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ABSTRACT

Background: Patency capsule was developed to avoid small 
bowel video capsule endoscopy retention, namely in patients with 
Crohn’s disease. 

Aims: To evaluate the predictive factors of small bowel patency 
in Crohn’s disease patients.

Patients and methods: Retrospective analysis including 
151 Crohn’s disease patients submitted to patency capsule (Agile® 
Patency Capsule) from 2011 to 2012. Patients that excreted the 
intact patency capsule were classified as having a patent small 
bowel (without patency capsule retention), other patients were 
considered to have negative patency of the small bowel (patency 
capsule retention).

Results: Patients had a mean age of 41±14 years, 54% 
were female and 25% had been previously submitted to surgery. 
Stricturing disease was seen in 20% of cases and penetrating disease 
in 16% of cases. Left-sided colonic lesions and ileal strictures were 
observed at colonoscopy in 13% and 9% of patients, respectively. 
In our sample, 28% of patients had negative patency of the 
small bowel (patency capsule retention). In multivariate analysis, 
independent factors that were associated with negative patency 
of the small bowel in Crohn’s disease patients were stricturing 
(OR 10.16, p < 0.001) and penetrating phenotypes (OR 11.73, 
p = 0.001), left-sided colonic lesions (OR 3.77, p = 0.038), ileal 
stricture (OR 9.76, p = 0.003); previous intestinal surgery was 
found to be protective (OR 0.16, p = 0.006). 

Conclusions: Stricturing or penetrating disease, ileal strictures, 
no previous surgery and left-sided colonic lesions were the factors 
associated with negative small bowel patency in Crohn’s disease 
patients. 

Key words: Crohn’s disease. Patency capsule. Small bowel video 
capsule endoscopy. Small bowel patency.

INTRODUCTION

In 2005, patency capsule (PC) was developed to avoid 
small bowel video capsule endoscopy (SBVCE) retention, 

namely in patients with Crohn’s disease (CD), providing 
direct evidence of functional patency of the gut lumen 
(1-5). SBVCE cannot be recommended as a safe proce-
dure in patients in whom the PC disintegrates or if pain is 
experienced during its passage (1).

Capsule retention is defined as having a videocapsule 
remaining in the digestive tract for a minimum of two 
weeks and requiring directed medical, endoscopic, or sur-
gical intervention for removal (6). The rate of retention 
in patients with obscure gastrointestinal bleeding is 1.5% 
(7), in patients with known CD the rate of retention is 
13%, and in patients with suspected CD, the retention rate 
is 1.6% (8). The European evidence based consensus for 
endoscopy in inflammatory bowel disease (IBD) recom-
mend that in patients with established CD, cross sectional 
imaging or PC should be performed when SBVCE is being 
considered, in order to identify stenosis that may cause 
capsule retention (9). One retrospective study compared 
the performance of the PC and radiological examinations 
to detect clinically significant small bowel (SB) strictures 
and both methods were equivalent (10) but, there are other 
studies that reported that radiological test have higher false 
positive rate compared with PC test (11,12). In a multi-
center study of 106 patients with evidence of intestinal 
strictures on Computed Tomography (CT) or small bowel 
follow-through, 56% had a negative PC test results and 
subsequently underwent uneventful SBVCE (11). Radio-
logical techniques have several others limitations, namely, 
high radiation dose, lack of precise definition of the func-
tional feature of the stricture, and can also have false neg-
ative results, especially when obstruction is intermittent or 
partial (13). PC on the other hand, it is a simple minimally 
invasive outpatient procedure, requiring no bowel prepa-
ration (10). 
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It is important to know what group of CD patients would 
be at a higher risk of retention, beyond the presence of SB 
strictures, so that it would be possible to have a systemat-
ic approach for diagnostic workup of CD patients before 
SBVCE.

The aim of this study was to evaluate the predictive fac-
tors of SB patency in CD patients, namely which patients 
have a higher risk of negative SB patency and therefore 
should always be submitted to PC before SBVCE.

PATIENTS AND METHODS

This was a retrospective analysis that included adult patients with 
the diagnosis of CD (≥ 18 years) submitted to PC (Agile® Patency 
Capsule, Given Imaging Ltd, Yoqneam, Israel) in a two-year period, 
from January 2011 to December 2012.

