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Respiratory Involvement in Children
with Inflammatory Bowel Disease
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Inflammatory bowel diseases (IBDs), including Crohn’s disease and ulcerative colitis, are systemic diseases with
a variety of extra-intestinal manifestations. Respiratory involvement, whether clinically symptomatic or latent,
may be more common than previously thought. As opposed to adults, most of the cases in children involve
Crohn’s disease. The pathogeneses of the pulmonary manifestations are obscure. The inflammatory process is
not restricted to the bowel as has been suggested by findings of high levels of fractional exhaled nitric oxide
(FeNO) in the airways. Increased FeNO has been reported even during clinical remission, while increasing
further during exacerbations. Pulmonary manifestations develop usually after the onset of the bowel disease;
however, they may emerge after colectomy and cessation of therapy. Pulmonary lesions in children usually
involve the lung parenchyma with granulomatous infiltrates. Other less common injuries involve the airways
and the pleura. The most prevalent pathologies in adults are bronchiectasis, cryptogenic organizing pneumonia,
and small airway disease. Pulmonary involvement in IBD is often latent or sub-clinical and may be detected
solely by laboratory or imaging techniques. Abnormalities in pulmonary function tests (PFTs) are not consistent
except for low-diffusion capacity for carbon monoxide, which was found in both children and adults. High-
resolution computed tomography (CT) is a sensitive tool for detecting lung involvement and may reveal ab-
normalities even when PFTs are normal and the patient is asymptomatic. Medications used for IBD, especially
nonsteroidal anti-inflammatory drugs, are also a risk factor for lung injury. Treatment of pulmonary involve-
ment often includes systemic corticosteroids with subsequent prolonged treatment of inhaled steroids in ap-
propriate selected cases. Other immune-modulators have been tried. Pediatricians, especially those treating
children with IBD, pediatric gastroenterologists, and pediatric pulmonologists should have a high index of
suspicion and be aware of tools to be used in the assessment and treatment of pulmonary complications in IBD.

Case Report

Key Points Box 15-YEAR-OLD GIRL STARTED to cough after a sub-total

What does this review show for respiratory involve- colectomy for ulcerative colitis that was resistant to
ment in children with inflammatory bowel disease (IBD)? treatment. Her medical history was uneventful except for
1. Respiratory involvement in IBD is not very rare. atopic dermatitis. There was no history of respiratory dis-
2. Pulmonary involvement may be asymptomatic and ease. Family history was unremarkable. At the age of 14
present only as radiologic and physiologic derangements. | years she was found to have ulcerative colitis and pancolitis.

3. Most children with respiratory involvement have She was treated with sulfasalazine (5-aminosalicylic acid
Crohn’s disease. [5-ASA] with sulfapyridine), 6 mercaptopurine (6MP), oral

4. Pulmonary involvement may start or worsen following corticosteroids, and the tumor necrosis factor o (TNF-o) in-
bowel surgery. hibitor infliximab. Nevertheless, she suffered many exacer-

5. Exhaled nitric oxide is elevated during remission with | bations and required repeated hospitalizations due to an
further increase during exacerbation. uncontrolled disease. Subsequently, she underwent sub-total

6. High-resolution computed tomography is a sensitive colectomy. Her perioperative course was normal. Treatment
tool for detecting lung involvement. with corticosteroids and 6MP was gradually tapered off
7. Pulmonary function tests may exhibit a variety of changes. | ~without recurrence of the gastrointestinal symptoms. Within
8. Treatment options include steroids and other immune a week after the surgery, she started with productive cough
modulator drugs such as antitumor necrosis factor o that did not respond to inhaled bronchodilators and ste-
antibodies in addition to supportive treatment. roids. Wheezing and coarse crackles were heard over the

Department of Pediatric Pulmonology, Critical Care and Sleep Medicine, Dana Children’s Hospital, Tel Aviv Sourasky Medical Center,
Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel.

