoxic/immunosuppressive agents added to glucocorticoids are recommended to treat 
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serious SLE. A lmost all prospective controlled trials in SLE involving cytotoxic agents have 
been conducted in patients with lupus nephritis, and always in combination with 
glucocorticoids. Therefore, the following recommendations apply to treatment of nephritis; 
there is l i ttle information regarding the eff icacy of mycophenolate mofetil in other forms of 
SLE. Either cyclophosphamide (an alkylating agent) or mycophenolate mofeti l (a relatively 
lymphocyte-specif ic inhibitor of  inosine monophosphatase and therefore of purine synthesis) is 
an acceptable choice for induction of improvement in severely i l l patients; azathioprine (a 
purine analogue and cycle-specific antimetabolite) may be effective but is slower to influence 
response. In patients whose renal biopsies show ISN grade II I  or IV  disease, early treatment 
with combinations of  glucocorticoids and cyclophosphamide reduces progression to ESRD and 
improves survival. Short-term studies with glucocorticoids plus mycophenolate mofeti l  show 
that this regimen is safer than and not inferior to cyclophosphamide in inducing improvement, 
and that mycophenolate (or azathioprine) is safer than cyclophosphamide in maintaining 
improvement af ter a 6-month induction phase. I f cyclophosphamide is used, the recommended 
dose is 500–750 mg/m2 intravenously, monthly for 3–6 months, then discontinuation with 
introduction of mycophenolate or azathioprine. The incidence of ovarian fai lure, a common 
effect of  cyclophosphamide therapy, can be reduced by treatment with a gonadotropin-releasing 
hormone agonist prior to each cyclophosphamide dose. European studies have suggested that 
cyclophosphamide at doses of 500 mg total every 2 weeks for six doses is as effective as the 
higher dose and longer duration recommended above, over a period of 5–7 years. The great 
majority of  those patients were Caucasian; it is not clear that the data apply to all  U.S. 
populations. Cyclophosphamide and mycophenolate responses begin 3–16 weeks af ter 
treatment is initiated, whereas glucocorticoid responses may begin within 24 h. Patients with 

high serum creatinine levels [e.g., 265 mol/L ( 3.0 mg/dL)] many months in 
duration and high chronicity scores on renal biopsy are not l ikely to respond. Regarding the 
ef f icacy of mycophenolate compared with cyclophosphamide, most studies of  the former are 
short-term (<5 years). Such data are useful but may not adequately describe the overal l uti l ity of 
that approach, since cyclophosphamide compared with glucocorticoids alone reduces ESRD— a  
change that can be detected in study cohorts ~5 years after therapy is introduced. The 
recommended duration of cyclophosphamide therapy is controversial. There are data to support 
treatment (1) once monthly IV  for 6 months fol lowed by 2 more years of quarterly doses, (2) 
for 12 weeks followed by azathioprine, and (3) for 6 months fol lowed by azathioprine or 
mycophenolate. In general, cyclophosphamide may be discontinued when i t is clear that a 
patient is improving; possibil ity of disease flare is reduced by continuing therapy with one of 
the cytotoxic/immunosuppressive drugs discussed above. Response of  lupus nephri tis to 
cyclophosphamide and glucocorticoids is better in Caucasian groups than in A frican 
Americans. Mycophenolate may be a better choice for A frican Americans, but results of long-
term studies are needed before this recommendation can be val idated. The adverse effects most 
l ikely to influence patient choice against the use of cyclophosphamide are a high rate of  
irreversible ovarian or testicular fai lure with increasing cumulative doses, nausea and malaise 
that often accompany each IV  dose, alopecia, and f requent infections.

Since glucocorticoid-plus-cyclophosphamide therapy has many adverse effects and is often 
disl iked by patients, there has been a search for different therapies that are less toxic; this led to 
the recent study and use of  mycophenolate. A zathioprine (a purine antagonist) added to 
glucocorticoids probably reduces the number of  SLE f lares and the maintenance glucocorticoid 
requirement; i t can also help sustain improvement induced by faster-acting treatments 
(glucocorticoids plus mycophenolate or cyclophosphamide). Patients who have homozygous 
def iciency of the TMPT enzyme, which is required to metabolize the 6-mercaptopurine product 
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of  azathioprine, should not receive azathioprine because they are at increased risk for bone 
marrow suppression. Daily oral azathioprine has fewer adverse ef fects than cyclophosphamide. 
Good improvement occurs in ~80% of lupus nephritis patients receiving either 
cyclophosphamide or mycophenolate at 1–2 years of follow-up. However, at least 50% of these 
individuals have flares of  nephritis over the next 5 years, and re-treatment is required. 
Chlorambucil is an alkylating agent that can be substituted for cyclophosphamide; the risk of 
irreversible bone marrow suppression may be greater with this agent. M ethotrexate (a fol inic 
acid antagonist) may have a role in the treatment of  arthritis and dermatitis but probably not in 
life-threatening disease. The role of leflunomide, a relatively lymphocyte-specif ic pyrimidine 
antagonist l icensed for use in rheumatoid arthritis, is being studied in patients with SLE. 
Cyclosporine, which inhibits production of IL-2 and inhibits T lymphocyte functions, has not 
been studied in prospective control led trials in SLE but is nonetheless used by some cl inicians. 
Since it has potential nephrotoxicity, but no bone marrow toxicity, the author uses it (in doses 
of  3–5 mg/kg per day PO) in patients with steroid-resistant cytopenias of SLE or in steroid-
resistant patients who have developed bone marrow suppression from standard cytotoxic 
agents. 

I t is important to note that there are few if  any randomized, control led, prospective studies of 
any agents in l i fe-threatening SLE that does not include nephritis. Therefore, use of  
glucocorticoids plus cyclophosphamide or mycophenolate in other l i fe-threatening conditions is 
based on studies in nephri tis.

Special Conditions in SLE that May Require Additional or Different Therapies

Pregnancy and L upus

Ferti li ty rates for men and women with SLE are probably normal. However, rate of fetal loss is 
increased (approximately two- to threefold) in women with SLE. Fetal demise is higher in 
mothers with high disease activity, antiphospholipid antibodies, and/or nephritis. Suppression 
of disease activity can be achieved by administration of systemic glucocorticoids. A  placental 

enzyme, 11- -dehydrogenase 2, deactivates glucocorticoids; i t is more ef fective in 
deactivating prednisone and prednisolone than the f luorinated glucocorticoids dexamethasone 
and betamethasone. Therefore, maternal SLE should be control led with 
prednisone/prednisolone at the lowest ef fective doses for the shortest time required. Adverse 
effects of prenatal glucocorticoid exposure (primari ly betamethasone) on offspring may include 
low birth weight, developmental abnormalities in the CNS, and predilection toward adult 
metabolic syndrome. In SLE patients with aPL (on at least two occasions) and prior fetal losses, 
treatment with heparin (standard or low-molecular-weight) plus low-dose aspi rin has been 
shown in prospective controlled trials to increase significantly the proportion of l ive births. An 
additional potential problem for the fetus is the presence of antibodies to Ro, sometimes 
associated with neonatal lupus consisting of  rash and congenital heart block. The latter can be 
life-threatening; therefore the presence of  anti-Ro requires vigilant monitoring of fetal heart 
rates with prompt intervention (delivery if  possible) if  distress occurs. Women with SLE 
usually tolerate pregnancy without disease f lares. However, a small  proportion develops severe 
f lares requiring aggressive glucocorticoid therapy or early del ivery. Poor maternal outcomes are 
highest in women with active nephritis or irreversible organ damage in kidneys, brain, or heart.

Lupus and Antiphospholipid Antibody Syndrome
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Patients with SLE who have venous or arterial  clotting, and/or repeated fetal losses, and at least 
two positive tests for aPL  have A PS and should be managed with long-term anticoagulation. A  
target international normalized ratio (INR) of 2.0–2.5 is recommended for patients with one 
episode of venous clotting; an INR of 3.0–3.5 is recommended for patients with recurring clots 
or arterial clotting, particularly in the central nervous system. Recommendations are based on 
both retrospective and prospective studies of  posttreatment clotting events and adverse ef fects 
from anticoagulation.

M icrovascular Thrombotic Crisis (Thrombotic Thrombocytopenic Purpura, Hemolytic Uremic 
Syndrome)

This syndrome of hemolysis, thrombocytopenia, and microvascular thrombosis in kidneys, 
brain, and other tissues carries a high mortal i ty rate and occurs most commonly in young 
individuals with lupus nephritis. The most useful laboratory tests are identif ication of 
schistocytes on peripheral blood smears and elevated serum levels of  lactate dehydrogenase. 
Plasma exchange or extensive plasmapheresis is usual ly l i fe-saving; there is no evidence that 
cytotoxic drugs are effective.

Lupus Dermatitis

Patients with any form of lupus dermatitis should minimize exposure to ultraviolet l ight, 
employing appropriate clothing and sunscreens with a sun protection factor of at least 15. 
Topical glucocorticoids and antimalarials (such as hydroxychloroquine) are effective in 
reducing lesion severity in most patients and are relatively safe. Systemic treatment with 
retinoic acid is a useful strategy in patients with inadequate improvement on topical 
glucocorticoids and antimalarials; adverse effects are potential ly severe (particularly fetal 
abnormali ties), and there are stringent reporting requirements for i ts use in the United States. 
Extensive, pruritic, bullous, or ulcerating dermatitides usually improve promptly after 
institution of systemic glucocorticoids; tapering may be accompanied by flare of lesions, thus 
necessitating use of  a second medication such as hydroxychloroquine, retinoids, or cytotoxic 
medications such as methotrexate or azathioprine. In therapy-resistant lupus dermati tis there are 
reports of  success with topical tacrol imus (caution must be exerted because of  the possible 
increased risk for malignancies) or with systemic dapsone or thal idomide (the extreme danger 
of fetal deformities from thalidomide requires permission from and supervision by the 
supplier).

Preventive Therapies

Prevention of complications of SLE and its therapy include providing appropriate vaccinations 
(the administration of influenza and pneumococcal vaccines has been studied in patients with 
SLE; f lare rates are similar to those receiving placebo) and suppressing recurrent urinary tract 
infections. In addition, strategies to prevent osteoporosis should be initiated in most patients 
likely to require long-term glucocorticoid therapy and/or with other predisposing factors. 
Control of  hypertension and appropriate prevention strategies for atherosclerosis, including 
monitoring and treatment of dysl ipidemias, management of  hyperglycemia, and obesity, are 
recommended.

Experimental Therapies
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Figure 313-3 shows the targets of  several new biologicals, and mycophenolate, al l of  which are 
currently in clinical trials. Most strategies target T or B lymphocytes, particularly those 
undergoing activation, rather than entire cel l populations. Some therapies, as indicated by bold 
boxes, are l icensed by the U.S. Food and Drug Administration for use in diseases other than 
SLE. Several studies have employed vigorous immunosuppression with high-dose 
cyclophosphamide plus anti–T cell  strategies, with rescue by transplantation of  autologous 
hematopoietic stem cel ls for the treatment of  severe and refractory SLE. A  recent report showed 
an estimated mortal i ty rate over 5 years of 15% and sustained remission in 50%. I t is hoped that 
the next edition of this text wil l  recommend more effective and less toxic approaches to 
treatment of  SL E based on some of these strategies.

Figure 313-3

Experimental therapies for SLE in clinical trials in 2006. Green boxes surround 
interventions that are l icensed for use by the U.S. Food and Drug Administration in diseases 
other than SLE. Blue boxes surround experimental products that are not l icensed for use in 
any disease. APRIL, a proliferation-inducing ligand; BCMA, B cell maturation antigen; BCR, 
B cell receptor; BLyS, B lymphocyte stimulator; CTLA4, cytotoxic T cell lymphocyte 
antigen; DR, human leukocyte antigen molecule; IMPDH, inosine monophosphate 
dehydrogenase; M P/DC, macrophage/dendritic cel l ; TCR, T cell  receptor. 

Patient Outcomes, Prognosis, and Survival

Survival in patients with SLE in the United States, Canada, Europe, and China is approximately 
95% at 5 years, 90% at 10 years, and 78% at 20 years. In the United States, A frican Americans 
and Hispanic A mericans with a mestizo heri tage have a worse prognosis than Caucasians, 
whereas Africans in A frica and Hispanic A mericans with a Puerto Rican origin do not. The 
relative importance of gene mixtures and environmental dif ferences accounting for ethnic 
dif ferences is not known. In societies where modern medical care (and organ transplantation) is 
available only to those who can pay, glucocorticoid therapies are usually the sole therapy for 
severe lupus; prognosis is worse than in the developed world. Poor prognosis (~50% mortal i ty 
in 10 years) in most series is associated with (at the time of  diagnosis) high serum creatinine 

levels [>124 mol/L (>1.4 mg/dL)], hypertension, nephrotic syndrome (24-h urine protein 
excretion >2.6 g), anemia [hemoglobin <124 g/L (<12.4 g/dL)], hypoalbuminemia, 
hypocomplementemia, aPL , male sex, and ethnicity (A frican American, Hispanic, and mestizo 
heritage). Data regarding outcomes in SLE patients with renal transplants show mixed results: 
some series have a twofold increase in graf t rejection compared to patients with other causes of  
ESRD, whereas others show no dif ferences. Overall  patient survival is comparable (85% at 2 
years). Lupus nephritis occurs in approximately 10% of transplanted kidneys. Disabil i ty in 
patients with SLE is common due primari ly to chronic fatigue, arthritis, and pain, as well as 
renal disease. A s many as 25% of patients may experience remissions, sometimes for a few 
years, but these are rarely permanent. The leading causes of death in the f i rst decade of disease 
are systemic disease activity, renal fai lure, and infections; subsequently, thromboembolic 
events become increasingly f requent causes of  mortal i ty.
Drug-Induced Lupus
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This is a syndrome of positive ANA associated with symptoms such as fever, malaise, arthritis 
or intense arthralgias/myalgias, serositis, and/or rash. The syndrome appears during therapy 
with certain medications and biologic agents, is predominant in Caucasians, has less female 
predilection than SLE, rarely involves kidneys or brain, is rarely associated with anti-dsDNA , is 
commonly associated with antibodies to histones, and usual ly resolves over several weeks after 
discontinuation of the offending medication. The l ist of  substances that can induce lupus-l ike 
disease is long. Among the most f requent are the antiarrhythmics procainamide, disopyramide, 
and propafenone; the antihypertensive hydralazine; several angiotensin-converting enzyme 
inhibitors and beta blockers; the antithyroid propylthiouracil; the antipsychotics chlorpromazine 
and l i thium; the anticonvulsants carbamazepine and phenytoin; the antibiotics isoniazid, 
minocycline, and macrodantin; the antirheumatic sulfasalazine; the diuretic 
hydrochlorothiazide; the antihyperl ipidemics lovastatin and simvastatin; and interferons and 
TNF inhibitors. ANA usually appears before symptoms; however, many of the medications 
mentioned above induce ANA  in patients who never develop symptoms of drug-induced lupus. 
I t is appropriate to test for ANA at the f irst hint of  relevant symptoms and to use test results to 
help decide whether to withdraw the suspect agent.
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Rheumatoid Arthritis: Introduction

Rheumatoid arthritis (RA) is a chronic multisystem disease of unknown cause. A lthough there 
are a variety of systemic manifestations, the characteristic feature of establ ished RA  is 
persistent inf lammatory synovitis, usually involving peripheral joints in a symmetric 
distribution. The potential of  the synovial inflammation to cause cartilage damage and bone 
erosions and subsequent changes in joint integri ty is the hal lmark of  the disease. Despite i ts 
destructive potential, the course of  RA  can be quite variable. Some patients may experience 
only a mild oligoarticular i l lness of brief duration with minimal joint damage, but most will 
have a relentless progressive polyarthritis with marked functional impairment.
Epidemiology and Genetics

The prevalence of RA is ~0.8% of the population (range 0.3–2.1%); women are af fected 
approximately three times more often than men. The prevalence increases with age, and sex 
dif ferences diminish in the older age group. RA is seen throughout the world and affects al l  
races. However, the incidence and severi ty seem to be less in rural sub-Saharan A frica and in 
Caribbean blacks. The onset is most frequent during the fourth and fi f th decades of l i fe, with 
80% of  al l patients developing the disease between the ages of  35 and 50. The incidence of  
RA is more than six times greater in 60- to 64-year-old women compared to 18- to 29-year-old 
women. Recent data indicate that the incidence of  RA  may be diminishing. M oreover, disease 
severity appears to be declining, although i t is uncertain whether this ref lects more aggressive 
therapeutic interventions.

Family studies indicate a genetic predisposition. For example, severe RA is found at 
approximately four times the expected rate in first-degree relatives of  individuals with disease 
associated with the presence of  the autoantibody, rheumatoid factor; ~10% of patients with 
RA will have an affected f irst-degree relative. M oreover, monozygotic twins are at least four 
times more l ikely to be concordant for RA than dizygotic twins, who have a similar risk of 
developing RA as nontwin siblings. Only 15–20% of monozygotic twins are concordant for 
RA, however, implying that factors other than genetics play an important etiopathogenic role. 
Despite this, genetic factors are thought to explain ~60% of the disease susceptibil i ty of RA. 
Of note, the highest risk for concordance of RA is noted in twins who have two HLA-DRB1 
alleles known to be associated with RA. The class II  major histocompatibi l ity complexallele 

HLA-DR4 (DR 1* 0401) and related al leles are known to be major genetic risk factors for 
RA. Early studies showed that as many as 70% of patients with RA express HLA-D R4 
compared with 28% of control individuals. This association is particularly strong for 
individuals who develop RA associated with antibodies to cyclic citrull inated polypeptides 
(CCP). An association with HLA-DR4 has been noted in many populations, but not al l. In 
some populations, including Israeli Jews, A sian Indians, and Yakima Indians of North 
America, however, there is no association between the development of RA and HLA-DR4. In 
these individuals, there is an association between RA and the closely related HLA-D R1 

(DR 1* 0101). The term shared epitope has been used to denote the HLA - 1 al leles that 
appear to convey increased risk for RA  because they have similar amino acids in the third 
hypervariable region of the peptide binding cleft of the molecule. It has been estimated that 

the risk of developing RA in a person with DR 1* 0401 or the closely related DR

1* 0404 is 1 in 35 and 1 in 20, respectively, whereas the presence of both al leles puts 
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persons at an even greater risk. In certain groups of  patients, there does not appear to be a 
clear association between HLA-DR4–related epitopes and RA. Thus, nearly 75% of A frican-
American RA patients do not have this genetic element. M oreover, there is an association with 

HLA-DR10 (DR 1* 1001) in Spanish and Italian patients, with HLA-DR9 (DR

1* 0901) in Chileans, and with HLA-DR3 (DR 1* 0301) in Arab populations.

Additional genes in the HLA-D complex may also convey altered susceptibi l i ty to RA. These 
include portions of the HLA region outside of the coding regions of HLA-DR molecules that 

increase risk. In addition, certain HLA-DR alleles, including HLA-DR5 (DR 1* 1101), 

HLA-DR2 (DR 1*1501), HLA-DR3 (DR 1*0301), and HLA-DR7 (DR 1* 0701), 
may protect against the development of  RA in that they tend to be found at lower frequency in 

RA patients than in controls. A recent classif ication of HLA- 1 al leles based on the 
sequence of  the third hypervariable region, encoding a portion of  the peptide binding cleft, has 
establ ished a hierarchy of disease susceptibi l ity. A l leles of  a group that contained a lysine at 
position 71 conveyed the highest risk, whereas al leles of  a group that contained an arginine at 

position 71 also conveyed increased risk compared to al l  other HLF- 1 al leles. I t has been 
estimated that HLA  genes contribute about one-third of the genetic susceptibi l i ty to RA. Thus, 
genes outside the HLA  complex also contribute. Recent analyses have identif ied PTPN22, a 
phosphatase involved in antigen receptor signaling in lymphocytes, FcRL3, a molecule 
involved in regulating B cell activation, PADI4, an enzyme involved in conversion of 
citrull ine to arginine in proteins, and CTLA4, a molecule involved in regulation of T cell 
activation, as susceptibi l i ty genes for RA, in at least some populations. Except for PADI4, 
these genes also appear to convey risk for other autoimmune diseases.

Genetic risk factors do not ful ly account for the incidence of RA, suggesting that 
environmental factors also play a role in the etiology of the disease. This is emphasized by 
epidemiologic studies in A frica that have indicated that cl imate and urbanization have a major 
impact on the incidence and severity of  RA in groups of similar genetic background. Smoking 

has clearly been identified as a risk for RA in persons expressing an HLA- 1 susceptibi l ity 
al lele. Such persons have an increased risk to develop severe RA  associated with antibodies to 
CCP.
Etiology

The cause of  RA  remains unknown. I t has been suggested that RA  might be a manifestation of  
the response to an infectious agent in a genetical ly susceptible host. Because of  the worldwide 
distribution of RA, i t has been hypothesized that i f an infectious agent is involved, the 
organism must be ubiquitous. A  number of  possible causative agents have been suggested, 
including Mycoplasma, Epstein-Barr virus (EBV), cytomegalovirus, parvovirus, and rubella 
virus, but convincing evidence that these or other infectious agents cause RA  has not emerged. 
The process by which an infectious agent might cause chronic inf lammatory arthritis with a 
characteristic distribution also remains unknown. 
Pathology and Pathogenesis
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M icrovascular injury and an increase in the number of  synovial l ining cells appear to be the 
earl iest lesions in rheumatoid synovitis. The nature of  the insult causing this response is not 
known. Subsequently, an increased number of synovial l ining cel ls is seen along with 
perivascular inf il tration with mononuclear cells. Before the onset of cl inical symptoms, the 
perivascular inf il trate is predominantly composed of myeloid cells, whereas in symptomatic 
arthritis, T cel ls can also be found, although their number does not appear to correlate with 
symptoms. A s the process continues, the synovium becomes edematous and protrudes into the 
joint cavity as vil lous projections.

Light-microscopic examination discloses a characteristic constel lation of  features, which 
include hyperplasia and hypertrophy of the synovial l ining cells; focal or segmental vascular 
changes, including microvascular injury, thrombosis, and neovascularization; edema; and 
inf i l tration with mononuclear cells, of ten collected into aggregates around small blood vessels 
(Fig. 314-1). The endothel ial cel ls of the rheumatoid synovium have the appearance of  high 
endothel ial venules of  lymphoid organs that have been altered by cytokine exposure to 
faci l i tate entry of cel ls into tissue. Rheumatoid synovial endothelial cel ls express increased 
amounts of  various adhesion molecules involved in this process. A lthough this pathologic 
picture is typical of RA, it can also be seen in a variety of other chronic inflammatory 
arthritides. The mononuclear cel l  col lections are variable in composition and size. The 
predominant inf i l trating cell is the T lymphocyte. CD4+ T cells predominate over CD8+ T 
cells and are frequently found in close proximity to HLA-DR+ macrophages and dendri tic 

cel ls. Increased numbers of  a separate population of  T cel ls expressing the  form of 
the T cel l  receptor have also been found in the synovium, although they remain a minor 
population there and their role in RA has not been delineated. The major population of T cells 
in the rheumatoid synovium is composed of CD4+ memory T cells that form the majority of 
cel ls aggregated around postcapi l lary venules. Scattered throughout the tissue are CD8+ T 
cel ls. Both populations express the early activation antigen, CD69. Besides the accumulation 
of T cells, rheumatoid synovitis is also characterized by the inf il tration of variable numbers of 
B cells and antibody-producing plasma cel ls. In advanced disease, structures similar to 
germinal centers of  secondary lymphoid organs may be observed in the synovium, but these 
are observed only in a small f raction of patients. Both polyclonal immunoglobulin and the 
autoantibody rheumatoid factor are produced within the synovial tissue, which leads to the 
local formation of immune complexes. Antibodies to synovial tissue components may also 
contribute to inflammation. Recent evidence suggests that antibodies to CCP, which are 
generated within the synovium, may contribute to RA  synovitis. Increased numbers of 
activated mast cel ls are also found in the rheumatoid synovium. Local release of the contents 
of their granules may contribute to inf lammation. Finally, the synovial fibroblasts in RA 
manifest evidence of  activation in that they produce a number of enzymes such as collagenase 
and cathepsins that can degrade components of the articular matrix. These activated 
f ibroblasts are particularly prominent in the l ining layer and at the interface with bone and 
carti lage. Osteoclasts are also prominent at si tes of  bone erosion. A ctivated mesenchymal 
stromal cel ls, similar to those found in normal bone marrow, can also be found in the 
rheumatoid synovium.

Figure 314-1
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The rheumatoid synovium is characterized by the presence of  a number of  secreted products 
of  activated lymphocytes, macrophages, and f ibroblasts. The local production of  these 
cytokines and chemokines appears to account for many of  the pathologic and cl inical 
manifestations of  RA. These ef fector molecules include those that are derived from T 
lymphocytes, those originating from activated myeloid cel ls, and those secreted by other cel l  
types in the synovium, such as fibroblasts and endothelial cel ls. The activity of these 
chemokines and cytokines appears to account for many of  the features of  rheumatoid 
synovitis, including the synovial tissue inflammation, synovial f luid inflammation, synovial 
prol i feration, and carti lage and bone damage, as well  as the systemic manifestations of  RA . In 
addition to the production of ef fector molecules that propagate the inf lammatory process, local 
factors are produced that tend to slow the inflammation, including specif ic inhibitors of 

cytokine action and additional cytokines, such as transforming growth factor  (TGF- ) ,  
which inhibits many of the features of rheumatoid synovitis including T cell activation and 
proliferation, B cell dif ferentiation, and migration of cells into the inf lammatory site, and may 
be involved in generating a population of  regulatory T cel ls, as a means to control 
inf lammation.

These f indings have suggested that the propagation of  RA  is an immunologically mediated 
event, although the original initiating stimulus has not been characterized. One view is that the 
inf lammatory process in the tissue is driven by the CD4+ T cells infi l trating the synovium. 
Evidence for this includes (1) the predominance of CD4+ T cells in the synovium; (2) the 
increase in soluble interleukin (IL ) 2 receptors, a product of  activated T cells, in blood and 
synovial f luid of patients with active RA; and (3) amelioration of the disease by removal of T 
cel ls by thoracic duct drainage or peripheral lymphapheresis or suppression of their 
proliferation or function by drugs, such as cyclosporine, lef lunomide, or nondepleting 
monoclonal antibodies to CD4, or inhibitors of T cell activation, such as the T cell co-
stimulation competitor, CTLA-4·Ig (abatacept). In addition, the association of RA with certain 
HLA-DR alleles, whose only known functions are to shape the repertoire of CD4+ T cells 
during ontogeny in the thymus and bind and present antigenic peptides to CD4+ T cel ls in the 
periphery, strongly implies a role for CD4+ T cells in the pathogenesis of the disease. Within 
the rheumatoid synovium, the CD4+ T cells dif ferentiate predominantly into TH1-l ike ef fector 

cells producing the proinflammatory cytokineinterferon (IFN)  " border="0"> and appear 
to be deficient in differentiation into TH2-like effector cells capable of producing the anti-

inflammatory cytokine IL-4. As a result of the ongoing secretion of IFN-  without the 
regulatory inf luences of IL-4, macrophages are activated to produce the proinflammatory 
cytokines IL-1 and tumor necrosis factor (TNF) and also increase expression of  HLA 
molecules. Direct contact between activated T cells and myeloid cells may also lead to the 
production of proinf lammatory cytokines by the latter. M oreover, T lymphocytes express 
surface molecules such as CD154 (CD40 l igand) and also produce a variety of  cytokines that 

H istology of rheumatoid synovitis. A . The characteristic features of  rheumatoid 
inflammation with hyperplasia of the lining layer (arrow) and mononuclear inf i l trates in the 
sublining layer (double arrow) .  B .  A higher magnif ication of the largely CD4+ T cell 
infi l trate around postcapil lary venules (ar row) .
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promote B cell proliferation and differentiation into antibody-forming cel ls and therefore may 
also promote local B cell stimulation. The resultant production of immunoglobulin and 
rheumatoid factor can lead to immune-complex formation with consequent complement 
activation and exacerbation of  the inf lammatory process by the production of  the 
anaphylatoxins, C3a and C5a, and the chemotactic factor C5a. In addition, antibodies may be 
produced to other self-antigens, such as CCP, that can contribute to disease pathogenesis. The 
tissue inf lammation is reminiscent of  chronic inf lammatory responses to persistent 
microorganisms, although it has become clear that the number of  T cel ls producing cytokines 

such as IFN-  is less than is found in typical delayed-type hypersensitivity reactions, 
perhaps owing to the large amount of  reactive oxygen species produced locally in the 
synovium that can dampen T cell function or the action of local regulatory cells. I t remains 
unclear whether the persistent T cel l  activi ty represents a response to a persistent exogenous 
antigen or to altered autoantigens such as col lagen, immunoglobul in, one of the heat shock 
proteins, or CCP. A lternatively, i t could represent persistent responsiveness to activated 
autologous cel ls such as might occur as a result of EBV  infection or persistent response to a 
foreign antigen or superantigen in the synovial tissue. Finally, rheumatoid inf lammation could 
ref lect persistent stimulation of T cells by synovial-derived antigens that cross-react wi th 
determinants introduced during antecedent exposure to foreign antigens or infectious 
microorganisms. The important contribution of B lymphocytes to the chronic inf lammatory 
process has been emphasized by the observation that treatment with a monoclonal antibody to 
the B cell marker, CD20 (rituximab), caused prompt depletion of B lymphocytes, a decline in 
serum rheumatoid factor ti ters, and a partial amelioration of signs and symptoms of 
inf lammation.

Overriding the chronic inf lammation in the synovial tissue is an acute inf lammatory process in 
the synovial fluid. The exudative synovial f luid contains more polymorphonuclear leukocytes 
(PMNLs) than mononuclear cells. A  number of mechanisms play a role in stimulating the 
exudation of synovial f luid. Locally produced antibodies to tissue components and immune 
complexes can activate complement and generate anaphylatoxins and chemotactic factors. 
Local production of chemokines and cytokines with chemotactic activity as well as 
inf lammatory mediators such as leukotriene B4 and products of  complement activation can 
attract neutrophi ls. M oreover, many of  these same agents can also stimulate the endothel ial  
cells of postcapil lary venules to become more efficient at binding circulating cells. The net 
result is the enhanced migration of PM NLs into the synovial site. In addition, vasoactive 
mediators such as histamine produced by the mast cel ls that infi l trate the rheumatoid 
synovium may also facil i tate the exudation of inf lammatory cells into the synovial f luid. 
Finally, the vasodilatory effects of locally produced prostaglandin E2 may also faci l i tate entry 
of inf lammatory cells into the inflammatory site. Once in the synovial fluid, the PM NLs can 
ingest immune complexes, with the resultant production of reactive oxygen metaboli tes and 
other inf lammatory mediators, further adding to the inf lammatory mil ieu. Locally produced 
cytokines and chemokines can additionally stimulate PMNLs. The production of large 
amounts of  cyclooxygenase and l ipoxygenase pathway products of  arachidonic acid 
metabolism by cel ls in the synovial f luid and tissue further accentuates the signs and 
symptoms of inf lammation.

The precise mechanism by which bone and carti lage destruction occurs has not been 
completely resolved. A lthough the synovial f luid contains a number of enzymes potential ly 
able to degrade carti lage, the majority of destruction occurs in juxtaposition to the inf lamed 
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synovium, or pannus, that spreads to cover the articular carti lage. This vascular granulation 
tissue is composed of prol i ferating f ibroblasts, small blood vessels, and a variable number of  
mononuclear cel ls and produces a large amount of  degradative enzymes, including 
col lagenase and stromelysin, that may faci l itate tissue damage. The cytokines IL-1 and TNF 
play an important role by stimulating the cel ls of  the pannus to produce col lagenase and other 
neutral proteases. These same two cytokines also activate chondrocytes in si tu, stimulating 
them to produce proteolytic enzymes that can degrade carti lage locally and also inhibiting 
synthesis of new matrix molecules. Finally, these two cytokines, along with IL-6, may 
contribute to the local demineralization of bone by contributing to the activation of osteoclasts 
that accumulate at the site of local bone resorption. Prostaglandin E2 produced by f ibroblasts 
and macrophages may also contribute to bone demineral ization. The common f inal pathway of  
bone erosion is l ikely to involve the activation of osteoclasts that are present in large numbers 
at these sites. Systemic manifestations of RA  can be accounted for by release of  inf lammatory 
effector molecules from the synovium. These include IL-1, TNF, and IL-6, which account for 
many of the manifestations of active RA, including malaise, fatigue, and elevated levels of 
serum acute-phase reactants. The importance of TNF in producing these manifestations is 
emphasized by the prompt amelioration of symptoms following administration of a 
monoclonal antibody to TNF or a soluble TNF receptor Ig construct to patients with RA. This 
is associated with a decrease in production of other proinf lammatory cytokines, including IL-1  
and IL-6. Other cytokines may also contribute to the inflammatory milieu, including IL-17. In 
addition, immune complexes produced within the synovium and entering the circulation may 
account for other features of  the disease, such as systemic vascul i tis.

As shown in Fig. 314-2, the pathology of  RA evolves over the duration of  this chronic disease. 
The earliest event appears to be a nonspecific inflammatory response initiated by an unknown 
stimulus and characterized by accumulation of  macrophages and other mononuclear cel ls 
within the sublining layer of the synovium. The activity of these cells is demonstrated by the 

increased appearance of macrophage-derived cytokines, including TNF, IL-1 , and IL-6 . 
Subsequently, activation and differentiation of memory CD4+ T cells is induced, presumably 
in response to antigenic peptides displayed by a variety of antigen-presenting cel ls in the 
synovial tissue. The activated memory T cells are capable of  producing cytokines, especial ly 

IFN- , which amplify and perpetuate the inf lammation. The presence of activated T cells 
expressing CD154 (CD40 l igand) can induce polyclonal B cell stimulation and differentiation 
of  memory B cel ls and plasma cells that produce autoantibodies local ly. The cascade of  
cytokines produced in the synovium activates a variety of cel ls in the synovium, bone, and 
carti lage to produce ef fector molecules that can cause tissue damage characteristic of chronic 
inf lammation. It is important to emphasize that there is no current way to predict the progress 
f rom one stage of inflammation to the next, and once establ ished, each can inf luence the other. 
Important features of this model include the following: (1) the major pathologic events vary 
with time in this chronic disease; (2) the time required to progress from one step to the next 
may vary in dif ferent patients, and the events, once establ ished, may persist simultaneously; 
(3) once established, the major pathogenic events operative in an individual patient may vary 
at different times; (4) the process is chronic and reiterative, with successive events stimulating 
progressive amplif ication of inf lammation; and (5) once memory T cells and B cells have been 
generated, anti-inf lammatory and anti-cytokine therapy may be capable of  suppressing disease 
manifestations but not preventing recrudescence of disease activi ty once therapy is 
discontinued. These considerations have important implications with regard to appropriate 
treatment.
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Figure 314-2

The progression of rheumatoid synovitis. This f igure depicts the evolution of the 
pathogenic mechanisms and ultimate pathologic changes involved in the development of  
rheumatoid synovitis. The stages of  rheumatoid arthri tis are proposed to be an initiation 
phase of nonspecif ic inf lammation, followed by an amplification phase resulting from T cell 
activation, and finally a stage of chronic inf lammation with tissue injury. A variety of stimuli 
may initiate the initial phase of nonspecific inflammation, which may last for a protracted 
period of time with no or moderate symptoms. When activation of memory T cells in 
response to a variety of peptides presented by antigen-presenting cel ls occurs in genetical ly 
susceptible individuals, amplif ication of inflammation occurs with the promotion of local 
rheumatoid factor and other autoantibody production and enhanced capacity to mediate 
tissue damage.

Clinical Manifestations

Onset

Characteristically, RA is a chronic polyarthritis. In approximately two-thirds of  patients, i t 
begins insidiously with fatigue, anorexia, generalized weakness, and vague musculoskeletal 
symptoms unti l  the appearance of  synovitis becomes apparent. This prodrome may persist for 
weeks or months and defy diagnosis. Specif ic symptoms usual ly appear gradual ly as several 
joints, especial ly those of the hands, wrists, knees, and feet, become af fected in a symmetric 
fashion. In ~10% of individuals, the onset is more acute, with a rapid development of 
polyarthritis, often accompanied by constitutional symptoms, including fever, 
lymphadenopathy, and splenomegaly. In approximately one-third of patients, symptoms may 
initial ly be confined to one or a few joints. A lthough the pattern of joint involvement may 
remain asymmetric in some patients, a symmetric pattern is more typical.

Signs and Symptoms of A rticular Disease

Pain, swell ing, and tenderness may initial ly be poorly localized to the joints. Pain in affected 
joints, aggravated by movement, is the most common manifestation of established RA. I t 
corresponds in pattern to the joint involvement but does not always correlate with the degree 
of  apparent inflammation. Generalized stif fness is f requent and is usually greatest after 
periods of inactivity. Morning stif fness of >1-h duration is an almost invariable feature of 
inf lammatory arthritis. Notably, however, the presence of morning stiffness may not reliably 
distinguish between chronic inf lammatory and noninflammatory arthritides, as it is also found 
frequently in the latter. The majority of patients wil l  experience constitutional symptoms such 
as weakness, easy fatigabil i ty, anorexia, and weight loss. A lthough fever to 40°C occurs on 
occasion, temperature elevation in >38°C is unusual and suggests the presence of an 
intercurrent problem such as infection.

Clinically, synovial inf lammation causes swelling, tenderness, and l imitation of motion. 
Initially, impairment in physical function is caused by pain and inf lammation, and disabil ity 
owing to this is a frequent early feature of aggressive RA. Warmth is usually evident on 
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examination, especial ly of large joints such as the knee, but erythema is infrequent. Pain 
originates predominantly from the joint capsule, which is abundantly supplied with pain f ibers 
and is markedly sensitive to stretching or distention. Joint swell ing results from accumulation 
of synovial f luid, hypertrophy of the synovium, and thickening of the joint capsule. Initially, 
motion is l imited by pain. The inflamed joint is usually held in f lexion to maximize joint 
volume and minimize distention of the capsule. Later, f ibrous or bony ankylosis or soft tissue 
contractures lead to f ixed deformities.

A lthough inf lammation can affect any diarthrodial joint, RA most often causes symmetric 
arthritis with characteristic involvement of certain specif ic joints such as the proximal 
interphalangeal and metacarpophalangeal joints. The distal interphalangeal joints are rarely 
involved. Synovitis of the wrist joints is a nearly uniform feature of RA  and may lead to 
l imitation of motion, deformity, and median nerve entrapment (carpal tunnel syndrome). 
Synovitis of the elbow joint of ten leads to f lexion contractures that may develop early in the 
disease. The knee joint is commonly involved with synovial hypertrophy, chronic effusion, 
and frequently l igamentous laxity. Pain and swell ing behind the knee may be caused by 
extension of inf lamed synovium into the popliteal space (Baker's cyst). Arthritis in the 
forefoot, ankles, and subtalar joints can produce severe pain with ambulation as well  as a 
number of deformities. Axial involvement is usually l imited to the upper cervical spine. 
Involvement of  the lumbar spine is not seen, and lower back pain cannot be ascribed to 
rheumatoid inf lammation. On occasion, inf lammation from the synovial joints and bursae of 
the upper cervical spine leads to atlantoaxial subluxation. This usually presents as pain in the 
occiput but on rare occasions may lead to compression of the spinal cord.

With persistent inflammation, a variety of  characteristic joint changes develop. These can be 
attributed to a number of pathologic events, including laxity of supporting soft tissue 
structures; damage or weakening of  l igaments, tendons, and the joint capsule; carti lage 
degradation; muscle imbalance; and unopposed physical forces associated with the use of  
af fected joints. Characteristic changes of the hand include (1) radial deviation at the wrist with 
ulnar deviation of the digits, often with palmar subluxation of the proximal phalanges ("Z" 
deformity); (2) hyperextension of the proximal interphalangeal joints, with compensatory 
f lexion of the distal interphalangeal joints (swan-neck deformity); (3) flexion contracture of 
the proximal interphalangeal joints and extension of the distal interphalangeal joints 
(boutonnière deformity); and (4) hyperextension of the f irst interphalangeal joint and flexion 
of the f irst metacarpophalangeal joint with a consequent loss of thumb mobil i ty and pinch. 
Typical joint changes may also develop in the feet, including eversion at the hindfoot (subtalar 
joint), plantar subluxation of the metatarsal heads, widening of the forefoot, hallux valgus, and 
lateral deviation and dorsal subluxation of  the toes. Later in the disease, disabil i ty is more 
related to structural damage to articular structures.

Extraarticular M anifestations

RA is a systemic disease with a variety of  extraarticular manifestations. I t is estimated that as 
many as 40% of  patients may have extraarticular manifestations, and in ~15% these are 
severe. On occasion, extraarticular manifestations may be the major evidence of  disease 
activi ty and source of  morbidity and require management per se. As a rule, these 
manifestations occur in individuals with high ti ters of autoantibodies to the Fc component of 
immunoglobulin G (rheumatoid factors) or with antibodies to CCP. A lthough the frequency of 
patients with severe extraarticular manifestations appears to be decl ining, these patients have 
an increased mortal i ty compared to other persons with RA or age-matched normal controls.
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Rheumatoid nodules may develop in 20–30% of persons with RA. They are usually found on 
periarticular structures, extensor surfaces, or other areas subjected to mechanical pressure, but 
they can develop elsewhere, including the pleura and meninges. Common locations include 
the olecranon bursa, the proximal ulna, the Achil les tendon, and the occiput. Nodules vary in 
size and consistency and are rarely symptomatic, but on occasion they break down as a result 
of trauma or become infected. They are found almost invariably in individuals with circulating 
rheumatoid factor. Histologically, rheumatoid nodules consist of a central zone of necrotic 
material including collagen fibri ls, noncollagenous f i laments, and cellular debris; a midzone 
of palisading macrophages that express HLA-DR antigens; and an outer zone of  granulation 
tissue. Examination of  early nodules has suggested that the ini tial  event may be a focal 
vascul i tis. In some patients, treatment with methotrexate can increase the number of nodules 
dramatically.

Clinical weakness and atrophy of  skeletal muscle are common. M uscle atrophy may be 
evident within weeks of the onset of  RA and is usually most apparent in musculature 
approximating affected joints. Muscle biopsy may show type I I  f iber atrophy and muscle f iber 
necrosis with or without a mononuclear cell inf il trate.

Rheumatoid vascul i tis (Chap. 319), which can af fect nearly any organ system, is seen in 
patients with severe RA and high ti ters of circulating rheumatoid factor. Rheumatoid 
vasculitis is very uncommon in A frican Americans. In its most aggressive form, rheumatoid 
vasculi tis can cause polyneuropathy and mononeuritis multiplex, cutaneous ulceration and 
dermal necrosis, digital gangrene, and visceral infarction. While such widespread vasculi tis is 
very rare, more l imited forms are not uncommon, especially in white patients with high ti ters 
of  rheumatoid factor. Neurovascular disease presenting either as a mild distal sensory 
neuropathy or as mononeuritis multiplex may be the only sign of  vasculi tis. Cutaneous 
vasculi tis usually presents as crops of small brown spots in the nail  beds, nai l  folds, and digital 
pulp. Larger ischemic ulcers, especially in the lower extremity, may also develop. M yocardial 
infarction secondary to rheumatoid vasculi tis has been reported, as has vasculitic involvement 
of  lungs, bowel, l iver, spleen, pancreas, lymph nodes, and testes. Renal vasculi tis is rare.

Pleuropulmonary manifestations, which are more commonly observed in men, include pleural 
disease, interstitial fibrosis, pleuropulmonary nodules, pneumonitis, and arteritis. Evidence of 
pleuritis is found commonly at autopsy, but symptomatic disease during l i fe is infrequent. 
Typically, the pleural fluid contains very low levels of glucose in the absence of infection. 
Pleural f luid complement is also low compared with the serum level when these are related to 
the total protein concentration. Pulmonary f ibrosis can produce impairment of the dif fusing 
capacity of  the lung. Pulmonary nodules may appear singly or in clusters. When they appear 
in individuals with pneumoconiosis, a dif fuse nodular fibrotic process (Caplan's syndrome) 
may develop. On occasion, pulmonary nodules may cavitate and produce a pneumothorax or 
bronchopleural f istula. Rarely, pulmonary hypertension secondary to obliteration of the 
pulmonary vasculature occurs. In addition to pleuropulmonary disease, upper airway 
obstruction from cricoarytenoid arthritis or laryngeal nodules may develop.

Clinically apparent heart disease attributed to the rheumatoid process was thought previously 
to be rare, but evidence of  asymptomatic pericarditis is found at autopsy in 50% of cases. 
Pericardial f luid has a low glucose level and is frequently associated with the occurrence of 
pleural effusion. A lthough pericarditis is usually asymptomatic, on rare occasions death has 
occurred from tamponade. Chronic constrictive pericarditis may also occur. More recently, an 
increased incidence of  congestive heart fai lure and death from cardiovascular disease has been 
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associated with RA. This relates to the level of  disease activity and can be mitigated with 
appropriate anti-inflammatory therapy. 

RA  tends to spare the central nervous system directly, although vascul itis can cause peripheral 
neuropathy. Neurologic manifestations may also result from atlantoaxial or midcervical spine 
subluxations. Nerve entrapment secondary to proliferative synovitis or joint deformities may 
produce neuropathies of median, ulnar, radial (interosseous branch), or anterior tibial nerves.

The rheumatoid process involves the eye in <1% of patients. A ffected individuals usually have 
long-standing disease and nodules. The two principal manifestations are episcleri tis, which is 
usually mild and transient, and scleri tis, which involves the deeper layers of  the eye and is a 
more serious inf lammatory condition. Histologically, the lesion is similar to a rheumatoid 
nodule and may result in thinning and perforation of  the globe (scleromalacia perforans). 
From 15–20% of persons with RA may develop Sjögren's syndrome with attendant 
keratoconjunctivitis sicca.

Felty's syndrome consists of  chronic RA , splenomegaly, neutropenia, and, on occasion, 
anemia and thrombocytopenia. I t is most common in individuals with long-standing disease. 
These patients f requently have high ti ters of rheumatoid factor, subcutaneous nodules, and 
other manifestations of  systemic rheumatoid disease. Felty's syndrome is very uncommon in 
A frican A mericans. I t may develop after joint inf lammation has regressed. Circulating 
immune complexes are of ten present, and evidence of complement consumption may be seen. 
The leukopenia is a selective neutropenia with polymorphonuclear leukocyte counts of <1500 

cells/ L  and sometimes <1000 cell / L . Bone marrow examination usually reveals 
moderate hypercellularity with a paucity of mature neutrophils. However, the bone marrow 
may be normal, hyperactive, or hypoactive; maturation arrest may be seen. Hypersplenism has 
been proposed as one of the causes of  leukopenia, but splenomegaly is not invariably found 
and splenectomy does not always correct the abnormality. Excessive margination of 
granulocytes caused by antibodies to these cel ls, complement activation, or binding of  
immune complexes may contribute to granulocytopenia. Patients with Felty's syndrome have 
increased f requency of infections usual ly associated with neutropenia. The cause of  the 
increased susceptibi l i ty to infection is related to the defective function of PMNLs as well as 
the decreased number of cel ls.

Osteoporosis secondary to rheumatoid involvement is common and may be aggravated by 
glucocorticoid therapy. Glucocorticoid treatment may cause signif icant loss of bone mass, 
especial ly early in the course of  therapy, even when low doses are employed. Osteopenia in 
RA involves both juxtaarticular bone and long bones distant from involved joints. RA is 
associated with a modest decrease in mean bone mass and a moderate increase in the risk of  
f racture. Bone mass appears to be adversely affected by functional impairment and active 
inf lammation, especially early in the course of  the disease.

RA is associated with an increased incidence of lymphoma, especial ly large B cell  lymphoma. 
Notably, this is particularly observed in those with persistent inf lammatory disease.

RA in the Elderly

The incidence of  RA  continues to increase past age 60. I t has been suggested that elderly-
onset RA  might have a poorer prognosis, as manifested by more persistent disease activi ty, 
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more frequent radiographically evident deterioration, more frequent systemic involvement, 
and more rapid functional decl ine. Aggressive disease is largely restricted to those patients 
with high titers of rheumatoid factor. By contrast, elderly patients who develop RA without 
elevated ti ters of rheumatoid factor (seronegative disease) general ly have less severe, often 
self-l imited disease.
Laboratory Findings

No tests are specif ic for diagnosing RA. However, rheumatoid factors, which are 
autoantibodies reactive with the Fc portion of IgG, are found in more than two-thirds of  adults 
with the disease and have classical ly been used to evaluate patients with RA. Widely uti l ized 
tests largely detect IgM  rheumatoid factors. The presence of  rheumatoid factor is not specif ic 
for RA, as rheumatoid factor is found in 5% of healthy persons. The frequency of rheumatoid 
factor in the general population increases with age, and 10–20% of individuals >65 years have 
a positive test. In addition, a number of  conditions besides RA  are associated with the 
presence of rheumatoid factor. These include systemic lupus erythematosus, Sjögren's 
syndrome, chronic l iver disease, sarcoidosis, interstitial pulmonary fibrosis, infectious 
mononucleosis, hepati tis B, tuberculosis, leprosy, syphil is, subacute bacterial endocarditis, 
visceral leishmaniasis, schistosomiasis, and malaria. In addition, rheumatoid factor may 
appear transiently in normal individuals after vaccination or transfusion and may also be 
found in relatives of individuals with RA.

The presence of rheumatoid factor does not establ ish the diagnosis of  RA  as the predictive 
value of  the presence of rheumatoid factor in determining a diagnosis of RA is poor. Thus 
fewer than one-third of unselected patients with a positive test for rheumatoid factor wil l  be 
found to have RA . Therefore, the rheumatoid factor test is not useful as a screening procedure. 
However, the presence of  rheumatoid factor can be of  prognostic signif icance because patients 
with high ti ters tend to have more severe and progressive disease with extraarticular 
manifestations. Rheumatoid factor is uniformly found in patients with nodules or vasculitis. In 
summary, a test for the presence of rheumatoid factor can be employed to confirm a diagnosis 
in individuals with a suggestive cl inical presentation and, i f  present in high ti ter, to designate 
patients at risk for severe systemic disease.

Antibodies to CCP (designated anti-CCP) can also be used to evaluate patients with RA . 
A lthough these antibodies are most commonly found in rheumatoid factor–positive patients, 
on occasion they can be detected in the absence of  rheumatoid factor. In addition, the anti-
CCP test has a similar sensitivity and a better specificity for RA than does rheumatoid factor, 
and, therefore, some have advocated i ts use to evaluate RA  patients instead of  rheumatoid 
factor. This is particularly the case in individuals with early RA, in whom assessment of anti-
CCP may be the most useful to conf irm the diagnosis and establ ish a l ikely prognosis. The 
presence of anti-CCP is most common in persons with aggressive disease, with a tendency for 
developing bone erosions. The development of  anti-CCP is most frequent in individuals with 

an RA associated HLA- 1 al lele and in those who smoke cigarettes, and may occur before 
the development of cl inical manifestations of RA. However, as with rheumatoid factor, the 
presence of anti-CCP is not useful to predict the future development of  RA  because i t can be 
found in ~1.5% of normal individuals, most of whom will not develop RA, and occasionally 
in persons with other rheumatic diseases. However, i t is a useful test to confirm a diagnosis of  
RA  and to estimate prognosis.

