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ABSTRACT
Background and Aim: Changes in 3D volumetry of perianal fistulas in patients with Crohn's disease (CD) measured by MRI
could be an imaging biomarker of interest. The objective of the study was to determine the value of volumetric changes in CD
perianal fistulas after medical treatment to predict outcomes.
Methods: This is a retrospective single‐center pilot study evaluating CD patients with active perianal fistulas who started
biological therapy between 2012 and 2021. Eligible patients were those who had both pre‐ and post‐treatment pelvic MRI and
clinical follow‐up of 2–5 years. Patients were categorized as clinically active or in remission based on fistula drainage. Using
specific software, we calculated the 3D volume of the fistulas, and their active and fibrotic components. We evaluated MRI
volumetric changes between assessments and analyzed their predictive value for clinical remission.
Results: We included 24 patients (83.3% with complex fistulas), of which 13 were in clinical remission at the last follow‐up.
Logistic regression analysis identified the percentage of relative change in the volumetric active component as an independent
predictor of clinical remission (OR 0.92 [0.86–0.98] p = 0.013). The area under receiver operating characteristic (ROC) curve was
85.3% (p < 0.0001). A reduction of ≥ 16% in the volumetric percentage of the active component has a sensitivity of 84.6 and
specificity of 81% in predicting clinical remission during follow‐up.
Conclusion: Changes in the 3D MRI volumetry of perianal fistulas might have value in predicting clinical remission. Spe-
cifically, the reduction in the volumetry of the active component emerges as a promising biomarker for assessing therapeutic
response.

Abbreviations: Cc, cubic centimeters; CD, Crohn's disease; ICC, intraclass correlation coefficient; IQR, interquartile range; MRI, magnetic resonance imaging; OR, odds ratio; PFD, perianal
fistulizing disease.
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1 | Introduction

Perianal fistulizing disease (PFD) occurs in up to one third of
patients with Crohn's disease (CD) and is associated with a
more severe clinical course [1]. Managing PFD poses consider-
able challenges, with a high risk of clinical recurrence (44%
within the first 18 months after fistula healing) leading to
disabling symptoms with a significant negative impact on pa-
tients' quality of life [2]. According to the AGA PFD classifica-
tion, the majority (80%) of perianal fistulas are categorized as
complex, characterized by lower healing rates, higher and
quicker relapses, and greater treatment requirements to achieve
fistula healing compared with simple fistulas [1, 3]. The current
medical management of PFD is challenging and still faces
considerable unmet treatment needs [4].

Magnetic resonance imaging (MRI) is a precise and non‐
invasive method recommended by international clinical guide-
lines for the assessment and classification of perianal fistulas in
CD [1, 5–7]. Clinical assessment of perianal disease activity is
based on fistula drainage. However, MRI allows for a more
comprehensive assessment of the fistula tracts in terms of their
anatomy (simple vs. complex) as well as in the evaluation of the
degree of inflammation and/or fibrosis. Currently, optimal
assessment of fistula severity and therapeutic response in clin-
ical practice and clinical trials is evolving. Assessment of fistula
activity by MRI is commonly performed based on T2 hyper-
intensity [8, 9]. A T2‐weighted sequence with fat suppression is
the optimal MRI sequence for the identification of the active
component of perianal fistulas and its associated complications.
Additionally, gadolinium‐enhanced sequences are useful in
distinguishing pus from granulation tissue [7].

Composite indices based on MRI findings for the adult popu-
lation, such as the Van Assche index (VAI) and its modified
version (mVAI) or the MAGNIFI index, were proposed for
grading fistula severity [10–12]. These indices combine
anatomical and inflammatory features as markers of disease
activity and severity [13]. They represent a valuable tool for
clinical follow‐up and are reliable instruments for measuring
therapeutic response in clinical trials since they have demon-
strated responsiveness properties [10]. However, although the
radiological indices were demonstrated to be responsive and
reliable tools, well‐defined cut‐offs for the assessment of clinical
response and remission are lacking [14].