197



198

right lower lung field. Chest radiograph showed mild
bilateral hyperinflation with bronchial thickening at the right
lower lobe (RLL). Laboratory work-up revealed normal
complete blood count (CBC) and chemistry with mild
elevation of C-reactive protein. Sweat test and tuberculin
skin test purified protein derivative (PPD) were negative.
Spirometry showed forced expiratory flow in 1 minute
(FEV,)=61%, FEV;/forced vital capacity (FVC)=90%, and
FEF755=41% (percent of predicted values) without im-
provement after bronchodilators. Fractional exhaled nitric
oxide (FeNO) was elevated to 78 ppb (normal levels at our
laboratory <23 ppb). Chest CT scan, performed 3 months
after colectomy, showed diffuse bronchiectasis involving
all lung fields. Flexible bronchoscopy revealed normal
anatomy without signs of inflammation. Bronchoalveolar
lavage showed moderate neutrophilia with normal CD4/
CD8 ratio. Her productive cough worsened, she became
moribund, could not attend school, and was confined to a
wheel chair. Treatment with macrolides, high-dose inhaled
steroids (Budesonide 800 mcg/day), bronchodilators, and
physical therapy achieved gradual but consistent im-
provement. Systemic steroids were reserved for exacerba-
tions and preoperatively (ileal pouch anal anastomosis).
Over the next 6 months, cough became minimal and she
resumed full school and physical activities. Chest auscul-
tation still reveals mild diffuse crackles. However, all
medications have been discontinued without any further
exacerbations of her gastrointestinal or lung diseases.

Respiratory Involvement in Children
with Inflammatory Bowel Disease: Background

Inflammatory bowel diseases (IBDs) include Crohn’s
disease and ulcerative colitis, 2 chronic inflammatory dis-
eases of the gastrointestinal tract that are characterized by
exacerbations and remissions. Although these 2 entities differ
in several aspects, including pathogenesis, intestinal in-
volvement, symptoms, and treatment, a variety of extra-in-
testinal manifestations frequently occur in both.'™ The most
common organs involved are the eyes, skin, joints, and the
liver. Dotson et al. showed an incidence of 28% of extra-
intestinal involvement in 1,009 children with IBD with dif-
ferences in the prevalence of specific complications between
Crohn’s disease and ulcerative colitis.* Respiratory involve-
ment was first suggested by Kraft et al. in 1976. They re-
ported 6 cases of respiratory morbidity in Crohn’s disease
and ulcerative colitis.” Accumulating reports now suggest
that what was once believed to be a rare complication of IBD
is now being recognized more frequently.®* However, not-
withstanding the number of reports linking lung disease and
IBD, this association is often overlooked in children, espe-
cially because most case reports involve adults and very few
reports in children (Table 1).

Epidemiology

The true prevalence of pulmonary complications in IBD
remains unknown. Two issues make the conclusion of
prevalence difficult: the findings that respiratory involve-
ment may be sub-clinically and such abnormalities may
either resolve or persist during bowel remission. One study
reported an incidence of asthma in up to 20% of subjects."’
Respiratory complications may not be infrequent when
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both clinical and subclinical (radiologic or lung function
abnormalities during active bowel disease or during bowel
remissions) are considered.®® Respiratory symptoms have
been reported in up to 25%-50% of IBD adult subjects in
case series of 30 to 40 cases.''™'* True prevalence in children
is unknown since pediatric reports of respiratory involve-
ment are scarce. Two large pediatric studies involving
>2,600 cases that evaluated extra-intestinal manifestations
in IBD did not indicate any respiratory involvement.*'>
This may, however, be due to lack of awareness. Table 1
summarizes the case reports published in children.'®®
These reports showed an almost equal occurrence in males
and females. Subjects were generally in their 2nd decade of
life and most of the cases suffered from Crohn’s disease.
Unpublished personal data from Philippe Camus regarding
the international registry of respiratory involvement in IBD
confirm that only few pediatric cases have so far been re-
ported.

Pathogenesis

Pathogenetic mechanisms for pulmonary involvement in
IBD are unknown. Both the colon and the bronchial tree are
derived from the primitive gut and have columnar epithelia
with goblet cells, submucosal mucus glands, and lymphoid
tissue. One explanation relies upon the “shared antigen
theory.” The permeable intestinal barrier is penetrated by
products that cross-react with shared antigens in the human
body.* Another theory suggests that circulating immune
complexes and complement deposition are responsible for
pulmonary flare-ups.®® Yet, the pathogenesis of IBD and of
many of the reported pulmonary diseases associated with it
remains vague.

The timing of the pulmonary involvement is not consis-
tent. In >50% (8 of 15) of the pediatric cases, the respiratory
involvement followed the IBD, whereas in 3 of them it pre-
cedes it, and 4 cases presented with colonic and lung disease
at the same time (Table 1). In most adult cases, pulmonary
manifestations develop after the onset of the bowel disease.®
An intriguing observation is that in some reports of adults
with IBD, mostly ulcerative colitis, and in 1 pediatric case,
respiratory involvement was described after colonic surgery
and in some cases worsened in the days to months after such
surgery.”*'> Our patient also presented similarly. In 8 out
of 10 adults with IBD (5 with ulcerative colitis) and bron-
chiectasis, described by Kelly and colleagues, the onset of
respiratory symptoms followed colectomy.”® The mechanism
for this phenomenon remains obscure. Some believe that the
withdrawal of the immune suppression treatment after co-
lectomy enables the inflammatory process to accelerate.
Another theory suggests that the surgical procedure is re-
sponsible for the development of respiratory symptoms and
disease. Regardless of mechanism, the possibility that co-
lectomy could precipitate pulmonary complications in IBD
patients should be kept in mind.