Normochromic, normocytic anemia is frequently present in active RA. I t is thought to ref lect 
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inef fective erythropoiesis; large stores of  iron are found in the bone marrow. In general, 
anemia and thrombocytosis correlate with disease activity. The white blood cell  count is 
usually normal, but a mild leukocytosis may be present. Leukopenia may also exist without 
the full-blown picture of Felty's syndrome. Eosinophil ia, when present, usually ref lects severe 
systemic disease.

The erythrocyte sedimentation rate (ESR) is increased in nearly al l  patients with active RA. 
The levels of a variety of other acute-phase reactants including ceruloplasmin and C-reactive 
protein are also elevated, and general ly such elevations correlate with disease activity and the 
l ikelihood of progressive joint damage.

Synovial f luid analysis conf irms the presence of inf lammatory arthritis, although none of the 
f indings is specif ic. The f luid is usually turbid, with reduced viscosity, increased protein 
content, and a sl ightly decreased or normal glucose concentration. The white cel l  count varies 

between 5 and 50,000/ L; PMNLs predominate. A synovial f luid white blood cell count 

>2000/ L with >75% polymorphonuclear leukocytes is highly characteristic of 
inf lammatory arthritis, although not diagnostic of RA . Total hemolytic complement, C3, and 
C4 are markedly diminished in synovial fluid relative to total protein concentration as a result 
of  activation of the classic complement pathway by locally produced immune complexes.
Radiographic Evaluation

Early in the disease, radiographic evaluations of the af fected joints are usually not helpful in 
establishing a diagnosis. They reveal only that which is apparent from physical examination, 
namely, evidence of sof t tissue swell ing and joint ef fusion. As the disease progresses, 
abnormalities become more pronounced, but none of the radiographic findings is diagnostic of  
RA . The diagnosis, however, is supported by a characteristic pattern of abnormalities, 
including the tendency toward symmetric involvement. Juxtaarticular osteopenia may become 
apparent within weeks of  onset. Loss of  articular carti lage and bone erosions develop af ter 
months of sustained activity. The primary value of radiography is to determine the extent of  
carti lage destruction and bone erosion produced by the disease, particularly when one is 
attempting to estimate the aggressive nature of  the disease, monitoring the impact of  therapy 
with disease-modifying drugs, or determining the need for surgical intervention. Other means 
of imaging bones and joints, including 99mTc bisphosphonate bone scanning and M RI, may be 
capable of  detecting early inflammatory changes that are not apparent from standard 
radiography but are rarely necessary in the routine evaluation of patients with RA.
Clinical Course and Prognosis

The course of RA is quite variable and diff icult to predict in an individual patient. The current 
therapeutic approach of  early aggressive intervention appears to have mitigated the cl inical 
course of RA, resulting in less persistent inf lammation, disabil i ty, joint damage, and mortality. 
Classical ly, most patients had experienced persistent but f luctuating disease activi ty, 
accompanied by a variable degree of joint abnormalities and functional impairment. A fter 10–
12 years, <20% of patients had no evidence of disabil i ty or joint abnormalities. Moreover, 

within 10 years, 50% of patients had work disabil i ty. A ll  of  these outcomes are thought to 
be positively inf luenced by early aggressive intervention. A  number of features are correlated 
with a greater likelihood of developing joint abnormalities or disabil ities. These include the 
presence of >20 inf lamed joints, a markedly elevated ESR, radiographic evidence of bone 
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erosions, the presence of rheumatoid nodules, high ti ters of  serum rheumatoid factor or anti-
CCP antibodies, the presence of functional disabil i ty, persistent inf lammation, advanced age at 
onset, the presence of comorbid conditions, low socioeconomic status or educational level, or 

the presence of HLA-DR 1* 0401 or -DR * 0404. The presence of  one or more of these 
implies the presence of more aggressive disease with a greater l ikel ihood of  developing 
progressive joint abnormalities and disabil i ty. Persistent elevation of the ESR, disabil i ty, and 
pain on longitudinal follow-up are good predictors of  work disabil i ty, whereas persistent 
synovitis of  >12 weeks is associated with an increased likelihood of developing bone erosions. 
Patients who lack these features have more indolent disease with a slower progression to joint 
abnormali ties and disabi l i ty. The pattern of  disease onset does not appear to predict the 
development of disabil ities. Approximately 15% of patients with RA will have a short-l ived 
inf lammatory process that remits without major disabil i ty. These individuals tend to lack the 
aforementioned features associated with more aggressive disease.

Several features of  patients with RA appear to have prognostic signif icance. Remissions of 
disease activity are most l ikely to occur during the first year. White females tend to have more 
persistent synovitis and more progressively erosive disease than males. Persons who present 
with high titers of rheumatoid factor, anti-CCP antibodies, C-reactive protein, and haptoglobin 
also have a worse prognosis, as do individuals with subcutaneous nodules or radiographic 
evidence of  erosions at the time of  initial evaluation. Sustained disease activity of >1 year's 
duration portends a poor outcome, and persistent elevation of  acute-phase reactants appears to 
correlate strongly with radiographic progression. Before the use of early aggressive therapy, a 
large proportion of  inf lamed joints manifested erosions within 2 years, whereas the subsequent 
course of  erosions was highly variable; however, in general, radiographic damage appears to 
progress at a constant rate in patients with RA . Foot joints are affected more f requently than 
hand joints. Despite the decrease in the rate of progressive joint damage with time, functional 
disabi l ity, which develops early in the course of  the disease, continues to worsen at the same 
rate, although the most rapid rate of  functional loss occurs within the first 2 years of  disease. 
Early in the course of RA , disabil i ty is more associated with pain and inf lammation, whereas 
later in the course of  the disease, damage to articular structures makes a greater contribution.

The median l i fe expectancy of persons with RA is shortened by 3–7 years. Of  the 2.5-fold 
increase in mortality rate, RA itself is a contributing feature in 15–30%. The increased 
mortal i ty rate seems to be l imited to patients with more severe articular disease and can be 
attributed largely to infection and gastrointestinal bleeding and an increased risk of  
cardiovascular disease. Recent evidence has emphasized the important role of  cardiovascular 
disease in the increased mortal i ty of  RA  patients, and this appears to diminish with ef fective 
anti-inflammatory therapy. Drug therapy may also play a role in the increased mortal i ty rate 
seen in individuals with RA. Factors correlated with early death include disabil i ty, disease 
duration or severity, persistent inflammation, glucocorticoid use, age at onset, and low 
socioeconomic or educational status.
Diagnosis

The diagnosis of RA  can be delayed because of  the nonspecific nature of  initial symptoms. 
The diagnosis of RA  is easily made in persons with typical establ ished disease. The typical 
picture of bilateral symmetric inf lammatory polyarthritis involving small and large joints in 
both the upper and lower extremities with sparing of  the axial skeleton except the cervical 
spine suggests the diagnosis. Constitutional features indicative of the inf lammatory nature of  
the disease, such as morning sti ffness, support the diagnosis. Demonstration of  subcutaneous 
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nodules is a helpful diagnostic feature. Additionally, the presence of rheumatoid factor, anti-
CCP antibodies, inflammatory synovial f luid with increased numbers of PM NLs, and 
radiographic f indings of juxtaarticular bone demineralization and erosions of the affected 
joints substantiate the diagnosis.

The diagnosis is somewhat more dif ficult early in the course when only constitutional 
symptoms or intermittent arthralgias or arthritis in an asymmetric distribution may be present. 
A  period of  observation may be necessary before the diagnosis can be establ ished. A  
def initive diagnosis of RA depends predominantly on characteristic clinical features and the 
exclusion of other inflammatory processes. The isolated f inding of a positive test for 
rheumatoid factor, anti-CCP antibody, or an elevated ESR or CRP, especial ly in an older 
person with joint pains, should not i tself  be used as evidence of RA.

In 1987, the American College of Rheumatology developed revised criteria for the 
classif ication of RA (Table 314-1). These cri teria demonstrate a sensitivi ty of  91–94% and a 
specif icity of 89% when used to classify patients with RA compared with control subjects 
with rheumatic diseases other than RA . A lthough these cri teria were developed as a means of 
disease classif ication for investigational purposes, they can be useful as guidelines for 
establ ishing the diagnosis. Fai lure to meet these cri teria, however, especial ly during the early 
stages of  the disease, does not exclude the diagnosis. Indeed, these cri teria do not ef fectively 
dif ferentiate patients with new-onset RA from those with a variety of other forms of early 
inf lammatory arthritis. M oreover, in patients with early arthritis, the criteria do not 
discriminate ef fectively between patients who subsequently develop persistent, disabling, or 
erosive disease and those who do not.

Table 314-1 The 1987 Revised Criteria for the Classif ication of RA

1. Guidelines for classification
  a. Four of  seven cri teria are required to classify a patient as having rheumatoid arthri tis 
(RA).
  b. Patients with two or more cl inical diagnoses are not excluded.

2. Criteriaa

  a. Morning sti ffness: Stif fness in and around the joints lasting 1 h before maximal 
improvement.
  b. A rthri tis of three or more joint areas: A t least three joint areas, observed by a physician 
simultaneously, have soft tissue swell ing or joint ef fusions, not just bony overgrowth. The 14 
possible joint areas involved are right or lef t proximal interphalangeal, metacarpophalangeal, 
wrist, elbow, knee, ankle, and metatarsophalangeal joints.
  c. Arthritis of hand joints: Arthritis of wrist, metacarpophalangeal joint, or proximal 
interphalangeal joint.
  d. Symmetric arthritis: Simultaneous involvement of  the same joint areas on both sides of  
the body.
  e. Rheumatoid nodules: Subcutaneous nodules over bony prominences, extensor surfaces, 
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or juxtaarticular regions observed by a physician.
  f. Serum rheumatoid factor: Demonstration of  abnormal amounts of  serum rheumatoid 
factor by any method for which the result has been positive in less than 5% of normal control 
subjects.
  g. Radiographic changes: Typical changes of RA  on posteroanterior hand and wrist 
radiographs that must include erosions or unequivocal bony decalcif ication localized in or 
most marked adjacent to the involved joints.

aCriteria a–d must be present for at least 6 weeks. Cri teria b–e must be observed by a 
physician.

Source: From Arnett et al.
Rheumatoid Arthritis: Treatment

General Principles

The goals of therapy of RA are (1) relief of pain, (2) reduction of inflammation, (3) protection 
of articular structures, (4) maintenance of function, and (5) control of  systemic involvement. 
Since the etiology of RA  is unknown, the pathogenesis is not completely del ineated, and the 
mechanisms of action of some of the therapeutic agents employed are uncertain, therapy 
remains somewhat empirical. None of the therapeutic interventions is curative, and therefore 
al l  must be viewed as pal l iative, aimed at rel ieving the signs and symptoms of  the disease. The 
various therapies employed are directed at nonspecific suppression of  the inf lammatory or 
immunologic process with the expectation of ameliorating symptoms and preventing 
progressive damage to articular structures.

M anagement of patients with RA involves an interdiscipl inary approach, which attempts to 
deal with the various problems that these individuals encounter with functional as well as 
psychosocial interactions. A  variety of physical therapy modalities may be useful in 
decreasing the symptoms of  RA . Rest ameliorates symptoms and can be an important 
component of the total therapeutic program. In addition, splinting to reduce unwanted motion 
of inf lamed joints may be useful. Exercise directed at maintaining muscle strength and joint 
mobil i ty without exacerbating joint inf lammation is also an important aspect of the therapeutic 
regimen. A  variety of orthotic and assistive devices can be helpful in supporting and aligning 
deformed joints to reduce pain and improve function. Education of the patient and family is an 
important component of the therapeutic plan to help those involved become aware of the 
potential impact of  the disease and make appropriate accommodations in l i festyle to maximize 
satisfaction and minimize stress on joints.

M edical management of  RA involves f ive general approaches. The f irst is the use of 
nonsteroidal anti-inf lammatory drugs (NSAIDs) and simple analgesics to control the 
symptoms and signs of  the local inf lammatory process. These agents are rapidly ef fective at 
mitigating signs and symptoms, but they appear to exert minimal ef fect on the progression of  
the disease. Recently, specific inhibitors of the isoform of cyclooxygenase (COX) that is 
upregulated at inf lammatory sites (COX-2) have been developed. COX inhibitors (known as 
Coxibs), which selectively inhibit COX-2 and not COX-1, have been shown to be as effective 
as classic NSAIDs, which inhibit both isoforms of COX, but to cause signif icantly less 
gastroduodenal ulceration. However, these agents are associated with an increased risk of 

Page 71 of  219A ccessM edicine - Print

1/3/2013fi le:///C:/Users/Lesea/AppData/Local/Temp/~hhDC34.htm



cardiovascular events, and therefore their use must be guided by a careful  assessment of 
risk/benefit ratio. An important additional second line of therapy involves use of low-dose oral  
glucocorticoids. A lthough low-dose glucocorticoids have been widely used to suppress signs 
and symptoms of  inf lammation, recent evidence indicates that they may also retard the 
development and progression of  bone erosions. In addition, the use of  low-dose 
glucocorticoids increases the anti-inflammatory ef fects of  agents such as methotrexate as well  
as the protective ef fect of these agents on bone damage. An initial course of  low-dose 
glucocorticoids should be considered in patients either alone or when therapy with disease 
modifying anti-rheumatic drugs (DM ARDs) is considered. Intraarticular glucocorticoids can 
often provide transient symptomatic rel ief when systemic medical therapy has fai led to resolve 
inf lammation. The third l ine of agents includes the DM ARDs just mentioned. These agents 
appear to have the capacity to decrease elevated levels of acute-phase reactants in treated 
patients and, therefore, are thought to modify the inf lammatory component of RA and thus its 
destructive capacity. These agents include methotrexate, sulfasalazine, hydroxychloroquine, 
gold sal ts, or D -penicil lamine, although the latter two are now used infrequently. 
Combinations of DM ARDs appear to be more effective than single agents in control l ing the 
signs and symptoms of RA. A fourth group of agents are the biologics, which include TNG-
neutralizing agents (inf l iximab, etanercept, and adalimumab), IL-1-neutral izing agents 
(anakinra), those that deplete B cells (ri tuximab), and those that interfere with T cell activation 
(abatacept). These agents have been shown to have a major impact on the signs and symptoms 
of RA and also to slow progressive damage to articular structures. A  fi f th group of  agents are 
the immunosuppressive and cytotoxic drugs, including leflunomide, cyclosporine, 
azathioprine, and cyclophosphamide, that have been shown to amel iorate the disease process 
in some patients. Additional approaches have been employed in an attempt to control the signs 
and symptoms of RA . Substituting omega-3 fatty acids such as eicosapentaenoic acid found in 
certain fish oils for dietary omega-6 essential fatty acids found in meat has also been shown to 
provide symptomatic improvement in patients with RA. A variety of nontraditional 
approaches have also been claimed to be ef fective in treating RA , including diets, plant and 
animal extracts, vaccines, hormones, and topical preparations of  various sorts. M any of these 
are costly, and none has been shown to be ef fective. However, bel ief  in their eff icacy ensures 
their continued use by some patients.

Drugs

Disease-Modifying Anti-Rheumatic Drugs

Clinical experience has del ineated a number of  agents— the DMARDs— that appear to have 
the capacity to alter the course of  RA. Despite having no chemical or pharmacologic 
similari ties, in practice these agents share a number of characteristics. They exert minimal 
direct nonspecif ic anti-inf lammatory or analgesic ef fects, and therefore NSAIDs must be 
continued during their administration, except in a few cases when true remissions are induced 
with them. The appearance of benefit from DM ARD therapy is usually delayed for weeks or 
months. A s many as two-thirds of  patients develop some cl inical improvement as a result of  
therapy with any of these agents, although the induction of  true remissions is unusual. In 
addition to cl inical improvement, there is frequently an improvement in serologic evidence of 
disease activity, and titers of  rheumatoid factor and C-reactive protein and the ESR frequently 
decline. M oreover, DM ARD therapy, especial ly early in the disease course, retards the 
development of  bone erosions.

No characteristic features of  patients have emerged that predict responsiveness to a DM ARD. 
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M oreover, the indications for the initiation of therapy with one of these agents are not well 
def ined. Recently, evidence has emerged that the initiation of DMARD therapy early in the 
course of  RA  clearly has a major impact on the development of  bone erosions and the 
progression to disabil ity. I t is now felt that DM ARD therapy should be begun as soon as the 
diagnosis of RA  is establ ished, especial ly in those with any evidence of aggressive disease 
with a poor prognosis.

Which DM ARD should be the drug of f irst choice remains controversial, and trials have failed 
to demonstrate a consistent advantage of one over the other. Despite this, methotrexate has 
emerged as the DMARD of choice especially in individuals with risk factors for development 
of  bone erosions or persistent synovitis of  >3 months' duration, because of  i ts relatively rapid 
onset of  action, its capacity to effect sustained improvement with ongoing therapy, and the 
higher level of  patient retention on therapy. M ethotrexate is usually employed on a weekly 
schedule of 7.5–25 mg given either orally in divided doses or, i f  necessary, SC or IM  to avoid 
gastrointestinal toxicity. Recent trials have documented the ef ficacy of  methotrexate and have 
indicated that i ts onset of  action is more rapid than other DMA RDs, and patients tend to 
remain on therapy with methotrexate longer than they remain on other DMARDs because of 
better cl inical responses and less toxicity. Long-term trials have indicated that methotrexate 
does not induce remission but rather suppresses symptoms while i t is being administered. 
M aximal improvement is observed after 6 months of therapy, with l ittle additional 
improvement thereafter. Major toxicity includes gastrointestinal upset, oral ulceration, and 
l iver function abnormalities that appear to be dose-related and reversible and hepatic f ibrosis 
that can be quite insidious, requiring l iver biopsy for detection in its early stages. Drug-
induced pneumonitis has also been reported. L iver biopsy is recommended for individuals 
with persistent or repetitive l iver function abnormalities. Concurrent administration of folic 
acid or fol inic acid may diminish the frequency of some side effects, although eff icacy may be 
diminished somewhat. In this regard, each of the DMA RDs is associated with toxicity, and 
therefore careful patient monitoring is necessary. Toxicity of the various agents also becomes 
important in determining the drug of f irst choice. Of note, fai lure to respond or development 
of  toxicity to one DMARD does not preclude responsiveness to another. Thus, a similar 
percentage of RA patients who have failed to respond to one DM ARD wil l  respond to another 
when i t is given as the second disease-modifying drug.

Glucocorticoid Therapy

Systemic glucocorticoid therapy can provide effective symptomatic therapy in patients with 
RA. Low-dose (<7.5 mg/d) prednisone is a useful additive therapy to control symptoms. 
M oreover, recent evidence suggests that low-dose glucocorticoid therapy may retard the 
progression of bone erosions and that an initial course of low-dose glucocorticoids may have a 
long-term protective effect against bone damage. Monthly pulses with high-dose 
glucocorticoids may be useful in some patients and may hasten the response when therapy 
with a DMARD is initiated. Finally, a course of low-dose oral glucocorticoids combined with 
DM ARD therapy can be beneficial in controll ing signs and symptoms rapidly and affording 
long-term retardation of bone erosion.

Biologics

Recently, biologic agents that bind and neutral ize TNF have become avai lable. One of  these is 
a TNF type I I  receptor fused to IgG1 (etanercept), the second is a chimeric mouse/human 
monoclonal antibody to TNF (inf l iximab), and the third is a fully human antibody to TNF 
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(adalimumab). Clinical trials have shown that parenteral administration of any of these TNF-
neutralizing agents is remarkably effective at controll ing signs and symptoms of RA in 
patients who have failed DMARD therapy, as well as in DMARD-naïve patients. Repeti tive 
therapy with these agents is ef fective with or without concomitant methotrexate, although 
combination therapy with methotrexate or another DM ARD appears to provide the greatest 
benefit. These agents not only are effective in persistently control ling signs and symptoms of 
RA in a majority of  patients, but they have also been shown to slow the rate of progression of 
joint damage assessed radiographical ly and to improve disabil i ty. Side ef fects include the 
potential for an increased risk of serious infections. Particularly notable is the capacity of TNF 
blockade to increase the risk of developing reactivation of  dormant tuberculosis. It is prudent 
to carry out tuberculin skin testing and, i f  necessary, further evaluation with chest radiographs 
before beginning therapy with an anti-TNF agent to l imit the chance of inciting reactivation of 
tuberculosis. Anti-TNF therapy also has the potential to increase the risk of  lymphoma and 
possibly other malignancies in treated patients. TNF-neutral izing therapy can also induce the 
development of  anti-DNA  antibodies, but rarely is there associated evidence of signs and 
symptoms of systemic lupus erythematosus. Other side ef fects include infusion or injection 
si te reactions and rarely the development of  demyelinating central nervous system disease. 
A lthough these side ef fects are uncommon, their occurrence mandates that TNF-neutralizing 
therapy be supervised by physicians with experience in their use.

Anakinra is a recombinant IL-1 receptor antagonist that competitively blocks the binding of 

IL-1  and IL-1  to the IL-1 receptor and thereby inhibits the activity of these two 
related proinf lammatory cytokines. A nakinra has been shown to improve the signs and 
symptoms of  RA , to decrease disabi l i ty, and to slow progression of articular damage assessed 
radiographically. It can be given as monotherapy or in combination with methotrexate. The 
major side effects are injection site reactions. In general, the cl inical impact of  anakinra 
appears to be less than that of  TNF-neutral izing therapy, but i t may be used in those in whom 
TNF-neutralizing therapy is precluded. I t is rarely effective in those who have failed TNF-
neutral izing therapy.

Combining anakinra with a TNF-blocking agent does not increase eff icacy and is associated 
with an increased frequency of  infection, and, therefore, is not recommended. Rituximab, a 
chimeric antibody directed to CD20 that depletes mature B cel ls, has been approved for 
treatment of RA patients who have fai led anti-TNF therapy. In combination with 
methotrexate, this therapy can improve signs and symptoms in these patients and also retard 
the progress of bone damage. The major adverse events relate to transfusion reactions that can 
be control led with glucocorticoids. A lthough the optimal regimen has not been established, 
therapy can be repeated usual ly at 6-month intervals when circulating B cells return.

Abatacept is a fusion protein consisting of CTLA4 and the Fc portion of IgG1. I t inhibits T 
cell activation by competitively inhibiting the co-stimulation of T cells that results from 
interaction of T cell–expressed CD28 and CD80/86 expressed by antigen-presenting cel ls. I t 
can be used with or without methotrexate, although its ef ficacy is greater as co-therapy with 
methotrexate. I t has a positive ef fect on signs and symptoms of  RA  and also retards 
progressive bone damage. I t is usually reserved for patients who have fai led TNF-neutral izing 
therapy or in those who have contraindications to TNF blockade. Abatacept is tolerated quite 
well. Combining abatacept with a TNF-blocking agent does not increase ef f icacy, and is 
associated with more adverse events, including serious infections, and, therefore, is not 
recommended.
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Immunosuppressive Therapy

The immunosuppressive drugs azathioprine, lef lunomide, cyclosporine, and 
cyclophosphamide have been shown to be effective in the treatment of  RA  and to exert 
therapeutic ef fects similar to those of  the DM A RDs. However, these agents appear to be no 
more effective than the DMA RDs. M oreover, they cause a variety of toxic side effects, and 
cyclophosphamide appears to predispose the patient to the development of  malignant 
neoplasms. Therefore, these drugs have been reserved for patients who have clearly fai led 
therapy with DM ARDs and biologics. On occasion, extraarticular disease such as rheumatoid 
vasculitis may require cytotoxic immunosuppressive therapy.

Lef lunomide is metabolized to an active metabolite that acts to inhibit dihydroorotate 
dehydrogenase, an essential enzyme in the pyrimidine biosynthetic pathway. I ts predominant 
action is to inhibit the proliferation of T lymphocytes. Lef lunomide has been shown to control 
the signs and symptoms of RA  and to slow the progression of  joint damage as effectively as 
methotrexate. Lef lunomide can be given alone or with methotrexate and is the most f requently 
employed immunosuppressive agent used to treat patients with RA . It is used as monotherapy 
in patients who have had adverse reactions to methotrexate or inadequate responses to i t. The 
major side effect is the associated increase in liver function enzymes that occurs in 5% of 
patients receiving leflunomide alone and in >50% of individuals taking lef lunomide with 
methotrexate.

Surgery

Surgery plays a role in the management of patients with severely damaged joints. A lthough 
arthroplasties and total joint replacements can be done on a number of  joints, the most 
successful  procedures are carried out on hips, knees, and shoulders. Real istic goals of  these 
procedures are rel ief  of  pain and reduction of  disabil ity. Reconstructive hand surgery may lead 
to cosmetic improvement and some functional benef it. Open or arthroscopic synovectomy 
may be useful in some patients with persistent monarthritis, especial ly of the knee. A lthough 
synovectomy may offer short-term rel ief  of  symptoms, i t does not appear to retard bone 
destruction or alter the natural history of  the disease. In addition, early tenosynovectomy of 
the wrist may prevent tendon rupture.
Approach to the Patient: Rheumatoid Arthritis

An approach to the medical management of patients with RA is depicted in Fig. 314-3. The 
principles underlying care of these patients reflect the value of  early appropriately aggressive 
intervention, the variabil i ty of  the disease, the frequent persistent nature of  the inf lammation 
and i ts potential to cause disabil i ty, the relationship between sustained inf lammation and bone 
erosions and mortali ty, and the need to reevaluate the patient frequently for symptomatic 
response to therapy, progression of disabi l i ty and joint damage, and side ef fects of  treatment. 
A t the onset of disease it is dif f icult to predict the natural history of an individual patient's 
i l lness. Therefore, the classic approach was to attempt to al leviate the patient's symptoms with 
NSAIDs or Coxibs. Some patients may have mild disease that requires no additional therapy. 
However, most patients wil l  require additional therapy, and the treating physician must be 
vigi lant and prepared to insti tute appropriate therapy as soon as indicated. Nearly al l  patients 
will benefit from a course of low-dose glucocorticoids, and this should be considered 
routinely. If  the patient has any evidence of aggressive disease, as described above, or 
persistent synovitis for >3 months, initiation of DM ARD therapy should be considered as 
early as feasible. In RA patients there appears to be a window of opportunity early in the 
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course of  the disease, during which initiation of  aggressive therapy can have a major impact 
on subsequent damage to articular structures and disabi li ty.

At some time during most patients' course, the possibil i ty of initiating DMARD therapy is 
entertained. The presence of  risk factors for bone damage or disabil i ty or persistent synovitis 
of >3 months' duration are usual indications to initiate DMA RD therapy. The decision to 
begin use of a DMARD and/or low-dose oral glucocorticoids requires experience and clinical 
judgment as well as the abil i ty to assess joint swell ing and functional activity and the patient's 
pain tolerance and expectation of therapy accurately. In this setting, the ful ly informed patient 
must play an active role in the decision to begin DMARD and/or low-dose oral glucocorticoid 
therapy, after careful review of the therapeutic and toxic potential of the various drugs. I f 
DM ARD therapy, usually methotrexate, fai ls to control signs and symptoms of RA, a decision 
to add or switch to a biologic agent is considered. These are quite potent at controll ing signs 
and symptoms of RA , slowing damage to articular structures, and l imiting disabil i ty but are 
very expensive and associated with serious adverse events. The decision to employ these 
agents requires considerable experience, judgment, and the agreement of  a ful ly informed 
patient.

I f  a patient responds to a DMARD, therapy is continued with careful monitoring to avoid 
toxicity. A ll DM ARDs provide a suppressive effect and therefore require prolonged 
administration. Even with successful therapy, local injection of glucocorticoids may be 
necessary to diminish inflammation that may persist in a l imited number of joints. In addition, 
NSAIDs or Coxibs may be necessary to mitigate symptoms. Even after inflammation has 
total ly resolved, symptoms from loss of carti lage and supervening degenerative joint disease 
or altered joint function may require additional treatment. Surgery may also be necessary to 
relieve pain or diminish the functional impairment secondary to alterations in joint function. 

Figure 314-3

Algorithm for the medical management of rheumatoid arthritis. Coxib, COX-2  
inhibitors; DMARD, disease-modifying anti-rheumatic drug; CCP, cyclic citrull inated 
polypeptide; M TX, methotrexate; SSA, sulfasalazine; TNF, tumor necrosis factor.
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Harrison's Internal M edicine > Chapter 315. Acute Rheumatic Fever >

Acute Rheumatic Fever: Introduction

Acute rheumatic fever (A RF) is a multisystem disease resulting from an autoimmune 
reaction to infection with group A streptococci. A lthough many parts of the body may be 
affected, almost al l  of the manifestations resolve completely. The exception is cardiac 
valvular damage [rheumatic heart disease (RHD)], which may persist after the other features 

Page 88 of  219A ccessM edicine - Print

1/3/2013fi le:///C:/Users/Lesea/AppData/Local/Temp/~hhDC34.htm



have disappeared. 

ARF and RHD are diseases of poverty. They were common in al l  countries unti l  the early 
twentieth century, when their incidence began to decline in industrial ized nations. This 
decline was largely attributable to improved living conditions— particularly less crowded 
housing and better hygiene— which resulted in reduced transmission of  group A  streptococci. 
The introduction of  antibiotics and improved systems of medical care had a supplemental 
effect. Recurrent outbreaks of ARF began in the 1980s in the Rocky M ountain states of the 
United States, where elevated rates persist. 

The virtual disappearance of ARF and reduction in the incidence of RHD in industrial ized 
countries during the twentieth century unfortunately was not replicated in developing 
countries, where these diseases continue unabated. RHD is the most common cause of  heart 
disease in children in developing countries and is a major cause of mortal i ty and morbidity in 
adults as well. I t was recently estimated that between 15 and 19 mil l ion people worldwide 
are affected by RHD, with approximately one-quarter of a mil l ion deaths occurring each 
year. Some 95% of ARF cases and RHD deaths now occur in developing countries. 

A lthough ARF and RHD are relatively common in all developing countries, they occur at 
particularly elevated rates in certain regions. These "hot spots" are sub-Saharan A frica, 
Pacif ic nations, Australasia, and the Indian subcontinent (Fig. 315-1).

Figure 315-1

Prevalence of rheumatic heart disease in children aged 5–14 years. Circles within 
Austral ia and New Zealand represent indigenous populations, and also Pacif ic Islanders in 
New Zealand. (Repr inted with permission from JR Carapetis et al:  Lancet Infect Dis.)

Epidemiology

ARF is mainly a disease of chi ldren aged 5–14 years. Ini tial episodes become less common 
in older adolescents and young adults and are rare in persons aged >30 years. By contrast, 
recurrent episodes of  ARF remain relatively common in adolescents and young adults. This 
pattern contrasts with the prevalence of RHD, which peaks between 25 and 40 years. There 
is no clear gender association for ARF, but RHD more commonly affects females, 
sometimes up to tw ice as f requently as males. 
Pathogenesis

Organism Factors

Based on currently available evidence, ARF is exclusively caused by infection of  the upper 
respiratory tract with group A streptococci. I t is now thought that any strain of group A 
streptococcus has the potential to cause ARF. Potential role of skin infection and of  groups C 
and G streptococci are currently being investigated. I t has been postulated that a series of 
preceding streptococcal infections is needed to "prime" the immune system prior to the final 
infection that directly causes disease. 
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Host Factors

Approximately 3–6% of any population may be susceptible to ARF, and this proportion does 
not vary dramatically between populations. Findings of famil ial clustering of cases and 
concordance in monozygotic twins— particularly for chorea— confirm that susceptibili ty to 
ARF is an inherited characteristic. Particular HLA class I I al leles appear to be strongly 
associated with susceptibi li ty. Associations have also been described with high levels of 

circulating mannose-binding lectin and polymorphisms of transforming growth factor 1
gene and immunoglobulin genes. High-level expression of  a particular al loantigen present on 
B cells, D8-17, has been found in patients with a history of ARF in many populations, with 
intermediate-level expression in f irst-degree family members, suggesting that this may be a 
marker of inherited susceptibi li ty. 

The Immune Response

When a susceptible host encounters a group A  streptococcus, an autoimmune reaction 
results, which leads to damage to human tissues as a result of  cross-reactivi ty between 
epitopes on the organism and the host (Fig. 315-2).

Epitopes present in the cel l  wall , cel l membrane, and the A , B, and C repeat regions of  the 
streptococcal M protein are immunologically similar to molecules in human myosin, 
tropomyosin, keratin, actin, laminin, vimentin, and N -acetylglucosamine. This molecular 
mimicry is the basis for the autoimmune response that leads to ARF. It has been 
hypothesized that human molecules— particularly epitopes in cardiac myosin— result in T 
cel l  sensitization. These T cel ls are then recalled fol lowing subsequent exposure to group A  
streptococci bearing immunologically similar epitopes. 

However, myosin cross-reactivity with M  protein does not explain the valvular damage that 
is the hallmark of rheumatic carditis, given that myosin is not present in valvular tissue. The 

l ink may be laminin, another -helical coiled-coil protein l ike myosin and M protein, 
which is found in cardiac endothelium and is recognized by anti-myosin, anti-M  protein T 
cel ls. M oreover, antibodies to cardiac valve tissue cross-react wi th the N -acetylglucosamine 
of  group A  streptococcal carbohydrate, and there is some evidence that these antibodies may 
be responsible for valvular damage. 

Figure 315-2

Pathogenetic pathway for acute rheumatic fever and rheumatic heart disease. 
(Repr inted with permission from Lancet 366:155, 2005.)

Clinical Features

There is a latent period of ~3 weeks (1–5 weeks) between the precipitating group A  
streptococcal infection and the appearance of  the cl inical features of  ARF. The exceptions 
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are chorea and indolent carditis, which may follow prolonged latent periods lasting up to 6 
months. A lthough many patients report a prior sore throat, the preceding group A  
streptococcal infection is commonly subclinical; in these cases it can only be confirmed 
using streptococcal antibody testing. The most common clinical presentation of ARF is 
polyarthritis and fever. Polyarthritis is present in 60–75% of  cases and carditis in 50–60% . 
The prevalence of chorea in ARF varies substantial ly between populations, ranging from 
<2% to 30%. Erythema marginatum and subcutaneous nodules are now rare, being found in 
<5% of cases.

Heart Involvement

Up to 60% of patients with ARF progress to RHD. The endocardium, pericardium, or 
myocardium may be affected. Valvular damage is the hallmark of rheumatic carditis. The 
mitral valve is almost always affected, sometimes together with the aortic valve; isolated 
aortic valve involvement is rare. Early valvular damage leads to regurgitation. Over ensuing 
years, usually as a result of  recurrent episodes, leaflet thickening, scarring, calcif ication, and 
valvular stenosis may develop. Pericarditis most commonly causes a friction rub or a small 
effusion on echocardiography and may occasionally cause pleuritic central chest pain. 
M yocardial involvement is almost never responsible in itself for cardiac failure. Therefore 
the characteristic manifestation of carditis in previously unaffected individuals is mitral 
regurgitation, sometimes accompanied by aortic regurgitation. Myocardial inflammation may 
affect electrical conduction pathways, leading to P-R interval prolongation (first-degree A V  
block or rarely higher-level block) and softening of the f irst heart sound. 

Joint Involvement

To qualify as a major manifestation, joint involvement in ARF must be arthritic, i .e., 
objective evidence of inf lammation, with hot, swollen, red and/or tender joints and 
involvement of more than one joint (i.e., polyarthritis). The typical arthritis is migratory, 
moving from one joint to another over a period of hours. ARF almost always affects the 
large joints— most commonly the knees, ankles, hips, and elbows— and is asymmetric. The 
pain is severe and usually disabling unti l  anti-inflammatory medication is commenced.

Less severe joint involvement is also relatively common but qualif ies only as a minor 
manifestation. A rthralgia without objective joint inf lammation usually affects large joints in 
the same migratory pattern as polyarthri tis. In some populations, aseptic monoarthri tis may 
be a presenting feature of ARF. This may occur because of  early commencement of anti-
inf lammatory medication before the typical migratory pattern is established. 

The joint manifestations of ARF are highly responsive to salicylates and other nonsteroidal 
anti-inflammatory drugs (NSAIDs). Indeed, joint involvement that persists more than 1 or 2 
days after starting salicylates is unlikely to be due to ARF. Conversely, i f salicylates are 
commenced early in the i llness, before fever and migratory polyarthri tis have become 
manifest, i t may be dif ficult to make a diagnosis of ARF. For this reason, salicylates and 
other NSAIDs should be withheld— and pain managed with acetaminophen or codeine—
unti l  the diagnosis is conf irmed.

Chorea
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Sydenham's chorea commonly occurs in the absence of  other manifestations, fol lows a 
prolonged latent period after group A  streptococcal infection, and is found mainly in 
females. The choreiform movements affect particularly the head (causing characteristic 
darting movements of  the tongue) and the upper l imbs (Chap. 367). They may be general ized 
or restricted to one side of  the body (hemi-chorea). The chorea varies in severity. In mild 
cases i t may be evident only on careful examination, whi le in the most severe cases the 
affected individuals are unable to perform activities of daily l iving and are at risk of injuring 
themselves. Chorea eventually resolves completely, usually within 6 weeks.

Skin Manifestations

The classic rash of  A RF is erythema marginatum (Chap. 18), which begins as pink macules 
that clear centrally, leaving a serpiginous, spreading edge. The rash is evanescent, appearing 
and disappearing before the examiner's eyes. I t occurs usual ly on the trunk, sometimes on the 
l imbs, but almost never on the face. 

Subcutaneous nodules occur as painless, small  (0.5–2 cm), mobile lumps beneath the skin 
overlying bony prominences, particularly of  the hands, feet, elbows, occiput, and 
occasional ly the vertebrae. They are a delayed manifestation, appearing 2–3 weeks af ter the 
onset of  disease, last for just a few days up to 3 weeks, and are commonly associated with 
carditis.

Other Features

Fever occurs in most cases of ARF, although rarely in cases of  pure chorea. A lthough high-

grade fever ( 39°C) is the rule, lower grade temperature elevations are not uncommon. 
Elevated acute-phase reactants are also present in most cases. C-reactive protein (CRP) and 
erythrocyte sedimentation rate (ESR) are often dramatical ly elevated. Occasionally the 
peripheral leukocyte count is mildly elevated.

Evidence of a Preceding Group a Streptococcal Infection

With the exception of chorea and low-grade carditis, both of  which may become manifest 
many months later, evidence of a preceding group A  streptococcal infection is essential in 
making the diagnosis of ARF. As most cases do not have a positive throat swab culture or 
rapid antigen test, serologic evidence is usual ly needed. The most common serologic tests 
are the anti-streptolysin O (ASO) and anti-DNase B (ADB) ti ters. Where possible, age-
specif ic reference ranges should be determined in a local population of healthy people 
without a recent group A  streptococcal infection. 

Other Post-Streptococcal Syndromes that May Be Confused with Rheumatic Fever

Post-streptococcal reactive arthritis (PSRA ) is dif ferentiated from ARF on the basis of: (1) 
small-joint involvement that is often symmetric; (2) a short latent period following 

streptococcal infection (usually <1 week); (3) occasional causation by non-group A  -
hemolytic streptococcal infection; (4) slower responsiveness to sal icylates; and (5) the 
absence of other features of ARF, particularly carditis.
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Pediatric Autoimmune Neuropsychiatric Disorders Associated with Streptococcal infection 
(PANDAS) is a term that l inks a range of tic disorders and obsessive-compulsive symptoms 
with group A streptococcal infections. People with PA NDAS are said not to be at risk of 
carditis, unl ike patients with Sydenham's chorea. The diagnoses of  PANDAS and PSRA 
should rarely be made in populations with a high incidence of ARF. 

Confirming the Diagnosis

Because there is no def ini tive test, the diagnosis of  A RF rel ies on the presence of a 
combination of typical clinical features together with evidence of the precipitating group A  
streptococcal infection, and the exclusion of other diagnoses. This uncertainty led Dr. T. 
Duckett Jones in 1944 to develop a set of  cri teria (subsequently known as the Jones cri teria)  
to aid in the diagnosis. An expert panel convened by the World Health Organization (WHO) 
clari f ied the use of  the Jones criteria in ARF recurrences (Table 315-1). These cri teria 
include a preceding streptococcal type A  infection as well  as some combination of  major and 
minor manifestations. 

Table 315-1 2002–2003 World Health Organization Criteria for the Diagnosis of 
Rheumatic Fever and Rheumatic Heart Disease (Based on the 1992 Revised Jones Cri teria)

Diagnostic Categor ies Criteria

Primary episode of rheumatic fevera Two major or one major and two minor 
manifestations plus evidence of 
preceding group A  streptococcal 
infection

Recurrent attack of  rheumatic fever in a patient 
without establ ished rheumatic heart disease

Two major or one major and two minor 
manifestations plus evidence of 
preceding group A  streptococcal 
infection

Recurrent attack of  rheumatic fever in a patient 
with establ ished rheumatic heart diseaseb

Two minor manifestations plus evidence 
of preceding group A  streptococcal 
infectionc

Rheumatic chorea Other major manifestations or evidence 
of group A  streptococcal infection not 
requiredInsidious onset rheumatic carditisb

Chronic valve lesions of  rheumatic heart disease 
(patients presenting for the first time with pure 
mitral stenosis or mixed mitral valve disease 
and/or aortic valve disease)d

Do not require any other criteria to be 
diagnosed as having rheumatic heart 
di sease 

Major manifestations Carditis
Polyarthritis
Chorea
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Erythema marginatum
Subcutaneous nodules

Minor manifestations Clinical: fever, polyarthralgia
Laboratory: elevated erythrocyte 
sedimentation rate or leukocyte counte

Electrocardiogram: prolonged P-R  
interval

Supporting evidence of a preceding streptococcal 
infection within the last 45 days

Elevated or rising anti-streptolysin O or 
other streptococcal antibody, or
A positive throat culture, or
Rapid antigen test for group A  
streptococcus, or

Recent scarlet fevere

aPatients may present with polyarthritis (or with only polyarthralgia or monoarthritis) and 
with several (3 or more) other minor manifestations, together with evidence of recent group 
A  streptococcal infection. Some of  these cases may later turn out to be rheumatic fever. I t is 
prudent to consider them as cases of  "probable rheumatic fever"  (once other diagnoses are 
excluded) and advise regular secondary prophylaxis. Such patients require close fol low up 
and regular examination of the heart. This cautious approach is particularly suitable for 
patients in vulnerable age groups in high incidence settings.

bInfective endocarditis should be excluded.

cSome patients with recurrent attacks may not fulf i l  these criteria.

dCongenital  heart disease should be excluded.

e1992 Revised Jones cri teria do not include elevated leukocyte count as a laboratory minor 
manifestation (but do include elevated C-reactive protein), and do not include recent scarlet 
fever as supporting evidence of  a recent streptococcal infection.

Source: Reprinted with permission from WHO Expert Consultation on Rheumatic Fever and 
Rheumatic Heart Disease (2001: Geneva, Switzerland): Rheumatic Fever and Rheumatic 
Heart Disease: Report of a WHO Expert Consultation (WHO Tech Rep Ser, 923). Geneva, 
World Health Organization, 2004.
Acute Rheumatic Fever: Treatment

Patients with possible ARF should be fol lowed closely to ensure that the diagnosis is 
confirmed, treatment of  heart fai lure and other symptoms is undertaken, and preventive 
measures including commencement of  secondary prophylaxis, inclusion on an ARF registry, 
and health education are commenced. Echocardiography should be performed on al l  possible 

Page 94 of  219A ccessM edicine - Print

1/3/2013fi le:///C:/Users/Lesea/AppData/Local/Temp/~hhDC34.htm



cases to aid in making the diagnosis and to determine the severi ty at basel ine of any carditis. 
Other tests that should be performed are l isted in Table 315-2.

There is no treatment for ARF that has been proven to alter the likelihood of developing, or 
the severity of, RHD. With the exception of treatment of heart failure, which may be l ife-
saving in cases of severe carditis, the treatment of  ARF is symptomatic.

Antibiotics

All patients with ARF should receive antibiotics suff icient to treat the precipitating group A 
streptococcal infection (Chap. 130). Penicil l in is the drug of choice and can be given orally 
(as penicil l in, 500 mg PO twice daily for 10 days) or as a single dose of 1.2 mil l ion units IM 
benzathine penicill in G. Erythromycin, 250 mg bid, may be used for patients with penicil l in 
allergy. Because long-term secondary prophylaxis wil l  be needed— and penici l l in is the drug 
of choice for this— reported penicill in allergy should be confirmed, preferably in 
consultation with an allergist.

Salicylates and NSAIDs

These may be used for the treatment of  arthri tis, arthralgia, and fever, once the diagnosis is 

Table 315-2 Recommended Tests in Cases of  Possible A cute Rheumatic Fever

Recommended for  all cases
  White blood cell count
  Erythrocyte sedimentation rate
   C-reactive protein 
  Blood cultures if febrile
  Electrocardiogram (repeat in 2 weeks and 2 months i f prolonged P-R interval or other 
rhythm abnormality)
  Chest x-ray if  cl inical or echocardiographic evidence of carditis
  Echocardiogram (consider repeating after 1 month if  negative)
  Throat swab (preferably before giving antibiotics)— culture for group A  streptococcus
  Anti-streptococcal serology: both anti-streptolysin O and anti-DNase B ti tres, i f  available 
(repeat 10–14 days later if  1st test not conf irmatory)
Tests for  alternative diagnoses, depending on clinical features
  Repeated blood cultures i f  possible endocarditis 
  Joint aspirate (microscopy and culture) for possible septic arthritis
  Copper, ceruloplasmin, anti-nuclear antibody, drug screen for choreiform movements
  Serology and auto-immune markers for arboviral, auto-immune or reactive arthritis

Source: Reprinted with permission from National Heart Foundation of Australia.
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confirmed. They are of no value in the treatment of carditis or chorea. Aspirin is the drug of 
choice. An initial dose of 80–100 mg/kg per day in children (4–8 g/d in adults) in 4–5  
divided doses is of ten needed for the first few days up to 2 weeks. A  lower dose should be 
used if  symptoms of sal icylate toxicity emerge, such as nausea, vomiting, or tinnitus. When 
the acute symptoms are substantial ly resolved, the dose can be reduced to 60–70 mg/kg per 
day for a further 2–4 weeks. Fever, joint manifestations, and elevated acute-phase reactants 
sometimes recur up to 3 weeks after the medication is discontinued. This does not indicate a 
recurrence and can be managed by recommencing salicylates for a brief period. A lthough 
less wel l  studied, naproxen at a dose of 10–20 mg/kg per day has been reported to lead to 
good symptomatic response.

Congestive Heart Failure

Glucocorticoids

The use of glucocorticoids in ARF remains controversial. Two meta-analyses have fai led to 
demonstrate a benef it of  glucocorticoids compared to placebo or salicylates in improving the 
short- or longer term outcome of carditis. However, the studies included in these meta-
analyses al l  took place >40 years ago and did not use medications in common usage today. 
M any cl inicians treat cases of severe carditis (causing heart fai lure) with glucocorticoids in 
the belief  that they may reduce the acute inf lammation and result in more rapid resolution of 
fai lure. However, the potential benef i ts of this treatment should be balanced against the 
possible adverse ef fects, including gastrointestinal bleeding and fluid retention. I f used, 
prednisone or prednisolone are recommended at doses of  1–2 mg/kg per day (maximum, 80 
mg). Intravenous methylprednisolone may be used in very severe carditis. Glucocorticoids 
are of ten only required for a few days or up to a maximum of 3 weeks. 

M anagement of Heart Failure

See Chap. 227.

Bed Rest

Traditional recommendations for long-term bed rest, once the cornerstone of  management, 
are no longer widely practiced. Instead, bed rest should be prescribed as needed while 
arthri tis and arthralgia are present, and for patients with heart fai lure. Once symptoms are 
well control led, gradual mobil ization can commence as tolerated.

Chorea

M edications to control the abnormal movements do not alter the duration or outcome of 
chorea. M ilder cases can usually be managed by providing a calm environment. In patients 
with severe chorea, carbamazepine or sodium valproate are preferred to haloperidol. A  
response may not be seen for 1–2 weeks, and a successful  response may only be to reduce 
rather than resolve the abnormal movements. M edication should be continued for 1–2 w eeks 
after symptoms subside. 

Intravenous Immunoglobulin (IVIG)
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Small studies have suggested that IV Ig may lead to more rapid resolution of  chorea but has 
shown no benef it on the short- or long-term outcome of carditis in ARF without chorea. In 
the absence of better data, IV Ig is not recommended except in cases of  severe chorea 
ref ractory to other treatments. 
Prognosis

Untreated, A RF lasts on average 12 weeks. W ith treatment, patients are usual ly discharged 
from hospital within 1–2 weeks. Inf lammatory markers should be monitored every 1–2  
weeks unti l they have normalized (usually within 4–6 weeks), and an echocardiogram should 
be performed af ter 1 month to determine i f  there has been progression of  carditis. Cases with 
more severe carditis need close cl inical and echocardiographic monitoring in the longer term.

Once the acute episode has resolved, the priori ty in management is to ensure long-term  
clinical follow-up and adherence to a regimen of secondary prophylaxis. Patients should be 
entered onto the local ARF registry (i f  present) and contact made with primary care 
practitioners to ensure a plan for follow-up and administration of secondary prophylaxis 
before the patient is discharged. Patients and their famil ies should also be educated about 
their disease, emphasizing the importance of  adherence to secondary prophylaxis. If  carditis 
is present, they should also be informed of  the need for antibiotic prophylaxis against 
endocarditis for dental and surgical procedures.
Prevention

Primary Prevention

Ideally, primary prevention would entail elimination of the major risk factors for 
streptococcal infection, particularly overcrowded housing and inadequate hygiene 
infrastructure. This is diff icult to achieve in most places where ARF is common.

Therefore, the mainstay of primary prevention for ARF remains primary prophylaxis, i .e., 
the timely and complete treatment of group A streptococcal sore throat with antibiotics. I f  
commenced within 9 days of  sore throat onset, a course of 10 days of  penicil l in V  (500 mg 
bid PO in adults) or a single IM injection of 1.2 million units of benzathine penicil l in G will 
prevent almost al l cases of  ARF that would otherwise have developed. This important 
strategy rel ies on individuals presenting for medical care when they have a sore throat, the 
availabili ty of trained health and microbiology staff  along with the materials and 
infrastructure to take throat swabs, and a rel iable supply of penici l l in. Unfortunately, many 
of  these elements are not avai lable in developing countries. M oreover, the majori ty of  cases 
of ARF do not fol low a sore throat sufficiently severe for the patient to seek medical 
attention. 