Previous studies have reported that an active fistula tract eval-
uated by MRI may persist even after clinical healing (absence of
drainage or even closure of the external opening) [3, 15, 16].
This suggests that radiological healing usually lags behind
clinical remission [17]. Despite the slower pace of radiological
healing and the relatively low rates of radiological response,
there is growing evidence suggesting that achieving fistula
healing, identified by means of MRI, may be a desirable
endpoint due to its association with prolonged periods of clin-
ical remission [15, 18, 19]. The definition of fistula healing on
MRI is usually based on the disappearance of the T2 hyperin-
tense signal. A reduction in inflammation of the fistula tract is
accompanied by an increase in fibrosis and a higher fibrotic
component is associated with better outcomes in terms of pro-
longed clinical remission. Recently, the degree of fibrosis
assessed by visual impression and a MAGNIFI‐CD activity score
< 6, after PFD medical treatment, was correlated with long‐term
clinical closure [20]. The MAGNIFI‐CD index descriptors
include subjective assessment of the primary component of the
fistula subjectively [10]. However, each component, either
active inflammation or fibrosis, can also be quantified using
specialized software to provide objective and more reliable
metrics as a measure of treatment efficacy [21].

The aim of this pilot study was to assess the feasibility of objec-
tively calculating the total volume of perianal fistulas, along with
active inflammation and fibrosis components, using specific
segmentation software. Additionally, we aimed to evaluate
changes in fistula volumetry following biological treatment and
its predictive value for subsequent clinical remission.

2 | Patients and Methods

2.1 | Study Design and Patients

This is a pilot observational unicentric and retrospective study
performed at a tertiary IBD referral center. We included adult
patients (≥ 18 years) with established diagnosis of CD according
to European Crohn's and Colitis Organisation (ECCO) defini-
tions and associated PFD confirmed by MRI who started bio-
logical treatment (anti‐TNF, vedolizumab or ustekinumab) at
our center between 2012 and 2021. Eligible patients included
those who had an active draining perianal fistula confirmed by
medical physical examination and underwent a pre‐treatment

Summary

� Summarize the established knowledge on this subject
◦ Perianal fistulizing disease is a common and
disabling complication in Crohn's disease.

◦ Magnetic resonance imaging is the preferred radio-
logical tool for the assessment and classification of
perianal fistulas.

◦ MRI based Indices for perianal fistulizing disease such
Van Assche index or the MAGNIFI index have
demonstrated responsivenessproperties formeasuring
therapeutic response but well‐defined cut‐offs for
clinical response and remission are lacking.

� What are the significant and/or new findings of this
study?
◦ Our results suggest that a reduction in the volume of
the active component of the fistula tract predicts
clinical remission in patients who receive biological
treatment.

◦ Volumetric assessment of perianal fistulas is a
promising and reliable metric tool for predicting
clinical outcomes.

◦ Based on our observations, the volume reduction in
the active component could be a biomarker for
defining therapeutic targets in perianal fistulizing
disease.
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(baseline) MRI within 6 months preceding the initiation of
biological treatment, a post‐treatment MRI performed between
3 and 18 months after treatment initiation, and clinical follow‐
up ranging from at least 2–5 years. The time window between
both pelvic MRIs was selected based on previous evidence to
identify predictors of fistula clinical closure [15, 20]. Patients
with ileoanal pouches were excluded from the study. Patient
identification was conducted by reviewing our IBD unit data-
base. Three distinct time‐points (TP) of interest were estab-
lished: TP‐0 (baseline) before the initiation of biological
treatment, TP‐1 when PFD was radiologically evaluated after
treatment initiation and TP‐2 representing the moment of the
last clinical follow‐up (Figure S1).

2.2 | Clinical Data and Outcome Definitions

Clinical data were extracted by reviewing each patient medical
records. Epidemiological data and IBD characteristics including
the disease duration, Montreal classification, date of PFD diag-
nosis, rectal involvement, previous medical treatments, and
surgeries for both luminal and perianal diseases were recorded
for each patient. At each time point of the study, we assessed
luminal disease activity using the Harvey–Bradshaw index
(HBI) and perianal‐related symptoms—specifically fistula
drainage. Treatment information, including biological therapy,
concomitant treatments including antibiotics, immunosuppres-
sants, biological therapy, and perianal surgical procedures were
also documented at each time point. During follow‐up (TP‐1
and TP‐2), according to fistula drainage assessment (FDA), pa-
tients were categorized as either being in “perianal remission”,
defined as absence of external opening fistula drainage, or
“perianal non‐remission” in case of persistent drainage [22].