During this time, 151 PC were performed in CD patients, one 
PC per patient. Patients gave previous written informed consent to 
the procedure.

Agile® PC is 26 mm long, 11 mm wide device, composed of lac-
tose, 5% barium sulfate, a small inner radiofrequency identification 
tag (RFIT) that allows scanner identification, two timer plugs that 
seal the capsule’s body, and an impermeable membrane (except for 
a small window in the timer plug). Fluid in the GI tract causes slow 
erosion of the timer plug, allowing the penetration into the capsule 
and its disintegration. The system includes a radiofrequency identi-
fication scanner to allow detection of the tag in situ. 

Agile® capsule, was developed in order to minimize the risk of 
occlusion in comparison with the Given® M2A Patency System 
(14). Agile® Capsule starts its dissolution process earlier (30 h after 
ingestion) and its two-timer plugs have been designed to begin the 
disintegration even when the device is blocked in a tight stricture (5). 

After a 12-hour fasting period, PC was ingested. Scanner detec-
tion and symptoms evaluation were assessed 30 hours after PC 
ingestion. The intestinal tract was considered to be patent (without 
PC retention) if the capsule was excreted intact, or if the capsule 
was not detected by the scanner at 30h after ingestion. The excreted 
PC was considered intact when no changes were observed in the 
dimension and solidity of the body capsule. All these patients were 
then submitted to SBVCE. 

Patients that had positive scanner detection were submitted to an 
abdominal X-ray to identify PC localization. None of these patients 
underwent SBVCE. 

All of the patients had a previous colonoscopy performed. For the 
analysis we considered patients with isolated lesions in the descend-
ing or sigmoid colon and those with involvement of both segments 
(left-sided colonic lesions). Colonoscopy lesions were defined by 
the presence of erosions and/or ulcers. Ileal stricture was defined by 
the presence of a stricture in the ileum seen in the ileocolonoscopy, 
with the inability to intubate the terminal ileum.

Montreal classification prior to SBVCE was used for CD clas-
sification.

Anemia was defined as hemoglobin level < 12 g/dL in woman 
and < 13 g/dL in men.

There were several characteristics that were evaluated as possible 
predictors of SB patency, namely, gender, age at PC, CD disease 
duration, previous IBD surgery, CD classification (Montreal), CD 

treatment, colonic lesions at colonoscopy, anemia and C-reactive 
protein levels.

Statistical analysis was performed with version 21 of SPSS soft-
ware (SPSS Inc, Chicago, USA). A P value of less than 0.05 was 
considered significant. Data was analyzed using Chi-Square test for 
categorical variables, independent-samples T-test, and Mann-Whit-
ney U nonparametric test for continuous variables and logistic 
regression for multivariate analysis.

RESULTS

Patients submitted to PC were female in 54% of the cas-
es, with a mean age of 44±14 years, a mean CD diagnosis 
time until PC of 10 ± 8 years (Table I). 

Table I. Demographic and clinical data of the CD patients 
(n = 151) submitted to PC

Parameter Value

Female, n (%) 82 (54)

Age (mean ± SD years) 41±14

CD diagnosis time until PC (mean ± SD 
years)

10 ± 8

Previous surgery, n (%) 38 (25)

Smoker, n (%) 28 (30)

Anemia, n (%) 18 (14)

Hemoglobin (mean ± SD g/dL) 13.7 ± 1.4

Platelet count (mean ± SD x109/L) 260 ± 80

Albumin (mean ± SD g/L) 42 ± 4

C-reactive protein (median; P25- P75 mg/L) 3.4; 1.2-10.0

Ferritin (median; P25-P75 ng/mL) 76.5; 29.5-134.0

Colonoscopy lesions, n (%) 26 (18)

Cecal lesions, n (%) 21 (15)

Ascending colonic lesions, n (%) 19 (13)

Transverse colonic lesions, n (%) 15 (10)

Descendent colonic lesions, n (%) 17 (12)

Sigmoid colonic lesions, n (%) 17 (12)

Left-sided colonic lesions, n (%) 19 (13)

Rectal lesions, n (%) 11 (8)

Left-sided + rectal lesions, n (%) 22 (15)

