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Abstract

BACKGROUND

Perianal fistulas pose dual challenges to Crohn's disease (CD) patients. Low
patient compliance due to the complexity of existing examination methods
plagues the treatment and follow-up management of perianal CD.

AIM
To determine the accuracy of endoanal ultrasound (EUS) and shear wave
elastography (SWE) for evaluating perianal fistulizing CD (PFCD) activity.
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METHODS

This was a retrospective cohort study. A total of 67 patients from August 2022 to December 2023 diagnosed with
CD were divided into three groups: Non-anal fistula group (n = 23), low-activity perianal fistulas [n = 19, perianal
disease activity index (PDAI) < 4], high-activity perianal fistulas (n = 25, PDAI > 4) based on the PDAI. All patients
underwent assessments including EUS + SWE, pelvic magnetic resonance [pelvic magnetic resonance imaging
(MRI)], C-reactive protein, fecal calprotectin, CD activity index, PDAL

RESULTS

The percentage of fistulas indicated by pelvic MRI and EUS was consistent at 82%, and there was good consistency
in the classification of perianal fistulas (Kappa = 0.752, P < 0.001). Significant differences were observed in the
blood flow Limberg score (y* = 8.903, P < 0.05) and shear wave velocity (t = 2.467, P < 0.05) between group 2 and 3.
Shear wave velocity showed a strong negative correlation with magnetic resonance novel index for fistula imaging
in CD (Magnifi-CD) score (r = -0.676, P < 0.001), a weak negative correlation with the PDAI score (r = -0.386, P <
0.05), and a weak correlation between the Limberg score and the PDAI score (r = 0.368, P < 0.05).

CONCLUSION
EUS combined with SWE offers a superior method for detecting and quantitating the activity of perianal fistulas in
CD patients. It may be the ideal tool to assess PFCD activity objectively for management strategies.

Key Words: Endoanal ultrasound; Shear wave elastography; Perianal fistulizing Crohn’s disease; Perianal disease activity index

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Perianal fistula in Crohn's disease (CD) is a poor prognostic phenotype with high recurrence. Given the frequent
recurrence and need for reintervention, it is crucial to monitor the activity of perianal fistulas in patients with CD and
provide appropriate clinical management. Our study found that shear wave velocity is highly accurate to evaluate perianal
fistulizing CD (PFCD) activity based on the perianal disease activity index. It can be inferred that endoanal ultrasound +
shear wave elastography may be the ideal tool to assess PFCD activity objectively for management strategies.
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INTRODUCTION

Perianal fistula in Crohn's disease (CD) is a poor prognostic phenotype with high recurrence[1]. Perianal fistula in CD is
characterized by more complex and multi-branched fistulas, which a comprehensive approach with clinical examination,
endoscopic and imaging assessment is required. Globally, the incidence of perianal lesions in CD patients ranges from
20% to 40%, with 26% of patients developing perianal fistulas within 20 years of diagnosis[2,3]. Given the frequent
recurrence and need for reintervention, it is crucial to monitor the activity of perianal fistulas in patients with CD and
provide appropriate clinical management[4].

Contrast-enhanced pelvic magnetic resonance imaging (MRI) is recommended to assess fistula activity and radiological
healing in most clinical studies, however, the associated cost of MRI is expensive, several times more than endoanal
ultrasound (EUS). Additionally, the use of enhanced contrast media during the examination may induce the risk of
complications such as allergies and kidney damage, the claustrophobic space and long examination time, patients'
compliance with MRI examinations is not optimistic. EUS has been recommended by current guidelines as a reliable
alternative to MRI with high accuracy[5]. Complete fistula fibrosis is considered to indicate radiological healing[6]. Van
Rijn et al[7] revealed that a greater degree of fibrosis predicted a longer period of clinical closure, highlighting the role of
fibrosis in the healing process. However, there is currently no definitive standard for differentiating between inflam-
matory and fibrotic lesions using EUS[8]. Shear wave elastography (SWE) is a widely used noninvasive ultrasonic
technology for elastic quantification. It is capable of accurately quantifying the degree of fibrosis[9] and is extensively
employed in the diagnosis of various diseases, such as liver cirrhosis[10] and prostate cancer[11].

