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Introduction 

Idiopathic pulmonary fibrosis (IPF), also known as cryptogenic fibrosing alveolitis (CFA), is a clinical 
term encompassing a group of inflammatory and fibrosing lung disorders of unknown etiology which share a 
similar presentationY·3

A.s IPF predominantly affects persons between 40 and 75 years of age. 1.4 ·6·7 It is a 
chronic form of interstitial lung disease which produces progressive respiratory insufficiency in most 
subjects, often culminating in death.2

·
6

·
8 Worldwide, both the prevalence and the mortality attributed to this 

disorder are increasing, especially in older patients. 9
·
10

·
11 The peak incidence of disease now appears to be in 

the seventh and eighth decades of life, a significant change from early reports. 4
·
7

·
12 Estimates of disease 

prevalence have ranged from 3 to 29 cases per 100,000, and there is a slight male predominance 
(approximately 1.5:1 ).4 ·

7
·
11

·
13

·
14 The overall five year survival after diagnosis is 40-50 percent.4

·
6

·
8

·
15 

The clinical features of IPF are summarized in Table 1. The most prevalent symptom in idiopathic 
pulmonary fibrosis is the insidious onset of progressive exertional dyspnea. This is seen in about 90 percent 
of patients. 1

•
2 .4 ·5 ·

15 Sometimes individuals relate a more abrupt onset of breathlessness, but serial radiographs 
often reveal that the disease has been present for months or years in these cases. Over a third of patients 
are profoundly limited at the time of presentation, able to walk less than 100 yards before becoming 
breathless.4 A chronic cough, which is generally non-productive in the absence of concomitant tobacco 
abuse, is reported by 70 to 85 percent. 1

·
4

·
5

·
15 Up to half of IPF patients report some sort of constitutional 

symptoms such as fever, weight loss, malaise or arthralgias. 5 Fever, specifically, has been noted in 15 to 20 
percent. 16

·
17 Approximately five percent of patients are asymptomatic at the time of diagnosis.4 

Table 1 
Clinical Features of Idiopathic Pulmonary Fibrosis 

Symptoms 
exertional dyspnea 
cough 

Signs 
velcro rales 
digital clubbing 
t P2, S3, JVD, edema 
cyanosis 
tachypnea 

Physiologic Alterations 
J.. lung volumes 
t elastic recoil 
J.. DLCO 
exercise desaturation 

Radiographic findings 
reticular or ground glass opacities 
basilar and subpleural predominance 
honeycombing frequent 

Physical examination is remarkable for the presence of mid to late inspiratory crackles ("velcro 
rales") in up to 95 percent. 1

·
2

·
5 Digital clubbing is seen in 25 to 66 percent. 1

.4·
15 As the disease progresses, 

signs of cor pulmonale may become evident. These include an accentuated pulmonic component of the 
second heart sound (loud P2), a right ventricular heave, S3 gallop, cyanosis, jugular venous distention and 
peripheral edema. 

Common laboratory abnormalities in IPF include elevated antinuclear antibody titers and/or 
rheumatoid factor levels in 20 to 25 percent, elevated globulin fractions, and circulating immune 
complexes. 1.4 ·8·

18
·
19

·
20 In one series, 24 (9%) of 268 patients had serum precipitins to avian proteins identified, 

but only seven had a documented bird exposure.4 Notwithstanding, chronic hypersensitivity pneumonitis can 
mimic IPF clinically, radiographically and even histologically is some cases. 

Chest radiographs typically indicate diffuse or basilar predominant reticular or reticulonodular 
infiltratesY A few individuals (less than 10 percent) exhibit ground glass or "hazy" opacities. 5 An associated 
reduction in lung volumes is usual, except in patients with concomitant airways disease.2 A normal or near
normal chest film is noted in 2 to 12 percent. 1

.4·
21 

Pulmonary function testing classically reveals a restrictive process associated with reduced lung 
volumes, increased elastic recoil, and a low diffusing capacity for carbon monoxideY·12

·
22

·
23

·
24 Early in the 

disease process, resting arterial blood gases may be fairly normal, but exercise desaturation is very 
common. 
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Our current understanding of the natural history of IPF is limited, and it has been heavily biased by 
data from tertiary care populations. The clinical course of individuals with this disease is, in fact, quite 
variable. Many patients demonstrate a slow but relentless decline in pulmonary function with gradual 
progression of radiographic opacities over a period of years with or without therapy.2 Others show a stair
step pattern of deterioration with periodic flares of disease activity interrupted by sometimes sustained 
periods of stability. Still others exhibit a profound and rapid decrement in function, the so-called accelerated 
phase of pulmonary fibrosis, leading to death in a matter of weeks.25

·
26 A few patients even survive for 

decades with sometimes severe but ostensibly quiescent disease. 
Another level of complexity is generated by the variable histopathologic patterns associated with 

IPF, with each subgroup possessing a fairly distinct natural history of its own.27
·
28

•
29 Usual interstitial 

pneumonia (UIP) is the most common histologic lesion identified, accounting for more than 80-90 percent of 
fibrosing alveolitis cases in most series. 27

·
30

·
31 The poor prognosis of UIP is largely responsible for the 

pervasive nihilism which surrounds the diagnosis of idiopathic pulmonary fibrosis. This has resulted in 
widespread misconceptions regarding the importance of biopsy confirmation in IPF and the potential benefits 
of treatment. A recent review of over 100 patients with IPF from the Mayo Clinic, however, emphasized the 
heterogeneous nature of this clinical syndrome. 15 Remarkably, only 62 percent of their patients 
demonstrated a UIP lesion after careful pathologic review. Thus, it may not be appropriate to consider the 
clinical term "IPF" as synonymous with the pathologic diagnosis of usual interstitial pneumonia. 

Table 2 
Histopathologic Diagnoses in 102 Patients with Idiopathic Pulmonary Fibrosis 

Histopathological Diagnosis % 

Usual interstitial pneumonia 62 
Nonspecific interstitial pneumonia 14 
Desquamative interstitial pneumonia 8 
Bronchiolitis obliterans organizing pneumonia 4 
Bronchiolitis 4 
Respiratory bronchiolitis-interstitial lung disease 2 
Acute interstitial pneumonia 2 
Chronic eosinophilic pneumonia 1 
Hypersensitivity pneumonitis 1 
Honeycomb change only 1 
Scarring and pneumonia 1 

From: Bjoraker JA, et al. AJRCCM 1998; 157: 199 

Approach to the Patient with Diffuse Parenchymal Lung Disease 

Importantly, a patient can only be considered to have IPF when a careful evaluation has excluded all 
other known causes of diffuse parenchymal lung disease. After identifying an individual with clinical and 
radiologic features of interstitial lung disease, a comprehensive medical history must be obtained. Particular 
attention should be paid to potential occupational, avocational, and environmental exposures, no matter how 
distant. A detailed accounting of prior medication use is also required to eliminate the possibility of drug
induced disease.32 A history of heavy tobacco abuse may make certain considerations more likely 
(eosinophilic granuloma, respiratory bronchiolitis, desquamative interstitial pneumonia) or less likely 
(hypersensitivity pneumonitis). Rarely, a family history will be helpful in eliciting the correct diagnosis 
(familial IPF, sarcoidosis, neurofibromatosis, Hermansky-Pudlak syndrome, tuberous sclerosis, storage 
diseases). Finally, specific inquiries should be made regarding extrapulmonary manifestations of sarcoidosis 
and collagen-vascular disease. 

On physical examination, the presence of basilar predominant mid to late inspiratory crackles 
("velcro rales") and clubbing are suggestive of, but not specific for IPF. Identification of inspiratory squeaks 
may suggest bronchiolitis or hypersensitivity pneumonitis. Again, extrapulmonary findings may be 
particularly helpful in limiting the differential diagnosis. 
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Routine laboratory tests and collagen vascular serologies may suggest an underlying systemic 
disease, but antinuclear antibodies and an elevated rheumatoid factor are frequently identified in IPF 
patients.1

.4 ·
8

·
18 When clinically indicated, a serum precipitin panel for common agents of hypersensitivity 

pneumonitis can be obtained . 
High resolution computed tomography (HRCT) should be routinely employed in the assessment of 

diffuse parenchymal lung disease. Several HRCT patterns have been identified which may strongly suggest 
specific diagnoses such as eosinophilic granuloma, lymphangioleiomyomatosis, sarcoidosis, lymphangitic 
carcinomatosis, hypersensitivity pneumonitis and IPF.33

·
34

·
35 HRCT will at least limit the differential diagnosis 

and assist in planning the appropriate biopsy procedure (bronchoscopic vs. surgical). Usually, 
bronchoscopy with saline lavage and transbronchial biopsies is performed next (especially when the CT 
reveals a bronchocentric pattern of involvement) to exclude granulomatous disorders, malignancy and 
atypical infectious etiologies. See Figure 1 for a schematic view of the approach to patients with diffuse 
parenchymal lung disease. 

Figure 1 
Approach to the Patient with Interstitial Lung Disease 

I 
Comprehensive Medical History I 

symptoms, duration, drug use, environmental/occupational exposures 

Remove potential environmental ~ RIO systemic disease 
or iatrogenic cause Collagen vascular serologies 

~ 
Biopsy if clinical indicated 
(skin, renal, muscle, sinus, etc.) 

