Copyright #ERS Journals Ltd 2000
European Respiratory Journal
ISSN 0903-1936

Eur Respir J 2000; 15: 41±48
Printed in UK ± all rights reserved

Clinical and radiological characteristics of lung disease in
inflammatory bowel disease
R. Mahadeva*, G. Walsh**, C.D.R. Flower**, J.M. Shneerson*
Clinical and radiological characteristics of lung disease in inflammatory bowel disease. R.
Mahadeva, G. Walsh, C.D.R. Flower, J.M. Shneerson. #ERS Journals Ltd 2000.
ABSTRACT: The pulmonary associations of inflammatory bowel disease (IBD) are
poorly characterized. The clinical, physiological and high-resolution computed
tomographic thorax characteristics of the lung disease in patients with IBD presenting
with respiratory symptoms are described.
Detailed clinical information was obtained and standard pulmonary physiological
tests and thorax high-resolution computed tomography performed on 14 patients with
ulcerative colitis (UC) and three with Crohn's disease (CD), 10 male, aged 38±83 yrs.
Respiratory symptoms had been present for 2±50 yrs and extraintestinal manifestations were present in three (17.6%). Normal pulmonary physiology (six patients)
was associated with the high resolution computed tomographic changes of bronchiectasis, mosaic perfusion and air trapping suggestive of obliterative bronchiolitis and
a pattern of centrilobular nodules and branching linear opacities ("tree in bud"
appearance) suggestive of either cellular bronchiolitis or bronchiolectasis with mucoid
secretions. Bronchiectasis was found in 13 patients (11 UC, 2 CD), 11 had air trapping
and five had a "tree in bud" appearance on computed tomography. One patient had a
predominantly peripheral reticular pattern at the lung bases similar to that found in
cryptogenic fibrosing alveolitis and one patient had a mixed reticular and groundglass pattern in the midzones with a patchy distribution in the central and peripheral
portions of the lungs with air trapping. Eleven patients (three with alveolitis) exhibited
a clinical and/or physiological response to steroids.
Pulmonary abnormalities in ulcerative colitis and Crohn's disease can present years
after the onset of the bowel disease and can affect any part of the lungs. Early
recognition is important as they can be strikingly steroid-responsive.
Eur Respir J 2000; 15: 41±18.

Ulcerative colitis (UC) and Crohn's disease (CD) are associated with a variety of systemic manifestations [1]. UC
has been associated with upper airway stenosis [2], tracheobronchitis [3, 4], bronchiectasis [5±10], constrictive
bronchiolitis [3], panbronchiolitis [11], necrobiotic nodules [8], lung bullae [12], interstitial lung disease [13, 14],
bronchiolitis obliterans organizing pneumonia (BOOP)
[15], sarcoidosis [16], pulmonary vasculitis [17, 18], pulmonary eosinophilia [8], Wegener's granulomatosis without renal involvement [19] and apical fibrosis [20].
Lung involvement with CD has been less often reported
but has been associated with granulomatous oedema of the
larynx, trachea and bronchi [21], chronic bronchial suppuration [5] and chronic bronchitis [8], bronchiectasis [9,
22], BOOP [8], pulmonary oedema [23], interstitial lung
disease [24], alveolar consolidation [25], granulomatous
interstitial involvement [26] and lung infiltrates with
peripheral eosinophilia [8].
The presence of subclinical disease in patients without
respiratory symptoms was suggested in one study because
result of abnormal pulmonary function found in 38% of
UC patients and 54% of CD patients, significantly greater
pro-portions than in a healthy control populations [27].
For editorial comments see page 5

*Dept of Chest Medicine, Papworth Hospital, Cambridge CB3 8RE, **Dept of
Radiology, Addenbrookes Hospital, Cambridge CB2 2QQ, UK.
Correspondence: R. Mahadeva
Respiratory Medicine Unit
Clinic 2A
Box 40
Addenbrookes Hospital
Hills Road
Cambridge CB2 2QQ UK
Fax: 44 1223 216953
Keywords: Bronchiectasis
bronchiolitis
Crohn's disease
high-resolution computed tomography
ulcerative colitis
Received: June 19 1998
Accepted after revision June 7 1999