Currently, there are limited studies on the use of EUS for monitoring the activity of perianal fistulizing CD (PFCD)
patients. Recent reports[12,13] support the use of EUS + SWE in monitoring fibrosis in CD-related intestinal stenosis and
in differentiating between inflammatory and fibrotic stenosis. However, its performance in assessing the degree of
fibrosis and activity in perianal fistulas has not been evaluated. In this study, we aimed to evaluate the efficacy of EUS
combined with SWE in assessing perianal fistulas activity in CD.
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MATERIALS AND METHODS

Data collection

A total of 67 patients with CD who met the inclusion criteria in the Department of Gastroenterology of The First Affiliated
Hospital of University of Science and Technology of China from August 2022 to December 2023 were enrolled and gave
informed consent. Enrolled patients were identified from the electronic medical records of the medical center.
Demographic, clinical characteristics, biochemical, and imaging data were collected after informed consent was obtained.
The inclusion criteria were as follows: (1) According to the ECCO-ESGAR guidelines[14], the patients who were
diagnosed with CD and completed EUS + SWE, pelvic MRI, C-reactive protein (CRP), and fecal calprotectin (FC); and (2)
Age > 16 years, age < 60 years. The exclusion criteria for patients were as follows: (1) Did not provide written informed
consent; (2) Had severe cardiovascular or cerebrovascular disease, mental illness, or anal stenosis; and (3) Were unable to
cooperate during EUS.

Study design

All patients were evaluated the activity indices of patients with CD and perianal disease by the CD activity index (CDAI)
and perianal disease activity index (PDAI). The enrolled patients were divided into three groups based on the presence of
perianal fistula detected by pelvic MRI and EUS, as well as the PDAI score. These groups included group 1 without
perianal fistulas (23 patients), group 2 with low-activity perianal fistulas (19 patients with PDAI < 4 points), and group 3
with a high-activity perianal fistulas (25 patients with PDAI > 4 points). FC detection in our hospital is a semiquantitative
test, with a detection range of 60 to 1000 ng/g. Values greater than 60 ng/g indicated inflammation, while values greater
than 1000 png/g could not be detected. Thus, we established a cut-off value of 500 png/g calprotein for group. This single-
center retrospective cohort study was approved by the Ethics Committee of the First Affiliated Hospital of University of
Science and Technology of China (USTC, NO 2023-ky-248; Figure 1).

EUS

Before the examination, the patient was prepared by emptying their bowels and assuming the left lateral position. A
transrectal double-plane probe was then used and protected with a disposable condom before being gently inserted into
the anus. The convex array probe was lifted and inserted back and forth within the running area of the fistula. A 360°
rotation scan was performed using a double-planar linear array probe. The number of external orifices of the anal fistula
and their distance from the anal margin were recorded, along with the number, location, and direction of the
subcutaneous segments of the perianal fistula. The orientation of the internal orifices was preliminarily assessed.
Ultrasound elastography and acoustic palpation elastic measurement (STQ) were employed to select and fix the elastic
imaging area of interest (ROI). When the M-STB index reached a 5-star rating, the elastic value was effectively measured
three times consecutively, and the average elastic value (E, measured in kPa) was recorded. Finally, the perianal
anatomical structure was thoroughly displayed by scanning the body surface, and blood flow signals of the fistula were
visualized using color Doppler flow imaging. Representative sonograms and dynamic images of the fistulas were also
obtained if needed. Ultrasound exploration and image analysis were conducted by two experienced doctors. In cases of
disagreement, a third senior doctor was consulted. The conversion formula for the shear wave velocity Vs (m/s) and
elastic value (kPa) is as follows:

Ex1000
Vs (m/s) = =

The tissue density, denoted by P, is set at a value of 1540 m/s, which accurately represents the average propagation
speed of ultrasound in human soft tissue. This study utilized the improved Limberg classification standard[15]: 0
indicates normal, 1 indicates uncertain, and 2 and 3 indicate activity. Additionally, Limberg level 2 and level 3 were

combined for counting.