Secondary Prevention

The mainstay of control l ing ARF and RHD is secondary prevention. Because patients with 
ARF are at dramatically higher risk than the general population of developing a further 
episode of ARF after a group A streptococcal infection, they should receive long-term 
penicil l in prophylaxis to prevent recurrences. The best antibiotic for secondary prophylaxis 
is benzathine penicil l in G (1.2 mil l ion units, or 600,000 units if <30 kg) delivered every 4 
weeks or more f requently (e.g., every 3 weeks or even every 2 weeks) to persons considered 
to be at particularly high risk. Oral penicil lin V (250 mg) can be given twice-dai ly instead 
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but is somewhat less effective than benzathine penici l l in G. Penicil l in al lergic patients can 
receive erythromycin (250 mg) twice daily. 

The duration of secondary prophylaxis is determined by many factors, in particular the 
duration since the last episode of  A RF (recurrences become less l ikely with increasing time), 
age (recurrences are less l ikely with increasing age), and the severity of  RHD (if  severe, i t 
may be prudent to avoid even a very small  risk of  recurrence because of  the potential ly 
serious consequences) (Table 315-3). Secondary prophylaxis is best del ivered as part of  a 
coordinated RHD control program, based around a registry of patients. Registries improve 
the abil i ty to follow patients and identify those who default from prophylaxis and institute 
strategies to improve adherence. 

Table 315-3 Suggested Duration of  Secondary Prophylaxisa

Category of Patient Duration of Prophylaxis
Patient without proven carditis For 5 years af ter the last attack or 18 years of 

age (whichever is longer)
Patient with carditis (mild mitral 
regurgitation or healed carditis)

For 10 years af ter the last attack, or 25 years of  
age (whichever is longer)

M ore severe valvular disease Lifelong
Valvular surgery Lifelong

aThese are only recommendations and must be modified by individual circumstances as 
warranted.

Source: Reprinted with permission from WHO Expert Consultation on Rheumatic Fever and 
Rheumatic Heart Disease (2001: Geneva, Switzerland): Rheumatic Fever and Rheumatic 
Heart Disease: Report of a WHO Expert Consultation (WHO Tech Rep Ser, 923). Geneva, 
World Health Organization, 2004.
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Harrison's Internal M edicine > Chapter 316. Systemic Sclerosis (Scleroderma) and 
Related Disorders >

Definition

Systemic sclerosis (SSc) is a chronic systemic disorder of  unknown etiology. SSc is 
characterized by thickening of the skin (scleroderma) and distinctive involvement of 
multiple internal organs, most notably the lungs, gastrointestinal tract, heart, and kidneys. 
The early stage of  the disease, associated with prominent inflammatory features, is 
fol lowed by the development of widespread functional and structural alterations in multiple 
vascular beds and progressive visceral organ dysfunction due to f ibrosis. The presence of 
thickened skin (scleroderma) distinguishes SSc f rom other connective tissue diseases. 
Scleroderma-like skin induration can occur in various disorders in addition to localized 
forms of scleroderma (Table 316-1), and it is important to accurately dif ferentiate these 
conditions f rom SSc. The disease is highly heterogeneous. Patients with SSc can be 
classified into two distinct subsets def ined by the distribution pattern and extent of  skin 
involvement, as well as other cl inical and laboratory manifestations (Table 316-2). Diffuse 
cutaneous SSc (dcSSc) presents with progressive skin induration, starting in the f ingers and 
ascending f rom distal to proximal extremities, the face, and the trunk. These patients are at 
risk for early pulmonary f ibrosis and acute renal involvement. In l imited cutaneous SSc 
(lcSSc), patients general ly have long-standing Raynaud's phenomenon before other 
manifestations of SSc appear. Skin induration is l imited to the f ingers (sclerodactyly), distal 
extremities, and face, and the trunk is not af fected. A  subset of  patients with lcSSc have 
prominent calcinosis cutis, Raynaud's phenomenon, esophageal dysmoti l i ty, sclerodactyly, 
and telangiectasia, a constellation termed CRESTsyndrome. However, these features may 
also be seen in patients with dcSSc. V isceral organ involvement in lcSSc tends to show 
insidious progression. A lthough the long-term prognosis of  lcSSc is better than that of 
dcSSc, pulmonary arterial hypertension (PAH), hypothyroidism, and primary bil iary 
cirrhosis may occur in the late stage of  the former. In some patients, Raynaud's 
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phenomenon and other typical features of  SSc occur in the absence of  detectable skin 
thickening. This syndrome has been termed SSc sine scleroderma.

Table 316-1 Conditions Associated with Scleroderma-Like Induration

Systemic sclerosis
  L imited cutaneous SSc
  Dif fuse cutaneous SSc
Localized scleroderma
  Guttate morphea, dif fuse morphea
  L inear scleroderma, coup de sabre, hemifacial atrophy
Overlap syndromes
  M ixed connective tissue disease
  SSc/polymyositis
Undif ferentiated connective tissue disease
Scleredema and diabetic scleredema
Scleromyxedema (papular mucinosis)
Nephrogenic fibrosing syndrome (nephrogenic f ibrosing dermatopathy)
Chronic graft-versus-host disease
Diffuse fasciitis with eosinophil ia (Shulman disease, eosinophil ic fasciitis)
Eosinophilia-myalgia syndrome
Chemically induced scleroderma-like conditions
  Vinyl chloride–induced disease
  Pentazocine-induced skin fibrosis
Paraneoplastic syndrome

Table 316-2 Subsets of Systemic Sclerosis (SSc): L imited Cutaneous SSc versus Diffuse 
Cutaneous SSc

Features L imited Cutaneous SSc Diffuse Cutaneous SSc
Skin involvement L imited to f ingers, distal to 

elbows, face; slow progression
Dif fuse: fingers, extremities, face, 
trunk; rapid progression

Raynaud's 
phenomenon

Precedes skin involvement; 
associated with critical ischemia

Onset contemporaneous with skin 
involvement

Pulmonary fibrosis M ay occur, moderate Frequent, early and severe
Pulmonary arterial  
hypertension 

Frequent, late, may be isolated M ay occur, associated with 
pulmonary f ibrosis

Page 100 of  219A ccessM edicine - Print

1/3/2013fi le:///C:/Users/Lesea/AppData/Local/Temp/~hhDC34.htm



Scleroderma renal  
crisis

Very rare Occurs in 15%; early

Calcinosis cutis Frequent, prominent May occur, mild
Characteristic 
autoantibodies

Anticentromere A ntitopoisomerase I (Scl-70)

Epidemiology

SSc is an acquired sporadic disease with a worldwide distribution and affecting al l  races. In 
the United States, the incidence is 9–19 cases per mil l ion per year. The only community-
based survey of SSc yielded a prevalence of  286 cases per mil l ion population. There are an 
estimated 100,000 cases of  SSc in the United States, al though this number may be 
significantly higher if  patients who do not meet strict classification criteria are also 
included. Studies f rom England, Austral ia, and Japan showed rates of  SSc that were lower 
than in the United States. Age, gender, and ethnicity are important factors determining 
disease susceptibi l i ty. L ike other connective tissue diseases, SSc shows a female 
predominance, greatest in the chi ldbearing years and decl ining af ter menopause. While SSc 
can present at any age, the most common age of  onset is in the range of  30–50 years. 
A frican A mericans have a higher incidence than whites, and disease onset occurs at an 
earlier age. Furthermore, A frican Americans are more l ikely to have the diffuse cutaneous 
form of SSc with interstitial lung involvement as well as a worse prognosis.

Genetic Considerations

SSc shows a non-M endelian pattern of  inheri tance. The concordance rate for SSc among 
twins is low (4.7%), although concordance for the presence of  antinuclear antibodies is 
significantly greater. A  genetic contribution to disease susceptibi l i ty is indicated by the fact 
that 1.6% of SSc patients have a first-degree relative with SSc. The risk of other 
autoimmune diseases, including systemic lupus erythematosus (Chap. 313) and rheumatoid 
arthri tis (Chap. 314), is also increased. Among Choctaw Native Americans, SSc prevalence 
as high as 4690 per mil lion has been reported. Genetic investigations in SSc to date have 
focused on polymorphisms of candidate genes, particularly those involved in immunity and 
inf lammation, vascular function, and connective tissue homeostasis. Associations of single 
nucleotide polymorphism (SNP) with SSc have been reported in the genes encoding 
angiotensin-converting enzyme (ACE); endothelin-1 and nitric oxide synthase; B cell  
markers (CD19); chemokines (monocyte chemoattractant protein-1) and chemokine 

receptors; cytokines [ interleukin 1 , IL-4, and tumor necrosis factor  (TNF- )] ; 
growth factors and their receptors [connective tissue growth factor (CTGF) and 

transforming growth factor  (TGF- )]; and extracellular matrix proteins [f ibronectin, 
f ibri ll in, and secreted protein acidic-rich in cysteine (SPARC)].
Environmental Factors

Patients with SSc have increased serum antibodies to human cytomegalovirus (hCM V), and 
antitopoisomerase-I (Scl-70) autoantibodies recognize antigenic epitopes present on the 
hCMV-derived proteins, suggesting molecular mimicry as a possible mechanistic l ink 
between hCMV infection and SSc. Evidence of human parvovirus B19 infection in SSc 
patients has also been presented; however, the etiologic role of viruses remains unproven. 

Page 101 of  219A ccessM edicine - Print

1/3/2013fi le:///C:/Users/Lesea/AppData/Local/Temp/~hhDC34.htm



Reports of  apparent geographic clustering of  SSc cases suggesting shared environmental 
exposures have not been substantiated by careful investigation. A n epidemic of a novel 
syndrome with features suggestive of SSc occurred in Spain in the 1980s. The outbreak, 
termed toxic oi l  syndrome and affecting over 20,000 individuals, was l inked to 
consumption of  contaminated rapeseed oi ls used for cooking. A  similar epidemic outbreak, 
termed eosinophil ia-myalgia syndrome (EM S), occurred a decade later in the United States. 
A ffected individuals presented with marked peripheral blood eosinophil ia and severe 
myalgia, fol lowed by the development of scleroderma-l ike chronic skin lesions. The 
epidemic was l inked to the consumption of imported batches of  L -tryptophan used as 
dietary supplements. The incidence rate of  new cases of  EM S showed a dramatic decl ine 
following the nationwide recall of L -tryptophan products. While both of  these apparently 
novel toxic-epidemic syndromes were characterized by scleroderma-l ike chronic skin 
changes and variable visceral organ involvement, their clinical, pathological, and laboratory 
features clearly distinguished them from SSc. The incidence of  SSc is increased among 
miners exposed to si l ica. Other occupational exposures tentatively l inked with SSc include 
polyvinyl chloride, epoxy resins, and aromatic hydrocarbons including toluene and 
trichloroethylene. Drugs implicated in SSc-l ike i l lnesses include bleomycin, pentazocine 
and cocaine, and appeti te suppressants l inked with pulmonary hypertension. Case reports 
and series describing SSc in women with si l icone breast implants had raised concern 
regarding a possible etiologic role of si l icone in SSc. However, large-scale epidemiologic 
investigations found no evidence of  increased risk of  SSc.
Pathogenesis

A  comprehensive view of  the pathogenesis of  SSc must take into account the three cardinal 
features of  the disease: (1) vasculopathy, (2) cel lular and humoral immunity, and (3) 
progressive visceral and vascular f ibrosis in multiple organs (Fig. 316-1). Autoimmunity 
and altered endothelial cell  function and vascular reactivity may be the earl iest 
manifestations of  SSc. Complex interplay between these processes is thought to ini tiate and 
then amplify and sustain the fibrotic process.

Animal Models of Disease

There is no single animal model that reproduces al l  three cardinal processes that underl ie 
the pathogenesis of SSc, but some models recapitulate selected disease characteristics. The 
tight-skin mouse is a natural ly occurring f ibrosis model characterized by spontaneous skin 
thickening. The mutation responsible for the phenotype, a duplication in the fibri l l in-1  
gene, results in defective extracellular matrix assembly and aberrant activation of TGF-

Figure 316-1

T he pathogenesis of systemic scler osis. Initial vascular injury in genetically susceptible 
individuals leads to functional and structural vascular alterations, inf lammation, and 
autoimmunity. The inflammatory and immune responses initiate and sustain f ibroblast 
activation and dif ferentiation, resulting in pathological fibrogenesis and irreversible tissue 
damage.
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. Mutations in the fibrillin-1 gene have not been described in patients with SSc. 
Chronic f ibrosis in the skin and lungs can be induced in mice by bleomycin injections or by 
transplantation of HLA-mismatched bone marrow or spleen cel ls. Increasingly, 
manipulation of mice via mutagenesis or targeted genetic modif ication such as knock-out or 
transgenesis are uti lized to create new models for SSc and to dissect the roles of  individual 
molecules in the underlying processes. For instance, genetic targeting of  Smad3, an 

intracellular TGF-  signal transducer, or of the chemokine monocyte chemoattractant 
protein-1 (MCP-1) yielded mice that were resistant to bleomycin-induced scleroderma.

V asculopathy

V ascular involvement in SSc is extensive and has important cl inical consequences. 
Raynaud's phenomenon, an early manifestation, is characterized by an altered blood-f low 
response to cold challenge. This initial ly reversible vascular abnormality is associated with 
alterations in the autonomic and peripheral nervous systems, with impaired production of  
neuropeptides such as calci tonin gene-related peptide f rom sensory af ferent nerves and 

heightened sensitivi ty of  2-adrenergic receptors on vascular smooth-muscle cel ls. 
While isolated Raynaud's phenomenon is relatively benign and nonprogressive, in patients 
with SSc it is associated with irreversible morphological and functional changes. V iruses, 
superoxide radicals, and vascular cytotoxic factors such as serum proteases, complement, 
and circulating antiendothelial cel l  autoantibodies may each contribute to endothelial cel l 
injury in early SSc. Endothelial injury results in dysregulated production of endothelium-
derived vasodilatory (nitric oxide and prostacyclin) and vasoconstricting (endothelin-1 )  
substances, as well as increased expression of intercel lular adhesion molecule 1 (ICAM-1)  
and other surface adhesion molecules. M icrovessels show enhanced permeabi li ty and 
transendothelial leukocyte diapedesis, activation of coagulation and f ibrinolytic cascades, 
and platelet aggregation. Smooth-muscle cel l-l ike myointimal cells proliferate, the 
basement membrane is thickened and reduplicated, and f ibrosis of the adventi tial layers 
develops. The vasculopathic process af fects capi l laries, arterioles, and even large vessels in 
many organs, resulting in reduced blood f low and impaired tissue oxygenation.

Progressive luminal occlusion due to intimal and medial hypertrophy and adventitial 
f ibrosis, combined with persistent endothel ial  cel l  damage and apoptosis, establ ish a 
vicious cycle culminating in the striking absence of  blood vessels seen on angiograms of 
the hands and kidneys of  patients with late-stage disease. Damaged endothel ium promotes 
platelet aggregation with release of  platelet alpha granules including thromboxane, a potent 
vasoconstrictor, and of platelet-derived growth factor (PDGF). Vascular compromise is 
further aggravated by defective f ibrinolysis. Oxidative stress due to ischemia-reperfusion is 
associated with generation of  f ree radicals that further damage the endothel ium through 
peroxidation of membrane l ipids. Paradoxical ly, the process of  revascularization that 
normally reestablishes blood flow to ischemic tissue is defective in SSc. Failure of 
vasculogenesis occurs in the setting of elevated serum levels of  vascular endothel ial growth 
factor (VEGF) and other angiogenic factors. The number of bone marrow–derived CD34+ 
CD133+ endothelial progenitor cells is markedly reduced in the circulation, and their 
dif ferentiation in vitro into mature endothelial cells is impaired. Thus, widespread 
obl i terative vasculopathy and fai lure to repair damaged vessels are hal lmarks of  SSc.
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Cellular and Humoral Autoimmunity

In the early stages of  SSc, activated T cells and monocytes/macrophages accumulate in 
lesional skin, lungs, and other effected organs. Inf i l trating T cells express CD45 and HLA-
DR activation markers and display restricted receptor signatures indicative of ol igoclonal 
expansion in response to (unknown) antigen. Circulating CD4+ T cel ls have elevated levels 

of  chemokine receptors and 1 integrin adhesion molecules accounting for their 
enhanced abil i ty to bind to endothelium and to fibroblasts. Endothelial cells express ICAM-
1 and other adhesion molecules that faci li tate leukocyte diapedesis. A ctivated macrophages 
and T cells show a TH2-polarized immune response and secrete IL -4 and IL-13. TH 2  

cytokines induce the production of TGF-  and promote col lagen synthesis and other 

prof ibrotic responses, whereas the TH 1 cytokine interferon  (IFN- ) inhibits 

col lagen synthesis and blocks cytokine-mediated f ibroblast activation. Because TGF-
stimulates i ts own synthesis, as well as that of CTGF (also termed CCN2) and other 

cytokines, TGF-  establ ishes an autocrine/paracrine stimulatory loop that sustains 
activation of  f ibroblasts and other effector cel ls (Chaps. 308 and 312).

Circulating autoantibodies occur in virtually all patients with SSc. These mutually 
exclusive autoantibodies are highly specif ic for SSc and show strong association with 
individual disease phenotypes and genetical ly determined HLA haplotypes. Autoantibody 
levels correlate with disease severity, and ti ters f luctuate with disease activity. Some SSc-
specif ic autoantibodies are antinuclear and directed against proteins involved in mitosis, 
such as topoisomerase-I , centromere, and the RNA  polymerases; others are directed against 
cel l-surface antigens or secreted proteins. While autoantibodies have well-establ ished 
cl inical uti l i ty as diagnostic and prognostic markers, their pathogenetic role in the clinical 
manifestations of  SSc remains uncertain. Topoisomerase-I autoantibodies can directly bind 
to f ibroblasts, and autoantibodies to f ibroblasts, endothelial cells, PDGF cell-surf ace 
receptors, fibril lin-1, and matrix metal loproteinase enzymes have been described in SSc 
patients. Some of  these autoantibodies may play a direct role in tissue damage.

M ultiple potential mechanisms have been proposed to account for the generation of 
autoantibodies in SSc. According to one theory, in patients with SSc, certain proteins 
undergo modifications such as proteolytic cleavage, increased expression, or al tered 
subcellular localization, resulting in their recognition by the immune system. For example, 
the protease granzyme B is released from cytotoxic T cel ls, cleaves peptides, and generates 
potential neo-epitopes that can break immune tolerance. Recent studies implicate B cel ls in 
both the autoimmune and f ibrotic responses in SSc. In addition to their well-recognized role 

in antibody production, B cells can also present antigen, produce IL-6 and TGF- , and 
modulate T cell and dendritic cell  function. In patients with SSc, B cells show elevated 
expression of the CD19 membrane receptor, the naive B cel l  compartment is expanded, and 
numbers of  memory B cells and early plasma cel ls are reduced. Gene expression prof i l ing 
of  lesional skin has identif ied mRNA expression signatures characteristic of  activated B 
cel ls.
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Fibrosis

Fibrosis af fecting multiple organs distinguishes SSc from other connective tissue diseases. 
Fibrosis characteristical ly follows and is thought to be a consequence of autoimmunity and 
vascular damage. The process, characterized by progressive replacement of  normal tissue 
architecture with dense connective tissue, accounts for substantial morbidity and mortal i ty 
in SSc. Fibroblasts are mesenchymal cells responsible for maintaining the functional and 

structural integrity of connective tissue. When activated by TGF-  and related factors, 
f ibroblasts proli ferate, migrate, elaborate collagen and extracellular matrix, secrete growth 
factors and cytokines and express surface receptors for them, and transdifferentiate into 
myof ibroblasts. Together, these responses al low f ibroblasts to repair tissue injury under 
normal circumstances. While the f ibroblast repair program is rapid and self-l imited under 
physiologic conditions, the activation of fibroblasts in pathological f ibrosis is sustained and 
amplif ied, resulting in exaggerated matrix remodeling and scar formation.

In addition to resident connective tissue f ibroblasts, circulating mesenchymal progenitor 
cells of bone marrow origin also contribute to fibrosis. The factors that regulate the 
production of mesenchymal progenitor cells in the bone marrow and their trafficking from 
the circulation into lesional tissue, and promote their dif ferentiation in situ into matrix-
producing adhesive and contracti le f ibrocytes, are unknown. Fibroblasts can undergo 
transdifferentiation into smooth-muscle–l ike myofibroblasts. While myofibroblasts can be 
transiently detected during normal wound healing, they persist in tissue during pathological 
f ibrogenesis, possibly due to abnormal resistance to apoptosis. M yof ibroblasts contribute to 

scar formation via their abil i ty to produce collagen and TGF- and to contract the 
surrounding extracellular matrix, converting it into dense scar. 

Fibroblasts explanted f rom SSc lesional tissues display an abnormal phenotype in culture 
indicative of  autonomous activation. Compared to normal f ibroblasts, SSc fibroblasts are 
characterized by variably increased rates of  collagen gene transcription. Furthermore, they 
display smooth-muscle actin stress f ibers; enhanced synthesis and secretion of  extracel lular 
matrix molecules, cytokines, and growth factors; expression of  chemokine receptors and 
cel l  surface adhesion molecules; resistance to apoptosis; and constitutive autocrine TGF-

 signal ing. The abnormal "scleroderma phenotype" persists during serial passage of 
these cel ls in vi tro. The mechanisms underlying the autonomously activated phenotype are 
unknown; persistent f ibroblast activation via autocrine stimulatory loops involving TGF-

, selection of activated f ibroblast subpopulations driven by hypoxia or immune factors, 
intrinsic abnormalities in SSc f ibroblasts, and altered cell-matrix interaction may be 

involved. Recent studies indicate that intracellular blockade of TGF-  signal ing can 
partial ly "normalize" the activated phenotype in SSc lesional fibroblasts, suggesting that 

autocrine TGF-  signaling contributes to the persistent f ibrogenic phenotype of  SSc 
f ibroblasts. Results f rom global transcriptome analyses of SSc f ibroblasts show dif ferential 
expression of many extracellular matrix genes, including collagens, fibronectin, and 
f ibri ll ins. A  majority of the abnormally expressed genes could be mechanistically l inked to 
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TGF-  responses, but other f ibrogenic signal ing pathways also operate in SSc. 
Pathology

The distinguishing pathologic hallmark of SSc is the combination of widespread 
obli terative vasculopathy of small arteries and arterioles and f ibrosis in the skin and internal 
organs. Whereas in establ ished SSc these lesions occur in the absence of  inf lammation, in 
relatively early-stage disease, perivascular cel lular infi l trates may be detected in multiple 
organs prior to the appearance of  f ibrosis. In the skin, inf i l trates are located in the reticular 
dermis and are composed primarily of CD4+ T lymphocytes. In addition, CD8+ T cells, 
monocytes/macrophages, plasma cel ls, mast cells, and occasionally B cel ls may be 
detected. In the lungs the majority of inf i ltrating T cells are CD8+. Evidence of eosinophil 
degranulation in the absence of  intact eosinophils may be found. The vascular lesion is 
characterized by intimal proliferation in the small and medium-sized arteries, resulting in 
luminal narrowing. Obliterative vasculopathy is a late finding most prominent in the heart, 
lungs, kidneys, and intestinal tract. Tissue fibrosis is found in the skin, lungs, 
gastrointestinal tract, heart, tendon sheath, peri fascicular tissue surrounding skeletal 
muscle, and some endocrine organs. In these tissues, accumulation of  connective tissue 
composed of col lagens, fibronectin, proteoglycans, and other structural macromolecules 
leads to progressive replacement of normal tissue architecture, resulting in functional 
impairment of  affected organs.

Skin

In the skin, fibrosis causes massive dermal expansion and obli teration of the hair fol l icles, 
sweat glands, and other appendages (Fig. 316-2A). Collagen fiber accumulation is 
prominent in the reticular dermis, and the fibrotic process invades the subjacent adipose 
layer with entrapment of fat cel ls. The epidermis is atrophic, and the rete pegs are effaced.

Lungs

Figure 316-2

Pathol">

Pathologic findings in systemic sclerosis. A . Dermal sclerosis. The skin is thickened due 
to marked expansion of  the dermis. Thick bundles of  densely packed collagen replaces 
skin appendages. B .  Early intersti tial lung disease. Dif fuse f ibrosis of  the alveolar septae 
and a chronic inflammatory cell inf il trate. Trichrome stain. C .  Pulmonary arterial  
obliterative vasculopathy. Striking intimal hyperplasia and narrowing of the lumen of a 
small pulmonary artery, with minimal interstitial f ibrosis, in a patient with l imited 
cutaneous SSc.
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Patchy inf il tration of the alveolar walls with CD8+ lymphocytes, macrophages, and 
eosinophils occurs in early disease. With progression, intersti tial f ibrosis and vascular 
damage dominate the pathological picture, of ten coexisting within the same lesions in 
patients with dcSSc. Pulmonary fibrosis is characterized by expansion of  the alveolar 
intersti tium, with accumulation of col lagen and other connective tissue proteins. The most 
common histologic pattern is nonspecif ic interstitial pneumonitis (Fig. 316-2B ). 
Progressive thickening of the alveolar septae results in obl iteration of the airspaces and 
honeycombing, as well  as loss of pulmonary blood vessels. This process impairs gas 
exchange and contributes to worsening of pulmonary hypertension. Intimal thickening of 
the pulmonary arteries, best seen with elastin stain, underl ies pulmonary hypertension (Fig. 
316-2C) and, at autopsy, is often associated with multiple pulmonary emboli and evidence 
of myocardial f ibrosis.

Gastrointestinal Tract

Pathologic changes can be found at any level f rom the mouth to the rectum. The lower 
esophagus is frequently involved, with prominent f ibrosis of the lamina propria and 
submucosa and atrophy of  the muscular layers; striated muscle in the upper third of  the 
esophagus is general ly spared. Characteristic vascular lesions are of ten present. 
Replacement of  the normal intestinal tract architecture results in disordered peristaltic 
activity, with gastroesophageal ref lux, dysmotil i ty, and small-bowel obstruction. Chronic 
ref lux is associated with esophageal inf lammation, ulcerations, and stricture formation and 
may lead to premalignant Barrett's metaplasia. 

K idneys

In the kidneys, lesions in the interlobular arteries predominate, whereas glomerulonephritis 
is rare. Chronic renal ischemia is associated with shrunken glomeruli . Patients with 
scleroderma renal crisis show dramatic changes in small renal arteries with reduplication of  
elastic lamina, marked intimal proliferation, and narrowing of the lumen, often 
accompanied by thrombosis and microangiopathic hemolysis.

Heart

The heart is frequently affected, with prominent involvement of the myocardium and 
pericardium. The characteristic arteriolar lesions of intimal proliferation and luminal 
narrowing are accompanied by contraction band necrosis, ref lecting ischemia-reperfusion 
injury, and patchy myocardial fibrosis that may also involve the conduction system.

Other Organs

Synovitis may be found in early SSc; however, with progression of  the disease, the 
synovium becomes fibrotic. Fibrosis of  tendon sheaths and fascia produces palpable and 
sometimes audible tendon friction rubs. Inf lammatory myositis and, in later stages, muscle 
atrophy and f ibrosis are common findings. Fibrosis of the thyroid gland and of the minor 
sal ivary glands may be seen.
Clinical Features

Overview
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Systemic sclerosis can affect virtually every organ (Table 316-3). The disease show s a great 
deal of  variabil i ty in i ts clinical expression from one patient to the next. Patients can be 
classified into one of two major subsets def ined by the degree of cl inically involved skin 
(Table 316-2). In dcSSc, internal organ involvement occurs early and is often progressive. 
In contrast, lcSSc presents with long-standing Raynaud's phenomenon, is associated with 
indolent skin and l imited internal organ involvement, and carries a better prognosis. While 
classif ication of SSc into dif fuse and l imited cutaneous subsets is useful, disease expression 
is far more complex, and several distinct phenotypes are recognized within each subset. For 
example, 10–15% of patients with lcSSc develop severe pulmonary artery hypertension 
without signif icant interstitial lung disease (ILD). Other patients have systemic features of 
SSc without appreciable skin involvement (SSc sine scleroderma). Unique cl inical 
phenotypes of SSc associate with specif ic autoantibodies (Table 316-4). Patients with 
"overlap" have typical SSc features coexisting with clinical and laboratory evidence of 
another autoimmune disease such as polymyositis, autoimmune thyroid disease, Sjögren's 
syndrome, polyarthri tis, autoimmune l iver disease, or systemic lupus erythematosus.

Table 316-3 Internal Organ Involvement: L imited Cutaneous and Diffuse Cutaneous 
Forms of  Systemic Sclerosis

Features L imited Cutaneous SSc 
(%)

Diffuse Cutaneous SSc 
(%)

Skin involvement 90a 100

Raynaud's phenomenon 99 98
Esophageal involvement 90 80
Pulmonary fibrosis 35 65
Pulmonary arterial  
hypertension 

25 15

Myopathy 11 23
Cardiac involvement 9 12
Scleroderma renal crisis 2 15

a10% of  lcSSc patients have SSc sine scleroderma.
Table 316-4 A utoantibodies in Systemic Sclerosis (SSc)

Target Antigen SSc Subset Characteristic Clinical Association
Topoisomerase-I dcSSc ILD, cardiac involvement, scleroderma renal crisis
Centromere proteins lcSSc Digital ischemia, calcinosis, isolated PAH
U3-RNP dcSSc PAH, ILD, scleroderma renal crisis, myositis
Th/T0 lcSSc ILD, PAH
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The term scleroderma refers to local ized scleroderma and is used to describe a group of  
localized f ibrosing skin disorders that primarily affect children (Table 316-1). In contrast to 
SSc, localized scleroderma is rarely associated with internal organ involvement. M orphea 
presents as sol i tary or multiple circular patches of  thickened skin and, less commonly, 
widespread induration (general ized morphea); the fingers are spared. L inear scleroderma—
streaks of thickened skin, typically in one or both lower extremities— may af fect the 
subcutaneous tissues with f ibrosis and atrophy of supporting structures, muscle, and bone. 
In chi ldren, the growth of  af fected long bones can be retarded. When l inear scleroderma 
lesions cross joints, signif icant contractures can develop.

Initial Clinical Presentation

The initial cl inical presentation is quite dif ferent in the dif fuse and the limited cutaneous 
forms of the disease. In dcSSc, the interval between Raynaud's phenomenon and 
appearance of other manifestations is general ly brief  (weeks to months). Sof t tissue 
swell ing and intense pruritus are signs of  the early inf lammatory "edematous" phase of  
dcSSc. The skin on the fingers, hands, distal l imbs, and face is usually af fected f irst. 
Patients may note dif fuse hyperpigmentation. Carpal tunnel syndrome can occur. 
A rthralgias are common and may be associated with muscle weakness and decreased joint 
mobil i ty. During the ensuing weeks to months, the inf lammatory edematous phase evolves 
into the " fibrotic" phase. Fibrosis starts in the dermis and is associated with loss of body 
hair, reduced production of  skin oi ls, and a decl ine in sweating capacity. The subcutaneous 
tissue becomes af fected, with fat atrophy and fibrosis of  underlying fascia, muscle, and 
other sof t tissue structures. Progressive flexion contractures of  the f ingers ensue. The 
wrists, elbows, shoulders, hip girdles, knees, and ankles are also af fected due to f ibrosis of 
the supporting joint structures. While advancing skin involvement is the most visible 
manifestation of  early active dcSSc, progressive internal organ involvement occurs during 
this stage. The initial 4 years of the disease is the period of  rapidly evolving systemic 
involvement; i f organ fai lure does not occur during this period, the systemic process may 
then stabil ize without further progression.

The course of the disease in lcSSc is more indolent and relatively benign. The period 
between the onset of  Raynaud's phenomenon and additional manifestations such as 
gastroesophageal ref lux, telangiectasia, or calcinosis is commonly several years. Raynaud's 
phenomenon tends to be more severe in lcSSc and is f requently associated with cri tical 
digital ischemia, ulcerations, and autoamputation. A lthough significant renal involvement 
or pulmonary fibrosis is uncommon, isolated pulmonary artery hypertension develops in 
10–15% of patients with lcSSc. Overlap of  SSc with other autoimmune syndromes, 
including the sicca complex, polyarthritis, cutaneous vasculitis, and bil iary cirrhosis, occurs 
primari ly in the lcSSc subset.

PM/Scl lcSSc Calcinosis, myositis
U1-RNP MCTD PAH
RNA polymerase III dcSSc Extensive skin, scleroderma renal crisis

N ote: dcSSc, diffuse cutaneous SSc; lcSSc, limited cutaneous SSc; ILD, intersti tial lung 
disease; PAH, pulmonary arterial hypertension. 

Organ Involvement
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Raynaud's Phenomenon

Raynaud's phenomenon, defined as episodic vasoconstriction in the f ingers and toes, 
develops in virtual ly every patient with SSc. In some, episodes may also af fect the tip of  the 
nose and earlobes. A ttacks are triggered by exposure to cold, a decrease in temperature, 
emotional stress, and vibration. In colder cl imates, patients commonly experience an 
increase in the frequency and severity of  episodes during the winter months. Typical attacks 
start with pallor, fol lowed by cyanosis of variable duration. Eventually erythema develops 
spontaneously or with rewarming of the digit. The progression of the three color phases 
ref lects the underlying pathogenic mechanisms of  vasoconstriction, ischemia, and 
reperfusion. Some patients with Raynaud's phenomenon may experience only pal lor or 
cyanosis.

A s much as 3–5% of  the general population has Raynaud's phenomenon, and i t is more 
f requent in women. In the absence of associated signs or symptoms of  an underlying 
condition, Raynaud's phenomenon is classif ied as primary, and represents an exaggerated 
physiological response to cold. Secondary Raynaud's phenomenon occurs as a complication 
of  SSc and other connective tissue diseases, hematological and endocrine conditions, and 
occupational disorders, as wel l  as in association with the use of beta blockers such as 
atenolol, anticancer drugs such as cisplatin and bleomycin, and a variety of  other 
medications. Distinguishing primary versus secondary Raynaud's phenomenon can present 
a diagnostic challenge. The lack of an underlying cause for Raynaud's phenomenon on the 
basis of the history and physical examination; a positive family history of Raynaud's 
phenomenon; absence of digi tal  tissue necrosis, ulceration, or gangrene; and a negative test 
for antinuclear antibodies support the diagnosis of  primary Raynaud's phenomenon. 
Secondary Raynaud's phenomenon tends to develop at an older age (>30 years), is 
cl inical ly more severe (episodes more frequent, prolonged, and painful), and is frequently 
associated with ischemic lesions and infarction in the digits (Fig. 316-3). The cutaneous 
capil laries at the nailbed can be viewed under a drop of grade B immersion oil  using a low-
power stereoscopic microscope. Nailfold microscopy may be helpful in Raynaud's 
phenomenon; patients with primary Raynaud's phenomenon have normal capi l laries that 
appear as regularly spaced paral lel  vascular loops, whereas in SSc and other connective 
tissue diseases, nai l fold capil laries are distorted with widened and irregular loops, di lated 
lumen, and areas of  vascular "dropout." In patients with SSc, Raynaud's-l ike abnormal 
vascular reactivity may involve multiple vascular beds, and cold-induced episodic 
vasospasm has been documented in the pulmonary, renal, gastrointestinal, and coronary 
circulations.

Skin Features

Figure 316-3

Digital necrosis. Sharply demarcated necrosis of the f ingertip in a patient with limited 
cutaneous SSc.
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Clinically evident skin thickening is the hallmark of SSc that distinguishes it from other 
connective tissue diseases. The distribution of skin thickening is invariably symmetrical 
and bi lateral. In the early stages of dcSSc, edema is gradually replaced by skin thickening 
that characteristically advances from distal to proximal extremities in an ascending 
centripetal fashion. In the af fected areas, the skin is f i rm, coarse, and thickened. The 
extremities and trunk may be darkly pigmented. In some patients, diffuse tanning in the 
absence of sun exposure is a very early manifestation of skin involvement. In dark-skinned 
patients, viti ligo-l ike hypopigmentation may occur. Because pigment loss spares the 
perifol l icular areas, a "salt-and-pepper" appearance of the skin may be seen; this pattern is 
most common on the scalp, upper back, and chest. Dermal sclerosis due to col lagen 
accumulation causes obl i teration of  hair fol l icles, sweat glands, and sebaceous glands, 
resulting in hair loss, decreased sweating, and dry skin. Transverse creases on the dorsum 
of the f ingers disappear (Fig. 316-4). The f ingers develop f ixed flexion contractures, 
causing reduced hand mobil i ty and muscle atrophy. Skin thickening in combination with 
f ibrosis of  the subjacent tendons accounts for contractures of the wrists, elbows, and knees. 
Thick ridges at the neck due to f irm adherence of  skin to the underlying platysma muscle 
interfere with neck extension. The face assumes a characteristic "mauskopf"  appearance 
with taut and shiny skin, loss of  wrinkles, and occasionally an expressionless facies due to 
reduced mobil i ty of  the eyelids, cheeks, and mouth. Thinning of the l ips with accentuation 
of the central incisor teeth and fine wrinkles (radial furrowing) around the mouth complete 
the picture. The oral aperture may be dramatical ly reduced; microstomia interferes with 
eating and oral  hygiene. The nose assumes a pinched, beak-l ike appearance.

In establ ished SSc of long duration, the af fected skin is f irmly bound to the subcutaneous 
fat (tethering) and undergoes thinning and atrophy. M acular telangiectasia 2–20 mm in 
diameter occur f requently, particularly in lcSSc. These skin lesions, which resemble the 
telangiectasia seen in hereditary hemorrhagic telangiectasia, are prominent on the face, 
hands, l ips, and oral cavity. Breakdown of atrophic skin leads to slow-healing ulcerations 
that are most common at the extensor surfaces of the proximal interphalangeal joints. Other 
sites for skin ulcerations include the volar pads of the f ingertips and bony prominences such 
as the elbows and malleol i . Chronic ulcers are painful and may become secondari ly 
infected, resulting in osteomyelitis. Healing of ischemic fingertip ulcerations leaves 
characteristic digital "pits." Soft tissue loss at the f ingertips due to ischemia is f requent and 
may be associated with striking resorption of  the terminal phalanges (acro-osteolysis) (Fig. 
316-5).

Figure 316-4  

Sclerodactyly. Note skin induration and f ixed f lexion contractures at the proximal 
interphalangeal joints in a patient with l imited cutaneous SSc.

Figure 316-5
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Calcium deposits occur in the skin and soft tissues, particularly in patients with lcSSc who 
are positive for anticentromere antibodies. The deposits, varying in size from tiny punctate 
lesions to large conglomerate masses, are composed of  calcium hydroxyapati te crystals and 
can be readily visualized on plain x-rays. Frequent locations include the finger pads, palms, 
extensor surfaces of the forearms, and the olecranon and prepatellar bursae (Fig. 316-6). 
Paraspinal calcifications may cause neurological complications. Calcif ic deposits are 
general ly noted as persistent f i rm, nontender subcutaneous lumps and may occasional ly 
ulcerate through the overlying skin, producing drainage of chalky white material, pain, and 
local inf lammation.

Pulmonary Features

Pulmonary involvement can be documented in most patients with SSc and is now the 
leading cause of death. The two main types of significant pulmonary involvement are ILD 
and PAH; many patients develop some degree of both complications. Less frequent 
pulmonary manifestations include aspiration pneumonitis complicating gastroesophageal 
ref lux, pulmonary hemorrhage due to endobronchial telangiectasia, obl iterative 
bronchiolitis, pleural reactions, restrictive venti latory defect due to chest wall fibrosis, and 
spontaneous pneumothorax. The incidence of  lung cancer, particularly bronchoalveolar 
carcinoma, may be increased in patients with SSc.

Pulmonary involvement may remain asymptomatic unti l  it is advanced. The most f requent 
presenting symptoms of pulmonary involvement— exertional dyspnea, fatigue, and reduced 
exercise tolerance— are of ten subtle and slowly progressive. A  chronic dry cough may be 
present. Physical examination may reveal "Velcro" crackles at the lung bases. Pulmonary 
function testing (PFT) is a sensitive method for detecting early pulmonary involvement in 
asymptomatic patients. The most common abnormalities are reductions in forced vital 
capacity (FVC) or single breath dif fusing capacity (DLCO). A reduction in DLCO that is 
significantly out of proportion to the reduction in FVC suggests pulmonary vascular 
disease, but may also be due to anemia. With exercise, patients show a decrease in PO2.

Interstitial Lung Disease (ILD)

Some evidence of  ILD can be found at autopsy in up to 90% of patients with SSc and by 

Acro-osteolysis. Note dissolution of terminal phalanges in a patient with long-standing 
l imited cutaneous SSc.

Figure 316-6

Calcinosis cutis. Note large calcific deposit breaking through the skin in a patient with 
l imited cutaneous SSc.
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thin-section high-resolution computed tomography (HRCT) in 85%. ILD and pulmonary 
f ibrosis cause restrictive lung disease with impaired gas exchange, characterized on PFT by 
decreased FVC and DLCO but unaffected f low rates. Clinically signif icant ILD develops in 
16–43% of patients with SSc, the f requency depending on the detection method used and 
the characteristics of the patient population. Risk factors include male gender, A frican-
A merican race, di f fuse skin involvement, severe gastroesophageal ref lux, and the presence 
of  topoisomerase-I autoantibodies, as well as a low FV C or DLCO at initial presentation. In 
patients who develop signif icant ILD, the most rapid progression in lung disease occurs 
early in the course of the disease (within the first 3 years), when the FVC declines by an 
average of  32% per year.

Chest radiography is useful for rul ing out infection and other causes of pulmonary 
involvement, but it is relatively insensitive for detection of early ILD. HRCT of the chest is 
more sensitive and may show reticular l inear opacities predominantly in the lower lobes, 
even in asymptomatic patients (Fig. 316-7). Additional findings include mediastinal 
lymphadenopathy, nodules, and honeycombing. Ground-glass opacif ication, seen in 50% of 
patients, is not specif ic for identifying alveolitis or predicting rapidly progressing lung 
disease. Bronchoalveolar lavage (BAL) may be useful for identifying inflammation in the 
lower respiratory tract and rul ing out infection. In some studies, an elevated proportion of 
neutrophils (>2%) and/or eosinophils (>3%) in the BAL f luid was associated with more 
extensive lung disease, more rapid decl ine in FVC, and reduced survival. Lung biopsy is 
indicated only in patients with atypical f indings on chest radiographs and should be 
thoracoscopically guided. The histologic pattern on lung biopsy may be helpful in 
predicting the risk of progression of ILD. The most common pattern in SSc, nonspecific 
intersti tial pneumonitis, carries a better prognosis than usual intersti tial pneumonitis. 
Recent studies suggest that measurement of  serum markers such as K L-6, a glycoprotein 
found in type II  pneumocytes and alveolar macrophages, may have uti l ity in the detection 
and serial monitoring of ILD in patients with SSc.

Pulmonary Arterial Hypertension (PAH)

PA H, defined as a mean pulmonary arterial  pressure >25 mm Hg at rest, as determined by 
right heart catheterization, is increasingly recognized as a major complication of SSc. 
Approximately 12–25% of SSc patients have evidence of  PAH. In these patients, PAH may 
occur in association with ILD or as an isolated pulmonary abnormality. The natural history 
of  SSc-associated PAH is variable, but in many patients it fol lows a relentlessly downhil l  
course with development of right heart failure and significant mortality. Risk factors for 
PA H include l imited cutaneous disease with anticentromere antibodies, late age at disease 
onset, severe Raynaud's phenomenon, and the presence of U1-RNP, U3-RNP (fibril larin), 
and B23 antibodies.

Figure 316-7

High-resolution CT  scan of the lungs. Note peripheral bi lateral reticulonodular 
opacif ications in the lower lobes of the lungs in a patient with diffuse cutaneous SSc.
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Patients with early PAH are generally asymptomatic. The initial symptom is typically 
exertional dyspnea and reduced exercise capacity. With progression, angina, exertional 
near-syncope, and symptoms and signs of right-sided heart fai lure appear. Physical  
examination shows tachypnea, a prominent pulmonic S2 heart sound, palpable right 
ventricular heave, elevated jugular venous pressure, and dependent edema. Doppler 
echocardiography provides an estimate of  pulmonary arterial  systol ic pressures and also 
indicates the presence of valvular abnormalities or left ventricular systolic or diastolic 
dysfunction that could cause pulmonary hypertension due to elevated pulmonary venous 
pressures. Echocardiogram-derived estimates of  pulmonary arterial  systol ic pressures 
exceeding 40 mm Hg at rest suggest PA H. Pulmonary function testing may show a reduced 
DLCO in isolation or combined with a restrictive pattern. Right heart catheterization is 
required to conf irm the presence of PA H and accurately assess i ts severi ty. Recent studies 
indicate that elevated serum levels of brain natriuretic peptide (BNP) and N-terminal BNP 
correlate with the presence and severity of PA H, suggesting a potential role for BNP 
measurements in screening SSc patients for PA H and in monitoring response to treatment. 
The prognosis of PAH is determined by the degree of  pulmonary arterial pressure elevation.

Gastrointestinal Involvement

The gastrointestinal tract is af fected in up to 90% of patients with SSc and may be 
asymptomatic or present with unexplained weight loss. Gastrointestinal involvement is 
characterized by abnormal moti l i ty of  the esophagus, stomach, and small and large 
intestines. The pathological features are similar throughout the length of  the gastrointestinal 
tract, with prominent atrophy and f ibrosis of  smooth muscle, intact mucosa, and obliterative 
small-vessel vasculopathy. Oropharyngeal manifestations are frequent and are due to a 
combination of xerostomia, reduced oral aperture, and periodontal disease. Symptoms of  
gastroesophageal ref lux disease (GERD) develop early. M ost patients have heartburn, 
regurgitation, and dysphagia. A  combination of  reduced lower esophageal sphincter 
pressure, impaired esophageal clearance of  ref luxed gastric contents due to diminished 
motility in the distal two-thirds of  the esophagus, and delayed gastric emptying accounts for 
GERD. Severe erosive esophagitis may be found on endoscopy in patients with minimal 
symptoms. Endoscopy may be necessary to rule out opportunistic infections with Candida, 
herpes virus, and cytomegalovirus. Esophageal strictures and Barrett's esophagus may 
complicate chronic GERD. Because Barrett's esophagus is associated with adenocarcinoma, 
SSc patients with this lesion need to undergo periodic endoscopy and biopsy. Extra-
esophageal manifestations of  GERD, such as hoarseness and chronic cough, and aspiration 
pneumonitis aggravating ILD may occur.

Gastroparesis is common and may cause early satiety, abdominal pain and distension, and 
aggravated ref lux symptoms. The presence and severi ty of gastroparesis can be assessed by 
radionucl ide gastric emptying studies. Gastric vascular ectasia may occur in the antrum. 
These subepithelial lesions, part of  the dif fuse small-vessel vasculopathy of  SSc, give a 
watermelon appearance on endoscopy. Patients with watermelon stomach may have 
recurrent episodes of  occult gastrointestinal bleeding, resulting in unexplained anemia. 
M anometric testing shows abnormalities in the upper small intestines of  most patients with 
SSc. Impaired moti l i ty may result in malabsorption and chronic diarrhea secondary to 
bacterial overgrowth. Fat and protein malabsorption and B12 and vitamin D def iciency 
ensue, sometimes culminating in severe malnutrition. Disturbed intestinal motor function 
can also cause intestinal pseudoobstruction. Patients present with recurrent episodes of 
acute abdominal pain, nausea, and vomiting. Radiographic studies show acute intestinal 
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obstruction, and the major diagnostic challenge is to differentiate pseudoobstruction, which 
responds to supportive care and intravenous nutri tional supplementation, from mechanical 
obstruction. Colonic involvement may cause constipation, fecal incontinence, and rectal 
prolapse. In late-stage SSc, wide-mouth sacculations in the colon may occur, causing 
perforation and bleeding. An occasional radiologic f inding is pneumatosis cystoides 
intestinal is due to air trapping in the bowel wall  that may rupture and cause benign 
pneumoperitoneum. Primary biliary cirrhosis may coexist with SSc.

Renal Involvement

Hypertension and chronic nonprogressive proteinuria are frequent in SSc. Scleroderma 
renal crisis, which is the most dreaded complication of  SSc, occurs in 20–25% of patients, 
most commonly within 4 years of  the onset of  the disease. Unti l  the advent of ACE 
inhibitor drugs, short-term survival of  patients with scleroderma renal crisis was <10%. The 
pathogenesis of  scleroderma renal crisis involves obl i terative vasculopathy of the renal 
cortical arteries. Progressive reduction in renal blood f low, aggravated by vasospasm, leads 
to juxtaglomerular apparatus hyperplasia, renin secretion, and activation of  the renin-
angiotensin axis, with further renal vasoconstriction resulting in a vicious cycle that 
culminates in malignant hypertension. Factors that further compromise already impaired 
renal blood f low, such as dehydration and hypotension, play a role in precipitating 
scleroderma renal crisis. Risk factors include A frican-A merican race, male gender, di f fuse 
and rapidly progressive skin involvement, and autoantibodies to RNA  polymerase I II . The 
presence of palpable tendon friction rubs, pericardial ef fusion, new unexplained anemia, 
and thrombocytopenia may predict impending scleroderma renal crisis. High-risk patients 
should be monitored closely and counseled to check their blood pressure dai ly. Patients 
with lcSSc only infrequently develop scleroderma renal crisis. Because there is a signif icant 
association between glucocorticoid use and the onset of scleroderma renal crisis, 
prednisone should be avoided in high-risk SSc patients.

Patients characteristical ly present with abrupt onset of malignant hypertension. They may 
complain of  severe headache, blurred vision, and chest pain and have striking elevation of  
blood pressure. In approximately 10% of  patients, blood pressure remains normal 
(normotensive renal crisis). Urinalysis shows proteinuria and microscopic hematuria; 
thrombocytopenia and evidence of  a microangiopathic hemolysis with f ragmented red 
blood cells is seen. Rapidly progressive oliguric renal failure generally fol lows. In some 
patients, scleroderma renal crisis is misdiagnosed as thrombotic thrombocytopenic purpura. 
A  creatinine >3 mg/dl at presentation predicts poor outcome, with permanent hemodialysis 
and high mortality. Prompt aggressive intervention with ACE inhibitors to achieve blood 
pressure control before renal fai lure results in significantly improved prognosis. 

Cardiac Involvement

Cardiac involvement is manifested by myocardial and pericardial disease and conduction 
system abnormalities. Cardiac involvement can also occur secondary to PAH and 
scleroderma renal crisis. Despite the presence of  widespread obli terative vasculopathy in 
SSc, the frequency of  clinical or pathological coronary artery disease is not elevated. M ost 
patients with cardiac involvement remain asymptomatic unti l  heart failure or serious 
arrhythmias occur. Overt signs of  cardiac involvement in SSc are associated with increased 
mortality. Thall ium perfusion studies document abnormal cardiac perfusion in a majority of 
patients. Raynaud's-l ike episodic vasospasm of  the coronary arteries has been described. 
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Echocardiographic evidence of left ventricular diastolic dysfunction is frequent. Diastolic 
dysfunction may be due to hypertension or myocardial fibrosis, but i ts cl inical signif icance 
is unclear. M yocarditis can develop in association with inf lammatory polymyositis. 
Conduction defects and arrhythmias due to f ibrosis or ischemia of  the conduction system 
are f requent. Pericardial effusions may occur, causing symptoms and, rarely, tamponade.

