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Increased pulmonary and intestinal permeability in
Crohn's disease

A Adenis, J-F Colombel, P Lecouffe, B Wallaert, B Hecquet, X Marchandise, A Cortot

Abstract
We tested the hypothesis that an increased
epithelial permeability may affect sites other
than the intestine in patients with Crohn's
disease by simultaneously evaluating their
pulmonary and intestinal permeability.
Pulmonary and intestinal permeability were
measured by clearance of inhaled technetium-
99m diethylene triamine pentacetate (99mTc-
DTPA) and by urinary recovery of chromium-
51 ethylene diamine tetracetate respectively in
22 patients with Crohn's disease. The halftime
clearance of 99mTc-DTPA from lung to- blood
(t½/2LB) was decreased - that is pulmonary
permeability increased - in the whole group of
patients with Crohn's disease as compared
with 13 controls (median 45.5 minutes (8-160)
v 85 minutes (34-130) (p<0.003)). When
analysed separately only patients with active
Crohn's disease (n=15) had a decreased t½/2
lung to blood v controls (42 minutes (8-160) v
85 minutes (34-130) (p<0.0025)). Among
patients with active Crohn's disease, six were
studied again when their disease was quiescent
and their t½ lung to blood did not differ
significantly. The intestinal permeability was
increased in the whole grolup of Crohn's
disease patients as compared with 15 con-
trols (5.25% (1.2-24) v 1.7% (0.65-5.75)
(p<00002)). When analysed separately both
patients with active and inactive Crohn's
disease had increased intestinal permeability v
controls (8.1% (1.6-24) and 3.5% (1.2.9.2) v
1.7% (0.65-5.75)) (p<0.0001, p=0.05 respect-
ively). Six patients with active Crohn's disease
were studied again when their disease was
quiescent and their intestinal permeability
decreased significantly p<004). Pulmonary
permeability was increased in patients with
Crohn's disease but was not greatly influenced
by Crohn's disease activity as opposed to
intestinal permeability. The mechanism of
this increase is unknown, but may be related
in some patients to the presence of an
alveolitis.

The aetiology of Crohn's disease remains
unknown despite intensive research efforts. The
current concept of the pathogenesis of Crohn's
disease includes interactions between immuno-
logical abnormalities, environmental agents, and
genetic influences.' Increased intestinal perme-
ability to luminal antigens could be one of the
aetiologic factors.45 Indeed, increased intestinal
permeability has been described in Crohn's
disease using various probes.5 '5 Whether this
abnormal permeability is a genetically determ-
ined, primary aetiologic factor, or a result of
intestinal inflammation is not yet clearly estab-

lished.5- 16 17 The finding by Hollander et all that
intestinal permeability was also increased in
healthy relatives of patients with Crohn's disease
could favour the genetic hypothesis, although
this point remains controversial.'6 18 We and
others have previously shown by performing
bronchoalveolar lavage that 50% of patients with
Crohn's disease had a subclinical alveolitis - that
is, subclinical accumulation of immune and
inflammatory cells in the lower respiratory
tract. I2' Such a lymphocyte alveolitis is a well
known feature in pulmonary sarcoidosis22 and
is associated with an increased pulmonary
permeability to diethylenetriaminepenta-acetate
radiolabelled with 99m-technetium (99mTc-
DTPA).23 24 We thus hypothesised that pul-
monary permeability might be altered in Crohn's
disease as well and we undertook a prospective
study ofpulmonary permeability in patients with
Crohn's disease, free of clinical pulmonary
symptoms and with normal chest radiography.

Methods

PATIENTS
Twenty two patients with Crohn's disease were
prospectively included in the study which was
approved by the local Ethical Committee. None
had a previous history of pulmonary disease or
chest radiography abnormalities at the time of
the study. None ofthe patients had ever smoked.
Diagnosis of Crohn's disease was established by
the usual clinical, radiological, endoscopic and
histopathological findings. Clinical details relat-
ing to the patients are shown in Table I. Fifteen
patients had active Crohn's disease - that is,
Crohn's Disease Activity Index (CDAI) -150 -
and seven patients had quiescent disease (CDAI
< 150) at the time of the study.
Pulmonary permeability and intestinal perme-

ability were measured once in all the 22 patients.

TABLE I Clinical details ofpatients with Crohn's disease
(expressed in median and range when necessary)

Age: 25 5 years (17-50)
Sex: 18 F/4 M
Time since onset: 20 months (1-92)
Site of disease:

small intestine only: 3
colon only: 6
colon and small intestine: 13

Systemic manifestations in previous 6 months:
arthralgias: 6
erythema nodosa: 1
arthralgias, erythema nodosa and iritis: 1

Treatment at the onset of the study*:
5-ASA: 12
steroids: 6
azathioprine: 4
metronidazole: 9
total parenteral nutrition: 5
no treatment: 2

*Some patients were classified in more than one group.
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In six of 22 patients pulmonary permeability and
intestinal permeability were measured first when
active then one to seven months later when
quiescent.