Ileal stricture, n (%) 13 (9)

Perianal involvement, n (%) 45 (30)

5-aminosalicylic acid (5-ASA), n (%) 86 (57)

Steroids, n (%) 17 (11)

Thiopurines, n (%) 57 (38)

Methotrexate, n (%) 5 (3)

Biologic therapy, n (%) 22 (15)
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In patients with CD diagnosis the major indication for 
SBVCE was SB evaluation; other indications were anemia, 
diarrhea, increased inflammatory biomarkers, and post-op-
erative evaluation. Fourteen percent of the patients (n = 
18) had anemia, only 4 of these patients had a negative 
SB patency test. Regarding CD classification (Montreal 
classification), most of the patients had been diagnosed 
between 17-40 years old (A2 69%), had non-stricturing, 
non-penetrating behavior (B1 64%), and ileal location (L1 
58%) (Table II). There was perianal involvement in 30% 
of the cases. Concerning CD treatment, 57% of the patients 
were on 5-aminosalicylic acid (5-ASA), 11% on steroids, 
32% on thiopurines, 3% on methotrexate, and 12% on 
biologics. All of the patients had a previous colonoscopy, 
and lesions were detected: 14% in the cecum, 13% in the 
ascending colon, 10% in the transverse colon, 13% in the 
left-sided colon, and 11% in the rectum. Thirteen patients 
(9%) had an ileal stricture documented in the colonoscopy 
and 10 of these patients had PC retention.

In our series, SB patency was negative in 28% (n = 42) 
of the cases and there were no severe adverse events in 
these patients, namely obstruction or hospital admission. 
In the 72% of cases the SB was patent, and these patients 
were submitted to SBVCE, with no capsule retention.

Negative SB patency was associated with stricturing 
and penetrating CD phenotypes (p < 0.001), with left-sided 
colonic lesions (p = 0.047) and ileal strictures (p < 0.001) 
(Table III). 

The variables with significant association by univariate 
analysis were selected for the regression model. The vari-
ables independently associated with negative SB patency 
in CD patients, using logistic regression, were stricturing 
(OR 10.16; 95% CI 3.12 to 33.04; p < 0.001) and penetrat-
ing CD phenotypes (OR 11.73; 95% CI 2.78 to 49.44; p = 
0.001), left-sided colonic lesions (OR 3.77; 95% CI 1.08 
to 13.19; p = 0.038), and ileal strictures (OR 9.76; 95% CI 
2.19 to 43.50; p = 0.003), while previous intestinal surgery 
was found to be protective (OR 0.16; 95% CI 0.04 to 0.60; 
p = 0.006) (Table IV). The receiver operating characteristic 
(ROC) curve showed an area under the curve (AUC) of 
0.806 (95% CI 0.718-0.894) (Fig. 1).

Among the 19 patients with left-sided colonic lesions, 
9 had negative SB patency. In total, 38 patients (25%) 
had been previously submitted to surgery and, of these, 
10 patients had negative SB patency (PC detection/reten-
tion). When we analyzed this results considering CD 
behavior, of the 97 patients with non-stricturing, non-pen-
etrating behavior, 9 patients had been previously submitted 

to surgery and none of these patients had PC detection (p 
= 0.34).Regarding patients with stricturing and penetrating 
CD phenotypes (n = 54), 29 patients had been previously 
submitted to surgery and 10 of these had PC detection (p 
= 0.028).

DISCUSSION 

In this study, 72% of the patients submitted to PC had 
SB patency and could undergo SBVCE. Others previous 
series had a similar rate of patients with SB patency, like 
in the serie of Boivin et al. (1) (73%), Delvaux et al. (14) 

(73%) and Signorelli et al. (2) (81%). All of the patients 
with a patent SB were submitted to SBVCE and there were 
no cases of capsule retention. In our department, PC is 
always performed previously to SBVCE in patients with 
diagnosed CD. We currently have over 2,000 patients in 
our IBD clinic.