+ 
-4 Clinical resolution Specific Diagnosis I 

Yes No ~r Yes+ 

I HRCT I I No further steps I 
(clarify parenchymal, mediastinal, pleural features) 

n specific diagnosis 

I Yes strongly suggested 

~, ~, No 
+ 

no further Transbronchial biopsy 
diagnostic steps ± BAL with cellular differential 

Yes t 
(RIO malignancy, infection, granulomatous disease) 

I 

I Specific diagnosis 

No+ 

I Surgical Lung Biopsy I 
Modified from: Raghu G. AJRCCM 1995; 151 : 909 

Only when this extensive evaluation is negative can a patient reasonably be said to have IPF. In 
fact, the diagnosis is only certain when a surgical lung biopsy is obtained.2 A transbronchial biopsy 
demonstrating pulmonary fibrosis is never adequate to confirm this diagnosis, but surgical biopsies will 
provide a definitive diagnosis in over 90 percent of interstitial lung disease cases.36 An open thoracotomy is 
occasionally required (because of bleeding, severe pleural disease, or inability to tolerate single lung 
ventilation), but most specimens are now obtained by video-assisted thoracoscopic surgery (VATS). VATS 
biopsies provide equivalent results with considerably less morbidity and a shorter recovery time.37

·
38 Despite 
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technologic advances, though, practice trends around the world indicate an increasing reluctance on the part 
of physicians to subject their patients to these operative procedures. In 1990, Smith and Holbrook surveyed 
pulmonologists in Ca lifornia and found that two thirds of patients with suspected IPF underwent 
transbronchial biopsy as part of the diagnostic evaluation. 39 Forty-two percent of these were recommended 
for open lung biopsy if a nonspecific result was obtained . In contrast, more recent data from the New Mexico 
ILD registry indicated that only 38 percent of IPF patients underwent even a transbronchial biopsy, and a 
mere 11 percent had an open biopsy. 11 A large scale study from the United Kingdom indicated similar 
findings. 4 Twenty-eight percent had transbronchial biopsies, with only 12 percent referred for surg ical biopsy. 
It appears that IPF is increasingly considered to be a clinical diagnosis by medical practitioners. 
Remarkably, as many as half of all cryptogenic fibrosing alveolitis patients in the United Kingdom die without 
even seeing a pulmonary specialist. 

Very few support the notion that all patients with suspected pulmonary fibrosis must have a lung 
biopsy.40 However, it is particularly important to secure an accurate diagnosis in patients who are younger, 
have normal, atypical or rapidly evolving radiographs, constitutional symptoms or hemoptysis. An adequate 
tissue sample is useful in several ways.41 First, a surgical biopsy will indicate a specific diagnosis in the 
large majority of cases. Several conditions (i.e., chronic hypersensitivity pneumonitis, BOOP, eosinophilic 
granuloma, vasculitides, and rarely infectious or neoplastic processes) can mimic IPF clinically and 
radiographically.2

·
15 Second, a lung biopsy allows one to discriminate between the different histologic subsets 

of IPF. This has important implications regarding long-term prognosis and the likelihood of a favorable 
treatment response.6

·
15

•
27

·
28

•
29 Such information may, in certain circumstances, be crucial in a patient's 

informed decision about whether or not to accept the risks inherent in currently available treatment regimens. 
Third, optimally secured and interpreted surgical specimens provide a valuable assessment of disease 
activity. The relative degrees of cellularity (inflammation), granulation connective tissue, fibrosis and 
honeycomb change may further influence predictions of treatment responsiveness and mortality. 1

·
6

·
8 .42.43

·
44.45 

Indeed, certain histologic patterns may even suggest a need to explore the patient's suitability for lung 
transplantation earlier rather than later. 

Only about 15 to 30 percent of patients objectively respond to current anti-inflammatory or anti
fibrotic therapies. 1

·6.8.
12 An informed decision regarding biopsy must therefore be made giving full 

consideration to the associated costs, risks and benefits. An open biopsy procedure is not appropriate for 
every patient suspected of having IPF.40.4

1 If patients have had a transbronchial biopsy to exclude 
granulomatous disease, infection, and malignancy, and their HRCT strongly suggests UIP, then a surgical 
biopsy can reasonably be averted. Patients with extensive honeycombing are unlikely to benefit from a 
biopsy. In general, patients over 65 to 70 years of age are much less likely to be referred for VATS, but age 
alone does not represent a valid reason to forgo tissue confirmation or treatment in a patient with interstitial 
lung disease. That being said, these patients commonly have major comorbidities, more advanced disease, 
or other contraindications to biopsy or treatment. 

The Idiopathic Interstitial Pneumonias 

In the 1970's, Liebow created the first comprehensive histologic classification system for the 
idiopathic interstitial pneumonias.46 He divided them into five groups: usual interstitial pneumonia (UIP), 
desquamative interstitial pneumonia (DIP), lymphoid interstitial pneumonia (LIP), bronchiolitis obliterans 
interstitial pneumonia (BIP), and giant cell interstitial pneumonia (GIP). Over the years, certain modifications 
to Liebow's system have been required. LIP is now considered to be a lymphoproliferative disorder with ties 
to autoimmune disease, HIV and Epstein-Barr virus infection.47

.4
8

.4
9

•
50 GIP is also missing from the current 

classification system. This is believed to be a form of hard metal pneumoconiosis. 51
·
52 BIP has been 

renamed bronchiolitis obliterans with organizing pneumonia (BOOP), and is also called cryptogenic 
organizing pneumonia (COP). 30

·
53

·
54 BOOP mainly consists of the intraluminal deposition of granulation 

connective tissue within conducting airways and alveoli. Because the associated interstitial process is 
generally modest and limited to the immediate regions involved by the organizing air space disease, it is 
probably best considered separate from the interstitial pneumonias.27

·
28 

While the current nomenclature has not improved much, the system is more reproducible with clearly 
defined pathologic criteria. There are now four subsets to consider: usual interstitial pneumonia (UIP), 
desquamative interstitial pneumonia/respiratory bronchiolitis-associated interstitial lung disease (DIP/RB
ILD), nonspecific interstitial pneumonia (NSIP), and acute interstitial pneumonia (AlP) or Hamman-Rich 
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disease.27
·
28

"
29

'
30 The latter was previously thought to represent an accelerated form of UIP, but is now 

recognized to be a distinct clinicopathologic entity which is rarely confused with IPF.46
·
55

·
56 On the other hand, 

considerable clinical and radiologic overlap is noted between UIP, NSIP and DIP/RB-ILD with each 
accounting for a fraction of IPF cases. UIP is clearly the most prevalent of the idiopathic interstitial 
pneumonias. It accounts for 62 to 90 percent of IPF cases. 15

·
30

·
31 NSIP may be seen in up to 14 percent of 

patients, and DIP in up to 8 percent. 15 The major pathologic features of the idiopathic interstitial pneumonias 
are contrasted in Table 3. 

Table 3 
Contrasting Pathologic Features of the Idiopathic Interstitial Pneumonias 

------

Features UIP DIP/RBILD AlP NSIP 

Temporal appearance Variegated Uniform Uniform Uniform 

Interstitial inflammation Scant Scant Scant Usually prominent 

Collagen fibrosis Yes, patchy Variable, diffuse (DIP) No Variable, diffuse 
or focal, mild (RBILD) 

Fibroblast proliferation Fibroblast foci No Diffuse Occasional, diffuse, or 

prominent rare fibroblast foci 

BOOP No No No Occasional, focal 

Microscopic honey- Yes No No Rare 

comb change 
lntraalveolar macro- Occasional, Yes, diffuse (DIP) or No Occasional, patchy 

phage accumulation focal peribronchiolar 
(RBILD} 

Hyaline No No Occasional, No 

membranes focal 

Definition of abbreviations: AlP = acute interstitial pneumonia; DIP/RBILD = desquamative interstitial pneumonia/respiratory bronchiolitis 
interstitial lung disease; NSIP = nonspecific interstitial pneumonia; UIP = usual interstitial pneumonia; BOOP = bronchiolitis obliterans or
ganizing pneumonia. 

From: Katzenstein and Myers. AJRCCM 1998; 157: 1301 

Usual Interstitial Pneumonia 

Most usual interstitial pneumonia cases are sporadic (IPF), but about 30 percent are associated with 
collagen-vascular diseases, especially progressive systemic sclerosis and rheumatoid arthritis. 1

·
5

·
16

·
17

A6
·
57

·
58

·
59 

Other pulmonary disorders which may produce a UIP-Iike pattern include asbestosis, chronic aspiration, 
chronic hypersensitivity pneumonitis, chronic radiation pneumonitis, chronic eosinophilic pneumonia, and 
others. One report suggests that the prognosis of UIP is better in the setting of a related connective tissue 
disorder, but unless vasculitis in present concomitantly, the lesions are histologically indistinguishable.58 For 
idiopathic cases, the mean survival is three to six years after diagnosis.1.6·17 

Although the event or agent that initiates the cascade of lung injury and repair in UIP remains 
unknown, the sequence of histologic changes has been fairly well established (figure 2).27

·
28

·
30

•
60

·
61

•
62

•
63

·
64 1njury 

to the alveolar wall, results in the extrusion of proteinaceous exudates into the alveolar space. Activated 
macrophages accumulate in these damaged alveoli and elaborate a variety of substances which facilitate 
the recruitment and activation of other inflammatory cells and fibroblasts. Fibroblasts move through gaps in 
the damaged basement membrane and ulcerated epithelium, and may undergo certain phenotypic changes 
within the airspace to become "myofibroblasts" which stain strongly for actin. These cells proliferate and, 
along with other cell types, elaborate various components of the extracellular matrix (ECM) including 
fibronectin, proteoglycans and collagen.60

·
65 

As these intraalveolar exudates become organized, the so-called fibroblastic foci are produced. 
These are bundles of spindle-shaped fibroblasts in a loose connective tissue matrix within the airspace (see 
appendix 1 ).27

·
28

·
29

·
66

·
67 Subsequently, hyperplastic type II cells proliferate over the surface of these fibrous 

and inflammatory elements to reestablish epithelial continuity including the generation of a new basement 
membrane. In doing so, the fibroblastic foci within alveolar lumens become incorporated into the interstitial 
space ("mural incorporation"). When these zones of "active fibrosis" mature and contract, dense bands of 
relatively acellular, eosinophilic staining collagen appear in the interstitial space. This is often the most 
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conspicuous light microscopic feature noted in UIP patients. As more and more parenchymal elements are 
involved over time, irreparable architectural distortion and functional impairment occurs.60 

It was previously thought that there was an "early" phase of the disease where interstitial 
inflammation was prominent, but there is little evidence to support this concept. Katzenstein and Myers have 
noted variable numbers of lymphocytes along with occasional plasma cells, neutrophils, eosinophils, and 
mesenchymal cells in the interstitium of UIP patients, but cellularity is rarely prominent and mostly seen 
adjacent to areas with already significant collagen deposition or honeycombing.28 In fact, they indicate that if 
a specimen features prominent interstitial cellularity, the diagnosis of UIP should be q\Jestioned.28 Rather, 
disorders like NSIP and LIP would be suggested by such an appearance. 