M usculoskeletal Complications

Carpal tunnel syndrome occurs f requently and may be a presenting manifestation of  SSc. 
General ized arthralgia and sti f fness are prominent in early disease. Joint mobil i ty is 
progressively impaired, especial ly in patients with dcSSc. Most commonly affected are the 
hands, where contractures at the proximal interphalangeal joints and wrists develop, 
sometimes accompanied by tendon friction rubs characterized by leathery crepitation that 
can be heard or palpated upon passive movement. Tendon rubs are due to extensive f ibrosis 
and adhesion of  the tendon sheaths and fascial planes at the af fected joint. M ovement at the 
elbows, shoulders, and knees is frequently reduced. True joint inflammation is uncommon; 
however, occasional patients develop features of  rheumatoid arthri tis and, rarely, severe 
erosive asymmetrical polyarthritis of  the joints in the hands. Muscle weakness may ref lect 
deconditioning, disuse atrophy, and malnutrition. Less commonly, inf lammatory myositis 
indistinguishable from idiopathic polymyositis may occur. A chronic noninflammatory 
myopathy characterized by atrophy and f ibrosis in the absence of  elevated muscle enzyme 
levels is seen in some patients with late-stage SSc. Bone resorption , a f requent late 
complication, occurs most commonly in the terminal phalanges, where i t causes loss of  the 
distal tuf ts (acro-osteolysis) (Fig. 316-5). Acro-osteolysis of  the mandibular condyles can 
lead to bite dif ficulties. Osteolysis can also affect the ribs and distal clavicles.

Other Disease M anifestations

M any SSc patients develop dry eyes and dry mouth (sicca complex). Biopsy of  the minor 
salivary glands shows fibrosis rather than focal lymphocytic inf i l tration characteristic of 
primary Sjögren's syndrome (Chap. 317). Hypothyroidism is common and generally due to 
f ibrosis of  the thyroid gland. Whereas the central nervous system is general ly spared in 
SSc, sensory trigeminal neuropathy due to f ibrosis or vasculopathy can occur, presenting 
with gradual onset of  pain and numbness. Pregnancy in women with SSc is associated with 
an increased rate of adverse fetal outcomes. Furthermore, worsening cardiopulmonary 
involvement may occur during pregnancy, and new onset of scleroderma renal crisis has 
been described. Erecti le dysfunction is f requent in men with SSc and may be the initial 
disease manifestation. Inabil i ty to attain or maintain penile erection is due to vascular 
insuff iciency and fibrosis.
L aboratory Features

A nemia is f requent in patients with SSc and may have dif ferent etiologies. M ost common is 
a mild normocytic or microcytic anemia due to chronic inf lammation. Serum iron is low or 
normal, whereas ferri tin levels are elevated. Iron deficiency anemia may indicate 
gastrointestinal bleeding caused by watermelon stomach or chronic esophagitis. M acrocytic 
anemia, indicating a maturation disorder, may be caused by folate and vitamin B12
deficiency due to small bowel bacterial overgrowth and malabsorption, or by drugs that 
interfere with cellular DNA metabolism, such as methotrexate or alkylating agents. Acute 
microangiopathic hemolytic anemia, caused by mechanical trauma and fragmentation of  
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red blood cells during their passage through microvessels coated with f ibrin or platelet 
thrombi, frequently accompanies scleroderma renal crisis. Thrombocytopenia and 
leukopenia occur rarely and generally indicate drug toxicity. In contrast to other connective 
tissue diseases, the erythrocyte sedimentation rate (ESR) is general ly normal; an elevation 
may indicate coexisting myositis or malignancy.

A ntinuclear autoantibodies can be detected in almost al l  patients with SSc and are present 
at disease onset. Some of these autoantibodies, such as those directed against 
topoisomerase-I (Scl-70) and centromere, are very highly specific for SSc and are mutually 
exclusive. Furthermore, a patient's specif ic autoantibody profi le remains stable over time. 
Each of  the eight distinct autoantibodies described in SSc shows a strong association with a 
particular disease phenotype (Table 316-4). Topoisomerase-I  antibodies are detected in 
31% of patients with dcSSc, but in only 13% of patients with lcSSc; conversely, 
anticentromere antibodies are detected in 38% of patients with lcSSc, but in only 2% of 
patients with dcSSc. Topoisomerase-I antibodies general ly occur in patients with dcSSc and 
early-onset ILD. Anticentromere antibodies occur in patients with lcSSc with PAH, 
whereas cardiac and renal involvement and signif icant ILD are rare in these patients. 
Patients with topoisomerase-I  antibody have reduced survival compared to those without 
this antibody; whereas patients with anticentromere antibody have improved survival 
compared to those without this antibody. The characteristic nucleolar immunofluorescene 
pattern of SSc detected on serological testing is due to antibody recognition of U3-RN P 
(f ibri l larin), Th/To, and PM/Scl. No direct pathogenic role has been established for SSc-
associated autoantibodies; however, recent studies indicate that antibody ti ters correlate 
with disease severity and f luctuate with disease activity.

Diagnosis

The diagnosis of SSc is made primari ly on cl inical grounds and is generally straightforward 
in patients with establ ished disease. The presence of skin induration, with a characteristic 
symmetrical distribution pattern associated with typical visceral organ manifestations, 
establishes the diagnosis with a high degree of certainty. While the conditions listed in 
Table 316-1 may be associated with variable skin induration, the distribution pattern of 
these lesions, absence of  Raynaud's phenomenon, and lack of typical visceral organ 
manifestations or SSc-specific autoantibodies help to differentiate these conditions from 
SSc. Occasionally, ful l-thickness biopsy of the skin may be indicated to establ ish the 
diagnosis of scleredema, scleromyxedema, or nephrogenic systemic fibrosis. In lcSSc a 
history of antecedent Raynaud's phenomenon and gastroesophageal reflux symptoms, 
coupled with the presence of sclerodactyly, of ten in combinations with telangiectasia and 
calcinosis cutis, helps to establish the diagnosis. The f inding of digital tip pitting scars and 
radiological evidence of pulmonary f ibrosis in the lower lobes are particularly helpful 
diagnostical ly. Primary Raynaud's phenomenon is a common disorder that must be 
differentiated from early or l imited SSc. Nailfold microscopy is particularly helpful in this 
situation, because in primary Raynaud's phenomenon the nail fold capil laries are normal, 
whereas in SSc capi l lary abnormal ities can be detected even before other disease 
manifestations.

Establishing the diagnosis of  SSc in early disease may be a chal lenge. In patients with 
dcSSc, initial symptoms are of ten nonspecif ic and relate to inflammation. Raynaud's 
phenomenon may be absent at this stage, and patients complain of fatigue, swell ing, aching, 
and sti f fness; muscle weakness and weight loss may be prominent. Physical examination 
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may reveal di ffuse edema and swel l ing of  the f ingers. Patients are sometimes diagnosed as 
early rheumatoid arthritis, systemic lupus erythematosus, myositis, or, most commonly, 
undif ferentiated connective tissue disease. Within weeks to months, Raynaud's 
phenomenon develops, and the disease assumes i ts characteristic cl inical features with 
advancing induration of  the skin. The presence of  antinuclear and SSc-speci f ic 
autoantibodies, most commonly anticentromere or anti topoisomerase-I, provides a high 
degree of diagnostic specif icity. Raynaud's phenomenon with f ingertip ulcerations or other 
evidence of digital ischemia, coupled with telangiectasia, distal esophageal dysmoti l i ty, 
unexplained ILD, or PAH, or malignant hypertension with renal failure in the absence of 
skin induration, suggests the diagnosis of SSc sine scleroderma. These patients general ly 
have anticentromere antibodies.
Systemic Sclerosis: Treatment

Overview

To date, no therapy has been shown to signif icantly alter the natural history of  SSc. In 
contrast, multiple interventions are highly effective in alleviating the symptoms and in 
slowing the progression of the cumulative organ damage. A  signif icant reduction in 
disease-related mortali ty has been noted during the past 25 years. Because of  the marked 
heterogeneity in clinical presentations, patients with SSc need careful investigation, and 
evaluation and treatment approaches must be individual ly tai lored according to each 
patient's unique needs. Optimal management incorporates the fol lowing principles: prompt 
and accurate diagnosis; classif ication and risk strati f ication based on cl inical and laboratory 
evaluation; early recognition of organ-based complications and assessment of their extent, 
severity, and l ikelihood of deterioration; ongoing regular monitoring for progression, 
disease activi ty, and response to therapy; and continuing patient education. In order to 
minimize irreversible organ damage, the approach to the management of l i fe-threatening 
complications must be proactive, with regular screening and initiation of appropriate 
intervention at the earl iest possible opportunity. In l ight of the highly complex and 
multisystemic nature of SSc, a hol istic approach that integrates care by special ists f rom 
multiple discipl ines is best. M ost patients are treated with combinations of drugs that act 
upon different aspects of  the disease. I t is important that patients become famil iar with the 
ful l  spectrum of potential complications, have a thorough understanding of  the therapeutic 
options and natural history of  the disease, and be encouraged to partner with their 
physicians in i ts management. This typically requires a long-term relationship between 
patient and physician, with ongoing counseling and encouragement.

D isease-Modifying Treatments

Immunosuppressive agents that are ef fective in control l ing other connective tissue diseases 
have generally shown modest or no benefit in the treatment of  SSc. Glucocorticoids may 
decrease sti f fness and aching in patients with early-stage dcSSc but do not inf luence the 
progression of skin or internal organ involvement. Furthermore, use of glucocorticoids in 
high doses is associated with an increased risk of  scleroderma renal crisis. Therefore 
glucocorticoids should be avoided i f  possible; when absolutely necessary, they should be 
given at the lowest dose possible and for brief periods only. Cyclophosphamide has been 
extensively studied, in l ight of i ts eff icacy in the treatment of vasculitis (Chap. 319), 
systemic lupus erythematosus (Chap. 313) and other autoimmune diseases (Chap. 312). A  
number of retrospective uncontrolled cl inical trials evaluated the eff icacy of daily oral and 
intermittent intravenous cyclophosphamide in SSc-related IL D. These studies, as wel l  as a 
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recent placebo-control led multicenter clinical trial, showed that cyclophosphamide reduced 
the progression of ILD in patients with early symptomatic disease, with stabil ization, and, 
rarely, modest improvement in abnormalities of pulmonary function and HRCT. 
Improvement in the extent of skin induration has also been noted. Patients with early-stage 
SSc and evidence of progressive pulmonary involvement appear to be candidates for 
cyclophosphamide therapy. Cyclophosphamide is generally given for 6–12 months, but the 
optimal duration of therapy has not been establ ished. The benef i ts of cyclophosphamide 
need to be balanced by its potential toxicity. Well-recognized adverse effects include bone 
marrow suppression, opportunistic infections, hemorrhagic cysti tis and bladder cancer, 
premature ovarian fai lure, and late secondary malignancies.

In small clinical trials, methotrexate, an antimetabolite used extensively in the treatment of  
rheumatoid arthritis, showed a modest therapeutic benefit. The potential prof ibrotic ef fects 
of  methotrexate, manifested as infrequent l iver cirrhosis and ILD, raise concern regarding 
its use in a f ibrotic disorder. Mycophenolate mofeti l  treatment was associated with 
improved skin induration in uncontrol led studies and was generally well tolerated. 
Therapeutic immunomodulation using cyclosporine, azathioprine, extracorporeal 
photophoresis, thalidomide, or rapamycin is currently not well-supported by the l i terature. 
Immune ablation using high-dose chemotherapy, fol lowed by autologous peripheral stem 
cel l  reconsti tution, has been performed in SSc. Because uncontrolled studies have shown 
that stem cel l  transplantation in patients with extensive SSc and poor prognosis was 
associated with variable cl inical response, this form of intervention is currently undergoing 
evaluation in randomized prospective clinical trials. In light of its substantial morbidity and 
mortal i ty, autologous stem cell transplantation in SSc is sti l l  considered experimental.

Because widespread tissue f ibrosis causes progressive organ damage in dcSSc, drugs that 
interfere with the f ibrotic process represent a rational approach to therapy. D -penici llamine 
has been extensively used in SSc as an anti f ibrotic agent. Retrospective studies indicated 
that, by virtue of its immunosuppressive activity and abil i ty to prevent cross-linking of 
extracel lular col lagen fibers, D -penici l lamine stabil ized and improved skin induration, 
prevented new internal organ involvement, and improved survival. However, a randomized 
controlled clinical trial in early active SSc found no difference in the extent of skin 
involvement between patients treated with standard-dose (750 mg/d) or very low-dose (125 

mg every other d) D -penicillamine. Minocycline, recombinant relaxin, and INF-  hav e 
failed to show meaningful clinical benefit in small studies.

The goal of  vascular therapy is to control episodes of Raynaud's phenomenon, prevent the 
development and enhance the heal ing of  ischemic complications, and slow the progression 
of  obli terative vasculopathy. Patients with Raynaud's phenomenon should be instructed to 
dress warmly, minimize cold exposure or stress, and avoid drugs that could precipitate or 
exacerbate vasospastic episodes. Some patients may respond to biofeedback therapy. 
Calcium channel blockers such as nifedepine or di l tiazem are commonly used but show 
only moderate benefit, and their use is of ten l imited by side ef fects (palpitations, dependent 
edema, l ight-headedness). While ACE inhibitors are not effective for reducing the 
f requency or severi ty of episodes, angiotensin I I receptor blockers such as losartan are 
effective and generally well tolerated. Additional vasoactive therapies for Raynaud's 

phenomenon include 1-adrenergic receptor blockers (e.g., prazosine), 5-
phosphodiesterase inhibitors (e.g., si ldenaf i l), serotonin reuptake inhibitors (e.g., 
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f luoxetine), topical nitroglycerine, and intravenous prostaglandins. Low-dose aspi rin and 
dipyridamole prevent platelet aggregation and may have a role as adjunctive agents. In 
patients with ischemic ulcerations on the fingers, the endothelin-1 receptor antagonist 
bosentan reduces the development of  new ulcers. Digital sympathectomy may be ef fective 
in some patients with severe Raynaud's phenomenon associated with ischemia. Empiric 
long-term therapy with statins and antioxidants may delay the progression of  vascular 
damage and obl i teration. 

Treatment of Gastrointestinal Complications

Because gastroesophageal ref lux is very common, al l  patients with SSc should be treated 
for this complication. Signif icant reflux may occur in the absence of symptoms. Patients 
should be instructed to elevate the head of  the bed and eat f requent small  meals. Proton 
pump inhibitors and H2 blockers are effective and may need to be given in relatively high 
doses. Recurrent bleeding from vascular ectasia in the gastric antrum (watermelon stomach) 
is amenable to treatment with laser photocoagulation. Bacterial overgrowth due to small-
bowel dysmoti l i ty causes bloating and diarrhea and may lead to malabsorption and severe 
malnutrition. Aggressive treatment with short courses of rotating broad-spectrum 
antibiotics such as metronidazole, erythromycin, and tetracycline can eradicate bacterial 
overgrowth. Parenteral hyperalimentation is indicated if malnutrition develops. Chronic 
hypomotil i ty of the small bowel may respond to octreotide injections.

Treatment of Pulmonary A rterial Hypertension

Patients with SSc should be screened for the presence of  PA H on a regular basis. When 
PAH is symptomatic, treatment should be started with an oral endothelin-1 receptor 
antagonist. M ost patients should also receive diuretics, oral anticoagulation, and digoxin 
when appropriate. Endothelin-1 receptor antagonists such as bosentan have been shown to 
improve exercise tolerance and slow the rate of cl inical deterioration in pulmonary arterial 
hypertension. If  hypoxemia is documented, supplemental oxygen should be given by nasal 
cannula in order to avoid hypoxia-induced secondary pulmonary vasoconstriction. 
Inhibitors of  phosphodiesterase type 5 (e.g., si ldenaf il) have been shown to have short-term 
eff icacy in PAH and may be used in combination with bosentan. If  inadequate cl inical 
response or progression of disease is seen, parenteral  prostacycl in analogues may be used. 
Epoprostenol or treprostini l  are administered intravenously or by continuous subcutaneous 
infusion, and i loprost by frequent inhalations. Lung transplantation remains an option for 
some SSc patients who fai l  therapy.

Treatment of  Renal Crisis

Scleroderma renal crisis is a medical emergency because i ts outcome is largely determined 
by the extent of  renal damage present at the time when aggressive therapy is ini tiated. 
Prompt recognition of  impending or early scleroderma renal crisis is therefore essential, 
and ef forts should be made to avoid i ts occurrence. High-risk patients with early SSc and 
extensive and progressive skin involvement should be instructed to monitor their blood 
pressure daily and report significant alterations to their physician immediately. They should 
avoid nonsteroidal anti-inf lammatory drugs (NSAIDs) and glucocorticoids. When 
scleroderma renal crisis occurs, treatment should be started promptly with ACE inhibitors. 
K idney biopsy is rarely indicated in this setting. Short-term dialysis may be appropriate, 
particularly because substantial renal recovery can occur fol lowing renal crisis, and patients 
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may be able to discontinue dialysis. K idney transplantation is considered for patients who 
are unable to discontinue dialysis after 1–2 years.

Skin Care

Because skin involvement in SSc is never l i fe-threatening, stabi l izes, and may even regress 
spontaneously over time, the overal l  management of  the disease should not be dictated by 
i ts cutaneous manifestations. The inf lammatory symptoms of early skin involvement can be 
effectively controlled with systemic antihistamines and cautious use of low-dose 
glucocorticoids (less than 5 mg/d of prednisone) for brief periods. Retrospective studies 
have shown that D -penici l lamine reduced the extent and progression of  skin induration; 
however, these benef i ts could not be substantiated in a control led prospective trial . 
Cyclophosphamide and methotrexate have also been shown to have modest ef fects on skin 
induration. Because induration is associated with dryness, patients should use hydrophil ic 
ointments and bath oi ls. Regular skin massage is helpful. Telangiectasia may present a 
cosmetic problem, especial ly when they occur on the face. Treatment with pulsed dye laser 
may be ef fective. Fingertip ulcerations should be protected by occlusive dressing to 
promote healing and prevent infection. Infected skin ulcers are treated with topical 
antibiotics. Surgical debridement may be indicated. No therapy has been shown to be 
effective in preventing the formation of calcif ic soft tissue deposits or in promoting their 
dissolution.
Course and Prognosis

The natural history of SSc is highly variable and dif ficult to predict, especially in early 
stages when the speci f ic disease subset— dif fuse or l imited cutaneous form— is not clear. 
Patient with dcSSc have a more rapidly progressive disease and worse prognosis than those 
with lcSSc.

In dcSSc, early inf lammatory symptoms such as fatigue, edema, arthralgia, and pruritus 
tend to subside 2–4 years after the onset of  disease, and the extent of  skin thickening 
reaches a plateau after which i t generally shows slow regression. It is during the early 
edematous stage, general ly lasting <3 years, that visceral organ involvement develops and 
progresses. While existing visceral organ involvement, such as pulmonary f ibrosis, may 
continue to progress, new organ involvement is rare after the skin involvement reaches its 
peak. Scleroderma renal crisis almost invariably occurs within the f irst 4 years of disease. 
In dcSSc patients with late-stage disease (>6 years), the skin is usually sof t and atrophic. 
Skin regression characteristical ly occurs in an order that is the reverse of  initial 
involvement, with softening on the trunks followed by proximal and then distal extremities. 
Sclerodactyly and finger contractures general ly persist. Cutaneous telangiectasia and 
calcinosis are common, making it dif ficult to dif ferentiate late-stage dcSSc f rom lcSSc. 
Relapse or recurrence of skin thickening af ter the peak of skin involvement has been 
reached is rare. Patients with lcSSc fol low a cl inical course that is markedly dif ferent than 
that of  dcSSc, and lcSSc carries a better prognosis. In this subset of  SSc, Raynaud's 
phenomenon typical ly precedes other disease manifestations by years or even decades. 
V isceral organ complications such as PAH general ly develop late and tend to be slowly 
progressive.

SSc confers a substantial increase in the risk of  premature death, with f ive–eightfold higher 
age- and gender-adjusted mortal i ty rates compared to the general population. In one 
population-based study of  SSc patients with al l  forms of  the disease, the median survival 
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was 11 years. In patients with dcSSc, 5- and 10-year survivals are 70 and 55%, 
respectively, whereas in patients with lcSSc, 5- and 10-year survivals are 90 and 75%, 
respectively. The prognosis of  SSc correlates with the extent of  skin involvement, which 
i tself is a surrogate for visceral organ involvement. M ajor causes of  death in SSc are PAH, 
pulmonary fibrosis, gastrointestinal involvement, cardiac involvement, and scleroderma 
renal crisis. L ung cancer and excess cardiovascular deaths also contribute to increased 
mortal i ty. M arkers of worse prognosis include male gender, older age of  disease onset, 
African-American race, extensive skin thickening with truncal involvement, evidence of 
significant or progressive visceral organ involvement, and the presence of topoisomerase-I  
antibodies. Additional f indings demonstrable at initial evaluation that are associated with 
increased mortal i ty include an elevated ESR, anemia, and proteinuria. In one study, SSc 
patients with extensive skin involvement, lung vital capacity <55% predicted, signif icant 
gastrointestinal involvement (pseudoobstruction or malabsorption), evidence of  cardiac 
involvement (arrhythmias or congestive heart fai lure), or scleroderma renal crisis had a 
cumulative 9-year survival <40%. The severity of PA H is itself  strongly associated with 

mortal i ty, and SSc patients who had a mean pulmonary arterial  pressure 45 mmHg had 
a 33% 3-year survival. The introduction of ACE inhibitors in the early 1980s had a 
dramatic impact on survival of  patients with scleroderma renal crisis, from a <20% 1-y ear 
survival in the pretreatment era to a >70% 1-year survival currently.
M ixed Connective Tissue Disease

Patients with features of  lcSSc coexisting with features of systemic lupus erythematosus, 
polymyositis, and rheumatoid arthritis may have mixed connective tissue disease (M CTD). 
This overlap syndrome is general ly associated with the presence of  high ti ters of  
autoantibodies to U1-RNP. The characteristic ini tial  presentation is Raynaud's phenomenon 
associated with puffy fingers and myalgia. Gradually, lcSSc features of sclerodactyly, 
calcinosis, and cutaneous telangiectasia develop. Skin rashes suggestive of systemic lupus 
erythematosus (malar rash, photosensitivity) or of dermatomyositis (hel iotrope rash on the 
eyel ids, erythematous rash on the knuckles) occur. While arthralgia is common, some 
patients develop erosive polyarthritis. Pulmonary f ibrosis and isolated or secondary PA H 
may develop. Other manifestations include esophageal dysmoti l i ty, pericarditis, Sjögren's 
syndrome, and renal disease, especial ly membranous glomerulonephritis. Laboratory 
evaluation indicates features of  inf lammation with elevated ESR and 
hypergammaglobulinemia. While anti-U1RNP antibodies are detected in the serum in high 
ti ters, SSc-specific autoantibodies are not found. In contrast to SSc, patients with MCTD 
often show a good response to treatment with glucocorticoids, and the long-term prognosis 
is better than that of SSc. Whether M CTD is a truly distinct entity or is, rather, a subset of 
systemic lupus erythematosus or SSc remains controversial.
Eosinophil ic Fasciitis

Eosinophil ic fascii tis is a rare idiopathic disorder associated with scleroderma-l ike 
induration of the skin that generally develops rapidly and involves the upper extremities. 
A dults are primari ly affected. The skin has a coarse cobblestone "peau d'orange" 
appearance. In contrast to SSc, internal organ involvement is rare in eosinophil ic fasci i tis, 
and Raynaud's phenomenon is absent. Furthermore, skin involvement spares the f ingers. 
Full-thickness biopsy of  the lesional skin reveals marked subcutaneous fibrosis and 
thickening of the subcutaneous fascial layers. Inf lammation and eosinophil infi l tration in 
the fascia are variably present. In the acute phase of  the i l lness, peripheral blood 
eosinophil ia is general ly present but may be transient. Autoantibodies do not occur. 
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Treatment with glucocorticoids leads to prompt resolution of the eosinophil ia, but skin 
changes show only slow and variable improvement. The prognosis of  patients with 
eosinophil ic fasciitis is good.
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Harrison's Internal M edicine > Chapter 317. Sjögren's Syndrome >

Definition, Incidence, and Prevalence

Sjögren's syndrome is a chronic, slowly progressive autoimmune disease characterized by 
lymphocytic inf il tration of the exocrine glands resulting in xerostomia and dry eyes. 
Approximately one-third of  patients present with systemic manifestations; a small but 
significant number of  patients may develop malignant lymphoma. The disease presents 
alone (primary Sjögren's syndrome) or in association with other autoimmune rheumatic 
diseases (secondary Sjögren's syndrome) (Table 317-1).

Middle-aged women (female-to-male ratio, 9:1) are primari ly affected, although it may 
occur in al l ages, including childhood. The prevalence of primary Sjögren's syndrome is 
approximately 0.5–1.0%, while 30% of patients with autoimmune rheumatic diseases 
suf fer from secondary Sjögren's syndrome.

Table 317-1 Association of Sjögren's Syndrome with Other Autoimmune Diseases

Rheumatoid arthri tis 

Systemic lupus erythematosus

Scleroderma

M ixed connective tissue disease

Primary biliary cirrhosis

V ascul i tis 

Chronic active hepatitis

Pathogenesis

Sjögren's syndrome is characterized by both T cell lymphocytic inf i l tration of the exocrine 
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glands and B lymphocyte hyperreactivity. An oligomonoclonal B cell process, which is 
characterized by cryoprecipitable monoclonal immunoglobulins with rheumatoid factor 
activity, is evident in up to 25% of patients.

Sera of  patients with Sjögren's syndrome often contain autoantibodies directed against 
non-organ-specif ic antigens such as immunoglobulins (rheumatoid factors) and 
extractable nuclear and cytoplasmic antigens (Ro/SS-A, La/SS-B). Ro/SS-A  autoantigen 
consists of two polypeptides (52 and 60 kDa) in conjunction with cytoplasmic RNA s, 
whereas the 48-kDa La/SS-B protein is bound to RNA II I polymerase transcripts. 
Autoantibodies to Ro/SS-A  and La/SS-B antigens are usually detected at the time of  
diagnosis and are associated with earl ier disease onset, longer disease duration, sal ivary 
gland enlargement, more severe lymphocytic infi l tration of minor salivary glands, and 

certain extraglandular manifestations. Antibodies to -fodrin (120 kDa), a salivary 
gland–specif ic protein, have been found in sera of  patients with Sjögren's syndrome. The 
major infi l trating cells in the affected exocrine glands are activated T and B lymphocytes. 
M acrophages and natural ki l ler cel ls are rarely detected. In chronic lesions, a small  but 
persistent number of dendritic cells are apparent in lymphoid foll icle–l ike formations 
resembling germinal centers. Glandular epithel ial cel ls undergo apoptotic death prompted 
by both extracellular (Fas/FasL igand and Perforin/granzymes) and intracellular (increased 
apoptotic vs. antiapoptotic molecules, e.g., Bax vs. Bcl-2) mechanisms. Inf i l trating 
lymphocytes not only provide apoptotic messages to epithel ial cells but also tend to be 
resistant to apoptosis. Ductal and acinar epithel ial cel ls appear to play a signif icant role in 
the initiation and perpetuation of the autoimmune injury. They express class I I major 
histocompatibil ity complex (MHC) and co-stimulatory molecules and thus are able to 
provide signals essential for lymphocytic activation. Autoantigens that are normally 
intracellular are disclosed on the surface of  the cells, probably through the aforementioned 
apoptotic mechanisms. Finally, they inappropriately produce proinf lammatory cytokines 
and lymphoattractant chemokines necessary for sustaining the autoimmune lesion and 
progressing to more sophisticated ectopic germinal center formation. Recent studies have 
shown that, similar to T cel ls, CD40+ B cel ls also have a tendency to be resistant to 
apoptosis. B cell activating factor (BAFF) has been found to be elevated in patients with 
Sjögren's syndrome, especial ly those with hypergammaglobulinemia, and probably 
accounts for this antiapoptotic ef fect. Interestingly, glandular epithelial cel ls seem to have 
an active role in the production of BAFF. The triggering factor for epithelial activation 
appears to be a persistent enteroviral infection (possibly by Coxsackie virus strains). 

A  defect in cholinergic activity mediated through the M 3 receptor, which leads to 
neuroepithelial dysfunction and diminished glandular secretions, has been proposed. 
Finally, the observation that the water-channel protein aquaporin-5 redistributes from the 
apical membranes to the cytoplasm of acinar epithel ial cel ls offers another alternative 
theory for Sjögren's syndrome pathogenesis.

Immunogenetic studies have demonstrated that HLA-B 8, -DR3, and -DRw52 are 
prevalent in patients with primary Sjögren's syndrome. M olecular analysis of HLA class II  
genes has revealed that patients with Sjögren's syndrome, regardless of  their ethnic origin, 
are highly associated with the HLA DQA1* 0501 allele, pointing out that genetic 
predisposition may play an important role.
Clinical Manifestations
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The majority of Sjögren's syndrome patients have symptoms related to diminished 
lacrimal and salivary gland function. In most patients, the primary syndrome runs a slow 
and benign course. The ini tial  manifestations can be mucosal or nonspecif ic dryness, and 
8–10 years may elapse from the initial symptoms to ful l-blown development of  the 
disease.

The principal oral symptom of Sjögren's syndrome is dryness (xerostomia). Patients 
complain of difficulty in swallowing dry food, inability to speak continuously, a burning 
sensation, increase in dental caries, and problems in wearing complete dentures. Physical 
examination shows a dry, erythematous, sticky oral mucosa. There is atrophy of  the 
fi l i form papillae on the dorsum of the tongue, and saliva from the major glands is either 
not expressible or cloudy. Enlargement of  the parotid or other major sal ivary glands 
occurs in two-thirds of patients with primary Sjögren's syndrome but is uncommon in 
those with the secondary syndrome. Diagnostic tests include sialometry, sialography, and 
scintigraphy. The labial minor salivary gland biopsy permits histopathologic confirmation 
of the focal lymphocytic infi ltrates.

Ocular involvement is the other major manifestation of Sjögren's syndrome. Patients 
usually complain of a sandy or gritty feeling under the eyelids. Other symptoms include 
burning, accumulation of  thick strands at the inner canthi, decreased tearing, redness, 
itching, eye fatigue, and increased photosensitivity. These symptoms are attributed to the 
destruction of  corneal and bulbar conjunctival epithelium, def ined as keratoconjunctivitis 
sicca. Diagnostic evaluation of  keratoconjunctivitis sicca includes measurement of  tear 
f low by Schirmer's I  test and tear composition as assessed by the tear breakup time or tear 
lysozyme content. Slit-lamp examination of  the cornea and conjunctiva af ter rose Bengal 
staining reveals punctuate corneal ulcerations and attached f i laments of corneal 
epithelium.

Involvement of other exocrine glands occurs less f requently and includes a decrease in 
mucous gland secretions of the upper and lower respiratory tree, resulting in dry nose, 
throat, and trachea (xerotrachea), and diminished secretion of  the exocrine glands of the 
gastrointestinal tract, leading to esophageal mucosal atrophy, atrophic gastri tis, and 
subcl inical pancreati tis. Dyspareunia due to dryness of  the external genital ia and dry skin 
also may occur.

Extraglandular (systemic) manifestations are seen in one-third of patients with Sjögren's 
syndrome (Table 317-2), while they are very rare in patients with Sjögren's syndrome 
associated with rheumatoid arthri tis. These patients complain more of ten of  easy 
fatigability, low-grade fever, Raynaud's phenomenon, myalgias, and arthralgias. M ost 
patients with primary Sjögren's syndrome experience at least one episode of  nonerosive 
arthritis during the course of their disease. Manifestations of pulmonary involvement are 
frequently evident histologically but rarely clinically important. Dry cough is the major 
manifestation that is attributed to small airway disease. Renal involvement includes 
interstitial nephritis, cl inically manifested by hyposthenuria and renal tubular dysfunction 
with or without acidosis. Untreated acidosis may lead to nephrocalcinosis. 
Glomerulonephritis is a rare f inding that occurs in patients with mixed cryoglobulinemia, 
or systemic lupus erythematosus overlapping with Sjögren's syndrome. V asculi tis af fects 
small and medium-sized vessels. The most common cl inical features are purpura, 
recurrent urticaria, skin ulcerations, glomerulonephritis, and mononeuritis multiplex. 
Sensorineural hearing loss was found in one-half  of  patients with Sjögren's syndrome and 
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correlated with the presence of anticardiolipin antibodies, while anti-Ro/SSA positivity is 
associated with congenital heart block.

It has been suggested that primary Sjögren's syndrome with vascul i tis may also present 
with multifocal, recurrent, and progressive nervous system disease, such as hemiparesis, 
transverse myelopathy, hemisensory def ici ts, seizures, and movement disorders. A septic 
meningitis and multiple sclerosis also have been reported in these patients.

Lymphoma is a well-known manifestation of  Sjögren's syndrome that usual ly presents 
later in the i l lness. Persistent parotid gland enlargement, purpura, leukopenia, 
cryoglobulinemia, and low C4 complement levels are manifestations suggesting the 
development of  lymphoma. Interestingly, the same risk factors account for 
glomerulonephritis and are those that confer increased mortal i ty. M ost lymphomas are 
extranodal, low-grade marginal zone B cel l  lymphomas and are usual ly detected 
incidental ly upon evaluating the labial biopsy. The affected lymph nodes are usually 
peripheral. Survival is decreased in patients with B symptoms, lymph node mass >7 cm in 
diameter, and high or intermediate histologic grade.

Routine laboratory tests reveal mild normochromic, normocytic anemia. An elevated 
erythrocyte sedimentation rate is found in approximately 70% of patients.

Table 317-2 Incidence of Extraglandular Manifestations in Primary Sjögren's Syndrome

Clinical M anifestation Percent
Arthralgias/arthritis 60
Raynaud's phenomenon 37
Lymphadenopathy 14
Lung involvement 14
V ascul i tis 11
Kidney involvement 9
Liver involvement 6
Lymphoma 6
Splenomegaly 3
Peripheral neuropathy 2
Myositis 1

Diagnosis and Differential Diagnosis

The diagnosis of  primary Sjögren's syndrome is obtained if  the patient presents with eye 
and/or mouth dryness, the eye tests disclose keratoconjunctivi tis sicca, the mouth 
evaluation reveals the classic manifestations of the syndrome, and the patient's serum 
reacts with Ro/SS-A  and/or La/SS-B autoantigens. Labial biopsy is needed when the 
diagnosis is uncertain or to rule out other conditions that may cause dry mouth or eyes or 
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parotid gland enlargement (Tables 317-3, 317-4). Val idated diagnostic cri teria have been 
establ ished by a European study and have now been further improved by a European-
American study group (Table 317-5). Hepatitis C virus infection should be ruled out 
since, apart from serologic tests, the remainder of the clinicopathologic picture is almost 
identical to that of  Sjögren's syndrome.

Table 317-3 Differential Diagnosis of Sicca Symptoms

Xerostomia Dry Eye Bilateral Parotid Gland 
Enlargement

Viral infections Inflammation Viral infections
Drugs   Stevens-Johnson syndrome   M umps
  Psychotherapeutic   Pemphigoid   Inf luenza
  Parasympatholytic   Chronic conjunctivitis   Epstein-Barr
  Antihypertensive   Chronic blepharitis   Coxsackievirus A
Psychogenic   Sjögren's syndrome   Cytomegalovirus
Irradiation Toxicity   HIV
Diabetes mell i tus   Burns Sarcoidosis
Trauma   Drugs Amyloidosis
Sjögren's syndrome Neurologic conditions Sjögren's syndrome

  Impaired lacrimal gland 
function

Metabolic

  Impaired eyelid function   Diabetes mell itus
M iscellaneous Hyperlipoprotein-emias
  Trauma   Chronic pancreati tis 
  Hypovitaminosis A   Hepatic cirrhosis
  Blink abnormality Endocrine
  Anesthetic cornea   Acromegaly
  L id scarring   Gonadal hypofunction
  Epithelial irregularity

Table 317-4 Differential Diagnosis of Sjögren's Syndrome

HI V  I nfection and Sicca 
Syndrome

Sjögren's Syndrome Sarcoidosis

Predominant in young males Predominant in middle-aged 
women

Invariable

Lack of autoantibodies to Presence of  autoantibodies Lack of autoantibodies to 
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Ro/SS-A  and/or La/SS-B Ro/SS-A  and/or La/SS-B
Lymphoid infiltrates of 
sal ivary glands by CD8+ 
lymphocytes

Lymphoid infiltrates of 
sal ivary glands by CD4+ 
lymphocytes

Granulomas in sal ivary 
glands

Association with HLA-DR5 Association with HLA-D R3 
and -DRw52

Unknown

Positive serologic tests for 
HIV

Negative serologic tests for 
HIV

Negative serologic tests 
for HIV

Table 317-5 Revised International Classif ication Criteria for Sjögren's Syndromea,b,c

I. Ocular symptoms: a positive response to at least one of  three val idated questions.

1. Have you had dai ly, persistent, troublesome dry eyes for more than 3 months?
2. Do you have a recurrent sensation of  sand or gravel in the eyes?
3. Do you use tear substitutes more than three times a day?

II . Oral symptoms: a positive response to at least one of three val idated questions.

1. Have you had a daily feeling of dry mouth for more than 3 months?
2. Have you had recurrent or persistently swollen sal ivary glands as an adult?
3. Do you frequently drink liquids to aid in swallowing dry foods?

II I . Ocular signs: objective evidence of ocular involvement def ined as a positive result 
to at least one of the fol lowing two tests:

1. Shirmer's I  test, performed without anesthesia ( 2. Rose Be">5 mm in 5 min)

2. Rose Bengal score or other ocular dye score ( 4 according to van Bijsterveld's 
scoring system)

IV. Histopathology: In minor salivary glands focal lymphocytic sialoadenitis, with a 

focus score V. Saliva" border="0"> 1.
V. Salivary gland involvement: objective evidence of salivary gland involvement 
defined by a positive result to at least one of the following diagnostic tests:

1. Unstimulated whole salivary f low ( 2. Paro">1.5 mL in 15 min)
2. Parotid sialography
3. Salivary scintigraphy

VI. Antibodies in the serum to Ro/SS-A or La/SS-B antigens, or both

aExclusion criteria: Past head and neck radiation treatment, hepatitis C infection, A IDS, 
preexisting lymphoma, sarcoidosis, graf t versus host disease, use of antichol inergic drugs. 

bPrimary Sjögren's syndrome: any four of  the six i tems, as long as item IV  
(histopathology) or VI (serology) is positive, or any three of the four objective criteria 
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items (items III, IV, V, VI). 

cIn patients with a potential ly associated disease (e.g., another well-def ined connective 
tissue disease), the presence of i tem I or i tem II plus any two from among items II I , IV , 
and V  may be considered as indicative of  secondary Sjögren's syndrome. 

Source: From Vitali C et al.
Sjögren's Syndrome: Treatment

Treatment of Sjögren's syndrome is aimed at symptomatic rel ief  and l imiting the 
damaging local ef fects of chronic xerostomia and keratoconjunctivitis sicca by 
substituting or simulating the missing secretions (Fig. 317-1).

To replace deficient tears, there are several readi ly avai lable ophthalmic preparations 
(Tearisol; L iquifi lm; 0.5% methylcellulose; Hypo Tears). I f corneal ulcerations are 
present, eye patching and boric acid ointments are recommended. Certain drugs that may 
decrease lacrimal and sal ivary secretion such as diuretics, antihypertensive drugs, 
antichol inergics, and antidepressants should be avoided.

For xerostomia the best replacement is water. Propionic acid gels may be used to treat 
vaginal dryness. To stimulate secretions, pilocarpine (5 mg thrice daily) or cevimeline (30 
mg thrice dai ly) administered oral ly appears to improve sicca manifestations, and both are 
well tolerated. Hydroxychloroquine (200 mg) is helpful for arthralgias.

Patients with renal tubular acidosis should receive sodium bicarbonate orally (0.5–2.0  
mmol/kg in four divided doses). Glucocorticoids (1 mg/kg per day) and/or 
immunosuppressive agents (e.g., cyclophosphamide) are indicated only for the treatment 
of systemic vasculitis. Anti–tumor necrosis factor agents appear ineffective, while anti-
CD20 monoclonal antibody therapy in combination with a classic CHOP regimen leads to 
increased survival in patients with lymphoma.

Figure 317-1  

Treatment algorithm for Sjögren's syndrome.
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Harrison's Internal M edicine > Chapter 318. The Spondyloarthritides >

The Spondyloarthritides: Introduction

The spondyloarthritides are a group of disorders that share certain cl inical features and 
genetic associations. These disorders include ankylosing spondylitis, reactive arthri tis, 
psoriatic arthritis and spondylitis, enteropathic arthritis and spondylitis, juvenile-onset 
spondyloarthritis, and undifferentiated spondyloarthritis. The similarities in clinical 
manifestations and genetic predisposition suggest that these disorders share pathogenic 
mechanisms.
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Ankylosing Spondylitis

Ankylosing spondylitis (AS) is an inflammatory disorder of unknown cause that 
primari ly af fects the axial skeleton; peripheral joints and extraarticular structures are also 
frequently involved. The disease usually begins in the second or third decade; male to 
female prevalence is between 2:1 and 3:1. Older names include Marie-Strümpell  disease
o r  Bechterew's disease.

Epidemiology

AS shows a striking correlation with the histocompatibility antigen HLA-B27 and occurs 
worldwide roughly in proportion to the prevalence of this antigen (Chap. 309). In North 
American Caucasians, the prevalence of B27 is 7%, whereas i t is 90% in patients with 
A S, independent of  disease severi ty.

In population surveys, AS is present in 1–6% of adults inheriting B27, whereas the 
prevalence is 10–30% among B27+ adult first-degree relatives of  A S probands. The 
concordance rate in identical twins is approximately 65%. It appears that susceptibi l i ty 
to AS is determined largely by genetic factors, with B27 comprising about one-third of 
the genetic component. Probable l inkage has been found to the interleukin 1 (IL -1) gene 
cluster on chromosome 2 and to several other genomic regions.

Pathology

The sites of  axial inf lammation in AS are inaccessible to routine biopsy and are rarely 
approached surgical ly. Knowledge of the axial histopathology is therefore based on a 
l imited number of  mostly advanced cases. Sacroi l i i tis is of ten the earl iest manifestations 
of AS. Synovitis, pannus, myxoid marrow, subchondral granulation tissue and marrow 
edema, enthesitis, and chondroid differentiation are found. M acrophages, T cel ls, and 
osteoclasts are prevalent. Eventual ly the eroded joint margins are gradually replaced by 
fibrocarti lage regeneration and then by ossif ication. The joint may become total ly 
obl iterated.

In the spine, early in the process there is inf lammatory granulation tissue at the junction 
of annulus f ibrosus and vertebral bone. The outer annular f ibers are eroded and 
eventually replaced by bone, forming the beginning of  a bony syndesmophyte, which 
then grows by continued enchondral ossif ication, ultimately bridging the adjacent 
vertebral bodies. A scending progression of  this process leads to the "bamboo spine." 
Other lesions in the spine include dif fuse osteoporosis, erosion of vertebral bodies at the 
disk margin, "squaring" of vertebrae, and inf lammation and destruction of the disk-bone 
border. Inflammatory arthritis of the apophyseal joints is common, with erosion of 
carti lage by pannus, often fol lowed by bony ankylosis.

Bone mineral density is diminished in the spine and proximal femur early in the course 
of the disease, before the advent of significant immobil ization.

Peripheral synovitis in AS shows marked vascularity, l ining layer hyperplasia, lymphoid 
infi l tration, and pannus formation. Central carti laginous erosions caused by proli feration 
of subchondral granulation tissue are common.
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Inf lammation in the f ibrocarti laginous enthesis, the region where a tendon, l igament, or 
joint capsule attaches to bone, is a characteristic lesion in AS and other SpA , both at 
axial and peripheral si tes. Enthesitis is associated with prominent edema of the adjacent 
bone marrow and is of ten characterized by erosive lesions that eventually undergo 
ossification.

Pathogenesis

The pathogenesis of AS is incompletely understood but is almost certainly immune-
mediated. There is l ively controversy regarding the primary site of disease initiation. A  
unifying concept is that the A S disease process begins at si tes where articular cartilage, 
l igaments, and other structures attach to bone. The dramatic response of  the disease to 

therapeutic blockade of  tumor necrosis factor  (TNF- ) indicates that this 
cytokine plays a central role in the immunopathogenesis of  AS. The inf lamed sacroil iac 
joint is infi l trated with CD4+ and CD8+ T cells and macrophages and shows high levels 

of TNF- , particularly early in the disease course. Abundant TGF-  has been 
found in more advanced lesions. Peripheral synovitis in AS and the other 
spondyloarthri tides is characterized by neutrophi ls, macrophages expressing CD68 and 
CD163, CD4+ and CD8+ T cells, and B cells. There is prominent staining for ICAM-1 , 
VCAM-1, matrix metalloproteinase-3 (MMP-3), and myeloid-related proteins 8 and 14 
(MRP-8 and M RP-14). Unlike rheumatoid arthritis (RA) synovium, citrull inated proteins 
and carti lage gp39 peptide-M HC complexes are absent.

No specif ic event or exogenous agent that triggers the onset of  disease has been 
identified, although overlapping features with reactive arthritis and inf lammatory bowel 
disease (IBD) suggest that enteric bacteria may play a role. Elevated serum ti ters of 
antibodies to certain enteric bacteria are common in AS patients, but no role for these 
antibodies in the pathogenesis of  A S has been identi f ied. Strong evidence that B27 plays 
a direct role is provided by genetic epidemiology studies and by the finding that rats 
transgenic for B27 spontaneously develop dramatic arthritis and spondyli tis. I t has yet to 
be determined whether the role of  B27 involves classical peptide antigen presentation to 
CD8+ T cells or some other mechanism, or both. M ore general ly, the relative degree of  
participation of innate and adaptive immunity remains to be determined.

Clinical Manifestations

The symptoms of  the disease are usual ly f irst noticed in late adolescence or early 
adulthood; the median age in western countries is 23. In 5% of  patients, symptoms begin 
after age 40. The initial symptom is usually dull pain, insidious in onset, felt deep in the 
lower lumbar or gluteal region, accompanied by low-back morning sti ffness of up to a 
few hours' duration that improves with activity and returns following periods of 
inactivity. Within a few months of onset, the pain has usually become persistent and 
bi lateral. Nocturnal exacerbation of pain that forces the patient to rise and move around 
may be f requent.

In some patients, bony tenderness (presumably reflecting enthesitis) may accompany 
back pain or sti ffness, while in others it may be the predominant complaint. Common 
si tes include the costosternal junctions, spinous processes, il iac crests, greater 

Page 133 of  219A ccessM edicine - Print

1/3/2013fi le:///C:/Users/Lesea/AppData/Local/Temp/~hhDC34.htm



trochanters, ischial tuberosities, tibial tubercles, and heels. Occasionally, bony chest pain 
is the presenting complaint. Arthritis in the hips and shoulders ("root" joints) occurs in 
25–35% of patients, in many cases early in the disease course. A rthri tis of  peripheral 
joints other than the hips and shoulders, usually asymmetric, occurs in up to 30% of 
patients and can occur at any stage of  the disease. Neck pain and sti f fness from 
involvement of  the cervical spine are usually relatively late manifestations. Occasional 
patients, particularly in the older age group, present with predominantly constitutional 
symptoms.

AS of ten has a juvenile onset in developing countries. Peripheral arthri tis and enthesitis 
usually predominate, with axial symptoms supervening in late adolescence.

Initially, physical f indings mirror the inf lammatory process. The most specif ic f indings 
involve loss of spinal mobility, with l imitation of anterior and lateral f lexion and 
extension of the lumbar spine and of chest expansion. L imitation of motion is usually out 
of proportion to the degree of  bony ankylosis, ref lecting muscle spasm secondary to pain 
and inf lammation. Pain in the sacroil iac joints may be elicited either with direct pressure 
or with maneuvers that stress the joints. In addition, there is commonly tenderness upon 
palpation at the si tes of symptomatic bony tenderness and paraspinous muscle spasm.

The Schober test is a useful measure of  lumbar spine flexion. The patient stands erect, 
with heels together, and marks are made directly over the spine 5 cm below and 10 cm 
above the lumbosacral junction (identified by a horizontal l ine between the 
posterosuperior i l iac spines). The patient then bends forward maximally, and the 
distance between the two marks is measured. The distance between the two marks 

increases by 5 cm in the case of normal mobil i ty and by <4 cm in the case of 
decreased mobil i ty. Chest expansion is measured as the difference between maximal 
inspiration and maximal forced expiration in the fourth intercostal space in males or just 

below the breasts in females. Normal chest expansion is 5 cm.

Limitation or pain with motion of the hips or shoulders is usually present if either of 
these joints is involved. I t should be emphasized that early in the course of  mild cases, 
symptoms may be subtle and nonspecif ic, and the physical examination may be 
completely normal.

The course of the disease is extremely variable, ranging from the individual with mild 
stif fness and radiographically equivocal sacroil ii tis to the patient with a totally fused 
spine and severe bilateral hip arthritis, accompanied by severe peripheral arthri tis and 
extraarticular manifestations. Pain tends to be persistent early in the disease and then 
becomes intermittent, with alternating exacerbations and quiescent periods. In a typical 
severe untreated case with progression of  the spondyl i tis to syndesmophyte formation, 
the patient's posture undergoes characteristic changes, with obl i terated lumbar lordosis, 
buttock atrophy, and accentuated thoracic kyphosis. There may be a forward stoop of the 
neck or f lexion contractures at the hips, compensated by f lexion at the knees. Disease 
progression can be estimated cl inically from loss of height, limitation of chest expansion 
and spinal f lexion, and occiput-to-wall  distance. Occasional individuals are encountered 
with advanced physical f indings who report having never had signif icant symptoms.
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For a given patient, the rate of  progression of radiographical ly demonstrable damage is 
l inear over decades. In some but not al l studies, onset of the disease in adolescence and 
early hip involvement correlate with a worse prognosis. The disease in women tends to 
progress less f requently to total spinal ankylosis, although there is some evidence for an 
increased prevalence of  isolated cervical ankylosis and peripheral arthri tis in women. In 
industrial ized countries, peripheral arthritis (distal to hips and shoulders) occurs overall  
in less than half  of  patients with AS, usually as a late manifestation, whereas in 
developing countries, the prevalence is much higher, with onset typically early in the 
disease course. Pregnancy has no consistent effect on A S, with symptoms improving, 
remaining the same, or deteriorating in about one-third of pregnant patients, 
respectively.