2.3 | Pelvic MRI Protocol

MRI examinations were performed according to our institution's
protocol using 1.5‐T magnet scans (either Signa Explorer, Gen-
eral Electric, or Aera, Siemens). Our local pelvic MRI protocol
for assessing perianal fistulas remained unchanged with no
significant changes throughout the study period and included
sagittal, coronal, and axial T2‐weighted sequences, axial T2‐
weighted sequences with fat suppression, T1‐weighted axial se-
quences with fat suppression pre‐contrast followed by T1‐
weighted axial, and coronal with fat suppression postcontrast
sequences after intravenous administration of gadolinium.
Supplementary Table 1 reports in detail the characteristics of the
fistula MRI acquisition protocol. The coronal and axial se-
quences were angled parallel and perpendicular to the anal ca-
nal, respectively.

2.4 | Readers and Pelvic MRI Assessment

2.4.1 | Readers

A single radiologist (JR), with more than 15 years of experience
in IBD imaging, evaluated all pelvic MRI at baseline and follow

up and their characteristics and calculated the fistula volumetry
in all assessments. The radiologist was blinded to clinical as-
sessments and outcomes. The information obtained from the
interpretation of this radiologist was used for the statistical
analysis of this study.

To determine the inter‐observer agreement of the fistula volu-
metry, a second radiologist (MS) with 4 years (after having
finished residency) of experience in abdominal radiology
calculated the volumetry of 10 pairs of pelvic MRIs randomly
selected.

2.5 | Pelvis MRI Assessments

Perianal fistulas were defined as tracts connecting the anus or
rectum and the perianal skin or other organs according to the
ECCO‐ESGAR recommendations [6, 23]. Typically, these fis-
tulas feature a single internal opening and one or more external
openings. Fistula characteristics included fistula classification
based on AGA recommendations (simple or complex) as well as
according to Parks' classification. The VAI and the MAGNIFI
indices were calculated at both pre‐ and post‐treatment assess-
ments. Additionally, the radiologist subjectively evaluated the
percentage of fibrotic component of each fistula.

Fistula volume was calculated using dedicated software
(Entrolytics, Motilent, UK) after manual segmentation of the
fistula tract. This software enabled the calculation of the volume
of both the active and fibrotic components within each tract of
the perianal fistulas.

The active component was defined as the sections presenting
hypersignal in the T2‐weighted sequences with fat suppression,
interpreted as either fluid or granulation tissue, while the
fibrotic component was defined as the area presenting hypo
signal in T2‐weighted sequences with and without fat suppres-
sion. To determine the volume of the active component, we
utilized T2‐weighted sequences with fat suppression in the axial
plane. For the volume of the fibrotic component, we employed
T2‐weighted sequences without fat suppression in the axial
plane. Following the manual segmentation of each component
separately (active and fibrotic), the software automatically
generates a three‐dimensional model. This enables the user to
ascertain whether any overlaps or gaps have been generated
between the two components during the segmentation process
and to correct them if necessary (Figure 1).

The area was calculated for each section where the fistula was
identified including its extensions. If there was a seton within
the fistula, visible as a hypointense structure on T2, it was
excluded from the volumetry. The volume in cubic centimeters
(cc) of each component, whether active or fibrotic, was obtained
by summing the area in each section. Based on these de-
terminations, we obtained the following parameters for each
assessment: total fistula volume, representing the sum of the
active and the fibrotic volumes; the percentage (%) of active and
fibrotic components (active volume/total volume * 100; fibrosis
volume/total volume * 100).
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2.6 | Volumetric Changes Between Assessments

Volume changes for each component (active and fibrotic) and
total volume were calculated by subtracting the baseline volume
from the post‐treatment volume. The percentage of change in
fistula volume between the two MRIs was calculated using the
following formula: (% baseline volume − % post‐treatment vol-
ume/% baseline volume) * 100.