Figure 2 
Evolution of Fibrosis and Alveolar Collapse in IPF 

A, normal alveolus. B, formation of intraalveolar inflammatory exudate. C, alveolar ulceration and possible focal basal lamina 
disruption. D, alveolar organization. Fibroblasts migrate through gaps in the basal lamina into the alveolar exudate. E, alveolar fibrosis. 
Fibroblasts deposit collagen matrix within the airspace. The previous interstitium is still detectable by virtue of the previous basal lamina 
(heavy dark line). F, alveolar collapse. Characteristic skeins of folded basal lamina are noted due to juxtaposition of ulcerated alveolar 
walls. From: McDonald JA. Chest 1991; 99: 87S 

Honeycombing is the end stage of the fibrotic process and is seen in virtually all cases of UIP. It 
refers to the development of enlarged and distorted interconnecting air spaces with thickened walls which 
are typically lined by a cuboidal epithelium. It is usually not the consequence of primary interstitial thickening 
and fibrosis. Rather, it is the result of airspace fibrosis and alveolar collapse. 2

·
60

·
66

·
67

·
68 The contraction of 

fibrous tissue derived from the mural incorporation of unevenly distributed and organized air space exudates 
favors the development of severe architectural distortion. Moreover, after epithelial injury, it is common to 
see apposition of the denuded alveolar walls.60

·
67

·
68 Unlike simple microatelectasis, this may become 

permanent due to the development of cross-linking fibrous adhesions. Alveolar collapse is often difficult to 
appreciate on standard sections when the epithelium is missing and no residual airspace is evident, but 
immunohistochemical staining for basement membrane elements will distinguish regions of collapse from 
interstitial fibrosis. The traction forces produced by atelectasis and fibrous contraction are transmitted to 
alveolar ducts and bronchioles; and the honeycomb appearance is actually formed as a result of this traction 
bronchiolectasis with the migration of bronchiolar-type epithelium into these distorted airspaces.27

·
60 
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Perhaps the most striking feature of UIP is that it is entirely lacking in uniformity from one region of 
the lung to the next. It appears that only small and spatially detached areas of the lung are affected at any 
one time. This produces one of the histologic hallmarks of UIP called temporal heterogeneity. 27

·
28 This refers 

to the juxtaposition of zones featuring normal alveoli, inflammation, fibrosis, and honeycomb change 
sometimes within a single low power microscopic field (see appendix 1 ). This pattern is derived from 
repeated focal injury and repair to small portions of lung parenchyma over an extended period of time. This 
feature is essential for the diagnosis of UIP, along with the identification of fibroblastic foci, which represent 
islands of active injury and repair. 27

·
28 High resolution CT may reveal predominantly ground glass attenuation 

(GGA) early on, but UIP cases tend to demonstrate mostly subpleural irregular linear opacities and 
honeycombing. 

Desquamative Interstitial Pneumonia and Respiratory Bronchiolitis 

Desquamative interstitial pneumonia (DIP) is a relatively rare form of interstitial lung disease. The 
bulk of the existing clinical and pathologic evidence suggests that DIP is not an early "cellular" form of UIP as 
many have suggested, but rather a distinct form of interstitial lung disease which occurs predominantly in 
cigarette smokers (90 percent in Carrington's series of 42 patients).6

·
28

·
69 Unlike UIP, this lesion is 

uncommonly linked to clinical or serological evidence of collagen vascular diseases.70 

Histologically, DIP is characterized by the often striking and diffuse accumulation of macrophages 
within alveolar lumens (see appendix 1 ). 27

·
28

·
71

·
72 Originally, these cells were thought to represent sloughed 

alveolar epithelial cells, hence the term "desquamative" interstitial pneumonia.69 Interstitial fibrosis is seen in 
varying amounts, but this is usually not a dominant feature. 27

·
28

·
30 Unlike UIP, the lesion is temporally 

homogeneous with one microscopic field closely resembling the next. Liebow noted that the "monotonously 
uniform features (of DIP) are quite in contrast with the variegation typical of other interstitial pneumonias."69 

This pattern suggests a diffuse injury to the lung at one point in time resulting in a similar histologic reaction 
from zone to zone. Also unlike UIP, fibroblastic foci are not seen, and significant honeycombing develops in 
only a small minority of DIP patients. 27

•
28 As detailed previously, the natural history of this disorder is quite 

different from UIP (figure 3).6
·
73 In Carrington's series, the mortality in DIP was only 28 percent over an 

extended follow-up period with a mean survival of 12.2 years. In the group which did not receive treatment, 
22 percent of patients with DIP improved, while no UIP patients spontaneously improved. Sixty-three 
percent and 85 percent worsened, respectively. With corticosteroids, however, 62 percent of DIP patients 
improved compared to only 12 percent with UIP, while 27 and 69 percent respectively, experienced 
progression. 6 Nearly one third of the treated DIP patients tully recovered from their disease. 

Figure 3 
Comparison of Survival Curves for UIP and DIP 

DIP: W.,_ w• 17111 - 11111 rrm - 11111 11111 10127 11121 
UIP: U/11 U/11 WU ..,.. .,.. 1:11.. 11/U 11/U 11/t1 lilt 7111 

100r~t-..... :o=~~=~· 
10 

10 

II 

10 

•• I 10 

v ... -- -~ 
Relative survival curves for UIP and DIP. Dashed lines are corrected for expected survival given the age difference between the two 
groups (mean age of DIP group 42 years at diagnosis vs. 51 years for UIP group) From: Carrington et al. N Engl J Med 1978; 298: 801 
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Smoking cessation is also believed to be essential in DIP, and could be responsible for the 
occasional cases which remit without specific pharmacologic intervention. DIP has been linked 
morphologically to the lesion known as respiratory bronchiolitis (RB). RB is characterized by the 
accumulation of pigmented macrophages within respiratory bronchioles, alveolar ducts, and adjacent air 
spaces.27

•
28 This lesion is commonly identified cigarette smokers undergoing lung resection or biopsy for 

unrelated reasons, and is a common incidental finding in autopsy specimens from smokers. 27 ·
74 RB is 

believed to be responsible for the "dirty lung" appearance commonly identified on chest radiographs from 
patients who smoke. Occasionally, patients with a more advanced RB lesion develop signs and symptoms, 
as well as radiographic evidence, of true interstitial lung disease (RB-ILD).28

·
75

·
76 The major difference 

between RB-ILD and DIP is that DIP involves the lung diffusely, whereas RB is limited to the small airways 
and related structures. DIP, however, is also strongly linked to tobacco abuse, and peribronchiolar 
accentuation of the histologic changes is common in DIP.27

•
28 Some authors have suggested that DIP and RB 

are simply two ends of the spectrum of the same smoking, or occasionally other inhalant-related lung 
injuries.28 Since DIP is itself a misnomer, the term RB-ILD may soon replace it entirely. 

Focal areas of DIP-like change are commonly seen in other interstitial pneumonias including UIP, 
NSIP, eosinophilic granuloma, and a variety of other unrelated conditions.27

•
77 This underscores the need for 

generous surgical specimens and attention to strict diagnostic criteria before confirming DIP. 27 

Acute Interstitial Pneumonia 

In 1944, Hamman and Rich described a series of patients with a rapidly progressive interstitial 
pneumonia associated with marked fibrosis. 56 It is the least common and most fulminant of the idiopathic 
interstitial pneumonias. Until recently, this disorder was felt to represent an accelerated form of UIP and was 
included under the clinicopathologic umbrella of idiopathic pulmonary fibrosis. This is no longer the case.78

•
79 

Histologically, these cases represent organizing diffuse alveolar damage (DAD), the pathologic diagnosis 
associated with the fibroproliferative phase of the adult respiratory distress syndrome (ARDS).27

•
28

·
29

·
30 The 

principle distinguishing feature is the lack of an identifiable cause for the acute lung injury in AlP. These 
patients typically give a history of fever, cough and dyspnea that progresses over days or weeks to 
respiratory failure. 78 Although a viral prodrome is common, cultures and ultrastructural studies reveal no 
evidence of infection.78 Patients ultimately need ventilatory support. The mortality rate is high with about 60 
percent dying within two months of diagnosis.28 Chest radiographs indicate diffuse alveolar infiltrates similar 
to other cases of ARDS.79

•
80 By HRCT, ground glass opacities are commonly seen in conjunction with 

extensive and usually dependent air space consolidation.80 Empiric treatment with antibiotics, antiviral 
therapies and corticosteroids have not demonstrated clear benefit, but anecdotal experience suggests that 
aggressive "pulse" steroids are helpful in some cases. 79 If the patient survives, the radiograph may clear 
completely over time. Interestingly, though, some cases of idiopathic diffuse alveolar damage are recurrent, 
and multiple episodes may ultimately lead to end-stage fibrosis in patients who survive the acute phase of 
the illness. 