Pul-monary function abnormalities include a decrease in
gas transfer factor [28±30], an elevated functional
residual capacity (FRC) and raised residual volume
(RV) during periods of active bowel disease [30±32] and
an increased frequency of bronchial hyperresponsiveness
[33]. Further-more, alveolar lymphocytosis is evident in
bronchoalveolar lavage fluid from CD patients without
respiratory symptoms [34].
The chest radiograph is often normal in patients with
respiratory symptoms and inflammatory bowel disease
(IBD) [6, 8] and as a result the radiological characteristics
remain poorly characterized. Two studies described the
high resolution computed tomographic findings in seven
patients (in each study) with IBD who presented with
cough and sputum production. However, these reports did
not correlate the computed tomographic appearances with
symptoms or pulmonary physiology or evaluate air trapping with scans performed during expiration [9, 35].
Although respiratory symptoms and physiological and
high resolution computed tomographic abnormalities in
patients with UC and CD have been described separately,
little is known about the associations between these factors. In this study the relationship between the clinical
features and the physiological and high resolution computed tomographic abnormalities in a group of patients

42

R. MAHADEVA ET AL.

with UC and CD with otherwise unexplained pulmonary
disease is described.
Methods
All of the subjects with CD or UC were identified by
one author (J.M. Shneerson) as they presented at the chest
clinic with respiratory symptoms between 1981 and 1995.
They were all interviewed and their case notes scrutinized
for details of their bowel disease. Characteristics recorded
included the date of diagnosis, the presence of confirmatory histological results, the extent of the disease on the
basis of radiological studies and treatment history, e.g.
sulphasalazine, mesalazine or surgery. Features of the pulmonary disease, including presenting symptoms, date of
diagnosis, smoking history, the presence of other factors
that could account for the clinical features and the response
to steroid treatment (an improvement in symptoms (clinical
response) or forced expiratory volume in one second
(FEV1) and/or forced vital capacity (FVC) of >200 mL
(physiological response)) were also documented. Symptoms of cough, sputum, wheeze and breathlessness were
each scored out of a maximum of 2; 0=no symptoms,
1=intermittent symptoms and 2=regular symptoms. The
total symptom score (maximum of 8) for each patient was
derived from the sum of the individual symptom scores.
Each patient underwent standard pulmonary function
tests for FEV1, FVC, total lung capacity (TLC), RV and
transfer coefficient for carbon monoxide (KCO) measured
by means of the single-breath test. The results were compared with those of age- and sex-matched controls [36] and
expressed as a percentage of the predicted value. The
individual results were classified as normal, restrictive or
obstructive. Normal physiology was defined by all measurements being >70% pred, a restrictive defect as a
reduced (<70% pred) FEV1 and FVC with an FEV1/FVC
ratio of >70% pred and an obstructive defect as a reduced
FEV1 with a normal FVC and a low FEV1/FVC ratio
(<70% pred).
Thorax high resolution CT (HRCT) was performed as
close as possible in time to the pulmonary function tests,
1996±1997. Images were acquired during inspiration and
expiration from lung apices to bases (1-mm collimation,
10-mm interval (inspiration) or 30-mm interval (expiration), 5606560 matrix, high spatial frequency reconstruction algorithm). Images were reviewed at a window level
of -700 and width of 1200. Abnormalities were characterized by a consensus of two radiologists who were unaware of the patient symptoms and physiological findings.
Bronchiectasis was defined as bronchi greater in diameter
than the homologous artery together with evidence of a
lack of tapering on sequential slices. Bronchiectasis in each
lobe including the lingula was graded according to the ratio
of the bronchial diameter to that of the adjacent vessel. It
was scored as grade 1 when the ratio was >1 but <2, grade
2 when the ratio was >2 but <3, and grade 3 when the ratio
was >3. Thus, each patient had a maximum possible score
of 18. Each lobe was also assessed for the presence of
centrilobular nodules and branching linear opacities ("tree
in bud" appearance) suggesting cellular bronchiolitis [37],
or dilated small airways filled with secretions (bronchiolectasis), and for mosaic perfusion with evidence of air
trapping during expiration suggesting obliterative bronch-

