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Abstract
Extra-intestinal Manifestations occur commonly in inflammatory bowel diseases (IBD). pulmonary manifestations (PM) of IBD may be divided in airway disorders, interstitial lung disorders, serositis, pulmonary vasculitis, necrobiotic nodules, drug-induced lung disease, thromboembolic lung disease and entero-pulmonary fistulas. Pulmonary involvement may often be asymptomatic and be detected solely on the basis of abnormal screening tests. The common embryonic origin of the intestine and the lungs from the primitive foregut, the co-existence of mucosa associated lymphoid tissue in both organs, autoimmunity, smoking, bacterial translocation from the colon to the lungs may all be involved in the pathogenesis of PM in IBD. PM are mainly detected by pulmonary function tests and high-resolution computed tomography. This review will focus on the involvement of the airways in the context of IBD, especially stenoses of the large airways, tracheobronchitis, bronchiectasis, bronchitis, mucoid impaction, bronchial granulomas, bronchiolitis, bronchiolitis obliterans syndrome and the co-existence of IBD with asthma, chronic obstructive pulmonary disease, sarcoidosis, and a1-antitrypsin deficiency.
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Papanikolaou I, Kagouridis K, Papiris SA. Patterns of airway involvement in inflammatory bowel diseases. World J Gastrointest Pathophysiol 2014; In press

INTRODUCTION
Extra-intestinal Manifestations (EIM) commonly occur in inflammatory bowel diseases (IBD), with a prevalence rate between 21%-41% reported in various series. Crohn`s disease (CD) presents with EIM more frequently than ulcerative colitis (UC)[1]. Most common EIM are erythema nodosum, pyoderma gangrenosum, arthritis, uveitis, episcleritis, mouth ulcers, renal stones, thromboembolic disease and primary sclerosing cholangiitis. Pulmonary involvement complicating IBD was originally considered rare (with a frequency rate < 1%), but the first case series published in 1976 assisted in better recognition, evaluation and description of IBD related respiratory disease[2].
Pulmonary Manifestations (PM) of IBD have been studied in the literature by small in size case-control studies, case reports and epidemiological population-based studies. Depending on the anatomic site involved, PM in IBD may be divided in airway disorders, interstitial lung disorders, serositis, pulmonary vasculitis, necrobiotic nodules, drug-induced lung disease, thromboembolic lung disease and entero-pulmonary fistulas. Concomitant occurrence of IBD with specific respiratory diseases [granulomatosis with polyangiitis (GPA), asthma, chronic obstructive pulmonary disease (COPD), alpha 1 antitrypsin deficiency and sarcoidosis] is not uncommon. Pulmonary involvement is often asymptomatic and may be detected solely on the basis of abnormal screening tests. This review will focus on the involvement of the airways in the context of IBD.

EPIDEMIOLOGY
The exact incidence and prevalence of PM in IBD is not known; however, airway involvement constitutes a large proportion, responsible for 40-63% of overall respiratory incidents[3,4]. PM in total and specifically airway involvement seem to occur more commonly in UC relative to CD. 
Although IBD related PM were originally considered rare, certain population-based studies have revealed significant inter-relations between the lungs and IBD. Bernstein and colleagues in a large population-based study in North America in 2005 reported that airway disorders in general (including asthma and bronchitis) were the most common extra-intestinal manifestation in subjects with CD and the second most common in subjects with UC, with prevalence of asthma in this population between 7%-8%[5]. In another retrospective study from the opposite view, Birring reported that IBD was 4 times more prevalent among patients with airway diseases, particularly non-asthmatic patients with productive cough, than in the general population[6].  
These epidemiological studies along with the observation of concordant EIM among siblings and first degree relatives suffering from IBD, led to genome-wide studies that showed certain genetic predispositions for various EIM. Hence, in CD, HLA-A2 and HLA-DR1 and in UC haplotypes HLA-B27, HLA-B58 and HLA-B8/DR3 are all linked to IBD related skin, joints and eye disorders[7,8]. To our knowledge, such genetic predisposition for respiratory involvement in IBD has not been demonstrated yet.
       