Light microscopic findings include marked thickening of the interstitial space by proliferating 
fibroblasts, edematous stroma, and a variable mixture of mostly mononuclear inflammatory cells (see 
appendix 1 ).27

•
28

•
30

•
78

•
79 Collagen deposition is not substantial except in very protracted cases. Severe 

architectural distortion can occur, however, as a result of widespread alveolar collapse and the 
overdistention of adjacent air spaces.28

•
81 Excessive distention of functioning alveoli may partly result from 

the high-pressure, high-volume ventilatory strategies that are often utilized in these patients.82
•
83 Unlike true 

honeycomb cysts, the walls of these dilated acini are lined by alveolar epithelium.28 As expected from the 
abrupt onset of this disease, temporal uniformity is characteristic within the histologic specimen. Other 
features of acute lung injury are also commonly present including hyaline membrane remnants, type II cell 
hyperplasia and atypia, and organizing thrombi in small to medium sized vessels due to accompanying 
endothelial damage.27

•
28

'
78

'
79 

Nonspecific Interstitial Pneumonia 

Nonspecific interstitial pneumonia is a term coined by Katzenstein and Fiorelli to describe those 
interstitial pneumonias which cannot be classified as UIP, DIP/RB-ILD, AlP or BOOP.84 It is not simply a 
"wastebasket diagnosis" since consistent histologic features are present from case to case. It is, however, a 
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nonspecific reaction to a variety of parenchymal insults. Three different patterns may be seen by light 
microscopy, and while involvement can be patchy, all affected areas demonstrate temporal homogeneity 
(see appendix 1 ). Most frequently, a prominent lymphoplasmacytic infiltrate is identified with minimal fibrosis 
(31 of 64 patients in the largest series) .84 The second largest group of NSIP patients has a more balanced 
mixture of fibrosis and inflammation (24 of 64 cases).84 The fibrosis in NSIP features mostly mature collagen, 
but a few of these patients have prominent fibroblastic proliferation. The third and smallest subset exhibits 
dense interstitial collagen deposition and architectural distortion (9 of 64 cases).84 Honeycombing was seen 
in only four patients in this series and was strictly microscopic in two. In cases that have significant fibrosis, 
the finding of temporally uniformity throughout the lesion is critical in separating NSIP from UIP.27

·
28

·
29

·
30

·
84 

Intraluminal alveolar macrophage accumulation may be seen, but unlike DIP, these areas are patchy and 
associated with much more prominent interstitial widening with inflammation and/or fibrosis .27

·
28

·
30

·
84 

Fibroblastic foci, a hallmark of UIP, are noted in only about 20 percent of NSIP patients. It is possible, of 
course, that some of these cases actually represent poorly sampled UIP.84 Scattered areas of BOOP and 
lymphoid hyperplasia are also quite common.84 The "cellular" form of NSIP may be confused with 
lymphocytic interstitial pneumonitis which demonstrates monotonous sheets of lymphocytes in the interstitial 
space, but LIP lacks regions of BOOP, DIP-like change and fibroblastic foci. 28 

Several disorders have been linked to NSIP including a variety of collagen vascular diseases and 
other autoimmune conditions like Hashimoto's thyroiditis, primary biliary cirrhosis, and acute 
glomerulonephritis.27

·
28

·
84 Hypersensitivity pneumonitis can show this pattern while lacking other concomitant 

"diagnostic" features like ill-formed granulomas and bronchiolitis in the available specimen. Other potential 
but unproven exposures have also been noted in NSIP. Among Katzenstein and Fiorelli's patients were two 
garment factory workers, a paper factory worker, a coal handler, a brewer, a farmer and a veterinarian. 84 The 
lesion has also been seen following toxic fume exposure, severe pneumonia, slowly recovering acute lung 
injury, and as a manifestation of drug toxicity. Nevertheless, most cases are idiopathic and part of the 
clinical spectrum of IPF.84 

The clinical presentation of NSIP is not particularly distinctive compared to other forms of pulmonary 
fibrosis. Gradually progressive dyspnea and a dry cough are the most common reasons for seeking medical 
attention. A minority experience fever, chest pain, hemoptysis or constitutional symptoms. 84 There appears 
to be a slight female predominance in this disease.84 

Chest radiographs in NSIP may show interstitial, alveolar or mixed disease, and rarely will be 
normal.84

·
85 The most reliable finding on HRCT scanning in NSIP is bilateral patchy ground glass attenuation 

(GGA) with no particular zonal predominance.85 Park and colleagues noted that areas of basilar predominant 
consolidation were also seen in the majority of their patients with random linear opacities noted in less than 
one third. 85 

The most striking difference from UIP is the superior prognosis of NSIP. Most of the patients in 
Katzenstein's series were treated with corticosteroids, and 45 percent of the patients with follow-up 
recovered completely.84 Many others showed improvement with treatment, and only 11 percent died of their 
disease. Thus, the natural history of this disease more closely parallels that of DIP/RB-ILD. Patients with a 
cellular infiltrate and little fibrosis had a greater likelihood of response than patients with mixed disease; and 
patients with mixed disease had a better prognosis than those with "pure" fibrosis .84 However, complete 
recovery was even shown be possible in one patient with isolated fibrosis.84 

Cellular and Molecular Events in the Idiopathic Interstitial Pneumonias 

Much has been learned in recent years about the various cell types, cytokines, and growth factors 
involved in the genesis of pulmonary fibrosis.60

·
84

·
86 The nature of the initial injury, however, remains a 

mystery. The trigger for IPF could be environmental, infectious or immunologic, and may vary from case to 
case. There may also be an undefined genetic predisposition to this disorder perhaps involving regulation of 
inflammatory or fibrotic events. 

To produce such a chronic and progressive condition, either the primary injurious agent must persist 
in the lung, or a self-perpetuating cascade of biologic events is triggered which drives the tissue reaction 
toward fibrogenesis. Although there is no good animal model which mimics IPF, much relevant data has 
been gathered from the bleomycin-induced pulmonary fibrosis model, transgenic models, simple wound 
healing experiments, and cell culture studies. 
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Damage to the alveolar epithelium (and possibly the capillary endothelium) is the first step in this 
complex process of lung injury and repair. Vascular permeability is altered and plasma proteins exude into 
injured tissues. An inflammatory response is born as various substances released from dead and dying cells 
lead to the recruitment and activation of peripheral blood monocytes and resident alveolar macrophages.13

·
87 

This inflammatory exudate within the alveolar space represents the earliest histologic finding in IPF. 
Activated macrophages release "proximal" cytokines such as tumor necrosis factor-a (TNF-a), interleukin-1 
(IL-1) and interleukin-6 (IL-6) which recruit additional immune effector cells to the area.88

·
89 Many cell types 

participate in the events which follow including lymphocytes, monocytes, macrophages, mast cells, epithelial 
and endothelial cells, fibroblasts, and perhaps neutrophils and eosinophils .2·

60
·
86 When activated, these cells 

express message for a number of additional proinflammatory and profibrotic cytokines, chemokines, growth 
factors, adhesion molecules and matrix elements.60

·
86

·
90 Moreover, they may elaborate toxic oxygen species, 

proteases and complement components which further fuel the repeating cycle of injury and repair. 60
·
91

•
92 

An imbalance exists in pulmonary fibrosis on at least three critical planes: oxidants are prevalent 
while antioxidant defenses are depleted, procoagulant activity exceeds fibrinolytic activity, and matrix 
production outweighs matrix degradation.92

·
93

·
94

·
95

•
96

·
97

·
98

·
99 These factors contribute heavily to the formation 

and delayed clearance of alveolar exudates leading to organization and fibrosis. 5° 

The cytokine networks which are active in interstitial lung disease are extremely complex (figure 
4). 100 The molecules involved may exert autocrine, paracrine, and even endocrine effects.86

·
100 The biologic 

effect of a given cytokine also depends on the current phenotypic state of the target cell and its surrounding 
milieu.86

·
90

·
100 A given cytokine may either augment or antagonize the activity of another when present in the 

same microenvironment. For example, the production of both IL-1 and TNF-a by macrophages is known to 
be enhanced in patients with IPF.88 Either molecule alone will stimulate fibroblast proliferation via platelet 
derived growth factor (PDGF) and upregulate the synthesis of collagen and fibronectin.88

·
101

·
102 However, the 

combination of IL-1 and TNF-a leads to a marked inhibition of fibroblast proliferation, in part through the 
elaboration of prostaglandin E2. 103 

Figure 4 
Simplified Schematic of Active Cytokine Networks in Interstitial Lung Disease 
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The most important growth factors in the development of pulmonary fibrosis are transforming growth 
factor-beta (TGF-p), platelet derived growth factor (PDGF) and basic fibroblast growth factor 
(bFGF).2·61·86·90·101·104·105·106·107·108·109·110·111 Hepatocyte growth factor and macrophage derived insulin-like growth 
factor have also been implicated in lung fibrogenesis .112

·
113 Still another protein with an emerging role in 

fibrosing alveolitis is endothelin-1. In addition to its vasoconstrictive properties, endothelin-1 exhibits potent 
mitogenic activity on fibroblasts and smooth muscle cells and is increased in some patients with IPF. 114·115 

The increased expression in several cell types may be induced by proinflammatory cytokines like IL-1 and 
TNF which are prevalent in the lungs of IPF patients.116 Increased endothelin-1 levels have been shown to 
precede the rise in lung collagen content which occurs after bleomycin injury.117 Moreover, increased 
staining for endothelin-1 is noted in regions of developing fibrosis. 117 

TGF-P has received particular attention as a key "proximal" modulator of disease activity in the 
idiopathic interstitial pneumonias. It is derived from several cell sources in the lung including lymphocytes, 
macrophages, fibroblasts, epithelial and endothelial cells.86·105·118 TGF-P is essential in pulmonary 
embryogenesis and normal wound healing, but dysregulated production of this cytokine has been tightly 
linked to the development of pulmonary fibrosis. 104·105·106·119·120·121'122 TGF-P is a potent chemotactic agent for 
mononuclear phagocytes, and its expression is increased in IPF.104·105·106·123 It also stimulates fibronectin and 
collagen production directly and indirectly. 124 TGF-P induces target cells to elaborate IL-1 and TNF-a in 
addition to other growth factors like PDGF and bFGF. 125 In turn, fibroblast recruitment and proliferation 
occurs and collagen synthesis and contraction increases.105·126·127·128 TGF-P also inhibits the expression of 
matrix degrading enzymes. 118·129 