Infections complicating IBD are a logical theory that may
explain respiratory involvement. However, all the case re-
ports in children and the large reviews available in adults
presented negative results after a thorough and aggressive
work-up for infection that included search for bacterial, viral,
and opportunistic pathogens in blood, saliva, bronch-
oalveolar lavage, and tissue biopsies. Serologic tests were
also uninformative. Special attention was paid to rule out
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mycobacterium infection and in some of the cases treatment
was initiated until negative culture results.”” Camus de-
scribed occasional growth of Candida albicans and Hemophilus
influenza with questionable clinical relevance.’

Inflammation

Increased production of nitric oxide has been demonstrated
in IBD, mainly in ulcerative colitis.®® Nitric oxide levels were
found to be increased 100-fold in aspirated colonic and rectal
gas of ulcerative colitis patients.*’*® An observation in adults is
the increased FeNO in the airways of IBD patients. Koek et al.
found a positive correlation between the degree of the intes-
tinal disease and levels of FeNO.* A recent study from Turkey
showed significantly higher FeNO levels in IBD patients with
pulmonary involvement compared with IBD patients without
pulmonary involvement and normal controls (32, 24, and
14 ppb, respectively). Sensitivity and specificity analysis with
receiver operator characteristic curve analysis failed to present
a reliable cutoff value for FeNO as a marker for the pulmonary
involvement probably due to a small study population (33
IBD, 15/33 with pulmonary involvement).40 This, neverthe-
less, supports the assumption that pulmonary involvement in
IBD is associated with inflammation. Preliminary findings
from our lab show higher levels of FeNO also in children with
IBD during remission compared with healthy controls, sug-
gesting that FeNO may be used as a screening to identify pa-
tients with pulmonary involvement. It is yet to be defined
whether FeNO levels may be used as a simple noninvasive tool
to identify also intestinal flare-up.

Several explanations have been proposed for the
increased FeNO in IBD. An interesting theory is that the
inflammatory process is not restricted to the bowel. In-
flammatory cells that migrate to other sites through the
systemic circulation are responsible for the extra-intestinal
manifestations. Indeed, activated lymphocyte accumulations
have been reported in bronchoalveolar lavage and induced
sputum samples in asymptomatic patients with IBD.*' Thus,
FeNO may reflect lung co-inflammation.

Pulmonary Manifestations of IBD
Symptoms

Symptoms in pediatric and adult patients usually are non-
specific and include cough, wheeze, sputum production,
dyspnea, stridor, and hoarseness. Weight loss was reported in
children. Physical examination is frequently normal. In-
spiratory crackles and diminished respiratory sounds may be
observed.”” However, sub-clinical radiologic and laboratory
involvement does exist (see below). It is useful to classify pul-
monary involvement in IBD according to its anatomical site.

Parenchymal Involvement

The most common site of respiratory involvement in
children is parenchymal, whether alveolar or interstitial. In
almost half of the pediatric cases biopsy showed noncaseat-
ing granulomas with giant cells.'®'®** All of them had
Crohn’s disease, which had been diagnosed several years
before the respiratory symptoms emerged. Two pediatric
cases of ulcerative colitis with respiratory involvement ex-
hibited interstitial lung disease '** and a third suffered from
interstitial and airway disease.** It is important to emphasize
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that any discussion regarding interstitial lung disease in IBD
should consider the exposure to bowel disease-modifying
drugs like the salazines. Indeed, some of the children de-
veloped the lung disease while on IBD drugs such as 5-ASA,
6MP, and corticosteroids. Cryptogenic organizing pneumo-
nia, previously termed as idiopathic bronchiolitis obliterans
organizing pneumonia (BOOP), is the most commonly re-
ported parenchymal manifestation of IBD in adults”** with
21 out 40 cases in 1 series.” This was also reported in a couple
of pediatric cases.'®!” Symptoms may include fever and
dyspnea. Other patterns of injury, reported mainly in adults,
included interstitial fibrosis, pneumonitis, and sterile necrotic
nodules.**™* Parenchymal involvement may necessitate lung
biopsy for diagnosis and to guide treatment.