PATHOGENESIS
Current theory for the pathogenesis of IBD postulates that in genetically susceptible individuals, environmental triggering factors cause a local immunologically aberrant intestinal injury and repair as a response to commensal bacteria. Environmental factors implicated are smoking (for CD), stress, infection, drugs and diet. Polymorphisms in NOD2-CARD15 (caspase recruitment domain family member 15) are found in 25%-35% of European descent patients with CD; haplotype HLA DRB1*0103 within major histocompatibility complex (MHC) is associated with susceptibility to and extensive UC. Various genetic mutations (ATG16L1, IL-23 receptor, TNF polymorphisms) confer to disease progression by loosening of the intestinal epithelial barrier, decreasing of microbial clearance, loss of tolerance of the mucosa to enteric microflora (autophagy) and immunologic dysregulation. Innate and adaptive immunity recognize microbial antigens and through pattern recognition receptors (TLR [toll-like receptors], NLR [nucleotide binding domain like receptors]) initiate an abnormal T-cell expansion - in the form of Th-1 and Th-17 pathways in CD and mainly Th-2 pathway in UC -  that lead to chronic mucosal inflammation and disease[9,10].
Although significant progression is noted in the understanding of the pathogenesis of IBD, the exact mechanisms responsible for the cross-talk between bowel disease and airway disorders are not clearly elucidated. This association is of importance since clinical observations have repeatedly pointed out the phenomenon of a respiratory exacerbation occurring suddenly in patients with IBD after a therapeutic intervention (enterectomy) for their colon disease, with respiratory disease being completely unresponsive to this intervention[11].  However, the common embryonic origin of the intestine and the lungs from the primitive foregut should be considered the basis for this association. Their common origin reflects on their common structural features: an extensive luminal surface area, protected by a tight epithelial barrier that covers a submucosal layer of goblet cells, glands and most importantly lymphoid tissue responsible for homing of lymphocytes as well as innate and adaptive immunity[12]. 
Bronchus associated lymphoid tissue (BALT) and Gut associated lymphoid tissue (GALT) are both parts of the mucosa associated lymphoid tissue (MALT). Lymphocytes get activated according to the inflammatory stimuli they receive and mis-homing of lymphocytes may provide an explanation for the migration of inflammation[13,14]. Further, as we described earlier, apart from immune-mediated phenomena, auto-immunity (pANCA, anti-Saccharomyces cerviciae antibodies {ASCA} and antibodies against intestinal epithelial antigens) also contributes to the pathogenesis of IBD[15]. It is therefore likely that based on common structures and the affinities of the lymphoid tissue, circulating immune complexes, stimuli and auto-antibodies migrate from the intestine to bronchial and possibly alveolar epithelium leading to airway inflammation and disease. This shift of inflammation may become more dramatic when the colon is removed after colectomy. In line with this, Adenis and colleagues in a scintigraphy study demonstrated increased pulmonary permeability in patients with CD[16].
Certain contributing factors to such presumed pathogenesis may be proposed. Smoking is a well-known risk factor both for airway diseases and CD[17]. Bacterial translocation occurring in IBD may well affect the lung microbiome and confer to airway disorders, since we already know that abnormal microbiome of the lungs carries implications in the pathogenesis of COPD [18]. Common TLR molecules (TLR’s 2 and 4) participate in the pathogenesis of both COPD and IBD[19,20]. At last, matrix metalloproteinases (MMP) and anti-proteases like alpha-1 antitrypsin (A1AT), well known as a cause of pulmonary emphysema, are lately increasingly studied in the pathogenesis of IBD, where their expression and balance seems disrupted, offering another potential link between the two systems[21]. A proposed schema for the pathogenesis of IBD related airway diseases is shown in Figure 1.   
      
