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INTRODUCTION 

Asthma is a disease of the respiratory system characterized by hyper­
responsiveness to bronchoconstructing stimuli, inflammation, and changes to the 
respiratory epithelium. Although it is estimated that 5-7% of the population of Europe 
and North America are affected by asthma in most of these individuals the disease is 
mild and easily managed. In a subset of asthmatics however the disease process is 
either refractory to therapy or requires persistent utilization of systemic anti­
inflammatory medication, usually corticosteroids, in order to maintain reasonable control 
of symptoms. These patients have been referred to in the literature as having "severe 
asthma", "steroid-dependent asthma", "difficult to control asthma", "poorly controlled 
asthma", "brittle asthma", "irreversible asthma", or "steroid-resistant asthma" though the 
latter term is thought to represent a distinct entity by some experts. Both the American 
Thoracic Society and the European Respiratory Society are currently working on 
definitions to encompass these terms and "refractory asthma" may emerge as the over­
arching phrase to encompass such patients (1, 2). 

Depending on the definition utilized it is thought that anywhere between 1-15% of 
asthmatics would fit the criteria for severe asthma. It is likely that a significant and 
disproportionate amount of the estimated $6.2 billion spent in the United States on 
asthma care each year is accounted for by such patients. This review will concentrate 
on recent developments in the study of patients with severe asthma, specifically several 
clinically distinct syndromes of severe asthma including steroid resistant asthma, ChOrg­
Strauss syndrome, aspirin related syndromes of asthma which may be severe, and 
allergic bronchopulmonary aspergillosis (ABPA). Although any seriously ill patient with 
an exacerbation of asthma might be considered to have "severe" asthma, patients with 
"asthma in extremis" will be viewed as a separate group for the purposes of this 
discussion and will be covered only as pertinent. 

Definition of Severe Asthma 

The Expert Panel Report II "Guidelines for the Diagnosis and Management of 
Asthma" was released by the National Heart Lung Blood Institute in February, 1997. It 
classified asthma severity into four distinct groups based on symptoms, lung function, 
and use of short acting beta-2 agonists (Table 1) QriQr to the onset of optimal therapy. 
Patients with severe persistent asthma have continual symptoms and evidence of 
moderate-severe obstructive lung disease on pulmonary function testing. However 
many of these patients respond well to inhaled corticosteroids and a long acting inhaled 
B2-agonist. As such it is likely that the NIH guidelines would over-estimate the 
prevalence of severe asthma. A study in young male Israeli military recruits found that 
6% had asthma but only 1% of these individuals were considered steroid dependent 
with an FEV1 <50% predicted (3). A study in Australia which defined severe asthma as 
severe hyper-reactivity to a low dose of inhaled histamine found that 12% of asthmatics 
evidenced severe asthma (4). 
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TABLE 1 

Classification of Asthma Severity 

Mild Mild Moderate Severe 
Intermittent Persistent Persistent Persistent 

Frequency ::;;2xwk >2xwk Daily Continual 
of symptoms <1x day 

Exacerbations Brief/mild May affect Affects Frequent/ 
activity activity severe 

Nighttime asthma ::;;2xmo >2x mo >1xwk Frequent 
symptoms 

Lung function 

FEV1orFEF >80% ~80% >60<80% ::;;60% 
% PEF variability <20% 20% to 30% >30% >30% 

While a precise definition of "severe" or refractory asthma is difficult the current 
attempts by the ATS and ERS are likely to encompass prior efforts to define this entity 
but stress the amount of medication necessary to treat the patients on a chronic basis. 
As such for the purposes of this discussion severe asthma will be considered to be 
present in patients who require 1 0 mg/day of Prednisone or more to control their 
disease on a chronic basis Qf those individuals who require unusually high doses of 
inhaled corticosteroids (for example >1500 ~g/day of inhaled fluticasone (Fiovent)). 

The Phenotype of Patients with Severe Asthma 

A recent study in Europe, which will be presented at the 1999 ATS Meeting (5, 
6), was conducted by ENFUMOSA (European Network for Understanding Mechanisms 
of Severe Asthma). Patients with severe asthma treated with >1500 ~g/day of inhaled 
steroids for one year with either a) one course of oral steroids during the previous year; 
b) daily use of <5 mg/day Prednisone; or c) history of one or more near fatal attacks 
during the past 5 years were compared to patients with stable asthma on <1000 ~g/day 
inhaled steroids. All patients had a smoking history of <5 pack years. The study was 
conducted in the outpatient clinics of 13 specialized hospitals in 9 European countries 
(Table 2). One hundred seventy-eight patients with severe asthma were compared to 
149 stable asthmatics. Several striking clinical features were observed. First a 
disproportionate number of patients with severe asthma were women (RR 2.67 (1.57-
4.55) p<0.001 ). More asthma triggers were identified in the severe asthma group 
(p<0.01) as were more frequent hospitalizations (p=0.001 ). Women with severe asthma 
had an increase in asthma symptoms associated with sinusitis and their pre-menstrual 
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period. Men had an increase in symptoms related to exercise. In both men and women 
aspirin induced exacerbation of symptoms was significantly more frequent in severe 
asthmatics (RR 4.61 and 3.53 respectively). 