Airway Disease

There are only 2 case reports of airway involvement in
pediatric IBD patients. One described a 13-year-old girl
with interstitial lung disease and developed necrotizing
bronchiolitis and bronchiectasis later in the course of the
disease.* The second described a boy who developed re-
spiratory symptoms early in the first months of life and
was found to have Crohn’s disease with bronchiectasis
later.?! In comparison, in adults with IBD, airway involve-
ment is much more common. Black et al. reviewed 55
studies including 155 patients with respiratory involve-
ment, most of whom had ulcerative colitis and all of whom
were adults.” They found large airways involvement in 39%
of the cases, 2/3 of them presented with bronchiectasis. The
mean age was around 40 years with small airway disease
presenting at younger age. It is tempting to suggest that
immune suppression by IBD medication is responsible for
recurrent pulmonary infections that eventually cause
bronchiectasis. That in previous reports and in our case
bronchiectasis was the first presentation of respiratory in-
volvement without evidence of prior respiratory morbidity
undermines this theory.

Large airway patterns of injury include acute (rare) and
chronic (more common) bronchitis and suppurative large
airway disease.®”?*** Small airway disease is less common.
Its occurrence in Crohn’s disease and ulcerative colitis is
similar,” and it may take the pattern of diffuse bronchiolitis,
granulomatous bronchiolitis,*® or bronchiolitis obliterans.>!

A rare type of airway disease associated with IBD in
adults is upper airways obstruction due to inflammation and
fibrosis which almost always involves the trachea.”>**

Serositis

Pleural effusions were reported in 2 pediatric cases—both
of them were boys with Crohn’s disease and parenchymal
lung disease.'®'® There are a few reports of this complication
in adults as well.”*°

Other Manifestations

Thromboembolic events and other rare pulmonary man-
ifestations associated with IBD have been described mainly
in adults.”” One 16-year-old adolescent who suffered from
pulmonary embolism 3 years after being found to have
Crohn’s disease was reported by Krishnan et al. He was
treated with low-molecular-weight heparin (enoxaparin) and
later developed cryptogenic organizing pneumonia.'® A



(panu13uoo)

paaoxduur
swoydwifs A10yerdsay

uonnosar a[dwo))

921§
swoydwifs K1oyerrdsoy

921§
swoydwifs K1oyerrdsoy

SpIOI1)S
[eI0 JUeTULIdIU]

aumbourory
-AX0IpAL]
SproIas JIN-9

drexanoyjour
auTwe[esaW SPIoIdlg

dIN9
QuUTUIRTESIW SPIOIAIG

qewmxIuy

qewTxIuy

qewmxIuy

"STEIA 6 1o (1D UM pasouder(] ‘sIsepanpuolq padopasp
uo 19ye "I YIM BIYLIRIP DIUOI)) 'SIBdA § je Aw03dqo]
AdUeyuI WOIj UOTJEPI[OSUOD PUE SISE}OI)E IeqO] JUSISISID ]

‘JuswdAoxduur

JNOYJIM dUruIe[esaw pajie)s pue aurzefesejns paddolg

‘09 pue sewomnuerd 3urjeaseouou—Asdorg ‘o,0/4=0D1A

"9ATIONIISO pue dANOLISaI—] I “ddouereadde sse[8 punoid jo

sayoyed Yirm dresow— [ DY [eWIOU—y XD ‘Sisouekd ‘Guiq
-qn> “edudsAp ‘90ULIR[OJUT ISIDISXD ‘SISOUSEIP Iojfe SYyuow ()]

"D jo sisougerp

Ay pareasar Adoosouoro)) ‘JOD + S[[0 JUeI3 M sewr

-onuerd 3urjesseouou—”Asdorg ‘sanpou—71 ) ‘seruowmnaud
JUDLINDAI pue Y3no)) ‘SYHUOW 9 I0J SSO[ FYIIoM pue 1eams JYIIN

*S[[0d Juerd yHm sewr

-ornuerd Jurjeaseouou—~Asdorg uorsnyye eanayd + ayenyyur
PoT—yXD ‘ured 3sayd pue I19Adj ‘sisouderp 1oyye sieak g

“uoneWIWEUL Te[09ATe—ASdOIg *9ATONISqO—] I 'SO[Npou
—1D 'sewoydwifs L10jerndsar ou ‘sisouerp 1eyje sieak ¢