PATHOLOGY
As described earlier in this article, in the context of IBD, pathology examination may reveal abnormalities in different lung compartments, namely the airways, the interstitial tissue, the pleura, the parenchyma and the vessels. Interstitial pneumonitis and drug related eosinophilic pneumonia have been described; most intriguing for the pathologist though seems the differentiation between CD related pulmonary involvement and GPA in case of pulmonary nodules, particularly since CD and GPA may co-incide as shown in several reports[22]. In this review we shall focus on subclinical disease and airway pathology findings.
Bronchoalveolar Lavage (BAL) studies have shown that chronic inflammation is common in bronchi and alveoli of patients with CD. Wallaert and colleagues reported that 61% of asymptomatic patients with CD exhibit BAL features of an overt lymphocytic alveolitis[23]. The clinical significance of this phenomenon, which provides further evidence for a systemic immunological manifestation of IBD to the lungs, is unknown. In our opinion, this alveolitis will not necessarily progress to clinical stage disease.
Small case series have described all types of biopsy proven bronchiolitis, documented with wedge and transbronchial biopsies mostly but also with open lung biopsies. Granulomatous bronchiolitis is more common; acute bronchiolitis with peribronchiolar inflammation, concentric small airways fibrosis, constrictive bronchiolitis and diffuse panbronchiolitis are also reported [4]. It should be highlighted that in the larger series by Casey and colleagues, bronchiolitides usually present before or concurrently with bowel disease, unlike other respiratory disorders that commonly follow bowel disease by considerable time[24].    

SCREENING FOR AIRWAY DISEASES 
Airway disease, either latent and subclinical or clinically active, should be recognized for several reasons: (1) airway disease may complicate and follow a course independent to the course of the primary IBD; (2) IBD related airway diseases necessitate appropriate treatment and follow-up; (3) certain pulmonary function tests (PFT) may have a role as potential markers of disease activity; and (4) screening for respiratory disease may add to the recognition of concurrent diseases such as asthma and sarcoidosis. Screening for airway disease in the context of IBD may include medical history and clinical examination, PFT and radiological examinations.

Symptoms-clinical examination 
Patients examined in an IBD clinic should be regularly asked for respiratory symptoms, as nearly half of them report at least one symptom which they may attribute to anything but their primary disease. Most common symptoms reported are cough, sputum production, breathlessness mainly at exercise and wheezing. Stridor and hoarseness may develop in case of upper airway narrowing. 
Camus and colleagues reported that in nearly 85% of patients respiratory symptoms follow IBD presentation by months or even decades. In 10%-15% respiratory symptoms precede and rarely (5%-10%) coincide with inflammatory bowel disease[3]. Respiratory symptoms prevalence ranges from 25.6% in a recent study of 30 UC and 9 CD patients up to 50% in an older study of 11 CD and 19 UC patients[25,26]. In a case control study of 64 IBD patients compared to 1346 controls, after adjustment for age, sex and smoking status, IBD patients were likely to report shortness of breath and sputum production and in lesser degree, cough [odds ratio (OR) respectively 3.4, 2.5, 1.8], pointing out the importance of relative clinical awareness[27]. 
Moreover, Higenbottam described a respiratory exacerbation with cough and shortness of breath happening several years after coloproctectomy, with primary IBD being in remission[28]. This finding has been consistently described by other authors and several case reports. Thus, respiratory symptoms may occur independently of the course and the activity of the bowel disease and are not responsive in parallel to its surgical treatment; on the contrary, pulmonary disease may be exacerbated. Most of such cases are reported with Ulcerative Colitis.  
When respiratory symptoms occur acutely, the differential diagnosis include pulmonary embolism, infectious pneumonia and drug toxicity. When respiratory disease follows an indolent course, airway disorders are more likely. Prompt evaluation in the latter scenario should include detailed medical history (with emphasis on smoking habit, history of asthma and medication used), pulmonary function tests and radiologic exams including high resolution computed tomography scan (HRCT) of the chest with expiratory manoeuvres. Bronchoscopy, as we will discuss further, is mandatory when there is evidence of upper airway involvement.