Pelvic magnetic resonance imaging

A Siemens Magnetom Verio 3.0T superconducting MR Imager was utilized to conduct a scan encompassing the area
ranging from the anterior superior iliac spine to the subsymphysis pubis. In this study, diffusion-weighted imaging was
used with a selected axis position, employing a single self-selected echo plane imaging sequence. The scoring was
conducted based on the Magnifri-CD[16] scoring standard. MAGNIFI-CD = 3 x number of fistula tracts + 2 x hyperin-
tensity of primary tract on postcontrast T1-weighted images + 2 x dominant feature + 2 x fistula length + 2 x extension +
1 x inflammatory mass.

CDAI and PDAI

The CDAI remains the primary scoring criterion utilized to assess clinical disease activity among patients with CD[17].
The CDAI was measured prior to pelvic floor magnetic resonance imaging or EUS examination. The classification of
CDALI is as follows: Inactive disease (< 150), mild disease (150-220), moderate disease (221-450), and severe disease (>
450). The PDAI was used to quantitatively assess the activity of perianal CD[18]. The scoring method included five
aspects: Perianal secretions; pain and activity; sexual life; perianal manifestations; and induration. A single score was
assigned based on severity, ranging from 0 to 4 points. The maximum PDAI score was 20 points. A total PDAI greater
than 4 indicates an active fistula or a localized inflammatory response with 87% accuracy[19,20].

Statistical analysis

Normally distributed data are expressed as the mean * SD, and the independent sample ¢ test was used for comparing
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Crohn’s disease (n= 67)
From August 1, 2022 to December 31,

2023
EUS + SWE, pelvic MR, CRP,
FC, CDAI, PDAI
A4
_ Group 2 (n=19) Group 3 (n= 25)
Witﬁg?:ép éri(anngl fizzula Low activity perianal fistula High activity perianal fistula
P (PDAI < 4 points) (PDAI > 4 points)

Figure 1 Flowchart of the study. EUS: Endoanal ultrasound; SWE: Shear wave elastography; MR: Magnetic resonance; CRP: C-reactive protein; FC: Fecal
calprotectin; CDAI: Crohn's disease activity index; PDAI: Perianal disease activity index.

groups. For nonnormally distributed measurement data, the median M (P25, P75) was used. The Kruskal-Wallis method
and H test were used for intergroup comparisons, and the Dunn-Bonferroni method was used for further within-group
comparisons. The classified data are presented as a percentage of cases, and the Pearson y? test or Fisher’s exact
probability method was used for group comparisons. Missing values for CRP were processed using mean interpolation,
and the interpolated variable was named CRP (new). The kappa consistency test was used for paired data. A Kappa
consistency standard[21] of 0.81-1.00 represented strong consistency, 0.61-0.80 represented substantial consistency, 0.41-
0.60 represented moderate consistency, 0.21-0.40 represented fair consistency, and < 0.20 represented poor consistency.
Spearman correlation analysis was used for correlating nonnormally distributed quantitative or rank variables. Statistical
analysis was performed using SPSS 26.0 software, and P < 0.05 was considered to indicate statistical significance.

