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In the American Thoracic Society/European Respiratory Society con-

sensus classification, idiopathic interstitial pneumonias are classified

into seven clinicopathologic entities. The classification is largely

based on histopathology, but depends on the close interaction of

clinician, radiologist, and pathologist. An accurate diagnosis can

be very difficult, especially when deciding between idiopathic pul-

monary fibrosis and fibrotic nonspecific interstitial pneumonia; bet-

ter diagnostic markers are needed. The prognosis of idiopathic

pulmonary fibrosis is very poor, with median survival of 2–4 yr after

the diagnosis, yet the course of individual patients is highly variable.

Predicting prognosis in the individual patient is challenging but

various clinical and radiologic variables have been identified. Ac-

cording to several recent clinical trials, the natural history of this

disease may involve periods of relative stability punctuated by acute

exacerbations of disease that result in substantial morbidity or

death. Nonspecific interstitial pneumonia is characterized by a dis-

tinct histopathologic appearance and a better prognosis than idio-

pathic pulmonary fibrosis. However, there is still confusion and

controversy over the relationship between idiopathic pulmonary

fibrosis and fibrotic nonspecific interstitial pneumonia.
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The idiopathic interstitial pneumonias (IIPs) are a group of

diffuse parenchymal lung diseases of unknown etiology with

varying degrees of inflammation and fibrosis. In 1969, Liebow

and Carrington published a landmark histopathologic classifica-

tion schema for the IIPs consisting of five patterns: usual intersti-

tial pneumonia (UIP), bronchiolitis obliterans interstitial pneu-

monia and diffuse alveolar damage, desquamative interstitial

pneumonia, lymphocytic interstitial pneumonia (LIP), and giant

cell interstitial pneumonia (1). Katzenstein and Myers empha-

sized the need for consistent histopathologic criteria for the classi-

fication of the IIPs and incorporated several key distinguishing

features: the temporal heterogeneity of inflammation and fibrosis,

the extent of inflammation, the extent of fibroblastic proliferation,

the extent of accumulation of intraalveolar macrophages, and the

presence of honeycombing or hyaline membranes (2).

The histopathologic classification of the IIPs has evolved over

time, most recently codified in the American Thoracic Society/

European Respiratory Society (ATS/ERS) 2002 consensus clas-
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sification statement (3) (Table 1). This classification separates
the IIPs into seven clinicopathologic entities (in order of relative
frequency): idiopathic pulmonary fibrosis (IPF; frequency, z 47
to 64%), nonspecific interstitial pneumonia (NSIP; frequency,
z 14 to 36%), respiratory bronchiolitis–associated interstitial
lung disease, respiratory bronchiolitis–associated interstitial lung
disease/desquamative interstitial pneumonia (frequency, z 10
to 17%), cryptogenic organizing pneumonia (frequency, z 4 to
12%), acute interstitial pneumonia (frequency , 2%), and LIP
(frequency , 2%). Although the histopathologic patterns
provide the basis for the ATS/ERS classification, it is no longer
the “gold standard” for the classification of the IIPs (3). The
ATS/ERS consensus statement emphasizes the importance of
dynamic interactions among clinicians, radiologists, and patholo-
gists to arrive at a final clinico-radiologic-pathologic diagnosis.
This new multidisciplinary gold standard for the diagnosis of the
IIPs is a combined clinico-radiographic-pathologic analysis arrived
at by a dynamic, integrated process among clinicians, radiologists,
and pathologists (when a surgical lung biopsy is available) that
improves diagnostic confidence and interobserver agreement and
should be routinely employed in the diagnosis of the IIPs (3, 4).
The discussion of all seven forms of IIP is beyond the scope

of this short review; several reviews on these entities have been
recently published (5–8). Table 2 summarizes some of the key
features of the IIPs. The pathologic, physiologic, and radiologic
aspects of these diseases and the approach to treatment are
discussed in more detail by other authors in this series. This
review will focus on IPF and NSIP.

IPF

IPF is the most common interstitial lung disease of unknown
etiology. According to the current ATS/ERS definition, IPF is
a distinctive type of chronic fibrosing interstitial pneumonia of
unknown cause limited to the lungs and associatedwith a surgical
lung biopsy showing a histopathologic pattern of UIP (see
Visscher and Myers, pages 322–329).

WHO IS AT RISK OF IPF?

IPF occurs worldwide and the majority of the patients reported
are white (10–14). IPF mainly affects people over 50 yr of age;
approximately two-thirds are over the age of 60 yr at the time
of presentation. The incidence is estimated at 10.7 cases per
100,000 per year for males and 7.4 cases per 100,000 per year
for females (15, 16). The prevalence of IPF is estimated at 20/
100,000 for males and 13/100,000 for females (15, 16). The major-
ity of patients with IPF are current or former smokers, and
cigarette smoking has been identified in some studies as a risk
factor for developing IPF (12).

WHAT CAUSES IPF?

The pathogenesis of IPF remains unknown. During the past de-
cade, there has been a shift away from the pathogenesis theory of
generalized inflammation progressing to widespread parenchymal
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TABLE 1. HISTOPATHOLOGIC CLASSIFICATION SCHEMES OF IDIOPATHIC
INTERSTITIAL PNEUMONIAS

ATS/ERS (2002) (3)
Liebow and Carrington Katzenstein and Myers

(1969) (1) (1998) (2) Histologic Pattern Clinico-Radiographic-Pathologic Diagnosis

UIP UIP UIP Idiopathic pulmonary fibrosis

DIP DIP DIP Desquamative interstitial pneumonia

RB-ILD RB Respiratory bronchiolitis interstitial lung disease

LIP LIP Lymphoid interstitial pneumonia

GIP

BIP OP Cryptogenic organizing pneumonia

AIP DAD Acute interstitial pneumonia

NSIP NSIP Nonspecific interstitial pneumonia

Definition of abbreviations: AIP 5 acute interstitial pneumonia; BIP 5 bronchiolitis obliterans interstitial pneumonia and diffuse

alveolar damage; DAD5 diffuse alveolar damage; DIP5 desquamative interstitial pneumonia; GIP 5 giant cell interstitial pneumo-

nia; LIP 5 lymphocytic interstitial pneumonia; NSIP 5 nonspecific interstitial pneumonia; OP 5 organizing pneumonia; RB 5

respiratory bronchiolitis; RB-ILD 5 respiratory bronchiolitis–interstitial lung disease; UIP 5 usual interstitial pneumonia.

fibrosis toward a paradigm of disordered fibroproliferation and

alveolar epithelial cell function (17). A complete discussion of
the current understanding of the pathogenesis of IPF is found
elsewhere in this monograph.

HOW IS IPF DIAGNOSED?

Clinical Features

Most patients present with gradual onset (. 6 mo) of dyspnea
and/or a nonproductive cough. Constitutional symptoms are rare.
Bibasilar fine inspiratory crackles (so-called Velcro crackles) are

the most frequent physical examination finding and digital club-

bing is seen in 25 to 50% of patients. Features of right heart

failure and peripheral edema develop late in the clinical course.

