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Predictors of Durability of Radiological Response in Patients With 
Small Bowel Crohn’s Disease

Parakkal Deepak, MBBS, MS,*,a Joel G. Fletcher, MD,† Jeff L. Fidler, MD,† John M. Barlow, MD,†  
Shannon P. Sheedy, MD,† Amy B. Kolbe, MD,† William S. Harmsen, MS,‡ Terry Therneau, PhD,‡  
Stephanie L. Hansel, MD, MS,* Brenda D. Becker, CCRP,* Edward V. Loftus Jr, MD,* and David H. Bruining, MD*

Background:  The long-term significance of radiological transmural response (TR) as a treatment goal at the first follow-up scan in small bowel 
Crohn’s disease (CD) has been previously shown. We examined the durability of a long-term strategy of treating to a target of radiological TR 
and the influence of baseline predictors on the maintenance of TR.

Methods:  Small bowel CD patients between January 1, 2002, and December 31, 2014, were identified with serial computed tomography enter-
ography (CTE)/magnetic resonance enterography (MRE) before and after initiation of therapy or on maintenance therapy. Overall TR (inflam-
matory lesions with/without strictures) w1as characterized by abdominal radiologists in up to 5 small bowel lesions per patient at each serial 
scan until last follow-up or small bowel resection, as response, partial response, or nonresponse. The rate of conversion between TR states and 
transition to surgery, including the effect of baseline patient/disease characteristics, was examined using a multistate model (mstate R-package).

Results:  CD patients (n = 150, 705 CTE/MRE) with a median of 4 CTE/MRE during 4.6 years of follow-up, 49% with ileal-only distribution, 
had 260 examined bowel segments. Conversion from response to partial response/nonresponse was 37.4% per year of follow-up with no transi-
tions seen directly from response to surgery. Current smoking status (hazard ratio [HR], 2.2; 95% confidence interval [CI], 1.1–4.3) and internal 
penetrating disease at baseline scan (HR, 2.2; 95% CI, 1.2–4.1) were associated with a 2-fold increased risk of transition from partial response/
nonresponse to surgery.

Conclusions:  Achievement and maintenance of radiological response is associated with avoidance of small bowel surgery. Continued follow-up 
with CTE/MRE is recommended to identify loss of response, especially in current smokers and patients with internal penetrating disease at base-
line CTE/MRE.

Key Words:  Crohn’s disease, small intestine/diagnostic imaging, x-ray computed tomography, magnetic resonance imaging, medication therapy 
management

INTRODUCTION
Crohn’s disease (CD) is a chronic immune-mediated 

condition of the gastrointestinal system characterized by a 
transmural inflammatory response that can lead to progres-
sive damage with the development of strictures and/or fistulae 
that require surgical interventions and/or hospitalizations.1, 2 
CD management driven by clinical symptoms is hampered by 
poor correlation between clinical symptoms and active small 
intestinal inflammation.3, 4 Computed tomography enterogra-
phy (CTE) and magnetic resonance enterography (MRE) are 
noninvasive cross-sectional imaging techniques that have been 
shown to be highly sensitive and specific in detecting inflam-
mation in the small bowel.5–7 CTE and MRE can also provide a 
transmural pan-intestinal assessment of therapeutic response, 
and therefore often guide management decisions.5, 8–10

Radiological transmural response (TR) as a treat-
ment goal at the first follow-up scan in small bowel CD has 
been shown to be associated with a reduced probability of 
CD-related surgeries, hospitalizations, and rescue corticoster-
oid usage.11 There is a paucity of data, however, regarding clin-
ical outcomes of CD patients after the first follow-up imaging 
for TR. We examined the natural history of a long-term strat-
egy of treating to a target of radiological TR, the durability of 
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response, and the influence of baseline predictors on the main-
tenance of TR.

METHODS
We constructed a cohort of patients with established 

small bowel CD who had undergone serial CTE and/or MRE 
imaging at Mayo Clinic, Rochester, Minnesota, between 
January 1, 2002, and October 31, 2014. This was performed 
using a retrospective study design. These patients had either 
initiated medical therapy or were on stable maintenance ther-
apy with at least 1 year of follow-up. In the study time period 
(2002–2014), no established protocol to perform a CTE/MRE 
as part of a treat-to-target approach was in place at our institu-
tion. Definitions for established CD and maintenance therapy 
were previously reported.11 The radiological response at the first 
follow-up CTE/MRE and association with long-term outcomes 
of rescue corticosteroids, hospitalizations, and surgeries were 
also reported in a prior publication.11

In this study, each inflammatory lesion (with/without 
associated stricturing or internal penetrating complication) was 
followed longitudinally over multiple scans beyond the first fol-
low-up CTE/MRE until the last clinical follow-up or a small 
bowel resection occurred. Disease location and phenotype were 
defined based on the Montreal classification, whereas inter-
nal penetrating disease phenotype was defined as an abscess, 
inflammatory mass, and/or fistula, excluding patients with iso-
lated perianal disease.