RESULTS

Comparison of clinical characteristics among the three groups

There were no significant differences in age, sex ratio, educational level, disease behavior, or drug therapy among the
three groups. However, there was a statistically significant difference in perianal fistula duration among the three groups
(H = 21.475, P < 0.001). Concerning the perianal fistula duration, there were statistically significant differences between
group 1 and 3 (P < 0.01), as well as between group 1 and 2 (P < 0.001). When considering the history of anal fistula
surgery, there were statistically significant differences among the three groups (y* = 13.727, P < 0.01). Specifically, there
were differences between group 1 and 3, as well as between group 1 and 2 (P < 0.05). However, there were no significant
differences between group 2 and 3 in terms of the perianal fistula duration or the history of anal fistula surgery.
Furthermore, there were significant differences in rectal involvement among the three groups (y* = 8.869, P < 0.05).
Specifically, there were differences between group 1 and 3 (P < 0.05), while there were no significant differences between
group 1 and 2 or between group 2 and 3 (P > 0.05; Table 1).

Comparison of serum CRP levels and FC levels among the three groups

Due to a missing CRP value in group 1 and 2 respectively, an interpolation method was used to process the missing data.
The interpolated variable was named CRP (new). There were no significant differences in the serum CRP or CRP (new)
levels among the three groups. There were significant differences in FC among the three groups (x> = 24.060, P < 0.001).
Significant differences were observed between group 1 and 3 (P < 0.05), as well as between group 2 and 3 (P < 0.05).
However, there was no significant difference between group 1 and 2 (P > 0.05; Table 2).

Comparison of the CDAI and PDAI scores among the three groups

There were statistically significant differences in the CDAI among the three groups (H = 12.893, P < 0.01). Group 3 had
higher scores than group 2 (P < 0.05) and group 1 (P < 0.01). Furthermore, there were statistically significant differences in
the PDAI among the three groups (H = 49.006, P < 0.001). Group 3 had higher scores than group 2 (P < 0.001) and group 1
(P <0.001; Table 3).

Comparison of magnetic resonance imaging and EUS for determining the number and classification of fistulas

The numbers of patients with one, two, and three anal fistulas found by both magnetic resonance imaging (MR) and EUS
methods were 33, 2, and 1, respectively. In 7 patients, more fistulas were detected by MR than by EUS and in 1 patient,
more fistulas were detected by EUS than by MR. The combined number of fistulas detected by both methods indicated
82% agreement. Based on the American Gastroenterological Association guidelines, anal fistulas are categorized as either
simple or complex. MR revealed 14 patients with simple anal fistulas and 30 patients with complex anal fistulas. On the
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Table 1 Population baseline and clinical characteristics among three groups

Variables Group 1 (n=23) Group 2 (n=19) Group 3 (n = 25) Statistics P value
Age [M (P25, P75), years] 34.0 (24.0, 43.0) 30.0 (22.0, 38.0) 28.0 (20.5, 37) H=2194 0.334
Sex, 11 (%)
Male 13 (56.5) 12 (63.2) 18 (72.0) ¥ =1260 0532
Female 10 (43.5) 7 (36.8) 7 (28.0)
Peria?al fistula duration [M (P25, P75), 0(0,0), (1) 3.0 (1.0, 4.0) (2) 2.0 (0.1,4.0) (2) H=21475 <0.001"
years

Surgical history of perianal fistula, n (%)
Yes 2(8.7) (1) 12 (63.2) (2) 10 (40.0) (2) ¥ =13.727 0.001"
No 21 (91.3) 7 (36.8) 15 (60.0)

Rectal involvement, 1 (%)
Yes 5(21.7) (1) 5(26.3) (1), (2) 15 (60.0) (2) 1 =8.869 0.012"
No 18 (78.3) 14 (73.7) 10 (40.0)

Disease behavior, n (%)
Bl 14 (60.9) 12 (63.2) 15 (60.0) ¥ =0.047 0.977
B2/B3/B2 + B3 9(39.1) 7 (36.8) 10 (40.0)

Drug therapy, n (%)

No 6(26.1) 6 (31.6) 15 (60.0) P =7312 0115
Biologics 12 (52.2) 11 (57.9) 7 (28.0)
Others 5 (21.7) 2 (10.5) 3(12.0)

Literacy level, n (%)