The most serious complication of  the spinal disease is spinal f racture, which can occur 
with even minor trauma to the rigid, osteoporotic spine. The lower cervical spine is most 
commonly involved. These fractures are often displaced and cause spinal cord injury. A  
recent survey suggested a >10% li fetime risk of  f racture. Occasionally, fracture through 
a diskovertebral junction and adjacent neural arch, termed pseudoar throsis and occurring 
most commonly in the thoracolumbar spine, can be an unrecognized source of  persistent 
localized pain and/or neurologic dysfunction. Wedging of thoracic vertebrae is common 
and correlates with accentuated kyphosis.

The most common extraarticular manifestation is acute anterior uveitis, which occurs in 
40% of patients and can antedate the spondyli tis. A ttacks are typical ly uni lateral, causing 
pain, photophobia, and increased lacrimation. These tend to recur, often in the opposite 
eye. Cataracts and secondary glaucoma are not uncommon sequelae. Up to 60% of 
patients have inf lammation in the colon or i leum. This is usually asymptomatic, but 
frank inflammatory bowel disease (IBD) occurs in 5–10% of  patients with AS (see 
"Enteropathic Arthritis," below). About 10% of patients meeting criteria for AS have 
psoriasis (see "Psoriatic Arthritis," below). Aortic insufficiency, sometimes producing 
symptoms of congestive heart fai lure, occurs in a few percent of  patients, occasionally 
early in the course of  the spinal disease but usually af ter prolonged disease. Third-degree 
heart block may occur alone or together with aortic insufficiency. Subclinical pulmonary 
lesions and cardiac dysfunction may be relatively common. Cauda equina syndrome and 
upper pulmonary lobe fibrosis are rare late complications. Retroperitoneal f ibrosis is a 
rare associated condition. Prostati tis has been reported to have an increased prevalence. 
Amyloidosis is rare (Chap. 324).

Several val idated measures of  disease activi ty and functional outcome have recently 
been developed for A S. Despite the persistence of the disease, most patients remain 
gainful ly employed. Some but not al l  studies of survival in AS have suggested that AS 
shortens l i fe span, compared with the general population. M ortal ity attributable to AS is 
largely the result of spinal trauma, aortic insuff iciency, respiratory failure, amyloid 
nephropathy, or complications of therapy such as upper gastrointestinal hemorrhage.

Laboratory Findings

No laboratory test is diagnostic of  AS. In most ethnic groups, B27 is present in 
approximately 90% of patients. Erythrocyte sedimentation rate (ESR) and C-reactive 
protein (CRP) are often, but not always, elevated. M ild anemia may be present. Patients 
with severe disease may show an elevated alkal ine phosphatase level. Elevated serum 
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IgA levels are common. Rheumatoid factor, anti-CCP, and antinuclear antibodies are 
largely absent unless caused by a coexistent disease, al though the latter may appear with 
anti-TNF therapy. Synovial f luid from peripheral joints in AS is nonspecif ically 
inflammatory. In cases with restriction of chest wall motion, decreased vital capacity and 
increased functional residual capacity are common, but airf low measurements are 
normal and ventilatory function is usually well maintained.

Radiographic Findings

Radiographical ly demonstrable sacroi li i tis is usually present in AS. The earl iest changes 
by standard radiography are blurring of  the cortical margins of the subchondral bone, 
fol lowed by erosions and sclerosis. Progression of  the erosions leads to 
"pseudowidening" of the joint space; as f ibrous and then bony ankylosis supervene, the 
joints may become obl i terated. The changes and progression of the lesions are usual ly 
symmetric.

In the lumbar spine, progression of the disease leads to straightening, caused by loss of  
lordosis, and reactive sclerosis, caused by osteitis of the anterior corners of  the vertebral 
bodies with subsequent erosion, leading to "squaring"  of  the vertebral bodies. 
Progressive ossif ication leads to eventual formation of  marginal syndesmophytes, visible 
on plain fi lms as bony bridges connecting successive vertebral bodies anteriorly and 
laterally.

In mild cases, years may elapse before unequivocal sacroi l iac abnormali ties are evident 
on plain radiographs. Computed tomography (CT) and magnetic resonance imaging 
(M RI) can detect abnormalities rel iably at an earl ier stage than plain radiography. 
Dynamic M RI with fat saturation, either short tau inversion recovery (STIR) sequence or 
T1-weighted images with contrast enhancement, is highly sensitive and specif ic for 
identifying early intraarticular inf lammation, carti lage changes, and underlying bone 
marrow edema in sacroil i i tis (Fig. 318-1). These techniques are also highly sensitive for 
evaluation of  acute and chronic spinal changes (Fig. 318-2) . 

Figure 318-1

Early sacroiliitis in a patient with AS, indicated by prominent sacral bone marrow 
edema (asterisks) on a coronal obl ique STIR (short tau inversion recovery) magnetic 
resonance image. (From DS Levine et al:  Clin Radiol 59:400, 2004.)

Figure 318-2

Spinal inflammation (spondylodiscitis) in a patient with AS and i ts dramatic 
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Reduced bone mineral density can be detected by dual-energy x-ray absorptiometry of  
the femoral neck and the lumbar spine. Falsely elevated readings related to spinal 
ossification can be avoided by using a lateral projection of the L3 vertebral body.

Diagnosis

It is important to establish the diagnosis of  early AS before the development of  
irreversible deformity. This goal presents a chal lenge for several reasons: (1) back pain 
is very common, but AS is much less common; (2) an early presumptive diagnosis often 
relies on cl inical grounds requiring considerable expertise; (3) young individuals with 
early AS are often reluctant to seek medical care. The widely used modif ied New York 
criteria (1984) are classif ication rather than diagnostic cri teria, and they are insensitive in 
early or mild cases. These consist of the fol lowing: (1) a history of inf lammatory back 
pain (see below), (2) l imitation of motion of the lumbar spine in both the sagittal and 
frontal planes, (3) l imited chest expansion, and (4) definite radiographic sacroil i i tis. 
Criterion 4 plus any one of the other three criteria is sufficient for a diagnosis of def inite 
AS. Dynamic MRI is definitely more sensitive than plain radiography. A lthough its 
exact sensitivi ty and specif ici ty remain to be defined, i t is recommended in suspected 
cases in which plain radiography either fai ls to show definite changes or is undesirable 
(e.g., in young women or children).

The presence of  B27 is neither necessary nor suff icient for the diagnosis. However, in 
accord with Bayes' theorem, the presence or absence of  B27 greatly increases or 
decreases, respectively, the probabil i ty of AS in patients with equivocal cl inical findings 
lacking radiographic abnormalities. Moreover, the absence of B27 in a typical case of 
AS signif icantly increases the probabil ity of coexistent IBD.

AS must be dif ferentiated from numerous other causes of low-back pain, some far more 
common than A S. For several decades, the fol lowing f ive features have been used to 
distinguish the inf lammatory back pain of AS: (1) age of onset below 40, (2) insidious 
onset, (3) duration >3 months before medical attention is sought, (4) morning sti ffness, 
and (5) improvement with exercise or activity. The most common causes of  back pain 
other than AS are primari ly mechanical or degenerative rather than primari ly 
inflammatory and do not show clustering of  these features. A  recent reassessment has 

led to the following proposed criteria for inflammatory back pain in adults 50 years 
old: (1) morning stif fness >30 min, (2) improvement with exercise but not with rest, (3) 
awakening from back pain during only the second half  of  the night, and (4) alternating 
buttock pain. 

L ess-common metabolic, infectious, and malignant causes of back pain must also be 
differentiated from AS, including infectious spondylitis, spondylodiscitis, and 
sacroil i i tis. Ochronosis can produce a phenotype that is cl inically and radiographically 
similar to A S. Calcification and ossif ication of paraspinous l igaments occur in di ffuse 
idiopathic skeletal hyperostosis (DISH), which occurs in the middle-aged and elderly 

response to treatment with infl iximab. Gadolinium-enhanced T1-weighted magnetic 
resonance images, with fat saturation, at baseline and after 24 weeks of  infl iximab 
therapy. (From J Braun et al.)
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and is usually not symptomatic. L igamentous calcification gives the appearance of 
"f lowing wax"  on the anterior bodies of  the vertebrae. Intervertebral disk spaces are 
preserved, and sacroi l iac and apophyseal joints appear normal, helping to dif ferentiate 
DISH from spondylosis and from AS, respectively.

Ankylosing Spondylitis: Treatment

Any management of  AS should include an exercise program designed to maintain 
posture and range of motion. Unti l  recently, nonsteroidal anti-inflammatory drugs 
(NSAIDs) have been the mainstay of  pharmacologic therapy for AS. These agents 
reduce pain and tenderness and increase mobil i ty in many patients with AS. M oreover, 
in a recent 2–year randomized control led study, radiographic progression of AS was 
signif icantly slower in patients taking daily NSAIDs than in those taking them only as 
needed for severe pain or sti ffness. However, many patients with AS have continued 
symptoms and develop deformity despite NSAID therapy. Beginning in 2000, dramatic 

responses to anti-TNF- therapy were reported in patients with A S and other 
spondyloarthritides. Patients with AS treated with either inf l iximab (chimeric 

human/mouse anti-TNF- monoclonal antibody), etanercept (soluble p75 TNF-

receptor–IgG fusion protein), or adalimumab (human anti-TNF- monoclonal 
antibody) have shown rapid, profound, and sustained reductions in al l  cl inical and 
laboratory measures of  disease activity. Patients with long-standing disease and even 
some with complete spinal ankylosis have shown striking improvement in both objective 
and subjective indicators of disease activity and function, including morning stif fness, 
pain, spinal mobil i ty, peripheral joint swell ing, CRP, and ESR. MRI studies indicate 
substantial resolution of  bone marrow edema, enthesitis, and joint ef fusions in the 
sacroil iac joints, spine, and peripheral joints (Fig. 318-2). Simi lar results have been 
obtained in large randomized control led trials of  all  three agents and many open label 

studies. A bout half  of  the patients achieve a 50% reduction in the Bath Ankylosing 
Spondylitis Disease Activity Index (BASDAI), the most commonly used measure of 
disease activi ty. Increased bone mineral density is found as early as 24 weeks af ter onset 
of therapy. Whether radiographic disease progression is slowed has not yet been 
determined def initively. 

The dosages of these agents used in A S patients have usual ly been simi lar to those in 
RA. Infl iximab is given as an intravenous infusion, typically at a dose of 3–5 mg/kg 
body weight, and then repeated 2 weeks later, again 6 weeks later, and then at 8-w eek 
intervals. Some success has been achieved with longer intervals, including infusion only 
upon recurrence of symptoms. Etanercept is given by subcutaneous injection in a dose of 
25 mg twice weekly or 50 mg once weekly. A dalimumab is given by subcutaneous 
injection in a dose of 40 mg biweekly.

A lthough these potent immunosuppressive agents have so far been relatively safe, seven 
types of side ef fects are not rare: (1) serious infections, including disseminated 
tuberculosis; (2) hematologic disorders, such as pancytopenia; (3) demyelinating 
disorders; (4) exacerbation of  congestive heart fai lure; (5) systemic lupus 
erythematosus–related autoantibodies and cl inical features; (6) hypersensitivity infusion 
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or injection site reactions; and (7) severe liver disease. Increased incidence of  
malignancy is of  theoretical concern but has not been observed in AS patients treated for 
up to 5 years.

Because of the expense, potentially serious side ef fects, and unknown long-term ef fects 
of these agents, their use should be restricted to patients with a defini te diagnosis and 

active disease (BA SDA I  4 out of 10 and expert opinion) that is inadequately 
responsive to therapy with at least two dif ferent NSAIDs. Before initiation of anti-TNF 

therapy, al l  patients should be tested for tuberculin reactivity, and reactors ( 5 mm) 
should be treated with anti-TB agents. Contraindications include active infection or high 
risk of infection; malignancy or premalignancy; and history of systemic lupus 
erythematosus, multiple sclerosis, or related autoimmunity. Pregnancy and breast-
feeding are relative contraindications. Continuation beyond 12 weeks of  therapy requires 
a 50% reduction in BASDAI (or absolute reduction of 2 out of 10) and favorable expert 
opinion. Sulfasalazine, in doses of  2–3 g/d, has been shown to be of modest benef it, 
primari ly for peripheral arthritis. A  therapeutic trial of this agent should precede any use 
of anti-TNF agents in patients with predominantly peripheral arthritis. Methotrexate, 
although widely used, has not been shown to be of benef i t in AS, nor has any therapeutic 
role for gold or oral glucocorticoids been documented. Potential benef it in AS has been 

reported for thalidomide, 200 mg/d, perhaps acting through inhibition of TNF- .

The most common indication for surgery in patients with A S is severe hip joint arthritis, 
the pain and stiffness of which are usually dramatically rel ieved by total hip arthroplasty. 
A  small number of patients may benefit f rom surgical correction of extreme f lexion 
deformities of the spine or of atlantoaxial subluxation.

Attacks of uveitis are usually managed effectively with local glucocorticoid 
administration in conjunction with mydriatic agents, although systemic glucocorticoids 
or even immunosuppressive drugs and rarely inf l iximab may be required in some cases. 
TNF inhibitors reduce the frequency of attacks of uveitis in patients with AS. A few 
individuals have developed new or recurrent uveitis subsequent to the use of  a TNF 
inhibitor, especial ly etanercept. 

Coexistent cardiac disease may require pacemaker implantation and/or aortic valve 
replacement. M anagement of  osteoporosis of  the axial skeleton is at present similar to 
that used for primary osteoporosis, since data specif ic for A S are not available.
Reactive Arthritis

Reactive ar thritis (ReA) refers to acute nonpurulent arthritis complicating an infection 
elsewhere in the body. In recent years, the term has been used primari ly to refer to 
spondyloarthritis following enteric or urogenital infections. Other forms of reactive and 
infection-related arthritis not associated with B27 and showing a spectrum of cl inical 
features dif ferent f rom spondyloarthri tis, such as rheumatic fever or Lyme disease, are 
discussed in Chaps. 315 and 166.

Historic Background
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The association of acute arthri tis with episodes of diarrhea or urethri tis has been 
recognized for centuries. A  large number of  cases during World Wars I  and I I focused 
attention on the triad of arthritis, urethritis, and conjunctivitis, which became known as 
Fiessenger-Leroy-Reiter  syndrome, of ten with additional mucocutaneous lesions. These 
eponyms are now of historic interest only.

The identification of bacterial species capable of triggering the cl inical syndrome and the 
finding that many patients possess the B27 antigen have led to the unifying concept of  
ReA as a cl inical syndrome triggered by specif ic etiologic agents in a genetically 
susceptible host. A  similar spectrum of cl inical manifestations can be triggered by 
enteric infection with any of several Shigel la,  Salmonella,  Yersinia, and Campylobacter
species; by genital infection with Chlamydia trachomatis; and by other agents as wel l . 
The triad of arthritis, urethritis, and conjunctivitis represents part of the spectrum of the 
cl inical manifestations of  ReA . For the purposes of this chapter, the use of the term ReA
wil l be restricted to those cases of  spondyloarthri tis in which there is at least 
presumptive evidence for a related antecedent infection. Patients with cl inical features of 
ReA who lack evidence of  an antecedent infection will  be considered to have 
undifferentiated spondyloarthr itis, discussed below.

Epidemiology

Following the f irst reports of association of ReA with HLA-B27, in most hospital-based 
series in which Shigel la,  Yersinia, or Chlamydia were the triggering infectious agents, 
60–85% of patients were found to be B27 positive, with a lower prevalence in ReA 
triggered by Salmonel la and Campylobacter . In more recent community-based or 
common source epidemic studies, the prevalence of  B27 has of ten been below 50%, and 
in some instances not elevated at al l . The most common age range is 18–40 years, but 
ReA can occur both in chi ldren over 5 years of  age and in older adults.

The gender ratio in ReA  following enteric infection is nearly 1:1, whereas venereally 
acquired ReA occurs predominantly in men. The overal l  prevalence and incidence of  
ReA  are dif f icult to assess because of the variable prevalence of the triggering infections 
and genetic susceptibi l i ty factors in dif ferent populations. In Scandinavian countries, an 
annual incidence of  10–28/100,000 has been reported. The spondyloarthri tides were 
formerly almost unknown in sub-Saharan A frica. However, ReA  and other peripheral 
spondyloarthri tides have now become the most common rheumatic diseases in A fricans 
in the wake of the A IDS epidemic, without association to B27, which is very rare in 
these populations. Spondyloarthritis in Africans with HIV infection usually occurs in 
individuals with stage I  disease (as classified by the World Health Organization). It is 
often the first manifestation of infection and often remits with disease progression. In 
contrast, western Caucasian patients with HIV  and spondyloarthritis are predominantly 
B27 positive, and the arthri tis f lares as A IDS advances.

Pathology

Synovial histology is similar to that of other spondyloarthritides. Enthesitis shows 
increased vascularity and macrophage inf i ltration of fibrocarti lage. M icroscopic 
histopathologic evidence of inflammation has occasionally been noted in the colon and 
i leum of patients with postvenereal ReA, but much less commonly than in postenteric 
ReA. The skin lesions of keratoderma blenorrhagica, which is associated mainly with 
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venereally acquired ReA, are histologically indistinguishable from psoriatic lesions.

Etiology and Pathogenesis

Of the four Shigel la species S. sonnei ,  S. boydi i ,  S. flexner i , and S. dysenter iae,  S .  
flexner i has most often been implicated in cases of ReA , both sporadic and epidemic. 
Recent data suggest that S. sonnei  and S. dysenter iae trigger some cases of  ReA .

Other bacteria identified def initively as triggers of ReA include several Salmonel la spp., 
Yersinia enterocolitica,  Y. pseudotuberculosis, Campylobacter jejuni , and Chlamydia 
trachomatis. There is also increasing evidence implicating Clostr idium difficile,  
Campylobacter  col i, certain toxigenic E. col i , and possibly Ureaplasma urealyticum and 
Mycoplasma genitalium. Respiratory infection with Chlamydia pneumoniae has also 
been implicated. There are numerous isolated reports of  acute arthritis preceded by other 
bacterial, viral, or parasitic infections, but whether the microorganisms involved are 
actual triggers of ReA  remains to be determined.

It has not been determined whether ReA  occurs by the same pathogenic mechanism 
fol lowing infection with each of  these microorganisms, nor has the mechanism been 
fully elucidated in the case of any one of the known bacterial triggers. M ost, i f not all, of 
the triggering organisms produce l ipopolysaccharide (LPS) and share a capacity to attack 
mucosal surfaces, to invade host cells, and to survive intracellularly. Antigens from 
Chlamydia,  Yersinia,  Salmonel la, and Shigel la have been shown to be present in the 
synovium and/or synovial f luid leukocytes of patients with ReA for long periods 
fol lowing the acute attack. In ReA triggered by Y. enterocoli tica, bacterial  L PS and heat 
shock protein antigens have been found in peripheral blood cel ls years af ter the 
triggering infection. Yersinia DNA  and C. trachomatis DNA and RNA have been 
detected in synovial tissue f rom ReA  patients, suggesting the presence of  viable 
organisms despite uniform fai lure to culture the organism from these specimens. The 
dormant form of C. trachomatis that persists in synovium transcriptionally upregulates 
many genes orthologous to genes upregulated in persistent M. tuberculosis infection.

T cells that specif ical ly respond to antigens of the inciting organism have been found in 
inflamed synovium but not in peripheral blood of patients with ReA. These T cells are 
predominantly CD4+, but CD8+ B27-restricted bacteria-specif ic cytolytic T cells have 
also been isolated in Yersinia- and C. trachomatis-induced ReA . A  unique conserved T 
cel l  antigen receptor sequence has been identi f ied in B27-restricted synovial T cells in 
ReA. Unlike the synovial CD4 T cells in RA, which are predominantly of the TH 1  
phenotype, those in ReA  also show a TH2 phenotype. A  T regulatory 1 (Tr1) phenotype 
with elevated IL-10 and TGF-beta in T, B, and macrophage l ineages has also been found 
in ReA synovium. IL-10 promoter haplotypes have been found to be significantly 
different in ReA patients than in B27+ controls.

HLA-B27 seems to be associated with more severe and chronic forms of ReA , but i ts 
pathogenic role remains to be determined. HLA-B27 significantly prolongs the 
intracellular survival of Y. enterocoli tica and S. enter i tidis in human and mouse cel l  
l ines. Prolonged intracellular bacterial survival, promoted by B27, other factors, or both, 
may permit trafficking of infected leukocytes from the site of primary infection to joints, 
where a T cell  response to persistent bacterial antigens may then promote arthri tis.
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Clinical Features

The cl inical manifestations of ReA consti tute a spectrum that ranges from an isolated, 
transient monarthritis to severe multisystem disease. A  careful history wil l  usually elicit 
evidence of  an antecedent infection 1–4 weeks before onset of  symptoms of  the reactive 
disease. However, in a sizable minority, no clinical or laboratory evidence of an 
antecedent infection can be found. In many cases of  presumed venereal ly acquired 
reactive disease, there is a history of  a recent new sexual partner, even in the absence of 
laboratory evidence of infection.

Constitutional symptoms are common, including fatigue, malaise, fever, and weight loss. 
The musculoskeletal symptoms are usually acute in onset. A rthritis is usually 
asymmetric and additive, with involvement of new joints occurring over a period of a 
few days to 1–2 weeks. The joints of  the lower extremities, especial ly the knee, ankle, 
and subtalar, metatarsophalangeal, and toe interphalangeal joints, are the most common 
sites of involvement, but the wrist and f ingers can be involved as well. The arthritis is 
usually quite painful, and tense joint ef fusions are not uncommon, especial ly in the knee. 
Patients often cannot walk without support. Dactyl itis, or "sausage digit,"  a diffuse 
swell ing of a solitary f inger or toe, is a distinctive feature of ReA and other peripheral 
spondyloarthri tides but can be seen in polyarticular gout and sarcoidosis. Tendinitis and 
fascii tis are particularly characteristic lesions, producing pain at multiple insertion sites 
(entheses), especial ly the Achil les insertion, the plantar fascia, and sites along the axial 
skeleton. Spinal and low-back pain are quite common and may be caused by insertional 
inflammation, muscle spasm, acute sacroil i i tis, or, presumably, arthritis in intervertebral 
articulations.

Urogenital lesions may occur throughout the course of the disease. In males, urethri tis 
may be marked or relatively asymptomatic and may be either an accompaniment of the 
triggering infection or a result of  the reactive phase of the disease. Prostati tis is also 
common. Similarly, in females, cervicitis or salpingitis may be caused either by the 
infectious trigger or by the steri le reactive process.

Ocular disease is common, ranging from transient, asymptomatic conjunctivitis to an 
aggressive anterior uveitis that occasionally proves refractory to treatment and may 
result in bl indness.

M ucocutaneous lesions are frequent. Oral ulcers tend to be superf icial , transient, and 
often asymptomatic. The characteristic skin lesions, keratoderma blenorrhagica, consist 
of vesicles that become hyperkeratotic, ultimately forming a crust before disappearing. 
They are most common on the palms and soles but may occur elsewhere as wel l . In 
patients with HIV  infection, these lesions are of ten extremely severe and extensive, 
sometimes dominating the cl inical picture (Chap. 182). Lesions on the glans penis, 
termed circinate balanitis, are common; these consist of vesicles that quickly rupture to 
form painless superf icial erosions, which in circumcised individuals can form crusts 
similar to those of  keratoderma blenorrhagica. Nail  changes are common and consist of 
onycholysis, distal yellowish discoloration, and/or heaped-up hyperkeratosis.

L ess-frequent or rare manifestations of  ReA include cardiac conduction defects, aortic 
insufficiency, central or peripheral nervous system lesions, and pleuropulmonary 
infi l trates.
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Arthritis typically persists 3–5 months, but courses up to 1 year can occur. Chronic joint 
symptoms persist in about 15% of patients and in up to 60% in hospital-based series. 
Recurrences of  the acute syndrome are also common. Work disabi l i ty or forced change 
in occupation are common in those with persistent joint symptoms. Chronic heel pain is 
often particularly distressing. Low-back pain, sacroi l i i tis, and frank AS are also common 
sequelae. In most studies, HLA-B27–positive patients have shown a worse outcome than 
B27-negative patients. Patients with Yersinia-induced arthritis have less chronic disease 
than those whose initial episode fol lows epidemic shigellosis.

Laboratory and Radiographic Findings

The ESR is usually elevated during the acute phase of the disease. M ild anemia may be 
present, and acute-phase reactants tend to be increased. Synovial f luid is nonspecif ical ly 
inflammatory. In most ethnic groups, about half  the patients are B27 positive. I t is 
unusual for the triggering infection to persist at the site of primary mucosal infection 
through the time of onset of the reactive disease, but i t may occasional ly be possible to 
culture the organism, e.g., in the case of  Yersinia- or  Chlamydia-induced disease. 
Serologic evidence of  a recent infection may be present, such as a marked elevation of  
antibodies to Yersinia,  Salmonel la, or Chlamydia. Polymerase chain reaction (PCR) of  
first-voided urine specimens for chlamydial DNA is said to have high sensitivity.

In early or mild disease, radiographic changes may be absent or conf ined to 
juxtaarticular osteoporosis. With long-standing persistent disease, marginal erosions and 
loss of  joint space can be seen in af fected joints. Periosti tis with reactive new bone 
formation is characteristic of  the disease, as i t is with al l  the spondyloarthri tides. Spurs at 
the insertion of the plantar fascia are common.

Sacroil i i tis and spondyl i tis may be seen as late sequelae. The sacroil i i tis is more 
commonly asymmetric than in AS, and the spondyli tis, rather than ascending 
symmetrical ly f rom the lower lumbar segments, can begin anywhere along the lumbar 
spine. The syndesmophytes may be coarse and nonmarginal, arising from the middle of  a 
vertebral body, a pattern rarely seen in primary AS. Progression to spinal fusion is 
uncommon.

Diagnosis

ReA is a clinical diagnosis with no definitively diagnostic laboratory test or radiographic 
finding. The diagnosis should be entertained in any patient with an acute inf lammatory, 
asymmetric, additive arthritis or tendinitis. The evaluation should include questioning 
regarding possible triggering events such as an episode of  diarrhea or dysuria. On 
physical examination, attention must be paid to the distribution of the joint and tendon 
involvement and to possible sites of extraarticular involvement, such as the eyes, 
mucous membranes, skin, nails, and genital ia. Synovial f luid analysis may be helpful in 
excluding septic or crystal-induced arthritis. Culture, serology, or molecular methods 
may help to identify a triggering infection.

A lthough typing for B27 is not needed to secure the diagnosis in clear-cut cases, i t may 
have prognostic signif icance in terms of severity, chronicity, and the propensity for 
spondylitis and uveitis. Furthermore, if  positive, it can be helpful diagnostically in 
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atypical cases, but a negative test is of l ittle diagnostic value. HIV  testing is of ten 
indicated and may be necessary in order to select appropriate therapy.

It is important to differentiate ReA from disseminated gonococcal disease (Chap. 137), 
both of which can be venereally acquired and associated with urethritis. Unlike ReA, 
gonococcal arthritis and tenosynovitis tend to involve both upper and lower extremities 
equally, to lack back symptoms, and to be associated with characteristic vesicular skin 
lesions. A  positive gonococcal culture from the urethra or cervix does not exclude a 
diagnosis of ReA; however, culturing gonococci from blood, skin lesion, or synovium 
establ ishes the diagnosis of disseminated gonococcal disease. PCR assay for Neisser ia 
gonorrhoeae and C. trachomatis may be helpful. Occasionally, only a therapeutic trial of  
antibiotics can distinguish the two.

ReA shares many features in common with psoriatic arthropathy. However, psoriatic 
arthritis is usually gradual in onset; the arthritis tends to affect primari ly the upper 
extremities; there is less associated periarthri tis; and there are usually no associated 
mouth ulcers, urethritis, or bowel symptoms.

Reactive Arthritis: Treatment

Most patients with ReA benefit to some degree from NSA IDs, although acute symptoms 
are rarely completely ameliorated, and some patients fai l  to respond at all . Indomethacin, 
75–150 mg/d in divided doses, is the initial treatment of choice, but other NSAIDs may 
be tried.

Prompt, appropriate antibiotic treatment of acute chlamydial urethritis or enteric 
infection may prevent the emergence of  ReA. However, several control led trials have 
failed to demonstrate any benef it for antibiotic therapy that is initiated after onset of 
arthritis. One long-term follow-up study suggested that al though antibiotic therapy had 
no ef fect on the acute episode of ReA , it helped prevent subsequent chronic 
spondyloarthritis. A nother such study failed to demonstrate any long-term benefit.

M ulticenter trials have suggested that sulfasalazine, up to 3 g/d in divided doses, may be 
benef icial to patients with persistent ReA.*  Patients with persistent disease may respond 
to azathioprine, 1–2 mg/kg per day, or to methotrexate, up to 20 mg per week. A lthough 

no trials of anti-TNF- in ReA  have been reported, anecdotal  evidence supports the 
use of  these agents in severe chronic cases, al though lack of  response has also been 
observed. 

Tendinitis and other enthesitic lesions may benef it f rom intralesional glucocorticoids. 
Uveitis may require aggressive treatment with glucocorticoids to prevent serious 
sequelae. Skin lesions ordinari ly require only symptomatic treatment. In patients with 
HIV  infection and ReA , many of whom have severe skin lesions, the skin lesions in 
particular respond to antiretroviral therapy. Cardiac complications are managed 
conventionally; management of neurologic complications is symptomatic.

Comprehensive management includes counsel ing of  patients in the avoidance of  
sexually transmitted disease and exposure to enteropathogens, as wel l  as appropriate use 
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of physical therapy, vocational counseling, and continued surveillance for long-term  
complications such as ankylosing spondylitis.

*Azathioprine, methotrexate, sulfasalazine, pamidronate, and thal idomide have not been 
approved for this purpose by the U.S. Food and Drug Administration at the time of 
publ ication. 
Psoriatic Arthritis

Psoriatic arthritis (PsA) refers to an inf lammatory arthritis that characteristically occurs 
in individuals with psoriasis.

Historic Background

The association between arthri tis and psoriasis was noted in the nineteenth century. In 
the 1960s, on the basis of  epidemiologic and cl inical studies, i t became clear that unl ike 
RA the arthri tis associated with psoriasis was usually seronegative, often involved the 
distal interphalangeal (DIP) joints of  the fingers and the spine and sacroi l iac joints, had 
distinctive radiographic features, and showed considerable famil ial aggregation. In the 
1970s, PsA  was included in the broader category of the spondyloarthri tides because of  
features similar to those of  AS and ReA.

Epidemiology

Estimates of the prevalence of  PsA  among individuals with psoriasis range from 5 to 
30%. In Caucasian populations, psoriasis is estimated to have a prevalence of  1–3% . 
Psoriasis and PsA  are less common in other races in the absence of  HIV  infection. First-
degree relatives of  PsA  patients have an elevated risk for psoriasis, for PsA  itself , and for 
other forms of spondyloarthritis. Of patients with psoriasis, 30% have an affected first-

degree relative. In monozygotic twins, the concordance for psoriasis is 65%, and for 

PsA  30%. A variety of HLA  associations have been found. The HLA-Cw 6 gene is 
directly associated with psoriasis, particularly familial juvenile onset (type I) psoriasis. 
HLA-B27 is associated with psoriatic spondylitis (see below). HLA-DR7, -DQ3, and -
B57 are associated with PsA because of l inkage disequil ibrium with Cw6. Other 
associations include HLA-B13, -B37, -B38, -B39, and DR4. The M IC-A -A 9 al lele at the 
HLA-B-linked MIC-A  locus has also recently been reported associated with PsA , as 
have certain kil ler immunoglobulin-l ike receptor (K IR) al leles. The complex inheritance 
patterns of  psoriasis and PsA  suggest that several unlinked al lel ic loci are required for 
susceptibi l ity. However, only the M HC has shown consistent l inkage from study to 
study.

Pathology

The inflamed synovium in PsA  resembles that of RA, although with somewhat less 
hyperplasia and cel lulari ty than in RA , and somewhat greater vascularity. Some studies 
have indicated a higher tendency to synovial f ibrosis in PsA . Unlike RA , PsA shows 
prominent enthesitis, with histology similar to that of the other spondyloarthritides.
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Pathogenesis

PsA is almost certainly immune-mediated and probably shares pathogenic mechanisms 
with psoriasis. PsA synovium shows inf il tration with T cells, B cells, macrophages, and 
NK receptor–expressing cells, with upregulation of leukocyte homing receptors. 
Clonally expanded CD8+ T cells are frequent in PsA. Cytokine production in the 
synovium in PsA resembles that in psoriatic skin lesions and in RA synovium, having 

predominantly a TH1 pattern. Interleukin (IL ) 2, interferon , TNF- ,  and IL-1

,  -6 , -8 , -10, -12, -13, and -15 are found in PsA synovium or synovial f luid. 
Consistent with the extensive bone lesions in PsA , patients with PsA  have been found to 
have a marked increase in osteoclastic precursors in peripheral blood and upregulation of  

RANKL (receptor activator of NF- ligand) in the synovial l ining layer.

Clinical Features

In 60–70% of  cases, psoriasis precedes joint disease. In 15–20%, the two manifestations 
appear within 1 year of each other. In about 15–20% of  cases, the arthri tis precedes the 
onset of psoriasis and can present a diagnostic chal lenge. The f requency in men and 
women is almost equal, al though the f requency of disease patterns dif fers somewhat in 
the two sexes. The disease can begin in chi ldhood or late in li fe but typical ly begins in 
the fourth or f i fth decade, at an average age of  37 years.

The spectrum of arthropathy associated with psoriasis is quite broad. M any classification 
schemes have been proposed. In the original scheme of Wright and M oll , f ive patterns 
are described: (1) arthritis of the DIP joints; (2) asymmetric oligoarthritis; (3) symmetric 
polyarthritis similar to RA; (4) axial involvement (spine and sacroiliac joints); and (5) 
arthri tis muti lans, a highly destructive form of  disease. These patterns are not f ixed, and 
the pattern that persists chronically often dif fers from that of the initial presentation. A  
simpler scheme in recent use contains three patterns: ol igoarthri tis, polyarthri tis, and 
axial arthritis.

Nail changes in the fingers or toes occur in 90% of patients with PsA, compared with 
40% of psoriatic patients without arthri tis, and pustular psoriasis is said to be associated 
with more severe arthritis. Several articular features distinguish PsA from other joint 
disorders. Dactyl i tis occurs in >30%; enthesitis and tenosynovitis are also common and 
are probably present in most patients although often not appreciated on physical 
examination. Shortening of digits because of underlying osteolysis is particularly 
characteristic of PsA , and there is a much greater tendency than in RA for both fibrous 
and bony ankylosis of small joints. Rapid ankylosis of one or more proximal 
interphalangeal (PIP) joints early in the course of  disease is not uncommon. Back and 
neck pain and sti f fness are also common in PsA .

Arthropathy confined to the DIP joints predominates in about 15% of cases. 
Accompanying nai l  changes in the affected digits are almost always present. These joints 
are also of ten affected in the other patterns of PsA . Approximately 30% of patients have 
asymmetric ol igoarthritis. This pattern commonly involves a knee or another large joint 
with a few small joints in the fingers or toes, often with dactylitis. Symmetric 
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polyarthri tis occurs in about 40% of PsA  patients at presentation. I t may be 
indistinguishable from RA in terms of the joints involved, but other features 
characteristic of PsA  are usually also present. In general, peripheral joints in PsA  tend to 
be somewhat less tender than in RA , although signs of inflammation are usually present. 
A lmost any peripheral joint can be involved. Axial arthropathy without peripheral 
involvement is found in about 5% of PsA patients. It may be indistinguishable from 
idiopathic AS, although more neck involvement and less thoracolumbar spinal 
involvement is characteristic, and nail changes are not found in idiopathic AS. About 5% 
of PsA  patients have arthri tis muti lans, in which there can be widespread shortening of  
digits ("telescoping"), sometimes coexisting with ankylosis and contractures in other 
digits.

Six patterns of nail involvement are identif ied: pitting, horizontal ridging, onycholysis, 
yellowish discoloration of the nail margins, dystrophic hyperkeratosis, and combinations 
of these f indings. Other extraarticular manifestations of  the spondyloarthritides are 
common. Eye involvement, either conjunctivitis or uveitis, is reported in 7–33% of  PsA  
patients. Unlike the uveitis associated with AS, the uveitis in PsA is more often bilateral, 
chronic, and/or posterior. Aortic valve insuff iciency has been found in <4% of patients, 
usually after long-standing disease.

Widely varying estimates of cl inical outcome have been reported in PsA. A t i ts worst, 
severe PsA  with arthri tis muti lans is at least as crippl ing and ultimately fatal as severe 
RA. Unlike RA, however, many patients with PsA  experience temporary remissions. 
Overal l , erosive disease develops in the majori ty of  patients, progressive disease with 
deformity and disabil i ty is common, and in some large published series, mortal i ty was 
found to be signif icantly increased compared with the general population.

The psoriasis and associated arthropathy seen with HIV  infection both tend to be severe 
and can occur in populations with very l ittle psoriasis in noninfected individuals. Severe 
enthesopathy, dactyl i tis, and rapidly progressive joint destruction are seen, but axial 
involvement is very rare. This condition is prevented by or responds well to 
antiretroviral therapy.

Laboratory and Radiographic Findings

There are no diagnostic laboratory tests for PsA . ESR and CRP are often elevated. A  
small percentage of  patients may have low ti ters of  rheumatoid factor or antinuclear 
antibodies. Uric acid may be elevated in the presence of extensive psoriasis. HLA-B27 is 

found in 50–70% of  patients with axial disease, but 15–20% in patients with only 
peripheral joint involvement.

The peripheral and axial arthropathies in PsA  show a number of  radiographic features 
that distinguish them from RA and AS, respectively. Characteristics of peripheral PsA 
include DIP involvement, including the classic "pencil-in-cup" deformity; marginal 
erosions with adjacent bony proliferation ("whiskering"); small-joint ankylosis; 
osteolysis of  phalangeal and metacarpal bone, with telescoping of digits; and periosti tis 
and prol i ferative new bone at sites of  enthesitis (Fig. 318-3). Characteristics of  axial PsA  
include asymmetric sacroil i i tis; compared with idiopathic AS, less zygoapophyseal joint 
arthri tis, fewer and less symmetric and delicate syndesmophytes; fluf fy hyperperiostosis 
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on anterior vertebral bodies; severe cervical spine involvement, with a tendency to 
atlantoaxial subluxation but relative sparing of the thoracolumbar spine; and 
paravertebral ossification. Ultrasound and M RI both readily demonstrate enthesitis and 
tendon sheath effusions that can be dif f icult to assess on physical examination. A  recent 
MRI study of 68 PsA patients found sacroil i i tis in 35%, unrelated to B27 but correlated 
with restricted spinal movement.

Diagnosis

The diagnosis of  PsA  is primari ly cl inical, based on the presence of  psoriasis and 
characteristic peripheral or spinal joint symptoms, signs, and imaging. Diagnosis can be 
chal lenging when the arthri tis precedes psoriasis, the psoriasis is undiagnosed or 
obscure, or the joint involvement closely resembles another form of arthritis. A  high 
index of  suspicion is needed in any patient with an undiagnosed inf lammatory 
arthropathy. The history should include inquiry about psoriasis in the patient and family 
members. Patients should be asked to disrobe for the physical examination, and 
psoriasiform lesions should be sought in the scalp, ears, umbil icus, and gluteal folds in 
addition to more accessible sites; the finger and toe nai ls should also be careful ly 
examined. Axial symptoms or signs, dactyl i tis, enthesitis, ankylosis, the pattern of joint 
involvement, and characteristic radiographic changes can be helpful clues. The 
differential diagnosis of isolated DIP involvement is short. Osteoarthritis (Heberden's 
nodes) is usually not inf lammatory; gout involving more than one DIP joint often 
involves other sites and is accompanied by tophi; the very rare entity multicentric 
reticulohistiocytosis involves other joints and has characteristic small pearly periungual 
skin nodules; and the uncommon entity inf lammatory osteoarthritis, l ike the others, lacks 
the nai l  changes of  PsA . Radiography can be helpful in al l of  these cases and in 
distinguishing between psoriatic spondylitis and idiopathic AS. A  history of trauma to an 
affected joint preceding the onset of  arthritis is said to occur more frequently in PsA than 
in other types of arthritis, perhaps reflecting the K oebner phenomenon in which psoriatic 
skin lesions can arise at si tes of the skin trauma. 

Psoriatic Arthritis: Treatment

Ideally, coordinated therapy is directed at both the skin and joints in PsA . As described 

above for A S, use of  the anti-TNF-  agents has revolutionized the treatment of  PsA . 

Figure 318-3

Character istic lesions of psoriatic arthritis. Inf lammation is prominent in the DIP 
joints (left 5th, 4th, 2nd; right 3rd and 5th) and PIP joints (left 2nd, right 2nd, 4th, and 
5th). There is dactyl i tis in the left 2nd f inger and thumb, with pronounced telescoping 
of the lef t 2nd finger. Nail dystrophy (hyperkeratosis and onycholysis) affects each of 
the f ingers except the left 3rd f inger, the only f inger without arthritis. (Courtesy of 
Donald Raddatz, MD.)
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Prompt and dramatic resolution of  both arthri tis and skin lesions has been observed in 
large, randomized controlled trials of etanercept, inf l iximab, and adalimumab. M any of 
the responding patients had long-standing disease that was resistant to al l  previous 
therapy, as wel l  as extensive skin disease. The cl inical response is more dramatic than in 
RA , and delay of disease progression has been demonstrated radiographical ly The anti-T  
cel l  biologic agent A lefacept, in combination with methotrexate, has also been proven 
effective in both psoriatic arthritis and psoriasis.

Other treatment for PsA  has been based on drugs that have ef ficacy in RA  and/or in 
psoriasis. A lthough methotrexate in doses of  15–25 mg/week and sulfasalazine (usual ly 
given in doses of  2–3 g/d) have each been found to have cl inical ef ficacy in control led 
trials, neither ef fectively halts progression of erosive joint disease. Other agents with 
ef ficacy in psoriasis reported to benefit PsA are cyclosporine, retinoic acid derivatives, 
and psoralen plus ultraviolet l ight (PUVA). There is controversy regarding the eff icacy 
in PsA of gold and antimalarials, which have been widely used in RA. The pyrimidine 
synthetase inhibitor lef lunomide has been shown in a randomized control led trial to be 
benef icial in both psoriasis and psoriatic arthritis.

A l l  of  these treatments require careful monitoring. Immunosuppressive therapy may be 
used cautiously in HIV-associated PsA if  the HIV infection is well controlled.

In one large prospective series, 7% of patients with PsA  required musculoskeletal 
surgery beginning at a mean of 13 years' disease duration. Indications for surgery are 
similar to those in RA , although there is an impression that outcomes in PsA  may be less 
satisfactory.
Undifferentiated and Juvenile-Onset Spondyloarthritis

M any patients, usually young adults, present with some features of  one or more of  the 
spondyloarthri tides discussed above but lack cri teria for these diagnoses. For example, a 
patient may present with inf lammatory synovitis of one knee, Achil les tendinitis, and 
dactyl i tis of one digit, or sacroil i i tis in the absence of other criteria for AS. Such patients 
are said to have undif ferentiated spondyloarthritis, or simply spondyloarthritis, as 
def ined by the European Spondyloarthropathy Study Group (ESSG criteria, Fig. 318-4) . 
Some of these patients may have ReA  in which the triggering infection remains 
cl inical ly si lent. In some other cases, the patient subsequently develops IBD or psoriasis 
or the process eventually meets criteria for A S. Approximately half the patients with 
undifferentiated spondyloarthritis are HLA-B27 positive, and thus the absence of  B27 is 
not useful in establishing or excluding the diagnosis. In famil ial cases, which are much 
more frequently B27 positive, there is of ten eventual progression to AS.

Figure 318-4

Algor ithm for diagnosis of the spondyloarthritides, adapted from the European 
Spondyloarthropathy Study Group criteria and the Amor criteria (M Dougados et al :  
Arthr itis Rheum 34:1218, 1991; B Amor: Rev Rhum Mal Ostéoartic 57:85, 1990).
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In juvenile-onset spondyloarthri tis, which begins between ages 7 and 16, most 
commonly in boys (60–80%), an asymmetric, predominantly lower-extremity 
ol igoarthritis and enthesitis without extraarticular features is the typical mode of 
presentation. The prevalence of  B27 in this condition, which has been termed the 
seronegative, enthesopathy, arthropathy (SEA) syndrome, is approximately 80%. M any, 
but not al l, of  these patients go on to develop AS in late adolescence or adulthood.

Management of undif ferentiated spondyloarthritis is similar to that of the other 

spondyloarthri tides. Response to anti-TNF- therapy has been documented, and this 
therapy is indicated in severe, persistent cases not responsive to other treatment. One 
recent study reported signif icant benefit in patients with long-standing undif ferentiated 
spondyloarthropathy treated for 9 months with doxycycline and ri fampin. These data 
await confirmation.

Current pediatric textbooks and journals should be consulted for information on 
management of juvenile-onset spondyloarthritis. An algorithm for the diagnosis of the 
spondyloarthritides in adults is presented in Fig. 318-4.

Sensitivity and specif icity for any given decision arm are approximately 80%. If  a 
diagnosis of psoriatic arthropathy, reactive arthritis, or undif ferentiated 
spondyloarthritis is made on the basis of peripheral arthropathy, then HIV  infection 
needs to be considered.

Enteropathic Arthritis

Historic Background

A relationship between arthritis and IBD was observed in the 1930s. The relationship 
was further defined by the epidemiologic studies in the 1950s and 1960s and included in 
the concept of  the spondyloarthritides in the 1970s.

Epidemiology

Both of the common forms of IBD, ulcerative colitis (UC) and Crohn's disease (CD) 
(Chap. 289), are associated with spondyloarthri tis. UC and CD both have an estimated 
prevalence of 0.05–0.1%, and the incidence of each is thought to have increased in 
recent decades. AS and peripheral arthri tis are both associated with UC and with CD. 
Wide variations have been reported in the estimated f requencies of these associations. In 
recent series, A S was diagnosed in 1–10%, and peripheral arthritis in 10–50%, of 
patients with IBD. Inflammatory back pain and enthesopathy are common, and many 
patients have sacroi l i i tis on imaging studies.

The prevalence of UC or CD in patients with AS is thought to be 5–10%. However, 
investigation of  unselected spondyloarthri tis patients by i leocolonoscopy has revealed 
that f rom one-third to two-thirds of patients with A S have subclinical intestinal 
inflammation that is evident either macroscopically or histologically. These lesions have 
also been found in patients with undif ferentiated spondyloarthritis or ReA (both 
enterically and urogenitally acquired).
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Both UC and CD have a tendency to familial aggregation, more so for CD. HLA 
associations have been weak and inconsistent. HLA-B27 is found in up to 70% of 

patients with IBD and AS, but in 15% of patients with IBD and peripheral arthritis 
or IBD alone. Three al leles of  the NOD2/CARD15 gene on chromosome 16 have been 
found in approximately half of patients with CD. These al leles are not associated with 
the spondyloarthritides per se. However, they are found signif icantly more often in (1) 
CD patients with sacroil i i tis than in those without sacroil i i tis, and (2) SpA patients with 
chronic inf lammatory gut lesions than in those with normal gut histology. These 
associations are independent of  HLA-B27.

Pathology

Available data for IBD-associated peripheral arthri tis suggest a synovial histology 
similar to other spondyloarthritides. Association with arthropathy does not affect the gut 
histology of UC or CD (Chap. 289). The subclinical inf lammatory lesions in the colon 
and distal i leum associated with spondyloarthri tis have been classified as either acute or 
chronic. The former resemble acute bacterial enteritis, with largely intact architecture 
and neutrophil ic inf i l tration in the lamina propria. The latter resemble the lesions of CD, 
with distortion of vil l i  and crypts, aphthoid ulceration, and mononuclear cell inf i ltration 
in the lamina propria.

Pathogenesis

Both IBD and the spondyloarthropathies are immune-mediated, but the specif ic 
pathogenic mechanisms are poorly understood, and the connection between the two is 
obscure. IBD is a common phenotype in a number of rodent l ines with transgenic 
overexpression or targeted deletion of  genes involved in immune processes. A rthri tis is 
an accompanying prominent feature in two of these IBD models, HLA-B27 transgenic 

rats and mice with constitutive overexpression of TNF- , and immune dysregulation 
is prominent in both. Several l ines of evidence indicate traff icking of leukocytes between 
the gut and the joint. Mucosal leukocytes from IBD patients have been shown to bind 
avidly to synovial vasculature through several dif ferent adhesion molecules. 
M acrophages expressing CD163 are prominent in the inf lammatory lesions of  both gut 
and synovium in the spondyloarthritides.

Clinical Features

AS associated with IBD is clinically indistinguishable from idiopathic AS. It runs a 
course independent of the bowel disease, and in many patients i t precedes the onset of  
IBD, sometimes by many years. Peripheral arthri tis not infrequently begins before onset 
of overt bowel disease. The spectrum of peripheral arthritis includes acute self-l imited 
attacks of ol igoarthritis that often coincide with relapses of IBD, and more chronic and 
symmetric polyarticular arthritis that runs a course independent of IBD activity. The 
patterns of joint involvement are similar in UC and CD. In general, erosions and 
deformities are infrequent in IBD-associated peripheral arthri tis, and joint surgery is 
rarely required. Dactyl itis and enthesopathy are occasionally found. In addition to the 
~20% of IBD patients with spondyloarthri tis, a comparable percentage have arthralgias 
or f ibromyalgia symptoms.
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Other extraintestinal manifestations of IBD are seen in addition to arthropathy, including 
uveitis, pyoderma gangrenosum, erythema nodosum, and f inger clubbing, al l  somewhat 
more common in CD than UC. The uveitis shares the features described above for PsA-
associated uvei tis.

Laboratory and Radiographic Findings

Laboratory f indings ref lect the inf lammatory and metabolic manifestations of IBD. Joint 
fluid is usually at least mildly inflammatory. Of patients with AS and IBD, 30–70% 
carry the HLA-B27 gene, compared with >90% of patients with AS alone and 50–70% 
of those with AS and psoriasis. Hence, def inite or probable AS in a B27-negative 
individual in the absence of psoriasis should prompt a search for occult IBD. 
Radiographic changes in the axial  skeleton are the same as in uncomplicated A S. 
Erosions are uncommon in peripheral arthritis but may occur, particularly in the 
metatarsophalangeal joints. Isolated destructive hip disease has been described.

Diagnosis

Diarrhea and arthritis are both common conditions that can coexist for a variety of  
reasons. When etiopathogenically related, reactive arthritis and IBD-associated arthritis 
are the most common causes. Rare causes include cel iac disease, bl ind loop syndromes, 
and Whipple's disease. In most cases, diagnosis depends upon investigation of  the bowel 
disease.