TABLE 2 

Clinical Characteristics of Severe Asthma 
(Compared to Mild Asthma) 

Women (79%) 
Number of triggers 

Men 

Sinusitis 
Aspirin 
Pre-menstrual period 

Exercise 
Aspirin 

RR 2.67 p<0.001 
p=0.01 

RR 4.14 
RR 3.53 
RR 3.97 

RR 6.03 
RR 4.61 

-Holgate, et al 
ENFUMOSA, 1999 ATS Meeting 

Attempts to characterize the airway histology and inflammatory cell profile in the 
lower respiratory track of patients with severe asthma have been made by a number of 
investigators with somewhat conflicting results. The inflammatory process in asthma is 
generally thought to be characterized by marked airway eosinophilia driven by cytokines 
such as IL-4, IL-5 and other mediators associated with allergic responses (see below). 
However some investigators have suggested that a neutrophilic inflammatory process 
may predominate in severe asthmatics (7-10). Wenzel and colleagues reported an 
increase in airway neutrophils obtained by bronchoscopy in patients with severe asthma 
on oral corticosteroids as compared to patients with mild/moderate asthma. Similar 
findings have been described in patients with acute episodes of status asthmaticus. 
However these studies are complicated by a number of super-imposed variables 
including the fact that corticosteroids are known to inhibit neutrophil apoptosis (11 ). A 
recent study from San Francisco found no evidence for an increase in sputum 
neutrophils, an accepted mirror of bronchial lavage in asthmatics, in a group of patients 
with chronic severe asthma (12). 

It is widely thought that one of the hallmarks of. severe asthma is an irreversible 
"remodeling" of the airways characterized by changes in the type and amount of smooth 
muscle, thickening of the sub-basement membrane and alterations in the glandular 
components of the airway ( 13-16). However the few studies conducted to date suggest 
that a thickened sub-basement membrane is found in all asthmatics and that collagen­
derived fibrosis does not differ in severe asthmatics. Similar studies looking at enzymes 
potentially involved in airway remodeling such as matrix metalloproteinase 2 and 9 have 
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also failed to distinguish between severe and mild asthma (17). Studies evaluating 
levels of IL-4, GM-CSF and TGF-8 in severe asthma have at times suggested a 
difference from milder forms of the disease but the data is not clear cut. 

Pathogenesis of Asthma and the Response to Steroids 

Severe asthma in large part is defined by a failure to respond to routine doses of 
inhaled corticosteroids. Therefore it is important to review current data regarding the 
pathogenesis of asthma and the mechanisms by which both inhaled and systemic 
corticosteroids impact the manifestations of the disease process. 

Asthma, including severe asthma, is a multi-factoral process in which both 
genetic and environmental factors play a role. Numerous mediators of inflammation 
including pro-inflammatory cytokines, adhesion molecules, nitric oxide, and leukotrienes 
are likely to interact to produce the clinical spectrum of asthma. In addition 
polymorphisms in p2 adrenergic receptors, selective deficiencies in "anti-inflammatory" 
cytokines such as IL-1 0, and alterations in signaling proteins involved in modulating the 
effects of pro-inflammatory or anti-inflammatory cytokines in respiratory epithelium have 
also been implicated in the pathogenesis of asthma (18, 19). Nevertheless many 
investigators interested in asthma continue to focus on the role of a stereotypical 
response to allergens or antigens as being central to the pathogenesis of asthma. 

In this hypothesis a T cell response to foreign antigen results in a cascade of 
inflammatory events resulting in the up-regulation of cytokines capable of recruiting 
additional inflammatory cells, expression of adhesion molecules which facilitate 
transmigration of these cells to the site of disease, and the production of pro­
inflammatory enzymes such as inducible nitric oxide synthase (iNOS) and inducible 
cycle-oxygenase (COX-2). The end-organ effects of "asthmatic cytokines" rely on the 
up-regulation of transcriptional activity for the downstream participants in the 
inflammatory cascade (Figure 1 ). Central to this up-regulation of gene transcription in 
asthma is believed to be two transcription factors, nuclear factor-Kappa 8 (NF-K8) and 
activator protein-1 (AP-1 ). The anti-inflammatory mechanism of corticosteroids in 
asthma is integrally linked to the interaction of the glucocorticoid receptor (GR) with 
these transcription factors (20-22). 



FIGURE 1 
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Direct interaction between the transcription factors activator protein-1 (AP-1) and nuclear factor-kappa 8 (NF­
KB) and the glucocorticoid receptor (GR) may result in mutual repression. 