Junior high school education or below 7 (30.4) 3(15.8) 7 (28.0) ¥ =7.956 0.093
High school education 13 (56.5) 11 (57.9) 7 (28.0)
Bachelor degree or above 3 (13.0) 5(26.3) 11 (44.0)

1A statistically significant difference within different categories of a group (P < 0.05).
For pairwise comparison within a group, different superscript letters (1,2) represent statistical differences between different categories, that is, P (1, 2) <

0.05, P (1,1) > 0.05, P (2, 2) > 0.05.

other hand, EUS revealed 17 patients with simple anal fistulas and 27 patients with complex anal fistulas. Thirteen
patients were diagnosed with simple anal fistulas, and 26 patients were diagnosed with complex anal fistulas consistently
by both methods. The results of the anal fistula classification, whether simple or complex, demonstrated significant
consistency (K =0.752, P < 0.001; Table 4).

Comparison of the SWV and Limberg classification of anal fistulas

The shear wave velocity of group 2 was 2.70 + 0.52 m/s, while that of group 3 was 2.30 + 0.57 m/s. These values were
consistent with a normal distribution and homogeneous variance. A statistically significant difference in shear-wave
velocity was observed between the two groups (t = 2.467, P < 0.05). In group 2, there were 11 patients with grade 0 blood
flow, 5 patients with grade 1, 5 patients with grade 2, and no patients with grade 3. Conversely, group 3 had 4 cases of
grade 0 blood flow, 8 cases of grade 1, 15 cases of grade 2, and 1 case of grade 3 blood flow. According to the Pearson y?
test, there were statistically significant differences in the blood flow Limberg grades between the two groups (y* = 8.903, P
<0.05; Table 5).

Correlation analysis of the SWV with the Magnifi-CD scores, Limberg classification, CDAI, PDAIl and serum CRP

In group 2 and group 3, a total of 24 patients underwent enhanced pelvic MRI, and the Magnifi-CD score was calculated
to compare the correlations. The SWV was 2.25 (2.03, 2.85) m/s, while the Magnifi-CD score was 8.50 (5.25, 12.00).
Spearman correlation analysis revealed a strong negative correlation between the SWV and the Magnifi-CD score (rs = -
0.676, P < 0.001; Figure 2A). Further correlation analysis was conducted in 39 patients to examine the relationship
between the SWV and factors such as the PDAI, Limberg classification and serum CRP levels. The SWV was 2.53 (2.11,
2.87) m/s, the PDAI was 5.00 (2.00, 6.00), and the blood flow was 1.00 (0.00, 2.00), and this study revealed that a weak
negative correlation between the SWV and the PDAI score (rs = -0.386, P < 0.05; Figure 2B) ,whereas the correlation
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Table 2 Serum C-reactive protein and fecal calprotectin among three groups

Variables Group 1 (n=23) Group 2 (n=19) Group 3 (n = 25) Value P value
CRP [M (P25, P75), mg/L] 5.17 (2.20, 14.6) 4.84 (3.28, 23.29) 13.5 (4.02,27.75) H=3832 0.147
CRP (new) [M (P25, P75), mg/L]' 5.9 (2.3,13.9) 6.03 (3.3,17.935) 13.5 (4.02,27.75) H=3532 0.171
Fecal calprotectin’
[ (%), ug/g]
<60 3 (13.6) (1) 2 (11.8) (1) 16 (64.0) (2) 2 = 24.060 <0.001°
60-500 13 (59.1) (1) 13 (76.5) (1) 3(12.0) (2)
> 500 6 (27.3) (1) 2 (11.8) (1) 6 (24.0) (2)

P < 0.05, a statistically significant difference within different categories of a group.

IC-reactive protein (new) was chosen because an interpolation method was utilized to process missing data for a missing C-reactive protein value in group
Tand2.

*Group 1 and Group 2 are each missing one value and two values, respectively.

For pairwise comparison within a group, different superscript letters (1,2) represent statistical differences between different categories, that is, P (1, 2) <
0.05, P (1, 1) > 0.05. CRP: C-reactive protein.