Enteropathic Arthritis: Treatment

As with the spondyloarthritides, treatment of  CD has been revolutionized by therapy 
with anti-TNF agents. Inf l iximab and adalimumab are effective for induction and 
maintenance of cl inical remission in CD, and infl iximab has been shown to be effective 
in fistulizing CD. IBD-associated arthri tis also responds to these agents. Other treatment 
for IBD, including sulfasalazine and related drugs, systemic glucocorticoids, and 
immunosuppressive drugs, are also usually of benef i t for associated peripheral arthri tis. 
NSAIDs are generally helpful and well tolerated, but they can precipitate f lares of IBD.
Sapho Syndrome

The syndrome of synovitis, acne, pustulosis, hyperostosis, and osteitis (SAPHO) is 
characterized by a variety of  skin and musculoskeletal manifestations. Dermatologic 
manifestations include palmoplantar pustulosis, acne conglobata, acne fulminans, and 
hidradenitis suppurativa. The main musculoskeletal findings are sternoclavicular and 
spinal hyperostosis, chronic recurrent foci of  steri le osteomyelitis, and axial or peripheral 
arthri tis. Cases with one or a few manifestations are probably the rule. The ESR is 
usual ly elevated, sometimes dramatical ly. In some cases, bacteria, most often 
Propionibacterium acnes, have been cultured from bone biopsy specimens and 
occasionally other sites. Inflammatory bowel disease was coexistent in 8% of patients in 
one large series. B27 is found in only a small minority of  patients. Either bone scan or 
CT scan is helpful diagnostically. High-dose NSA IDs may provide rel ief f rom bone 
pain. A  number of uncontrol led series and case reports of successful therapy with 
pamidronate or other bisphosphonates have appeared recently. Response to anti-TNF-
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 therapy has also been observed, al though in a few cases this has been associated 
with a flare of  skin manifestations. Successful prolonged antibiotic therapy has also been 
reported. 
Whipple's Disease

Whipple's disease (see also Chap. 288) is a rare chronic bacterial infection, mostly of  
middle-aged Caucasian men, caused by Tropheryma whippeli i . A t least 75% of affected 
individuals develop an oligo- or polyarthritis. The joint manifestations usually precede 
other symptoms of  the disease by 5 years or more; they are thus particularly important 
because antibiotic therapy is curative, whereas the untreated disease is fatal . Large and 
small peripheral joints and sacroil iac joints may be involved. The arthritis is abrupt in 
onset, migratory, usual ly lasts hours to a few days, and then resolves completely. 
Chronic polyarthritis and joint space loss, visible on x-ray, can occur but are not typical. 
Eventually prolonged diarrhea, malabsorption, and weight loss occur. Other 
manifestations of systemic disease include fever, edema, serositis, endocarditis, 
pneumonia, hypotension, lymphadenopathy, hyperpigmentation, subcutaneous nodules, 
clubbing, and uveitis. Central nervous system involvement eventually develops in 80% 
of untreated patients, with cognitive changes, headache, diplopia, and papi l ledema, and 
may be appreciated by abnormalities on M RI. Oculomasticatory and oculo-facial-
skeletal myorhythmia, accompanied by supranuclear vertical gaze palsy, are said to be 
pathognomonic. Laboratory abnormali ties include anemia and changes f rom 
malabsorption. There is at most a weak association with HLA-B27. Synovial fluid is 
usually inf lammatory. Radiography rarely shows joint erosions but may show 
sacroil i i tis. Abdominal CT may reveal lymphadenopathy. Foamy macrophages 
containing PAS-staining bacterial remnants can be seen in biopsies of  small  intestine, 
synovium, lymph node, and other tissues.

The complete genome sequence of  T. whippeli i  was publ ished in 2003. Diagnosis is 
establ ished by PCR ampli f ication of sequences of  the 16S ribosomal gene or other genes 
of  T. whippeli i  in biopsied tissue. In the future, this may be supplanted or complemented 
by serologic tests. The syndrome responds best to therapy with penici l l in (or ceftriaxone) 
and streptomycin for 2 weeks followed by trimethoprim-sulfamethoxazole for 1–2 years. 
Monitoring for central nervous system relapse is critical.
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Harrison's I nternal M edicine > Part 13. Disorders of the Immune System, 
Connective Tissue, and Joints > Section 2. Disorders of  Immune-M ediated 
Injury > Chapter 319. The Vasculitis Syndromes >

Definition

Vascul i tis is a cl inicopathologic process characterized by inf lammation of  and damage 
to blood vessels. The vessel lumen is usual ly compromised, and this is associated with 
ischemia of  the tissues suppl ied by the involved vessel. A  broad and heterogeneous 
group of  syndromes may result f rom this process, since any type, size, and location of  
blood vessel may be involved. Vascul i tis and i ts consequences may be the primary or 
sole manifestation of  a disease; alternatively, vasculi tis may be a secondary component 
of  another primary disease. V ascul i tis may be conf ined to a single organ, such as the 
skin, or i t may simultaneously involve several organ systems.
Classif ication

A  major feature of the vascul i tic syndromes as a group is the fact that there is a great 
deal of heterogeneity at the same time as there is considerable overlap among them. 
This heterogeneity and overlap in addition to a lack of  understanding of  the 
pathogenesis of these syndromes have been major impediments to the development of  a 
coherent classif ication system for these diseases. Table 319-1 l ists the major vasculitis 
syndromes. The distinguishing and overlapping features of  these syndromes are 
discussed below.
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Table 319-1 Vasculitis Syndromes

Primary Vasculitis Syndromes Secondary V asculitis Syndromes
Wegener's granulomatosis

Churg-Strauss syndrome

Polyarteritis nodosa 

Microscopic polyangiitis

Giant cell arteritis

Takayasu's arteri tis

Henoch-Schönlein purpura 

Idiopathic cutaneous vascul itis 

Essential mixed cryoglobulinemia

Behçet's syndrome

Isolated vascul i tis of  the central nervous 
system

Cogan's syndrome

K awasaki disease

Drug-induced vascul i tis 

Serum sickness

Vasculi tis associated with other primary 
diseases

 Infection

 Malignancy

 Rheumatic disease

Pathophysiology and Pathogenesis

General ly, most of the vascul i tic syndromes are assumed to be mediated at least in part 
by immunopathogenic mechanisms that occur in response to certain antigenic stimuli  
(Table 319-2). However, evidence supporting this hypothesis is for the most part 
indirect and may ref lect epiphenomena as opposed to true causal i ty. Furthermore, i t is 
unknown why some individuals might develop vasculitis in response to certain 
antigenic stimuli, whereas others do not. It is likely that a number of  factors are 
involved in the ultimate expression of a vasculi tic syndrome. These include the genetic 
predisposition, environmental exposures, and the regulatory mechanisms associated 
with immune response to certain antigens.

Table 319-2 Potential Mechanisms of Vessel Damage in V asculi tis Syndromes
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Pathogenic Immune-Complex Formation

Vasculitis is generally considered within the broader category of immune-complex 
di seases that include serum sickness and certain of  the connective tissue diseases, of 
which systemic lupus erythematosus (Chap. 313) is the prototype. A lthough deposition 
of  immune complexes in vessel walls is the most widely accepted pathogenic 
mechanism of  vascul i tis, the causal role of  immune complexes has not been clearly 
established in most of the vasculi tic syndromes. Circulating immune complexes need 
not result in deposition of  the complexes in blood vessels with ensuing vasculi tis, and 
many patients with active vasculi tis do not have demonstrable circulating or deposited 
immune complexes. The actual antigen contained in the immune complex has only 
rarely been identified in vasculi tic syndromes. In this regard, hepatitis B antigen has 
been identified in both the circulating and deposited immune complexes in a subset of  
patients with systemic vasculitis, most notably in polyarteritis nodosa (PA N; see 
below). The syndrome of essential mixed cryoglobulinemia is strongly associated with 
hepati tis C virus infection; hepatitis C virions and hepatitis C virus antigen-antibody 

Pathogenic immune complex formation and/or deposition

  Henoch-Schönlein purpura 

  Vascul i tis associated with col lagen vascular diseases

  Serum sickness and cutaneous vascul i tis syndromes

  Hepatitis C–associated essential mixed cryoglobulinemia

  Hepatitis B–associated polyarteri tis nodosa 

Production of antineutrophil ic cytoplasmic antibodies

  Wegener's granulomatosis

  Churg-Strauss syndrome

  Microscopic polyangiitis

Pathogenic T lymphocyte responses and granuloma formation

  Giant cell arteritis

  Takayasu's arteri tis

  Wegener's granulomatosis

  Churg-Strauss syndrome

Source: A dapted from Sneller and Fauci.
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complexes have been identi f ied in the cryoprecipitates of these patients (see below).

The mechanisms of tissue damage in immune complex–mediated vascul i tis resemble 
those described for serum sickness. In this model, antigen-antibody complexes are 
formed in antigen excess and are deposited in vessel wal ls whose permeabi l i ty has been 
increased by vasoactive amines such as histamine, bradykinin, and leukotrienes 
released from platelets or f rom mast cel ls as a result of  IgE-triggered mechanisms. The 
deposition of complexes results in activation of complement components, particularly 
C5a, which is strongly chemotactic for neutrophils. These cells then inf i l trate the vessel 
wal l , phagocytose the immune complexes, and release their intracytoplasmic enzymes, 
which damage the vessel wal l . A s the process becomes subacute or chronic, 
mononuclear cells inf i l trate the vessel wall. The common denominator of  the resulting 
syndrome is compromise of  the vessel lumen with ischemic changes in the tissues 
supplied by the involved vessel. Several variables may explain why only certain types 
of  immune complexes cause vascul i tis and why only certain vessels are af fected in 
individual patients. These include the abil ity of the reticuloendothelial system to clear 
circulating complexes from the blood, the size and physicochemical properties of 
immune complexes, the relative degree of turbulence of blood flow, the intravascular 
hydrostatic pressure in different vessels, and the preexisting integrity of the vessel 
endothel ium.

Antineutrophil Cytoplasmic Antibodies (ANCA)

ANCA  are antibodies directed against certain proteins in the cytoplasmic granules of  
neutrophils and monocytes. These autoantibodies are present in a high percentage of  
patients with certain systemic vasculi tis syndromes, particularly Wegener's 
granulomatosis and microscopic polyangiitis, and in patients with necrotizing and 
crescentic glomerulonephritis. There are two major categories of ANCA based on 
different targets for the antibodies. The terminology of cytoplasmic ANCA (c-ANCA) 
refers to the dif fuse, granular cytoplasmic staining pattern observed by 
immunof luorescence microscopy when serum antibodies bind to indicator neutrophils. 
Proteinase-3, the 29-kDa neutral serine proteinase present in neutrophil azurophil ic 
granules, is the major c-ANCA antigen. More than 90% of patients with typical active 
Wegener's granulomatosis have detectable antibodies to proteinase-3 (see below). The 
terminology of perinuclear ANCA (p-ANCA) refers to the more localized perinuclear 
or nuclear staining pattern of the indicator neutrophils. The major target for p-ANCA is 
the enzyme myeloperoxidase; other targets that can produce a p-ANCA pattern of 
staining include elastase, cathepsin G, lactoferrin, lysozyme, and 
bactericidal/permeabil ity-increasing protein. However, only antibodies to 
myeloperoxidase have been convincingly associated with vasculi tis. 
Antimyeloperoxidase antibodies have been reported to occur in variable percentages of 
patients with microscopic polyangiitis, Churg-Strauss syndrome, crescentic 
glomerulonephri tis, Goodpasture's syndrome, and Wegener's granulomatosis (see 
below). A p-ANCA pattern of staining that is not due to antimyeloperoxidase 
antibodies has been associated with nonvascul i tic enti ties such as rheumatic and 
nonrheumatic autoimmune diseases, inf lammatory bowel disease, certain drugs, and 
infections such as endocarditis and bacterial airway infections in patients with cystic 
f ibrosis.

I t is unclear why patients with these vasculi tis syndromes develop antibodies to 
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myeloperoxidase or proteinase-3, whereas such antibodies are rare in other 
inflammatory diseases and autoimmune diseases. There are a number of  in vitro 
observations that suggest possible mechanisms whereby these antibodies can contribute 
to the pathogenesis of the vascul i tis syndromes. Proteinase-3 and myeloperoxidase 
reside in the azurophi lic granules and lysosomes of  resting neutrophi ls and monocytes, 
where they are apparently inaccessible to serum antibodies. However, when neutrophi ls 

or monocytes are primed by tumor necrosis factor (TNF)  or interleukin (IL) 1, 
proteinase-3 and myeloperoxidase translocate to the cel l  membrane where they can 
interact with extracellular ANCA . The neutrophils then degranulate and produce 
reactive oxygen species that can cause tissue damage. Furthermore, A NCA-activated 
neutrophils can adhere to and kil l  endothelial cells in vitro. Activation of neutrophils 
and monocytes by ANCA also induces the release of  proinf lammatory cytokines such 
as IL-1 and IL-8. Recent adoptive transfer experiments in genetically engineered mice 
provide further evidence for a direct pathogenic role of ANCA in vivo. In 
contradiction, however, a number of cl inical and laboratory observations argue against 
a primary pathogenic role for ANCA. Patients may have active Wegener's 
granulomatosis in the absence of  ANCA; the absolute height of the antibody ti ters does 
not correlate well with disease activity; and patients with Wegener's granulomatosis in 
remission may continue to have high antiproteinase-3 (c-ANCA) ti ters for years (see 
below). Thus, the role of  these autoantibodies in the pathogenesis of  systemic vascul i tis 
remains unclear.

Pathogenic T Lymphocyte Responses and Granuloma Formation

In addition to the classic immune complex–mediated mechanisms of vascul itis as well  
as ANCA, other immunopathogenic mechanisms may be involved in damage to 
vessels. The most prominent of  these are delayed hypersensitivi ty and cel l-mediated 
immune injury as ref lected in the histopathologic feature of granulomatous vasculitis. 
However, immune complexes themselves may induce granulomatous responses. 
Vascular endothelial cells can express HLA class I I molecules fol lowing activation by 

cytokines such as interferon (IFN) . This al lows these cells to participate in 
immunologic reactions such as interaction with CD4+ T lymphocytes in a manner 
similar to antigen-presenting macrophages. Endothel ial  cel ls can secrete IL-1, which 
may activate T lymphocytes and initiate or propagate in situ immunologic processes 

within the blood vessel. In addition, IL-1 and TNF-  are potent inducers of  
endothelial-leukocyte adhesion molecule 1 (ELAM-1) and vascular cel l  adhesion 
molecule 1 (VCAM-1), which may enhance the adhesion of  leukocytes to endothel ial  
cel ls in the blood vessel wall. Other mechanisms such as direct cellular cytotoxicity, 
antibody directed against vessel components, or antibody-dependent cel lular 
cytotoxici ty have been suggested in certain types of  vessel damage. However, there is 
no convincing evidence to support their causal contribution to the pathogenesis of  any 
of  the recognized vasculi tic syndromes.
Approach to the Patient: Vasculitis

The diagnosis of  vasculi tis is often considered in any patient with an unexplained 
systemic i l lness. However, there are certain cl inical abnormalities that when present 
alone or in combination should suggest a diagnosis of vascul i tis. These include 
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palpable purpura, pulmonary inf i ltrates and microscopic hematuria, chronic 
inflammatory sinusitis, mononeuritis multiplex, unexplained ischemic events, and 
glomerulonephritis with evidence of multisystem disease. A  number of nonvasculitic 
diseases may also produce some or all  of  these abnormali ties. Thus, the fi rst step in the 
workup of  a patient with suspected vascul i tis is to exclude other diseases that produce 
clinical manifestations that can mimic vasculitis (Table 319-3). It is particularly 
important to exclude infectious diseases with features that overlap those of vasculi tis, 
especially if  the patient's cl inical condition is deteriorating rapidly and empirical 
immunosuppressive treatment is being contemplated.

Table 319-3 Conditions that Can M imic Vasculitis

Infectious diseases

  Bacterial  endocarditis 

  Disseminated gonococcal infection

  Pulmonary histoplasmosis

  Coccidioidomycosis

  Syphilis

  L yme disease

  Rocky M ountain spotted fever

  Whipple's disease

Coagulopathies/thrombotic microangiopathies

  Antiphospholipid antibody syndrome

  Thrombotic thrombocytopenic purpura 

Neoplasms

  Atrial myxoma

  Lymphoma

  Carcinomatosis

Drug toxicity

  Cocaine
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Once diseases that mimic vasculitis have been excluded, the workup should follow a 
series of  progressive steps that establ ish the diagnosis of  vascul i tis and determine, 
where possible, the category of  the vasculi tis syndrome (Fig. 319-1). This approach is 
of  considerable importance since several of the vascul i tis syndromes require aggressive 
therapy with glucocorticoids and cytotoxic agents, while other syndromes usually 
resolve spontaneously and require symptomatic treatment only. The def initive 
diagnosis of vasculitis is made upon biopsy of involved tissue. The yield of "blind" 
biopsies of organs with no subjective or objective evidence of involvement is very low 
and should be avoided. When syndromes such as PA N, Takayasu's arteritis, or isolated 
central nervous system (CNS) vascul i tis are suspected, angiogram of  organs with 
suspected involvement should be performed. However, angiograms should not be 
performed routinely when patients present with localized cutaneous vasculitis with no 
clinical indication of visceral involvement.

The constellation of cl inical, laboratory, biopsy, and radiographic findings usually 
al lows proper categorization to a specif ic syndrome, and therapy where appropriate 
should be initiated according to this information (see individual syndromes below). If  
an offending antigen that precipitates the vascul itis is recognized, the antigen should be 

  Amphetamines

  Ergot alkaloids

  M ethysergide

  Arsenic

Sarcoidosis

A theroembolic disease

Goodpasture's syndrome

Amyloidosis

Migraine

Cryofibrinogenemia

Figure 319-1

Algor ithm for the approach to a patient with suspected diagnosis of vasculitis.
PAN, polyarteritis nodosa.

Page 161 of  219A ccessM edicine - Print

1/3/2013fi le:///C:/Users/Lesea/AppData/Local/Temp/~hhDC34.htm



removed where possible. If  the vascul i tis is associated with an underlying disease such 
as an infection, neoplasm, or connective tissue disease, the underlying disease should 
be treated. If  the syndrome does not resolve following removal of  an offending antigen 
or treatment of  an underlying disease, or i f there is no recognizable underlying disease, 
treatment should be initiated according to the category of  the vasculi tis syndrome. 
Treatment options wil l  be considered under the individual syndromes (see below), and 
general principles of  therapy will  be considered at the end of  the chapter.
Wegener's Granulomatosis

Definition

Wegener 's granulomatosis is a distinct cl inicopathologic entity characterized by 
granulomatous vasculi tis of the upper and lower respiratory tracts together with 
glomerulonephritis. In addition, variable degrees of disseminated vasculitis involving 
both small  arteries and veins may occur.

Incidence and Prevalence

Wegener's granulomatosis is an uncommon disease with an estimated prevalence of  3 
per 100,000. It is extremely rare in blacks compared with whites; the male-to-female 
ratio is 1:1. The disease can be seen at any age; ~15% of  patients are <19 years of  age, 
but only rarely does the disease occur before adolescence; the mean age of  onset is ~40 
years.

Pathology and Pathogenesis

The histopathologic hallmarks of  Wegener's granulomatosis are necrotizing vasculi tis 
of  small arteries and veins together with granuloma formation, which may be either 
intravascular or extravascular (Fig. 319-2). Lung involvement typical ly appears as 
multiple, bilateral, nodular cavitary infi ltrates (Fig. 319-3), which on biopsy almost 
invariably reveal the typical necrotizing granulomatous vasculitis. Upper airway 
lesions, particularly those in the sinuses and nasopharynx, typical ly reveal 
inflammation, necrosis, and granuloma formation, with or without vasculitis.

Figure 319-2

L ung histology in W egener's granulomatosis. This area of  geographic necrosis has 
a serpiginous border of  histiocytes and giant cel ls surrounding a central necrotic zone. 
Vasculitis is also present with neutrophils and lymphocytes infi l trating the wall of a 
small arteriole (upper right). (Courtesy of Will iam D. Travis, M.D.; with permission.)

Figure 319-3
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In i ts earl iest form, renal involvement is characterized by a focal and segmental 
glomerulitis that may evolve into a rapidly progressive crescentic glomerulonephritis. 
Granuloma formation is only rarely seen on renal biopsy. In contrast to other forms of 
glomerulonephritis, evidence of immune complex deposition is not found in the renal 
lesion of Wegener's granulomatosis. In addition to the classic triad of  disease of  the 
upper and lower respiratory tracts and kidney, virtually any organ can be involved with 
vasculitis, granuloma, or both.

The immunopathogenesis of  this disease is unclear, although the involvement of  upper 
airways and lungs with granulomatous vasculi tis suggests an aberrant cel l-mediated 
immune response to an exogenous or even endogenous antigen that enters through or 
resides in the upper airway. Chronic nasal carriage of Staphylococcus aureus has been 
reported to be associated with a higher relapse rate of Wegener's granulomatosis; 
however, there is no evidence for a role of this organism in the pathogenesis of the 
disease.

Peripheral blood mononuclear cel ls obtained from patients with Wegener's 

granulomatosis manifest increased secretion of IFN-  but not of IL-4, IL-5, or IL-10  

compared to normal controls. In addition, TNF-  production from peripheral blood 
mononuclear cel ls and CD4+ T cel ls is elevated. Furthermore, monocytes from patients 
with Wegener's granulomatosis produce increased amounts of  IL-12. These f indings 
indicate an unbalanced TH1-type T cel l cytokine pattern in this disease that may have 
pathogenic and perhaps ultimately therapeutic implications.

A  high percentage of patients with Wegener's granulomatosis develop ANCA, and 
these autoantibodies may play a role in the pathogenesis of this disease (see above).

Clinical and Laboratory Manifestations

Involvement of  the upper airways occurs in 95% of patients with Wegener's 
granulomatosis. Patients of ten present with severe upper respiratory tract f indings such 
as paranasal sinus pain and drainage and purulent or bloody nasal discharge, with or 
without nasal mucosal ulceration (Table 319-4). Nasal septal perforation may fol low, 
leading to saddle nose deformity. Serous oti tis media may occur as a result of  
eustachian tube blockage. Subglottic tracheal stenosis resulting f rom active disease or 
scarring occurs in ~16% of patients and may result in severe airway obstruction.

Computed tomography scan of a patient with W egener's granulomatosis. T he 
patient developed multiple, bilateral, and cavitary inf i l trates.

Table 319-4 Wegener's Granulomatosis: Frequency of Clinical M anifestations in 158 
Patients Studied at the National Insti tutes of  Health
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M anifestation Percent at D isease 
Onset

Percent Throughout Course of 
D isease

Kidney
  Glomerulonephritis 18 77
Ear/nose/throat 73 92
  Sinusitis 51 85
  Nasal  disease 36 68
  Otitis media 25 44
  Hearing loss 14 42
  Subglottic stenosis 1 16
  Ear pain 9 14
  Oral lesions 3 10
Lung 45 85
  Pulmonary inf i ltrates 25 66
  Pulmonary nodules 24 58
  Hemoptysis 12 30
  Pleuritis 10 28
Eyes
  Conjunctivitis 5 18
  Dacryocystitis 1 18
  Scleritis 6 16
  Proptosis 2 15
  Eye pain 3 11
  V isual loss 0 8
  Retinal lesions 0 4
  Corneal lesions 0 1
  Iritis 0 2

Othera

  Arthralgias/arthritis 32 67
  Fever 23 50
  Cough 19 46
  Skin abnormalities 13 46
  Weight loss (>10% body 
weight)

15 35

  Peripheral neuropathy 1 15
  Central nervous system 1 8
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Pulmonary involvement may be manifested as asymptomatic inf i ltrates or may be 
cl inical ly expressed as cough, hemoptysis, dyspnea, and chest discomfort. I t is present 
in 85–90% of patients. Endobronchial disease, either in i ts active form or as a result of 
f ibrous scarring, may lead to obstruction with atelectasis.

Eye involvement (52% of patients) may range from a mild conjunctivitis to 
dacryocystitis, episcleritis, scleritis, granulomatous sclerouveitis, ci l iary vessel 
vasculitis, and retroorbital mass lesions leading to proptosis.

Skin lesions (46% of  patients) appear as papules, vesicles, palpable purpura, ulcers, or 
subcutaneous nodules; biopsy reveals vascul i tis, granuloma, or both. Cardiac 
involvement (8% of patients) manifests as pericarditis, coronary vasculitis, or, rarely, 
cardiomyopathy. Nervous system manifestations (23% of patients) include cranial 
neuritis, mononeuritis multiplex, or, rarely, cerebral vasculitis and/or granuloma.

Renal disease (77% of patients) generally dominates the clinical picture and, i f  left 
untreated, accounts directly or indirectly for most of the mortal i ty in this disease. 
A lthough it may smolder in some cases as a mild glomerulitis with proteinuria, 
hematuria, and red blood cel l  casts, i t is clear that once cl inical ly detectable renal 
functional impairment occurs, rapidly progressive renal fai lure usually ensues unless 
appropriate treatment is insti tuted.

While the disease is active, most patients have nonspecif ic symptoms and signs such as 
malaise, weakness, arthralgias, anorexia, and weight loss. Fever may indicate activi ty 
of  the underlying disease but more of ten ref lects secondary infection, usually of the 
upper airway.

Characteristic laboratory findings include a markedly elevated erythrocyte 
sedimentation rate (ESR), mild anemia and leukocytosis, mild 
hypergammaglobulinemia (particularly of the IgA class), and mildly elevated 
rheumatoid factor. Thrombocytosis may be seen as an acute-phase reactant. 
Approximately 90% of patients with active Wegener's granulomatosis have a positive 
antiproteinase-3 ANCA. However, in the absence of  active disease, the sensitivity 
drops to ~60–70%. A  small  percentage of patients with Wegener's granulomatosis may 
have antimyeloperoxidase rather than antiproteinase-3 antibodies.

Patients with Wegener's granulomatosis have been found to have an increased 
incidence of venous thrombotic events. A lthough routine anticoagulation for al l 
patients is not recommended, a heightened awareness for any cl inical features 

disease
  Pericarditis 2 6
  Hyperthyroidism 1 3

aFewer than 1% had parotid, pulmonary artery, breast, or lower genitourinary (urethra, 
cervix, vagina, testicular) involvement. 

Source: Hoffman et al.
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suggestive of  deep venous thrombosis or pulmonary emboli  is warranted.

Diagnosis

The diagnosis of  Wegener's granulomatosis is made by the demonstration of  
necrotizing granulomatous vasculitis on tissue biopsy in a patient with compatible 
cl inical features. Pulmonary tissue offers the highest diagnostic yield, almost invariably 
revealing granulomatous vasculitis. Biopsy of upper airway tissue usually reveals 
granulomatous inf lammation with necrosis but may not show vasculitis. Renal biopsy 
can conf irm the presence of  pauci-immune glomerulonephritis.

The specificity of a positive antiproteinase-3 ANCA  for Wegener's granulomatosis is 
very high, especial ly i f  active glomerulonephritis is present. However, the presence of 
ANCA  should be adjunctive and, with very rare exceptions, should not substitute for a 
tissue diagnosis. False-positive ANCA titers have been reported in certain infectious 
and neoplastic diseases.

In i ts typical presentation, the cl inicopathologic complex of Wegener's granulomatosis 
usually provides ready differentiation from other disorders. However, if al l the typical 
features are not present at once, i t needs to be differentiated from the other vascul i tides, 
Goodpasture's syndrome (Chap. 277), relapsing polychondritis (Chap. 321), tumors of 
the upper airway or lung, and infectious diseases such as histoplasmosis (Chap. 192), 
mucocutaneous leishmaniasis (Chap. 205), and rhinoscleroma (Chap. 31) as wel l  as 
noninfectious granulomatous diseases.

Of particular note is the dif ferentiation from midline granuloma and upper  ai rway 
neoplasms, which are part of  the spectrum of midl ine destructive diseases. T hese 
diseases lead to extreme tissue destruction and muti lation localized to the midl ine 
upper airway structures including the sinuses; erosion through the skin of  the face 
commonly occurs, a feature that is extremely rare in Wegener's granulomatosis. 
A lthough blood vessels may be involved in the intense inf lammatory reaction and 
necrosis, primary vasculi tis is seen rarely. When systemic involvement occurs, it 
usually declares i tself  as a neoplastic process. In this regard, i t is l ikely that midl ine 
granuloma is part of  the spectrum of angiocentric immunoproliferative lesions. T he 
latter are considered to represent a spectrum of postthymic T cel l  prol i ferative lesions 
and should be treated as such (Chap. 105). The term idiopathic has been appl ied to 
midline granuloma when extensive diagnostic workup including multiple biopsies has 
fai led to reveal anything other than inf lammation and necrosis. Under these 
circumstances, i t is possible that the tumor cel ls were masked by the intensive 
inflammatory response. Such cases have responded to local irradiation with 50 Gy 
(5000 rad). Upper airway lesions should never be irradiated in Wegener's 
granulomatosis. Cocaine-induced tissue injury can be another important mimic of 
Wegener's granulomatosis in patients who present with isolated midl ine destructive 
disease. ANCA that target human neutrophi l  elastase can be found in patients with 
cocaine-induced midline destructive lesions and can confound the differentiation from 
Wegener's granulomatosis.

Wegener's granulomatosis must also be dif ferentiated f rom lymphomatoid 
granulomatosis, which is an Epstein-Barr virus–positive B cell proliferation that is 
associated with an exuberant T cel l  reaction. Lymphomatoid granulomatosis is 
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characterized by lung, skin, CNS, and kidney involvement in which atypical 
lymphocytoid and plasmacytoid cells infi l trate nonlymphoid tissue in an angioinvasive 
manner. In this regard, i t clearly dif fers from Wegener's granulomatosis in that i t is not 
an inf lammatory vasculitis in the classic sense but an infi l tration of vessels with 
atypical mononuclear cel ls; granuloma may be present in involved tissues. Up to 50% 
of patients may develop a true malignant lymphoma.

Wegener's Granulomatosis: Treatment

Cyclophosphamide Induction for Severe Disease

Wegener's granulomatosis was formerly universally fatal, usually within a few months 
af ter the onset of  cl inical ly apparent renal disease. Glucocorticoids alone led to some 
symptomatic improvement, with l i ttle effect on the ultimate course of the disease. I t has 
been well  establ ished that the most effective therapy in this disease is 
cyclophosphamide given in doses of 2 mg/kg per day oral ly together with 
glucocorticoids. The leukocyte count should be monitored closely during therapy, and 
the dosage of cyclophosphamide should be adjusted in order to maintain the count 

above 3000/ L , which generally maintains the neutrophil count at ~1500/ L . 
With this approach, cl inical remission can usually be induced and maintained without 
causing severe leukopenia with its associated risk of infection. As it was originally 
studied, cyclophosphamide was continued for 1 year fol lowing the induction of 
complete remission and gradually tapered and discontinued thereafter.

A t the initiation of therapy, glucocorticoids should be administered together with 
cyclophosphamide. This can be given as prednisone, 1 mg/kg per day initial ly (for the 
f irst month of therapy) as a daily regimen, with gradual conversion to an alternate-day  
schedule fol lowed by tapering and discontinuation after ~6 months.

Using the above regimen, the prognosis of  this disease is excellent; marked 
improvement is seen in >90% of patients, and complete remissions are achieved in 
75% of patients. A  number of patients who developed irreversible renal fai lure but who 
achieved subsequent remission on appropriate therapy have undergone successful  renal 
transplantation.

Despite the dramatic remissions induced by the therapeutic regimen described above, 
long-term follow-up of  patients has revealed that ~50% of remissions are later 
associated with one or more relapses. Reinduction of  remission is almost always 
achieved; however, a high percentage of  patients ultimately have some degree of  
morbidity from irreversible features of  their disease, such as varying degrees of  renal 
insufficiency, hearing loss, tracheal stenosis, saddle nose deformity, and chronical ly 
impaired sinus function. The determination of  relapse should be based on objective 
evidence of  disease activi ty, taking care to rule out other features that may have a 
similar appearance such as infection, medication toxici ty, or chronic disease sequelae. 
The ANCA titer can be misleading. M any patients who achieve remission continue to 
have elevated ti ters for years. In addition, one study found that >40% of patients who 
were in remission and had a fourfold increase in ANCA ti ter did not have a relapse in 
disease. Patients who relapse may not do so unti l  many months or years after the rise in 
ANCA titer. Thus, a rise in ANCA titer by itself  is not a harbinger of immediate 
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disease relapse and should not lead to reinsti tution or increase in immunosuppressive 
therapy. However, such a finding should prompt the cl inician to examine the patient 
careful ly for any objective evidence of  active disease and to monitor that patient 
closely.

Certain types of morbidity are related to toxic side effects of treatment. Glucocorticoid-
related side effects can include diabetes mell i tus, cataracts, l ife-threatening infectious 
disease complications, serious osteoporosis, and severe cushingoid features. The risk of 
such toxici ties can be reduced with the use of  an alternate-day glucocorticoid regimen 
as outl ined in the preceding regimen. Cyclophosphamide-related toxici ties are more 
f requent and severe. Cysti tis to varying degrees occurs in at least 30% of  patients, 
bladder cancer in 6%, myelodysplasia in 2%, and there is a high risk of  permanent 
inferti l i ty in both men and women.

Some reports have indicated therapeutic success with less f requent and severe toxic 
side effects using intermittent boluses of IV  cyclophosphamide (1 g/m2 per month) in 
place of dai ly administration. However, we and others have found an increased rate of  
relapse with bolus IV  cyclophosphamide. We therefore strongly recommend that the 
drug be given as daily oral therapy.

In patients with immediately life-threatening disease, such as rapidly progressive 
glomerulonephritis, a regimen of daily cyclophosphamide and glucocorticoids is 
clearly the treatment of  choice to induce remission. However, af ter patients have 
achieved remission, which typically occurs within 3–6 months, consideration should be 
given to stopping cyclophosphamide and beginning methotrexate or azathioprine for 
remission maintenance. This approach is aimed at lessening the toxici ty associated with 
chronic cyclophosphamide therapy. M ethotrexate is administered oral ly starting at a 
dosage of  0.3 mg/kg as a single weekly dose, not to exceed 15 mg/week. If  the 
treatment is well  tolerated af ter 1–2 weeks, the dosage should be increased by 2.5 mg 
weekly up to a dosage of 20–25 mg/week and maintained at that level. This regimen is 
given for 2 years past remission, af ter which time it is tapered by 2.5 mg each month 
unti l discontinuation. To lessen toxicity, methotrexate is often given together with folic 
acid, 1 mg daily, or folinic acid, 5–10 mg once a week 24 h fol lowing methotrexate. 
Azathioprine, 2 mg/kg per day, has also proven effective in maintaining remission 
following induction with daily cyclophosphamide. There have been no studies to date 
comparing methotrexate to azathioprine for remission maintenance. In the absence of  
such data, the choice of agent is often based on toxici ty prof i le, as methotrexate cannot 
be given to patients with renal insuff iciency or chronic l iver disease. In patients who 
are unable to receive methotrexate or azathioprine or who have relapsed through such 
treatment, emerging data suggest that mycophenolate mofeti l , 1000 mg twice a day, 
may also sustain remission fol lowing cyclophosphamide induction in selected patients. 

M ethotrexate Induction for Nonsevere Disease

For selected patients whose disease is not immediately l i fe threatening or in those 
patients who have experienced signif icant cyclophosphamide toxicity, methotrexate 
together with glucocorticoids given at the dosages described above may be considered 
as an alternative for initial therapy.
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Biologic Therapies

Biologic therapies have increasingly been investigated in Wegener's granulomatosis. 
Etanercept, a dimeric fusion protein containing the 75-kDa TNF receptor bound to 
human IgG1, was not found to sustain remission when used adjunctively to standard 
therapy and should not be used in the treatment of  Wegener's granulomatosis. 
Favorable preliminary results with the use of rituximab (anti-CD20) in Wegener's 
granulomatosis have been reported. However, pending further investigation of  this 
agent through rigorous prospective trials, ri tuximab should not be used in place of 
standard treatments that are of  proven ef ficacy.

Trimethoprim-Sulfamethoxazole

A lthough certain reports have indicated that trimethoprim-sulfamethoxazole (TMP-
SM X) may be of benef i t in the treatment of  Wegener's granulomatosis, there are no 
f irm data to substantiate this, particularly in patients with serious renal and pulmonary 
disease. In a study examining the effect of  TMP-SM X  on relapse, decreased relapses 
were shown only with regard to upper airway disease, and no dif ferences in major 
organ relapses were observed. TM P-SM X  alone should never be used to treat active 
Wegener's granulomatosis outside of  the upper airway.

Organ-Specif ic Treatment

Not all  manifestations of Wegener's granulomatosis require or respond to cytotoxic 
therapy. In managing non-major organ disease, such as that isolated to the sinus, joints, 
or skin, the risks of treatment should be carefully weighed against the benefits. Given 
the potential toxicities of this agent, treatment with cyclophosphamide is rarely if  ever 
justi f ied for the treatment of isolated sinus disease in Wegener's granulomatosis. 
A lthough patients with non-major organ disease may be ef fectively treated without 
cytotoxic therapy, these individuals must be monitored closely for the development of 
disease activity af fecting the lungs, kidneys, or other major organs. Subglottic tracheal 
stenosis and endobronchial  stenosis are examples of  disease manifestations that do not 
typical ly respond to systemic immunosuppressive treatment.
Churg-Strauss Syndrome

Definition

Churg-Strauss syndrome, also referred to as allergic angiitis and granulomatosis, w as 
described in 1951 by Churg and Strauss and is characterized by asthma, peripheral and 
tissue eosinophilia, extravascular granuloma formation, and vasculitis of multiple organ 
systems.

Incidence and Prevalence

Churg-Strauss syndrome is an uncommon disease with an estimated annual incidence 
of  1–3 per mill ion. The disease can occur at any age with the possible exception of  
infants. The mean age of onset is 48 years, with a female-to-male ratio of 1.2:1.

Pathology and Pathogenesis
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The necrotizing vasculitis of Churg-Strauss syndrome involves small  and medium-
sized muscular arteries, capi l laries, veins, and venules. A  characteristic histopathologic 
feature of Churg-Strauss syndrome is granulomatous reactions that may be present in 
the tissues or even within the wal ls of  the vessels themselves. These are usual ly 
associated with inf i ltration of  the tissues with eosinophils. This process can occur in 
any organ in the body; lung involvement is predominant, with skin, cardiovascular 
system, kidney, peripheral nervous system, and gastrointestinal tract also commonly 
involved. A lthough the precise pathogenesis of  this disease is uncertain, i ts strong 
association with asthma and its cl inicopathologic manifestations, including 
eosinophil ia, granuloma, and vasculitis, point to aberrant immunologic phenomena.

Clinical and Laboratory Manifestations

Patients with Churg-Strauss syndrome of ten exhibit nonspecif ic manifestations such as 
fever, malaise, anorexia, and weight loss, which are characteristic of  a multisystem 
disease. The pulmonary findings in Churg-Strauss syndrome clearly dominate the 
cl inical picture with severe asthmatic attacks and the presence of  pulmonary inf i l trates. 
Mononeuritis multiplex is the second most common manifestation and occurs in up to 
72% of patients. A llergic rhinitis and sinusitis develop in up to 61% of patients and are 
of ten observed early in the course of  disease. Cl inical ly recognizable heart disease 
occurs in ~14% of patients and is an important cause of mortal i ty. Skin lesions occur in 
~51% of  patients and include purpura in addition to cutaneous and subcutaneous 
nodules. The renal disease in Churg-Strauss syndrome is less common and general ly 
less severe than that of Wegener's granulomatosis and microscopic polyangii tis.

The characteristic laboratory f inding in virtually all patients with Churg-Strauss 

syndrome is a striking eosinophilia, which reaches levels >1000 cells/ L  in >80% of 

patients. Evidence of inflammation as evidenced by elevated ESR, f ibrinogen, or 2-
globulins can be found in 81% of patients. The other laboratory findings reflect the 
organ systems involved. Approximately 48% of patients with Churg-Strauss syndrome 
have circulating ANCA that is usually antimyeloperoxidase.

Diagnosis

A lthough the diagnosis of Churg-Strauss syndrome is optimally made by biopsy in a 
patient with the characteristic cl inical manifestations (see above), histologic 
conf irmation can be challenging as the pathognomonic features often do not occur 
simultaneously. In order to be diagnosed with Churg-Strauss syndrome, a patient 
should have evidence of asthma, peripheral blood eosinophil ia, and cl inical features 
consistent with vasculitis.

Churg-Strauss Syndrome: Treatment

The prognosis of  untreated Churg-Strauss syndrome is poor, with a reported 5-y ear 
survival of 25%. With treatment, prognosis is favorable, with one study finding a 78-
month actuarial survival rate of 72%. M yocardial involvement is the most frequent 
cause of  death and is responsible for 39% of patient mortal i ty. Glucocorticoids alone 
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appear to be effective in many patients. Dosage tapering is of ten l imited by asthma, and 
many patients require low-dose prednisone for persistent asthma many years after 
cl inical recovery from vasculitis. In glucocorticoid failure or in patients who present 
with fulminant multisystem disease, the treatment of  choice is a combined regimen of 
dai ly cyclophosphamide and prednisone (see "Wegener's Granulomatosis"  for a 
detai led description of this therapeutic regimen).
Polyarteritis Nodosa

Definition

PA N, also referred to as classic PAN, was described in 1866 by Kussmaul and M aier. I t 
is a multisystem, necrotizing vasculitis of small and medium-sized muscular arteries in 
which involvement of  the renal and visceral arteries is characteristic. PAN does not 
involve pulmonary arteries, although bronchial vessels may be involved; granulomas, 
signif icant eosinophil ia, and an al lergic diathesis are not observed.

Incidence and Prevalence

It is diff icult to establ ish an accurate incidence of PAN because previous reports have 
included PAN and microscopic polyangiitis as well as other related vasculitides. PAN, 
as currently def ined, is felt to be a very uncommon disease.

Pathology and Pathogenesis

The vascular lesion in PAN is a necrotizing inflammation of small and medium-si zed 
muscular arteries. The lesions are segmental and tend to involve bifurcations and 
branchings of arteries. They may spread circumferential ly to involve adjacent veins. 
However, involvement of  venules is not seen in PAN and, i f  present, suggests 
microscopic polyangi itis (see below). In the acute stages of  disease, 
polymorphonuclear neutrophils inf i ltrate al l  layers of the vessel wall and perivascular 
areas, which results in intimal prol i feration and degeneration of  the vessel wall . 
M ononuclear cel ls infi l trate the area as the lesions progress to the subacute and chronic 
stages. Fibrinoid necrosis of  the vessels ensues with compromise of  the lumen, 
thrombosis, infarction of the tissues supplied by the involved vessel, and, in some 
cases, hemorrhage. A s the lesions heal, there is col lagen deposition, which may lead to 
further occlusion of the vessel lumen. Aneurysmal dilatations up to 1 cm in size along 
the involved arteries are characteristic of  PAN. Granulomas and substantial 
eosinophil ia with eosinophil ic tissue inf i ltrations are not characteristically found and 
suggest Churg-Strauss syndrome (see above).

Multiple organ systems are involved, and the clinicopathologic findings ref lect the 
degree and location of vessel involvement and the resulting ischemic changes. A s 
mentioned above, pulmonary arteries are not involved in PAN, and bronchial artery 
involvement is uncommon. The pathology in the kidney in classic PAN is that of 
arteritis without glomerulonephritis. In patients with signif icant hypertension, typical 
pathologic features of  glomerulosclerosis may be seen. In addition, pathologic sequelae 
of  hypertension may be found elsewhere in the body.

The presence of  hepati tis B antigenemia in ~10–30% of patients with systemic 
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vasculitis, particularly of the PAN type, together with the isolation of circulating 
immune complexes composed of hepatitis B antigen and immunoglobulin, and the 
demonstration by immunofluorescence of hepatitis B antigen, IgM , and complement in 
the blood vessel walls, strongly suggest the role of immunologic phenomena in the 
pathogenesis of this disease. Hairy cel l  leukemia can be associated with PAN; the 
pathogenic mechanisms of  this association are unclear.

Clinical and Laboratory Manifestations

Nonspecific signs and symptoms are the hal lmarks of PA N. Fever, weight loss, and 
malaise are present in over one-half  of  cases. Patients usual ly present with vague 
symptoms such as weakness, malaise, headache, abdominal pain, and myalgias that can 
rapidly progress to a fulminant i llness. Specific complaints related to the vascular 
involvement within a particular organ system may also dominate the presenting cl inical 
picture as well  as the entire course of the il lness (Table 319-5). In PAN, renal 
involvement most commonly manifests as hypertension, renal insuff iciency, or 
hemorrhage due to microaneurysms.

There are no diagnostic serologic tests for PAN. In >75% of patients, the leukocyte 
count is elevated with a predominance of neutrophils. Eosinophil ia is seen only rarely 
and, when present at high levels, suggests the diagnosis of  Churg-Strauss syndrome. 
The anemia of  chronic disease may be seen, and an elevated ESR is almost always 
present. Other common laboratory f indings ref lect the particular organ involved. 

Table 319-5 Clinical Manifestations Related to Organ System Involvement in Classic 
Polyarteritis Nodosa

Organ System Per cent 
I ncidence

Clinical M anifestations

Renal 60 Renal fai lure, hypertension 
M usculoskeletal 64 Arthritis, arthralgia, myalgia
Peripheral  nervous 
system

51 Peripheral neuropathy, mononeuritis multiplex

Gastrointestinal  
tract

44 Abdominal pain, nausea and vomiting, bleeding, 
bowel infarction and perforation, cholecystitis, 
hepatic infarction, pancreatic infarction

Skin 43 Rash, purpura, nodules, cutaneous infarcts, l ivedo 
reticularis, Raynaud's phenomenon

Cardiac 36 Congestive heart fai lure, myocardial infarction, 
pericarditis

Genitourinary 25 Testicular, ovarian, or epididymal pain
Central nervous 
system

23 Cerebral  vascular accident, al tered mental  status, 
seizure

Source: From TR Cupps, A S Fauci: The Vascul i tides. Phi ladelphia, Saunders, 1981. 
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Hypergammaglobulinemia may be present, and up to 30% of  patients have a positive 
test for hepatitis B surface antigen. Antibodies against myeloperoxidase or proteinase-3  
(ANCA) are rarely found in patients with PAN.

Diagnosis

The diagnosis of  PAN is based on the demonstration of characteristic findings of  
vasculitis on biopsy material of involved organs. In the absence of  easi ly accessible 
tissue for biopsy, the angiographic demonstration of involved vessels, particularly in 
the form of aneurysms of small and medium-sized arteries in the renal, hepatic, and 
visceral vasculature, is suff icient to make the diagnosis. Aneurysms of  vessels are not 
pathognomonic of  PA N; furthermore, aneurysms need not always be present, and 
angiographic f indings may be l imited to stenotic segments and obli teration of  vessels. 
Biopsy of  symptomatic organs such as nodular skin lesions, painful testes, and 
nerve/muscle provides the highest diagnostic yields.

Polyarteritis Nodosa: Treatment

The prognosis of  untreated PA N is extremely poor, with a reported 5-year survival  rate 
between 10 and 20%. Death usually results f rom gastrointestinal complications, 
particularly bowel infarcts and perforation, and cardiovascular causes. Intractable 
hypertension often compounds dysfunction in other organ systems, such as the kidneys, 
heart, and CNS, leading to additional late morbidity and mortality in PAN. With the 
introduction of treatment, survival rate has increased substantial ly. Favorable 
therapeutic results have been reported in PAN with the combination of  prednisone and 
cyclophosphamide (see "Wegener's Granulomatosis"  for a detai led description of  this 
therapeutic regimen). In less severe cases of PA N, glucocorticoids alone have resulted 
in disease remission. Favorable results have also been reported in the treatment of PA N 
related to hepatitis B virus with antiviral therapy in combination with glucocorticoids 
and plasma exchange. Careful  attention to the treatment of  hypertension can lessen the 
acute and late morbidity and mortal i ty associated with renal, cardiac, and CNS 
complications of PAN. Following successful treatment, relapse of PAN has been 
estimated to occur in only 10% of patients.
Microscopic Polyangiitis

Definition

The term microscopic polyarteritis was introduced into the l i terature by Davson in 
1948 in recognition of the presence of glomerulonephritis in patients with PA N. In 
1992, the Chapel Hi ll  Consensus Conference on the Nomenclature of Systemic 
V ascul i tis adopted the term microscopic polyangiitis to connote a necrotizing vascul i tis 
with few or no immune complexes affecting small vessels (capil laries, venules, or 
arterioles). Glomerulonephritis is very common in microscopic polyangiitis, and 
pulmonary capil laritis of ten occurs. The absence of granulomatous inflammation in 
microscopic polyangiitis is said to dif ferentiate it f rom Wegener's granulomatosis.

Incidence and Prevalence

The incidence of  microscopic polyangii tis has not yet been rel iably established due to 
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i ts previous inclusion as part of  PA N. The mean age of  onset is ~57 years of  age, and 
males are sl ightly more frequently af fected than females.

Pathology and Pathogenesis

The vascular lesion in microscopic polyangiitis is histologically similar to that in PAN. 
Unlike PAN, the vasculitis seen in microscopic polyangiitis has a predilection to 
involve capillaries and venules in addition to small and medium-sized arteries. 
Immunohistochemical staining reveals a paucity of immunoglobulin deposition in the 
vascular lesion of microscopic polyangiitis, suggesting that immune complex formation 
does not play a role in the pathogenesis of  this syndrome. The renal lesion seen in 
microscopic polyangiitis is identical to that of Wegener's granulomatosis. L ike 
Wegener's granulomatosis, microscopic polyangiitis is highly associated with the 
presence of  ANCA, which may play a role in pathogenesis of this syndrome (see 
above).

Clinical and Laboratory Manifestations

Because of i ts predilection to involve the small vessels, microscopic polyangiitis and 
Wegener's granulomatosis share similar clinical features. Disease onset may be gradual 
with initial symptoms of fever, weight loss, and musculoskeletal pain; however, i t is 
of ten acute. Glomerulonephritis occurs in at least 79% of patients and can be rapidly 
progressive, leading to renal failure. Hemoptysis may be the f irst symptom of alveolar 
hemorrhage, which occurs in 12% of patients. Other manifestations include 
mononeuritis multiplex and gastrointestinal tract and cutaneous vasculi tis. Upper 
airways disease and pulmonary nodules are not typical ly found in microscopic 
polyangii tis and, if  present, suggest Wegener's granulomatosis.

Features of inflammation may be seen, including an elevated ESR, anemia, 
leukocytosis, and thrombocytosis. ANCA are present in 75% of patients with 
microscopic polyangiitis, with antimyeloperoxidase antibodies being the predominant 
ANCA  associated with this disease.

Diagnosis

The diagnosis is based on histologic evidence of vasculi tis or pauci-immune 
glomerulonephritis in a patient with compatible cl inical features of multisystem 
disease. Although microscopic polyangiitis is strongly ANCA-associated, no studies 
have as yet established the sensitivity and specif icity of  ANCA in this disease.