As the fibrotic tissue tends to compact over time [24], we
calculated the relative changes relative to baseline of the % in
the active component (% active baseline − % active post‐treat-
ment/% active baseline * 100) as well as in the fibrotic compo-
nent (% fibrotic post‐treatment − % fibrotic baseline/fibrotic
baseline * 100), respectively.

2.7 | Statistical Analysis

Since it was designed as a pilot study, no formal sample‐size
calculation was performed. Patient's demographics and base-
line clinical characteristics are reported as frequencies and
percentages for categorical variables, and continuous data are
reported by means (SD) or medians and interquartile intervals
[IQR: percentile 25th–75th]. Continuous variables have been
compared using parametric t‐test and non‐parametric Mann‐
Whitney test, while Chi‐squared analysis and Fisher's exact test
has been used for categorical variables. A p‐value less than 0.05
was considered statistically significant.

For the primary analysis of the study, we compared the volu-
metric changes between baseline (TP‐0) and post‐treatment (TP‐
1) pelvic MRIs based on clinical outcomes observed at TP‐2. In
addition, we conducted an exploratory analysis to assess the
association between baseline volumetric measurements and
clinical outcomes. Univariate logistic regression analyses were
used to predict clinical remission during follow‐up and the best
predictor was selected using a multivariate stepwise logistic
regression using time between MRIs as the controlling variable.
Data are presented as odds ratios (OR) with 95% confidence
intervals (CIs). Receiver operating characteristic (ROC) curve
analysis was used to calculate the area under the curve (AUC)
for the best predictor variable and to determine the best cutoff
value for identifying clinical remission in the long term.

The inter‐observer correlation between the two radiologists for
volumetric assessment was measured using the intraclass corre-
lation coefficient (ICC). Subsequent analysis of fistula volume
was performed using data from the main reader. Inter‐reader
agreement was assessed as follows: < 0.50, poor; 0.5–0.75, mod-
erate; 0.75–0.90, good; and> 0.90 excellent [25]. The analysis was
performed using SAS version 9.4 (SAS Institute Inc., Cary, NC).

2.8 | Ethics

The institutional review board approved the study (HCB/2021/
0380). Due to the retrospective nature of the study, the require-
ment for informed consent was waived. The study was conducted
according to the good clinical practice guidelines of the European
Medicines Agency.

3 | Results

3.1 | Patients' Characteristics

A total of 33 patients met the study inclusion criteria. However,
volumetric assessment was feasible in only 24 patients due to
technical problems in uploading MRI images to the Motilent
platform as a consequence of a cyber attack affecting our
institution, being this the final study sample size. Figure 2
shows the flow chart of the patients who were finally included
in the volumetric analysis. Among them, 13 achieved perianal
remission, while 11 did not. We observed differences in patient

FIGURE 1 | Example of manual segmentation of a perianal fistula for volume evaluation using dedicated software (Entrolytics). Figure A displays
an axial T2‐weighted image with fat suppression revealing a complex fistula. The active component of the fistula is highlighted in red. In Figure B, the
same fistula is visible on an axial T2‐weighted image, with the fibrotic component manually segmented and now highlighted in blue. Figure C depicts
the three‐dimensional representation of the fistula, which includes the schematic anal‐sphincter complex and both components of the fistula: in red
the active fistula component, in blue the fibrotic fistula component, in purple the elevator plate, and in yellow the sphincters.

FIGURE 2 | Flow‐chart of patients included in the study.
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phenotype and rates of clinical responses (p = 0.02). Baseline
patient and fistula characteristics are detailed in Table 1.

The biological treatment started at TP‐0 was infliximab in 11
(45.8%) patients, adalimumab in 5 (20.8%) and ustekinuamb in 8
(33.3%) patients, without statistically significant differences be-
tween treatment's response (p = 0.506). 10 patients (41.7%) were
on concomitant treatment with azathioprine, 1 (4.2%) with
methotrexate and 3 with tacrolimus (12.5%). At TP‐0 (baseline),
10 patients (41.7%) also received a course of antibiotics, 6 pa-
tients (25%) required abscess drainage, two of them (8.3%) with
seton placement, and two (8.3%) additional patients with seton
placement. Until TP‐1 no changes in concomitant immuno-
suppressant treatment were done, 7 (29.2%) patients had
received at least one more cycle of antibiotics (maximum of two)
and in 1 (4.1%) patient a new seton placement was performed.

