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Abstract

Background: Small bowel capsule endoscopy (SBCE) is a non-
invasive method to detect endoscopic postoperative recurrence 
(POR) after an ileocolonic resection in Crohn’s Disease (CD). 
Few studies have evaluated the role of SBCE in the early POR 
(≤ 12 months). Data for detection of late POR (>12 months) and 
evaluation of treatment response in previous POR is scarce.  We 
aimed to assess the SBCE performance in the three scenarios 
(early-POR, late-POR, and previous-POR)

Methods: Retrospective 11-year cohort study of SBCE 
procedures performed on CD patients with ileocolonic resection. 
Disease activity by Rutgeerts score (RS), correlation with 
biomarkers, and therapeutic changes were recorded.

Results: We included 113 SBCE procedures (34 early-POR, 
44 late-POR, and 35 previous-POR). 105 procedures (92.9%) 
were complete and 97 SBCE (85.5%) were conclusive with no 
differences between groups. Relevant POR (RS ≥i2) was more 
frequent in the early-POR group compared to late-POR (58.8% vs 
27.3%, p=0.02). In the previous-POR, RS improved in 43.5% of 
procedures, worsened in 26%, and remained unchanged in 30.5%. 
Fecal calprotectin (FCP) value of 100µg/g displayed the best 
accuracy: sensitivity 53.8%, specificity 78.8%, positive predictive 
value 66.7% and negative predictive value 68.4%. SBCE guided 
therapeutic changes in 43 patients (38%). No adverse events 
occurred in our cohort. 

Conclusion: SBCE is a safe and effective method to assess 
POR in the early and late setting in clinical practice, and for the 
evaluation of treatment response to previous POR. FCP is an 
accurate surrogate marker of POR and 100µg/g value had the best 
overall accuracy. (Acta gastroenterol. belg., 2022, 85, 1-7).
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Introduction

Despite the improvements in medical therapy, a 
noteworthy percentage of Crohn’s disease (CD) patients 
undergo an ileocecal resection to induce remission. Most 
patients develop a post-operative recurrence (POR) at or 
above the anastomosis in the absence of treatment, with 
an endoscopic recurrence rate of approximately 65% to 
90% within 12 months (1). Endoscopic POR precedes 
the appearance of symptoms and therefore only 20 to 
40% of patients have a clinical recurrence within a year 
(2,3). Identification and treatment of early mucosal POR 
is considered to prevent a clinical recurrence. 

Endoscopic recurrence measured by the Rutgeert´s 
score (RS) is a strong predictor of clinical recurrence 
(1). Ileocolonoscopy within the first 6-12 months 
after surgery is the gold standard for the diagnosis of 

endoscopic POR (4). Subsequent monitoring is usually 
based on non-invasive tests such as fecal calprotectin 
(5) and imaging studies like intestinal ultrasound (6,7) 
or magnetic resonance enterography (8) since symptoms 
are not reliable of mucosal lesions. An optimal long-term 
monitoring strategy for POR has yet to be established 
(9,10). 

Small bowel capsule endoscopy (SBCE) is a non-
invasive method proposed for the detection of POR, 
only evaluated in small-sized cohorts in the scenario 
of early POR (≤12 months). Although two studies 
reported sensitivity for detecting POR not superior to 
ileocolonoscopy (11,12), other studies showed that SBCE 
could detect POR more frequently than ileocolonoscopy, 
and with better tolerance (13-16). 

We aimed to assess the SBCE performance for 
detection of early and late (>12 months) endoscopic POR 
and the evaluation of treatment response in patients with 
previous endoscopic POR. We also aimed to compare 
the accuracy of biomarkers for the detection of POR 
identified by SBCE.

