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Abstract
Objective: Laparoscopic surgery for diverticular colovesical �stula (CVF) is technically challenging, and
the incidence of conversion to open surgery (COS) is high. The aims of this study were to review our
experience with laparoscopic surgery for diverticular CVF and to identify preoperative risk factors for COS.

Results: This was a single institution, retrospective, observational study of 11 patients who had
undergone laparoscopic sigmoid colon resection with �stula resection for diverticular CVF from 2014 to
2019. Preoperative magnetic resonance imaging (MRI) was utilized to evaluate �stula location in the
bladder, patency of the rectovesical pouch, and estimated contact area between the sigmoid colon and
bladder. The relationship between preoperative variables and incidence of COS was analyzed between
completed laparoscopy and COS groups. The overall incidence of postoperative morbidity (Clavien–
Dindo classi�cation Grade II or higher) was 36% (4/11). Severe morbidity, reoperation, and mortality were
not observed. The incidence of COS was 27% (3/11). Posterior bladder �stulas were signi�cantly
associated with COS ( p = 0.006 ). CVFs located on the posterior bladder appears to be a risk factor for
COS. Identifying the risk factors for COS preoperatively could help guide the intraoperative course.

Introduction
Fistulae complicate approximately 20% of colonic diverticulitis cases, and most commonly involve the
bladder (65–69%) [1]. Diverticular colovesical �stulae (CVF) seldom close spontaneously and cause
various sequelae, including recurrent urinary tract infections (UTI), cystitis, pyelonephritis, urinary sepsis,
and renal impairment. Therefore, operative management is the recommended treatment for CVF [2–10].

Several retrospective case series have suggested both the safety and feasibility of laparoscopic
management of diverticular CVF in a highly selected patient–group. Laparoscopic treatment results in
earlier return of bowel function and shorter hospitalization time with low overall morbidity [9,11–13].
However, laparoscopic surgery for diverticular CVF is still technically challenging because of extensive
in�ammation and abscess formation. These complications may explain why the incidence of conversion
to open surgery (COS) ranges from 0 to 50% [9,11–20]. Identi�cation of preoperative risk factors for COS
is critical, as evaluating risk can help guide the decision on conversion during the surgery. Knowing risk in
advance allows surgeons to determine whether open surgery should be the initial approach, thereby
avoiding the potential complications that may lead to intraoperative COS. Furthermore, awareness of
these risk factors allows for more thorough brie�ngs of the patients, allowing them to be better–informed
before giving consent.

The aims of this study were to review our experience with laparoscopic surgery for diverticular CVF and to
identify preoperative risk factors for COS by comparing completed laparoscopy and COS groups.

Methods
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Demographics
All patients who had undergone laparoscopic sigmoid colon resection with �stula resection for
diverticular CVF from 2014 to 2019 were identi�ed in our prospective, single–center institutional
database. Emergent cases were not included.

All patients had undergone preoperative colonoscopy, computed tomography, and magnetic resonance
imaging (MRI) to con�rm CVF and eliminate the possibility of colon cancer. Cystoscopy was also
performed on all patients to con�rm patency of both ureteral ori�ces and exclude urological malignancy.

Patient data were collected through electronic medical record systems. Data included information on age,
sex, body mass index (BMI), previous abdominal operations, American Society of Anesthesiologists
physical status (ASA–PS) classi�cation, and preoperative hematological in�ammatory �ndings including
white blood cells (WBCs) and C–reactive protein (CRP).

Preoperative MRI was evaluated for the following features: location of the �stula on the bladder, patency
of the rectovesical pouch, and estimated contact area (eCA) between the sigmoid colon and bladder. eCA
was calculated as the product of the length and width between the sigmoid colon and bladder on two–
dimensional MRI images (Fig. 1). Intraoperative measurements of interest included operative time, blood
loss, rate of positive bladder leak tests, type of bladder repair, stoma creation, complications, and COS.
Postoperative measurements of interest included morbidity, timing of Foley catheter removal, length of
hospital stay, reoperation, and mortality. The Foley catheter was removed on postoperative day 7;
however, the schedule was moved forward if the patients demanded it and was delayed when there was
concern about leakage.

Written informed consent was obtained preoperatively from all patients. The protocol for this
retrospective study was approved by the ethics committee of the University of Tsukuba Hospital
(registration No. R01–271). The study conforms to the provisions of the Declaration of Helsinki in 1964
(as revised in Brazil in 2013).