Microscopic Polyangiitis: Treatment

The 5-year survival rate for patients with treated microscopic polyangiitis is 74%, with 
disease-related mortal i ty occurring from alveolar hemorrhage or gastrointestinal, 
cardiac, or renal disease. To date there has been l imited disease-specif ic information on 
the treatment of microscopic polyangiitis. Available data together with a predilection 
for this disease to affect the small  vessels support a therapeutic approach similar to that 
used in Wegener's granulomatosis. Patients with immediately li fe-threatening disease 
should be treated with the combination of  prednisone and dai ly cyclophosphamide (see 
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"Wegener's Granulomatosis"  for a detai led description of this therapeutic regimen). 
Disease relapse has been observed in at least 34% of  patients. Treatment for such 
relapses would be similar to that used at the time of  ini tial  presentation and based upon 
si te and severi ty of  disease.
Giant Cell Arteritis and Polymyalgia Rheumatica

Definition

Giant cell arter itis, also referred to as cranial arteritis or temporal arter itis, i s an 
inflammation of medium- and large-sized arteries. I t characteristical ly involves one or 
more branches of the carotid artery, particularly the temporal artery. However, i t is a 
systemic disease that can involve arteries in multiple locations, particularly the aorta 
and its main branches.

Giant cel l  arteritis is closely associated with polymyalgia rheumatica, which is 
characterized by stif fness, aching, and pain in the muscles of the neck, shoulders, lower 
back, hips, and thighs. M ost commonly, polymyalgia rheumatica occurs in isolation, 
but i t may be seen in 40–50% of patients with giant cell arteritis. In addition, ~10–20% 
of patients who initial ly present with features of isolated polymyalgia rheumatica later 
go on to develop giant cell  arteritis. This strong cl inical association together with data 
from pathophysiologic studies has increasingly supported that giant cell  arteri tis and 
polymyalgia rheumatica represent dif fering cl inical spectrums of a single disease 
process. 

Incidence and Prevalence

Giant cell arteritis occurs almost exclusively in individuals >50 years. I t is more 
common in women than in men and is rare in blacks. The incidence of giant cel l  
arteritis varies widely in different studies and in different geographic regions. A  high 
incidence has been found in Scandinavia and in regions of  the United States with large 
Scandinavian populations, compared to a lower incidence in southern Europe. The 

annual incidence rates in individuals 50 years range f rom 6.9–32.8 per 100,000 
population. Famil ial aggregation has been reported, as has an association with HLA-
DR4. In addition, genetic l inkage studies have demonstrated an association of  giant cel l  
arteritis with alleles at the HLA-DRB1 locus, particularly HLA-DRB1* 04 variants. In 
Olmsted County, M innesota, the annual incidence of polymyalgia rheumatica in 

individuals 50 years is 58.7 per 100,000 population.

Pathology and Pathogenesis

A lthough the temporal artery is most frequently involved in giant cell arteritis, patients 
often have a systemic vasculitis of multiple medium- and large-sized arteries, which 
may go undetected. Histopathologically, the disease is a panarteritis with inf lammatory 
mononuclear cell infi l trates within the vessel wall with frequent giant cell formation. 
There is proliferation of the intima and fragmentation of the internal elastic lamina. 
Pathophysiologic f indings in organs result f rom the ischemia related to the involved 
vessels.
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Experimental data support that giant cel l  arteritis is an antigen-driven disease in which 
activated T lymphocytes, macrophages, and dendritic cel ls play a critical role in the 
disease pathogenesis. Sequence analysis of  the T cel l receptor of  tissue-infiltrating T 
cells in lesions of giant cel l arteri tis indicates restricted clonal expansion, suggesting 
the presence of an antigen residing in the arterial wall . Giant cel l  arteritis is believed to 
be initiated in the adventi tia where CD4+ T cells become activated and orchestrate 
macrophage differentiation. T cells recruited to vasculitic lesions in patients with giant 

cell arteritis produce predominantly IL-2 and IFN- Giant cell " border="0">, and 
the latter has been suggested to be involved in the progression to overt arteritis.

Clinical and Laboratory Manifestations

Giant cell arteritis is characterized clinically by the complex of fever, anemia, high 
ESR, and headaches in a patient over the age of 50 years. Other manifestations include 
malaise, fatigue, anorexia, weight loss, sweats, arthralgias, and associated polymyalgia 
rheumatica.

In patients with involvement of the temporal artery, headache is the predominant 
symptom and may be associated with a tender, thickened, or nodular artery, which may 
pulsate early in the disease but may become occluded later. Scalp pain and claudication 
of the jaw and tongue may occur. A  well-recognized and dreaded complication of  giant 
cell  arteritis, particularly in untreated patients, is ischemic optic neuropathy, which may 
lead to serious visual symptoms, even sudden blindness in some patients. However, 
most patients have complaints relating to the head or eyes before visual loss. A ttention 
to such symptoms with institution of appropriate therapy (see below) wil l  usually avoid 
this complication. Claudication of the extremities, strokes, myocardial infarctions, and 
infarctions of  visceral organs have been reported. Of note, giant cel l  arteri tis is 
associated with an increased risk of aortic aneurysm, which is usually a late 
complication and may lead to dissection and death.

Characteristic laboratory findings in addition to the elevated ESR include a 
normochromic or sl ightly hypochromic anemia. Liver function abnormalities are 
common, particularly increased alkal ine phosphatase levels. Increased levels of  IgG 
and complement have been reported. L evels of  enzymes indicative of  muscle damage 
such as serum creatine kinase are not elevated.

Diagnosis

The diagnosis of  giant cel l  arteri tis and its associated cl inicopathologic syndrome can 
of ten be suggested clinically by the demonstration of  the complex of fever, anemia, and 
high ESR with or without symptoms of polymyalgia rheumatica in a patient >50 years. 
The diagnosis is conf irmed by biopsy of the temporal artery. Since involvement of the 
vessel may be segmental, positive yield is increased by obtaining a biopsy segment of  
3–5 cm together with serial sectioning of  biopsy specimens. Ultrasonography of  the 
temporal artery has been reported to be helpful in diagnosis. A  temporal artery biopsy 
should be obtained as quickly as possible in the setting of ocular signs and symptoms, 
and under these circumstances therapy should not be delayed pending a biopsy. In this 
regard, it has been reported that temporal artery biopsies may show vascul i tis even 
after ~14 days of glucocorticoid therapy. A  dramatic cl inical response to a trial of 
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glucocorticoid therapy can further support the diagnosis.

Isolated polymyalgia rheumatica is a cl inical diagnosis made by the presence of  typical 
symptoms of  sti f fness, aching, and pain in the muscles of the hip and shoulder girdle, 
an increased ESR, the absence of cl inical features suggestive of giant cel l arteritis, and 
a prompt therapeutic response to low dose prednisone.

Giant Cell Arteritis and Polymyalgia Rheumatica: Treatment

D isease-related mortality from giant cell arteritis is very uncommon with fatalities 
occurring from cerebrovascular events, myocardial infarction, or aortic aneurysm 
rupture.

The goals of  treatment in giant cel l arteritis are to reduce symptoms and, most 
importantly, to prevent visual loss. Giant cel l  arteri tis and its associated symptoms are 
exquisitely sensitive to glucocorticoid therapy. Treatment should begin with 
prednisone, 40–60 mg/d for ~1 month, fol lowed by a gradual tapering. When ocular 
signs and symptoms occur, i t is important that therapy be initiated or adjusted to 
control them. A lthough the optimal duration of glucocorticoid therapy has not been 

established, most series have found that patients require treatment for 2 years. 
Symptom recurrence during prednisone tapering develops in 60–85% of patients with 
giant cel l arteritis, requiring a dosage increase. The ESR can serve as a useful indicator 
of  inf lammatory disease activity in monitoring and tapering therapy and can be used to 
judge the pace of  the tapering schedule. However, minor increases in the ESR can 
occur as glucocorticoids are being tapered and do not necessari ly reflect an 
exacerbation of arteritis, particularly if  the patient remains symptom-f ree. Under these 
circumstances, the tapering should continue with caution. Glucocorticoid toxicity 
occurs in 35–65% of  patients and represents an important cause of  patient morbidity. 
Aspirin has been found to reduce the occurrence of cranial ischemic complications in 
giant cell arteritis and should be given in addition to glucocorticoids in patients who do 
not have contraindications. The use of weekly methotrexate as a glucocorticoid-sparing 
agent has been examined in two randomized placebo-controlled trials that reached 
confl icting conclusions.

Patients with isolated polymyalgia rheumatica respond promptly to prednisone, which 
can be started at a lower dose of  10–20 mg/d. Similar to giant cel l  arteritis, the ESR can 
serve as a useful indicator in monitoring and prednisone reduction. Recurrent 
polymyalgia symptoms develop in the majority of patients during prednisone tapering. 
One study of  weekly methotrexate found that the use of  this drug reduced the 
prednisone dose on average by only 1 mg and did not decrease prednisone-related side 
ef fects.
Takayasu's Arteritis

Definition

Takayasu's ar teri tis is an inf lammatory and stenotic disease of  medium- and large-
sized arteries characterized by a strong predi lection for the aortic arch and i ts branches. 
For this reason, i t is of ten referred to as the aortic arch syndrome.
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Incidence and Prevalence

Takayasu's arteri tis is an uncommon disease with an estimated annual incidence rate of 
1.2–2.6 cases per mil l ion. I t is most prevalent in adolescent girls and young women. 
A lthough it is more common in Asia, it is neither racially nor geographically restricted.

Pathology and Pathogenesis

The disease involves medium- and large-sized arteries, with a strong predilection for 
the aortic arch and i ts branches; the pulmonary artery may also be involved. The most 
commonly af fected arteries seen by angiography are l isted in Table 319-6. T he 
involvement of  the major branches of  the aorta is much more marked at their origin 
than distal ly. The disease is a panarteritis with inflammatory mononuclear cell  
infi l trates and occasionally giant cells. There are marked intimal proliferation and 
f ibrosis, scarring and vascularization of  the media, and disruption and degeneration of  
the elastic lamina. Narrowing of the lumen occurs with or without thrombosis. The 
vasa vasorum are f requently involved. Pathologic changes in various organs reflect the 
compromise of blood f low through the involved vessels.

Table 319-6 Frequency of A rteriographic Abnormalities and Potential Clinical 
Manifestations of Arterial Involvement in Takayasu's Arteritis

Artery Percent of Arteriographic 
Abnormalities

Potential Clinical M anifestations

Subclavian 93 Arm claudication, Raynaud's 
phenomenon

Common carotid 58 V isual changes, syncope, transient 
ischemic attacks, stroke

Abdominal 
aortaa

47 Abdominal pain, nausea, vomiting

Renal 38 Hypertension, renal fai lure
Aortic arch or 
root

35 Aortic insuff iciency, congestive 
heart fai lure 

Vertebral 35 V isual changes, dizziness

Coeliac axisa 18 Abdominal pain, nausea, vomiting

Superior 
mesenterica

18 Abdominal pain, nausea, vomiting

Iliac 17 Leg claudication
Pulmonary 10–40 Atypical chest pain, dyspnea
Coronary <10 Chest pain, myocardial infarction 

aArteriographic lesions at these locations are usually asymptomatic but may potential ly 
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Immunopathogenic mechanisms, the precise nature of  which is uncertain, are suspected 
in this disease. As with several of the vasculi tis syndromes, circulating immune 
complexes have been demonstrated, but their pathogenic significance is unclear.

Clinical and Laboratory Manifestations

Takayasu's arteri tis is a systemic disease with general ized as wel l  as vascular 
symptoms. The general ized symptoms include malaise, fever, night sweats, arthralgias, 
anorexia, and weight loss, which may occur months before vessel involvement is 
apparent. These symptoms may merge into those related to vascular compromise and 
organ ischemia. Pulses are commonly absent in the involved vessels, particularly the 
subclavian artery. The frequency of arteriographic abnormalities and the potential ly 
associated cl inical manifestations are l isted in Table 319-6. Hypertension occurs in 32 
to 93% of patients and contributes to renal, cardiac, and cerebral injury.

Characteristic laboratory findings include an elevated ESR, mild anemia, and elevated 
immunoglobulin levels.

Diagnosis

The diagnosis of  Takayasu's arteri tis should be suspected strongly in a young woman 
who develops a decrease or absence of peripheral  pulses, discrepancies in blood 
pressure, and arterial bruits. The diagnosis is confirmed by the characteristic pattern on 
arteriography, which includes irregular vessel walls, stenosis, poststenotic di latation, 
aneurysm formation, occlusion, and evidence of  increased collateral circulation. 
Complete aortic arteriography by catheter-directed dye arteriography or magnetic 
resonance arteriography should be obtained, in order to ful ly del ineate the distribution 
and degree of  arterial  disease. Histopathologic demonstration of  inf lamed vessels adds 
conf irmatory data; however, tissue is rarely readily available for examination.

Takayasu's Arteritis: Treatment

The long-term outcome of  patients with Takayasu's arteri tis has varied widely between 

studies. A lthough two North American reports found overall survival to be 94% , 
the 5-year mortal i ty rate from other studies has ranged from 0–35%. Disease-related 
mortal i ty most of ten occurs f rom congestive heart fai lure, cerebrovascular events, 
myocardial infarction, aneurysm rupture, or renal fai lure. Even in the absence of l ife-
threatening disease Takayasu's arteri tis can be associated with significant morbidity. 
The course of  the disease is variable, and al though spontaneous remissions may occur, 
Takayasu's arteritis is most of ten chronic and relapsing. A lthough glucocorticoid 
therapy in doses of  40–60 mg prednisone per day al leviates symptoms, there are no 
convincing studies that indicate that they increase survival. The combination of 
glucocorticoid therapy for acute signs and symptoms and an aggressive surgical and/or 
angioplastic approach to stenosed vessels has markedly improved outcome and 

cause these symptoms. 

Source:  K err et al . 
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decreased morbidity by lessening the risk of  stroke, correcting hypertension due to 
renal artery stenosis, and improving blood f low to ischemic viscera and l imbs. Unless it 
is urgently required, surgical correction of  stenosed arteries should be undertaken only 
when the vascular inf lammatory process is well controlled with medical therapy. In 
individuals who are refractory to or unable to taper glucocorticoids, methotrexate in 
doses up to 25 mg per week has yielded encouraging results.
Henoch-Schönlein Purpura

Definition

H enoch-Schönlein purpura , also referred to as anaphylactoid purpura, is a distinct 
systemic vascul i tis syndrome that is characterized by palpable purpura (most 
commonly distributed over the buttocks and lower extremities), arthralgias, 
gastrointestinal signs and symptoms, and glomerulonephritis. I t is a small-vessel  
vasculitis.

Incidence and Prevalence

Henoch-Schönlein purpura is usually seen in chi ldren; most patients range in age f rom 
4–7 years; however, the disease may also be seen in infants and adults. I t is not a rare 
disease; in one series i t accounted for between 5 and 24 admissions per year at a 
pediatric hospital. The male-to-female ratio is 1.5:1. A  seasonal variation with a peak 
incidence in spring has been noted.

Pathology and Pathogenesis

The presumptive pathogenic mechanism for Henoch-Schönlein purpura is immune-
complex deposition. A  number of inciting antigens have been suggested including 
upper respiratory tract infections, various drugs, foods, insect bites, and immunizations. 
IgA  is the antibody class most of ten seen in the immune complexes and has been 
demonstrated in the renal biopsies of  these patients.

Clinical and Laboratory Manifestations

In pediatric patients, palpable purpura is seen in virtual ly al l  patients; most patients 
develop polyarthralgias in the absence of frank arthritis. Gastrointestinal involvement, 
which is seen in almost 70% of pediatric patients, is characterized by colicky 
abdominal pain usually associated with nausea, vomiting, diarrhea, or constipation and 
is frequently accompanied by the passage of blood and mucus per rectum; bowel 
intussusception may occur. Renal involvement occurs in 10–50% of  patients and is 
usually characterized by mild glomerulonephritis leading to proteinuria and 
microscopic hematuria, with red blood cell  casts in the majority of patients (Chap. 
277); i t usually resolves spontaneously without therapy. Rarely, a progressive 
glomerulonephritis wil l develop. In adults, presenting symptoms are most frequently 
related to the skin and joints, while initial complaints related to the gut are less 
common. A lthough certain studies have found that renal disease is more frequent and 
more severe in adults, this has not been a consistent f inding. However, the course of  
renal disease in adults may be more insidious and thus requires close fol low-up. 
Myocardial involvement can occur in adults but is rare in children.
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Laboratory studies general ly show a mild leukocytosis, a normal platelet count, and 
occasionally eosinophilia. Serum complement components are normal, and IgA  levels 
are elevated in about one-half  of  patients.

Diagnosis

The diagnosis of  Henoch-Schönlein purpura is based on cl inical signs and symptoms. 
Skin biopsy specimen can be useful in confirming leukocytoclastic vasculitis with IgA 
and C3 deposition by immunof luorescence. Renal biopsy is rarely needed for diagnosis 
but may provide prognostic information in some patients.

Henoch-Schönlein Purpura: Treatment

The prognosis of  Henoch-Schönlein purpura is excellent. Mortal i ty is exceedingly rare, 
and 1–5% of chi ldren progress to end-stage renal  disease. M ost patients recover 
completely, and some do not require therapy. Treatment is similar for adults and 
children. When glucocorticoid therapy is required, prednisone, in doses of 1 mg/kg per 
day and tapered according to cl inical response, has been shown to be useful in 
decreasing tissue edema, arthralgias, and abdominal discomfort; however, i t has not 
proven beneficial  in the treatment of  skin or renal disease and does not appear to 
shorten the duration of  active disease or lessen the chance of recurrence. Patients with 
rapidly progressive glomerulonephritis have been anecdotal ly reported to benef it f rom 
intensive plasma exchange combined with cytotoxic drugs. Disease recurrences have 
been reported in 10–40% of  patients.
Idiopathic Cutaneous Vasculitis

Definition

The term cutaneous vascul i tis is defined broadly as inf lammation of  the blood vessels 
of  the dermis. Due to i ts heterogeneity, cutaneous vascul i tis has been described by a 
variety of terms including hypersensitivi ty vasculi tis and cutaneous leukocytoclastic 
angi i tis. However, cutaneous vascul i tis is not one specif ic disease but a manifestation 
that can be seen in a variety of settings. In >70% of  cases, cutaneous vascul i tis occurs 
either as part of a primary systemic vascul i tis or as a secondary vascul itis related to an 
inciting agent or an underlying disease (see "Secondary V asculi tis," below). In the 
remaining 30% of cases, cutaneous vasculi tis occurs idiopathical ly.

Incidence and Prevalence

Cutaneous vasculi tis represents the most commonly encountered vasculi tis in cl inical 
practice. The exact incidence of  idiopathic cutaneous vascul i tis has not been 
determined due to the predi lection for cutaneous vascul i tis to be associated with an 
underlying process and the variabil i ty of i ts clinical course.

Pathology and Pathogenesis

The typical histopathologic feature of cutaneous vasculi tis is the presence of  vasculi tis 
of  small  vessels. Postcapi l lary venules are the most commonly involved vessels; 
capil laries and arterioles may be involved less frequently. This vasculitis is 
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characterized by a leukocytoclasis, a term that refers to the nuclear debris remaining 
f rom the neutrophils that have infi l trated in and around the vessels during the acute 
stages. In the subacute or chronic stages, mononuclear cel ls predominate; in certain 
subgroups, eosinophil ic inf i ltration is seen. Erythrocytes of ten extravasate from the 
involved vessels, leading to palpable purpura.

Clinical and Laboratory Manifestations

The hallmark of  idiopathic cutaneous vasculi tis is the predominance of skin 
involvement. Skin lesions may appear typical ly as palpable purpura; however, other 
cutaneous manifestations of  the vascul i tis may occur, including macules, papules, 
vesicles, bul lae, subcutaneous nodules, ulcers, and recurrent or chronic urticaria. The 
skin lesions may be pruritic or even quite painful, with a burning or stinging sensation. 
Lesions most commonly occur in the lower extremities in ambulatory patients or in the 
sacral area in bedridden patients due to the ef fects of hydrostatic forces on the 
postcapil lary venules. Edema may accompany certain lesions, and hyperpigmentation 
of ten occurs in areas of recurrent or chronic lesions.

There are no specific laboratory tests diagnostic of  idiopathic cutaneous vasculi tis. A  
mild leukocytosis with or without eosinophil ia is characteristic, as is an elevated ESR. 
Laboratory studies should be aimed towards rul ing out features to suggest an 
underlying disease or a systemic vascul i tis.

Diagnosis

The diagnosis of  cutaneous vasculi tis is made by the demonstration of  vasculi tis on 
biopsy. An important diagnostic principle in patients with cutaneous vasculitis is to 
search for an etiology of the vasculitis— be i t an exogenous agent, such as a drug or an 
infection, or an endogenous condition, such as an underlying disease (Fig. 319-1). In 
addition, a careful physical and laboratory examination should be performed to rule out 
the possibi l i ty of systemic vasculitis. This should start with the least invasive 
diagnostic approach and proceed to the more invasive only if  cl inically indicated.

Idiopathic Cutaneous Vasculitis: Treatment

When an antigenic stimulus is recognized as the precipitating factor in the cutaneous 
vasculitis, i t should be removed; i f this is a microbe, appropriate antimicrobial therapy 
should be instituted. I f  the vasculi tis is associated with another underlying disease, 
treatment of  the latter of ten results in resolution of the former. In situations where 
disease is apparently self-l imited, no therapy, except possibly symptomatic therapy, is 
indicated. When cutaneous vascul i tis persists and when there is no evidence of  an 
inciting agent, an associated disease, or an underlying systemic vascul i tis, the decision 
to treat should be based on weighing the balance between the degree of  symptoms and 
the risk of  treatment. Some cases of  idiopathic cutaneous vascul i tis resolve 
spontaneously, whi le others remit and relapse. In those patients with persistent 
vasculitis, a variety of therapeutic regimens have been tried with variable results. In 
general, the treatment of idiopathic cutaneous vascul i tis has not been satisfactory. 
Fortunately, since the disease is general ly l imited to the skin, this lack of  consistent 
response to therapy usual ly does not lead to a l i fe-threatening si tuation. 
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Glucocorticoids are of ten used in the treatment of idiopathic cutaneous vasculi tis. 
Therapy is usually insti tuted as prednisone, 1 mg/kg per day, with rapid tapering where 
possible, either directly to discontinuation or by conversion to an alternate-day regimen 
followed by ultimate discontinuation. In cases that prove refractory to glucocorticoids, 
a trial of a cytotoxic agent may be indicated. Patients with chronic vasculitis isolated to 
cutaneous venules rarely respond dramatical ly to any therapeutic regimen, and 
cytotoxic agents should be used only as a last resort in these patients. M ethotrexate and 
azathioprine have been used in such situations in anecdotal reports. A lthough 
cyclophosphamide is the most ef fective therapy for the systemic vasculi tides, i t should 
almost never be used for idiopathic cutaneous vascul i tis because of the potential  
toxici ty. Other agents with which there have been anecdotal reports of success include 
dapsone, colchicine, and nonsteroidal anti-inflammatory agents.
Essential Mixed Cryoglobulinemia

Definition

Cryoglobulins are cold-precipitable monoclonal or polyclonal immunoglobulins. 
Cryoglobulinemia may be associated with a systemic vasculi tis characterized by 
palpable purpura, arthralgias, weakness, neuropathy, and glomerulonephritis. A lthough 
this can be observed in association with a variety of  underlying disorders including 
multiple myeloma, lymphoproli ferative disorders, connective tissue diseases, infection, 
and liver disease, in many instances i t appeared to be idiopathic. Because of the 
apparent absence of  an underlying disease and the presence of cryoprecipi tate 
containing oligoclonal/polyclonal immunoglobulins, this entity was referred to as 
essential mixed cryoglobulinemia. Since the discovery of hepati tis C, i t has been 
established that in the vast majority of patients, essential mixed cryoglobulinemia is 
related to an aberrant immune response to chronic hepati tis C infection.

Incidence and Prevalence

The incidence of  essential mixed cryoglobul inemia has not been establ ished. I t has 
been estimated, however, that 5% of patients with chronic hepatitis C will  develop the 
syndrome of essential mixed cryoglobulinemia.

Pathology and Pathogenesis

Skin biopsies in essential mixed cryoglobulinemia reveal an inf lammatory infi l trate 
surrounding and involving blood vessel walls, with fibrinoid necrosis, endothelial cell 
hyperplasia, and hemorrhage. Deposition of immunoglobulin and complement is 
common. Abnormalities of uninvolved skin including basement membrane alterations 
and deposits in vessel walls may be found. Membranoproli ferative glomerulonephritis 
is responsible for 80% of al l  renal lesions in essential mixed cryoglobulinemia.

The association between hepati tis C and essential  mixed cryoglobul inemia has been 
supported by the high f requency of  documented hepatitis C infection, the presence of 
hepatitis C RNA and anti–hepatitis C antibodies in serum cryoprecipitates, evidence of  
hepatitis C antigens in vasculi tic skin lesions, and the ef fectiveness of  antiviral therapy 
(see below). Current evidence suggest that in the majori ty of cases, essential mixed 
cryoglobulinemia occurs when an aberrant immune response to hepatitis C infection 
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leads to the formation of immune complexes consisting of hepatitis C antigens, 
polyclonal hepatitis C–specif ic IgG, and monoclonal IgM rheumatoid factor. The 
deposition of these immune complexes in blood vessel walls triggers an inflammatory 
cascade that results in the cl inical syndrome of essential mixed cryoglobulinemia.

Clinical and Laboratory Manifestations

The most common cl inical manifestations of essential mixed cryoglobulinemia are 
cutaneous vasculi tis, arthri tis, peripheral neuropathy, and glomerulonephritis. Renal 
disease develops in 10–30% of patients. L ife-threatening rapidly progressive 
glomerulonephritis or vasculitis of  the CNS, gastrointestinal tract, or heart occurs 
infrequently.

The presence of  circulating cryoprecipitates is the fundamental f inding in essential 
mixed cryoglobulinemia. Rheumatoid factor is almost always found and may be a 
useful clue to the disease when cryoglobulins are not detected. Hypocomplementemia 
occurs in 90% of patients. An elevated ESR and anemia occur frequently. Evidence for 
hepatitis C infection must be sought in al l  patients by testing for hepatitis C antibodies 
and hepatitis C RNA.

Essential Mixed Cryoglobulinemia: Treatment

Acute mortal i ty f rom essential mixed cryoglobulinemia is uncommon, but the presence 
of glomerulonephritis is a poor prognostic sign for overall outcome. In such patients, 
15% progress to end-stage renal disease, with 40% later experiencing fatal 
cardiovascular disease, infection, or l iver fai lure. A s indicated above, the majority of 
cases are associated with hepatitis C infection. In such patients, treatment with IFN-

and ribavirin (Chap. 298) can prove beneficial. Clinical improvement with 
antiviral therapy is dependent on the virologic response. Patients who clear hepati tis C 
from the blood have objective improvement in their vasculitis along with signif icant 
reductions in levels of circulating cryoglobulins, IgM, and rheumatoid factor. However, 
substantial portions of  patients with hepatitis C do not have a sustained virologic 
response to such therapy, and the vasculi tis typical ly relapses with the return of  
viremia. While transient improvement can be observed with glucocorticoids, a 
complete response is seen in only 7% of  patients. Plasmapheresis and cytotoxic agents 
have been used in anecdotal  reports. These observations have not been conf irmed, and 
such therapies carry signif icant risks.
Behçet's Syndrome

Behçet's syndrome is a cl inicopathologic entity characterized by recurrent episodes of 
oral and genital ulcers, iri tis, and cutaneous lesions. The underlying pathologic process 
is a leukocytoclastic venuli tis, although vessels of  any size and in any organ can be 
involved. This disorder is described in detail  in Chap. 320.
Isolated Vasculitis of  the Central Nervous System

Isolated vascul i tis of the CNS which is also cal led pr imary angiitis of the CNS 
(PACNS) is an uncommon clinicopathologic entity characterized by vasculitis 
restricted to the vessels of  the CNS without other apparent systemic vascul i tis. 
A lthough the arteriole is most commonly affected, vessels of any size can be involved. 
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The inf lammatory process is usually composed of mononuclear cell inf i ltrates with or 
without granuloma formation.

Patients may present with severe headaches, al tered mental function, and focal 
neurologic defects. Systemic symptoms are general ly absent. Devastating neurologic 
abnormali ties may occur depending on the extent of  vessel involvement. The diagnosis 
can be suggested by abnormal M RI of the brain, an abnormal lumbar puncture, and/or 
demonstration of  characteristic vessel abnormalities on arteriography (Fig. 319-4) but i t 
is conf irmed by biopsy of  the brain parenchyma and leptomeninges. In the absence of  a 
brain biopsy, care should be taken not to misinterpret as true primary vasculi tis 
angiographic abnormali ties that might actual ly be related to another cause. The 
differential diagnosis includes infection, atherosclerosis, emboli, connective tissue 
disease, sarcoidosis, mal ignancy, vasospasm, and drug-associated causes. The 
prognosis of this disease is poor; however, some reports indicate that glucocorticoid 
therapy, alone or together with cyclophosphamide administered as described above, has 
induced sustained cl inical remissions in a small number of  patients.

Figure 319-4

Cerebral angiogram from a 32-year-old male with central nervous system 
vasculitis. Dramatic beading (ar row) typical of  vasculitis is seen.

Cogan's Syndrome

Cogan's syndrome is characterized by interstitial keratitis together with 
vestibuloauditory symptoms. It may be associated with a systemic vasculi tis, 
particularly aortitis with involvement of the aortic valve. Glucocorticoids are the 
mainstay of treatment. Initiation of  treatment as early as possible af ter the onset of  
hearing loss improves the l ikelihood of a favorable outcome.
K awasaki Disease

Kawasaki  disease, also referred to as mucocutaneous lymph node syndrome, i s an 
acute, febri le, multisystem disease of  chi ldren. Some 80% of cases occur prior to the 

age of 5, with the peak incidence occurring at 2 years. It is characterized by 
nonsuppurative cervical adenitis and changes in the skin and mucous membranes such 
as edema; congested conjunctivae; erythema of  the oral cavity, lips, and palms; and 
desquamation of  the skin of the f ingertips. A lthough the disease is generally benign and 
self-l imited, i t is associated with coronary artery aneurysms in ~25% of cases, with an 
overal l  case-fatality rate of 0.5–2.8%. These complications usual ly occur between the 
third and fourth weeks of i llness during the convalescent stage. Vasculi tis of  the 
coronary arteries is seen in almost al l  the fatal  cases that have been autopsied. There is 
typical intimal proliferation and inf i ltration of the vessel wall with mononuclear cells. 
Beadlike aneurysms and thromboses may be seen along the artery. Other 
manifestations include pericarditis, myocarditis, myocardial ischemia and infarction, 
and cardiomegaly.
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Apart f rom the up to 2.8% of patients who develop fatal complications, the prognosis 

of this disease for uneventful recovery is excellent. High-dose IV   globulin (2 g/kg 
as a single infusion over 10 h) together with aspirin (100 mg/kg per day for 14 days 
followed by 3–5 mg/kg per day for several weeks) have been shown to be ef fective in 
reducing the prevalence of coronary artery abnormalities when administered early in 
the course of  the disease.
Polyangiitis Overlap Syndromes

Some patients with systemic vasculi tis manifest cl inicopathologic characteristics that 
do not fi t precisely into any specif ic disease but have overlapping features of dif ferent 
vasculitides. Active systemic vasculi tis in such settings has the same potential for 
causing irreversible organ system damage as when i t occurs in one of  the def ined 
syndromes l isted in Table 319-1. The diagnostic and therapeutic considerations as wel l  
as the prognosis for these patients depend on the si tes and severi ty of  active vascul i tis. 
Patients with vasculi tis that could potential ly cause irreversible damage to a major 
organ system should be treated as described under "Wegener's granulomatosis."
Secondary Vasculitis

Drug-Induced Vasculitis

V ascul i tis associated with drug reactions usual ly presents as palpable purpura that may 
be general ized or limited to the lower extremities or other dependent areas; however, 
urticarial lesions, ulcers, and hemorrhagic bl isters may also occur (Chap. 56). Signs 
and symptoms may be l imited to the skin, although systemic manifestations such as 
fever, malaise, and polyarthralgias may occur. A lthough the skin is the predominant 
organ involved, systemic vasculi tis may result f rom drug reactions. Drugs that have 
been implicated in vasculitis include allopurinol, thiazides, gold, sulfonamides, 
phenytoin, and penici ll in (Chap. 56).

A n increasing number of drugs have been reported to cause vascul i tis associated with 
antimyeloperoxidase ANCA. Of these, the best evidence of  causali ty exists for 
hydralazine and propylthiouracil. The clinical manifestations in ANCA-positive drug-
induced vascul i tis can range from cutaneous lesions to glomerulonephritis and 
pulmonary hemorrhage. Outside of drug discontinuation, treatment should be based on 
the severity of the vasculitis. Patients with immediately l i fe-threatening small-vessel  
vasculitis should initial ly be treated with glucocorticoids and cyclophosphamide as 
described for Wegener's granulomatosis. Following cl inical improvement, 
consideration may be given for tapering such agents along a more rapid schedule.

Serum Sickness and Serum Sickness–Like Reactions

These reactions are characterized by the occurrence of  fever, urticaria, polyarthralgias, 
and lymphadenopathy 7–10 days af ter primary exposure and 2–4 days af ter secondary 
exposure to a heterologous protein (classic serum sickness) or a nonprotein drug such 
as penici l l in or sulfa (serum sickness–l ike reaction). M ost of  the manifestations are not 
due to a vasculi tis; however, occasional patients wil l  have typical cutaneous venulitis 
that may progress rarely to a systemic vasculi tis.

Vasculitis Associated with Other Underlying Primary Diseases
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Certain infections may directly trigger an inf lammatory vasculitic process. For 
example, rickettsias can invade and prol i ferate in the endothelial cel ls of  small blood 
vessels causing a vascul itis (Chap. 167). In addition, the inf lammatory response around 
blood vessels associated with certain systemic fungal diseases such as histoplasmosis 
(Chap. 192) may mimic a primary vasculitic process. A  leukocytoclastic vasculitis 
predominantly involving the skin with occasional involvement of other organ systems 
may be a minor component of  many other infections. These include subacute bacter ial 
endocardi tis ,  Epstein-Barr virus infection,  HIV infection, as wel l  as a number of other 
infections.

V ascul i tis can be associated with certain malignancies, particularly lymphoid or 
reticuloendothelial neoplasms. Leukocytoclastic venulitis conf ined to the skin is the 
most common f inding; however, widespread systemic vasculitis may occur. Of 
particular note is the association of  hairy cel l  leukemia (Chap. 105) with PAN.

A  number of connective tissue diseases have vascul i tis as a secondary manifestation of  
the underlying primary process. Foremost among these are systemic lupus 
er ythematosus (Chap. 313), rheumatoid arthr i tis (Chap. 314), inflammatory myositis
(Chap. 383), relapsing polychondr itis (Chap. 321), and Sjögren's syndrome (Chap. 
317). The most common form of vasculitis in these conditions is the small-vessel  
venulitis isolated to the skin. However, certain patients may develop a fulminant 
systemic necrotizing vasculitis.

Secondary vascul i tis has also been observed in association with ulcerative colitis,  
congenital deficiencies of var ious complement components,  retroperitoneal fibrosis,  

primary biliary cirrhosis,  1-antitrypsin deficiency, and intestinal bypass surgery.

Principles of Treatment

Once a diagnosis of  vascul i tis has been establ ished, a decision regarding therapeutic 
strategy must be made (Fig. 319-1). The vascul i tis syndromes represent a wide 
spectrum of diseases with varying degrees of severity. Since the potential toxic side 
ef fects of certain therapeutic regimens may be substantial, the risk-versus-benef i t ratio 
of  any therapeutic approach should be weighed careful ly. Specif ic therapeutic regimens 
are discussed above for the individual vascul itis syndromes; however, certain general 
principles regarding therapy should be considered. On the one hand, glucocorticoids 
and/or cytotoxic therapy should be insti tuted immediately in diseases where 
irreversible organ system dysfunction and high morbidity and mortal i ty have been 
clearly establ ished. Wegener's granulomatosis is the prototype of  a severe systemic 
vascul itis requiring such a therapeutic approach (see above). On the other hand, when 
feasible, aggressive therapy should be avoided for vasculi tic manifestations that rarely 
result in irreversible organ system dysfunction and that usually do not respond to such 
therapy. For example, idiopathic cutaneous vasculitis usually resolves with 
symptomatic treatment, and prolonged courses of glucocorticoids uncommonly result 
in cl inical benefit. Cytotoxic agents have not proved to be beneficial in idiopathic 
cutaneous vasculi tis, and their toxic side ef fects general ly outweigh any potential 
benef icial effects. Glucocorticoids should be initiated in those systemic vasculitides 
that cannot be specif ical ly categorized or for which there is no established standard 
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therapy; cytotoxic therapy should be added in these diseases only i f an adequate 
response does not result or i f  remission can only be achieved and maintained with an 
unacceptably toxic regimen of glucocorticoids. When remission is achieved, one 
should continually attempt to taper glucocorticoids to an alternate-day regimen and 
discontinue when possible. When using cytotoxic regimens, one should base the choice 
of  agent upon the avai lable therapeutic data supporting eff icacy in that disease, the site 
and severity of organ involvement, and the toxicity profi le of the drug.

Physicians should be thoroughly aware of  the toxic side effects of  therapeutic agents 
employed (Table 319-7). Many of the side effects of  glucocorticoid therapy are 
markedly decreased in f requency and duration in patients on alternate-day regimens 
compared to daily regimens. When cyclophosphamide is administered chronically in 
doses of  2 mg/kg per day for substantial  periods of  time (one to several years), the 
incidence of  cystitis is at least 30% and the incidence of  bladder cancer is at least 6%. 
Bladder cancer can occur several years af ter discontinuation of cyclophosphamide 
therapy; therefore, monitoring for bladder cancer should continue indefinitely in 
patients who have received prolonged courses of dai ly cyclophosphamide. Instructing 
the patient to take cyclophosphamide all  at once in the morning with a large amount of  
f luid throughout the day in order to maintain a di lute urine can reduce the risk of 
bladder injury. Signif icant alopecia is unusual in the chronically administered, low-
dose regimen. Permanent inferti l i ty can occur in both men and women. Bone marrow 
suppression is an important toxicity of  cyclophosphamide and can be observed during 
glucocorticoid tapering or over time, even after periods of  stable measurements. 
Monitoring of the complete blood count every 1–2 weeks for as long as the patient 
receives cyclophosphamide can ef fectively prevent cytopenias. When the white blood 

count (WBC) is maintained at >3000/ L, and the patient is not receiving daily 
glucocorticoids, the incidence of l i fe-threatening opportunistic infections is low. 
However, the WBC is not an accurate predictor of risk of all opportunistic infections; 
and infections with Pneumocystis j i roveci  and certain fungi can be seen in the face of 
WBCs that are within normal l imits, particularly in patients receiving glucocorticoids. 
A ll vasculitis patients who are not al lergic to sulfa and who are receiving daily 
glucocorticoids in combination with a cytotoxic drug should receive TMP-SM X  as 
prophylaxis against P. j iroveci infection.

Table 319-7 Major Toxic Side Effects of Drugs Commonly Used in the Treatment of 
Systemic Vasculitis

Glucocorticoids
Osteoporosis
Cataracts
Glaucoma
Diabetes mell itus
Electrolyte abnormalities
M etabolic abnormalities
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Finally, i t should be emphasized that each patient is unique and requires individual 
decision-making. The above outl ine should serve as a f ramework to guide therapeutic 
approaches; however, f lexibi l ity should be practiced in order to provide maximal 
therapeutic eff icacy with minimal toxic side effects in each patient.

Suppression of  inf lammatory and immune responses leading to opportunistic 
infections
Cushingoid features
Growth suppression in children
Hypertension
Avascular necrosis of bone
Myopathy
Alterations in mood
Psychosis
Pseudotumor cerebri
Peptic ulcer diathesis
Pancreati tis
Cyclophosphamide
Bone marrow suppression
Cystitis
Bladder carcinoma
Gonadal suppression
Gastrointestinal intolerance
Hypogammaglobulinemia
Pulmonary f ibrosis
M yelodysplasia
Oncogenesis
Teratogenicity
Opportunistic infections
M ethotrexate
Gastrointestinal intolerance
Stomatitis
Bone marrow suppression
Hepatotoxicity (may lead to f ibrosis or cirrhosis)
Pneumonitis
Teratogenicity
Opportunistic infections
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Harrison's I nternal M edicine > Chapter e28. A tlas of Clinical Imaging of the 
Vasculi tic Diseases >

Atlas of Clinical Imaging in the Vasculitic Syndromes

Diagnostic imaging represents a cri tical assessment tool in patients who are known or 
suspected to have a systemic vascul i tic disease. Imaging contributes unique 
information about the patient that, when taken together with the history, physical 
examination, and laboratory determinations, can guide the differential diagnosis and 
the subsequent assessment or treatment plan. A  diverse range of  imaging techniques 
are uti l ized in the assessment of  vasculi tis including plain radiography, 
ultrasonography, CT, MRI, positron emission tomography, and catheter-di rected dye 
arteriography. These procedures have specif ic util i ties that can al low dif fering 
perspectives on the spectrum and severity of vascul itis.

For vasculi tic diseases that involve the large- or medium-sized blood vessels, 
arteriography provides information regarding blood vessel stenoses or aneurysms that 
can support the diagnosis. Catheter-directed dye arteriography offers the most precise 
information regarding the vessel lumen but carries risks related to dye exposure and 
the invasive nature of  the procedure. Advancements in M R and CT arteriography 
have brought about noninvasive options to view the lumen and vessel wall , thus 
enhancing the abili ty to perform serial studies for patient monitoring.

A lthough vasculitis involving the small blood vessels cannot be directly visualized, 
diagnostic imaging plays an essential role in detecting tissue injury that occurs as 
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result of blood vessel and tissue inflammation. In Wegener's granulomatosis, 80% of 
patients may have pulmonary involvement during their disease course. Chest imaging 
should be obtained whenever active disease is suspected, as up to one-third of patients 
with radiographic abnormalities are asymptomatic. Pulmonary imaging is also 
important to detect complications of  vasculi tis therapy such as opportunistic 
pneumonias as well  as medication-related pneumonitis.

The images provided in this Atlas highlight the uti l i ty of diagnostic imaging in the 
vascul i tic diseases and the improvements in the care of vascul itis patients that have 
resulted from radiologic innovations. With the rapid growth in precision and 
techniques, the role of diagnostic imaging wil l  continue to enhance the abi l i ty of  
physicians to detect, monitor, and diagnose vasculi tis noninvasively.

Figure e28-1

Bilateral nodular  infiltrates seen on computed tomography of  the chest in a 40-
year-old woman with Wegener's granulomatosis. 

Figure e28-2

Computed tomography of the chest in two patients with Wegener's 
granulomatosis demonstrating (A ) single and (B) multiple cavitary lung lesions. 

Figure e28-3

Bilateral ground-glass infiltrates due to alveolar hemorrhage from pulmonary 
capillar itis as seen in the same patient by (A ) chest radiograph and (B)  
computed tomography. This manifestation can occur in Wegener's granulomatosis 
or microscopic polyangiitis.

Figure e28-4
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Computed tomography of the chest demonstrating a dense infiltrate with air  
bronchograms involving a segment of the r ight upper lobe due to bacterial 
pneumonia in an immunosuppressed patient with W egener's granulomatosis.
Collapse of  the left upper lobe secondary to endobronchial stenosis f rom Wegener's 
granulomatosis also is seen on this image. 

Figure e28-5

Computed tomography of the orbits in a patient with W egener's 
granulomatosis who presented with r ight eye proptosis. The image demonstrates 
inf lammatory tissue extending from the ethmoid sinus through the lamina papyracea 
and f i l l ing the orbital space. 

Figure e28-6

Computed tomography of the sinuses in two patients with W egener 's 
granulomatosis. (A ) M ucosal thickening of the bi lateral maxil lary sinuses and a 
perforation of  the nasal septum. (B) Osteitis with obliteration of the left maxillary 
sinus in a patient with long-standing sinus disease.

Figure e28-7

Computed tomography of the chest demonstrating a large per icardial effusion 
in a patient with Churg-Strauss syndrome. Cardiac involvement is an important 
cause of morbidity and mortality in Churg-Strauss syndrome and can include 
myocarditis, endocarditis, and pericarditis. 

Figure e28-8
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Arteriogram of a 40-year-old man with polyarteri tis nodosa demonstrating 
microaneurysms in the hepatic circulation. 

Figure e28-9

Cerebral arteriogram demonstrating beading along branches of  the internal carotid 
artery in a patient with isolated central nervous system vasculi tis. 

Figure e28-10

Upper-extremity arteriogram demonstrating a long stenotic lesion of  the axi l lary 
artery in a 75-year-old female with giant cell arteritis.

Figure e28-11

M agnetic resonance imaging demonstrating extensive aneurysmal disease of 
the thoracic aorta in an 80-year-old female. The patient had been diagnosed with 
biopsy-proven giant cell arteritis 10 years prior to presenting with this aneurysm.

Figure e28-12

Arteriogram of the aor tic arch demonstrating complete occlusion of the left 
common carotid artery just after its origin from the aorta. This 20-year-old 
female presented with syncope and was subsequently diagnosed with Takayasu's 
arteri tis. 

Figure e28-13
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Arteriogram demonstrating stenosis of  the abdominal aorta in a 25-year-old 
female with Takayasu's arteritis.

Figure e28-14

Arteriogram of the hand demonstrating arterial  skip lesions and vessel cutof fs in a 
patient with cryoglobulinemia due to multiple myeloma.
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Harrison's I nternal M edicine > Chapter 320. Behçet's Syndrome >

Definition, Incidence, and Prevalence

Behçet's syndrome is a multisystem disorder presenting with recurrent oral and 
genital ulcerations as well  as ocular involvement. The diagnosis is cl inical and based 
on internationally agreed diagnostic criteria (Table 320-1).

Table 320-1 Diagnostic Criteria of  Behçet's Disease

Recurrent oral ulceration plus two of the following:

 Recurrent genital ulceration

 Eye lesions
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The syndrome af fects young males and females f rom the M editerranean region, the 
M iddle East, and the Far East, suggesting a link with the ancient Si lk Route. M ales 
and females are af fected equal ly, but males of ten have more severe disease. Blacks 
are very infrequently affected.

 Skin lesions

 Pathergy test

Pathogenesis

The etiology and pathogenesis of  this syndrome remain obscure. The main 
pathologic lesion is systemic perivasculitis with early neutrophil inf i l tration, 
endothelial swell ing, and fibrinoid necrosis. Apart f rom neutrophils, increased 

numbers of infiltrating T  cells are observed. Circulating autoantibodies 

against -enolase of endothel ial  cel ls and anti–Saccharomyces cerevisiae 
antibodies (ASCA— characteristic of Crohn's disease) are found to be present in the 
later stages of  the disease. A  tendency toward venous thrombus formation accounts 
for many of  the consequences of Behçet's syndrome, though i t is not clear whether i t 
is due to additional thrombophil ic factors (e.g., factor V–Leiden mutation, reduced 
activated protein C levels) or to the inflammatory vasculitis per se. Finally, the 
strong association with HLA-B5 (B51) al loantigen (present almost exclusively on 
areas of  the aforementioned Si lk Route) and the fact that ~1 in 10 patients has an 
af fected relative underscore the genetic basis of Behçet's syndrome.
Clinical Features

The recurrent aphthous ulcerations are a sine qua non for the diagnosis. The ulcers 
are usually painful, are shallow or deep with a central yel lowish necrotic base, 
appear singly or in crops, and are located anywhere in the oral cavity. The ulcers 
persist for 1–2 weeks and subside without leaving scars. The genital  ulcers are less 
common but more specific, do not affect the glans penis or urethra, and produce 
scrotal  scars.

Skin involvement includes foll iculitis, erythema nodosum, an acne-l ike exanthem, 
and, infrequently, vasculitis. Nonspecif ic skin inf lammatory reactivity to any 
scratches or intradermal sal ine injection (pathergy test) is a common and specif ic 
manifestation.

Eye involvement with scarring and bi lateral panuveitis is the most dreaded 
complication, since i t occasionally progresses rapidly to bl indness. The eye disease 
is usually present at the onset but may also develop within the f irst few years. In 
addition to iri tis, posterior uveitis, retinal vessel occlusions, and optic neuritis can be 
seen in some patients with the syndrome. Hypopyon uveitis, a specif ic but rare 
manifestation, is a layer of  pus visible on the anterior chamber; i t usually indicates 
severe retinal  vascular disease.

The arthri tis of  Behçet's syndrome is not deforming and affects the knees and ankles.
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Superficial or deep peripheral vein thrombosis is seen in one-fourth of  patients. 
Pulmonary emboli  are a rare complication. The superior vena cava is obstructed 
occasionally, producing a dramatic cl inical picture. Arterial involvement occurs 
infrequently and presents with aorti tis or peripheral arterial aneurysm and arterial 
thrombosis. Pulmonary artery vasculi tis presenting with dyspnea, cough, chest pain, 
hemoptysis, and inf i l trates on chest roentgenograms has been reported recently in 
5% of patients and should be dif ferentiated from thromboembolic disease since i t 
warrants anti-inf lammatory and not thrombolytic therapy.

Neurologic involvement (5–10%) appears mainly in the parenchymal form (80%); i t 
is associated with brainstem involvement and has a serious prognosis (CNS-Behçet's 
syndrome). Dural sinus thrombi (20%) are associated with headache and increased 
intracranial pressure. M RI and/or proton magnetic resonance spectroscopy (M RS) 
are very sensitive and should be employed if  CNS-Behçet's syndrome is suspected.

Gastrointestinal involvement consists of  mucosal ulcerations of  the gut, resembling 
Crohn's disease.

Laboratory findings are mainly nonspecific indices of inf lammation, such as 
leukocytosis and elevated erythrocyte sedimentation rate, as well  as C-reactive 
protein levels; autoantibodies (see above) may be found.

Behçet's Syndrome: Treatment

The severity of  the syndrome usually abates with time. Apart f rom the patients with 
CNS-Behçet's syndrome and major vessel disease, the l i fe expectancy seems to be 
normal, and the only serious complication is bl indness.