Interestingly, administration of anti-TGF-P antibodies decreases the accumulation of collagen in the 
lungs of bleomycin treated mice.13° Furthermore, when the active TGF-P1 gene is transferred to rat lung, a 
mononuclear predominant inflammatory cell infiltrate develops accompanied by the rapid onset of pulmonary 
fibrosis characterized by the differentiation and proliferation of myofibroblasts.131 Even though significant 
transgene expression did not occur after day 14 in these experiments, the fibrotic process continued to 
evolve. The authors suggest that this may have been due to synthesis of "downstream" cytokines and 
growth factors released by activated inflammatory cells, epithelial cells and fibroblasts.131 This sort of self
perpetuating cascade of proinflammatory and profibrotic events may also be responsible for the persistent 
"repair" response associated with UIP (if the initiating injury does not persist over long periods in that 
disease). Actually, several transgenic models of pulmonary fibrosis have recently been established which 
result in either more or less inflammation, and predominantly fibroblastic or collagenous fibrosis . These 
other models involve overexpression of TNF-a, TGF-a, IL-6 or PDGF and will further help to define the 
specific roles of these biological agents in normal repair and disease. 132

·
133·134 

Lymphocytes are present to some degree in all of the idiopathic interstitial pneumonias and may be 
especially prominent in some disorders like NSIP. It appears that a Th2-like pattern of cytokine production 
predominates in the lymphocyte response associated with IPF. 135·136 Th2 lymphocytes typically elaborate a 
profile including IL-4, IL-5, IL-6 and IL-10, and are associated with the development of a humoral immune 
response. In mice, a subset of pulmonary fibroblasts have been shown to proliferate and release 
extracellular matrix proteins including collagen after exposure to IL-4.137 Wallace and colleagues confirmed 
that most mononuclear cells in the interstitium of IPF patients stain positively for IL-4 and IL-5, and few (less 
than 10 percent) stain for interferon gamma (IFN-y) which is the major Th1 cytokine.135 In Th2 dominant 
responses, IL-4 is the main T cell mitogen. It also suppresses cytokine production in Th1 cells .138 Since 
IFN-y is an important anti-fibrogenic cytokine, the consequences of this pattern of expression are clear.139 In 
one study, IPF patients with the lowest circulating IFN-y levels demonstrated the worst decrement in lung 
function at follow-up. 140 

It appears, then, that several cytokines and growth factors are both chemotactic and mitogenic for 
effector cells involved in the inflammatory and fibrotic arms of the interstitial pneumonias. Other important 
leukocyte and fibroblast chemoattractants include fibronectin, complement components, and chemokines 
like monocyte chemoattractant protein-1a (MCP-1a) and macrophage inflammatory protein-1a (MIP-
1a).60·141·142·143·144 MIP-1a expression, for instance, increases in response to TNF-a. Interestingly, passive 
immunization with anti-MIP-1a attenuates the fibrotic response following experimental bleomycin injury.145 

Other chemokines such as IL-8 and IFN-y inducible protein (IP-10) appear to regulate angiogenesis in IPF.146 

The process of neovascularization is thought to be important in supporting fibroblast proliferation and matrix 
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deposition, and an apparent imbalance exists between these angiogenic (IL-8) and angiostatic (IP-10) 
factors .146 

Recent evidence suggests that leukotrienes may also play a role in the pathogenesis of IPF. 
Wilborn and colleagues demonstrated constitutive activation of 5-lipoxygenase in the lungs of patients with 
idiopathic pulmonary fibrosis. 147 This is associated with a several fold rise in synthesis of leukotriene 84 and 
C4 which may directly or indirectly facilitate inflammatory and proliferative events in IPF.147

·
148

·
149

·
150

·
151 

The presence of cytokines and other chemoattractant gradients is not the only factor promoting large , 
scale leukocyte migration into areas of injury in IPF. Endothelial expression of various leukocyte selective 
cell adhesion molecules is also important. 152

·
153

·
154 Intercellular adhesion molecule-1 (ICAM-1) expression, for 

instance, is increased in IPF and represents an important surface ligand for circulating lymphocytes, 
directing them to the interstitial space.154 1CAM-1 also provides an important co-stimulatory signal needed for 
activation of resting T cells, and plays a role in antigen presentation. 155

·
156 Interestingly, the Nagoya 

University group has demonstrated that ICAM-1 and MHC class II antigens are strongly expressed by 
regenerating type 2 pneumocytes and alveolar macrophages in IPF, suggesting that both cell types may 
function in antigen presentation in this disease. 154

·
157 

Following the initial injury to the alveolar wall in IPF, plasma derived fluid filters into the air space 
where the coagulation cascade is activated and fibrinogen is converted to cross-linked fibrin. This entraps 
plasma proteins like fibronectin in the solid phase. 158 Fibronectin is a key component of the extracellular 
matrix. It appears to regulate cell adhesion, migration, proliferation, matrix assembly, and cytoskeletal 
organization. 159

·
160 This and other elements within the fibrin provisional matrix provide the scaffolding on 

which fibroblasts and endothelial cells invade the alveolus to form granulation connective tissue. 161 

Specifically, fibroblast migration through the extracellular matrix relies on CD44 mediated adhesion to fibrin, 
fibronectin and hyaluronic acid. 161

·
162

·
163

·
164 CD44 is a transmembrane glycoprotein which functions as a cell 

surface matrix receptor. 165 It is densely distributed on filopodia and lamellipodia which are involved in cell 
migration. Monoclonal blocking antibodies to CD44 will inhibit fibroblast invasion into a fibrin matrix. 161 

Interestingly, procoagulant activity appears to be increased in the lungs of IPF patients, while 
antifibrinolytic activity is reduced. 166

·
167

·
168 This results in excessive fibrin deposition and an attractive 

environment for fibroblast adherence and proliferation. This imbalance is partly created by increased tissue 
factor (TF) expression in IPF.167 TF is both a receptor and cofactor for factor VII which initiates the extrinsic 
coagulation cascade leading to fibrin deposition. 169 lmokawa and colleagues showed that most of the TF 
message and protein localizes to type II cells covering fibroblastic foci and diseased alveolar septae. 167 

After this amalgam of phagocytic, inflammatory and mesenchymal cells is recruited to the zone of 
injury by chemotactic, cell adhesion and matrix-dependent mechanisms, certain harmful events may occur 
including the elaboration of excessive amounts of toxic oxygen species. The role of substances like 
hydrogen peroxide, superoxide, peroxynitrite and oxygen radicals in IPF may be underappreciated.92

·
170

·
171 

Persistent exposure of affected areas to high levels of oxidative stress depletes the antioxidant barrier in the 
epithelial lining fluid and exposes parenchymal cells to direct injury. 172

·
173 Furthermore, an increasing role for 

intracellular oxidant species in signal transduction and gene regulation is becoming apparent. 174
·
175

·
176

·
177 

Indeed, these molecules may act as second messengers for transcription factor activation, chemotaxis, cell 
proliferation and apoptosis. 176 Superoxide exposure, for instance, has been linked to CD11 /CD18 adhesion 
molecule expression on alveolar macrophages, and anti-CD11 antibodies will inhibit bleomycin-induced 
pulmonary fibrosis in mice.93

·
178

·
179 

· 

Finally, consideration must be given to the role of programmed cell death in the termination of 
inflammatory and fibrotic events, and the restoration of a functional gas-exchanging unit. Reestablishment of 
a normal alveolar-capillary interface requires that the infiltrating and locally proliferating cells be eliminated 
without inducing an inflammatory response in the process.180

•
181

'
182 When cells undergo programmed cell 

death, they are recognized and ingested by phagocytes before they can release proinflammatory 
intracellular contents into the local milieu. Apoptosis of mesenchymal cells is likely a crucial step in turning 
off the repair response after lung injury, thereby permitting the regression of airspace and interstitial 
granulation tissue. If this mechanism were defective, and dying cells were allowed to release their toxic 
components, it could contribute to a chronic inflammatory response and excessive scarring. 

On the other hand, excessive programmed cell death may also play a role in the development of 
pulmonary fibrosis. 183 Fas is a cell surface antigen which mediates apoptosis after joining with Fas ligand 
(FasL), another cell surface protein. In the bleomycin model, Fas expression is increased in epithelial cells 
rather than mesenchymal cells. 183 Infiltrating T lymphocytes simultaneously overexpress FasL. 
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Consequently, epithelial cell apoptosis occurs. Presumably, this represents a means of clearing unwanted 
cells during the early response to injury so that orderly repair may occur. However, since the epithelium 
normally exercises tight control over mesenchymal proliferation, prolonged epithelial disruption by excessive 
apoptosis could contribute to increased scarring. 183 Interestingly, Hagimoto and coworkers found that 
glucocorticoid treatment inhibits Fas/Fasl expression and epithelial apoptosis while preventing fibrosis . In a 
separate study, this group showed that repeated inhalation of anti-Fas antibody will cause epithelial 
apoptosis followed by a lymphoplasmacytic alveolitis and pulmonary fibrosis. 184 Another line of evidence 
supporting this concept of dysregulated apoptosis comes from a study of polycystic kidney disease (PKD). 185 

Epithelial apoptosis is a known feature of this disorder as well, and PKD is associated with a secondary 
interstitial fibrosis histologically. Cyclosporine A nephropathy is also characterized by accelerated apoptosis 
and interstitial fibrosis. 186 Indeed, many disease states in other organ systems (some involving fibrotic 
reactions) are linked to abnormal apoptosis. 187