Scan Technique
Before CTE or MRE examinations, patients ingested 

approximately 1350 cc of low-contrast barium solution 
(Volumen; Bracco Diagnostics, Princeton, NJ, USA), followed 
by 500 cc of water over 60 minutes before the scan.11 For CTE, 
iodinated contrast dye was given by intravenous injection using 
a weight-based protocol, typically at 4 cc/s, followed 50 sec-
onds later by scanning during the enteric phase (peak small 
bowel enhancement).10–13 The CTE were reconstructed with 
high spatial resolution (slice thickness ≤ 3 mm). MRE was per-
formed with 1.5T magnets using an 8-channel phased array 
coil. Glucagon was administered intravenously to alleviate 
motion artifact from bowel peristalsis at the beginning of the 
MRE (0.5 mg) and before gadolinium enhancement (0.5 mg). 
Precontrast sequences as part of the MRE included axial and 
coronal single-shot, fast-spin echo, and FIESTA (or TrueFISP) 
imaging. Postgadolinium contrast sequences included coronal 
3D LAVA sequences and 2D SPGR and axial 3D LAVA images 
with fat saturation.

Image Analysis
Clinical information was extracted from the medical 

record by a gastroenterologist (P.D.) blinded to the radiological 
score. Radiologic scoring was performed by 5 of the co-authors 
with prior fellowship-level training in abdominal radiology 

(J.G.F., J.L.F., J.M.B., A.K., or S.P.S.), who were blinded to clin-
ical data, using a standard reader’s manual to guide interpre-
tation (Appendix 1). Images were evaluated using the clinical 
PACS system (GE Centricity, GE Healthcare). In each patient, 
radiologists were instructed to identify all small bowel segments 
with CT or MR evidence of inflammation, structuring, and fis-
tulizing disease. The longest 5 inflamed small bowel segments 
were evaluated in each patient for characteristics including 
length (cm) and wall thickness (mm), hyperenhancement and 
comb sign, peri-enteric inflammation (mesenteric edema or 
inflammatory mass), and for characteristics of any associated 
stricture (including any proximal dilation).

Radiological Response
Individual lesions were compared with the characteristics 

of the same lesion on the CTE/MRE beyond the first follow-up 
scan. At the lesion level, inflammatory transmural response 
(TR) was first graded as improved, unchanged, or worsened 
lesion(s).11 Improvement required a decrease in enhancement 
or length of disease, without worsening of the other disease 
parameters of active inflammation (described above). Any 
increase in the score of any imaging parameter of active inflam-
mation resulted in a “worsened” classification. Unchanged 
lesions were defined as those without worsening or improving 
inflammatory parameters.

At the patient level, inflammatory TR was classified as 
a responder if  all lesions improved in the individual patient, 
nonresponder if  any of the lesions worsened or a new lesion 
developed, and a partial responder if  all lesions stayed the 
same without improvement/worsening or if  some but not all 
lesions improved. Next, the stricture TR or change in degree 
of stenotic disease (including prestenotic dilation) of any small 
bowel strictures associated with inflammatory lesions was fac-
tored into a composite classification of TR as responders, par-
tial responders, and nonresponders (Table 1). For example, a 
patient with 2 inflammatory lesions at the first follow-up (or 
second CTE/MRE), both of which improved at the third or 
subsequent CTE/MRE, would be classified as a “responder” 
at third or subsequent CTE/MRE. In the next step, we would 
account for associated stricture. If  1 of the lesions also had an 
associated stricture at first follow-up CTE/MRE (or second 
CTE/MRE), without prestenotic dilation (score of 1), that sub-
sequently worsened at the third CTE/MRE to develop a prest-
enotic dilation (score 2 or 3), then the overall response would be 
downgraded from a “responder” inflammatory TR to a “partial 
response.”