iolitis [38]. The "tree in bud" appearance and air trapping
were each scored out of a maximum of 6 (1 point for each
lobe involved) for each patient.
The relationship between clinical characteristics (sex,
smoking status, colectomy, duration of bowel disease/lung
disease), individual symptom scores, the results of the
individual pulmonary physiological tests listed above (in
% pred), and the severity of bronchiectasis, the extent of
"tree in bud" changes and air trapping on HRCT was
assessed by means of bivariate correlation for all patients.
The relationship between the clinical characteristics, individual symptom scores, individual physiological test results and extent of "tree in bud" changes and air trapping
were also separately analysed by bivariate correlation for
the group of patients with bronchiectasis. A p-value <0.05
was considered statistically significant.
Results
Seventeen patients (10 male) aged 38±83 yrs were
investigated (table 1). Fourteen had UC and three had CD.
Respiratory symptoms had been present for 2±50 yrs and
other extraintestinal manifestations were present in three
subjects (17.6%; one seronegative arthropathy, one mixed
connective tissue disease, one iridocyclitis and ankylosing spondylitis). In 16 patients, the onset of the bowel
disease predated presentation with pulmonary disease
(range 1±25 yrs). Exacerbations of UC and pulmonary
disease occurred concurrently in two patients.
No patients had active bowel disease at the time of the
study and seven patients (six UC) had undergone colectomy for severe disease. Of these, one had a mixed reticular and ground-glass pattern in the midzones with a
patchy distribution in the central and peripheral portions of
the lungs and air trapping, similar to those appearances
seen in extrinsic allergic alveolitis and sarcoidosis. One
patient had a peripheral reticular pattern at the lung bases,
characteristic of cryptogenic fibrosing alveolitis, and five
had bronchiectasis. Four of the seven colectomy patients
developed pulmonary symptoms within 2 yrs of their
surgery (table 1).
Lung histology results were obtained for two patients,
both of whom have previously been reported [13]. One
(No. 4) had cellular interstitial inflammation, little collagen formation and extensive cellular desquamation on
transbronchial biopsy, which responded completely to
corticosteroids. The other (No. 8) had interstitial fibrosis
with fibroblasts and chronic inflammatory cells in the
alveolar walls. Interestingly, having completely responded to prednisolone therapy, this patient developed new
symptoms some years later and HRCT now shows bronchiectasis and air trapping without evidence of interstitial
disease.
Seven individuals were never smokers and seven were
exsmokers who had stopped smoking prior to the onset of
respiratory symptoms and the HRCT scan. It was unlikely
that smoking contributed to the pulmonary disease in the
three current smokers as one had a minimal intake (No. 10)
and the other two (Nos. 6 and 7) had HRCT abnormalities
that are not characteristically associated with smoking.
Five patients were taking sulphasalazine at the time of
diagnosis of the pulmonary disease, one had mild upper
lobe emphysema probably related to smoking and the other
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Table 1. ± Patient characteristics
Patient
No.
1
2
3
4*
5
6
7
8*
9
10
11
12
13
14
15
16
17

Age Sex
yrs
66
70
58
64
71
76
68
74
81
51
76
76
55
79
83
38
44

F
M
M
M
M
F
M
M
M
M
M
F
M
M
F
F
F

IBD

CD
UC
UC (distal colitis)
UC
UC (total colitis)
UC (distal colitis)
UC (distal colitis)
UC (distal colitis)
UC (proctitis)
UC
CD
UC
UC (distal colitis)
CD (sigmoid colitis)
UC
UC (distal colitis)
UC

Age at IBD
Age at PD
diagnosis yrs diagnosis yrs
37
26
32
51
65
50
62
59
67
15
60
59
32
40
31
23
29