Table 3 Comparison of Crohn's disease activity index, perianal disease activity index scores among three groups, M (P25, P75)

Variables Group 1 (n=23) Group 2 (n=19) Group 3 (n=25) Value P value
CDAI 76.5 (56,174.3) (1) 103 (44, 203) (1) 187 (137, 254.5) (2) H=12.893 0.002°
PDAI 1(0,2) (1) 1(1,4) (1) 6(5,7.5) (2) H =49.006 0.000°

2P < 0.05, A statistically significant difference within different categories of a group.
For pairwise comparison within a group, different superscript letters (1,2) represent statistical differences between different categories, that is, P (1, 2) <
0.05, P (1, 1) > 0.05. PDALI: Perianal disease activity index; CDAI: Crohn's disease activity index.

Table 4 Classification of Fistulas between magnetic resonance and endoanal ultrasound

) ) MR diagnosis
EUS diagnosis ; - - Kappa P value
Simple fistulas Complex fistulas

Simple fistulas 13 4 0.752 0.000
Complex fistulas 1 26
EUS: Endoanal ultrasound; MR: Magnetic resonance.
A B C
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Figure 2 Correlation analysis. A: Correlation analysis of SWV with magnetic resonance novel index for fistula imaging in Crohn's disease (Magnifi-CD) score; B:
Correlation analysis of SWV with perianal disease activity index score; C: Correlation analysis of Limberg level with perianal disease activity index score. PDAI:

Perianal disease activity index; CD: Crohn's disease.
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Table 5 Comparison of SWV, Limberg grade of anal fistula blood flow between magnetic resonance and endoanal ultrasound

Variables Group 2 (n=19) Group 3 (n = 25) Value P value
Shear wave velocity, m/S 2.70 £0.52m/S 2.30 +0.57 t=2.467 0.018
Limberg grade

Level 0 11 4 x> =8.903 0.012

Level 1 B 8

Level 2 or above 5 16

between Limberg classification and PDAI score was weak (rs = 0.368, P < 0.05; Figure 2C) .Based on the scatter diagram
and correlation analysis, no significant correlation was found between SWV and factors such as the CDAI score, CRP
level, or Limberg classification. Furthermore, there was no correlation between the number or type of fistula and the
PDAI score.

DISCUSSION

Our study found that shear wave velocity was highly accurate to evaluate PFCD activity based on the PDAI. Based on
these observations, it can be inferred that the elastic modulus and shear-wave velocity may serve as indicators of the
degree of fibrosis in anal fistulas. Furthermore, the activity of anal fistulas can also be effectively identified.

The MAGNIFI-CD[16] serves as an indicator for assessing the severity of anal fistulas associated with CD through
enhanced MR. It was also verified to be accurate in predicting long-term clinical closure and seem valuable in follow-up
of perianal CD[6]. In our study, we utilized the MAGNIFI-CD score as a benchmark and discovered a significant negative
correlation between shear wave velocity and the MAGNIFI-CD score (r = -0.676, P < 0.001). This finding contributes to
further bolstering the potential of SWE as a valuable tool for effectively monitoring the activity and extent of CD anal
fistulas.

The Limberg grade is a recognized semiquantitative evaluation standard for assessing blood flow in the intestinal wall.
It serves as an indicator of CD disease activity and correlates with the endoanal score[22]. Previous studies[13] have
demonstrated significant differences in the Limberg grading scores of intestinal wall blood flow among different levels of
inflammation, with Limberg III serving as the threshold for distinguishing mild/moderate inflammation from severe
inflammation. In this study, EUS was utilized to measure the blood flow in fistulas, and the modified Limberg grading
system was used[15]. The findings revealed that the Limberg grade for the high-activity anal fistula group was
significantly greater than that for the low-activity anal fistula group, and the difference between the two groups was
statistically significant. These results indicate that the blood flow of the fistula can provide insight into the activity of the
fistula to a certain extent.