The cumulative rates of complications in patients with 
CD have been reported to range from 48-52% at 5 years 
and 69-70% at 10 years after diagnosis, with approximate-
ly half of the patients developing a stricture (15-17) most 
commonly in the ileum or ileo-cecal region (18,19). In 
total, 13 patients with ileal strictures documented by colo-
noscopy were submitted to PC, and 3 of these patients had 
a patent SB, despite the documented ileal stricture. Patients 
with a bowel stricture, but with PC passage, can under-
go SBVCE safely, reinforcing the advantage of always 
performing PC in these patients. Nevertheless, logistic 
regression analysis demonstrated that ileal stricture is 
independently associated with negative SB patency in CD 
patients (OR 9.76, p = 0.003). 

Both stricturing (OR 10.16, p < 0.001) and penetrating 
CD phenotypes (OR 11.73, p = 0.001) were independent-
ly associated with negative SB patency in CD patients, 
using logistic regression. In 2010, Jurgens et al. (20) pub-
lished a study showing that penetrating CD was strongly 
associated with concomitant intestinal strictures, and the 
presence of fistulas resulted in a positive predictive value 
of 86.2% for predicting intestinal strictures. Fistulas are 
thought to develop in regions of full thickness bowel wall 
inflammation in a high-pressure region upstream from a 
stricture (21,22). 

Left-sided colonic involvement (OR 3.77, p = 0.038) 
was also independently associated with a negative SB 
patency in patients with CD diagnosis. No differences were 
found when considering only descending or sigmoid colon-
ic lesions as a predictive factor for SB patency. Among the 
19 patients with left-sided colonic lesions, 9 had negative 
SB patency. There was no link between these lesions and 
ileal strictures (p = 0.644), only one patient with left-sid-
ed colonic lesions had ileal strictures. As far as we know, 
left-sided colonic involvement was never previously found 
to be a predictive factor of negative SB patency in CD 
diagnosis. In our Department we have conducted a study 

Table II. Montreal classification CD (n = 151)

1 2 3

Age, n (%) 14 (9) 103 (69) 33 (22)

Behavior, n (%) 97 (64) 30 (20) 24 (16)

Location, n (%) 87 (58) 24 (16) 40 (27)
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Table III. comparison between patients with or without SB patency

Variable SB Patency (n = 109) Negative SB Patency (n = 42) p value

Female gender, n (%) 59 (54) 23 (55) 0.944*

Age at PC (mean ± SD years) 40 ± 15 42 ± 14 0.531#

Mean time diagnosis CD until PC (mean ± SD years) 8.8 ± 7.2 11.4 ± 8.9 0.103#

Montreal classification: A1, n (%) 11 (10) 3 (7)

0.258*Montreal classification: A2, n (%) 70 (65) 33 (79)

Montreal classification: A3, n (%) 27 (25) 6 (14)

Montreal classification: L1, n (%) 64 (59) 23 (55)

0.799*Montreal classification: L2, n (%) 16 (15) 8 (19)

Montreal classification: L3, n (%) 29 (27) 11 (26)

Montreal classification: B1, n (%) 82 (75) 15 (36)

< 0.001*Montreal classification: B2, n (%) 14 (13) 16 (38)

Montreal classification: B3, n (%) 13 (12) 11 (26)

Previous surgery B1, n (%) 9 (11) 0 0.347*

Previous surgery B2+B3, n (%) 19 (70) 10 (37) 0.028*

Colonoscopy lesions, n (%) 16 (15) 10 (24) 0.230*

Cecal lesion, n (%) 15 (15) 6 (15) 0.991*

Ascending colonic lesions, n (%) 13 (13) 6 (15) 0.747*

Transverse colonic lesions, n (%) 10 (10) 5 (12) 0.659*

Descendent colonic lesions, n (%) 10 (10) 7 (17) 0.209*

Sigmoid colonic lesions, n (%) 10 (10) 7 (18) 0.189*

Left-sided colonic lesions, n (%) 10 (10) 9 (22) 0.047*

Rectal lesions, n (%) 6 (6) 5 (12) 0.188*

Ileal stricture, n (%) 3 (3) 10 (26) < 0.001*

Perianal involvement, n (%) 34 (31) 11 (27) 0.603*

Steroids, n (%) 12 (11) 5 (12) 0.876*

Thiopurines, n (%) 39 (36) 18 (32) 0.445*

Biologic therapy, n (%) 15 (14) 7 (17) 0.650*

Anemia, n (%) 14 (15) 4 (11) 0.555*

C-reactive protein level-median, p25-p75 (ng/mL) 3.1, 1.1-9.3 4.2, 1.1-10.0 0.442¶

*Chi-Square test; #independent-sample T-test; ¶Mann-Whitney U nonparametric test.