Pulmonary function tests 
Symptomatic IBD patients may have normal pulmonary function tests (PFT); this is apparently due to the anatomic site and the recruiting capacity of the airway system (bigger for small airways, smaller for large airways). On the other hand, up to two thirds of asymptomatic IBD patients have been found in recent studies to demonstrate PFT abnormalities, a surprising finding in light of the past reports of infrequent pulmonary involvement in IBD.
A prospective study of 40 IBD patients reported a 55% frequency of abnormal PFT in active IBD, equally distributed between UC and CD. This finding fell to 17.5% when IBD went into remission[29]. Herrlinger and colleagues reported 39% frequency of abnormal PFT in CD patients and 45% in UC, all asymptomatic, with values more affected during IBD activity but persisting in remission[30]. Yilmaz et al[25] found abnormal PFT in 56% of IBD patients, with results directly affected by disease activity in UC cases. Another case-control study of 23 UC and 13 CD patients demonstrated abnormal PFT in 58% of them (75% of total events included low diffusing capacity for carbon monoxide [DLCO]), 81% of these patients having active IBD [31]. At last, in the larger study of 83 UC and 12 CD patients, Desai et al[32] reported abnormal PFT in 28.5% and low DLCO in 18%. Most of these studies included a mixed CD and UC population. UC patients however usually outnumbered CD patients, perhaps making PFT abnormalities seem more frequent in UC.
Decreased Forced Expiratory Volume in the 1st second (FEV1), decreased FEV1/Forced Vital Capacity (FVC) ratio, increased Residual Volume (RV)/Total Lung Capacity (TLC) ratio, low Forced Expiratory Flow (FEF25-75) and more importantly decreased DLCO are the parameters noted to be abnormal in IBD patients in the existing literature. While FEV1 and FEV1/FVC ratio have been found to be normal in certain older studies, other studies and recent data suggest mild functional compromise[33,34]. Results should be interpreted with caution, since different criteria have been used to define abnormal and certain studies included smoking patients or included not appropriate control population. In current studies when an obstructive pattern has been noted, it demonstrates only partial reversibility, which helps to differentiate it from asthma. RV/TLC ratio elevation has been demonstrated in several studies to correlate with bowel disease activity[35]. Tzanakis and other investigators have thoroughly described small airways disease, particularly in the event of active UC or CD[36]. 
The most consistent finding is a reduction in DLCO that commonly correlates with disease activity. In a large study of 47 CD and 85 UC patients decreased DLCO was found in 19% and 17.6% respectively, with values being worse when the primary disease was active[37]. In another major study, DLCO was abnormal in 53% of inactive UC and in 81% of active UC patients; DLCO also correlated with pathological intestinal disease activity grading[38]. In children with IBD, where PFT abnormalities are rather rare, reduced DLCO was the only finding in 53% of 26 children with active CD[39]. In conclusion, PFT and DLCO abnormalities in asymptomatic IBD are frequent, but particularly so in active UC. It is believed as a systemic inflammatory disease IBD affects the lung creating a mild pulmonary inflammation corresponding to bowel inflammation. It is currently unknown however whether DLCO could serve as a disease activity marker.   
Bronchial Hyper-responsiveness (BHR) seems to occur more frequently in IBD than in control population. This was demonstrated in 71% of children with CD and in 41% non-atopic IBD patients[40,41]. In line with this, airway eosinophilia and deranged induced sputum have been also reported in IBD [42]. These features may associate with concomitant asthma or be subclinical and attributed solely to the underlying IBD. Thus, the etiology of BHR IBD may be two-fold: atopic and secondary to intestinal mucosal inflammation via the increased lung permeability observed in IBD[16].
It is currently unclear if asymptomatic patients with PFT abnormalities will progress to clinical respiratory disease, and if so what defines this progression. Until more knowledge is acquired, abnormal PFT abnormalities should dictate closer follow-up of these patients.