Operative Technique
Laparoscopy was performed using �ve ports. First, the sigmoid colon was detached from the bladder
using electrocautery. The left ureter, gonadal vessels, inferior mesenteric plexus, and superior hypogastric
plexus were identi�ed and preserved. In patients with severe in�ammation, left or bilateral ureter stents
were inserted to facilitate ureter identi�cation. Fistula resection was performed followed by sigmoid colon
resection in a standard manner. Rectal transection was performed with a linear stapler, and the specimen
was extracted through the navel port. Anastomoses were performed with a circular stapler, and a bladder
leak test was routinely performed. When the results were positive, repair of the bladder wall was
performed. When the results were negative, it was deemed to be unnecessary.

Statistical Analysis
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Quantitative data were reported as median (range) and compared using the Mann–Whitney U test.
Qualitative data were reported as the number of patients (percentage) using Fisher’s exact test. All tests
performed were two–tailed with the level of signi�cance set at p < 0.05. All statistical analyses were
carried out using EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), a graphical
user interface for R (The R Foundation for Statistical Computing, Vienna, Austria). EZR is a modi�ed
version of R commander designed for statistical functions frequently used in biostatistics [21]. We used
statistics in a descriptive fashion realizing that with the number of subjects, no robust statistical analysis
was possible.

Results
During the study period, eleven patients underwent laparoscopic sigmoid colon resection with �stula
resection for diverticular CVF. The patient characteristics are described in Table 1. The median age of the
cohort was 55 years (29–73), and 91% (10/11) of patients were male. The median BMI was 24 kg/m2

(20–29 kg/m2), and the majority of patients were of ASA–PS class 2 or 3 (total 82%, 9/11). None of the
patients had undergone previous abdominal operations. Regarding preoperative laboratory �ndings, the
median WBC was 6900 /µL (4300–14000 /µL) and the median CRP was 0.64 mg/dL (< 0.03–
3.93 mg/dL). The preoperative MRI studies showed that the majority of �stulas were located on the
bladder’s superior surface (73%, 8/11) rather than the posterior surface. Patency of rectovesical pouch
was observed in 55% (6/11) of patients, and the median eCA was 450 mm2 (100–1575 mm2).
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Table 1
Patient characteristics, intraoperative outcomes, and postoperative outcomes

    N = 11

Age (years)   55 [29–73]*

Sex (male)   10 (91%)

BMI (kg/m2)   24 [20–29]*

ASA-PS 1
2
3

2 (18%)
5 (45%)
4 (36%)

Prior abdominal operations   0

Preoperative blood exams WBC (/µl)
CRP (mg/dl)

6900 [4300–14000]*
0.64 [< 0.03–3.93]*

Operative time (min)   251 [207–385]*

Blood loss (ml)   100 [0–560]*

Bladder leak test (positive)   4 (57%)

Type of bladder repair Simple closure
Partial resection
No repair

6 (55%)
0
5 (45%)

Stoma creation   0

Complication   0

Conversion to open surgery   3 (27%)

Overall morbidity
(Clavien–Dindo Grade 2 or more)

UTI
Ileus
Rest abscess

4 (36%)
2
1
1

Timing of Foley catheter removal (POD)   7 [3–11]*

Length of hospital stay (days)   13 [8–21]*

Reoperation   0

Mortality   0

(*Median [range])

BMI: body mass index; ASA-PS: American Society of Anesthesiologists physical status; WBC: white
blood cell; CRP: C-reactive protein; UTI: urinary tract infection; POD: postoperative day

Intraoperative and Postoperative Outcomes
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The median operative time was 251 min (207–385 min), and median blood loss was 100 mL (0–
560 mL). Simple closure without partial resection of the bladder wall was performed in six patients (55%)
with a positive bladder leak test. No intraoperative complications occurred, and no stomas were required.
The overall incidence of COS was 27% (3/11 patients) (Table 1).

The overall incidence of postoperative morbidity (Clavien–Dindo classi�cation Grade II or higher) was
36% (4/11 patients). UTIs occurred in two patients, and ileus and rest abscess occurred in one each. The
median timing of Foley catheter removal was postoperative day 7 (range of 3–11), and the median
hospital stay was 13 days (range of 8–21). No reoperations or mortalities occurred (Table 1).