- Barnes et al 
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Recent data has greatly elucidated the cytokines which are likely to play a key 
role in the asthmatic response (23-26). Utilizing a well characterized model of asthma 
produced in . transgenic mice who develop airway hyper-responsiveness (AHR) and 
histological evidence of asthma in their airways following repeated exposure to 
ovalbumin, the cytokines involved in initiating asthma have been clarified. 

Because of the critical role that IL-5 plays in the development of eosinophilia and 
the supposition that much of the asthma phenotype is related to airway eosinophilia, 
early attention focused on the impact of IL-5 in this model. Although a role for IL-5 in 
asthma may still be present the bulk of the data suggests that it is not responsible for 
the development of AHR or goblet cell hyperplasia, two key features of asthma. Using 
blocking antibodies to JL-5, antibodies to the IL-5 receptor, or transgenic mice incapable 
of producing JL-5 eosinophilia has been attenuated but not AHR or the non-eosinophil 
airway histology of asthma. 

lnterleukin-4 plays a central role in atopic responses. Antibodies to the IL-4 
receptor have greatly attenuated the development of asthma in this model. However it 
was observed that when knockout mice incapable of making IL-4 were utilized that AHR 
and airway histology were only modestly attenuated. These observations have now 
been explained by the finding that IL-13, a cytokine closely related to IL-4, is capable of 
producing the asthma phenotype in this model. Both IL-13 and IL-4 utilize the alpha 
chain of the IL-4 receptor (IL-4Ra). Administration of blocking antibody to IL-13 
significantly attenuates the development of asthma in this model. More importantly 
mice which lack IL-4Ra do not develop asthma even when exogenous IL-13 or IL-4 are 
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administered. Thus it would appear that IL-13 and IL-4 mediate the asthma phenotype 
through the IL-4Ra chain. Neither eosinophil number or lgE levels in airway are 
controlled through this pathway however. Linkage analysis studies have suggested that 
susceptibility to asthma maps to a region on human chromosome 5q25-31 which 
includes the genes for IL-4 and IL-13 as well as domains of IL-4Ra. Genes on other 
chromosomes are also likely to participate in the development of asthma. 

Mechanism of Action of Glucocorticoids in Asthma 

Glucocorticoids bind to glucocorticoid receptors (GR) which are present in the 
cytoplasm of respiratory cells (Figure 2). There is no evidence that different subtypes of 
GR are present in patients with severe asthma, though a variant form of GR which binds 
to DNA but not steroids has been identified (27). In its inactive form the GR is bound to 
a protein complex of "molecular chaperones", including two 90KD heat shock proteins 
and a 59KD immunophilin, which prevent the unoccupied GR from translocating from 
the cytoplasm to the nucleus. Following binding with the glucocorticoid these 
chaperones dissociate and allow the GR to reach the nucleus (28-30). The steroid 
binding portion of the GR is at the C-terminal end of the molecule (Figure 3). The GR 
contains two "zinc fingers" which bind to DNA following interaction with steroids. 
Several domains within the GR are important for trans-activation of transcription once 
the molecule has moved to the nucleus. 

FIGURE 2 
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- Barnes et al 
Am J Respir Crit Care Med 1998;157:S1-S53 



FIGURE 3 
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Structure of the glucocorticoid receptor. Glucocorticosteroids (GCS) bind to the C-terminal end of the molecule. 

- Barnes et al 
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Once "activated" by glucocorticoids the GR forms a dimer that binds to DNA sites 
called glucocorticoid response elements (GRE). The result may be either activation or 
inhibition of gene transcription (Table 3). GR may also interact with other transcription 
factors via "leucine zipper" interactions (31, 32). Indeed these interactions are central to 
the anti-inflammatory effects of glucocorticoids. 

TABLE 3 

EFFECT OF CORTICOSTEROIDS ON GENE TRANSCRIPTION 

Increased transcription 
Lipocortin-1 
J32-Adrenoceptor 
Secretory leukocyte inhibitory protein 
Clara cell protein-1 0 (CC1 0, uteroglobin) 
IKB-a 
IL-1 receptor antagonist 
Neutral endopeptidase 

Decreased transcription 
Cytokines 
(IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-8, IL-11, IL-12, IL-13, TNFa, GM-CSF, 

RANTES, MIP-1, eotaxin, SCF) 
Inducible nitric oxide synthase (iNOS) 
Inducible cyclo-oxygenase (COX-2) 
Inducible phospholipase A2 (cPLA-2) 
Endothelin-1 
NK1-receptors 
Adhesion molecules (ICAM-1, VCAM-1) 

Am J Respir Crit Care Med 1998;157:81-853 
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Many cytokines involved in asthma exert their effect through NF-KB (33-35). The 
GR, once bound to glucocorticoid, is capable of binding NF-KB and preventing its 
translocation to the nucleus. In addition glucocorticoids may directly increase the 
production of lxB, the inhibitor of NF-KB. Interactions have also been described with 
AP-1, a transcription factor particularly important for activation of lymphocytes by IL-2 
(36-38). Other interactions between GRand transcription factors include signaling from 
P2 agonists via CREB (cyclic AMP responsive element beta) and CREB-binding protein 
(CBP) though the clinical effect of these interactions in asthma is less certain (39-41 ). 