"S[[d Juerd Yym sewonuerd

Guneaseouou—Asdorg “suorss snojyewomnuerd sidymu—10)

"DJRIHUI PO T—3XD "YSNod “Upeaiq Jo SsaupIoys ‘ssaupy3n
ISP YIIM PajuRsaL] VI ‘D Jo sisouderp 1oyje sieak ¢

dOOd—A4sdorg "uorsnyzo

[emay rexsre[iq—yxD “snoyyde ‘ured 3soup ‘IoAdy Ym
£1 93e ye pajuasaid ‘s1eak 9T 1e g ‘(D Jo sisouderp Ioije s1eak §

[0 juerd ypm

sewomnuerd Suneaseouou—Asdorq Sun "9AnOIIISAI—] I
‘sonpou—71 ) “erwaxodAy y3nod 10495 ‘srsouderp 19)je siedk ¢

auosrupaxd
Jurzepesejng

QUIWIETESIIA]

SUIWIETESIIA]

dN
9 -+ SUTWIETESIIA]

JIN9 + dUOSTUPaI]

€l d

<t d

Ll W

gel d

4! d

Ll W

€l d

as

as

as

as

on

as

as

as

18 30 3uaqoxy

oz T8 10 Ijuag

61 Te 1o
UMOIqUOAT]

o T8 39 spun g

L Te 39 oyreare)

o T8 39 ueUysLD]

2110010
Aio1pa1dsay

X[

uoydriosacy

uoLpIUISILA
WXL

a8y xa8

adhy
adi

aouaiafor Aipnis

AMMDH«QMWHHA HHL 40 >>m~>mv@ dASVISI(J TAMOY AIOLVININVTIIN] HIIM NHIATIHD) NI LNHWHATOAN] AJOLVIIASHY 40 SHSV)) AHLIOJIY 40 AAVININNG

I A14V ],

200



"SII[0D dARRID[N ‘D) 4593 uonouny Areuow nd ‘1.1 ‘wsioque Areuow nd ‘g ‘eseasip Suny [ennsIaur ‘([ ‘9SLIsIp [9MO0q ATojewnuejur ‘(gr 4oes feunsajuronsed ‘110
QATIY) 0} IN[Te] “I1.] “eWLISe PaonpuI-asIaXe ‘Y ‘DpIxououwr uoqred 1oy 3uny ayy jo Ayeded uosnyyip ‘01 ‘eruowmaud [ennsiojur aaneurenbsap ‘J1q ‘Aer-x 159y XD ‘Ayderdouwroy pandwod ‘1D
feruowmaud Surziuedio orua80)dAId ‘0D @seasip s,uyo1)) ‘(D ‘eruowmnaud Jurziuedio suerslqo SRIOnPuoIq ‘JOOd ‘SUrIdIO SHI[OIOU0I] ‘Og @deAe] 19[0aAeoypuolq “Tyq ouumdoidediaw 9 ‘A9

o013
swioydwifs A1oyerrdsoy

o015
swioydwifs K1oyerrdsoy

901y
swoyduwifs Aroyerdsay

o015
swioydwifs A1oyerrdsoy

swojdwAs
Areuournd jo jasuo
I9)ye s1edk g paIq

aurzereseydyns
SUOSIUPaI]

JjuauIIeaT) ISNJAY

aurrdonypjeze
QUOSTUPIL ]

SpIOIa)S
ay o Surradey
YIIM duIzefesejng

ound
-OTjeze JUOSIUPIL]

‘Teurtou—Asdorg stsojfooyduA]
—Vg "90URIS[OIUI ISIIOXH ‘SISOUSeIp Iojje sieak G|
‘sewo[nuerd proreyjide pue 3urjesseouou
Asdorg ‘s1soyfooydwd—1vg Tewrou—O 1 + LAd
dNeNHUI TIARI—IXD Surqqnp ‘seppern Arojerrdsur aje|
‘swojdwifs [0 pue A103e11dsar A[JUeIriuoduod Yim Pajuasal]
U000
oy} noySdnory} smom a[dnnuwr y3rm uoreurejur peards
-apim—Adoosopus 119 ‘sewonuerd Jurjeaseouou—A~Asdorg
0 =0D 1 PANLISAI- I ‘somnpou [eroyduad ardnnu
—1D "uoneprjosuod aoeds-ire Aydyed—y XD "sainssy reue
pue 1om snoypyde [e1Q ‘sappoed Arojerrdsur auyy ‘Surqqnpd
‘ured JeUTWOPE PUe BAYLIRIP WOIj PIIdJNS 193] SYIUOW
JYSI "90URIS[OJUI ISIOXD Y3Nnod ‘eruowmnaud SurajosaruoN
“SIIT[O9ATR 9)Nnde pue sajenyur ajAooyduA]
rennsioyur snoyewonueid—Asdorg ‘eaudsAp pue eaudAyoey
UM pajuasard uorjoasar [eafr 19)je pue sIsouerp Iayje sieak ¢