Radiology-high resolution computed tomography 
Studies show that high resolution computed tomography (HRCT) in patients with IBD often demonstrates abnormal findings. The most common findings include bronchial wall thickening and bronchiectasis, cysts, emphysema, ground glass opacities and reticulo-nodular opacities. Centrilobular nodules, “tree-in-bud” opacities, air trapping and mosaic pattern in expiratory scans all constitute a bronchiolitis radiological appearance. The prevalence ranges from 22% to 89% and radiological findings may be independent of symptoms, PFT results and primary disease intestinal activity[32]. This is because these findings may not be solely attributed to primary IBD related pulmonary disease. Alternative diagnoses include COPD, smoking related bronchiolitis, smoking related interstitial lung abnormalities, drug toxicities, thromboembolic disease and infections. 
 
AIRWAY DISEASES IN IBD   
Airway inflammation and disease is the most prevalent and distinctive pattern of respiratory involvement in IBD, and accounts for 40%-63% of the total clinically significant pulmonary complaints. Airway Diseases (AD) usually follow IBD presentation by many years or even decades and the opposite presentation is the exception; when AD occur IBD is rather inactive. If left untreated, AD can lead to irreversible stenoses in the airway. The clinical manifestations depend on the exact anatomic site involved. A classification for AD is shown in Table 1.          

Upper airways
Upper airway disease (UAD) in IBD is a rare entity that may involve pharynx, larynx, trachea and mainstem bronchi. A total of 24 cases have been reported in the literature. Exudative lesions affect the bronchial mucosa and may cause subglottic stenosis and tracheobronchitis. UAD has been described in both UC and CD, with UC being predominant. Usually, it occurs years after diagnosis of the bowel disease, with IBD being stable or in remission. UAD can occur after colectomy, with the time interval being as short as 30 d.
UAD may present with hoarseness, stridor and severe respiratory distress or just with cough, phlegm and shortness of breath[43,44]. Physical examination may reveal wheezing during inspiration, expiration or both. Because the clinical presentation may mimic infection or asthma, a certain degree of clinical suspicion is required to suspect an insult to the upper airway as a consequence of IBD. PFT and radiology are helpful in the diagnosis. A flow-volume loop demonstrates variable extra-thoracic obstruction or fixed upper airway obstruction with plateau at both phases of respiration. While chest radiography has subtle findings, CT scan of the chest may show circumferential or nodular narrowing of the trachea and bronchi. Bronchoscopy is the diagnostic procedure of choice[45]. Mucosal inflammation with exuberant pseudotumoral lesions, deformities, whitish lesions and narrowing of the lumen has all been described. Histology shows neutrophilic inflammation, granulation tissue, ulcerations, squamous cell metaplasia and plasma cell submucosal infiltrates. Non caseating bronchial granulomas have also been reported in CD.
The differential diagnosis of IBD related UAD includes sarcoidosis, tuberculosis, amyloidosis and GPA[46]. The clinical presentation may be confusing if there is no bowel disease activity or other extraintestinal manifestations of IBD or if there is anti-neutrophil cytoplasmic antibodies (ANCA) positivity. ANCA are found to be positive in 50%-90% of UC and 10%-20% of CD patients but usually are neither cytoplasmic nor peri-nuclear in location[47]. The ANCA type specificity and histology of the airway lesions may help differentiate IBD-related UAD from GPA. Interestingly, isolated ANCA positivity without vasculitis has been associated with isolated subglottic stenosis in one study[48].    
Empirical data suggest initial treatment with systemically administered high doses of corticosteroids (prednisone 1 mg/kg of lean body weight administered orally or methylprednisolone 60-80 mg intravenously per day); these suggestions are drawn from case reports, however, and not from randomized controlled trials, and should therefore be critically viewed[3]. In refractory cases, rigid bronchoscopy and interventional bronchoscopy procedures (laser beam, balloon dilation, stent placement) may be required in order to maintain an adequate airway[49,50].