Steroid Resistant Asthma 

By its nature the syndrome of "steroid-resistant asthma" is somewhat circular in 
its definition. Some authors have attempted to quantify this syndrome both clinically 
and through an attempt to understand the pharmacokinetics of steroid resistance. 
Carmichael and colleagues (42) in 1981 proposed that the syndrome be defined as 
individuals who have a morning FEV1 <70% predicted, a significant improvement (15%) 
in peak flow (PEF) or FEV1 after the administration of bronchodilators, but a failure to 
improve their FEV1 or PEF after taking 20 mg per day of Prednisone for 7 days. More 
recent definitions have utilized a failure to improve FEV1 or PEF after 14 days of 40 mg 
per day of Prednisone. It is generally thought that only 25% of patients with severe 
asthma fit this definition of steroid resistance. 

Several important observations about steroid resistant (SR) asthma have been 
made in recent years. First the clinical effects of "steroid resistance" are clearly 
confined to the lungs of SR patients. There is no evidence of Addison's disease, the 
patients have normal circulating cortisol and ACTH, and the syndrome is not associated 
with hypertension or signs of androgen excess (43). The rare syndrome of familial 
glucocorticoid resistance (44 ), a result of a point mutation in the GR in some patients, is 
not a predominant contributor to SR asthma. 

Molecular characterization of the GR in these patients has failed to elucidate a 
difference from patients with steroid responsive asthma. Some investigators have 
attempted to divide SR asthma into two distinct types (45). Type 1 SR asthma is 
defined as a reduced affinity of the GR for steroids. This reduced affinity, which has 
been demonstrated using peripheral blood T cells from patients with SR asthma, 
normalized after 48 hours in culture suggesting the reduced affinity was acquired in the 
inflammatory milieu (both local and systemic) of asthma. Some investigators have 
suggested that the reduced affinity is secondary to IL-2 and IL-4, as the addition of 
these cytokines to culture of peripheral blood T cells from Type 1 SR asthmatics 
prevents the normalization of GR affinity for glucocorticoids (46). 

Type II SR asthma is associated with a significantly decreased number of GR. 
This does not normalize with prolonged in vitro culture. These patients do not 
demonstrate elevated cortisol levels but are reported to have a lower incidence of 
steroid-related side effects, implying that patients with Type II SR asthma may have a 
true defect in steroid responsiveness. 
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More recently attention has focused on the role of transcription factors in SR 
asthma. The clearest data exists pertaining to altered function of AP-1 (47, 48). 
Normally AP-1 should be countered by the activated cytoplasmic GR (Figure 4). 
However there is evidence that hyper-activation of AP-1 may exist in SR asthma. 
These patients have been demonstrated to have increased activity of an enzyme, JNK 
kinase, which activates AP-1 by phosphorylating its components. The enhanced activity 
of AP-1 would result in a sequestering of the GR in the cytoplasm and thus block the 
anti-inflammatory effects on gene transcription mediated by glucocorticoids. Indeed a 
recent study suggests that SR asthmatics demonstrate enhanced phosphorylation of 
JNK and c-jun, a component of AP-1, following administration of steroids. In contrast 
steroid sensitive asthmatics demonstrate a reduced phosphorylation of JNK and c-jun in 
response to glucocorticoids. Similar abnormalities have not been demonstrated to date 
in pathways involving either NF-KB or CREB. 

FIGURE 4 

(sTEROID-SENSITIVE) (sTEROID-RESISTANT) 
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Cell \ 
membrane 

Proposed mechanism of primary steroid-resistance in asthma. Increased activation of activator protein-a (AP-1) 
results in the complexing of glucocorticoid receptors (GR), thus preventing the anti-inflammatory action of 
steroids. 

- Barnes et al 
Am J Respir Crit Care Med 1998;157:81-853 
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Churg-Strauss Syndrome 

ChOrg-Strauss syndrome (CSS) or allergic granulomatosis is a disease process 
characterized by asthma, pulmonary and systemic small vessel vasculitis, extravascular 
granulomas and hyper-eosinophilia. Although some experts insist that histologic criteria 
including angiitis and extravascular granulomas with eosinophilic infiltrates be 
demonstrated, more recent attempts to define the disorder have utilized clinical findings. 
The American College of Rheumatology (49, 50) in 1990 and 1994 suggested a 
combination of clinical and histologic criteria for the diagnosis (Table 4). 