CONTROL SUBJECTS
Thirteen healthy volunteers (six women and
seven men; median age 29 years, range 21 to 43)
from the medical staff acted as controls for the
pulmonary permeability test. None of the
patients had ever smoked. Fifteen distinct
healthy controls (four women and 11 men;
median age 30 years, range 24-45) were tested for
the 5tCr-EDTA 24 hour urinary excretion test.

All patients and controls gave their informed
consent according to the Helsinki rules.

MEASUREMENT OF PULMONARY 99mTC-DTPA
CLEARANCE
This technique allows for determination of a
non-invasive index related to lung permeability
by measuring the lung to blood clearance of an
inhaled radiolabelled molecule, the 99mTc-
DTPA.23 25

Preparation of99mTc-DTPA
Sodium pertechnate (99mTcO4-) was obtained by
elution in isotonic saline from a 99Mo generator
(Tc-99-ELUMATIC III, International CIS).
The chelation of 99mTc by DTPA was made by
introducing 1480 MBq (40 mCi) of 99mTcO4-
into a vial which contained, in a nitrogen atmos-
phere, 9.1 mg ofDTPA and 0.45 mg of stannous
chloride (TCK 6, International CIS). The vial
was gently shaken for two minutes 99mTc-DTPA
was immediately used or stored for less than one
hour. Radiochemical purity of the chelate was
assessed by paper chromatography using
Whatman no 1 paper and a solvent of 240 1t
butanol, 240 >d ethanol and 120 ,ul water. The
vial contained more than 99% of 99mTc-DTPA
90 minutes after preparation.

Aerosol generation and administration
The 99mTc-DTPA solution (1110 MBq)
was placed into a commercial jet nebuliser
(VENTICIS II, International CIS). The aerosol
was produced at an airflow rate of 8 1/minutes.
According to the manufacturer the mass section
diameter was 0.8 [tm with a geometric standard
deviation of 2-1. Patients were in the supine
position with their backs against a gamma
camera and their nose occluded. The aerosol was
inhaled by quiet breathing through a mouthpiece
for two minutes.

Data acquisition
Immediately after inhalation, gamma camera
imaging was done using a large field scintillation
camera (Acti camera, CGR) fitted with a parallel
high resolution, low energy collimator and
linked to a computer (Apex 009, Elscint). One
minute frames were acquired in posterior view
during 20 minutes. Matrix acquisition size was
128x 128.

Data processing
A reference image, obtained by adding the five
first images, was used for delineating the region
of interest. A rectangular form was fitted as
closely as possible over the right lung. A lower
level of the maximum pixel counts was adjusted
to define the outer border of the lung. We did not
use a correction factor for vascular background
as previous studies have suggested that this may
not be necessary.2627 After correction for radio-
nuclide decay, the activity measured was plotted
versus time. A monoexponential fitting was
carried out on the curve between the peak
activity and the 10 minute point after the peak
activity. This exponential curve allowed calcula-
tion of the half-time clearance - that is, the time
for a 50% decrease from the peak activity -
of 99mTc-DTPA from lung to blood (t/2LB)
expressed in minutes. The estimated radiation
dose was smaller than 0-2 mGy to the whole body
and 0-2 mGy to the gonads.

MEASUREMENT OF INTESTINAL 51Cr-EDTA
CLEARANCE
Intestinal permeability was assessed using 5 Cr
labelled with ethylenediaminetetra acetic acid
(EDTA) according to Bjarnason's technique.8
After an overnight fast, 3-7 MBq (100 [tCi)
51Cr-EDTA (specific activity: 17 to 75 MBq/mg,
International CIS) was given orally and followed
with 125 ml of water. Urine was collected during
24 hours. Two hours after they drank the
51Cr-EDTA solution, subjects were allowed
normal food and fluid intake, except for alcohol.
Three 5 ml samples of the pooled 24 hour urine
collection were counted together with a 5 ml
sample of a 1:5000 dilution of the oral dose in a
gamma counting system equipped with a NaI
crystal (Gammamatic I, Kontron). Radioactivity
excreted in the urine over the 24 hour period was
expressed as the percentage of the total oral dose.
The estimated delivered radiation dose was
smaller than 0.05 mGy to the whole body and
0.2 mGy to the gonads.