Large airways
Large airways include the bronchi from the level of lobar bronchi until the level of terminal bronchioles. Large airways are the most common anatomic site of respiratory involvement in IBD, accounting for about 50% of total PM. Bronchial disease is more common in non-smoking females in their 5th decade of life in UC, particularly when other extra-intestinal manifestations are present. Bronchial disease occurs many years after IBD in 8%-85% of patients, precedes IBD in younger patients (10%-15%) and less often coincides with active IBD (5%-10%). In 79% of cases IBD is inactive and 50% of reported bronchial disease has followed colectomy[3,4]. 
The main large airway disorders are bronchiectasis (BE), chronic bronchitis (CB), suppurative bronchitis and mucoid impaction (Table 1). The classification depends on patient`s symptoms (presence or absence of copius purulent sputum in the absence of BE classifies patient as suppurative bronchitis or CB, respectively) and HRCT features. Such features include luminal dilatation with bronchial wall thickening (definition of BE), bronchial wall thickening alone (CB) and mucoid impaction. 
PFT usually reveal an obstructive pattern non-reversible to bronchodilators, or occasionally a mixed obstructive and restrictive pattern. CB diagnosis may be difficult to establish particularly in long standing respiratory illnesses or in the presence of smoking. However, it should be noted that in most studies the reported patients were never smokers. Moreover, UC is epidemiologically connected to non-smoking individuals; in this setting diagnosis of CB becomes more straightforward.
BE is the most important IBD related lung disorder. Typically, UC patients appear to present more commonly than CD. The bowel disease is often inactive, and patients present with subacute symptoms of sputum production, cough and shortness of breath. In half of IBD-BE cases a curative surgery (colectomy) has preceded the diagnosis of BE. In this setting, a close temporal relation of weeks to months is well documented [11]. Spira and colleagues reported 6 UC and 1 CD patient with BE and CB in half of them manifesting after colectomy[51]. In another study of 14 UC and 3 CD patients 76% developed BE, 41% after some short of enterectomy; such features are verified by other studies as well[3,52]. The most popular explanation for this sequence implicates a shift of mediators from the resected bowel to the lung, based on their common embryonic origin. In addition withdrawal of immune-modulatory medication like corticosteroids after IBD remission may play a role to the flare of pulmonary disease. Auto-immunity, as postulated by other authors, may also play a role as anti-nuclear auto-antibodies have been discovered in some cases[53].
Importantly, bronchial disease is treated separately and independently from the bowel disease. As such, colectomy would rather aggravate and not palliate bronchial disease. Treatment is the same as with any other cause of non-cystic fibrosis bronchiectasis. Antibiotics, bronchial toilet and bronchodilators should be offered as usual in all BE. Historically, certain authors advocate the use of corticosteroids in IBD-BE, based on case series and personal experience. These authors suggest inhaled corticosteroids should be used initially and if response is poor suggest prednisone administered orally at a dose of 0.5 mg/kg. Methylprednisolone has been also lavaged through the bronchoscope directly into the airways. Since no hard evidence supports the use of corticosteroids in IBD-BE or in bronchiectasis in general, and because of the concern for long term treatment with corticosteroids (CS), it is the authors` opinion that CS should not be administered in primary IBD related airway diseases[3,46,54].