Material and methods

Patients and study design

All SBCE performed from 01/01/2008 to 31/12/2019 
in patients with CD with previous ileocolonic resec-
tion (excluding isolated small bowel resection or stric-
turoplasty) followed in the Inflammatory Bowel Disease 
Unit of Hospital Universitario de Navarra were included. 
Patients were assigned to three groups: (i) SBCE per-
formed for detection of endoscopic POR within 12 
months after surgery (early-POR) (ii) SBCE performed 
after 12 months from the ileocecal resection for detection 
of previously unrecognized endoscopic recurrence (late-
POR) and (iii) patients with previous POR submitted 
to SBCE for evaluating treatment response (previous-
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and diagnostic Odd Ratio (DOR) were calculated.  
Receiver operating characteristic curve (ROC) and area 
under the curve (AUC) were calculated with FCP and 
CRP.  

All analyses were calculated using SPSS statistical 
software (version 20, IBM Corporation, Chicago, USA). 

Ethical considerations

The study protocol was approved by the Clinical 
Research Ethics Committee of Navarra (Registry number 
61/2018). Written informed consent was obtained in all 
cases. All identifiable medical information was removed, 
and analyses were performed using anonymized data. 

Results

Procedure classification and clinical characteristics 

A total of 131 SBCE were requested in 114 patients 
with previous ileocecal resection (figure 1). In most cases 
(83.2%) small bowel patency was tested with a previous 
PC and in 13.7% cases SBCE was contraindicated due 
to a deformed PC. Finally, 113 SBCE were included in 
the analysis divided into early-POR (n=34), late-POR 
(n=44), and previous-POR (n=35). Of note, 2 SBCE 
within the first year but with a previous endoscopic 
POR were included in the previous-POR group. In the 
previous-POR group, POR was previously detected by 
ileocolonoscopy in 19 (54.3%), by SBCE in 11 (31.4%), 
and by magnetic resonance enterography in 5 (14.3%). 
Baseline characteristics are shown in table 1. 

Capsule endoscopy performance and safety

A total of 105 procedures (92.9%) were complete 
and 97 SBCE (85.5%) were considered conclusive, 
allowing a correct assessment of the neoterminal ileum. 
Inconclusive procedures were due to SBCE not reaching 
the neoterminal ileum in 6 cases and to inadequate 
bowel cleansing in 10 cases. Two cases with retained 
SBCE in an inflamed anastomosis with deep ulcers were 
considered conclusive despite not being complete. Bowel 
cleanliness according to a 4-point scale was defined as 
excellent in 48.7%, good in 33.6%, fair in 8.9%, and 

POR). Demographic, clinical, laboratory, and SBCE 
results were collected by case record review of electronic 
notes. All patients had at least twelve months of follow-
up post-procedure. 

Definitions and outcome assessment

A complete SBCE was defined as a capsule that reached 
the colon. We defined a valid SBCE as a procedure that 
enabled an adequate assessment of pre-anastomotic ileum 
for decision-making. Clinical recurrence was defined as 
symptoms of a flare-up of Crohn’s disease with evidence 
of inflammation by biochemical tests and/or imaging 
studies provided other etiologies had been ruled out. 

Disease activity was assessed using RS: i0 (no 
lesions), i1 (≤ 5 aphthous lesions), i2 (>5 aphthous 
lesions with normal mucosa between the lesions or large 
lesions confined to the anastomosis), i3 (diffuse aphthous 
ileitis with diffusely inflamed mucosa) and i4 (diffuse 
inflammation with large ulcers, nodules and/or luminal 
narrowing). SBCE-identified recurrence was defined as 
a Rutgeerts score ≥ i1 and relevant POR as a Rutgeerts 
score of ≥i2 detected by SBCE in the terminal ileum.

SBCE procedure

PillCam® SB, SB2 (Given Imaging, Covidien Ltd., 
Yoqneam, Israel) or PillCam SB3® (Medtronic, Min-
neapolis, USA) were used as available. Small bowel 
patency was assessed with a PillCam® Patency Capsule 
(PC) (Medtronic, Minneapolis, USA) with a selective 
approach, only in patients with increased risk of retention. 
An intact PC excreted in its original shape within 30 
hours after swallowing was considered a positive patency 
test and underwent SBCE. Patients were informed to 
follow dietary modifications with a low-fiber diet on the 
day before the procedure with clear liquids only in the 
evening and a 12-hour fast. No purgatives, prokinetics, or 
antifoaming agents were given per protocol. 