Statistical Analysis
Calculation of sample size was performed to investigate 

the association of baseline patient/disease characteristics with 
response status for an analysis comparing response vs partial/
nonresponse.11 Assuming 50% prevalence, there was 80% power, 
for a 2-sided test of proportions in response (alpha = 0.05), to 
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detect 0.21 vs 0.45 (odds ratio [OR],  3.0) with 124 patients.11 
In this study, the start time for the study was the date of the 
first follow-up CTE/MRE. Patients were then followed until 
the time point when an individual patient underwent a small 
bowel resection for an inflammatory lesion alone or with an 
associated stricture or until the date of last known follow-up, if  
earlier than October 31, 2014.

Analyses were performed using a multistate model. This 
is a method of survival analysis that accounts for competing 
risks beyond the framework of the traditional Cox proportional 
hazards model. Multistate models (MSMs) have been utilized in 
cardiovascular clinical trials, liver cirrhosis, bone marrow trans-
plant, breast cancer, cardiovascular revascularization outcomes, 
acute myeloid leukemia, psoriatic arthritis, and colon cancer.14–20 
Analysis followed the methods found in Putter et al.,21 using the 
mstate package within the R statistical system.22

Multistate modeling is a continuous time process where sub-
jects move among a finite number of states. Each subject’s initial 
state was defined to be the TR status at the first follow-up CTE/
MRE. Subsequent states involve transitions from a response to a 
partial response or nonresponse state or vice versa (Fig. 1). Small 
bowel resection was defined to be a final or absorbing state from 
which a patient cannot transition back to any of the response 
states. The change in the states was evaluated using a time scale 
by the “clock reset” approach where the clock is reset to 0 each 
time the patient enters a new state. The transition rate between 
any 2 particular states assumes proportionality of hazards. The 
baseline covariates included in the model were sex, smoking (cur-
rent vs former/never), penetrating disease at baseline scan, and 
history of perianal disease. An Aalen-Johansen estimate based on 
the fitted rates yielded further summaries such as the mean time in 
each state and the current proportion of individuals in each state.

TABLE 1:  Radiological Response Incorporating Inflammatory and Stricture Responsea

Responder at 
Current Scan

Stricture Data at 
Current Scan

Partial Responder 
at Current Scan

Stricture Data at 
Current Scan

Nonresponder at 
Current Scan

Stricture Data at 
Current Scan

0 1 2 3 0 1 2 3 0 1 2 3

Stricture
data at
prior scan

0 R R P P Stricture
data at
prior scan

0 P P N N Stricture
data at
prior scan

0 N N N N
1 R R P P 1 P P N N 1 N N N N
2 R R P P 2 P P P N 2 N N N N
3 R R R P 3 P P P P 3 N N N N

Abbreviations: N, nonresponse; P, partial response; R, response.

aThe first classification of response is based on inflammatory response. If  a patient is a nonresponder by inflammatory classification, then regardless of stricture response (3→0), 
the patient would remain a nonresponder. If  a patient is a partial responder by inflammatory classification and the associated stricture remains stable (same score) or improves, 
then patient stays a partial responder. If, however, a patient is a partial responder by inflammatory classification and the associated stricture worsens (higher score), then the patient 
would be reclassified as a nonresponder.

FIGURE 1.  Four-state model of radiological transmural response identified on serial enterography in small bowel Crohn’s disease patients with 3 
transient states (response, partial, or nonresponse) and an absorbent state (small bowel surgery).
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ETHICAL CONSIDERATIONS
The study was approved by the Institutional Review 

Board of the Mayo Clinic at Rochester, Minnesota. We only 
included patients who had given authorization (at the original 
clinical encounter) to use their medical records for research 
purposes per the law of the State of Minnesota and HIPAA.

RESULTS
A total of 150 CD patients and 705 CTE/MREs were 

included, with a median follow-up (interquartile range [IQR]) 
of 4.6 (1.6–7) years after the first follow-up scan. The median 
age (IQR) at diagnosis was 23 (19–33) years, the median dis-
ease duration was 9 (3–21) years, and the female/male ratio 
was 1:1. Ileal distribution (n  =  73, 49%) and nonstricturing/
nonpenetrating phenotype (n = 73, 49%) were the most com-
mon locations or phenotypes. The distribution of baseline 
characteristics between responders vs partial/nonresponders is 
depicted in Table 2.