BRONCHOALVEOLAR LAVAGE
In six patients with active Crohn's disease,
bronchoalveolar lavage was performed after pre-
medication with atropine under local anaesthesia
with lignocaine using a wedged fibreoptic
bronchoscope (Model BF-B3; Olympus Corp of
America, New Hyde Park, NY, USA) and 250
ml sterile saline solution was applied in five 50 ml
aliquots with immediate gentle vacuum aspira-
tion after each aliquot as previously described.'l
Total number and differential cell count were
determined in lavage fluid and compared with
normal values from our laboratory."8"9

STATISTICAL ANALYSIS
Results were presented as median value and
lower and upper values and as mean value when
necessary. Statistical analysis was performed
using non-parametric tests. Differences between
groups were assessed using the Mann-Whitney
U-test for unpaired data and the Wilcoxon's rank
sum test for paired data. The Spearman rank test
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Figure 1: Pulmonary permeability in controls and patients
with Crohn's disease. The halftime clearance of mTc-
DTPA from lung to blood (tILB) is expressed in minutes.

was used for correlation. p Values of less than
0.05 were considered significant.

Results

PULMONARY PERMEABILITY
The clearance rate from lung to blood of inhaled
99mTc-DTPA expressed as t"/ lung to blood was
decreased - that is, pulmonary permeability
increased - in the whole group of patients with
Crohn's disease as compared with controls (45.5
minutes (8-160) v 85 minutes (34-130)
(p<0O003) (Fig 1). Fifteen of 22 patients with
Crohn's disease showed an increased pulmonary
permeability, that is, t½/2LB <58 3% (mean - SD
of controls). When analysed separately only
patients with active Crohn's disease (n= 15) were
found to have an increased pulmonary perme-
ability v controls (42 minutes (8-160) v 85
minutes (34-130) (p<00025)). Pulmonary
permeability did not differ significantly between
patients with quiescent Crohn's disease (62
minutes (40-120)) and controls and between
patients with active and quiescent Crohn's
disease. Among patients with active Crohn's
disease, six were studied again when quiescent
and their pulmonary permeability did not differ
significantly (Fig 2).

Figure 3: Intestinal permeability in controls and patients with
Crohn's disease. The 24 hour urinary excretion of5'Cr-
EDTA is expressed as the percentage ofthe total ingested dose.

INTESTINAL PERMEABILITY
Intestinal permeability was increased in the
whole group of Crohn's disease patients as
compared with controls (5.25% (1[2-24) v 1[7%
(0.65-5.75) (p<00002)) (Fig 3). When analysed
separately both patients with active and inactive
Crohn's disease were found to have an increased
intestinal permeability v controls (8-1% (1.6-24)
v 1-7% (0.65-5 75) (p<00001)) and (3.5%
(1.2-9.2) v 1.7% (0.65-575) (p=0 05)) respect-
ively. Among the patients with active Crohn's
disease, six were studied again when quiescent
and their intestinal permeability decreased
significantly (p<004) (Fig 4).

CORRELATION DATA
No correlation was found between pulmonary
permeability values and intestinal permeability,
Crohn's Disease Activity Index, biological and
nutritional parameters, treatment received
(particularly steroids) and whether or not there
were active anal Crohn's disease or systemic
manifestations.

BRONCHOALVEOLAR LAVAGE
The results of the bronchoalveolar lavage and the
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Figure 2: Pulmonary permeability in six patients with Crohn 's
disease studied when active and inactive - one to seven months
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TABLE II Results ofbronchoalveolar lavage and pulmonary permeability values in six patients with active Crohn's disease

tlLB Total cell number Alveolar Lymphocytes Neutrophils Eosinophils
Patients CDAI (min) (1l4/ml) macrophages (%) (%) (%) (%)

1 196 130 4.2 92 6 2 0
2 266 15 14.3 69 23 6 2
3 234 45 9-6 79 20 1 0
4 398 28 8-3 82 9 9 0
5 246 8 13.5 88 11 1 0
6 252 45 6-4 58 41 1 0
Controls - 82.6(6.7)* 18.4(2-6)*# 92-4(2-4)*# 9-6(1-4)*# 0.4(0-2)*# 0-06(0.05)*#
(n= 13)

*Results (mean (SEM)) were obtained from 13 healthy nonsmokers and # previously published.2"

pulmonary permeability values in six patients
with active Crohn's disease are given in Table II.
One patient (patient 1) with normal pulmonary
permeability had normal bronchoalveolar lavage
values. Five patients of six had an increased
pulmonary permeability - that is, t/2LB <58.3%
(mean-SD of controls); four of these five had
abnormal bronchoalveolar lavage values, includ-
ing one neutrophilic alveolitis (patient 4), two
lymphocytic alveolitis (patients 3 and 6), and one

associated lymphocytic and neutrophilic
alveolitis (patient 2). Finally all patients with
abnormal bronchoalveolar lavage values had an

increased pulmonary permeability.