TABLE 2. CLINICAL, RADIOLOGIC, AND HISTOLOGIC FEATURES, TREATMENT, AND PROGNOSIS OF THE IDIOPATHIC
INTERSTITIAL PNEUMONIAS

Idiopathic Pulmonary Cryptogenic Organizing Acute Interstital Lymphocytic Interstitial

Fibrosis NSIP DIP, RB-ILD Pneumonia Pneumonia Pneumonia

Duration of illness Chronic (. 12 mo) Subacute to chronic Subacute (wk to Subacute (, 3 mo) Abrupt (1 to 2 wk) Chronic (. 12 mo)

(mo to yr) mo);

HRCT • Peripheral, • Peripheral, • DIP: diffuse • Subpleural or • Diffuse, bilateral • Diffuse

subpleural, basal subpleural, basal, ground-glass peribronchial • Ground-glass • Centrilobular nodules,

predominance symmetric opacity in the • Patchy consolidation opacities often • Ground-glass

• Reticular opacities • Ground-glass middle and lower • Nodules with lobular attenuation,

• Architectural attenuation lung zones sparing • Septal and

distortion • Consolidation • RB-ILD: bronchial bronchovascular

• Traction (uncommon) wall thickening; thickening,

bronchiectasis/ • Lower lobe volume centrilobular • Thin-walled cysts

bronchiolectasis loss nodules; patchy

• Honeycombing • Subpleural sparing ground-glass

may be seen opacity

Treatment Poor response to Corticosteroid Smoking cessation, Corticosteroid Effectiveness of Corticosteroid

corticosteroid or responsiveness effectiveness of responsiveness corticosteroid responsiveness

cytotoxic agents corticosteroid unknown

unknown

Prognosis 5-yr mortality, 80% Cellular NSIP: 5-yr RB-ILD: no deaths 5-yr mortality , 5% 60% mortality in Limited data, not well

(median survival mortality , 10% reported DIP: 5-yr (deaths rare) , 6 mo defined

2–3 yr) (median survival mortality , 5%

. 10 yr) Fibrotic

NSIP: 5-yr

mortality 10%

(median survival

6–8 yr)

Definition of abbreviations: NSIP 5 nonspecific interstitial pneumonia; RB-ILD 5 respiratory bronchiolitis–interstitial lung disease.

Adapted by permission from Reference 64.

Pulmonary function tests often reveal restrictive impairment
(decreased static lung volumes), reduced diffusing capacity for
carbon monoxide, and arterial hypoxemia exaggerated or elic-
ited by exercise (see Martinez and Flaherty, pages 315–321).
Bronchoalveolar lavage (BAL) fluid cellular analysis shows

increased neutrophils and eosinophils; lymphocytosis is not a
usual feature.
The chest roentgenogram typically reveals diffuse reticular

opacities (see Misumi and Lynch, pages 307–314). The chest
radiograph lacks diagnostic specificity. In addition, the chest
radiograph correlates poorly with the histopathologic pattern,
the anatomic distribution of disease, and the severity of disease,
with the exception of honeycombing, which is quite specific for
IPF. High-resolution computed tomography (HRCT) is signifi-
cantly more sensitive and specific for the diagnosis of IPF and
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has replaced conventional chest radiography as the preferred
imagingmethod (Table 2) (19). The presence of extensive ground-
glass opacities, nodules, upper lobe or mid-zone predominance
of findings, and significant hilar or mediastinal lymphadenopathy
should question the radiographic diagnosis of IPF. HRCT can
make a confident, highly specific diagnosis of IPF in half to two-
thirds of patients with IIP (20, 21).

Surgical Lung Biopsy

The definitive diagnosis of IPF requires a histopathologic pattern
of UIP found on surgical lung biopsy (3, 22). The specific features
of UIP are described by Visscher and Myers (9). In addition to
UIP pattern, the diagnosis of IPF requires the following: (1) exclu-
sion of other knowncauses of interstitial lungdisease, (2) character-
istic abnormalities on HRCT scan, and (3) a restrictive ventilatory
defect and/or impaired gas exchange (22). In the absence of a
surgical lung biopsy, a presumptive diagnosis of IPF can be made
based on clinical, radiologic, and physiologic criteria (Table 3). In
the immunocompetent adult, the presence of all major diagnostic
criteria and at least three of the four minor criteria increases
the likelihood of a correct clinical diagnosis of IPF (20).
Increasingly, HRCT has been shown to provide a high degree

of specificity in the diagnosis of IPF. Several studies have demon-
strated that, when present, these clinical criteria are highly spe-
cific (. 90%) for the presence ofUIP on surgical lung biopsy (20,
21). Their sensitivity, however, is only around 50%. Therefore, in
a subset of patients with IPF, the diagnosis can be confirmed
with a high degree of confidence even in the absence of surgical
lung biopsy (3, 22).
In rare cases of IPF, the HRCT patternmay bemore informa-

tive than the surgical lung biopsy pattern. Biopsies that show a
fibrosing NSIP pattern in patients with clinical and radiographic
features consistent with IPF (especially honeycomb lung) tend to
behave like, and should therefore be regarded as, IPF. This further
emphasizes the importance of a combined clinico-radiographic-
histopathologic diagnostic approach to IPF.

WHAT IS THE NATURAL HISTORY AND
PROGNOSIS OF IPF?

The natural history of IPF is not well defined. While the course
of IPF is typically described as one of relentless decline in respira-

TABLE 3. AMERICAN THORACIC SOCIETY/EUROPEAN
RESPIRATORY SOCIETY CRITERIA FOR DIAGNOSIS OF
IDIOPATHIC PULMONARY FIBROSIS IN ABSENCE OF
SURGICAL LUNG BIOPSY*

Major Criteria (Must Have All Four)

1. Exclusion of other known causes of ILD, such as certain drug toxicities, environ-

mental exposures, and connective tissue diseases

2. Abnormal pulmonary function studies that include evidence of restriction (re-

duced VC, often with an increased FEV1/FVC ratio) and impaired gas exchange

(increased P[A-a]O2, decreased PaO2 with rest or exercise or decreased DLCO)

3. Bibasilar reticular abnormalities with minimal ground-glass opacities on HRCT

scans

4. Transbronchial lung biopsy or BAL showing no features to support an alternative

diagnosis

Minor Criteria (Must Have Three of Four)

1. Age . 50 yr

2. Insidious onset of otherwise unexplained dyspnea on exertion

3. Duration of illness . 3 mo

4. Bibasilar, inspiratory crackles

Definition of abbreviations: BAL 5 bronchoalveolar lavage; DLCO 5 diffusing

capacity of the lung for carbon monoxide; HRCT 5 high-resolution computed

tomography; ILD 5 interstitial lung disease; P(A-a)O2 5 alveolar-arterial pressure

difference for O2.

Reprinted by permission from Reference 22.

* See text for details.

tory function, the course of individual patients is highly variable
and some patients remain stable for extended periods of time
without treatment (Figure 1).
Estimates of survival in IPF are dependent on the time point

from which they are calculated: time of first radiographic abnor-
mality, time of onset of symptoms, or time of diagnosis. Basilar
reticular opacities are often visible on chest imaging studies
several years before the development of symptoms. Among
asymptomatic patients with IPF (diagnosed by radiographic ab-
normalities found on routine chest X-ray screening and lung
biopsy showing UIP), symptoms developed about 1,000 d after
the recognition of the radiologic abnormality (23). Many studies
have reported that the median duration of symptoms before the
diagnosis of IPF is 1 to 2 yr (23–31). Thus, the diagnosis of IPF
may be delayed 5 or more yr from the time of onset. Compared
with survival from the time of diagnosis, median survival from
the development of symptoms is approximately 48 mo shorter,
illustrating the impact the time point chosen can have on survival
estimates (Figure 2). The median survival in most studies per-
formed after the development of new IIP classification is be-
tween 2 and 4 yr (average, 3 yr) after the diagnosis is made, and
the 5-yr survival is between 20 and 40% (24–31). Survival of the
prevalent cases is longer than that of incident cases, likely be-
cause prevalence studies exclude those who died quickly of ag-
gressive disease (i.e., survival bias) (32).
New insight into the natural history of IPF comes from several

recent well-designed clinical trials (33–35). Although these trials
confirmed the high mortality associated with this disease, the
mean change in lung function was surprisingly small. In a ran-
domized, placebo-controlled trial of IFN-g1b, subjects who sur-
vived to Week 72 had a decrease in mean FVC % predicted
from 64.5 to 61.0%, and a decrease in mean DlCO% predicted
from 37.8 to 37.0% (33). Similarly, a randomized, placebo-
controlled trial of acetylcysteine demonstrated a mean reduction
of VC during 12 mo of 190 ml (7.5% of baseline) and mean
decline in DlCO of 0.70mmol/min/kPa. (13.3% of baseline) in the
placebo group (34). Finally, in a randomized, placebo-controlled
trial of pirfenidone, a decline in VC of only 130 ml was observed
in the placebo group at 9 mo (35).
The discordance between the rate of decline in pulmonary

function and mortality suggests that the clinical course of IPF
may be less a gradual decline and more a steplike process, with
periods of relative stability punctuated by periods of acute decom-
pensation that may be associated with high mortality (Figure 1).
These acute decompensations have received increasing attention
over the last several years and have been termed acute exacerba-
tions of IPF.