The median number of CTE/MREs was 4, and 142 
patients (94.7%) underwent serial CTE/MREs after the first 
follow-up scan. A total of 260 lesions across 150 patients was 
present at the first follow-up CTE/MRE. The distribution of 
these lesions was: 209 inflammatory (80.4%), 135 with associ-
ated stricturing disease (51.9%), and 28 with penetrating disease 
(10.8%) (Table 3). Based on the first follow-up scan, 55 patients 
(37%) were responders, 39 were partial responders (26%), and 
56 patients were nonresponders (37%), as previously reported.11 
Based on the third CTE/MRE (Table 3), 44 patients (31%) were 
responders, 44 were partial responders (31%), and 54 patients 
were nonresponders (38%).

The conversion from response state to partial/nonre-
sponse state was 37.4% (95% confidence interval [CI], 25.6%–
54.8%) per year of follow-up. The reverse occurred at 12.2% 
(95% CI, 7.8%–19.2%) per year of follow-up. No transitions 
were seen from treatment response (of all lesions) to surgery, 
whereas a transition from partial/nonresponse to surgery was 

TABLE 2:  Baseline Characteristics of Patients With Small Bowel Crohn’s Disease Classified by Response at Second CT 
or MR Enterography

Response (n = 55) Partial/Nonresponse (n = 95)

Sex, No. (%) Female 27 (49.1) 48 (50.5)
Age at diagnosis, y Median (IQR) 24.0 (19.0–37.0) 23.0 (19.0–32.0)
Smoking, No. (%) Current 9 (16.4) 12 (12.6)

Never 28 (50.9) 56 (59.0)
Former 18 (32.7) 27 (28.4)

Disease duration, y Median (IQR) 9.0 (2.0–17.0) 10.0 (4.0–22.0)
Prior CD-related surgery, No. (%) Yes 33 (60.0) 59 (62.1)
Appendectomy, No. (%) Yes 18 (32.7) 26 (27.4)
BMI, kg/m2 Median (IQR) 25.0 (22.5–28.5) 25.0 (22.1–28.7)
Family history of IBD, No. (%) Yes 6 (10.9) 19 (20.0)
CRP, No. (%) Missing 14 24

High 15 (27.3) 33 (34.7)
Serum albumin, g/dL Median (IQR) 4.3 (3.9–4.5) 4.0 (3.8–4.3)
Montreal classification, 

No. (%)
Location Ileal alone 27 (49.1) 46 (48.4)

Any upper gut disease 5 (9.1) 11 (11.6)
Any colonic disease 23 (41.8) 38 (40.0)

Stricturing phenotype Nonstricturing 35 (63.6) 62 (65.3)
B2 stricturing 20 (36.4) 33 (34.7)

Penetrating phenotype Nonpenetrating 48 (87.3) 73 (76.8)
B3 penetrating 7 (12.7) 22 (23.2)

Harvey Bradshaw Index Median (IQR) 6.0 (3.0–9.0) 6.0 (3.0–9.0)
Medication usage at second CTE/MRE, No. (%) TNF-α inhibitor alone 14 (25.5) 16 (16.8)

Thiopurine alone 17 (30.9) 37 (39.0)
Methotrexate alone 2 (3.5) 6 (6.3)
TNF-α inhibitor plus thiopurine 16 (29.1) 20 (21.1)
TNF-α inhibitor plus methotrexate 3 (5.5) 5 (5.3)
Budesonide alone or combination 3 (5.5) 9 (9.4)
Natalizumab - 2 (2.1)
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seen in 16.7% (95% CI, 12.9%–21.7%) per year of follow-up. 
Patients spent a mean (95% CI) of 2.7 (1.8–3.9) years in the 
response state during follow-up, before transitioning to a dif-
ferent state. Those who had a partial/nonresponse state spent a 
mean (95% CI) of 3.4 (2.7–4.4) years before transition.

During follow-up, patients could go through multiple 
transitions. Figure 2 depicts serial CTE images in a patient with-
out initial response who achieved it slowly over time. Figure 3 
shows serial CTE images in a patient where the inflammatory 
lesion improved over time but developed a stricture that did not 
improve over time. In Figure 4, the serial MRE images depict a 
patient who had improvement in both the inflammatory lesion 
and the associated stricture.

Summing up total time spent in the same state across mul-
tiple transitions, an average patient was in the “Response” state 
for 43.6% of their follow-up, with a mean time of 4.63 years in 
the response state and 5.98 years in the partial/nonresponse state. 
Among patients in the response state, after 1 year, 27.1% had con-
verted to the partial/nonresponse state, and an additional 2.5% had 
converted to the surgery state (Table 4). After 2 years, 39.8% were 
in the partial/nonresponse state and 8.3% were in the surgery state.