Table IV. Variables independently associated with 
negative SB patency in CD patients, using logistic 

regression

Variable OR [95%CI] p

Stricturing phenotype 10.16 [3.12-33.04] < 0.001

Penetrating phenotype 11.73 [2.78-49.44] 0.001

Left-side colonic lesions 3.77 [1.08-13.19] 0.038

Ileal strictures 9.76 [2.19-43.50] 0.003

Previous surgery 0.16 [0.04-0.60] 0.006

that show that sigmoid lesions seen at colonoscopy were 
predictive of proximal SB involvement at SBVCE (pre-
sented as a poster at DDW 2014: Rodrigues S, Cardoso H, 
Rosa B, et al. Sa1218 Predictive factors of proximal small 
bowel Crohn’s disease detected at capsule endoscopy. Gas-
troenterology, Vol. 146, issue 5, S-233). Our hypothesis 
is that patients with left-colonic lesions could have more 
proximal SB involvement and, due to this, a higher risk of 
retention. We could not determine this in our study because 
patients with negative SB patency were not submitted to 
SBVCE. Sigmoid lesions may not have been a predictive 
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factor of SB patency in this study due to the small number 
of patients with these lesions. This data can be very import-
ant and needs to be confirmed in future studies.

In the absence of treatment, the post-operative recur-
rence rate is around 65-90% within 12 months and 
80-100% within 3 years of the operation (23). The devel-
opment of an early severe endoscopic recurrence within 
one year represents a risk factor for clinical recurrence 
and timely detection may allow for appropriate treatment 
of CD patients after surgery. Ileocolonoscopy currently 
represents the gold standard for assessing CD recurrence, 
graded according to the Rutgeerts’ score. Several alter-
native, noninvasive techniques have been used in order 
to assess the post-operative recurrence, including: fecal 
alpha 1-antitrypsin clearance, fecal calprotectin, 99Tc-HM-
PAO scintigraphy, virtual colonoscopy, ultrasonography, 
and SBVCE (24-26). CD patients previously submitted to 
intestinal surgery were found to have less PC detection/
retention (OR 0.16, p = 0.006). Amongst the 38 patients 
with intestinal surgery in our serie, stricturing and pene-
trating disease was the main indication for surgery (in 29 
of the 38 patients). All of the 10 patients with previous sur-
gery that had PC retention had a stricturing or penetrating 
behavior, and most were submitted to PC less than a year 
after surgery. This might explain how previous intestinal 
surgery was a protective factor. 

The ROC curve of the regression model showed an 
AUC of 0.806, consistent with a good predictive perfor-
mance for SB patency in CD.

This is a large study involving CD submitted to of PC 
and was performed in a single center, following the same 

PC protocol. One of the limitations of the PC examination 
is the false-positive result that can occur when the RFIT is 
in the colon rather than the SB, thereby precluding SBVCE 
(17). We used abdominal radiography to localize the RFIT 
identified 30 h after the ingestion. CT examination is a 
better method, but is not routinely performed or indicated 
after PC positivity, mainly because of the radiation and 
cost-effective. Also, our PC retention rate was similar to 
those previously describe in others series. 

Due to high retention rate of SBVCE in CD patients 
(13%), it is recommended that those with established CD 
have a cross sectional imaging or PC performed when 
SBVCE is being considered. However, these methods have 
a cost and limitations and it is important to know which 
CD patients are at a higher risk for retention. Our study 
evaluated the predictive factors of SB patency, some of 
them were not previously reported. We showed that the risk 
of capsule retention is not only related with the presence 
of strictures or stricturing phenotype. Penetrating disease, 
no previous surgery and left-sided colonic lesions were 
also factors associated with negative SB patency in CD 
patients. Although more studies are needed, the presence 
of these characteristics should alert clinicians for a higher 
risk of retention. This can allow for an improved selec-
tion of CD patients for PC and SBVCE, in order to avoid 
retention. 
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