Discussion
Using measurement of pulmonary 99mTc-DTPA
clearance, we have shown that pulmonary per-

meability was significantly increased in Crohn's
disease as a whole. Our technique has previously
allowed to detect an abnormally raised pul-
monary permeability in patients who were

cigarette smokers30 and in patients with inter-
stitial lung disease.2"2531 32 In contrast, intestinal
permeability was increased in Crohn's disease
but decreased with the disease activity as pre-

viously described. 1 113 33

Those results are not in accordance with
Robertson et a134 who reported that patients with
inflammatory bowel disease had normal pul-
monary permeability as compared with healthy
controls. This difference might be because in
Robertson's study, pulmonary permeability was
measured in a whole group of patients with
inflammatory bowel disease (not distinguishing
between Crohn's disease and ulcerative colitis)
whereas our study only deals with patients with
Crohn's disease.
The relationship between pulmonary perme-

ability and Crohn's disease activity is not yet
clearly elucidated. On one hand when patients
with active and inactive disease were compared
with controls, it was only those with active
Crohn's disease that have increased pulmonary
permeability; those with inactive disease did not
differ from controls. On the other hand when six
patients with active Crohn's disease were treated
and apparently switched to inactive disease, it
did not appear to change their pulmonary perme-
ability. This may be related to some confusion
over what is active and what is inactive when
disease activity is assessed by clinical indexes
such as Crohn's Disease Activity Index.

Several mechanisms could account for
increased pulmonary permeability in Crohn's
disease. Our data support a link between
increased pulmonary permeability in patients

with Crohn's disease and the presence of an
alveolitis. In pulmonary interstitial disease,
increased pulmonary permeability has been
associated with the presence of such an
alveolitis23`2532 which has been demonstrated in
50% of patients with Crohn's disease.92' In our
study, four of six patients exhibited a subclinical
alveolitis as judged by an increased number of
immune and inflammatory cells found in their
bronchoalveolar lavage and all but one (patient 1)
had an increased pulmonary permeability. One
patient with a marked increased pulmonary
permeability, however, had normal broncho-
alveolar lavage values (patient 5). Such a discrep-
ancy between pulmonary permeability and
bronchoalveolar lavage has been previously put
forward by Harrison et al in patients with
systemic sclerosis and normal chest radiograph.35
The link between alveolitis and increased pul-
monary permeability is not established, how-
ever. Diethylene triamine pentacetate is believed
to cross the alveolocapillary membrane through
intercellular junctions.36 Increased permeability
of lung epithelium to DTPA might be the
consequence of an in vivo oxydation of 99mTc-
DTPA to 99mTc04- (which has a faster tl/½ lung
to blood than 99mTc-DTPA) by alveolar inflam-
matory cells.3' Previous in vitro study clearly
showed the production of free pertechnate
(99mTcO4-) when 99mTc-DTPA was incubated
with activated neutrophils37 presumably as a
result of the action of reactive free radicals. This
mechanism may occur in vivo as in Crohn's
disease macrophages are in an activated state and
spontaneously release increased amounts of
reactive oxygen species.29 Alternatively,
increased pulmonary permeability could result
from a direct harmful effect on intercellular
alveolar junctions of active oxygen species
released by activated alveolar macrophages.29

Other mechanisms for increased pulmonary
permeability are possible on theoretical grounds.
First, increased pulmonary permeability in
Crohn's disease might be the consequence of an
inhaled allergen and result from a non-specific
inflammation preceding the development of an
immune disorder. Bourke et al reported that
asymptomatic bird fanciers (with or without
antibodies against pigeon gamma globulin)
exhibited an increased rate of lung to blood
clearance of 99mTc-DTPA.32 In this regard,
recent studies reporting an increased prevalence
of serum antibodies reactive with Saccharomyces
cerevisiae (baker's yeast) in Crohn's disease
suggest that Crohn's disease could be a mani-
festation ofimmunological hypersensitivity to an
environmental antigen.3839 Second, increased
pulmonary permeability may be caused by
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stretching of intercellular junction by granu-
lomas. This has been suggested by Thunberg
et al for explaining increased pulmonary perme-
ability in sarcoidosis with radiological involve-
ment of the lung.'4 This hypothesis seems
unlikely, however, because granulomatous
involvement of the lungs is rare in Crohn's
disease4" and as all our patients had normal chest
radiographs. Finally, increased pulmonary
permeability may be a primary abnormality.
This hypothcsis fits wci' with the fact that in our
study, increased pulmonary permeability was
not dramatically influenced by disease activity.
Increased pulmonary permeability might then
be part of a more generalised defect of epithelial
permeability in Crohn's disease such as pre-
viously evoked by Hollander et al who showed
that intestinal permeability was increased not
only in patients with Crohn's disease but also in
their healthy relatives.5 Whether this defect
results from a primary genetic susceptibility or
from the effects of environmental factors' 217 38 39
is still unknown.
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by INSERM (CJF 90-06). This work was presented, in part, at the
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