Acute Exacerbation of IPF

Acute deterioration in IPF—that is, an abrupt and unexpected
worsening of the underlying lung disease—may occur secondary
to infections, pulmonary embolism, pneumothorax, or heart fail-
ure (36). Often, however, there is no identifiable cause for the
acute decline, and these episodes are called “acute exacerba-
tions” or “accelerated phase” of IPF (37–40).
Acute exacerbations of IPF are increasingly recognized as

common and highly morbid clinical events (35, 37–44) (Table 4).
Martinez and colleagues retrospectively analyzed the course of
168 patients with IPF (45). Over a median period of 76 wk, 21%
of these patients died, and 47% of these deaths followed an
acute deterioration in the patient’s clinical status. Azuma and
colleagues prospectively reported 35 patients with untreated IPF
and found a 14% incidence (five cases) of acute exacerbation
(35). The impact of acute exacerbation on mortality was unclear
as the number of cases was small and only one of the patients
died. Rice and colleagues in a review of autopsy findings conclude
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Figure 1. Schematic drawing of thepotential clinical course

of patients with idiopathic pulmonary fibrosis (IPF). The

majority of patients with IPF show a relatively slow decline

in functional status after diagnosis. Others appear to have

episodes of acute clinical deterioration (acute exacerba-

tions) that precede and possibly initiate the terminal phase

of their illness. A minority of patients appear to have a short

duration of illness with a more rapidly progressive clinical

course. Jagged mark 5 acute exacerbations.

that acute exacerbations associated with a histopathologic pattern
of diffuse alveolar damage may be a common terminal event
(46). Recent studies have suggested mortality rates from 20 to
86% (35, 41–43).
Acute exacerbation of IPF has not been well defined clini-

cally.Most diagnostic criteria aremodeled after those of Kondoh
and include acute subjective worsening, new radiographic abnor-
malities, and evidence of impaired gas exchange (38). Because
of the importance of acute exacerbations of IPF to our under-
standing of the natural history the disease, a consensus definition
should be developed and the etiology, risk factors, pathogenesis,
treatment, prognosis, and predictors need to be studied. We
propose that the definition of acute exacerbation of IPF require
subjective and objective evidence of deterioration and exclusion
of common alternative etiologies, such as infection, pulmonary
embolism, heart failure, and pneumothorax (Table 5).

Predictors of Prognosis of IPF

Predicting survival based on baseline clinical variables has
proven challenging. A number of parameters at the time of
diagnosis have been proposed as predictors of worse survival in
IPF: increasing age, male sex, degree of dyspnea, smoking his-
tory, severity of lung function and radiographic abnormality,

Figure 2. Kaplan-Meier plot of survival

probability from the time of the onset of

symptoms (median survival was 80.8 mo;

95% confidence interval, 65.5–89.3) com-

pared with the time from initial visit (me-

dian survivalwas 35.2mo; 95%confidence

interval, 23.2–48.5; n 5 238). Reprinted

by permission from Reference 13.

neutrophilia or eosinophilia on BAL, honeycombing on HRCT,
and the extent of fibroblastic foci on surgical lung biopsy speci-
mens (24, 47, 48). Among the demographic and physiologic vari-
ables, patient age at the time of diagnosis and reduced lung
function appear to be relatively consistent prognostic markers,
but even these are inconsistent.
A study by Flaherty and colleagues suggests that the HRCT

pattern adds important prognostic information. Among patients
with IPF, a HRCT consistent with definite IPF was associated
with worse survival than a HRCT that was indeterminate (me-
dian survival, 2.08 [95% confidence interval (CI), 1.30–3.98] vs.
5.76 [95% CI, 4.03 to not available], respectively) (49).
Recently, oxygen desaturation during 6 min of walking has

been demonstrated to predict survival in IPF (50). End of exer-
cise SpO2, change in SpO2 with exercise, walk distance, and walk
velocity were also correlated with survival in a 5-yr follow-up
study in patients with IPF (51). Considering its simplicity and
practicality, the prognostic value of this test should be investi-
gated further.
Composite indices containing multiple parameters may be

more accurate than single parameters. King and colleagues gen-
erated a clinico-radiologic-physiologic score from a large cohort
of patients with biopsy-proven IPF using clinical, radiographic,
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TABLE 4. ACUTE EXACERBATIONS IN IDIOPATHIC PULMONARY FIBROSIS

Frequency of Acute Mortality Rate after Acute

Publication Study Population Study Design Exacerbations Exacerbations

Kim, 2006 (41) 147 Retrospective cohort 9.6% (2-yr incidence) 78% (overall, 82% died within 3 mo)

Parambil, 2005 (42) 7 Case series Not available 86%

Azuma, 2005 (35) 107 Prospective RCT 7% (6-mo incidence) 20%

Kubo, 2005 (43) 56 Prospective RCT 57% (3-yr incidence) 30%

Kondoh, 2005 (44) 27 Prospective cohort 22% (mean follow-up 49.5 mo) 100%

Ambrosini, 2003 (39) 5 Case series Not available 80%

Akira, 1997 (40) 17 Case series Not available 53%

Kondoh, 1993 (38) 3 Case series Not available 0%

Kondo, 1989 (37) 155 Survey 57.6% (no time period defined) 95.5%

Kondo, 1989 (37) 22 Retrospective cohort 18% (no time period defined) 100%

and physiologic (including exercise test) features to predict sur-
vival (13). Wells and colleagues derived a composite physiologic
index (CPI) from simple spirometry and DlCO and demonstrated
that CPI was linked tomortality more closely than the individual
pulmonary function test values (52). The CPI score is easier to
generate than the clinico-radiologic-physiologic score because
no radiographic scoring or exercise data are required. However,
the validity of these composite indices requires more study.
Finally, several studies have shown that serial changes in

dyspnea and lung function are predictive of survival (27–29, 53).
Change in FVC during the initial 6 mo seems to be better than
change inDlCO as a predictor ofmortality in patients withmoder-
ately severe disease (27–29).

WHAT IS THE TREATMENT FOR IPF?

The treatment of IPF is discussed by elsewhere in this issue by
Walter and coworkers (pages 330–338).