60
62
56
50
67
62
65
66
80
38
73
62
45
64
35
32
30

Colectomy
(age yrs)
Hemicolectomy and terminal
ileal resection (49)
Panproctocolectomy (52)
No
Panproctocolectomy (51)
No
No
No
No
No
Panproctocolectomy (40)
No
Panproctocolectomy (64)
No
No
Subtotal colectomy (65)
No
Panproctocolectomy (30)

Sulphasalazine

Smoking

No
No
No
No
No
1 g b.i.d.
500 mg b.i.d.
1 g b.i.d.
No
No
No
500 mg b.i.d.
500 mg b.i.d.
No
No
No
No

Never
Never
Never
Exsmoker
Exsmoker
Current
Current
Exsmoker
Exsmoker
Current
Exsmoker
Never
Exsmoker
Exsmoker
Never
Never
Never

*: previously reported [13]. IBD: inflammatory bowel disease; PD: pulmonary disease; F: female; M: male; UC: ulcerative colitis; CD:
Crohn's disease.

four had bronchiectasis, two in association with air trapping. No patients on sulphasalazine showed evidence to
suggest an alveolitis.
Symptoms
Breathlessness was a common presenting symptom in
patients with all patterns of disease. Sputum production
was not present in three of 13 patients with bronchiectasis,
and two of these (Nos. 2 and 5) did not have cough at
presentation.
Eleven patients (three interstitial disease, eight bronchiectasis and/or "tree in bud" appearances or air trapping)
including all of the colectomy patients showed clinical and/
or physiological improvement in response to oral or
inhaled corticosteroids (table 2).
Pulmonary function
The six patients with normal pulmonary physiology all
had a combination of bronchiectasis, air trapping and "tree
in bud" appearances of varying severity and extent on
HRCT (table 2).
The KCO was reduced in four patients, one in association with fibrosis, one with emphysema which was probably related to smoking and the other two with the most
extensive and severe bronchiectasis, "tree in bud" appearances and air trapping of all the patients studied. In three
patients, the KCO was elevated, including the patient with
peripheral lung fibrosis who showed no evidence of a
response to bronchodilators to suggest asthma and two
patients with grade 1 bronchiectasis.
High resolution computed tomographic abnormalities
Thirteen (76%) patients had bronchiectasis (11 UC, two
CD) (table 3). Nine patients showed evidence of air

trapping (fig. 1) and five had "tree in bud" changes (fig.
2). Bronchiectasis was present alone in only three patients
and two patients had lower lobes affected by both bronchiectasis and air trapping. One patient had bronchiectasis
in all lobes in association with "tree in bud" changes but
no air trapping and three patients had bronchiectasis with
air trapping and "tree in bud" appearances.
Characterization of these abnormalities on a lobar basis
showed that air trapping occurred with bronchiectasis in
four patients and in the absence of bronchiectasis in two,
one of whom showed air trapping in all lobes and grade 1
bronchiectasis in only two lobes (No. 13). In only one lobe
of one patient did "tree in bud" appearances and air trapping both occur in the absence of bronchiectasis.
Two patients (1 and 9) had HRCT changes suggestive of
fibrosis. One showed a mixed reticular and ground-glass
pattern in the midzones with a patchy distribution in the
central and peripheral portions of the lungs and air trapping, and the other a peripheral reticular pattern (figs 3 and
4).
One patient with regular sputum production suggestive of
chronic bronchial suppuration had mild emphysema and
parenchymal bands suggestive of fibrosis in the left lower
lobe, but showed no HRCT evidence of airway disease. The
patient with no high resolution computed tomographic
abnormalities (No. 4) had had histologically proven alveolitis 14 yrs previously, which had responded completely to
treatment with steroids.
The relationship between clinical characteristics, physiological parameters and high resolution computed tomographic features
There was a strong negative correlation between colectomy and smoking (r= -0.73, p=0.004) (five of seven were
never smokers). There was no significant correlation
between smoking status and individual symptoms, pulmonary physiological test results or abnormalities on HRCT. A
longer duration of respiratory symptoms was associated
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Table 2. ± Patients' respiratory symptom scores, lung function characteristics and steroid responsiveness
Patient
No.