·
188 

Possible Etiologies in Idiopathic Pulmonary Fibrosis 

Although the cellular and molecular events associated with IPF are becoming clear, the root cause 
of the disease remains a mystery. It is generally thought to be triggered by an immune response in 
genetically susceptible persons to an exogenous or endogenous antigen, which may vary from case to case. 
Various environmental associations have been noted, but causality has not been established. In the UK, 
patients with IPF were found to be more likely to have had exposure to metal dusts, to have worked with 
cattle, or to have lived in a house heated by a wood fire. 14 Also, a general association was found with "dirty" 
occupations including craftsman, machinest, miner, textile worker, etc. No link to tobacco use was found in 
this study, but certainly this is important in DIP/RB-ILD. In a large autopsy series from Japan, over 1300 IPF 
cases were reviewed.7 The incidence of IPF among individuals whose jobs exposed them to dust or organic 
solvents was more than double that of other subjects. Occupations with significantly (p<0.01) higher rates of 
disease included laundry workers, barbers, beauticians, metal workers, woodworkers and painters. A live 
case control study was simultaneously conducted by lwai and colleagues in which they also demonstrated a 
significantly higher rate of IPF in workers exposed to metallic dusts.7 Of course, inhalation of organic and 
inorganic dusts has long been known to result in fibrosing lung disorders like hypersensitivity pneumonitis, 
asbestosis and silicosis. Exposure to solvents has been linked to both pulmonary fibrosis and systemic 
sclerosis. 7

·
189

·
190

·
191 Kennedy and Chan-Yeung point out a useful analogy to occupational asthma. 192 Over 

200 compounds in the working environment have been shown to induce asthma in susceptible individuals; 
and once the disease is firmly established, the inflammatory process may not resolve even though the 
patient is removed from the proximate source of the problem. 193 

Viral infections are considered another possible link in the development of IPF.194 In one study, 14 of 
20 patients showed evidence of in vivo Epstein-Barr virus replication within type II alveolar epithelial cells 
compared to two of 21 controls with a variety of other inflammatory or neoplastic pulmonary disorders. 195 

Most of these patients had not received immunosuppressive treatment which might be expected to 
reactivate a latent viral infection. Nevertheless, the lower respiratory tract has been shown to be a reservoir 
for EBV, and this virus has been linked to the development of LIP. 196

·
197 Egan and colleagues suggest that 

particularly in older patients, senescent immunologic responses could favor reactivation of latent viral 
infections like EBV and predispose these patients to the development of IPF.195 Such infections could alter 
class II MHC expression or trigger the development of crossreactive autoantibodies.194

·
198

·
199 Viral genes 

could also function as transactivating factors regulating a variety of transcriptional events in the lung. 194 

Adenoviral transformation of type II cells, for instance, has been associated with stimulation of type I 
collagen genes.200 

A potential association with autoimmune phenomena cannot be overlooked. Various interstitial 
pneumonias (UIP, NSIP and BOOP) have been clearly associated with disorders like systemic lupus 
erythematosis, rheumatoid arthritis, progressive systemic sclerosis, polymyositis/dermatomyositis and 
Sjogren's syndrome. Moreover, the frequent association of IPF with increased levels of antinuclear 
antibodies or rheumatoid factor is well established, despite the lack of clinical evidence indicating an 
associated systemic disease.2.4·

8
•
20

•
201 

Most studies have focused on the role of dysregulated cellular immunity in IPF, but there may also 
be a role for humoral activation in this disease.20

•
202

•
203

·
204 A number of investigators have identified circulating 

immune complexes, as well as immunoglobulin and complement deposition in the lungs of IPF 
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patients.5·
19

·
20

·
202

·
204

·
205 Wallace and colleagues have even described circulating lgG autoantibodies in IPF 

patients which recognize a yet unidentified 70-90 kDa lung antigen associated with alveolar epithelial cells .203 

The authors indicate that this protein appears to be cytoplasmic in origin, and may be released following an 
unrelated initial injury. Still, subsequent immune complex formation and complement activation could foster 
a persisting local inflammatory response within the alveolus.203 Humoral activation in IPF may be favored by 
the Th2-dominant response among infiltrating lymphocytes.136 

The role of genetics in the development of the idiopathic interstitial pneumonias remains unclear. A 
familial form of IPF exists, but few answers have yet been garnered from these rare subjects. 206

·
207 Thus far, 

no linkage to any specific HLA haplotypes among sporadic cases has been identified , but small numbers of 
available subjects in any one area have hindered this work.208

·
209 The existence of animal models of inherited 

interstitial lung disease and strain-specific susceptibilities to agents like bleomycin suggest that genetic 
influences may be important in lung fibrosis .60

·
210

·
211

·
212 Unquestionably, altered gene expression could play a 

major role in some patients. Innumerable defects might be relevant to the generation or perpetuation of this 
sort of disease process. These might include genes involved in immunoglobulin production, programmed 
cell death, growth factor and cytokine expression, MHC class II expression, oxidant-antioxidant production, 
collagen polymorphisms, adhesion molecule expression, and so on. 

Utility of High Resolution Computed Tomography in IPF 

It is clear that pulmonary function testing cannot distinguish "inflammatory" from fibrotic change. 
With regard to noninvasive tests, high resolution computed tomography (HRCT) seems to offer the most 
information regarding differential diagnosis and the "stage" of disease. HRCT patterns have been shown to 
correlate better than plain roentgenographic features with histopathologic findings. 31

•
33

·
213

•
214

·
215 HRCT can 

also reliably diagnose typical cases of certain diffuse parenchymal lung diseases including sarcoidosis, 
eosinophilic granuloma, lymphangioleiomyomatosis, silicosis, asbestosis, and lymphangitic carcinomatosis.35 

It is therefore indicated to narrow the differential diagnosis when patients present with a chest radiograph 
showing a diffuse infiltrative pattern. 

UIP often exhibits a fairly "classical" appearance on HRCT. However, while UIP may be favored by 
a particular constellation of findings, HRCT cannot reliably separate the pathologic variants of IPF. See table 
4 for a list of typical HRCT findings in patients with IPF. HRCT also cannot distinguish IPF from fibrosis 
associated with the collagen vascular diseases.216 Furthermore, some cases of chronic hypersensitivity 
pneumonitis (and other disorders) can mimic IPF exactly on computed tomography scans. 

Table 4 
HRCT Findings in IPF 

Findings of Fibrosis 
Intralobular interstitial thickening 
Visible intralobular bronchioles 
Traction bronchiectasis 
Honeycombing 

Irregular interlobular septal thickening 
Ground glass opacity 
Subpleural predominance 
Lower zone and posterior predominance 

From: Webb et al. High Resolution CT of the Lung, 2nd edition 

In IPF, varying proportions of ground glass attenuation (GGA), irregular linear opacities, 
consolidation, and honeycombing may be seen depending on the histologic subtype and stage of disease.217 

Linear or reticular change on HRCT generally corresponds to fibrosis, while ground glass attenuation has 
been suggested to represent areas of active inflammation which are potentially more amenable to 
immunosuppressive treatment. 33

· 
85

·
213

·
217

·
218

•
219

·
220

·
221 In one study of 76 patients, 43 percent of those with 

predominant GGA experienced a greater than 15 percent improvement in lung function at one year 
compared to 33 percent with a mixed pattern, and 9 percent with mostly irregular linear opacities (figure 
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5). 213 Interestingly, though, no difference was noted between the actuarial survival curves of patients with 
mixed disease or mainly reticular changes, but the patients with predominant GGA did much better (figure 6). 
All of these patients were alive 4 years after diagnosis versus only 45 percent of those with more reticular 
disease. Other studies have suggested that areas of GGA usually progress to fibrosis and honeycomb 
change. This definitely occurs, but most of the patients in these series had extensive fibrosis to begin 
with. 222.223 

Figure 5 Figure 6 
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Figure 5. Frequency of improvement in pulmonary function in treated patients at 1 year in relation to initial CT appearance. Patients 
with predominantly ground glass disease (Grade 1) improved more frequently than those with more equivalent amounts of ground glass 
and reticular disease (Grade 2). Patients with grade 2 CT scans responded more frequently than subjects with predominantly reticular 
disease (Grade 3). 

Figure 6. Survival curves for IPF based on the initial CT appearance. CT Grade 1 indicates predominance of ground glass disease. 
CT Grade 2 indicates equally extensive ground glass and reticular disease. CT Grade 3 indicates predominant reticular opacities. No 
difference was noted in survival of patients with mixed or predominantly reticular disease, but patients with mostly ground glass 
attenuation had significantly decreased mortality rates. 

From: Wells et al. ARRD 1993; 148: 1076 

One study suggested that the fate of GGA is largely dependent on the type of interstitial pneumonia 
with which it is associated.224 Serial HRCT scans indicated that nine of 12 patients with UIP had either 
worsening of their GGA, or conversion to irregular lines or honeycombing at follow-up. Eleven of these 
patients were receiving steroids or cytotoxic therapy at the time. In contrast, only one patient each out of 11 
with DIP showed progression to reticular or honeycomb change. Nine subjects demonstrated improvement 
or stability in the radiographic extent of disease. In UIP, GGA is almost always accompanied by irregular 
linear opacities and usually honeycombing unless it is detected very early. In DIP, ground glass may be the 
only abnormality noted and honeycombing is uncommon. Irregular linear opacities accompanied GGA in less 
than half of the DIP patients in this series.224 In NSIP, GGA is again the dominant feature, often accompanied 
by patchy areas of consolidation.85 Irregular lines and honeycombing are much less frequent than in UIP. In 
the only serial HRCT study of NSIP patients, three of seven showed improvement in their scans, and another 
three demonstrated complete resolution in these opacities after treatment. 85 

As a general rule, patients who have GGA in association with extensive fibrosis will predictably 
progress in regions of GGA; and patients with predominant GGA without architectural distortion have a better 
chance of improving or stabilizing on treatment. The resolution of presently available scanners does not 
permit a distinction between cellular disease and fine fibrosis. In one study, GGA corresponded to 
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inflammation in 65 percent and fibrosis in 54 percent of patients with various diffuse infiltrative lung 
diseases. 218 When GGA is seen in association with prominent linear opacities, traction bronchiolectasis or 
honeycombing, however, it very likely represents fibrosis. 217·218 