" YHM pasouSerp sem

pue suSs [9) pado(ead( ‘spruownaud [ennSIOIUI YIIM SISe}dd

-puoiq—Asdorg "9,9¢ =010 ‘PANMISAL —Id “Sdjenyul
[eNISIOUL ISTJIP-IXD "(1] Iuepuadop Proials Jo A103SIy 1edh ¢

‘sisoy—Asdorq 1eary ‘errydoursos yim

J1a-Asdorg -sayenyur rennsoyur—yx) safer Aroyerrdsur
‘3urqqnd “9dUDIL]OJUI ISIDISXD ‘SISOUILIP Iojje SIedk G

*S[[a0 Juerd YHm sewonuerd Sureaseduou

—(8ey unys reue pue ‘swn8 “3uny) Asdorg ‘seyenyur pYy W3
—IXD "ssounios [euerdd pue swnd US[[OMS UM PIJUISIL]

€l

]

1T

cl

€l

ourzereseymg €1

€

d

as

as

as

as

on

on

as

gz T8 30 Xnoy 97

L2 Te 39 dTuIy

o T8 39 TeUIg-TV

e 39 1oshey]

wNAM }o I9ZeIN

e ongdea],

2z 1€ 39 19p[eD

aUL0010
A103041dSaYy]

XL

uoydiosacy

uoyvuasaid a8y
wx]

Xag

adhy
adr

aouaiafor Aipnis

(QEANILNOD)) ' 414V ],

201



202

recent large Danish study observed an increased risk for
deep vein thrombosis and pulmonary embolism in both
children and adults.”® Rare occurrence of ol-antitrypsin de-
ficiency was reported mainly in adults with ulcerative coli-
tis.”*®! Sarcoidosis was concomitantly reported with
Crohn’s disease in >40 adult cases® and is suggested as a
differential diagnosis almost in every case of Crohn’s disease
and pulmonary involvement due to the pathologic resem-
blance. Recurrent or antibiotic-resistant left lower lobe
pneumonias in patients with Crohn’s disease should raise
the suspicion of a colobronchial fistulae.®**3

Pulmonary Functions

Abnormalities in pulmonary functions have been found
in children with both Crohn’s disease and ulcerative colitis,
including changes in maximal flow rates, lung volumes,
and mainly in diffusion capacity. Munck et al. performed
pulmonary function test (PFT) in 26 children with Crohn’s
disease, all of them without respiratory symptoms and with
normal chest radiographs. They did not find any difference
in spirometry and lung volumes in patients with active
disease compared with those in remission. Except for 3
children with active disease who showed restrictive pattern,
all others had normal indices.* In the pediatric reports
mentioned above, restrictive, obstructive, and mixed pat-
terns were noticed'®2?*% (Table 1). In the adult group,
Tzanakis et al.®® studied PFTs in 132 IBD patients (47 with
Crohn’s disease and 85 with ulcerative colitis) and found
no significant differences in spirometric indices between
patients and healthy controls. Herrlinger et al. showed
decreased FEV; in both ulcerative colitis and Crohn’s dis-
ease adult patients at remission compared with healthy
controls. FEV; was further decreased during active
disease.®® Mohamed-Hussein et al.*” detected PFT abnor-
malities in 15 of 26 (57%) adult ulcerative colitis patients.
The most common was a decrease in FEF75_s, followed by
reduced FEV;. These changes correlated with disease activ-
ity. These findings were supported also by recent publica-
tions.'*®® Findings in patients with disease onset in
childhood were no different from those with disease onset as
adults.®® Air entrapment with increased functional residual
capacity (FRC) and increased residual volume to FRC ratio
(residual volume [RV]/FRC) was also observed in
adults.'**’

Challenge testing for bronchial hyper-responsiveness has
been reported in patients with IBD. Mansi et al. performed
methacholine provocation tests in 14 children with Crohn’s
disease without clinical airway disease. The mean age was 12
years. The rate of hyper-responsiveness was 71% compared
with 100% in asthmatic children and 0% in healthy con-
trols.”® There was no relation to disease activity or treatment.
Similarly, high rates of bronchial hyper-responsiveness have
also been reported in adults.”*