Current smoking status influenced the transition from 
partial/nonresponse to surgery, which was 2-fold greater than 
that for never/former smokers (hazard ratio [HR], 2.2; 95% 
CI, 1.1–4.3; P = 0.02) (Table 5). Among current smokers in the 
response state, after 1 year, 33.8% had converted to the partial/
nonresponse state and an additional 6.6% had converted to the 
surgery state (Table 5). After 2 years, 41.4% were in the partial/
nonresponse state and 19.4% were in the surgery state. Current 
smoking status did not, however, have a significant effect on the 
rate of transition from response state to partial/nonresponse 
(HR, 1.7; 95% CI, 0.6–4.5; P = 0.28).

Patients with internal penetrating disease at baseline scan 
also had a 2-fold greater transition from partial/nonresponse to 
surgery compared with those without internal penetrating dis-
ease (HR, 2.2; 95% CI, 1.2–4.1; P = 0.01). Internal penetrating 
disease at baseline did not have a significant effect on the rate 
of transition from response state to partial/nonresponse (HR, 
1.6; 95% CI, 0.6–4.7; P = 0.36). Among patients in the response 
state and with internal penetrating disease at baseline scan, 
after 1  year, 33.4% had converted to the partial/nonresponse 
state and an additional 6.4% had converted to the surgery state 
(Table 5). After 2 years, 40.4% were in the partial/nonresponse 
state and 18.6% were in the surgery state.

Other clinical factors were not predictive in the multistate 
model. Male sex (compared with female) did not have a sig-
nificant effect on the transition from response state to partial/
nonresponse (HR, 0.7; 95% CI, 0.3–1.4; P = 0.29) or the tran-
sition from partial/nonresponse to surgery (HR, 1.2; 95% CI, 
0.7–1.9; P  =  0.6). A  history of perianal disease also did not 
have a significant effect on the transition from response state to 
partial/nonresponse (HR, 1.1; 95% CI, 0.4–2.8; P = 0.85) or the 
transition from partial/nonresponse to surgery (HR, 1.6; 95% 
CI, 0.8–3.1; P = 0.2).

DISCUSSION
In this study, we examined the natural history of radio-

logical TR in small bowel CD over an extended period of fol-
low-up with serial monitoring of response using CTE/MRE. 
The study demonstrated that no patient who stayed in a state 
of response progressed to small bowel surgery. However, 37.4% 
of the patients experienced transition from a state of response 
to partial/nonresponse per year of follow-up. Additionally, 
current smoking and the presence of penetrating disease at 

TABLE 3:  Radiological Response During Serial Enterography in Patients With Small Bowel Crohn’s Disease

Scan No. No.

Response Status

No. Lesionsa

Inflamm. 
Lesions, No. (%)

Stricturing 
Lesions, No. (%)

Penetrating Lesions, 
No. (%)

Response, No. 
(%)

Partial, No. 
(%) Nonresponse, No. (%)

2. 150 55 (36.7) 39 (26) 56 (37.3) 260 209 (80.4) 135 (51.9) 28 (10.8)
3. 142 44 (31) 44 (31) 54 (38) 238 170 (71.4) 119 (50) 28 (11.8)
4. 108 36 (33.4) 32 (29.6) 40 (37.0) 203 139 (68.5) 103 (50.7) 20 (9.9)
5. 73 16 (21.9) 27 (37.0) 30 (41.1) 131 86 (35.7) 67 (51.2) 18 (13.7)
6. 42 9 (21.4) 15 (35.7) 18 (42.9) 81 57 (70.4) 36 (44.4) 6 (7.4)
7. 20 4 (20) 11 (55) 5 (25) 44 35 (79.6) 21 (47.7) 3 (6.8)
8. 8 1 (12.5) 6 (75.0) 1 (12.5) 24 22 (91.7) 12 (50.0) 5 (20.8)
9. 5 1 (20.0) - 4 (80.0) 16 14 (87.5) 5 (31.3) 8 (50)
10. 4 2 (50) 2 (50) - 11 9 (81.8) 2 (18.2) 5 (45.5)
11. 2 1 (50) 1 (50) - 7 7 (100) - 4 (57.1)
12. 1 - 1 (100) - 5 5 (100) - 3 (60)

aIndividual lesion may have inflammatory, structuring, and penetrating phenotype.
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baseline scan were associated with a 2-fold increase in a loss-
of-response transition from a state of partial/nonresponse to 
small bowel surgery. The findings indicate the need for ongoing 
follow-up monitoring after patients have achieved a TR status 
of response, especially in current smokers and those with inter-
nal penetrating disease detected by CT or MR enterography.