Statistical Analysis

Continuous variables were described as the mean value 
and standard deviation or as median and interquartile 
range if data did not follow a normal distribution. For 
comparisons between groups, t-test or Mann-Whitney 
U test was performed as appropriate. Categorical 
variables were described as proportion or percentage and 
compared using the Pearson χ² test or Fisher exact test as 
appropriate.

We evaluated SBCE diagnostic accuracy and 
correlation of elevated biomarkers C-reactive protein 
(CRP) and fecal calprotectin (FCP) within the previous 3 
months with SBCE-detected POR. CRP was considered 
elevated if >5g/L. To avoid bias from disease activity in 
the colon undetectable by SBCE, only L1 patients were 
included in this analysis. Sensitivity, specificity, negative 
predictive value (NPV), positive predictive value (PPV), Figure 1. — Procedures flowchart.
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Evaluation of disease activity in patients with previous 
POR

For the previous-POR group assessment was feasible 
with conclusive results in 83%. The predominant score 
was i2 in 26% of the group (figure 2). For those with 
previously assessed POR by endoscopy (ileocolonoscopy 
or SBCE), RS improved in 43.5%, worsened in 26% 
and remained unchanged in 30.5%. Overall, 45.7% of 
procedures showed relevant POR with 60% classified as 
i2.  

Proximal small bowel activity and Montreal classification

Considering the whole cohort, proximal lesions were 
present in 33 SBCE (29.2%): 22% with aphthous lesions 

poor in 8.8%. No significant differences between groups 
were found regarding conclusiveness (p=0.76) or bowel 
cleanliness (p=0.78). No adverse events occurred in our 
cohort. 

Monitoring POR in patients without previous POR

Disease activity according to the RS is shown in figure 
2 and 3. SBCE procedures were conclusive in 85.3% of 
the early-POR group and 88.6% of the late-POR group. 
While in the early-POR 85% of SBCE showed disease 
activity in the neoterminal ileum, only 64% of SBCE 
assessing late-POR had mucosal lesions (p= 0.03). There 
was relevant POR (RS ≥i2) in 58.8% of the early-POR 
group compared to 27.3% in the late POR (p=0.02). 

Baseline Characteristics Early-POR Late-POR Previous-POR Total

Nº of SBCE Gender 34 44 35 113

Male 13 (38.2) 20 (45.5) 16 (45.7) 49 (43.4)

Female 21 (61.8) 24 (54.5) 19 (54.3) 64 (56.6)

Age at diagnosis (years) 38 (17-73) 34.8 (12-70) 35.7 (14-59) 36.1 (14-73)

Age at surgery (years) 48.9 (23-83) 42.3 (18-71) 41.9 (16-59) 44.2 (16-83)

Disease duration at surgery (years) 10.6 (0-34) 7 (0-22) 5.9 (0-22) 7.7 (0-34)

Time from surgery to SBCE (months) 8 (3-12) 82.6 (15-326) 83 (4-197) 60.3 (3-326)

Disease location

Ileal (L1) 30 (88.2) 31 (70.5) 28 (80) 89 (78.8)

Colonic (L2) 1 (2.9) 1 (2.3) 2 (5.7) 4 (3.5)

Ileocolonic (L3) 3 (8.8) 12 (27.3) 5 (14.3) 20 (17.7)

Proximal small bowel involvement (L4) 5 (14.7) 8 (18.2) 5 (14.3) 18 (15.9)

Disease behavior 

Inflammatory (B1) 5 (17.7) 11 (25) 2 (5.7) 18 (15.9)