Symptom
score

Lung
function

1
2

2
5

Restrictive
Restrictive

3
4

2
2

5
6
7
8

2
4
4
3

9

3

10
11
12
13
14

5
7
5
3
3

15

7

16

5

17

5

Response to steroids
Clinical

Physiological

Improvement in breathlessness
Improvement in cough and reduced sputum production with 15 mg
prednisolone daily
Normal
No
Obstructive
Improved breathlessness after 2 weeks and resolution of CXR
changes after 60 mg prednisolone daily
Obstructive + restrictive NK
Obstructive + restrictive NK
Restrictive
NK
Normal
Reduced breathless and cough and resolution of CXR changes when
assessed at 1 month after 40 mg prednisolone daily
Restrictive
NK
Reduced breathlessness, sputum production and wheeze after 800
Normal
mg beclomethasone daily
Obstructive
Improved wheeze, cough and breathlessness
Obstructive
Improvement in wheeze and cough when assessed at 1 month
Normal
NK
Obstructive
Reduced breathless and cough when assessed at 2 months after
treatment with beclomethasone 800 mg daily
Obstructive
Reduced wheeze, cough and sputum production when assessed at 1
month after 30 mg prednisolone daily
Normal
Reduced wheeze and breathlessness when assessed at 3 months after
beclomethasone 2 mg daily
Normal
Reduced cough and wheeze after beclomethasone 800 mg daily

NK
Yes
No
Yes
NK
NK
NK
Yes
NK
Yes
NK
NK
NK
No
Yes
Yes
Yes

CXR: chest radiographic; NK: not known.

with a significantly higher TLC (p=0.013) and a higher RV,
which just missed significance (p=0.052), for patients with
bronchiectasis, but there was no significant correlation between the severity of bronchiectasis, "tree in bud" appearances or air trapping on HRCT and the duration of
respiratory symptoms. Sputum production was significantly
Table 3. ± High resolution computed tomographic abnormalities in each patient*
Patient
No.

Bronchiectasis
Lobes Score

"Tree
Air
in bud" trapping

1

0

0

0

5

2
3
4
5
6
7
8
9

5
2
0
2
5
0
2
0

8
3
0
2
5
0
2
0

5
0
0
0
0
0
0
0

0
2
0
1
0
0
2
0

10
11
12
13
14
15
16
17

5
6
2
2
2
6
4
2

5
9
2
2
2
9
6
3

0
5
0
0
0
6
4
2

2
6
0
6
0
5
5
2

*: for scoring system, see Methods.

Other

Bronchocentric
ground-glass
change

associated with more extensive and more severe bronchiectasis (a higher bronchiectasis score) (r=0.86, p<0.001),
and more extensive "tree in bud" appearances were
significantly associated with cough (r=0.62, p=0.024).
An increased RV was associated with cough and wheeze
(p=0.04 and 0.007 respectively) and with more extensive
"tree in bud" changes but not with the extent of air trapping
(p=0.01 and 0.11 respectively). It was also associated with
a higher bronchiectasis score, which just missed significance (p=0.057). The FEV1, FVC, TLC and KCO were
not associated with symptom severity, bronchiectasis, "tree
in bud" changes or air trapping.
Although only five patients had "tree in bud" appearances, more extensive changes were associated with more
severe and extensive bronchiectasis (r=0.89, p<0.001). The
extent of air trapping was not significantly linked to the
extent of "tree in bud" changes (r=0.471, p=0.104) nor
with the severity of bronchiectasis (p=0.17). The KCO was
not associated with the severity of bronchiectasis or the
extent of air trapping or "tree in bud" changes.