The most repeatable abnormality of lung function in IBD
patients is the decrease in diffusion capacity of the lung for
carbon monoxide (DLCO) observed in both Crohn’s disease
and ulcerative colitis. In the 26 children studied by Munck
et al, a decrease in DLCO was observed during active
disease compared with remission.®* While several studies in
adults found that it correlated with disease activity with a
decrease in diffusion capacity during exacerbations of bo-
wel disease,'>*®7%73 others found similar reduction in
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DLCO not only during an active disease but also during
remission.""”*”® The reduction in DLCO could indicate an
alveolitis or alveolar-capillary dysfunction, which may be
related to the increased capacity of alveolar macrophages to
produce superoxide anions, as reported in Crohn’s dis-
ease.”® Histopathological studies are needed to better ex-
plain this phenomena.

Radiology

Chest radiography is usually normal in patients with IBD
and can stay normal despite of pulmonary involve-
ment.”*%”7 Nevertheless, pulmonary infiltrates, either alve-
olar or interstitial, were found in children with lung
involvement.'®'#212? Findings on CT scans include pulmo-
nary abnormalities, but most reports did not correlate CT
findings with clinical and pulmonary function data. One
study that did investigate these relationships was performed
by Mahadeva et al.** in 17 adults with IBD (14 with ulcera-
tive colitis), all during inactive bowel disease. Bronchiectasis
was found in 13/17 patients (11/14 ulcerative colitis and 2/3
Crohn’s disease), 11 had air trapping, and 5 had a “tree in
bud” appearance. However, 6 of the 13 patients with bron-
chiectasis had normal PFTs. Another study (1=>52) found
pulmonary abnormalities in CT in 50% and 60% of ulcerative
colitis and Crohn’s disease adult patients, respec’cively.78
Similar results were reported also by Songur et al.'* and
Yilmaz et al.'* with the CT abnormalities being air-trapping,
peribronchial thickness, ground-glass opacifications, pe-
ripheral reticular opacities, and cysts. A recent study that
showed pulmonary involvement in 15 of 33 (45%) adult
patients with IBD (25 ulcerative colitis and 8 Crohn’s disease)
also found that CT was the most sensitive test for pulmonary
involvement.*” Out of the 15 cases, pulmonary abnormalities
were diagnosed in 13 using high resolution computerized
tomography (HRCT) and in only 2 by PFTs and DLCO.
Hence, radiologic evidence of pulmonary involvement in
IBD may be the only abnormality and occur without clinical
or even physiologic derangements. CT may be required for
early diagnosis of parenchymal involvement. However, its
clinical significance is unclear.

Asthma and Allergic Disorders

The association between atopy and IBD is not new.””
Bernstein et al. found increased prevalence and a more se-
vere course of asthma among adult IBD patients compared
with healthy subjects."” This was supported also by Raj et al.
for ulcerative colitis who reported a 4 times higher preva-
lence of IBD among patients with airway disease, like
COPD, chronic bronchitis, and bronchiectasis compared
with the general population.*” The increased occurrence of
Crohn’s disease in asthmatics did not reach a statistical
significance. Other studies have shown increased rates of
atopic features, history of atopy, positive skin prick, and
high IgE levels in adult IBD patients.'>®'** Sputum eosin-
ophilia was observed by Fireman et al. in adults with
ulcerative colitis.*

Drug-Induced Lung Disease

Special attention must be paid to respiratory adverse drug
reactions from the variety of treatments for IBD. The 2 drugs
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linked the most to pulmonary adverse effects are mesala-
mine—a 5-ASA—and sulfasalazine (a combination of 5-ASA
and sulfapyridine), both used frequently in the treatment of
ulcerative colitis and Crohn’s disease. Side effects of sulfa-
salazine and mesalamine may be dose related or idiosyn-
cratic. Like aspirin, both compounds can cause cough and
exacerbation of underlying asthma. The most commonly
described abnormalities due to sulfasalazine therapy are
eosinophilic pneumonia, interstitial pneumonitis, BOOP, and
cavitating nodules.®® From the 15 pediatric case reports
(Table 1), in 5 the respiratory symptoms occurred while
under treatment with one of these drugs. At least in 3 of
them, changing to other immune suppression strategy
achieved respiratory improvement.'®'®?° A review of the
literature for sulphasalazine lung toxicity by Parry and col-
leagues found 50 such cases in adults.”” Typical presentation
included cough, fever, new onset dyspnea, hypoxemia, and
infiltrates on chest radiography. Fifty percent of the cases
exhibited blood eosinophilia. The most common pathology
was eosinophilic pneumonitis. Drug withdrawal achieved
improvement in the majority of cases with resolution within
2 months. Systemic steroids offer little or no benefit; yet, they
are used frequently. There are few case reports of eosino-
philic pleural effusion.