The findings of this study build upon previous publica-
tions.11 Our prior study demonstrated that achievement of com-
plete response (renamed in this study as response) decreased the 
risk of subsequent surgery by more than two-thirds (HR, 0.3; 
95% CI, 0.2–0.6). In this study, we demonstrated that there was 
no direct transition from a state of response to small bowel sur-
gery, unless the patient lost response and transitioned to a state 
of partial/nonresponse. The current study strongly suggests 
that maintaining radiological response is a powerful treatment 
target to avoid small bowel surgery on long-term follow-up. It 
also demonstrates the importance of continued monitoring of 
radiological TR with serial enterography to allow appropriate 
changes medical therapy to recapture response.

In our study, current smoking resulted in a 2-fold increase 
in a loss-of-response transition from partial/nonresponse state 
to surgery. These results are consistent with findings from a pro-
spective cohort of 43 patients with symptomatic small bowel 
CD who commenced immunomodulator or biologic therapy 
and had assessment of mucosal healing (MH) at week 52 using 
capsule endoscopy.23 There was a trend toward less MH in those 
who smoked (OR, 2.5; P < 0.31). In this study, patients with 

internal penetrating disease at baseline scan also had a 2-fold 
greater transition from partial/nonresponse to surgery com-
pared with those without internal penetrating disease. Our 
results are consistent with a prior study of 112 CD patients 
where the presence of intra-abdominal fistulas on baseline 
magnetic resonance imaging (MRI) was independently predic-
tive (OR, 10.6; 95% CI, 2–46, P = 0.002) of an increased risk of 
abdominal resection surgery.24 Finally, among 67 patients with 
CD who were followed in a treat-to-target of MH, female sex 
was associated with a 2-fold increase in MH.25 This finding was 
not replicated in our study.

The significance of the study findings is the context of 
increasing recognition of radiological response as a treatment 
target. Mucosal healing noted on ileocolonoscopy has been 
proposed as a treatment target in CD patients associated with 
better outcomes (steroid-free remission, hospitalizations, or 
major abdominal surgeries) than those in CD patients who do 
not achieve MH.26–29 More recently, deep remission (Crohn’s 
disease activity index  [CDAI]  <  150, absence of corticos-
teroids, and MH) as a composite target in the adalimumab 
52-week EXTEND maintenance trial (after induction) has 
been associated with significantly fewer adalimumab treat-
ment adjustments, hospitalizations, CD-related surgeries, 
less activity impairment, and a better quality of life/physical 
function.30 However, the EMBARK study demonstrated that 
a combined scoring of disease activity using ileocolonoscopy 
(SES-CD) and CTE correlated much better with biomarkers of 

FIGURE 2.  Seventy-five-year-old male with CT enterography that demonstrated active inflammatory Crohn’s disease involving the terminal ileum 
(A, white arrow) and distal ileum over a distance of approximately 30 cm, with the proximal end of the inflamed segment also shown (A, arrowhead). 
The subsequent 2 CT enterography exams demonstrated no change, but subsequent CT enterography obtained 7 years after index scan show a nor-
mal-appearing terminal ileum (B, arrow) and equivocal enhancement and wall thickening (B, arrowhead) that involves only approximately 15 cm of 
the distal ileum in a discontinuous fashion.
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inflammation (fecal calprotectin, IL-22, and serum matrix met-
alloproteinase-9) than ileocolonoscopy alone.31 Additionally, a 
recent multicenter study (n = 214 CD patients) by the Grupo de 
Estudos de Doença Inflamatόria Intestinal compared outcomes 
with a target of transmural healing on MRE compared with 
MH on ileocolonoscopy.32 At 12 months, transmural healing, 
compared with MH, was associated with lower rates of ther-
apy escalation (15.2% vs 36.5%, P = 0.03) and surgery (0% vs 
11.5%, P = 0.047), and longer times to therapy escalation and 
surgery (P = 0.046 and P = 0.045, respectively). Moreover, mul-
tiple studies have now shown that small bowel inflammation is 

present in approximately 50% of patients with normal or non-
specific appearance to the ileal mucosa at ileocolonoscopy.22