TABLE 4 

ACR CRITERIA FOR DIAGNOSIS 
OF CHURG-STRAUSS SYNDROME 

1. Asthma 
2. > 1 0% eosinophils 
3. Mono/polyneuropathy 
4. Pulmonary infiltrates 
5. Sinusitis or nasal polyps 
6. Eosinophilic vasculitis on biopsy 

(Need 4/6 criteria: 85% sensitive, 100% specific) 

Viewed in a larger context CSS belongs to the group of systemic vasculitides 
such as microscopic polyarteritis and Wegener's granulomatosis. In approximately 60% 
of patients with CSS a positive ANCA (anti-neutrophilic cytoplasmic antibody) is 
present. In contrast to Wegener's the ANCA is directed against myeloperoxidase rather 
than anti-PR3. CSS, at least in its earlier stages, is usually easy to differentiate from 
either Wegener's or microscopic PAN by the presence of asthma, eosinophilia, and the 
tendency of renal disease to be mild. 

Although CSS is a rare disorder in the general population, it is likely to account 
for 1-2% of cases of severe asthma (see below). Recently attention has focused on 
CSS because of the development of this disorder in patients with asthma treated with 
the leukotriene 04 receptor antagonists (L TD4RA) Accolate (zafirlukast) (51) or Singulair 
(montelukast) (52, 53). Indeed the manufacturers of these drugs have recently issued 
warnings to physicians concerning CSS. As such it is worth reviewing in detail the 
clinical presentation of CSS. 

Clinical Course of CSS 

It has been suggested that CSS has three phases (54, 55). The first is a 
prodromal period that may last decades and is characterized by allergic rhinitis, nasal 
polyposis, and later on asthma. The second phase is associated with marked tissue 
and peripheral blood eosinophilia, particularly eosinophilic gastroenteritis. This phase of 
the disease is often accompanied by spontaneous remissions and exacerbations. The 
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third phase of the disease is characterized by a systemic vasculitis. In this phase 
marked cardiac and Gl involvement may occur. One of the hallmarks of this phase of 
the disease is a peripheral neuropathy, found in 50-75% of patients. Cranial nerve and 
CNS involvement is rare. In the literature it has been stated that systemic vasculitis 
emerges within a mean period of 3 years after the onset of asthma. A shorter duration 
between the onset of asthma and the development of the systemic vasculitis has been 
associated with a poorer prognosis. The constellation of eosinophilia, asthma requiring 
frequent utilization of oral steroids, and sinus disease or nasal polyposis, should always 
raise the possibility of CSS. 

Incidence of CSS and the Role of L TD4 Receptor Antagonists 

Most cases of CSS in the literature have come from tertiary care centers. 
However two series (56, 57) have addressed the incidence of this disorder in the 
general population (Table 5). CSS is a rare disorder with an estimated annual 
incidence of between 2 - 4/106 individuals. This is less than 30% of the incidence of 
Wegener's granulomatosis. In the asthmatic population however it has been estimated 
to range between 50 - 100/106 individuals in the U.S. and U.K. respectively. If the 
higher estimate is utilized, all patients with CSS are considered to have severe asthma, 
and 1% of asthmatics have severe asthma then 1% of patients with severe asthma 
should have CSS. As such there was considerable anxiety when a cluster of cases of 
CSS were reported within months of the general release of Accolate in December, 
1996. Similar cases have now been reported with Singulair. 

TABLE 5 

ESTIMATED ANNUAL INCIDENCE OF COMMON 
VASCULITIDES FROM 1988-1994 

Systemic rheumatoid vasculitis 
Wegeners 
Micropscopic PAN 
Churg Strauss 
Henoch-Schonlein 
SLE 

Annual lncidence/1 06 

12.5 
8.5 
2.4 
2.4 
1.2 
3.6 

-Watts et al 
Semin. Arth. Rheum. 25:28-34, 1995 

The relationship of CSS to these drugs is a smoldering question in the field of 
asthma therapy. It is important because L TD4 receptor antagonists are now estimated 
to account for 10-15% of prescriptions written for the chronic control of asthma. In an 
initial clinical trial of Accolate in patients with mild asthma one case of eosinophilia and 
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neuropathy developed in 6243 patients, an incidence of 160/106
. Within 6 months of its 

release 12 cases of CSS had been reported in a cumulative patient population of 
250,000 patient-years of exposure, yielding an annual incidence rate of 48/106 patients 
(range 18 - 108/1 06

). This is clearly within the likely incidence of CSS amongst all 
asthmatics. 

In most patients who developed the syndrome, a clear prodrome prior to the use 
of Accolate could be identified and the development of the disease was linked to the 
weaning of oral steroids. These patients were considered to have a forme fruste of 
CSS. However in at least one reported case oral steroids were not being used when 
the patient developed arthralgia, rash, pulmonary nodules and a pericardia! effusion 
within 2 months of being started on Accolate (58). The majority of cases have 
developed within 3 months of the onset of therapy. 