Emphysema
Peripheral
ground-glass
change

Emphysema

Discussion
Despite the known systemic manifestations of IBD [1]
and a number of reports linking lung disease and IBD,
this association is often overlooked as an extraintestinal
manifestation of either UC or CD. The true prevalence of
the association remains unknown, and although it was
only found in three of 1,400 cases in one study [39],
various factors suggest that this figure is an underestimate
of the true prevalence of the association. Firstly, clinicians
may not consider an association as patients often present
with pulmonary symptoms years after the bowel disease
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a)

b)

Fig. 2. ± High resolution computed tomography revealing micronodules in the right lower lobe. Many have a centrilobular distribution and
some are associated with a branching pattern ("tree in bud" changes; A).
There is bronchial wall thickening (B).
Fig. 1. ± High resolution computed tomography. a) At full inspiration
minor differences in lung attenuation in both lower lobes and bronchial
wall thickening are revealed. b) On expiration, there is evidence of
extensive air trapping in keeping with obliterative bronchiolitis.

and after being discharged from gastrointestinal followup [8]. Asymptomatic patients can have abnormal pulmonary function [27±30] and an alveolar lymphocytosis [34]
and therefore may not present to a respiratory physician.
Patients with bronchiectasis who have a normal chest
radiograph [6, 9] may also be overlooked. Copious sputum production is often reported as a characteristic feature of the bronchiectasis associated with UC; however,
in the present study it was found that the sputum producers were those with the most extensive and severe
bronchiectasis and those with bronchiectasis of lesser
extent and severity did not expectorate sputum. In addition, patients with normal standard pulmonary function
test results can show HRCT evidence of bronchiectasis,
"tree in bud" changes and evidence of air trapping.
Compared to other series, the present patients had a
lower prevalence of extraintestinal manifestations [8], and
there was a lower proportion of females with bronchial
disease [6, 7]. In agreement with other series [5±9],
colectomy was found to be a risk factor for the development of pulmonary disease, with the development of
pulmonary symptoms often occurring close to surgery. It
is important to consider whether therapy with sulphasalazine or mesalazine may have been responsible for the
pulmonary disease. The most common abnormality des-

cribed in association with sulphasalazine therapy is upper
lobe peripheral opacities, although lower lobe opacities,
eosinophilic pneumonia, interstitial pneumonitis, BOOP
and cavitating nodules have also been reported [40±44].
Four of the present patients taking sulphasalazine showed
evidence of bronchiectasis and air trapping and one had
empysema. None of these patients had eosinophilia,

Fig. 3. ± High resolution computed tomography showing a mixed reticular and ground-glass pattern in the midzones, with a patchy distribution in the central and peripheral portions of the lung; these changes
were seen in association with air trapping on expiratory images.
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Fig. 4. ± High resolution computed tomography of the lungs bases
revealing a predominantly reticular pattern with the peripheral distribution characteristic of fibrosing alveolitis.

which is usually present in lung disease caused by sulphasalazine. These features make it unlikely that the drug
contributed to the pulmonary abnormalities seen in the
patients.
Previous association studies have suggested that smoking is a protective factor for UC [45, 46]. The present
study supports this as smoking was significantly negatively correlated with previous colectomy and hence more
severe colitis.
Four patients showed evidence of alveolar disease, three
of whom received significant benefit from steroid treatment, with a complete response in two of these. Interestingly, one of these patients (previously reported as case
2 [11]) subsequently developed new respiratory symptoms some years later and was found to have bronchiectasis in association with air trapping. This suggests that
the pulmonary disease can recur in different forms in
individual patients, something that has not previously
been recognized. The other two patients had different
patterns of disease, one with HRCT changes similar to
those in cryptogenic fibrosing alveolitis and the other
with a nonspecific appearance consisting of a mixed reticular and ground-glass pattern.
Although chronic bronchial suppuration [5] and chronic
bronchitis [8] have been reported in association with CD,
until recently there have been no reports of CD in association with bronchiectasis [9, 22]. In the present study,
two patients were found with this association, one of
whom also showed widespread "tree in bud" changes and
air trapping. Interestingly, colectomy had not been performed in either.
Previous studies have shown a correlation between
HRCT and appearances detection of air trapping and
obliterative bronchiolitis [38] and of "tree in bud" appearances with cellular bronchiolitis [37, 38], although, in
the presence of bronchiectasis, the "tree in bud" appearance may also be due to dilated small airways filled
with secretions. Published reports have suggested that the
bronchioles are only rarely affected in IBD [8], but in the
present study it was found that nine (53%) patients
showed air trapping and five (29%) a "tree in bud"
appearance. In the two other studies [9, 35] to use HRCT,