3.2 | Changes in Volumetric Assessments
Between Radiological Evaluations and Predictors of
Clinical Remission

The mean time‐window between MRI at TP‐0 and MRI at TP‐1
was 10.8 (� 5.51) months for patients who did not achieve
perianal remission and 9.38 (� 3.69) months for the group pa-
tients who achieved remission, without statistically significant
differences (p = 0.504) between groups.

Table 2 summarizes the changes in MRI measurements
observed between the two radiological assessments (TP‐0 and
TP‐1). Only the change in the % of the active component, and
the change in the % of relative active and fibrotic components
were responsive to clinical changes induced by medical treat-
ment. We have not observed differences in the volumetric
changes between medical therapies and the percentage of rela-
tive active (p = 0.203) or fibrotic (p = 0.692) components.

When including the MRI volumetric variables associated with
clinical remission into the logistic regression model, only the
percentage of change in the relative active component was
found to be a predictor for achieving clinical remission during
follow‐up (OR = 0.92 [95%CI 0.86–0.98] p = 0.013) (Table 3).

The model for predicting long‐term clinical remission, which
includes only one variable (% of change of relative active
component), achieved an AUROC of 0.85 (Figure 3). The ROC
curve analyses indicated that a reduction in the percentage of
the relative active component of the perianal fistula ≥ 16% was
the best predictor for achieving long‐term clinical remission,
with a sensitivity of 84.6% and a specificity of 81.8%.

3.3 | Baseline Volumetric Assessment and
Clinical Outcome

Table 4 shows the differences observed in baseline volumetric
assessments and clinical outcomes. The results indicate that
subjects who achieved clinical remission had lower baseline
volumes of both the total and active components as well as a
lower volume of fibrotic component. The volume of the active

component was found to be the best predictor of subsequent
clinical remission (OR = 0.94 [95%CI 0.90–0.99], p = 0.02).

3.4 | Reproducibility of Volumetric Assessment

The inter‐observer and the intra‐observer correlation of volu-
metric assessments between readers was almost perfect for the
active, fibrotic, and total fistula volumes (Table S2).

4 | Discussion

Our study shows that volumetric MRI is a feasible and reliable
technique for measuring perianal fistula volume in patients with
CD. The observed results suggest that a reduction in the volume
of the active component of the fistula tract, whether it comprises
granulation tissue or fluid, may help to predict clinical remis-
sion in patients who receive biological treatment. Therefore,
volumetric changes in PFD hold potential as imaging bio-
markers, given their predictive value for fistula clinical out-
comes. Volumetric assessment of perianal fistulizing CD can
also aid in the identification of new therapeutic targets for PFD.
Furthermore, our findings indicate minimal variation in volume
measurement between observers, highlighting its consistency
and reliability as a metric tool.

Currently, there are no established therapeutic targets for
managing PFD in CD. Some authors propose that the goal of
fistula treatment should be to achieve deep remission, which is
defined as the absence of fistula drainage and complete radio-
logical healing of the fistula tracts. However, complete healing
of fistula tracts may require several months, or even years of
medical treatment. Therefore, there is a need to develop new
surrogate endpoints in clinical research for a more precise
evaluation of therapeutic response in PDF. The results of this
study suggest the potential utility of an objective, feasible and
reproducible method as a surrogate endpoint for early evalua-
tion of treatment efficacy in PFD. Specifically, the findings
indicate that reducing the active component of the fistula tract,
rather than increasing the fibrotic component, predicts the
achievement of clinical remission.

MRI is widely considered as the gold standard tool for assessing
PFD in CD because of its ability to provide a virtual map of
the fistulas and associated complications such as collections
[7, 8, 26–29]. However, subjective evaluations are frequently
employed to interpret the severity of PFD or the response to
therapeutic interventions. Various MRI indices have been used
in clinical research, including the VAI and MAGNIFI indices
[10, 11]. Although changes in the VAI or MAGNIFI scores have
a good correlation with clinical response to medical treatment,
they have not been fully validated.