Several troubling issues remain regarding the role of L TD4 RA in CSS. First 
although the contention of many is that CSS was simply unmasked as oral steroids 
were tapered following the institution of these drugs, it is noteworthy that the number of 
reports of CSS in patients tapered from oral steroids following utilization of inhaled 
steroids appears to be much less. Secondly, no cases have been reported with zilueton 
(Zyflo) a drug which attacks the leukotriene pathway by inhibiting ~lipoygenase and 
thus the generation of allleukotrienes. Third, there are plausible mechanisms to explain 
the development of an eosinophil mediated disease in these patients. Levels of urinary 
(and serum) L TD4 rise enormously in patients on L TD4RA. Eosinophils and other cells 
are known to have receptors for L TD4 which are likely not blocked by the antagonist to 
the high affinity L TD4 receptor. Finally even those who believe that L TD4RA do not play 
a causal role in CSS have stopped these drugs in patients with asthma in whom the 
syndrome develops. 

According to the NHLBI guidelines L TD4RA were supposed to be an option for 
therapy in patients with mild persistent asthma. It would appear that in this group of 
patients these drugs are not associated with an increased risk of CSS. However as the 
authors of a report of CSS amongst patients treated with Accolate noted "as use of the 
drug increases, adverse events that occur . . . in populations not examined in clinical 
trials may become manifest" (51). As such the safety of these drugs in patients with 
severe asthma is yet to be clarified. 

Therapy and Prognosis of CSS 

The cornerstone of therapy in CSS remains systemic corticosteroids. Many 
authors have also suggested the use of cyclophosphamide (cytoxan), particularly in 
ANCA-positive patients. No controlled trials are available. In one large series (59) a 
clinical remission of 89% was obtained following therapy. In the majority of patients 
between 10-15 mg/day of Prednisone was required indefinitely. During follow-up 
roughly 25% experienced relapses and overall 23% of patients died, with CSS thought 
to be directly responsible in half of those individuals. In most patients a decrease in 
serum eosinophil counts parallels clinical improvement. Recently it was reported that 
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interferon-alpha may be of benefit in some patients who are refractory to steroids, 
cytoxan, or methotrexate (60). 

Severe Asthma Associated with Aspirin Sensitivity 
and Chronic Sinusitis 

The relationship between asthma and sinus disease is complex and beyond the 
scope of this review. Both are common diseases. According to the National Health 
Survey sinusitis occurs in almost 15% of the U.S. population (61 ). Some authors 
contend that 80% of patients with asthma have some type of rhinitis, and 50-75% of 
children with asthma have abnormal sinus radiographs (62-64 ). In a similar fashion 
asthma associated with aspirin-induced worsening of symptoms has been estimated to 
occur in between 4-20% of all asthmatics (65, 66). In most patients with asthma and 
sinusitis, or asthma and aspirin sensitivity the disease is thought to be mild to moderate. 
However in patients with severe asthma the association of chronic sinusitis and aspirin 
sensitivity can be seen as a distinct entity. Indeed recent information suggests that 
aspirin sensitivity in patients with severe asthma may be associated with a markedly 
increased risk of vasculitis, possibly CSS. 

The "aspirin triad" of asthma, chronic hyperplastic sinusitis (with or without 
polyposis) and aspirin intolerance (Samters' triad) is often associated with difficult to 
control asthma. The pathogenesis of this disorder remains uncertain but is thought to 
involve some abnormality of arachidonic acid metabolism (67, 68). The asthma in this 
process is made worse by aspirin or other NSAID's which tend to preferentially block 
the cycle-oxygenase pathway and allow arachidonic acid to be metabolized 
predominantly through the lipoxygenase or epoxygenase pathway. However this 
mechanism is not clearly established (69). While aspirin makes the asthma worse, 
avoidance of aspirin is not associated with an improvement in asthma. Furthermore 
although there is anecdotal evidence that such patients respond well to leukotriene 
modulators there is a surprising lack of data using these drugs in controlled studies to 
support a leukotriene-driven mechanism. 

Although bacterial infection may play a role in this disorder the literature would 
suggest that antibiotic therapy (70), while improving symptoms of sinus disease, has 
little impact on asthma in adults. In children however the improvement in asthma 
symptoms may be greater with aggressive therapy of sinus disease including surgery 
(71 ). The role of aggressive sinus surgery in adults is controversial though some 
patients do appear to benefit with reduced need for steroids to control their asthma (72, 
73). 

The diagnosis of aspirin sensitivity can be made by history or after aspirin 
challenge (74-77). These patients tend not to manifest marked atopic symptoms. 
Indeed no correlation has been established between bronchospasm induced by aspirin 
and that produced by either histamine or methacholine. Aspirin sensitivity can be 
confirmed by either challenge with small doses of oral aspirin or intravenous, intra-nasal 
or inhalational challenge with lysine-aspirin solution. Patients can be desensitized to 
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aspirin but the beneficial effect is short-lived. Repetitive desensitization has been 
reported to have some benefit on asthma symptoms though not in patients with severe 
asthma (78). 