expiratory scans were not performed and air trapping
would probably have been underestimated. Whilst air
trapping, in keeping with obliterative bronchiolitis, was
often present in the current patients with bronchiectasis, it
was not associated with the severity or the extent of
bronchiectasis. Interestingly, one patient showed extensive air trapping with only minor bronchiectasis in two
lobes. "Tree in bud" appearances tended to be associated
with extensive and severe bronchiectasis, but were not
linked to the extent of air trapping. Air trapping, "tree in
bud" changes and bronchiectasis can be present within
lobes in individual patients either alone or in combination, suggesting a common pathogenesis for bronchial
and bronchiolar injury and a continuum of the tissue
response to the same underlying mechanism.
The RV was the only physiological parameter assessed
which was associated with symptoms (cough and sputum
production) and HRCT abnormalities (bronchiectasis and
"tree in bud" appearances). This suggests that it may be the
most useful index of disease severity and may be useful in
monitoring the disease. This also raises the possibility that
the transient hyperinflation noted during attacks of CD
[32] and the elevated FRC and RV associated with active
IBD [30, 31] could reflect bronchial or bronchiolar inflammation with subsequent resolution. Indeed, there
were two patients (Nos. 5 and 12) in whom exacerbations
of colitis were paralleled by the development of cough
and sputum production, one of whom had intrapulmonary
shadowing. In both cases, the symptoms and chest radiographic shadowing improved after treatment of the colitis.
No correlation was found between the extent of air trapping and physiological measures of RV or the FEV1,
which contrasts with previous reports of correlations between the extent of expiratory air trapping and the degree
of airflow obstruction in patients with constrictive bronchiolitis and chronic airway disease [47, 48]. This may be
because a semiquantitative scoring system was employed
in these studies or due to the insensitivity of standard
pulmonary function tests for the detection of small airways disease.
Histologically, the reported case of bronchiolar involvement in UC [3] resembled the bronchiolar changes seen
after organ transplantation. The patients' appearances on
HRCT were indistinguishable from the radiological features that are often seen in rheumatoid arthritis and graft
versus host disease after bone marrow transplantation and
after lung transplantation, all of which are thought to have
an immunological basis. A large proportion of the patients had pulmonary disease that was responsive to
steroids either orally, in the case of alveolar disease, or
inhaled or orally or both, in airway disease. These
observations suggest that the pulmonary disease in CD
and UC has an inflammatory basis. One proposed mechanism for explaining this association is the common
embryological derivation of the lungs and gastrointestinal
tract from the primitive foregut, and the similarity in the
immune systems in the pulmonary and intestinal mucosa
[6]. This might explain the development of bronchial
disease after colectomy, which implies a shift in the target
for the abnormal inflammatory responses.
When assessing the relationship between two diseases, it
should be considered that the conditions may have occurred together by chance. Against this are the temporal association, other reports linking the two conditions and the

LUNG DISEASE AND INFLAMMATORY BOWEL DISEASE

lack of any alternative causative factors to explain the
pulmonary pathology in these patients. Similarly, with the
small number of patients in the present study, it is possible
that some of the correlations between clinical characteristics, pulmonary physiological factors and high resolution
computed tomographic characteristics could have occurred
by chance or that correlations may have been missed.
In summary, pulmonary disease in the form of bronchiectasis, bronchiolitis and interstitial disease of different
patterns can occur in patients with both ulcerative colitis
and Crohn's disease. A high degree of suspicion is necessary to detect the disease as it may present years after the
bowel disease and the patient with airway disease may lack
the classical symptoms and yield a normal chest radiograph and physiological test results. Early detection is important as both the alveolar and airway disease often
respond well to steroid treatment.
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