Small airways
Small airways refer to the transitional airway zone from terminal bronchioles to alveolar ducts. Although larger case series attribute bronchiolitides as only 3%-10% of total IBD related pulmonary manifestations, their true involvement may be greater [4]. Kelly and colleagues evaluated 10 patients with IBD and bronchiectasis and found that 70% of them had abnormal FEF25-75, suggesting that subclinical small airways disease is more frequent[55].
Bronchiolitides, the main form of small airway disorders, share a different clinical presentation than the clinical characteristics of upper and large airways involvement. They occur at a younger age, earlier in the disease course and in 1/3 of cases pulmonary disease precede intestinal disease[4]. As such patients with bronchiolitis who have yet to be diagnosed IBD often undergo invasive diagnostic procedures (bronchoscopy, open lung biopsy). In contrast to other pulmonary manifestations of IBD, the bronchiolitides are equally relevant in Crohn`s disease and Ulcerative colitis, as opposed to rest of airways disorders that are more prevalent in UC. 
Pulmonary pathology in small airway involvement has been described earlier in this article. Granulomatous bronchiolitis is the most common finding, accounting for 59% of cases and relates to CD as a systemic granulomatous disease[24]. PFT commonly demonstrates an obstructive pattern that may derange FEV1 or only FEF25-75. DLCO is often abnormal as well[36]. HRCT features are the same as for all bronchiolitides (as already described).
This secondary bronchiolitis may be acute or, even more commonly chronic. Chronic bronchiolitis that persists untreated significantly worsens prognosis since it may eventually progress to diffuse airway narrowing and bronchiolitis obliterans syndrome (BOS). It may also lead to the progressive formation of bronchiolectasis and bronchiectasis[56]. This development is important because it explains physiologically the co-existence of small airways disease with larger airway involvement observed in patients with IBD. Since CS have a modest effect on small airways disease, we suggest the use of macrolides in the setting of IBD related bronchiolitis. Macrolides have shown clinical benefit in diffuse panbronchiolitis and BOS; azithromycin is shown to inhibit epithelial to mesenchymal transition and fibrosis to the small airways[57]. Nevertheless, in cases of BOS and despite therapy, transplantation may eventually be needed.   
     
Concomitant diseases involving the airways
Asthma: After arthritis, asthma is the most common comorbidity in both UC and CD. A large population-based epidemiological study at the University of Manitoba compared 3873 UC cases with 38674 matched controls and found a 7.88% incidence of asthma in UC (especially in males); similarly, they studied 4187 CD cases with 41815 matched controls and found 7.09% prevalence ratio of asthma in CD (especially in females)[5].
We have already discussed the increased prevalence of BHR and atopy in IBD. It should be noted that when a clinical phenotype of asthma is established in a patient with IBD, appropriate treatment is mandatory since there is epidemiological evidence of increased mortality in 	the asthma-UC population and laboratory evidence of more severe BHR in asthma-UC patients[58,59].
 
COPD: Cigarette smoke is known to protect against UC but promotes CD progression. Another population-based study investigated the relation between Chronic Obstructive Pulmonary Disease (COPD) and IBD. Investigators found that COPD cases had a 1.83 hazard ratio (HR) for UC and a 2.72 HR for CD; this hazard extending to first degree relatives. As such an inflammatory vulnerability in COPD patients has been postulated[60]. A very recent study evaluating the intestinal function of COPD patients demonstrated that COPD, regarded as systemic inflammatory disease, causes intestinal hyper-permeability and enterocyte damage leading to intestinal compromise. The latter potentially provides an explanation for this co-incidence from an etiologic and environmental point of view[61]. 
COPD in IBD patients should be investigated, recognized and treated appropriately. COPD increases all-cause mortality and specific cause mortality in patients with CD. A meta-analysis by Duricova and colleagues reported a standardized mortality rate of 2.55 for CD-COPD subjects[62].