Stricturing (B2) 18 (52.9) 13 (29.5) 18 (51.4) 49 (43.4)

Penetrating (B3) 11 (32.4) 20 (45.5) 15 (42.9) 46 (40.7)

Perianal involvement 8 (23.5) 13 (29.5) 11 (31.4) 32 (28.3)

Extraintestinal manifestations 9 (26.5) 14 (31.8) 2 (5.7) 25 (22.1)

Smoking history

Never smoker 5 (14.7) 10 (22.7) 6 (17.1) 21 (18.6)

Former smoker 17 (50) 13 (29.5) 16 (45.7) 46 (40.7)

Current smoker 12 (35.3) 21 (47.7) 13 (37.1) 46 (40.7)

Small bowel evaluation at diagnosis

Not performed 1 (2.9) 2 (4.5) 1 (2.9) 4 (3.5)

Small bowel follow through 8 (23.5) 10 (22.7) 1 (2.9) 19 (16.8)

Magnetic Resonance 15 (44.1) 17 (38.6) 10 (28.6) 42 (37.2)

Small bowel capsule endoscopy 2 (5.9) 6 (13.6) 12 (34.2) 20 (17.7)

Computed Tomography 8 (23.5) 9 (20.5) 11 (31.4) 28 (24.8)

Table 1. — Baseline characteristics
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Correlation between significant recurrence and inflam-
mation biomarkers

CRP was available for all patients (16.9% elevated) 
and FCP for 66.3%. Patients with significant POR had a 
higher mean CRP (4.8 ± 6.6 g/l vs 2.5 ± 5.2 g/l, p= 0.017) 

and 13.2% with ulcers. In one patient a proximal stenosis 
was found. This led to a change in Montreal disease 
extension in 9.7% of the cohort but no changes in disease 
behaviour. Proximal activity coexisted with significant 
POR in all cases except for one that had isolated aphtha 
and RS i0.

Figure 2. — Disease activity in the neoterminal ileum according to the Rutgeerts score.

Figure 3. — Rutgeerts score based on capsule endoscopy findings: i1 (A,B), i2 (C,D), i3 (E,F) and i4 (G,H).
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gatives following recommendations from the first manu-
facturer of SBCE, Given Imaging (Yoqneam, Israel). 
Current guidelines (19,20) recommend the use of bowel 
preparation as it improves the visibility of the mucosa 
despite evidence of improved diagnostic yield is still 
inconclusive (21). Terminal ileum assessment might 
be hindered by the darker intestinal content compared 
to other segments of the SB and the need for a precise 
evaluation to grade the RS score, particularly when 
grading Rutgeerts 1-2 that mainly differ in the number of 
lesions. Currently, there is no validated grading score for 
bowel cleansing, and is highly dependent on endoscopist 
criteria. In our previous research, we reported that 
endoscopists graded bowel visualization as poor in a 
significantly higher percentage when addressing early-
POR compared to other indications (22) and the reason 
behind this finding would be the higher level of visibility 
required to grade the Rutgeerts score. 

The enhanced visibility of the mucosa achieved 
with purgatives could potentially improve conclusive 
procedures. For example, Han et al (16) achieved a 
60% excellent bowel cleanliness (compared to our 48%) 
with 2L of polietilenglicol (PEG), and the entire SB was 
visualized. Lower volumes of purgatives have shown to 
be equally effective as reported by Bourrellie et al  (11), 
achieving more than 90% of good preparation with 1L of 
PEG. Although it seems reasonable that with purgatives 
we would achieve a higher diagnostic yield, there is 
no comparative study in the POR scenario comparing 
purgative vs liquid diet.