M ucous membrane involvement may respond to topical glucocorticoids in the form 
of  mouthwash or paste. In more serious cases, thal idomide (100 mg/d) is ef fective. 
Thrombophlebitis is treated with aspirin, 325 mg/d. Colchicine can be beneficial for 
the mucocutaneous manifestations of  the syndrome. Uveitis and CNS-B ehçet's 
syndrome require systemic glucocorticoid therapy (prednisone, 1 mg/kg per day) 
and azathioprine, 2–3 mg/kg per day. Interferon has proved to be very ef fective not 
only for CNS-Behçet's syndrome but also for refractory uveitis. Prel iminary data 
suggest that anti–tumor necrosis factor therapy may be an alternative treatment 
modality for panuveitis. Early initiation of azathioprine tends to favorably affect the 
long-term prognosis of Behçet's syndrome.
Further Readings

International Study Group for Behçet's Disease: Criteria for diagnosis of  Behçet's 
disease. L ancet 335:1078, 1990 
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(Baltimore) 82:60, 2003 [PMID: 12544711] 

Lee KH et al: Human alpha-enolase f rom endothel ial cel ls as a target antigen of  anti-
endothelial cel l  antibody in Behçet's disease. A rthritis Rheum 48:2025, 2003 
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Harrison's I nternal M edicine > Chapter 321. Relapsing Polychondritis >

Relapsing Polychondritis: Introduction

Relapsing polychondritis is an uncommon inflammatory disorder of unknown 
cause characterized by an episodic and general ly progressive course af fecting 
predominantly the carti lage of  the ears, nose, and laryngotracheobronchial tree. 
Other manifestations include scleritis, neurosensory hearing loss, polyarthri tis, 
cardiac abnormali ties, skin lesions, and glomerulonephritis. The peak age of onset 
is between the ages of  40–50 years, but relapsing polychondritis may af fect 
chi ldren and the elderly. It is found in al l  races, and both sexes are equally af fected. 
No familial tendency is apparent. A signif icantly higher frequency of HLA-D R4 
has been found in patients with relapsing polychondritis than in normal individuals. 
A predominant subtype allele(s) of HLA-DR4 was not found. Approximately 30% 
of patients with relapsing polychondritis wil l have another rheumatologic disorder, 
the most frequent being systemic vasculitis, fol lowed by rheumatoid arthritis, 
systemic lupus erythematosus (SLE), Sjögren's syndrome, or ankylosing 
spondylitis. Nonrheumatic disorders associated with relapsing polychondritis 
include inflammatory bowel disease, primary bil iary cirrhosis, and myelodysplastic 
syndrome (Table 321-1).
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Diagnostic cri teria were suggested over 20 years ago by M cAdam et al. and 
modif ied by Damiani and Levine a few years later. These criteria continue to be 
generally used in cl inical practice. McAdam et al. proposed the following: (1) 
recurrent chondritis of both auricles; (2) nonerosive inf lammatory arthritis; (3) 
chondritis of nasal carti lage; (4) inf lammation of ocular structures, including 
conjunctivitis, keratitis, scleritis/episcleritis, and/or uveitis; (5) chondritis of the 
laryngeal and/or tracheal carti lages; and (6) cochlear and/or vestibular damage 
manifested by neurosensory hearing loss, tinnitus, and/or vertigo. The diagnosis is 
certain when three or more of  these features are present along with a positive 
biopsy from the ear, nasal, or respiratory carti lage. Damiani and Levine later 
suggested that the diagnosis could be made when one or more of  the above features 
and a positive biopsy were present, when two or more separate sites of  carti lage 
inf lammation were present that responded to glucocorticoids or dapsone, or when 
three or more of  the above features were present. A  biopsy is not necessary in most 
patients with cl inically evident disease.

Deceased. A  contributor to HPIM  since the 11th edition, Dr. Gil l i land passed 
away on Febtruary 17, 2007.

Table 321-1 Disorders Associated with Relapsing Polychondritisa

Systemic vascul i tis 

Rheumatoid arthri tis 

Systemic lupus erythematosus

Sjögren's syndrome

Spondyloarthritides

Behçet's syndrome

Inf lammatory bowel disease

Primary biliary cirrhosis

Myelodysplastic syndrome

aSystemic vasculitis is the most common association fol lowed by rheumatoid 
arthritis, systemic lupus erythematosus, and Sjögren's syndrome.

Source: Modified from Michet.

Pathology and Pathophysiology

The earliest abnormality of  hyaline and elastic carti lage noted histologically is a 
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focal or diffuse loss of basophil ic staining indicating depletion of proteoglycan 
from the carti lage matrix. Inf lammatory infi l trates are found adjacent to involved 
carti lage and consist predominantly of mononuclear cel ls and occasional plasma 
cel ls. In acute disease, polymorphonuclear white cel ls may also be present. 
Destruction of  carti lage begins at the outer edges and advances central ly. There is 
lacunar breakdown and loss of  chondrocytes. Degenerating carti lage is replaced by 
granulation tissue and later by f ibrosis and focal areas of calcif ication. Small loci 
of  carti lage regeneration may be present. Immunof luorescence studies have shown 
immunoglobulins and complement at sites of involvement. Extracellular granular 
material observed in the degenerating carti lage matrix by electron microscopy has 
been interpreted to be enzymes, immunoglobulins, or proteoglycans.

Immunologic mechanisms play a role in the pathogenesis of relapsing 
polychondritis. Immunoglobulin and complement deposits are found at sites of 
inf lammation. In addition, antibodies to type II  collagen and to matri lin-1 and 
immune complexes are detected in the sera of  some patients. The possibi l i ty that an 
immune response to type I I col lagen may be important in the pathogenesis is 
supported experimental ly by the occurrence of auricular chondritis in rats 
immunized with type II  collagen. Antibodies to type II  collagen are found in the 
sera of  these animals, and immune deposi ts are detected at si tes of ear 
inf lammation. Humoral immune responses to type IX  and type X I collagen, 
matrilin-1, and carti lage ol igomeric matrix protein have been demonstrated in 
some patients. In a study, rats immunized with matri l in-1 were found to develop 
severe inspiratory stridor and swell ing of  the nasal septum. The rats had severe 
inf lammation with erosions of the involved cartilage, which was characterized by 
increased numbers of  CD4+ and CD8+ T cel ls in the lesions. The carti lage of  the 
joints and ear pinna was not involved. A ll had IgG antibodies to matri l in-1 . 
Matrilin-1 is a noncollagenous protein present in the extracellular matrix in 
carti lage. I t is present in high concentrations in the trachea and is also present in 
the nasal septum but not in articular carti lage. A  subsequent study demonstrated 
serum anti-matrilin-1 antibodies in approximately 13% of patients with relapsing 
polychondritis; approximately 70% of these patients had respiratory symptoms. 
Cell-mediated immunity may also be operative in causing tissue injury, since 
lymphocyte transformation can be demonstrated when lymphocytes of patients are 
exposed to carti lage extracts. T cel ls specific for type I I  col lagen have been found 
in some patients, and CD4+ T cel ls have been observed at si tes of carti lage 
inf lammation. The accumulating data strongly suggest that both humoral and cell-
mediated immunity play an important role in the pathogenesis of relapsing 
polychondritis.

Dissolution of carti lage matrix can be induced by the intravenous injection of crude 
papain, a proteolytic enzyme, into young rabbits, which results in collapse of their 
normally rigid ears within 4 h. Reconstitution of the matrix occurs in about 7 days. 
In relapsing polychondritis, loss of carti lage matrix also most likely results from 
action of  proteolytic enzymes released from chondrocytes, polymorphonuclear 
white cel ls, and monocytes that have been activated by inflammatory mediators.
Clinical Manifestations

The onset of  relapsing polychondritis is f requently abrupt with the appearance of 
one or two sites of carti laginous inflammation. Fever, fatigue, and weight loss 
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occur and may precede the cl inical signs of  relapsing polychondritis by several 
weeks. Relapsing polychondritis may go unrecognized for several months or even 
years in patients who only initially manifest intermittent joint pain and/or swell ing, 
or who have unexplained eye inf lammation, hearing loss, valvular heart disease, or 
pulmonary symptoms. The pattern of  carti laginous involvement and the frequency 
of  episodes vary widely among patients.

Auricular chondritis is the most frequent presenting manifestation of relapsing 
polychondritis in 40% of patients and eventually affects about 85% of patients 
(Table 321-2). One or both ears are involved, either sequential ly or simultaneously. 
Patients experience the sudden onset of pain, tenderness, and swel l ing of  the 
carti laginous portion of the ear (Fig. 321-1). Earlobes are spared because they do 
not contain carti lage. The overlying skin has a beefy red or violaceous color. 
Prolonged or recurrent episodes result in a f labby or droopy ear as a sequela of 
carti lage destruction. Swell ing may close of f the eustachian tube (causing oti tis 
media) or the external auditory meatus, either of which can impair hearing. 
Inf lammation of the internal auditory artery or i ts cochlear branch produces 
hearing loss, vertigo, ataxia, nausea, and vomiting. Vertigo is almost always 
accompanied by hearing loss. The carti lage of  the nose becomes inf lamed during 
the first or subsequent attacks. Approximately 50% of patients wil l eventually have 
nose involvement. Patients may experience nasal stuf f iness, rhinorrhea, and 
epistaxis. The bridge of the nose becomes red, swol len, and tender and may 
collapse, producing a saddle deformity (Fig. 321-2). In some patients, the saddle 
deformity develops insidiously without overt inf lammation. Saddle nose is 
observed more frequently in younger patients, especially in women.

Table 321-2 Clinical Manifestations of Relapsing Polychondritis

Frequency, %
Clinical Feature Presenting Cumulative
Auricular chondritis 43 89
Arthritis 32 72
Nasal chondritis 21 61
Ocular inf lammation 18 59
Laryngotracheal symptoms 23 55
Reduced hearing 7 40
Saddle nose deformity 11 25
Cutaneous 4 25
Laryngotracheal stricture 15 23
V ascul itis 2 14
Elevated creatinine 7 13
Aortic or mitral regurgitation 0 12
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Arthritis is the presenting manifestation in relapsing polychondritis in 
approximately one-third of  patients and may be present for several months before 
other features appear. Eventually, more than half the patients wil l  have arthri tis. 
The arthritis is usually asymmetric and oligo- or polyarticular, and it involves both 
large and small peripheral joints. An episode of arthritis lasts from a few days to 
several weeks and resolves spontaneously without residual joint deformity. A ttacks 
of arthritis may not be temporally related to other manifestations of relapsing 
polychondritis. The joints are warm, tender, and swollen. Joint f luid has been 
reported to be noninf lammatory. In addition to peripheral joints, inf lammation may 
involve the costochondral, sternomanubrial, and sternoclavicular carti lages. 
Destruction of  these carti lages may result in a pectus excavatum deformity or even 
a f lai l anterior chest wall. Relapsing polychondritis may occur in patients with 
preexisting rheumatoid arthritis, Reiter's syndrome, psoriatic arthritis, or 
ankylosing spondyli tis. 

Eye manifestations occur in more than half  of  patients and include conjunctivitis, 
episcleritis, scleritis, iri tis, and keratitis. Eye involvement is seldom the presenting 
feature. Ulceration and perforation of the cornea may occur and cause bl indness. 
Other manifestations include eyelid and periorbital edema, proptosis, cataracts, 
optic neuritis, extraocular muscle palsies, retinal vasculi tis, and renal vein 
occlusion.

Laryngotracheobronchial involvement occurs in ~50% of patients. Symptoms 
include hoarseness, a nonproductive cough, and tenderness over the larynx and 

Source: Modified from Kent et al.
Figure 321-1

L eft. The pinna is erythematous, swollen, and tender. Not shown is the ear lobule 
that is spared as there is no underlying carti lage. Right. The pinna is thickened 
and deformed. The destruction of  the underlying cartilage results in a f loppy ear. 
(Repr inted from the Clinical Sl ide Collection on the Rheumatic Diseases, © 1991, 
1995, 1997, 1998, 1999. Used by permission of the Amer ican College of 
Rheumatology.)

Figure 321-2

Saddle nose results fr om destruction and collapse of the nasal 
cartilage. (Repr inted from the Clinical Sl ide Collection on the Rheumatic 
D iseases, © 1991, 1995, 1997, 1998, 1999. Used by permission of the Amer ican 
Col lege of Rheumatology.)
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proximal trachea. M ucosal edema, strictures, and/or col lapse of  laryngeal or 
tracheal carti lage may cause stridor and l i fe-threatening airway obstruction 
necessitating tracheostomy. Collapse of carti lage in bronchi leads to pneumonia 
and, when extensive, to respiratory insuff iciency.

Aortic regurgitation occurs in about 5% of patients and is due to progressive 
dilation of the aortic ring or to destruction of the valve cusps. M itral and other 
heart valves are affected less of ten. Other cardiac manifestations include 
pericarditis, myocarditis, and conduction abnormalities. A neurysms of the 
proximal, thoracic, or abdominal aorta may occur even in the absence of  active 
chondritis and occasionally rupture.

Systemic vasculitis may occur in association with relapsing polychondritis. 
Vasculi tides include isolated cutaneous vasculitis, polyarteritis nodosa, giant cel l  
arteri tis, and Takayasu's arteritis (Chap. 319). Neurologic abnormalities usually 
occur as a result of  underlying vascul i tis, manifesting as seizures, strokes, ataxia, 
and peripheral and cranial nerve neuropathies. Cranial nerves II , I II , V I, and V II  
are most often involved. Approximately 25% of patients have skin lesions, none of 
which is characteristic for relapsing polychondritis but can reflect an associated 
vasculi tis. These include purpura, erythema nodosum, erythema multi forme, 
angioedema/urticaria, l ivedo reticularis, and panniculi tis. Segmental necrotizing 
glomerulonephritis with crescent formation has been noted in some patients, 
usually in association with microscopic polyangiitis, but may occur in the absence 
of systemic vasculitis.

The course of  disease is highly variable, with episodes lasting f rom a few days to 
several weeks and then subsiding spontaneously. A ttacks may recur at intervals 
varying f rom weeks to months. In other patients, the disease has a chronic, 
smoldering course. In a few patients, the disease may be limited to one or two 
episodes of carti lage inf lammation. In one study, the 5-year estimated survival  rate 
was 74% and the 10-year survival rate 55%. In contrast to earl ier series, only about 
half  the deaths could be attributed to relapsing polychondritis or complications of 
treatment. Pulmonary complications accounted for only 10% of al l  fatalities. In 
general, patients with more widespread disease have a worse prognosis.
Laboratory Findings

M ild leukocytosis and normocytic, normochromic anemia are often present. 
Eosinophil ia is observed in 10% of patients. The erythrocyte sedimentation rate 
and C-reactive protein are usual ly elevated. Rheumatoid factor and antinuclear 
antibody tests are occasionally positive in low titers. A ntibodies to type I I  collagen 
are present in fewer than half  the patients and are not specif ic. Circulating immune 
complexes may be detected, especial ly in patients with early active disease. 

Elevated levels of  globulin may be present. Antineutrophil cytoplasmic 
antibodies (ANCA), either cytoplasmic (C-ANCA) or perinuclear (P-A NCA), are 
found in some patients with active disease. The upper and lower airways can be 
evaluated by imaging techniques such as linear tomography, laryngotracheography, 
and CT, and by bronchoscopy. M RI is helpful in evaluation of the larynx and 
trachea. Bronchography is performed to demonstrate bronchial narrowing. 
Intrathoracic airway obstruction can also be evaluated by inspiratory-expiratory 

Page 204 of  219A ccessM edicine - Print

1/3/2013fi le:///C:/Users/Lesea/AppData/Local/Temp/~hhDC34.htm



f low studies. The chest fi lm may show narrowing of the trachea and/or the main 
bronchi, widening of  the ascending or descending aorta due to an aneurysm, and 
cardiomegaly when aortic insuf ficiency is present. M RI can be used in assessing 
aortic aneurysmal di latation. Radiographs may show calcif ication at previous sites 
of  carti lage damage involving ear, nose, larynx, or trachea.
Diagnosis

Diagnosis is based on recognition of  the typical cl inical features. Biopsies of  the 
involved cartilage from the ear, nose, or respiratory tract will  conf irm the diagnosis 
but are only necessary when cl inical features are not typical. Patients with 
Wegener's granulomatosis may have a saddle nose and pulmonary involvement but 
can be distinguished by the absence of auricular involvement and the presence of  
granulomatous lesions in the tracheobronchial tree. Patients with Cogan's 
syndrome have intersti tial keratitis and vestibular and auditory abnormalities, but 
this syndrome does not involve the respiratory tract or ears. Reiter's syndrome may 
initial ly resemble relapsing polychondritis because of ol igoarticular arthritis and 
eye involvement, but i t is distinguished in time by the appearance of urethritis and 
typical  mucocutaneous lesions and the absence of  nose or ear carti lage 
involvement. Rheumatoid arthritis may initial ly suggest relapsing polychondritis 
because of arthritis and eye inf lammation. The arthritis in rheumatoid arthritis, 
however, is erosive and symmetric. In addition, rheumatoid factor ti ters are usually 
high compared with those in relapsing polychondritis. Bacterial infection of the 
pinna may be mistaken for relapsing polychondritis but dif fers by usually 
involving only one ear, including the earlobe. A uricular carti lage may also be 
damaged by trauma or f rostbite.

Relapsing polychondritis may develop in patients with a variety of autoimmune 
disorders, including SLE, rheumatoid arthritis, Sjögren's syndrome, and vasculi tis. 
In most cases, these disorders antedate the appearance of  polychondri tis, usual ly by 
months or years. It is l ikely that these patients have an immunologic abnormality 
that predisposes them to development of  this group of  autoimmune disorders.
Relapsing Polychondritis: Treatment

In patients with active chondritis, prednisone, 40–60 mg/d, is often effective in 
suppressing disease activi ty; i t is tapered gradually once disease is control led. In 
some patients, prednisone can be stopped, whi le in others low doses in the range of 
10–15 mg/d are required for continued suppression of  disease. Dapsone instead of  
prednisone has been ef fective in suppressing inf lammation in some patients. 
Immunosuppressive drugs such as methotrexate, cyclophosphamide, azathioprine, 
or cyclosporine should be reserved for patients who fai l  to respond to prednisone 
or who require high doses for control of disease activity. Patients with signif icant 
ocular inflammation of ten require intraocular steroids as well as high doses of 
prednisone. Heart valve replacement or repair of an aortic aneurysm may be 
necessary. When obstruction is severe, tracheostomy is required. Stents may be 
necessary in patients with tracheobronchial col lapse.
Further Readings
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Definition

Sarcoidosis is an inflammatory disease characterized by the presence of 
noncaseating granulomas. The disease is of ten multisystem and requires the 
presence of involvement in two or more organs for a specif ic diagnosis. The 
f inding of granulomas is not specif ic for sarcoidosis, and other conditions known 
to cause granulomas must be ruled out. These conditions include mycobacterial  
and fungal infections, malignancy, and environmental agents such as beryl l ium. 
While sarcoidosis can affect virtually every organ of the body, the lung is most 
commonly affected. Other organs commonly af fected are the liver, skin, and eye. 
The clinical outcome of sarcoidosis varies, with remission occurring in over half  
the patients within a few years of  diagnosis; however, the remaining patients 
develop a chronic disease that lasts for decades.
Etiology

Despite multiple investigations, the cause of  sarcoidosis remains unknown. 
Currently, the most l ikely etiology is an infectious or noninfectious 
environmental agent that triggers an inflammatory response in a genetical ly 
susceptible host. A mong the possible infectious agents, careful studies have 
shown a much higher incidence of  Propionibacter acnes in the lymph nodes of 
sarcoidosis patients compared to controls. An animal model has shown that P . 
acnes can induce a granulomatous response in mice similar to sarcoidosis. Other 
studies support the possibi l i ty of  an atypical mycobacterium, although these have 
yet to be conf irmed by bl inded studies with adequate controls. Recent studies 
have demonstrated the presence of  a mycobacterial  protein [Mycobacter ium 
tuberculosis catalase-peroxidase (mKatG)]  in the granulomas of  some sarcoidosis 
patients. This protein is very resistant to degradation and may represent the 
persistent antigen in sarcoidosis. Environmental exposures to insecticides and 
mold have been associated with an increased risk for disease. In addition, health 
care workers appear to have an increased risk. Some authors have suggested that 
sarcoidosis is not due to a single agent but represents a particular host response to 
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multiple agents. An interesting approach to f inding the etiology of sarcoidosis is 
to correlate the environmental exposures to genetic markers. These studies have 
supported the hypothesis that a genetically susceptible host is a key factor in the 
disease.
Incidence and Prevalence

Sarcoidosis is seen worldwide, with the highest prevalence reported in the Nordic 
population. In the United States, the disease has been reported more commonly in 
blacks than whites, with the ratio of blacks to whites ranging from 3:1 to 17:0. 
Women appear to be sl ightly more susceptible than men. The lower estimate is 
the result of  a recent study from a large health maintenance organization in 
Detroit. The earl ier American studies f inding the higher incidence in blacks may 
have been inf luenced by the fact that blacks seem to develop more extensive and 
chronic pulmonary disease. Since most sarcoidosis cl inics are run by 
pulmonologists, a selection bias may have occurred. Worldwide, the prevalence 
of  the disease varies from 20–60 per 100,000 for many groups such as Japanese, 
I tal ians, and American whites. Higher rate occurs in Ireland and Nordic countries. 
In one closely observed community in Sweden, the l ifetime risk for developing 
sarcoidosis was 3%.

Sarcoidosis of ten occurs in young, otherwise healthy adults. It is uncommon to 
diagnose the disease in someone under age 18. However, i t has become clear that 
a second peak in incidence develops around age 60. In a study of >700 newly 

diagnosed sarcoidosis patients in the United States, half  the patients were 40  
years at the time of diagnosis. 

A lthough most cases of  sarcoidosis are sporadic, a famil ial  form of  the disease 
exists. A t least 5% of patients with sarcoidosis wil l  have a family member with 
sarcoidosis. Sarcoidosis patients who are Irish or A merican blacks seem to have a 
two to three times higher rate of  famil ial disease.
Pathophysiology and Immunopathogenesis

The granuloma is the pathologic hallmark of sarcoidosis. A  distinct feature of 
sarcoidosis is the local accumulation of inflammatory cells. Extensive studies in 
the lung using bronchoalveolar lavage (BAL) have demonstrated that the initial 
inf lammatory response is an influx of T helper cells. In addition, there is an 
accumulation of activated monocytes. Figure 322-1 is a proposed model for 
sarcoidosis. Using the HLA-CD4 complex, antigen-presenting cel ls present an 
unknown antigen to the helper T cell. Studies have clarif ied that specific HLA 
haplotypes such as HLA-DRB1* 1101 are associated with an increased risk for 
developing sarcoidosis. In addition, dif ferent HLA haplotypes are associated with 
dif ferent cl inical outcomes.

The macrophage/helper T cell  cluster leads to activation with the increased 
release of several cytokines. These include interleukin (IL ) 2 released from the T 

cel l  and interferon  and tumor necrosis factor (TNF) released by the 
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macrophage. The T cel l  is a necessary part of  the initial inflammatory response. 
In advanced, untreated HIV  infection, patients who lack helper T cells rarely 
develop sarcoidosis. In contrast, several reports conf irm that sarcoidosis becomes 
unmasked as HIV -infected individuals receive antiretroviral therapy, with 
subsequent restoration of  their immune system. In contrast, treatment of  
establ ished pulmonary sarcoidosis with cyclosporine, a drug that downregulates 
helper T cel l  responses, seems to have l ittle impact on sarcoidosis.

The granulomatous response of sarcoidosis can resolve with or without therapy. 
However, in at least 20% of patients with sarcoidosis, a chronic form of the 
disease develops. This persistent form of  the disease is associated with the 
secretion of high levels of IL-8. A lso, studies have reported that in patients with 
this chronic form of  disease excessive amounts of  TNF are released in the areas 
of inf lammation.

It is sometimes dif f icult to determine early on the ultimate clinical outcome of 
sarcoidosis. One form of  the disease, Löfgren's syndrome, consists of  erythema 
nodosum, hi lar adenopathy on chest roentgenogram, and uveitis. Löfgren's 
syndrome is associated with a good prognosis, with >90% of patients 
experiencing disease resolution within 2 years. Recent studies have demonstrated 
that the HLA-DQB1* 0201 is highly associated with Löfgren's syndrome. In 
contrast, patients with the disfiguring skin condition lupus pernio or cardiac or 
neurologic involvement rarely experience disease remission.
Clinical Manifestations

The presentation of  sarcoidosis ranges f rom patients who are asymptomatic to 
those with organ fai lure. It is unclear how often sarcoidosis is asymptomatic. In 
countries where routine chest roentgenogram screening is performed, 20–30% of  
pulmonary cases are detected in asymptomatic individuals. The inabili ty to screen 
for other asymptomatic forms of  the disease would suggest that as many as a third 
of  sarcoidosis patients are asymptomatic.

Respiratory complaints including cough and dyspnea are the most common 
presenting symptoms. In many cases, the patient presents with a 2–4 week history 
of  these symptoms. Unfortunately, due to the nonspecif ic nature of pulmonary 
symptoms, the patient may see physicians for up to a year before a diagnosis is 
confirmed. The diagnosis of  sarcoidosis is usually only suggested when a chest 
roentgenogram is performed.

Symptoms related to cutaneous and ocular disease are the next two most common 
complaints. Skin lesions are often nonspecific. However, since these lesions are 
readi ly observed, the patient and treating physician are often led to a diagnosis. In 
contrast to patients with pulmonary disease, patients with cutaneous lesions are 
more likely to be diagnosed within 6 months of symptoms. 

Nonspecif ic constitutional symptoms include fatigue, fever, night sweats, and 
weight loss. Fatigue is perhaps the most common consti tutional symptom that 
affects these patients. Given i ts insidious nature, patients are usually not aware of 
the association with their sarcoidosis unti l  their disease resolves.
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The overall  incidence of  sarcoidosis at the time of  diagnosis and eventual 
common organ involvement are summarized in Table 322-1. Over time, skin, eye, 
and neurologic involvement seem more apparent. In the United States, the 
f requency of specific organ involvement appears to be af fected by age, race, and 
gender. For example, eye disease is more common among blacks. Under the age 
of  40, it occurs more frequently in women. However, in those diagnosed over the 
age of  40, eye disease is more common in men.

Lung

Lung involvement occurs in >90% of sarcoidosis patients. The most commonly 
used method for detecting lung disease is sti l l the chest roentgenogram. Figure 
322-2 i l lustrates the chest roentgenogram from a sarcoidosis patient with bi lateral 
hi lar adenopathy. A lthough the CT scan has changed the diagnostic approach to 
intersti tial lung disease, the CT scan is not usually considered a monitoring tool 
for patients with sarcoidosis. Figure 322-3 demonstrates some of  the 
characteristic CT features, including peribronchial thickening and reticular 
nodular changes, which are predominantly subpleural. The peribronchial 
thickening seen on CT scan seems to explain the high yield of  granulomas from 
bronchial biopsies performed for diagnosis.

While the CT scan is more sensitive, the standard scoring system described by 
Scadding in 1961 for chest roentgenograms remains the preferred method of 
characterizing the chest involvement. Stage 1 is hi lar adenopathy alone (Fig. 322-
2), of ten with right paratracheal involvement. Stage 2 is a combination of 
adenopathy plus inf i ltrates, whereas stage 3 reveals infi l trates alone. Stage 4 
consists of  f ibrosis. Usually the infi l trates in sarcoidosis are predominantly an 
upper lobe process. Only in a few noninfectious diseases is an upper lobe 
predominance noted. In addition to sarcoidosis, the dif ferential diagnosis of  upper 
lobe disease includes hypersensitivi ty pneumonitis, si l icosis, and Langerhans cell  
histiocytosis. For infectious diseases, tuberculosis and Pneumocystis pneumonia 
can of ten present as upper lobe diseases.

Lung volumes, mechanics, and dif fusion all are useful in evaluating interstitial 
lung diseases such as sarcoidosis. The diffusion of carbon monoxide (DL CO) i s 
the most sensitive test for an intersti tial  lung disease. Reduced lung volumes are a 
ref lection of  the restrictive lung disease seen in sarcoidosis. However, a third of  
the patients presenting with sarcoidosis sti l l  have lung volumes within the normal 
range, despite abnormal chest roentgenograms and dyspnea.

Approximately half of sarcoidosis patients present with obstructive disease, 
ref lected by a reduced ratio of forced vital capacity expired in time interval t
(FEV t/FVC). Cough is a very common symptom. A irway involvement causing 
varying degrees of obstruction underl ies the cough in most sarcoidosis patients. 
However, airway hyperreactivity as determined by methacholine challenge wil l  
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be positive in some of these patients. A  few patients with cough wil l  respond to 
traditional bronchodilators as the only form of treatment. In some cases, high-
dose inhaled glucocorticoids alone are useful.

Pulmonary arterial hypertension is reported in at least 5% of  sarcoidosis patients. 
Either direct vascular involvement or the consequence of  f ibrotic changes in the 
lung can lead to pulmonary arterial hypertension. In sarcoidosis patients with end-
stage fibrosis awaiting lung transplant, 70% wil l  have pulmonary arterial 
hypertension. This is a much higher incidence than that reported for other f ibrotic 
lung diseases. In less advanced, but stil l  symptomatic, patients pulmonary arterial 
hypertension has been noted in up to 50% of  the cases. Because sarcoidosis-
associated pulmonary arterial  hypertension may respond to therapy, evaluation 
for this should be considered in persistently symptomatic patients.

Skin

Skin involvement is eventually identif ied in over a third of patients with 
sarcoidosis. The classic cutaneous lesions include erythema nodosum, 
maculopapular lesions, hyper- and hypopigmentation, keloid formation, and 
subcutaneous nodules. A  specif ic complex of involvement of  the bridge of the 
nose, the area beneath the eyes, and the cheeks is referred to as lupus pernio (Fig. 
322-4) and is diagnostic for a chronic form of sarcoidosis.

In contrast, erythema nodosum is a transient rash that can be seen in association 
with hi lar adenopathy and uveitis (Löfgren's syndrome). Erythema nodosum is 
more common in women and in certain self-described demographic groups 
including Caucasians and Puerto Ricans. In the United States, the other 
manifestations of  skin sarcoidosis, especially lupus pernio, are more common in 
blacks than whites.

The maculopapular lesions f rom sarcoidosis are the most common chronic form 
of  the disease (Fig. 322-5). These are of ten overlooked by the patient and 
physician, since they are chronic and not painful. Initial ly, these lesions are 
usually purpl ish papules elevated up to 1 cm and <3 cm in diameter. They can 
become conf luent and inf i l trate large areas of  the skin. With treatment, the color 
and induration may fade. Because these lesions are caused by noncaseating 
granulomas, the diagnosis of  sarcoidosis can be readi ly made by a skin biopsy.

Eye

The frequency of  ocular manifestations for sarcoidosis varies depending on race. 
In Japan, >70% of sarcoidosis patients develop ocular disease, whi le in the 
United States only 30% have eye disease, with problems more common in blacks 
than whites. A lthough the most common manifestation is an anterior uveitis, over 
a quarter of patients wil l  have inf lammation at the posterior of the eye, including 
retinitis and pars planitis. While symptoms such as photophobia, blurred vision, 
and increased tearing can occur, some asymptomatic patients sti ll  have active 
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inf lammation. Initial ly asymptomatic patients with ocular sarcoidosis can 
eventually develop bl indness. Therefore, i t is recommended that al l  patients with 
sarcoidosis receive a dedicated ophthalmologic examination. Sicca is seen in over 
half  of the chronic sarcoidosis patients. Dry eyes appear to be a reflection of prior 
lacrimal gland disease. A lthough the patient may no longer have active 
inf lammation, the dry eyes may require natural tears or other lubricants.

Liver

Using biopsies to detect granulomatous disease, l iver involvement can be 
identif ied in over half  of sarcoidosis patients. However, using liver function 
studies, only 20–30% of patients wil l  have evidence of l iver involvement. The 
most common abnormality of l iver function is an elevation of the alkaline 
phosphatase level, consistent with an obstructive pattern. In addition, elevated 
transaminase levels can occur. An elevated bi l irubin level is a marker for more 
advanced liver disease. Overal l , only 5% of sarcoidosis patients have suff icient 
symptoms from their l iver disease to require specif ic therapy. A lthough 
symptoms can be due to hepatomegaly, more frequently symptoms result f rom 
extensive intrahepatic cholestasis leading to portal hypertension. In this case, 
ascites and esophageal varices can occur. I t is rare that a sarcoidosis patient wi l l 
require a l iver transplant, because even the patient with cirrhosis due to 
sarcoidosis can respond to systemic therapy. On a cautionary note, patients with 

both sarcoidosis and hepatitis C should avoid therapy with interferon 
because of  i ts association with the development or worsening of  granulomatous 
disease.

Bone M arrow and Spleen

One or more bone marrow manifestations can be identi f ied in many sarcoidosis 
patients. The most common hematologic problem is lymphopenia, which is a 
ref lection of sequestration of the lymphocytes into the areas of inf lammation. 
Anemia occurs in 20% of patients and leukopenia is less common. Bone marrow 
examination wil l  reveal granulomas in about a third of  patients. Splenomegaly 
can be detected in 5–10% of patients, but splenic biopsy reveals granulomas in 
60% of patients. The CT scan can be relatively specific for sarcoidosis 
involvement of the spleen (Fig. 322-6). Both bone marrow and spleen 
involvement are more common in blacks than whites. These manifestations alone 
are rarely an indication for therapy. On occasion, splenectomy may be indicated 
for massive symptomatic splenomegaly or profound pancytopenia. 

Calcium Metabolism

Hypercalcemia and/or hypercalciuria occurs in about 10% of sarcoidosis patients. 
I t is more common in whites than blacks and in men. The mechanism of 
abnormal calcium metabolism is increased production of 1,25-dihydroxyvitamin 
D by the granuloma itself. The 1,25-dihydroxyvitamin D causes increased 
intestinal absorption of calcium, leading to hypercalcemia with a suppressed 
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parathyroid hormone (PTH) level (Chap. 347). Increased exogenous vitamin D 
from diet or sunlight exposure may exacerbate this problem. Serum calcium 
should be determined as part of the initial evaluation of  al l  sarcoidosis patients, 
and a repeat determination may be useful during the summer months with 
increased sun exposure. In patients with a history of renal calculi , a 24-h urine 
calcium measurement should be obtained. If  a sarcoidosis patient with a history 
of renal calculi is to be placed on calcium supplements, a fol low-up 24-h urine 
calcium level should be measured.

Renal D isease

Direct kidney involvement occurs in <5% of sarcoidosis patients. It is associated 
with granulomas in the kidney itself  and can lead to nephritis. However, 
hypercalcemia is the most l ikely cause of  sarcoidosis-associated renal  disease. In 
1–2% of  sarcoidosis patients, acute renal fai lure has been encountered as a result 
of  hypercalcemia. Treatment of the hypercalcemia with glucocorticoids and other 
therapies of ten improves, but does not total ly resolve, the renal dysfunction.

Nervous System

Neurologic disease is reported in 5–10% of  sarcoidosis patients and appears to be 
of  equal f requency across al l  ethnic groups. Any part of  the central or peripheral 
nervous system can be af fected. The presence of granulomatous inf lammation is 
often visible on MRI studies. The MRI with gadolinium enhancement may 
demonstrate space-occupying lesions, but the M RI can be negative due to small  
lesions or the effect of systemic therapy in reducing the inflammation. The 
cerebral spinal fluid (CSF) f indings include a lymphocytic meningitis with a mild 
increase in protein. The CSF glucose is usually normal but can be low. Certain 
areas of the nervous system are more commonly affected in neurosarcoidosis. 
These include cranial nerve involvement, basilar meningitis, myelopathy, and 
anterior hypothalamic disease with associated diabetes insipidus (Chap. 334). 
Seizures and cognitive changes also occur. Of  the cranial  nerves, seventh nerve 
paralysis can be transient and can be mistaken for Bel l 's palsy (idiopathic seventh 
nerve paralysis). Since this form of neurosarcoidosis often resolves within weeks 
and does not recur, i t may have occurred prior to a def initive diagnosis of  
sarcoidosis. Optic neuritis is another cranial nerve manifestation of  sarcoidosis. 
This manifestation is more chronic and usually requires long-term systemic 
therapy. I t can be associated with both anterior and posterior uveitis. 
Dif ferentiating between neurosarcoidosis and multiple sclerosis can be dif ficult at 
times. Optic neuritis can occur in both diseases. In some patients with sarcoidosis, 
multiple enhancing white matter abnormalities may be detected by M RI, 
suggesting multiple sclerosis. In such cases, the presence of meningeal 
enhancement or hypothalamic involvement suggests neurosarcoidosis, as does 
evidence of  extraneurologic disease such as pulmonary or skin involvement, 
which also suggests sarcoidosis. Since the response of neurosarcoidosis to 
glucocorticoids and cytotoxic therapy is dif ferent from that of multiple sclerosis, 
dif ferentiating between these disease enti ties is important.

Cardiac
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The presence of  cardiac involvement is inf luenced by race. Over a quarter of  
Japanese sarcoidosis patients develop cardiac disease, whereas only 5% of 
sarcoidosis patients in the United States and Europe develop cardiac disease. 
However, there is no apparent difference between whites and blacks. Cardiac 
disease usual ly presents as ei ther congestive heart fai lure or cardiac arrhythmias. 
Both manifestations result from inf i l tration of the heart muscle by granulomas. 
Dif fuse granulomatous involvement of the heart muscle can lead to ejection 
fractions below 10%. Even in this situation, improvement in the ejection fraction 
can occur with systemic therapy. A rrhythmias can also occur with dif fuse 
inf i ltration or with more patchy cardiac involvement. If  the AV node is inf i ltrated, 
heart block can occur. This can be detected by routine electrocardiography. 
Ventricular arrhythmias and sudden death due to ventricular tachycardia are 
common causes of death. A rrhythmias are best detected using 24-h ambulatory 
monitoring. Because ventricular arrhythmias are usually multi focal due to patchy 
multiple granulomas in the heart, ablation therapy is not useful. Patients with 
significant ventricular arrhythmias should be considered for an implanted 
defibri llator, which appears to have reduced the rate of death in cardiac 
sarcoidosis. While systemic therapy can be useful in treating the arrhythmias, 
patients may sti l l  have malignant arrhythmias up to 6 months af ter starting 
successful treatment, and the risk for recurrent arrhythmias occurs whenever 
medications are tapered.

M usculoskeletal System

Direct granulomatous bone and muscle involvement as documented by x-ray , 
MRI (Fig. 322-7), gal l ium scan, or biopsy can be seen in about 10% of  
sarcoidosis patients. However, a larger percentage of  sarcoidosis patients 
complain of  myalgias and arthralgias. These complaints are similar to those 
reported by patients with other inf lammatory diseases, including chronic 
infections such as mononucleosis. Fatigue associated with sarcoidosis may be 
overwhelming for many patients. Recent studies have demonstrated a l ink 
between fatigue and small  peripheral nerve fiber disease in sarcoidosis.

Other Organ Involvement

A lthough sarcoidosis can affect any organ of the body, rarely does it involve the 
breast, testes, ovary, or stomach. Because of  the rarity of involvement, a mass in 
one of  these areas requires a biopsy to rule out other diseases including cancer. 
For example, in a study of breast problems in female sarcoidosis patients, a breast 
lesion was more l ikely to be granulomas from sarcoidosis than from breast 
cancer. However, f indings on the physical examination or mammogram cannot 
rel iably dif ferentiate between these lesions. M ore importantly, as women with 
sarcoidosis age, breast cancer becomes more common. Therefore, i t is 
recommended that routine screening including mammography be performed 
along with other imaging studies (ultrasound, MRI) or biopsy as clinically 
indicated.

Complications
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Sarcoidosis is usually a self-limited, non-life-threatening disease. However, 
organ-threatening disease can occur. These complications can include bl indness, 
paraplegia, or renal fai lure. Death f rom sarcoidosis occurs in about 5% of patients 
seen in sarcoidosis referral  cl inics. The usual causes of  death related to 
sarcoidosis are from lung, cardiac, neurologic, or l iver involvement. In respiratory 
fai lure, an elevation of the right atrial pressure is a poor prognostic f inding. Lung 
complications can also include infections such as mycetoma, which can 
subsequently lead to massive bleeding. In addition, the use of  immunosuppressive 
agents can increase the incidence of  serious infections.
Laboratory Findings

The chest roentgenogram remains the most commonly used tool to assess lung 
involvement in sarcoidosis. A s noted above, the chest roentgenogram classif ies 
involvement into four stages, with stages 1 and 2 having hi lar and paratracheal 
adenopathy. The CT scan has been used increasingly in evaluating intersti tial 
lung disease. In sarcoidosis, the presence of  adenopathy and a nodular infi l trate is 
not specif ic for sarcoidosis. Adenopathy up to 2 cm can be seen in other 
inf lammatory lung diseases such as idiopathic pulmonary f ibrosis. However, 
adenopathy >2 cm in the short axis supports the diagnosis of sarcoidosis over 
other intersti tial  lung diseases.

Gallium 67 scanning has been used over the years to detect inf lammatory activi ty 
in various parts of  the body. A  negative scan can be easi ly misinterpreted as the 
scan wil l quickly revert to normal during glucocorticoid therapy. In addition, the 
test requires that the patient return 2–4 days later. M ore recently, the positive 
emission tomography (PET) scan, using radiolabeled f luorodeoxy glucose as the 
marker, has provided information similar to that of the gall ium scan. While the 
sensitivi ty of  PET scanning has not been ful ly evaluated in sarcoidosis, i t is 
important to recognize that a positive PET scan may be due to the granulomas 
from sarcoidosis and not to disseminated malignancy.

Serum levels of  angiotensin-converting enzyme (ACE) can be helpful in the 
diagnosis of sarcoidosis. However, the test has somewhat low sensitivi ty and 
specif icity. Elevated levels of ACE are reported in 60% of patients with acute 
disease and only 20% of  patients with chronic disease. A lthough there are several 
causes for mild elevation of ACE, including diabetes, elevations of >50% of the 
upper l imit of normal are seen in only a few conditions including sarcoidosis, 
leprosy, Gaucher's disease, hyperthyroidism, and disseminated granulomatous 
infections such as mil iary tuberculosis. The ACE level in lymphoma is usually 
lower than normal, which may provide a useful distinction from sarcoidosis. 
There is an insertion/deletion (I /D) polymorphism of the ACE gene on what is fel t 
to be in the noncritical part of the gene. There is a phenotypic dif ference for ACE 
levels, with I I  polymorphism having the lowest and DD polymorphism the 
highest levels of  A CE for both sarcoidosis patients and healthy controls. There is 
no clear-cut association between ACE phenotype and cl inical manifestation of  
disease. Because the A CE level is determined by a biologic assay, the concurrent 
use of an ACE inhibitor such as lisinopril wil l lead to a very low ACE level.
Diagnosis

The diagnosis of  sarcoidosis requires both compatible cl inical features and 
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pathologic f indings. Since the cause of  sarcoidosis remains elusive, the diagnosis 
cannot be made with 100% certainty. Nevertheless, the diagnosis can be made 
with reasonable certainty based on history and physical features along with 
laboratory and pathologic f indings.

Patients are usual ly evaluated for possible sarcoidosis based on two scenarios 
(Fig. 322-8). In the first scenario, a patient may undergo a biopsy revealing a 
noncaseating granuloma in either a pulmonary or an extrapulmonary organ. I f the 
clinical presentation is consistent with sarcoidosis and there is no alternative 
cause for the granulomas identi f ied, then the patient is felt to have sarcoidosis.

In the second scenario, signs or symptoms suggesting sarcoidosis such as the 
presence of bi lateral adenopathy may be present in an otherwise asymptomatic 
patient or a patient with uveitis or a rash consistent with sarcoidosis. A t this point, 
a diagnostic procedure should be performed. For the patient with a compatible 
skin lesion, a skin biopsy should be considered. Other biopsies to consider could 
include l iver, extrathoracic lymph node, or muscle. In some cases, a biopsy of  the 
affected organ may not be easy to perform (such as a brain or spinal cord lesion). 
In other cases, such as an endomyocardial biopsy, the likelihood of a positive 
biopsy is low. Because of  the high rate of pulmonary involvement in these cases, 
the lung may be easier to approach by bronchoscopy. During the bronchoscopy, a 
transbronchial biopsy, bronchial biopsy, or transbronchial needle aspirate of  an 
enlarged mediastinal lymph node can be performed. 

I f  the biopsy reveals granulomas, an alternative diagnosis such as infection or 
malignancy must be excluded. Bronchoscopic washings can be sent for cultures 
for fungi and tuberculosis. For the pathologist, the more tissue that is provided, 
the more comfortable is the diagnosis of sarcoidosis. A  needle aspirate may be 
adequate in an otherwise classic case of sarcoidosis, but may be insuf ficient in a 
patient in whom lymphoma or fungal infection is a l ikely alternative diagnosis. 
Since granulomas can be seen on the edge of  a lymphoma, the presence of  a few 
granulomas from a needle aspirate may not be suf f icient to clari fy the diagnosis. 
M ediastinoscopy remains the procedure of  choice to confirm the presence or 
absence of lymphoma in the mediastinum. A lternatively, for most patients, 
evidence of  extrathoracic disease (e.g., eye involvement) may further support the 
diagnosis of sarcoidosis.

For patients with negative pathology, positive supportive tests may increase the 
l ikel ihood of the diagnosis of sarcoidosis. These tests include an elevated A CE 
level, which can also be elevated in other granulomatous diseases but not in 
malignancy. A  positive gall ium scan can support the diagnosis i f increased 
activity is noted in the parotids and lacrimal glands (Panda sign) or in the right 
paratracheal and left hi lar area (lambda sign). A BAL is often performed during 
the bronchoscopy. A n increase in the percentage of  lymphocytes supports the 
diagnosis of sarcoidosis. The use of  the lymphocyte markers CD4 and CD8 can 
be used to determine the CD4/CD8 ratio of these increased lymphocytes in the 
BAL f luid. A ratio of > 3.5 is strongly supportive of sarcoidosis but is less 
sensitive than an increase in lymphocytes alone. A lthough in general, an increase 
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in BAL lymphocytes is supportive of the diagnosis, other conditions must be 
considered.

These supportive tests when combined with commonly associated cl inical 
features of  the disease, which are not diagnostic of sarcoidosis, can enhance the 
diagnostic probabil i ty. These nondiagnostic features include uveitis, renal stones, 
hypercalcemia, seventh cranial nerve paralysis, or erythema nodosum.

T he Kviem-Si l tzbach procedure is a specif ic diagnostic test for sarcoidosis. An 
intradermal injection of special ly prepared tissue derived from the spleen of  a 
known sarcoidosis patient is biopsied 4–6 weeks af ter injection. If  noncaseating 
granulomas are seen, this is highly specif ic for the diagnosis of sarcoidosis. 
Unfortunately, there is no commercially available Kviem-Si l tzbach reagent, and 
some locally prepared batches have lower specificity. Thus, this test is of  historic 
interest and is rarely used in current cl inical practice.

Because the diagnosis of  sarcoidosis can never be certain, over time other 
features may arise that lead to an al ternative diagnosis. On the other hand, 
evidence for new organ involvement may eventually conf irm the diagnosis of 
sarcoidosis.
Prognosis

The risk of  death or loss of  organ function remains low in sarcoidosis. Poor 
outcomes usual ly occur in patients who present with advanced disease in whom 
treatment seems to have li ttle impact. In these cases, irreversible f ibrotic changes 
have f requently occurred.

For the majority of patients, initial presentation occurs during the granulomatous 
phase of the disease as depicted in Fig. 322-1. I t is clear that many patients 
resolve their disease within 2–5 years. These patients are felt to have acute, self -
l imiting sarcoidosis. On the other hand, there is a form of  the disease that does 
not resolve within the f irst 2–5 years. These chronic patients can be identi f ied at 
presentation by certain risk factors at presentation such as fibrosis on chest 
roentgenogram, presence of  lupus pernio, bone cysts, cardiac or neurologic 
disease (except isolated seventh nerve paralysis), and presence of renal calcul i  
due to hypercalciuria. Recent studies also indicate that patients who require 
glucocorticoids for any manifestation of their disease in the f irst 6 months of 
presentation have a >50% chance of  having chronic disease. In contrast, <10% of  
patients who require systemic therapy in the first 6 months wil l  require chronic 
therapy.

Sarcoidosis: Treatment

The indications for therapy should be based on symptoms. The patient with 
elevated l iver function tests or an abnormal chest roentgenogram probably does 
not benef it f rom treatment. However, these patients should be monitored for 
evidence of  progressive, symptomatic disease.

One approach to therapy is summarized in Figs. 322-9 and 322-10. W e have 
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divided the approach into treating acute versus chronic disease. For acute disease, 
no therapy remains a viable option for patients with no or mild symptoms. For 
symptoms confined to only one organ, topical therapy is preferable. For 
multiorgan disease or disease too extensive for topical therapy, an approach to 
systemic therapy is outl ined. Glucocorticoids remain the drugs of choice for this 
disease. However, the decision to continue to treat with glucocorticoids or to add 
steroid-sparing agents depends on the tolerabi l i ty, duration, and dosage of  
glucocorticoids. Table 322-2 summarizes the dosage and monitoring of  several 
commonly used drugs. According to the available trials, evidence-based 
recommendations are made. M ost of  these recommendations are for pulmonary 
disease because most of the trials were performed only in pulmonary disease. 
Treatment recommendations for extrapulmonary disease are usually similar with 
a few modif ications. For example, the dosage of glucocorticoids is usually higher 
for neurosarcoidosis and lower for cutaneous disease. There was some suggestion 
that higher doses would be benef icial for cardiac sarcoidosis, but one study found 
that ini tial doses >40 mg/d prednisone were associated with a worse outcome.

While most patients receive glucocorticoids as their initial systemic therapy, 
toxicity associated with prolonged therapy often leads to steroid-sparing 
alternatives. The antimalarial drugs such as hydroxychloroquine are more 
effective for skin than pulmonary disease. M inocycline may also be useful for 
cutaneous sarcoidosis. For pulmonary and other extrapulmonary disease, 
cytotoxic agents are often employed. These include methotrexate, azathioprine, 
chlorambucil, and cyclophosphamide. The most widely studied cytotoxic agent 
has been methotrexate. This agent works in approximately two-thirds of 
sarcoidosis patients, regardless of the disease manifestation. A s noted in Table 
322-2, specific guidel ines for monitoring therapy have been recommended. 
Cytokine modulators such as thal idomide and pentoxifyl l ine have also been used 
in a l imited number of cases.

The anti-TNF agents have recently been studied in sarcoidosis, with prospective 
randomized trials of  both etanercept and inf l iximab completed. Etanercept has a 
l imited role as a steroid-sparing agent. On the other hand, infl iximab significantly 
improves lung function when given to patients with chronic disease already on 
glucocorticoids and cytotoxic agents. The dif ference in response for these two 
agents is similar to that observed in Crohn's disease, where infl iximab is effective 
and etanercept is not. In addition, increased risks for reactivation of  tuberculosis 
are reported for infl iximab compared to etanercept. The dif ferential response rate 
could be explained by differences in mechanism of  action since etanercept is a 
TNF receptor antagonist and inf l iximab is a monoclonal antibody against TNF. 
The peak dosage of the drug may also be different, since etanercept is given SC 
whereas infl iximab is given IV . A  higher peak dose may lead to better 
intracel lular penetration and therefore af fect the transmembrane TNF. In contrast 
to etanercept, inf l iximab binds to TNF on the surface of some cells that are 
releasing TNF and this can lead to cel l  lysis. This effect has been documented in 
Crohn's disease.
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The role of the newer therapeutic agents for sarcoidosis is sti l l  evolving. 
However, these targeted therapies conf irm that TNF may be an important target, 
especial ly in the treatment of  chronic disease. However, the majori ty of  cases 
either do not require therapy or can be control led with glucocorticoids and 
cytotoxic agents.
Further Readings
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