Sarcoidosis: Sarcoidosis share many common characteristics with IBD, especially CD, as they both are granulomatous diseases. Sarcoidosis and IBD may coincide, as shown by case reports and population-based studies. They both share multi-organ manifestations (joints, eye, skin). Sarcoidosis and IBD seem to share a genetic overlap concerning cytoplasmic nucleotide oligomerization domains 1 and 2 and certain polymorphisms in chromosomes 1 (loci IL-23R and 1q.24.3) and 15 (locus HERC2)[63]. 
IBD, as discussed earlier in this article, may exhibit granulomatous lung disease, mainly bronchiolitis. If infections have been ruled out, it is intriguing to differentiate between an IBD pulmonary localization and concomitant sarcoidosis. Histopathological features pointing to sarcoidosis are a lymphangiitic distribution of granulomas and the absence of interstitial pneumonia and chronic bronchiolitis[24]. A clinical approach however is mandatory as the diagnosis of sarcoidosis apart from granuloma pathology demands compatible clinical and radiological findings. 

A1 antitrypsin deficiency: Heterozygosity for the PiZ allele of a1 antitrypsin (AAT) deficiency has been found more prevalent in patients with UC than in the general Swedish population (8.5% vs 4.7%)[64]. More importantly, a recent study from United Kingdom confirmed a higher prevalence of UC among subjects suffering from emphysema due to homozygous PiZZ allele and AATD in comparison to the general population (1.5% vs 0.4%)[65]. Consequently, blood test for AATD should be ordered when emphysema and IBD coincide in a young patient. It is unknown if AAT supplementation could be of use in the therapy of IBD.

 CONCLUSION
Patients with IBD may present sometime during the course of their disease with various pulmonary incidents. The clinical approach relies upon doctor`s knowledge and judgement to attribute patient`s symptoms to his primary disease, to comorbidities or to other complications, after a thorough investigation. A proposed diagnostic algorithm for the evaluation of respiratory disease in IBD is shown in Figure 2. Table 2 contains the key messages that, in our opinion, summarize the pulmonary-intestinal inter-relation in inflammatory bowel diseases.   
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Table 1 Classification of airway diseases secondary to inflammatory bowel diseases[1,3,4]
	Site of involvement
	Manifestations
	Percent of total PM

	Upper extra-thoracic and intra-thoracic airways (larynx/glottis, trachea, mainstem bronchi)
	Stenoses, tracheobronchitis, acute respiratory failure
	7%-8%

	Large airways
	Bronchiectasis
	23%-26%

	
	Simple chronic bronchitis without suppuration
	10%-20%

	
	Mucoid impaction
	

	
	Bronchial granulomas
	

	
	Suppurative bronchitis
	3%-8%

	Small airways
	Granulomatous bronchiolitis
	3%-10%

	
	Acute bronchiolitis
	

	
	Diffuse panbronchiolitis
	

	
	Bronchiolitis Obliterans syndrome
	

	Concomitant diseases involving the airways
	Asthma
	

	
	Chronic obstructive pulmonary disease (COPD)
	

	
	Sarcoidosis
	

	
	A1 antitrypsin deficiency
	


PM: Pulmonary manifestations.
	
Table 2 Key messages

	In a patient with IBD and respiratory symptoms, his symptoms should be initially attributed to his primary disease because of significant lung-intestine interference

	IBD, asthma and COPD often co-incide

	IBD should be always remembered in the differential diagnosis of bronchiectasis and bronchiolitis

	PFT and HRCT are necessary to evaluate a symptomatic patient

	IBD related airway disease does not necessarily follow the course of colitis


IBD: Inflammatory bowel disease; COPD: Chronic obstructive pulmonary disease; PFT: Pulmonary function tests; HRCT: High resolution computed tomography.
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Figure 1 Possible pathogenesis of airway involvement and disease in the event of inflammatory bowel diseases. COPD: Chronic obstructive pulmonary disease; MALT: Mucosa associated lymphoid tissue.
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Figure 2 Proposed diagnostic algorithm for the evaluation of airway disease in inflammatory bowel diseases. IBD: Inflammatory bowel disease; PFT: Pulmonary function tests; HRCT: High resolution computed tomography; UAD: Upper airway disease; COPD: Chronic obstructive pulmonary disease; AATD: A1 antitrypsin deficiency. 
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