Preliminary data suggest that aspirin sensitivity may be a "red flag" in patients 
with severe asthma. As mentioned previously the ENFUMOSA study (5, 6) found a 
significantly higher risk of aspirin sensitivity in patients with severe asthma compared to 
patients with mild asthma. Another recent study searched the European Network on 
Aspirin-Induced Asthma (AlANE) registry for the incidence of CSS or other types of 
vasculitis (79). While it is unclear what the criteria were for including patients in this 
registry it is reasonable to speculate that a predominant number of these patients have 
moderate-severe asthma. 

Out of 440 patients registered 23 had vasculitis. Six fulfilled the diagnostic 
criteria for CSS. Utilizing this lower number the incidence of CSS in these patients is 
roughly 2%, while vasculitis of any kind occurred in a stunning 5%. Further credence 
for the association between aspirin sensitivity and an increased risk of vasculitis comes 
from a report from Japan (80). In this study gastric biopsy was performed in 13 aspirin 
sensitive and 11 non-sensitive asthmatics following intravenous lysine-aspirin 
administration. Six of 13 aspirin sensitive patients demonstrated a marked eosinophilic 
infiltrate in gastric mucosa. In contrast only 1/11 non-aspirin sensitive asthmatics 
exhibited eosinophilic infiltration. 

These reports strongly suggest that the presence of aspirin sensitivity in patients 
with severe asthma identifies a subgroup with a markedly increased incidence of 
vasculitis, including CSS. Although L TD4RA are often touted as the ideal drug for 
patients with aspirin induced asthma it would appear that use of L TD4RA in aspirin 
sensitive severe asthmatics would be unwise until more is known about the relationship 
between these drugs and CSS. 

Allergic Bronchopulmonary Aspergillosis 

Widely assumed to be the most common cause for asthma with pulmonary and 
systemic eosinophilia, allergic bronchopulmonary aspergillosis (ABPA) is a syndrome 
that is difficult to diagnose in patients with severe asthma who are on frequent courses 
of oral steroids. The accepted clinical criteria for diagnosing ABPA (Table 6) include 
features such as eosinophilia and lgE levels which are quickly altered by steroid therapy 
(81-86). The chest radiograph which classically shows mucus plugging, pulmonary 
infiltrates, and lobar atelectasis is also improved by steroid therapy. . Central 
bronchiectasis, which is usually irreversible, may be a clue to the diagnosis in advanced 
cases. 



TABLE 6 

CRITERIA FOR DIAGNOSING ALLERGIC 
BRONCHOPULMONARY ASPERGILLOSIS 

Major 
Asthma 

Minor 

Peripheral eosinophilia 
Recurrent CXR abnormalities 
Positive immediate reaction to skin prick test (A. fumigatus) 
Aspergillus precipitins 

Increased lgE level 
A. fumigatus in sputum 
Bronchial casts in sputum 
Bronchiectasis 
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A large number of patients with ABPA may have an impressive "wheal and flare" 
response to skin testing to aspergillus fumigatus antigen but this may also be affected 
by systemic steroids. 

Although aspergillus can often be demonstrated in mucus from patients with 
ABPA, the fungus can also be found in specimens from patients without asthma. 
Invasive aspergillus disease does not occur in ABPA. Serum lgG precipitins to A. 
fumigatus are found in most patients with ABPA but are also found in 15% of asthmatics 
without ABPA. However a total lgE of >2000 in a patient with asthma is strongly 
suggestive of the diagnosis of ABPA. 

In its latter stages ABPA has been associated with the development of fibrotic 
disease in the lung. In most patients however the diagnosis is suggested by an inability 
to be tapered completely off oral steroids. Once the diagnosis is established patients 
may be controlled with the indefinite use of low doses (5-10 mg/day) of Prednisone 
after an acute episode of asthma responds to higher doses. TotallgE level is utilized by 
many physicians to monitor the adequacy of therapy. There is little data reporting on 
the efficacy of high dose inhaled corticosteroids in patients with ABPA. Antifungal 
therapy has not significantly altered the clinical course of the disease in most reports 
(87, 88). 

Clinical Approach to the Patient with Severe Asthma 

A number of issues should be considered when evaluating a patient with 
inadequate response to routine doses of inhaled corticosteroids and long acting B­
agonists (Table 7). Issues of compliance, improper use of inhalers, and environmental 
triggers must all be examined. The possibility that the disease process is something 
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other than asthma must be considered as well. In this regard one of the most useful 
procedures is the performance of lung volumes using either plethysmography or helium 
dilution. Asthma is an obstructive process that should result in an elevation in functional 
residual capacity (FRC) both in absolute terms and as a percentage of total lung 
volume. Simple spirometry may provide evidence of both obstruction and restriction in 
patients with marked air trapping and is inadequate to exclude a true restrictive process. 
A normal or reduced FRC would strongly mitigate against a diagnosis of severe asthma. 