NSIP

For many years, it was recognized that lung biopsy samples from
some patients with IIP do not fit into any well-defined histologic
pattern. In 1994, Katzenstein and Fiorelli assigned the term
“nonspecific interstitial pneumonia” to this histopathologic
group (55). Importantly, the NSIP pattern is found on surgical
lung biopsies from nonidiopathic forms of interstitial lung dis-
ease, such as connective tissue disease, hypersensitivity pneumo-
nitis, poorly resolved diffuse alveolar damage, LIP, and a variety
of exposures. It has been suggested that NSIP may represent an
injury pattern common to many settings, rather than a specific

TABLE 5. PROPOSED DIAGNOSTIC CRITERIA FOR
ACUTE EXACERBATIONS IN PATIENTS WITH IDIOPATHIC
PULMONARY FIBROSIS

1. Subjective worsening of dyspnea or cough within the last 30 d

2. New ground-glass opacities or consolidation on chest imaging studies (chest

radiograph or HRCT)

3. One of the following:

a. Decline of > 10% in absolute FVC

b. Decline of > 10 mm Hg in PaO2
c. Decline of > 5% in SpO2

4. Negative respiratory culture for respiratory pathogens (positive culture defined

as moderate or heavy growth of sputum or endotracheal aspirate or quantita-

tive culture by mini-BAL > 103 cfu/ml, protected brush specimen > 103 cfu/

ml or BAL > 104 cfu/ml)

5. No evidence of pulmonary embolism, congestive heart failure, pneumothorax

as cause of acute worsening

Definition of abbreviations: BAL5 bronchoalveolar lavage; HRCT5 high-resolution

computed tomography.

disease, and that idiopathic NSIP (i.e., the clinical condition)
may represent subclinical forms of these alternative diagnoses.
The concept of NSIP as a separate disease entity is attractive,

however, because it can explain someof thehistorical heterogeneity
in the clinical behavior of IPF. Many patients previously labeled
as having IPF had cellular biopsies (prominent lymphoplasmacytic
inflammation), BAL lymphocytosis, a dramatic response to ste-
roids, and better long-term prognosis. On re-review, many of these
steroid-responsive, cellular, lymphocyte-predominant cases repre-
sented NSIP (i.e., their surgical lung biopsy showed NSIP pattern,
not UIP pattern). Based on this observation, the ATS/ERS classi-
fication schema for the IIPs included idiopathic NSIP as a provi-
sional clinical diagnosis and recommended further study and
characterization of this condition.
Nicholson has proposed that fibrotic NSIP pattern may be

a relatively “inactive” UIP pattern (56). However, in a study
comparing lung biopsy and subsequent explant tissue in patients
with IIP, Katzenstein and colleagues found no explants showing
UIP pattern to be preceded by biopsy findings of the NSIP
pattern, which was interpreted as evidence against the evolution
from NSIP to IPF (57). Furthermore, surgical lung biopsy speci-
mens of early stages from patients with IPF who were detected
by CT scan showed the same temporal heterogeneity (i.e., UIP
pattern) as seen in advanced cases of IPF; NSIP pattern was not
observed (26). Based on these data, current evidence suggest
that, in general, idiopathic fibrosing NSIP pattern represents a
distinct clinical condition, and not an early (or inactive) stage
of IPF (58). The finding of bothUIP andNSIP pattern inmultiple
biopsies from the same patients (59, 60) raises the possibility that
NSIP patternmay, on occasion, be a nonspecificmanifestation of
IPF. However, more data are required to clarify this issue.

WHO IS AT RISK OF NSIP?

NSIP occurs worldwide and the majority of the patients reported
arewhite. The incidence and prevalence are unknown. Themean
age of patients with NSIP is a decade younger than the patients
with IPF (median age of onset is 40 and 50 yr respectively)
(3, 23, 25, 29, 53). NSIP appears to be more common in women,
although this needs further clarification. There is not an associa-
tion with cigarette smoking.

WHAT CAUSES NSIP?

The pathogenesis of NSIP is unknown. Many investigators sus-
pect it to be an autoimmune disease because of the common
appearance of this pattern in patients with connective tissue
disease, especially systemic sclerosis and polymyositis-
dermatomyositis. As mentioned previously, it is also possible
that idiopathic NSIP may represent subclinical forms of other
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nonidiopathic interstitial lung diseases (e.g., hypersensitivity
pneumonitis). Clearly, this issue needs additional study.

WHAT ARE THE CLINICAL FEATURES OF NSIP?

The clinical presentation of NSIP generally consists of the sub-
acute onset of dyspnea or nonproductive cough. Constitutional
symptoms are rare, although a low-grade fever is sometimes
reported. The median duration of symptoms before diagnosis
varies from 6 to 18 mo. Clubbing is found in about 10% of
patients. In contrast to IPF, serologic abnormalities (antinuclear
antibodies and rheumatoid factor) may be positive in low titer.
More than half of the patients have an increased percentage of
lymphocytes in the BAL fluid. Pulmonary function tests often
reveal restrictive impairment, reduced diffusing capacity for car-
bon monoxide, and arterial hypoxemia exaggerated or elicited
by exercise (18). The radiologic and histopathologic findings will
be discussed by other authors in this issue (9, 19).

HOW IS NSIP DIAGNOSED?

As with all IIPs, the diagnosis of NSIP depends on a combination
of clinical, radiologic, and histopathologic findings. NSIP is char-
acterized pathologically by varying degrees of inflammation and
fibrosis and by temporal homogeneity (i.e., uniformity of fibro-
sis), which is distinct from UIP pattern. Nonetheless, fibrotic
NSIP pattern can be difficult to distinguish from UIP pattern,
and significant interobserver variability exists even among expert
histopathologists (30, 61). Therefore, even though the current
ATS/ERS classification is based onhistopathologic pattern, addi-
tional diagnostic methods, such as microarray analysis, are
needed to better distinguish the two diseases. (62).

WHAT IS THE TREATMENT FOR NSIP?

Patients with NSIP have a better outcome than patients with
IPF, with many showing improvement after treatment with corti-
costeroids. Importantly, there are no controlled data on which
to judge the effectiveness of therapy. Retrospective reviews of
patients with NSIP show around a third will improve pulmonary
function with therapy and the majority of the rest will stabilize
(30, 63). Patients with NSIPmay require the addition of immuno-
suppressive agents as the initial response to corticosteroids alone
may not be adequate. Patients with moderate to severe impair-
ment are at particular risk for progressive or poorly responsive
disease (53). It has been suggested that patients with fibrosing
NSIP be treated with the combination of corticosteroid and
immunosuppressant therapy to prevent the development of an
irreversible fibrosis (44). Further studies are needed to compare
the effect of corticosteroid therapy with corticosteroid and im-
munosuppressant combination therapy for idiopathic fibrosing
NSIP (44).

WHAT IS THE NATURAL HISTORY AND
PROGNOSIS OF NSIP?

The clinical course of idiopathic NSIP has not been well studied.
The prognosis of cellular NSIP is excellent with few reported
deaths (29, 53). The course of fibrotic NSIP is worse, with re-
ported median survival ranging from 6 to 13.5 yr (25, 29, 49, 53,
60). Travis and colleagues reported the 10-yr survival of fibrotic
NSIP to be 35% (31). Nicholson and colleagues reported a
5-yr survival of only 43% (30). Nagai and colleagues reported
deterioration of lung function despite treatment in 5 of 17 pa-
tients, and 2 of them died (48). Kondoh and colleagues showed
that 25% worsened or died after a mean follow-up of 92 mo
(44). Further studies with long-term follow-up in larger number

of patients are required to clarify the course and prognostic
marker in this disease.