Additionally, in a multicenter survey study (n  =  477), 
patients have also expressed a preference for serial disease 
activity assessment in CD using MRE over repetitive colon-
oscopy.33 However, the cost-effectiveness of such a strategy of 
treating to a target of radiological response may be a concern. 
A  decision analysis model that explored treatment strategies 
for the management of moderate to severe CD with infliximab 
showed that MH as an end point was a cost-effective strategy 
as compared with a strategy based on clinical symptoms.34 In 

FIGURE 3.  Eighty-four-year-old female with CT enterography that demonstrated active inflammatory Crohn’s disease involving 25 cm of the distal 
ileum (A, white arrow) but without prestenotic dilation (B, arrowhead). Two years later, CT enterography demonstrates increasing ileal inflammation, 
as manifested by increasing wall thickness and peri-enteric stranding (C, arrows) with additional development of prestenotic dilation (D, arrowhead) 
indicating stricture development. Ten months later, repeat exam shows marked reduction in distal ileal inflammation (E, arrows) with persistent 
stricture (F, arrowhead).
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FIGURE 4.  Twenty-five-year-old female underwent MR enterography demonstrating marked inflammation in the 13 cm of neoterminal ileum 
(arrows, A) with stricture, as manifested by dilation of the proximal ileum to greater than 4 cm (arrowhead, inset A), and generalized proximal small 
bowel distension. Patient had 2 subsequent MR enterography exams, each showing decrease in length and severity of inflammation. A third subse-
quent MR exam performed 4 years later shows only 4 cm of neoterminal inflammation, with decrease in wall thickness as well (arrow, B), with min-
imal dilation of the proximal small bowel immediately proximal to the stricture (arrowhead, inset B) and normalization of jejunal and proximal ileal 
distension.

TABLE 4:  Percentage of Patients at 1 and 2 Years From Entry Into Response and Partial/Nonresponse States

Transition State

At 1 y At 2 y

Response, % Part/Non, % Surgery, % Response, % Part/Non, % Surgery, %

Overall Response 70.4 27.1 2.5 52.0 39.8 8.3
Partial/non 8.8 76.5 14.6 13.0 61.0 26.0

Sex Female Response 66.6 30.6 2.7 47.7 43.7 8.6
Partial/non 10.5 75.9 13.5 15.0 60.9 24.1

Male Response 75.8 22.0 2.2 58.9 33.8 7.3
Partial/non 6.7 77.5 15.8 10.3 61.6 28.2

Smoking status Never/former Response 72.8 25.1 2.1 55.1 38.0 6.9
Partial/non 8.4 78.3 13.3 12.7 63.5 23.8

Current Response 59.5 33.8 6.6 39.2 41.4 19.4
Partial/non 11.0 63.0 26.1 13.4 43.3 43.2

Internal pene-
trating disease

No Response 71.8 26.1 2.1 53.6 39.4 6.9
Partial/non 8.1 79.1 12.8 12.3 64.6 23.1

Yes Response 60.2 33.4 6.4 41.0 40.4 18.6
Partial/non 14.1 60.9 24.9 17.1 41.8 41.0

History of peri-
anal disease

No Response 70.8 26.9 2.3 52.4 40.0 7.6
Partial/non 8.4 77.9 13.6 12.6 63.0 24.4

Yes Response 69.2 27.0 3.8 51.0 37.1 12.0
Partial/non 11.3 68.2 20.4 15.5 49.6 34.8

Abbreviation: non, nonresponse.
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population-based cohorts, however, up to one-third of patients 
with CD have evidence of bowel damage with stricturing or 
penetrating complications at diagnosis, findings that are under-
diagnosed without the aid of cross-sectional imaging.2 Recent 
studies have also demonstrated that CD patients with worsening 
bowel damage on subsequent scans, measured by the Lemann 
Index, have worse outcomes, including an increased risk of 
surgery.35 There is precedence for radiological techniques being 
more cost-effective than endoscopic techniques in other gastro-
intestinal diseases. For example, imaging modalities have been 
shown to be more cost-effective than endoscopic methodolo-
gies in the evaluation of patients with suspected common bile 
duct stones.36 Similarly, a strategy of abdominal CT plus endo-
scopic ultrasound has been found to be the most cost-effective 
staging strategy for nonmetastatic proximal rectal cancer.37 
Recent studies have also demonstrated bowel ultrasound to be 
equally sensitive for detecting active small bowel disease similar 
to CTE/MRE.38 This modality is less expensive compared with 
CTE/MRE, potentially performed at the bedside, and could be 
the cross-sectional imaging modality of choice at centers with 
the appropriate expertise.