In our study, the incremental diagnostic yield with 
purgatives would be, at most, 7.6% and it would imply 
the administration of PEG to 92.4% of patients who 
had a conclusive procedure with liquid diet. Bowel 
purgatives may affect patient tolerance and acceptance, 
especially when considering the long-term monitoring 
of POR. Patient comfort of ileocolonoscopy and SBCE 
has been surveyed in the scenario of early-POR by 
Pons-Beltrán et al. In their study, all patients preferred 
SBCE to ileocolonoscopy and bowel preparation (with 
a liquid diet and no purgatives) for SBCE interfered 
with the patient’s daily activity to a lower degree that 
for ileocolonoscopy, although differences in this regard 
were not statistically significant (13). This preference 
for SBCE cannot be assumed when a different bowel 
prep regime is used. The result of using laxatives is that 

and FCP (176.3 ± 178 µg/g vs 86.3 ± 132 µg/g, p= 0.04). 
Diagnostic performance for detecting ≥i2 in neoterminal 
ileum for CRP was sensitivity 24.4 %, specificity 89.6%, 
PPV 66.7%, NPV 58.1%, DOR 2.8. Diagnostic accuracy 
was obtained for FCP levels of 50 µg/g, 100 µg/g, 150 
µg/g and 200 µg/g and shown on table 2. CRP and FCP 
had an AUC of 0.7 (95% CI 0.56-0.84) and 0.7 (95% CI 
0.56-0.84) respectively. 

Therapeutic impact of SBCE findings

SBCE guided a therapeutic change in 43 patients 
(38%): an escalation in 37 (32.7%) and downstage 
in 6 (5.3%). Modifications were associated with RS 
among all groups (p<0.001). Patients with relevant POR 
experienced an escalation in 70% of early-POR, 66.7% 
of late-POR, and 62.5% of previous-POR (p=0.18). 

In patients without relevant POR, no changes were 
made in the early-POR group while 6.3% and 15.8% of 
patients were upstaged in the late-POR and previous-
POR groups, respectively. Regarding downstaging, in 
3 patients in the late-POR group the immunomodulator 
was withdrawn: in one patient leaving a biologic as 
monotherapy and in two patients leaving them without 
any treatment (due to long-term clinical remission and 
potential adverse effects in elderly patients). In the 
monitoring-POR group, treatment was de-escalated in 3 
patients with combo, leaving monotherapy with a biologic 
in 2 of them and monotherapy with immunomodulator in 
the other.

Discussion 

SBCE has become widespread in the evaluation and 
management of CD patients and offers several advantages 
such as a non-invasive full-length evaluation of the 
small bowel, the detection of small and subtle lesions 
(18), the avoidance of sedation or anesthesia, and good 
patient tolerance. Our research focused on the feasibility 
and usefulness of SBCE in CD patients with ileocecal 
resection obtaining conclusive results in most patients in 
the three situations considered.

Inconclusive studies were predominantly related to 
inadequate bowel cleansing (10 SBCE) compared to 
incompleteness. Optimal patient preparation has been 
controversial. In our cohort, we did not administer pur- 

50 µg/g 100 µg/g 150 µg/g 200µg/g 250µg/g 

Sensitivity (%) 69.2 53.8 42.3 34.6 26.9

Specificity (%) 60.6 78.8 84.8 87.9 90.9

PPV (%) 58.1 66.7 68.8 69.2 70.0

NPV (%) 71.4 68.4 65.1 63.0 61.2

DOR (%) 3.5 4.3 4.1 3.8 3.7

Table 2. — Diagnostic performance of Fecal calprotectin for different cut-off values
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did not perform both techniques per protocol. The reason 
behind this is that our cohort is a routine real-life setting 
in which we opted for SBCE after discussing with the 
patients the pros and cons of the different alternatives. SB 
intestinal ultrasound was not available in our center until 
recently. To date, several studies (11-16) have compared 
different methods and concluded that they have similar 
performance. Therefore, the assessment of the diagnostic 
performance of the different techniques for detecting 
POR was outside of the scope of our research. 

In conclusion, SBCE is a safe and useful diagnostic 
tool for the detection of early and late POR, and for the 
assessment of treatment response in previous-POR with a 
conclusiveness of 85.5% without using purgatives.
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