Predicting Outcome in Idiopathic Pulmonary Fibrosis 

The rate and pattern of disease progression in individuals with IPF are notoriously unpredictable. 
Many attempts have been made to correlate various clinical, physiologic, pathologic and radiologic indices 
with disease activity and the likelihood of progression. In general, a higher risk of progression has been 
associated with the following: male gender, older age, worse dyspnea scores, a longer symptomatic period 
prior to treatment (greater than one year), former smoking, a marked reduction in vital capacity, BAL 
neutrophilia or eosinophi lia, a reticular-predominant or honeycomb pattern on HRCT, and an initial poor 
response to steroids. 1

•
12

•
22

·
24

·
213

·
220

•
225

·
226

·
227 Still, optimally secured and interpreted surgical biopsy specimens 

which distinguish UIP from other interstitial pneumonias provide the most reliable predictions of long term 
outcome. It was previously thought that the only certain indicator of "active" disease was the presence of a 
predominantly cellular lesion (alveolitis) on a biopsy specimen. 1

·
6 .4

2 In the early 1980's, Wright and co
workers showed that patients with predominantly inflammation and less fibrosis had a much better actuarial 
survival compared to those with mostly fibrosis and less inflammation (figure 7).42 This is a generally well 
accepted notion, but a recent prospective analysis of 94 UIP patients evaluated at the National Jewish 
Hospital failed to confirm this (unpublished data). In this group, the morphologic assessment of extent of 
fibrosis and cellularity did not significantly correlate with survival. This may, however, have been due to the 
fact that fibrosis was already significant in almost all of the subjects when they presented to this referral 
center, and no patients with DIP/RB-ILD or NSIP were included in the study. The key histologic finding 
which correlated with mortality in this series, rather, was the prevalence of immature granulation connective 
tissue. Patients who had higher scores for fibroblastic foci died earlier. 

Figure 7 
Dependence of IPF Survival on Histologic Scores for Fibrosis 
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Survival curves for IPF patients based on the identification of predominant inflammation with minimal fibrosis (fibrosis 1) versus 
predominant fibrosis (fibrosis 3). From: Wright et al. Br J Dis Chest 1981; 75: 61 
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Experience suggests that individual clinical, radiologic and physiologic parameters are not reliable 
indicators for assessing disease activity, prognosis or treatment responsiveness. 1

·
5

·
24

·
228

·
229

·
230

·
231 It is not 

uncommon for some of these variables to improve during therapy while other seemingly related variables 
simultaneously worsen. Consequently, the Denver group devised a composite clinical-radiographic
physiologic (CRP) scoring system to allow a quantitative assessment of overall patient impairment over 
time.232 This is a weighted system which encompasses symptom scores, type and severity of radiographic 
abnormalities, and several pulmonary function variables into an overall CRP score. The CRP score has 
been shown to correlate better than any individual test with histologic indices of disease activity.232 Worse 
degrees of impairment are associated with higher CRP scores. 

Gay and colleagues recently published an important prospective study designed to determine the 
efficacy of steroid treatment in IPF.45 Thirty-eight previously untreated patients with biopsy proven IPF (37 
UIP, 1 DIP) were each treated with three months of high dose steroids. CRP scores were utilized to 
determine whether patients improved (>10 point fall in CRP), remained stable (change :s:10 in either 
direction) or progressed (>10 point rise in CRP). Responders were tapered over the next 18 months, while 
non responders were quickly tapered and placed · on cyclophosphamide. The CRP scores of 10 patients 
(26%) improved with treatment, 14 (37%) remained stable, and another 14 (37%) worsened. Half of the 
nonresponders died of respiratory failure while receiving high dose steroids. Interestingly, a higher CRP 
score (worse severity) was evident in the responders compared to either of the other groups. More severe 
physiologic impairment at presentation did not predict long term mortality. As other investigators have found, 
responders in this study were younger (45.1 ± 4.3 yr) compared to those who remained stable (53.1 ± 3.3 yr) 
or worsened (61.4 ± 3.5 yr). Also, the pretreatment ground glass score on HRCT was significantly higher in 
the responder group than in the nonresponder or stable groups, but the overall radiographic score was 
higher in those who did not respond. In fact, pretreatment HRCT represented the best noninvasive method 
for identifying patients likely to respond to therapy (higher ground glass scores) and live longer (lower 
fibrosis scores). Not unexpectedly, a higher fibrosis score on lung biopsy was also noted in the 
nonresponder group. Importantly, a significant survival benefit was noted for patients who either improved or 
remained stable on treatment compared to those who worsened. 

Assessing Clinical Deterioration in IPF 

During the course of the illness, essentially all patients with IPF will experience periods of clinical 
deterioration. When this happens, it is essential to determine whether the increased symptoms or declining 
function is due to disease progression, complications of the disease, comorbid conditions , or untoward 
effects of therapy. 25 Many different medical problems may be obscured by the underlying chronic respiratory 
disease including infection, thromboembolism, cardiac disease, bronchogenic carcinoma, pneumothorax or 
steroid myopathy.25

•
233

·
234

·
235

·
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·
237

·
238

•
239 Most often, it is due to worsening of the underlying disease. 

The most common primary cause of death in IPF is respiratory failure related to progression of the 
interstitial disease. However, when Panos and coworkers analyzed the mortality data from six large series 
of IPF patients, respiratory failure accounted for only 39 percent of deaths (figure 8) .25 Cardiovascular 
complications including heart failure, ischemic heart disease and stroke combined for 27 percent of the 
deaths. Lung cancer caused 10 percent, and infection or pulmonary embolism combined for another 10 
percent.25 

Occasionally, patients with IPF develop the rapid onset of respiratory failure, fever, and leukocytosis 
with no evidence of infection. 26

·
240 The clinical presentation is similar to that of acute lung injury or AlP. By 

HRCT, new areas of peripheral, multifocal or diffuse consolidation are observed.240 Histology indicates 
organizing diffuse alveolar damage and abundant fibroblastic foci superimposed on the baseline 
changes.26•240 The prognosis of patients who enter this accelerated phase of the disease is poor, but 
patients may respond to pulse corticosteroids. 
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Figure 8 
Cause of Death in Idiopathic Pulmonary Fibrosis 
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From: Panos et al. Am J Med 1990; 88: 396 

Treatment of the Idiopathic Interstitial Pneumonias 

It seems clear that there is a general skepticism regarding the efficacy of medical therapy in IPF. 
Indeed, some have suggested that the only tru ly favorable responses occur in subjects who have been 
mistakenly diagnosed with IPF when they really have disorders like BOOP, hypersensitivity pneumonitis , 
chronic eosinophil ic pneumonia, pulmonary capillaritis, and so on.241 Certainly, there are interstitial disorders 
which may mimic IPF and respond better to treatment, but some true subsets of IPF (DIP/RB-ILD and NSIP) 
clearly show a positive response to therapy as well.6

·
15

·
28

·
84 Unfortunately, most patients with IPF 

demonstrate a UIP lesion histologically. It is true that no randomized, placebo-controlled tria ls exist to prove 
that treatment is effective (or ineffective) in patients with UIP. Still, as many as 25 percent of patients with 
UIP will objectively improve on treatment, and the condition of many others appears to stabilize.1

·
6

·
12.45 It is 

simply not certain that th is is a result of the pharmacologic intervention. 
One glaring difference between the more responsive disorders listed above and UIP is that the 

former lesions are all temporally homogeneous. This suggests that the initiating factor more or less 
uniformly injured involved portions of the lung over a relatively brief time period . Because of th is, these 
patients tend to present earlier in their disease course. This is different from UIP where the temporal 
variegation suggests a patchy, ongoing injury which affects the lungs piecemeal. 

If treatment is to be successful in a patient with UIP, early intervention is a must. Unfortunately, 
symptoms like dyspnea are frequently dismissed as "normal" in aging and deconditioned individuals, and this 
promotes a delay in appropriate diagnostic testing. Another major problem in IPF is the practice of 
witholding treatment until clear evidence of disease progression is noted.242

·
243 Mild ly symptomatic patients 

with interstitia l disease on chest films are commonly observed for months or years as deficits slowly 
accumulate. Moreover, some patients may not even consider themselves "limited" until their lung capacity is 
60 to 70 percent of pred icted or less, by which time the fibrotic process is well established. If the diagnosis is 
correct, it is safe to assume that the process will worsen in almost everyone without treatment. Disease 
progression is insid ious in most (especially in UIP), and apparent stability in symptoms, rad iographs and 
pulmonary function stud ies may belie real worsening of parenchymal involvement. Since mature fibrosis and 
architectural distortion are not reversible, and cellularity is not typically prominent in UIP patients, 
stabilization of the disease process has to be considered the primary treatment goal. Put another way, if 
someone has severe deficits related to UIP when treatment is initiated, that person wi ll likely have severe 



19 

deficits after treatment is complete. Unfortunately, this is commonly interpreted as a lack of response to the 
prescribed therapy. It is this misunderstanding which feeds the already prevalent nihilism among physicians 
regarding the institution of potentially hazardous treatments in IPF.244 

Corticosteroids are by far the most commonly prescribed agents in the treatment of IPF.24 The 
mechanisms of action are complex and incompletely understood. Alveolar macrophages express steroid 
receptors, for example, but glucocorticoid therapy does not modulate their release of fibronectin or alveolar 
macrophage derived growth factor. 245 On the other hand, steroids are believed to inhibit the effects of TGF-p 
on the type I collagen promoter.87 Steroids inhibit the synthesis of virtually all known cytokines and decrease 
immune complex formation while affecting leukocyte and fibroblast function and trafficking. 246

·
247 Many of 

these effects may be mediated by inhibition of nuclear factor kappa B (NF-kappa B) expression through 
induction of the I kappa B alpha inhibitory protein.248