Limitations of this study include the retrospective study 
design, which limited our ability to assess a specific medica-
tion or therapeutic plan. This study was designed to assess the 
changes in response over the period of follow-up, regardless of 
the medication used. In addition, this study was performed at a 
tertiary referral institution, potentially limiting the generaliza-
bility of the study findings to small bowel CD patients in com-
munity practice. No established clinical protocol was in place 
to perform a CTE/MRE as part of a treat-to-target approach 
during the study period (2002–2014). Hence, patients with 
more severe or active CD maybe over-represented in the data 
set due to clinicians ordering a CTE/MRE more often in such 
patients compared with those with milder disease. Additionally, 
the intervals between scans were also variable. However, we 
adjusted for both variable follow-up and variable intervals 
between scans using the advanced survival analysis technique 
of MSM. Finally, assessment of response was undertaken 
interchangeably with both CTE and/or MRE. However, a prior 
study comparing MRE and CTE has demonstrated similar sen-
sitivities for detecting active small bowel CD.6, 39

In summary, the natural history of radiological TR 
with medical therapy varies dramatically in CD patients. 
Achievement and maintenance of radiological TR is associated 
with avoidance of small bowel surgery. Continued follow-up 
with CTE/MRE is recommended to identify loss of response, 
especially in patients with a history of current smoking or 
internal penetrating disease at baseline CTE/MRE. Further 
research is required to validate the findings of this study in a 
prospective cohort.
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APPENDIX: OVERVIEW
1	 Scoring to be performed per patient and per lesion, of not more than 

5 of  the longest lesions identified on CTE or MRE.
2.	 Lesion to be identified on index CTE.
3.	 Skip lesion defined as 2 areas of active Crohn’s disease that must be 

separated by circumferential normal intestine.
4.	 Please note if  surgery was performed in the interim in case a previ-

ously involved segment has disappeared/improved.
5.	 Location of segment involved (free text or selected): Series and 

image No.
6.	 Length of segment in centimeters.
7.	 Mural thickness in millimeters.
8.	 Enhancement defined in comparison with nearby small bowel, 

renal cortex, and vascular enhancement, as below:

◦	 0  =  none (same as nearby, noncontracted normal small bowel 
segments);

◦	 1 = equivocal;
◦	 2  =  mild (>nearby, noncontracted normal small bowel segments 

and less than renal cortex);
◦	 3 = moderate (similar to renal cortex);
◦	 4 =  severe (greater than renal cortex and similar to intravascular 

enhancement in nearby vascular structures).

9.	 Stricture (obstruction) defined as a narrowed diameter in a dis-
tended bowel loop (that persists on multiple images when MRI is 
the modality):

◦	 0 = none;
◦	 1 = yes without upstream dilation;
◦	 2 = upstream dilation <4 cm;
◦	 3 = upstream dilation >4 cm.

10.	Overall radiologist impression whether disease improved, 
unchanged, or worsened.

Sample Data Collection Sheet for All 5 Lesions per Scan 
for the Radiologist

MRN_____________Case number_________________
Patient last name _______________
Date of study ___________________
Type of study (circle answer):     1 = CTE     2 = MRE

Lesion 1 2 3 4 5

Location
1 = distal ileum
2 = proximal ileum
3 = jejunum
Slice (representative)
Length (record in cm)
Mural thickness small bowel
Enhancement
0 = none
1 = equivocal
2 = mild
3 = mod (renal cortex)
4 = severe (vessel)
Comb sign
0 = none
1 = equivocal
2 = mild
3 = moderate
4 = severe
Perienteric
1 = mesenteric edema
2 = phlegmon (inflammatory mass)
3 = abscess
Type of fistula
0 = none
1 = enteroenteric
2 = enterovesical
3 = enterocutaneous
Stricture (obstruction)
0 = none
1 = yes without upstream dilation
2 = upstream dilation ≤ 4 cm
3 = upstream dilation > 4 cm
Radiologist impression
1 = improved
2 = unchanged 
3 = worsened

Mesenteric venous thromoses (circle): 0 = no; 1 = portal/SMV; 2 = peripheral (a or 
c). Perianal fistula: 0 = no; 1 = yes. If  5 lesions on index, new inflammatory lesions 
appearing on f/u scans? 0 = no; 1 = yes.

Abbreviations: a = acute; c = chronic.