CONCLUSIONS

Following the development of the ATS/ERS consensus classifi-
cation, we have been able to classify the IIPs more clearly.
HRCT has become central to the diagnosis of the IIPs, and a
multidisciplinary approach to the diagnosis of these conditions
is paramount. IPF has the worst prognosis among the chronic
IIPs. However, the clinical course of IPF may not be as indolent
and steadily progressive as classically described. Periods of rela-
tive stability may instead be punctuated with acute exacerbations
of disease that cause new lung injury, acute decline, and, fre-
quently, death. Predicting prognosis in the individual patient
with IPF is challenging but various clinical and radiologic vari-
ables have been identified. NSIP has been proposed as a separate
entity among the IIPs. There is little evidence to support the
idea that NSIP progresses to IPF; rather, NSIP may be a unique
form of IIP, although further clarification of the relationship of
NSIP to collagen vascular disease, hypersensitivity pneumonitis,
and other nonidiopathic forms of interstitial lung disease is
needed. NSIP appears more responsive to corticosteroid and
immunomodulatory therapy, and has better survival than IPF.
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Idiopathic Nonspecific Interstitial Pneumonia
Lung Manifestation of Undifferentiated Connective Tissue Disease?
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Rationale: The American Thoracic Society/European Respiratory

Society International Consensus Classification panel identified the

clinical entity idiopathic nonspecific interstitial pneumonia (NSIP) as

a provisional diagnosis and recommended further study.

Objectives: We hypothesized that idiopathic NSIP is an autoimmune

disease and the lung manifestation of undifferentiated connective

tissue disease (UCTD), a recently described, distinct entity.

Methods: We studied 28 consecutive patients with idiopathic in-

terstitial pneumonia (IIP) enrolled in theUniversity ofCalifornia, San

Francisco Interstitial Lung Disease Center who met prespecified

criteria for UCTD, as follows: at least one clinical manifestation of

connective tissue disease, serologic evidence of systemic inflamma-

tion in the absence of clinical infection, and absence of sufficient

American College of Rheumatology criteria for another connective

tissue disease. Medical record reviews, evaluation of radiographs,

and scoring of lung biopsies were performed. The control group

consisted of all other patients (n5 47)with IIPwhodid notmeet the

UCTD criteria.

Measurements and Main Results: The patients with UCTD were more

likely to be women, younger, and nonsmokers than the IIP control

subjects. Comparedwith the control group, patients with UCTD-ILD

were significantly more likely to have ground-glass opacity on high-

resolution computed tomography (HRCT) and NSIP pattern on

biopsy, and less likely to have honeycombing on HRCT or usual

interstitial pneumonia on biopsy. At our center, the majority of

patients classified as idiopathic NSIP (88%) met the criteria for

UCTD.

Conclusions: Most patients diagnosed with idiopathic NSIPmeet the

case definition of UCTD. Furthermore, these results show that the

clinical entity idiopathic NSIP is different from idiopathic pulmonary

fibrosis and appears to be an autoimmune disease.

Keywords: idiopathic interstitial pneumonia; systemic rheumatic disease;

undifferentiatedconnective tissue; collagenvascular; autoimmunedisease

Before the last decade, a subset of the patients diagnosed as
having idiopathic pulmonary fibrosis (IPF) had cellular biopsies
(prominent lymphoplasmacytic inflammation), bronchoalveolar
lavage lymphocytosis, a clinical response to steroids, and a better
long-term prognosis (1–4). On review of the lung histopathol-
ogy, most of these cases were reclassified as nonspecific in-
terstitial pneumonia (NSIP) (i.e., their surgical lung biopsy
showed a pattern, termed NSIP, distinct from usual interstitial
pneumonia [UIP], the pattern characteristic of IPF) (5, 6).
Consequently, the 2002 American Thoracic Society/European
Respiratory Society (ATS/ERS) International Consensus Panel
for Classification of Interstitial Lung Disease included idio-

pathic NSIP as a provisional clinical diagnosis and recommen-
ded further study and characterization of this condition (7).

The histopathologic pattern of NSIP has been found in
a wide variety of clinical and radiologic contexts (8–10). Re-
cently, NSIP has been identified as the most common histo-
pathologic pattern found in patients with connective tissue
disease (CTD) who meet established American College of
Rheumatology (ACR) criteria (11–13).

Rheumatologic studies have estimated that up to 25% of
patients with features of a systemic autoimmune disease do not
fulfill ACR classification criteria for CTD (14–18). These pa-
tients are considered to have diffuse or undifferentiated CTD
(UCTD). The majority of such cases (65–94%) after years of
follow-up do not develop into a ‘‘differentiated’’ CTD (e.g.,
rheumatoid arthritis, systemic lupus erythematosus, systemic
sclerosis, mixed CTD) (14–19). Consequently, it has been pro-
posed that UCTD represents a distinct clinical entity with the
following criteria: signs and symptoms suggestive of a CTD,
positive serologic results, and disease duration of at least 1 year
(19–21). The most common clinical manifestations of UCTD
include the following: Raynaud’s phenomenon, arthritis/arthral-
gias, pleuritis/pericarditis, sicca symptoms, cutaneous involve-
ment (photosensitivity, rash), esophageal involvement, fever,
and myositis (14). The specific pulmonary manifestations of
UCTD have not been studied.

We hypothesized that the clinical entity ‘‘idiopathic NSIP’’ is
an autoimmune disease and, furthermore, is the lung manifes-
tation of UCTD. Applying prespecified diagnostic criteria for
UCTD to a cohort of patients with idiopathic interstitial pneu-
monia (IIP), we studied these patients’ clinical manifestations,
radiographic findings, and lung histopathologic patterns. Next,
we compared the patients with UCTD with all other patients
with IIP enrolled at the University of California, San Francisco
(UCSF), over the same period. Last, we determined what pro-
portion of patients with IIP and a lung biopsy showing NSIP
pattern met the case definition for UCTD. Some of the results

AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

The clinical entity idiopathic nonspecific interstitial pneu-
monia is a provisional diagnosis and needs further study.
Undifferentiated connective tissue disease is a recognized
disease entity, but the pulmonary manifestations are not
described. Their relationship is unknown.

What This Study Adds to the Field

Patients previously classified as having idiopathic nonspecific
interstitial pneumonia have clinical, serologic, radiographic,
and pathologic characteristics that are highly suggestive of
autoimmune disease and meet criteria for undifferentiated
connective tissue disease.
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of this study were presented in abstract form at the ATS Inter-
national Conference in May 2007 (22).

METHODS

Study Subjects and Diagnostic Criteria

We reviewed the medical records of patients consecutively enrolled in
the UCSF Interstitial Lung Disease longitudinal database with a di-
agnosis of IIP from January 1, 2004, to November 1, 2006. Enrollment
included completion of a written survey and permission to review all
medical records. The UCSF Committee on Human Research approved
the study, and subjects provided informed consent.

Patients were considered to have UCTD if review of their medical
record identified signs or symptoms and laboratory findings that met
the prespecified criteria for UCTD as defined in Table 1. Patients with
a defined CTD according to current ACR criteria, or a known cause
of interstitial lung disease (ILD) (e.g., hypersensitivity pneumonitis,
drug-induced lung disease) were excluded. Using this approach, 28
patients were identified who met the criteria for UCTD. For the
control group, we reviewed the medical records of all the other patients
with IIP (n 5 47) from our original query and who did not meet the
case definition for UCTD.

Clinical and Radiographic Characteristics

Patients entered into the database had the following clinical character-
istics documented at the time of the first visit: age, ethnicity, sex, date
of first symptom onset (cough, dyspnea, or wheeze), symptoms or signs
of CTD (Table 1), smoking status, physical exam findings, pulmonary
function tests, and serologic tests (the battery of individual tests were
determined by individual clinician judgment). Serologic studies were
performed in a variety of laboratories, including referring clinics/
hospitals and at the study hospital, using standard techniques (23,
24). All laboratory tests were ordered as part of clinical evaluation and
not performed for the purposes of this study.