Current MRI scoring systems do not include the volume of the
fistula. The MAGNIFI index considers the predominant
component of the fistula (fibrosis, granulation tissue, or pus)
that occupies more than 50% of the total fistula [10]. However,
this assessment is subjective and prone to inter‐observer vari-
ability. The calculation of the fistula volume and its components
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TABLE 1 | Patients and fistula characteristics before treatment initiation stratified by perianal outcome.

No remission (n = 11) Remission (n = 13) p‐value
Age at inclusion, mean (SD) 46.5 � 12.9 39.0 � 15.2 0.21

Smoking status, n (%) 0.15

Non‐smoker 4 (36.4%) 8 (61.5%)

Smoker 4 (36.4%) 5 (38.5%)

Ex‐smoker 3 (27.2%) 0 (0.0%)

CD phenotype at inclusion, n (%) 0.02

Inflammatory 2 (18.2%) 10 (76.9%)

Stricturing 4 (36.4%) 1 (7.7%)

Penetrating 5 (45.5%) 2 (15.4%)

CD location at inclusion, n (%) 0.66

Ileal 5 (45.4%) 3 (23.1%)

Ileocolonic 4 (36.4%) 6 (46.2%)

Colonic 2 (18.2%) 4 (30.8%)

Rectal involvement any time, n (%) 0.42

Yes 5 (50.0%) 9 (56.5%)

PFD duration (years), mean (SD) 6.3 � 5.1 4.3 � 4.2 0.31

Luminal CD surgery, n (%) 0.01

Yes 8 (72.7%) 2 (15.4%)

Type of luminal surgery, n (%)

Intestinal resection 8 (72.7%) 2 (15.4%) 0.01

Intra‐abdominal abscess drainage 2 (18.2%) 1 (7.7%) 0.58

Ostomy 2 (18.2%) 0 (0.0%) 0.20

Perianal‐related hospitalization,a n (%) 0.68

Yes 3 (27.3%) 5 (38.5%)

PFD surgery, n (%) 0.09

Yes 8 (72.7%) 5 (38.5%)

Number of perianal surgeries 2.5 � 2.3 2.5 � 1.4 1.0

Type of perianal surgery, n (%)

Abscess drainage 6 (54.6%) 4 (30.8%) 0.41

Seton placement 6 (54.6%) 4 (30.8%) 0.41

Fistulotomy 1 (9.1%) 2 (15.4%) 1.0

Stem cell therapy 1 (9.1%) 1 (7.7%) 1.0

Diverting stoma 0 (0.0%) 0 (0.0%) —

Previous treatments, n (%)

Steroids 10 (90.9%) 11 (84.6%) 1.0

Azathioprine/Mercaptopurine 9 (81.8%) 8 (61.5%) 0.39

Methotrexate 3 (27.3%) 0 (0.0%) 0.08

Tacrolimus 6 (54.6%) 4 (30.8%) 0.41

Infliximab 2 (18.2%) 1 (7.7%) 0.58

Adalimumab 5 (45.4%) 6 (46.1%) 0.97

Vedolizumab 3 (27.3%) 0 (0.0%) 0.08

Ustekinumab 3 (27.3%) 1 (7.7%) 0.30
(Continues)
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(active/fibrotic) would enable a more direct, objective, and
potentially more reliable quantification of fibrosis and active
components using MRI.

To the best of our knowledge, only one study has utilized volu-
metric changes in MRI to evaluate perianal fistulas. Lung et al.
assessed the association between the percentage of fistula volume
changes and subjective consensus agreement of response in 18
patients [30]. In our study, we have taken this further by
measuring not only the total fistula volume but also the changes
in each component of the fistula tract, either active or fibrotic and
their predictive value in the assessment of clinical remission after
a therapeutic intervention. Although the concept of fistula ac-
tivity or fibrosis assessed by MRI, defined as the presence or

absence of hypersignal on T2 sequences, respectively, is not
validated against histology, it is used as an endpoint associated
with clinical outcomes in different studies; therefore, we have
considered it as a valid and applicable concept [8, 15, 23, 31].