·
249

·
250 NF-kappa B is an activator of numerous cytokine 

genes and helps mediate the proinflammatory effects of IL-1 and TNF. 
The standard protocol for IPF treatment consists of initially high dose prednisone (1-1.5 mg/kg/d, not 

to exceed 100 mg/d) for 8 to 12 weeks. This is then tapered by half for an additional 12 weeks before the 
dosage is reduced to 0.25 mg/kg/d. If no response is obtained by three to six months, or if side effects are 
limiting, the treatment may be discontinued or changed. However, it requires at least three months to 
determine whether a patient will have objective improvement. Certain interstitial pneumonias like NSIP, 
DIP/RB-ILD, BOOP and hypersensitivity pneumonitis tend to be steroid responsive, and it is uncommon to 
require second-line agents in these disorders. This is not true for UIP, however, and untoward effects are 
frequent. These may include impaired glycemic control, hypertension, weight gain, bone demineralization, 
cushingoid appearance, psychiatric disturbances, cataracts and glaucoma.251

·
252

•
253 

When patients progress on steroids or the treatment is poorly tolerated, a cytotoxic drug is often 
added.3.43

·
254

·
255

·
256

·
257

·
258 These include cyclophosphamide and azathioprine. More and more, in fact, these 

agents are being used as first line drugs in combination with low dose steroids to avoid the severe side effect 
profile of high dose steroids. Cyclophosphamide is an alkylating agent that lowers lymphocyte counts and 
affects lymphocyte function. This is typically initiated at 25-50 mg/d and increased by 25 mg increments 
every one to two weeks (maximum dose 150-200 mg/d) provided that the total leukocyte count remains 
above 3509 cells/mm3 and gastrointestinal tolerance is acceptable. The medication should be taken in the 
morning, and generous intake of fluids with frequent bladder emptying is encouraged to avoid hemorrhagic 
cystitis . Azathioprine is a purine analog that affects RNA and DNA synthesis. It has effects on both the 
cellular and humoral limbs of the immune system. It tends to be well tolerated by most patients and is dosed 
similarly to cyclophosphamide (target 2-2.5 mg/kg/d, not to exceed 200 mg). 

Only two controlled treatment trials have ever been performed in IPF.3·
255 One compared 

prednisolone alone versus a combination of cyclophosphamide and low dose prednisolone, while the other 
compared prednisone plus placebo versus full dose prednisone and azathioprine. All things considered , 
there were no statistically significant differences in survival or lung function noted between the different study 
groups. 

Colchicine is a more recent addition to the IPF treatment armamentarium.259
·
260 It possesses a broad 

range of antifibrotic and antiinflammatory properties which may prove useful in this disease.261 Colchicine 
inhibits fibroblast proliferation and total collagen secretion at concentrations that are readily obtainable in 
vivo. 261 Unlike steroids, colchicine has also been shown to suppress alveolar macrophage derived growth 
factor and fibronectin release.262

·
263 Colchicine inhibited bFGF-stimulated collagen synthesis in a human lung 

fibroblast cell line as well.261 It has even been noted to increase collagenase production, and to protect 
against bleomycin induced fibrosis when given concurrent to the injury.264

·
265 It inhibits lymphocyte 

proliferation in vitro, and has well established effects on neutrophil migration and phagocytosis.263 

Peters and coworkers retrospectively evaluated 23 patients who had mostly received steroids 
previously, but either progressed or suffered significant side effects.259 Five (22%) improved, nine (39%) 
remained stable, and nine (39%) worsened over an average follow-up period of 22 months. Douglas and 
colleagues conducted another retrospective study comparing colchicine to a historical control group treated 
with prednisone.260 No statistically significant difference was noted in the rate of progression of physiologic 
restriction or diffusion abnormalities, although there was a trend toward more rapid decline in the steroid 
treated patients. Colchicine was well tolerated, while significant complications were noted in 12 of 22 
patients treated with prednisone. The most serious complication of colchicine therapy, a drug-induced 
myopathy, is fortunately quite rare. It seems to be more common, though, in individuals with renal 
insufficiency. 266 
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Novel Approaches to the Treatment of IPF 

A better appreciation of the pathobiology of pulmonary fibrosis has produced great interest in the 
development and application of new treatment strategies for IPF.87

·
243

·
267

·
268

·
269 Ultimately, control of this 

disease may require combinations of drugs which address the multifaceted aspects of lung injury, 
inflammation and repair (Table 5). Perhaps interfering with key cytokines or adhesion molecules will 
assuage inflammatory cell trafficking in the lung. Soluble receptors or receptor antagonists to 
proinflammatory cytokines like IL-1 or TNF-a could be administered, or direct antiinflammatory and 
antifibrotic cytokines (e.g., IFN-y, IFN-p) could be tried. Without question, more attention will be focused on 
measures to control fibroblast proliferation, matrix deposition and matrix remodelling. Perfenidone, for 
instance, blocks the in vitro effects of profibrotic cytokines and growth factors on human lung fibroblasts, and 
reduces bleomycin-induced pulmonary fibrosis in hamsters.267

•
270

·
271 Studies in humans are currently 

underway. It has also been shown that antibodies to TGF-P will decrease scar formation after dermal 
incisions without impairing wound healing, and reduce connective tissue accumulation after bleomycin 
injury .130

·
272 Of potential interest also is a natural matrix proteoglycan called decorin which binds to and 

inactivates TGF-p. 87 Decorin has been shown to protect against scarring and impaired kidney function in 
experimental glomerulonephritis, and could possibly be delivered locally in IPF patients.273 Alternatively, 
other TGF-p inhibitors or receptor antagonists could be developed, or its signal transduction pathway could 
be attacked.87 

Table 5 
Novel Treatment Strategies in IPF 

Blockade of proinflammatory/profibrotic cytokines 
Soluble receptors 
Receptor antagonists 
Perfenidone 

Administration of antifibrotic cytokines 
lnterferon-p, interferon-y 

Inhibition of collagen synthesis, deposition, cross-linking 
Lysyl oxidase inhibitors 

Modification of arachidonic acid metabolites 
PGE2 
5-lipoxygenase inhibitors 
Leukotriene receptor antagonists 

Antioxidant administration 
Glutathione 
N-acetylcysteine 

Adhesion molecule interference 
CD44 blockade 

Directly inhibiting collagen synthesis, deposition or cross-linking offers additional possibilities.87
•
274 

Lysyl oxidase is an important enzyme which catalyzes the formation of intermolecular bridges between 
collagen fibers making them resistant to degradation by proteases.275

•
276 D-penicillamine is a lysyl oxidase 

inhibitor, but its use is limited by frequent toxicity.277 Other inhibitors with better risk-benefit profiles might 
prove to be useful in IPF. 

With regard to arachidonic acid metabolites, PGE2 has demonstrated potentially important anti
fibrogenic effects in vitro.278·

279 Also, a potential role exists for the use of 5-lipoxygenase inhibitors or 
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leukotriene receptor antagonists in IPF, since certain leukotrienes may mediate some of the inflammatory 
and fibrotic events in this disease.147 

Therapies designed to reduce oxidative stress in the lungs may be an important adjunctive 
consideration in a more global approach to minimizing tissue injury in pulmonary fibrosis. Glutathione, which 
is depleted in IPF, is largely responsible for protecting the lung against oxidant injury. 280

·
281 It may, however, 

be possible to restore the antioxidant balance via oral, intravenous or aerosolized replacement of glutathione 
or N-acetylcysteine. 282.283.284.285 

Fibroblastic proliferation in IPF could be approached from other new perspectives. We know from 
experience with the fibroproliferative stage of ARDS that extensive, organized alveolar exudates can resolve 
without substantial long term pulmonary dysfunction.286

·
287 The cell surface adhesion molecule CD44 is 

known to mediate fibroblast migration and invasion of the provisional fibrin matrix within the alveolar 
space. 288 Interrupting CD44 function with a monoclonal antibody has been shown in vitro not simply to inhibit 
motility, but to induce apoptosis in fibroblasts.289 Further insight into CD44 activities and inhibition may afford 
new methods of controlling an excessive fibrotic response that threatens to produce organ dysfunction. 

Summary 

Idiopathic pulmonary fibrosis is a complex and heterogeneous disease. Practice trends indicate 
that IPF is largely considered to be a clinical diagnosis that can be established on the basis of symptoms, 
physical exam, plain chest films and HRCT. In some cases an empirical diagnosis utilizing these data is 
appropriate, and in others it is not. Much information can be gained from a skillfully interpreted surgical lung 
biopsy. The most common histologic manifestation of IPF is usual interstitial pneumonia. Of all the IPF 
variants, UIP is the least likely to respond to treatment. Still, more than half of these patients will improve or 
stabilize when appropriate therapy is initiated . The potential toxicities associated with currently 
recommended protocols and the lack of impressive improvement in most subjects on therapy has led to 
fewer patients being treated once the disease is recognized . Furthermore, treatment is commonly withheld 
until the patient becomes "sufficiently impaired" to warrant intervention with immunosuppressive agents. By 
the time this occurs, it is usually too late for antiinflammatory drugs to produce significant regression of the 
parenchymal disease. The earlier treatment is initiated, the better the long-term outcome is likely to be. 
Novel treatment strategies are currently being developed which may offer more hope for successful 
intervention in patients with more advanced fibrotic disease. Small numbers of IPF patients in any one area 
and the intrinsic heterogeneity of this disease have been the major stumbling blocks in the organization of 
large-scale treatment protocols to date. However, the first multi-center trials to evaluate the efficacy of new 
therapies are now underway. 
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Appendix 1 
Pathologic Patterns ofthe Idiopathic ln1erstitial Pneumonias 

·~~-

B 

D 

A. Usual interstitial pneumonia with prominent 
temporal heterogeneity B. Fibroblastic focus in 
a patient with U I P C. Desquamative interstitial 
pneumonia. Note uniform interstitial thickening 
with mild to moderate fibrosis and diffuse intra
alveolar macrophage accumulation 
D. Nonspecific in1erstitial pneumonia. Note uniform 
thickening of alveolar septae by a predominantly 
cellular inmrate consisting mostly of mononuclear 
cells E. Acute in1erstitial pneumonia. Marked 
interstitial thickening due to a temporally uniform 
influx of fibroblasts with some chronic inflammatory 
cells . Although the degree of septal thickening and 
the size of the airspaces varies, the component 
cellular inf~trate remains constant throughout the 
specimen 
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