High-resolution computed tomography (HRCT) scans of the chest
were performed on all patients at the time of initial evaluation. For this
study, the films were reviewed in a blinded fashion by chest radiologists
experienced in the interpretation of diffuse lung disease. The specific
findings on HRCT were documented for the index scan (first doc-
umenting presence of ILD).

Pathologic Analysis

All lung biopsy specimens were reviewed by a lung pathologist at
UCSF with experience and advanced training in the evaluation of dif-
fuse lung disease, and were classified using the histopathologic patterns
described in the ATS/ERS International Consensus Classification of
the IIPs (7). Specific features on histopathology were prospectively
documented and a major histopathologic pattern was assigned as part
of clinical care and without knowledge of this particular study.

Determination of Overlap between UCTD and IIP with Biopsy

Pattern of NSIP

After the above analyses were performed, the entire UCSF ILD
longitudinal database was reviewed to identify all patients classified
as IIP with a surgical biopsy documenting an NSIP pattern. This list
was then cross-referenced with all patients fulfilling criteria for UCTD.
The proportion of patients with UCTD among those with IIP and
a biopsy showing NSIP was determined.

Statistical Analysis

Continuous data are expressed as means or medians with observed
range. Categorical data are expressed as percentages. Comparisons
between groups were made using the t test, x2 test, or Fisher exact test
as appropriate. All p values corresponded to two-sided tests and statis-
tical significance was defined as a p value of less than 0.05. All analyses
were performed with STATA statistical software (version 9.2; Stata
Corp., College Station, TX).

RESULTS

Study Population

Two hundred and eighty patients were enrolled in the UCSF
database during the study period (78 with IIP, 53 with defined
CTDs, 44 with sarcoidosis, 40 with hypersensitivity pneumonitis,
28 with drug-induced ILD, 6 with asbestosis, 31 with miscella-
neous other diagnoses or diagnostic uncertainty but not believed
to be idiopathic). Among the established CTD-associated ILDs
(cases that were excluded from this study), 33 had scleroderma,
8 had rheumatoid arthritis, 7 had dermatomyositis/polymyositis,
3 had primary Sjögren’s disease, 1 had systemic lupus eryth-
ematosus, and 1 had mixed connective tissue disease.

Seventy-five subjects with IIP had adequate data and 28 of
these met criteria for UCTD (37%). This represents approxi-
mately 10% (period prevalence) of all patents enrolled in the
UCSF ILD clinic during the study period. Forty-seven control
patients with IIP who did not meet criteria for UCTD consti-
tuted the control cohort (Figure 1A). Of these, 41 were diag-
nosed as IPF, 2 as having idiopathic NSIP, 1 with desquamative
interstitial pneumonia, and 3 did not have a biopsy and a final
clinical diagnosis was inconclusive (the differential diagnosis
was fibrotic NSIP vs. IPF).

Demographic and Clinical Characteristics

Demographic and clinical characteristics of the 28 patients with
UCTD and the 47 control patients with IIP studied are shown in
Table 2. Sixty-eight percent of the patients with UCTD were
women compared with 23% of the IIP control subjects (p ,

0.0001). The mean age of disease onset (defined by first attrib-
utable lung symptom) was 50 years for the patients with UCTD
and 65 years for the control subjects with IIP (p , 0.0001).
Forty-three percent of patients with UCTD and 75% of the
control IIP patients were ever-smokers (p 5 0.006). The most
common ethnicity in both groups of patients was white.

As expected based on the case criteria, systemic but not res-
piratory symptoms could differentiate between the patients with
UCTD and the other IIP control subjects. All patients pre-
sented with dyspnea. Dry cough was somewhat less common in
the UCTD group (82 vs. 98%, p 5 0.015). In the UCTD group,

TABLE 1. DIAGNOSTIC CRITERIA FOR PATIENTS WITH
UNDIFFERENTIATED CONNECTIVE TISSUE DISEASE*

Diagnostic Criteria Presence of

Symptoms associated with

connective tissue disease

At least one of the following symptoms:

1. Raynaud’s phenomenon

2. Arthralgias/multiple joint swelling

3. Photosensitivity

4. Unintentional weight loss

5. Morning stiffness

6. Dry mouth or dry eyes (sicca features)

7. Dysphagia

8. Recurrent unexplained fever

9. Gastroesophageal reflux

10. Skin changes (rash)

11. Oral ulceration

12. Nonandrogenic alopecia

13. Proximal muscle weakness

Evidence of systemic inflammation

in the absence of infection

Positive findings for at least one of the

following:

1. Antinuclear antigen

2. Rheumatoid factor

3. Anti–SCL 70 antibody

4. SS-A or SS-B

5. Jo-1 antibody,

6. Sedimentation rate (. two times

normal), C-reactive protein

* Criteria are derived from References 18, 20, and 21.
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the most common systemic symptoms were arthralgias/joint
swelling (64%) and Raynaud’s phenomenon (61%). Other
common findings included the following: esophageal symptoms
such as gastroesophageal reflux (65%) and dysphagia (36%),
dry mouth or eyes (29%), recurrent unexplained fever (25%),
rash (25%), and morning stiffness (18%). Twenty-four (86%) of
the patients with UCTD had at least two symptoms, whereas 19
(67%) had at least three systemic symptoms. Twelve (43%) of
the patients had both arthralgias and Raynaud’s phenomenon.
In the control group, these symptoms were much less common.
Clubbing was seen in 7% of those with UCTD and in 26% of
control subjects (p 5 0.048), whereas inspiratory crackles were
common in both groups (89 and 96%, respectively).

Laboratory and Physiologic Findings

Laboratory data are displayed in Table 3. A positive antinuclear
antibody was themost common serologic abnormality in patients
withUCTD(64%),with amedian titer of 1:320. In addition, these
patients frequently had a sedimentation ratemore than two times
the upper limit of normal (67%). A positive antinuclear antibody
was decidedly uncommon in the control group (6%), and when
present, was of low titer (1:40 and 1:80).

The pulmonary function abnormalities were similar between
the two groups and demonstrated restrictive defects with
diffusion impairments.

Chest Imaging Findings

Results of the comparison between the two groups for charac-
teristic features on HRCT are shown in Table 4. The finding of
ground-glass opacity extending beyond areas of adjacent re-
ticulation was highly associated with the UCTD patient group

(odds ratio [OR], 49; p , 0.0001). In addition, the finding of
consolidation was also associated with having UCTD (OR, 10;
p 5 0.025). In contrast, the finding of honeycombing (OR for
UCTD, 0.06; p , 0.0001) and traction bronchiectasis (OR for
UCTD, 0.23; p5 0.006)wasmuchmore characteristic of the other
IIPs thanwithUCTD.Mosaic perfusionwasmore common in the
UCTD group but the difference was not statistically significant
(p 5 0.36). Reticulation was a common feature in both groups.

Histopathologic Findings

Table 5 shows the histopathologic patterns for all study patients
who underwent surgical lung biopsy (n 5 40; 18 [64%] met
criteria for UCTD, and 22 [47%] had other IIPs) and provides
a comparison between the UCTD and control groups. Overall,
UIP was the most common pattern (50%) followed by NSIP
(43%). There was one case each of organizing pneumonia, de-
squamative interstitial pneumonia, and nonclassifiable fibrosis.