Methotrexate has been linked with pneumonitis.*® Anan-
thakrishnan et al. described a series of IBD patients who
developed severe, noninfectious pulmonary toxicity during
the first month after the initiation of azathioprine or 6MP
(purine analogs).* Infliximab has been associated with lung
infections, mainly tuberculosis in adults.??°

Treatment

Treatment options for parenchymal disease comprise
changing or increasing the treatment for the IBD and adding
systemic steroids. Krishnan et al. described 3 adolescents
suffering from Crohn’s disease and severe pulmonary
symptoms who did not respond to steroids and other first-
line IBD treatment, but had dramatic responses to anti-TNF
monoclonal antibody (Infliximab).'®

In airways injury, corticosteroids, either systemic or in-
haled, are the most common drugs used with good results
overall” In the study by Mahadeva et al. 11 of 17 patients
exhibited a clinical or physiological response to steroids.*
Camus et al. reported good results using inhaled steroids
(beclomethasone or budesonide) in adult IBD patients with
large and small airway disease. Systemic steroids were re-
served for severe and unresponsive disease.” In some corti-
costeroid-resistant cases, other immunosuppressants were
used."””! Infliximab was used in 1 adult case after severe
adverse reaction to steroids.”

Other measures are mainly supportive and include
bronchodilation and mucus clearance strategies for airways
involvement especially when bronchiectasis is present.”
When the problem is drug-induced lung disease, the
mainstay of treatment would be stopping the offending
drug. In most of the adult cases, neither coloproctectomy
nor classic nonsteroidal IBD-modifying drugs have dem-
onstrated any effect in controlling the respiratory manifes-
tations of IBD.® However, in a few pediatric reports medical
therapy for IBD, such as 5-ASA and other immune-
modulators, achieved remission of respiratory symptoms
(Table 1). As discussed earlier, colectomy can aggravate or
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even trigger respiratory manifestations in adults and chil-
dren with IBD.*

Conclusions

Respiratory system involvement is an important extra-
intestinal manifestation of IBD, in both Crohn’s disease and
ulcerative colitis. Many issues are still unclear. Histo-
pathologic investigations in the future might shed impor-
tant light on the unanswered questions related to
pathogenesis in this disease. The association with Crohn’s
disease is more common in children. It may present with
different clinical presentations with variable relationships
to onset or duration of the intestinal disease. Age, type of
IBD, and treatment interventions, medications, and surgery
affect the occurrence of the pulmonary complications. Ex-
trapolation from adults and preliminary data from children
suggest that both airway and lung pathology may be ob-
served in children without active bowel disease and during
remission. Occasionally, abnormal laboratory and imaging
findings may precede clinical presentation. The preliminary
findings of increased FeNO during exacerbations require
further studies to evaluate whether this test offers a tool to
detect respiratory flare-up and possibly bowel exacerbation.
Since asymptomatic respiratory involvement may poten-
tially evolve into a serious disease with significant effects on
quality of life, studies are needed to develop protocols to be
used for screening respiratory involvement and that will be
applicable and useful in the evaluation of the disease and
the results of treatment. Until more data are available, we
suggest that respiratory work-up be incorporated into the
management routine in children with IBD. Work-up is
suggested at (1) diagnosis of IBD and before treatment; (2) 2
and 4 years from diagnosis in an asymptomatic child; (3)
before and 2 months after surgery (colonic). Such respira-
tory work-up should include: careful history of respiratory
symptoms, physical examination, chest radiography, PFT
including diffusion capacity, and optionally FeNO. A child
presenting with respiratory symptoms at any point in the
course of their IBD disease should also undergo this work-
up. When airway disease is suspected and spirometry is
normal, challenge tests should be considered. When pa-
renchymal involvement is suspected and especially when
bronchiectasis is considered, a HRCT is warranted. Al-
though respiratory infections have not been found to be a
common trigger for respiratory involvement in IBD, we
suggest ruling out infectious causes.

Pediatricians and pediatric gastroenterologists involved
in the treatment of children with IBD as well as pediatric
pulmonologists who may be consulted by patients with re-
spiratory symptoms should have a high index of suspicion
and use available appropriate strategies in the assessment of
these patients and during their follow-up.
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