This study, for the first time, employed EUS + SWE to evaluate the elasticity of different active perianal fistulas in CD
patients. This study revealed that the elastic modulus of the high-activity anal fistula group was significantly lower than
that of the low-activity anal fistula group. According to the conversion formula, the shear wave velocity of the high active
anal fistula group was also significantly lower than that of the low active anal fistula group. Multiple studies have shown
that both techniques have similar accuracy in diagnosing PFCD[4]. Notably, our study also revealed strong agreement
between EUS and MRI in determining the number of fistulas, as well as high consistency in classifying anal fistulas as
either simple or complex (Kappa = 0.752, P < 0.001).

However, EUS lacks clear criteria to differentiate perianal fistula activity. According to Losco et al[19], active anal
fistulas exhibit a significantly lower gray tone on intracavitary ultrasound than inactive anal fistulas. But this approach
may heavily rely on the sonographer's experience. It is crucial to develop more objective and user-friendly methods to
assess the activity of anal fistulas. SWE is a new technology that has emerged widely in the field of ultrasound in recent
years. This study employed to select and fix the elastic imaging area of interest (ROI), when the M-STB index reached a 5-
star rating, the elastic value was effectively measured three times consecutively, and the average elastic value (E,
measured in kPa) was recorded. SWE allows for the quantification of fibrosis levels and offers several notable advantages,
such as being noninvasive, repeatable, objective, and easy[11].

The PDAI has been widely used to accurately assess the activity of CD anal fistulas in various clinical trials[19,20]. In
this particular study, shear wave velocity exhibited a weak negative correlation with the PDAI score (r = -0.386, P < 0.05),
while vascular grade showed a weak positive correlation with the PDAI score (r = 0.368, P < 0.05). In other clinical trials
showed, the poor correlation between MAGNIFI-CD and PDAI, CDAI, and other clinical indicators might be attributed to
the minimal radiological changes posttreatment unless complete healing of the fistula occurs, the significant time interval
between symptom relief and notable radiological improvement, and the subjective nature of clinical symptoms[23].
Nonetheless, radiological healing or complete fibrosis of fistulas is recognized as a crucial prognostic measure that has
been associated with improved long-term outcomes in patients with PFCD[6,24]. Despite the weak correlation, the
significant associations between shear wave velocity, vascular grade, and the PDAI suggest that these factors can provide
insight into the trend of anal fistula activity.
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In this study, it was found that patients with high activity anal fistulas had significantly greater CDAI scores and FC
levels than did those with low activity anal fistulas or without anal fistulas. Currently, it remains unclear whether the
CDAI directly correlates with the activity of anal fistula. It is suspected that most patients with highly active anal fistulas
also have active intestinal lesions simultaneously. FC has been showed as a marker of mucosal inflammation in CD[25].
However, a retrospective study in the Netherlands[26] revealed that FC can be used to distinguish between active
perianal fistulas in patients with CD and ordinary anal fistulas, even in the absence of intestinal ulcers. However, it
should be noted that the association between active anal fistula and FC has not been proven to be causal[3].

This study has several limitations that need to be acknowledged. First, importantly, this was a single-center
prospective study, which inherently has certain limitations in terms of its design and patient numbers. To ensure the
accuracy and validity of the results, strict inclusion and exclusion criteria were utilized. Second, this study primarily
assessed the activity of anal fistulas. As the majority of patients had mild anal fistula lesions and did not meet the criteria
for anesthesia surgical exploration, the traditional surgical gold standard was not employed. Instead, the PDAI, which is
more appropriate for evaluating the activity of CD anal fistulas, was utilized as the benchmark for diagnosing anal fistula
activity.

CONCLUSION

In summary, EUS combined with SWE offers a superior method for evaluating and quantitating the activity of perianal
fistulas in CD patients. It may be the ideal tool to assess PFCD activity objectively for management strategies. However,
importantly, our findings require confirmation and validation through larger-scale, multicenter studies.
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