Among the 28 cases who met the UCTD criteria, 18 un-
derwent surgical lung biopsy, the NSIP pattern was present in
15 patients (OR, 50; p , 0.0001); in the remaining three cases,
there was one case each of organizing pneumonia, UIP, and
nonclassifiable fibrosis. Among the 22 cases with IIP who
underwent surgical lung biopsy and who did not meet the
UCTD case definition, two patients had an NSIP pattern found
on lung biopsy. Therefore, among all patients enrolled in the
UCSF database with IIP and an NSIP pattern on surgical lung
biopsy during this study period (n 5 17), 15 (88%) met our case
definition for UCTD (Figure 1B). It is noteworthy that the two
patients who did not meet the UCTD case definition met the
systemic symptom criteria and had ground-glass opacity on
HRCT but did not meet serologic criteria; however, complete
serologic panels were not performed. The UIP pattern was
strongly associated with the other IIP group (OR for control
subjects, 111; OR for UCTD, 0.009; p , 0.0001).

DISCUSSION

Even in the absence of a defined CTD, 10 to 20% of patients
with IIP have systemic symptoms (fever, arthralgias, Raynaud’s
phenomenon) and serologic abnormalities (elevated erythro-
cyte sedimentation rate, antinuclear antibodies, or rheumatoid
factor) suggestive of an autoimmune process (25–27). Following
the 2002 ATS/ERS international consensus classification of the
IIPs, it has been noted that most patients with these findings are
classified among the patients with idiopathic NSIP (3, 28). In
addition, it is now recognized that the vast majority of ILD
associated with defined CTD is characterized by the histopath-
ologic pattern of NSIP (11–13) and a predominance of ground-
glass opacities on HRCT (13, 29, 30), especially in systemic
sclerosis, Sjögren’s syndrome, and dermatomyositis/polymyositis.
A recent ATS working group described idiopathic NSIP as a
distinct clinical entity that occurs mostly in middle-aged women
who are never-smokers andwho often have positive serologic tests
for collagen vascular disease (31). Fujita and coworkers recently
reported in a case series that the clinical and pathologic features of
patients with idiopathic NSIP and those with CTD-associated
NSIP were qualitatively similar (32). Given the above, we hypoth-
esized that the clinical entity ‘‘idiopathic NSIP’’ is an autoimmune
disease and the lung manifestation of UCTD, an increasingly
recognized and distinct CTD. Our results provide strong evi-
dence to support this hypothesis. In addition, the high prevalence
(z 10%) of these patients in a tertiary referral center population
demonstrates the importance of this disorder.

Several characteristics of the current study enhance the
validity of the results: the systematic prospective assessment
for symptoms of CTD, detailed information on clinical and

Figure 1. (A) Flow diagram for determining undifferentiated connec-

tive tissue disease (UCTD) cases and control subjects. All cases enrolled

from January 1, 2004, to November 1, 2006, with diagnosis of idio-

pathic interstitial pneumonia (IIP; n 5 75) were reviewed to identify

those that met the criteria for UCTD (see Table 1). (B) Flow diagram

showing the proportion of patients with nonspecific interstitial pneu-

monia (NSIP) on biopsy that met the criteria for UCTD. All cases

enrolled from January 1, 2004, to November 1, 2006, with a diagnosis

of IIP and with a lung biopsy showing an NSIP pattern were examined

(n 5 17).
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radiographic characteristics, and documentation of specific
histopathologic findings. This study is the first to apply specific
criteria for the diagnosis of UCTD to characterize patients with
associated ILD. We show that patients with UCTD and ILD
bear striking similarities to the more established CTDs in terms
of clinical characteristics (female, younger, nonsmoker pre-
dilection, high titer-positive antinuclear antibodies (ANA), ab-
sence of clubbing), radiographic features (presence of significant
ground-glass opacity and absence of honeycombing), and histo-
pathologic patterns (NSIP predominant). We believe this study
provides important insight into the underlying pathogenesis of
these patients—that of autoimmunity.

Autoimmune disease predominantly affecting a single-organ
system is well described (33, 34). The establishment of these
diseases as autoimmune in nature has largely been based on
clinical and laboratory evidence of autoimmunity, and histo-
logic findings of a lymphocytic infiltrate in the affected organ
(33, 34). In autoimmune pancreatitis, internationally recognized
criteria are based on a combination of the findings of abdominal
imaging, laboratory testing (positive autoantibodies), and his-
tology (lymphoplasmacytic infiltrate) (35). Other investigators

have suggested the inclusion of a clinical response to steroids in
the criteria (36). In autoimmune hepatitis, the diagnosis is based
on characteristic clinical features (e.g., female predilection,
systemic symptoms such as arthralgias), circulating autoanti-
bodies (e.g., ANA titer greater than 1:80), abnormal levels of
serum globulins, and a compatible histologic picture (chronic
hepatitis with a plasma cell infiltrate) (34). Although the causes
of autoimmune hepatitis and pancreatitis are unknown, aber-
rant autoreactivity is believed to have a role in its pathogenesis.
Based on similar clinical, laboratory, and histopathologic crite-
ria, we believe our findings suggest that idiopathic NSIP
represents a form of autoimmune pneumonitis.

In the 2002 ATS/ERS international consensus statement on
the classification of IIP, it was stated that, ‘‘the concept of an
idiopathic form of NSIP presents a problem for the clinician
because there is no recognized and distinctive clinical descrip-
tion for patients presenting with this histologic pattern on lung
biopsy’’ (7). Our study suggests that the application of diagnostic
criteria forUCTDmay be able to distinguish these patients based
ona thorough systematic reviewof symptomsor signs ofCTDand
serologic studies before obtaining surgical lung biopsy.

TABLE 2. DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF PATIENTS WITH UNDIFFERENTIATED
CONNECTIVE TISSUE DISEASE COMPARED WITH PATIENTS WITH IDIOPATHIC
INTERSTITIAL PNEUMONIA

Characteristics

Patients with UCTD*

(n 5 28)

Patients with other IIP†

(n 5 47 ) p Value‡

Age at first lung symptom, yr, mean (range) 50 (31–68) 65 (41–86) , 0.0001

Age at first enrollment, yr, mean (range) 54 (33–69) 69 (46–90) , 0.0001

Sex, n (%)

Men 9 (32) 36 (77) , 0.0001

Women 19 (68) 11 (23)

Smoking status, n (%)

Ever 12 (43) 35 (75) 0.006

Never 16 (57) 12 (25)

Former 12 (43) 32 (68)

Current 0 3 (11)

Ethnic background, n (%)

White 19 (68) 39 (83) 0.077

Black 1 (4) 4 (9)

Hispanic 4 (14) 4 (9)

Asian 3 (11) 0 (0)

Other 1 (4) 0 (0)

Symptoms and signs at presentation, n (%)

Lung related

Dyspnea 28 (100) 47 (100)

Cough 23 (82) 46 (98) 0.015

Wheeze 2 (7) 1 (2) 0.284

Systemic

Arthralgias/joint swelling 18 (64) 6 (13) , 0.001

GERD 18 (65) 16 (34) 0.011

Raynaud’s phenomenon 17 (61) 0 (0) , 0.001

Dysphagia 10 (36) 2 (4) , 0.001

Sicca symptoms 8 (29) 6 (13) 0.089

Recurrent fever 7 (25) 2 (4) 0.007

Skin changes (rash) 7 (25) 1 (2) 0.002

Morning stiffness 5 (18) 0 (0) 0.003

Unintentional weight loss 3 (11) 5 (11) 0.992

Proximal muscle weakness 3 (11) 0 (0) 0.022

Oral ulcerations 1 (4) 0 (0) 0.192

Photosensitivity 0 0

Alopecia (nonandrogenic) 0 0

Bibasilar inspiratory crackles 25 (89) 45 (96) 0.278

Clubbing 2 (7) 12 (26) 0.048

Definitions of abbreviations: GERD 5 gastroesophageal reflux disease; IIP 5 idiopathic interstitial pneumonia; UCTD 5

undifferentiated connective tissue disease.