The distinct demarcation between the high signal intensity of
the fistula tract and the surrounding low signal intensity of fat
or scar tissue (fibrosis) facilitates objective measurement of the
active volume. In contrast, the difference in signal intensity
between the low signal fibrotic components and the surround-
ing high signal intensity fat on T2 sequences without fat satu-
ration makes it easier to measure the volume of the fibrotic
component. Consequently, there was a high level of agreement
among observers in measuring both components.

TABLE 1 | (Continued)

No remission (n = 11) Remission (n = 13) p‐value
AGA Classification, n (%) 0.1

Simple 0 (0.0%) 4 (30.8%)

Complex 11 (100%) 9 (69.2%)

Type of fistula‐parks classification

Transsphincteric
Suprasphincteric
Intersphincteric

7 (63.6%)
1 (9.1%)
3 (27.3%)

4 (30.8%)
1 (7.7%)
8 (61.5%)

0.23

MAGNIFI score, mean (SD) 18.5 � 4.2 11.7 � 4.9 0.001

Van assche index, mean (SD) 16.1 � 2.8 13.8 � 4.2 0.15
Abbreviations: AGA: American Gastroenterology Association; CD: Crohn's disease; SD: standard deviation.
aThis includes admissions for surgery.

TABLE 3 | MRI volumetric changes predictors of long‐term clinical remission.

MRI volumetric changes
Univariatea Multivariatea

Odds ratio CI (95%) p‐value Odds ratio CI (95%) p‐value
% of change of active volume 0.94 0.89–0.99 0.027

% of change of relative active component 0.92 0.86–0.98 0.013 0.92 0.86–0.98 0.013

% of change of relative fibrotic component 1.00 1.00–1.01 0.517
Abbreviation: cc: cubic centimeters.
aTime between MRIs has been used as the controlling variable.

TABLE 2 | MRI changes associated with long‐term clinical remission.

MR changes No remission (n = 11) Remission (n = 13) p value

Standard evaluation

Delta MAGNIFI −1 (−7–2) −3 (−8 to −2) 0.282

Relative change of the % of subjective fibrotic component 100 (0–500) 200 (66,7–400) 0.663

Volumetric evaluation

Total reduction volume (%), median (IQR) 0.5 (−64.5–41.5) −35.6 (−50.8 to −12.4) 0.354

% of change of active component, median (IQR) −38.7 (−73.3–31) −82.5 (−89.0 to −72.5) 0.007

% of change of fibrotic component, median (IQR) 14.4 (−5.1–131.8) 39.4 (11.9–145.5) 0.325

% of change of relative active component, mean (SD) −25.5 � 30.6 −68.2 � 21.2 0.001

% of change of relative fibrotic component, median (IQR) 34.1 (8.4–117.3) 119.7 (74.3–181.9) 0.032

Delta total volumen (cc), median (IQR) 0.03 (−5.82–1.11) −0.542 (−0.806 to −0.226) 0.817

Delta active component (cc), median (IQR) −0.53 (−4.17–0.26) −0.599 (−1.286 to −0.47) 0.908

Delta fibrotic component (cc), median (IQR) 0.23 (−0.14–1.19) 0,13 (0.03–0.55) 0.885
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While we have noted volumetric differences in baseline MRI
among various clinical outcomes, our primary analysis has
centered on longitudinal changes between the two assessments.
Although informative, we believe this evaluation should include
a larger sample size. Because of the inclusion criteria, our cohort
comprises a relatively small sample size which hampers the
identification of an optimal cutoff point for predicting thera-
peutic response.

This study has some limitations, including the small sample size
and retrospective design. However, it was conceptualized as a
pilot study to evaluate the feasibility of the technique (volu-
metry) and its potentiality to evaluate therapeutic response. The
post‐treatment MRI evaluation covers a relatively broad period,
reflecting the variability of reassessing patients in clinical
practice due to the absence of standardized recommendations
for monitoring internal changes of PFD. Therefore, before

providing recommendations in this regard, the results of this
study should be validated in a larger cohort of patients with a
more uniform clinical and radiological follow‐up.

In conclusion, our observations suggest that changes in 3D
volumetry on MRI of PFD may have value in predicting clinical
response, specifically, the decrease in the active component
rather than the increase in the fibrotic one. The volume
reduction in the active component could therefore be consid-
ered as a biomarker for defining therapeutic targets in PFD in
patients with CD.
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