TABLE 7 

ISSUES TO CONSIDER IN ASTHMATICS REFRACTORY 
TO CONVENTIONAL THERAPY 

1 . Home/work environment - pets, ventilation system, metal/plastic fumes 
2. Noncompliance or ineffective use of medication 
3. Document disease objectively with peak flow meter 
4. Drug-induced (8-blockers, NSAIDs) 
5. Other types of lung disease 

A suggested approach to the patient with severe asthma is shown in Figure 5. 
Several points bear special emphasis. First it is desirable though not always practical to 
perform serologic and hematologic studies while the patient is not receiving systemic 
corticosteroids. Secondly, as mentioned in a prior section, the finding of aspirin 
sensitivity or sinusitis in a patient with severe asthma should raise the possibility of CSS 
and L TD4RA should be avoided in this group of patients. Third, the major goal of 
therapy is to wean the patient from oral steroids by utilizing high doses of inhaled 
corticosteroids. This final point contains several subtleties which merit further 
discussion. 



FIGURE 5 

CLINICAL APPROACH TO SEVERE ASTHMA 

Obtain eosinophil count, lgE level (preferably off oral steroids) 

Pursue ABPA 

Evidence of prominent sinusitis, nasal polyps, 
ASA induced asthma, marked eosinophilia 

High dosage inhaled steroids 

+ 
Wean oral steroids 

1-3 months 

+ 
6- 12 months 

Wean inhaled steroids 
to conventional doses 

CheckANCA 
Avoid L TD4 RA 
Avoid NSAID 

Evaluation of sinus disease 
and appropriate therapy 

+ High dose inhaled steroids 

+ Wean oral steroids 
1 - 3 months 
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It is apparent from the literature that many patients with "steroid-dependent" 
asthma can be weaned from oral steroids with minimal difficulty. In one study utilizing 
methotrexate or placebo for severe asthma 40% of patients in the placebo group, who 
had regular contact with health providers during the study, had their dose of Prednisone 
tapered significantly (89). Thus a concerted effort to wean the dose of prednisone is 
likely to succeed in many patients regardless of the therapy utilized. 

Recent data has also continued to underscore the likelihood that high doses of 
inhaled steroids have systemic effects owing to the absorption of these drugs from the 
respiratory track. At this Center we have seen one patient on 3000 IJg/day of Flovent 
but no oral steroids who was overtly Cushingoid. Preliminary data from England (90) 
demonstrate that in 196 adults with asthma aged 20 - 40 a dose of inhaled steroids 
> 1 000 IJg/day was independently associated with a significant reduction in bone mineral 
density in the lumbar spine and femoral neck. A smaller study from Chicago (91) 
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showed a bone mineral density more than 2 standard deviations below normal in 19% 
of young asthmatic women (mean age 36.5 ± 3.7) on inhaled steroids compared to 
control. Significant diffferences were observed for total body, lumbar spine and greater 
trochanter mineral density. 

The long term side-effects of high dose inhaled corticosteroids remain unknown 
but are likely to be clinically significant. Although this is an important issue, i.e. the 
optimal dose of inhaled steroids in asthmatics who require indefinite therapy, it is of less 
concern in patients with severe asthma requiring systemic corticosteroids. 

Any preparation of inhaled corticosteroid currently on the market can be utilized, 
though high dose therapy in the literature has primarily been given using inhaled 
fluticasone (Fiovent) or budesonide (Pulmicort). Using the highest potency of Flovent 
available in the U.S., 220 ug/puff, it is possible to give therapy as 4-5 puffs twice a day, 
usually with a spacer device. Long acting inhaled B-agonists such as Serevent 
(Salmeterol) should also be a standard part of the patient's regimen. 

In one study of patients (92) with severe asthma 69% of patients on 750 ~g bid of 
Flovent and 88% of patients on 1000 ~g bid were completely weaned off Prednisone 
during a 16 week trial compared to 3% of control subjects. Importantly this correlated 
with a highly significant improvement in airway physiology in patients on 1000 ~g bid. 

A follow-up study of these patients is now available in preliminary form (93). 
After the 16 week period 91 patients from this trial were entered into an open-label 
phase where they received 1000 ~g bid and could be titrated to a minimum dose of 250 
~g bid if deemed appropriate. Eighty-three of these patients were treated for 3-4 years. 
During the first year of therapy only 36% of the patients avoided a course of oral 
steroids. This improved however each year and by year 4 of the open-label phase 70% 
of patients did not require a course of Prednisone. 

These data would suggest that in most patients with severe asthma inflammation 
in the airways may take several years to respond optimally to high dose therapy. 
However even patients with severe asthma may ultimately be weaned to more 
conventional doses of inhaled steroids. 

Other therapies (94, 95) including methotrexate, gold, intravenous lgG and 
macrolide antibiotics have been utilized in patients with severe asthma. Many studies 
suggest that oral steroids can be tapered while using these agents but usually without 
any objective change in pulmonary function. Most of these drugs have. not been 
compared with high dose inhaled steroid therapy. In general most of these drugs are 
limited by significant toxicity or expense. 
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