* Includes patients with UCTD (see Table 1 for definitions).
† IIP control subjects (clinical diagnoses include 24 subjects with idiopathic pulmonary fibrosis, 3 with idiopathic nonspecific

interstitial pneumonia, and 1 with desquamative interstitial pneumonia).
‡ x2 or Fisher exact test, where appropriate.

694 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 176 2007



It has been known for some time that the pulmonary mani-
festations of CTDoccasionally precede themore typical systemic
manifestations by months or years (especially in rheumatoid
arthritis, systemic lupus erythematosus, and polymyositis/derma-
tomyositis) (37). Consequently, we expect that some of the
patients included in our UCTD cohort will go on to develop
sufficient criteria to be classified as another disease entity.
However, if patients with ILD behave similarly to those with
UCTD in general, this is likely to be a minority of patients (e.g.,
25%) (14–19). Furthermore, among those patients with UCTD
that does evolve into another disorder, the majority do so within
the first year of follow-up (19). It should be noted that ourUCTD

patients with ILD had mean disease duration (first pulmonary
symptom onset until presentation) of approximately 3.5 years at
the time of enrollment.

We have demonstrated that the most common clinical
manifestations in patients with UCTD and ILD are diffuse
arthralgias, Raynaud’s phenomenon, and esophageal symptoms,
whereas oral ulcerations, renal and neurologic disease (data not
shown), alopecia, clubbing, and muscle weakness are uncom-
mon. This relative frequency of findings are similar to what has
been observed in other non-ILD UCTD cohorts (19). These
findings, if replicated, may inform subsequent development of
more specific classification criteria for this form of CTD.

TABLE 4. HIGH-RESOLUTION COMPUTED TOMOGRAPHY FINDINGS IN PATIENTS WITH
UNDIFFERENTIATED CONNECTIVE TISSUE DISEASE COMPARED WITH PATIENTS WITH
IDIOPATHIC INTERSTITIAL PNEUMONIA

Characteristic UCTD* n 28 (%) Other IIP† n 5 47 (%) OR (95% CI ) p Value‡

Ground-glass opacityx 21 (75) 4 (9) 49 (10–261) , 0.0001

Consolidation 5 (21) 1 (2) 10 (1.0–483) 0.025

Reticulation 24 (86) 45 (96) 0.20 (0.02–1.40) 0.100

Traction bronchiectasis 18 (64) 37 (79) 0.23 (0.07–0.73) 0.006

Honeycombing 3 (11) 37 (79) 0.06 (0.01–0.22) , 0.0001

Mosaic perfusion 4 (14) 2 (4) 2.7 (0.29–34) 0.356

Definition of abbreviations: CI 5 confidence interval; IIP 5 idiopathic interstitial pneumonia; OR 5 odds ratio; UCTD 5

undifferentiated connective tissue disease.

* Includes patients with UCTD (see Table 1 for definition).
† IIP control subjects (clinical diagnoses include 41 with idiopathic pulmonary fibrosis, 2 with idiopathic nonspecific interstitial

pneumonia, 1 with desquamative interstitial pneumonia, and 3 with inconclusive nonspecific interstitial pneumonia vs. idiopathic

pulmonary fibrosis).
‡ x2 or Fisher exact test, where appropriate.
x Defined as a significant amount of ground-glass opacification beyond that associated with reticulation.

TABLE 3. LABORATORY AND PULMONARY FUNCTION DATA OF PATIENTS WITH
UNDIFFERENTIATED CONNECTIVE TISSUE DISEASE COMPARED WITH PATIENTS WITH
IDIOPATHIC INTERSTITIAL PNEUMONIA

Characteristic

UCTD* Other IIP Patients†

No. of Patients

Examined

Median or

Number (%)

No. of Patients

Examined

Median or

Number (%)

Laboratory

Anti–nuclear antibody, positive 28 18 (64) 33 2 (6)

Anti–nuclear antibody titer, median (range) 18 320 (40–1,280) 2 60 (40–80)

Rheumatoid factor, positive 26 5 (19) 29 2 (7)

Anti–SSA‡ antibody, positive 17 2 (12) 6 0 (0)

Anti–SSBx antibody, positive 17 0 6 0 (0)

Anti–SCLk 70 antibody, positive 19 1 (5) 9 0 (0)

CCP{ positive 3 0 2 0 (0)

Anti-RNP, positive 9 0 3 0 (0)

Sedimentation rate (. 23 normal) 12 8 (67) 4 0 (0)

Anti–Jo1** antibody, positive 9 2 (22) 1 0 (0)

Other serology,†† positive 15 9 (60) 9 0 (0)

Pulmonary function tests at presentation

FVC, % predicted (range) 28 62.5 (38–104) 46 69 (36–119)

DLCO, % predicted (range) 27 47 (16–64) 44 47 (14–73)

TLC, % predicted (range) 24 66 (47–87) 39 64 (45–101)

Definition of abbreviations: anti-RNP 5 antiribonucleoprotein; IIP 5 idiopathic interstitial pneumonia; UCTD 5 undifferentiated

connective tissue disease.

* Includes patients with UCTD (see Table 1 for definition).
† IIP control subjects (clinical diagnoses include 41 with idiopathic pulmonary fibrosis, 2 with idiopathic nonspecific interstitial

pneumonia, 1 with desquamative interstitial pneumonia, and 3 with inconclusive nonspecific interstitial pneumonia vs. idiopathic

pulmonary fibrosis).
‡ Also known as anti–Ro antibody.
x Also known as anti–La antibody.
k Also known as anti–topoisomerase I antibody.
{ Also known as anti–cyclic citrullinated peptide antibody.

** Also known as anti–histidyl-tRNA synthetase.
†† Other labs included C-reactive protein, creatine kinase, aldolase.
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There are a number of limitations of this study. First, in
keeping with the most recently published literature on the topic
(19, 20), we chose to only require one connective tissue symptom
for the diagnosis of UCTD. This approach may sacrifice some
specificity and potentially lead to misclassification. If present, the
directionofmisclassificationwouldbe expected tobias our results
toward the null hypothesis, because patients without true UCTD
would have beenmisclassified as cases instead of control subjects.
Importantly, the overwhelming majority of patients with UCTD-
ILD had more than one symptom (86%) and most had at least
three symptoms (67%). Second, although the studydemonstrated
several highly statistically significant associations, the sample size
limited our power to examine some of the less dramatic but
potentially insightful associations (e.g., mosaic perfusion on
HRCT or germinal centers on histopathology). Third, the retro-
spective design limited our ability to acquire a complete serologic
panel on all patients. Consequently, in our case definition, we had
to include a requirement for at least one of several potential
autoantibodies/inflammatory markers. In addition, we included
sedimentation rate and C-reactive protein (in absence of in-
fection) in our criteria to be as inclusive as possible because of the
absence of prior description of UCTD in the setting of ILD.
Although these tests are relatively nonspecific, they are fre-
quently used to monitor disease activity of rheumatic diseases
(38). We would note again, however, that if misclassification
occurred, it would have been expected to bias our results toward
the null hypothesis. In future prospective studies, it will be
important to perform comprehensive laboratory and serologic
panels on all patients to more precisely elucidate these patterns.

In summary, we have demonstrated that most patients
previously classified as having idiopathic NSIP have clinical,
serologic, radiographic, and pathologic characteristics that are
suggestive of autoimmune disease and meet criteria for UCTD.
Future studies should confirm these findings in other cohorts of
patients with ILD, define the natural history of UCTD-ILD,
and identify appropriate targets for well-designed controlled
studies of therapeutic interventions.
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