Preoperative Risk Factors for COS
The relationship between each variable and the incidence of COS is summarized in Table 2. Regarding
the in�uence of �stula location, posterior bladder �stulas were signi�cantly associated with COS while
superior �stulas were not (3/3 (100%) vs. 0/8 (0%); p = 0.006). Age, sex, BMI, preoperative laboratory, and
the other MRI �ndings were not associated with COS.

Table 2
Relationship between preoperative variables and conversion to open surgery

    N COS OR [95% CI] P–value*

Age (years) < 60
60≦

6
5

1 (17%)
2 (40%)

2.97
[0.11–235]

0.545

Sex Male
Female

10
1

3 (30%)
0

0
[0–104]

1

BMI (kg/m2) < 25
25<

7
4

3 (43%)
0

0
[0–4.16]

0.236

WBC (/µl) < 8000
8000<

6
5

2 (33%)
1 (20%)

0.53
[0.007–14.5]

0.532

CRP (mg/dl) < 1.0
1.0<

8
3

3 (38%)
0

0
[0–7.13]

0.491

Fistula location on bladder Superior
Posterior

8
3

0
3 (100%)

NA 0.006

Patency of rectovesical pouch Yes
No

6
5

0
3 (60%)

NA 0.06

eCA (mm2) < 500
500≤

6
5

0
3 (60%)

NA 0.06

*Fisher’s exact test

COS: conversion to open surgery; OR: odds ratio; CI: con�dential interval; BMI: body mass index; WBC:
white blood cell; CRP: C–reactive protein; eCA: estimated contact area between sigmoid colon and
bladder; NA: not available
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Discussion
We reviewed our experience with laparoscopic surgery for diverticular CVF. In our cohort, no severe
morbidities or mortalities were observed. The incidence of COS was as high as 27%, and a posterior
bladder �stula location was a statistically signi�cant risk factor.

Previous studies have shown that a laparoscopic colectomy can be safely utilized for complicated
diverticulitis; however, most reports were limited by exceedingly small cohorts and highly selected
patients [11,14–16]. In a recent large study of 111 consecutive diverticular �stula cases with minimal
exclusion, reported by Martinolich et al. [22], the overall incidence of postoperative complications was
26.4%. In our study, although the overall incidence of postoperative morbidity was as high as 36%, all
were no higher than Grade II of the Clavien–Dindo classi�cation for severe complications. Based on these
results, it could be concluded that laparoscopic surgery for diverticular CVF is safe and feasible.

Several small retrospective studies on diverticular �stulas have reported that the incidence of COS ranges
from 0 to 50%, [9,11–20] and patients with a preoperative diagnosis of CVF were most likely to require
COS. Recent studies on CVF by Badic et al. [14] and Martinolich et al. [22] reported COS incidence rates of
43% and 42%, respectively, comparable to our rate of 27%. During laparoscopic surgery in general,
previously reported risk factors for COS included old age, male sex, high BMI, and previous abdominal
operations [23–25]. Diverticular �stula cases, in particular, showed severe in�ammation or dense �brosis
impeding safe dissection or ureteral visualization to be the most frequent reason for COS [22]. In our
study, although age, BMI, and previous abdominal operations were not signi�cantly correlated with COS,
this may simply be a consequence of the small sample size. We proposed three novel MRI features as
preoperative risk factors for COS, �nding that �stula location on the bladder correlated with COS.
Although patency of the rectovesical pouch and eCA did not correlate with COS in this study, this may
also be due to the small sample size. It will be necessary to identify more cases and further investigate
this topic.

As described by Engledowe et al. [12], small �stulas with accompanying in�ammation of the bladder wall
were not formally closed, and the Foley catheter was left in place for decompression for 5–7
postoperative days. There were no complications related to urinary leakage in these patients. In our study,
bladder wall repair was not performed in patients with a negative leak test, and simple closure without
partial resection was su�cient, regardless of the leak test outcome. As a result, no postoperative urinary
leakages were observed in our cohort.

Although the decision on COS in the operating room can be subjective and dependent on individual
surgeon skill, identifying objective preoperative risk factors associated with COS can provide a lower
threshold for proceeding with the potentially inevitable open approach and can catalyze the decision on
earlier COS. Furthermore, the ability to identify patients at a high risk of COS can aid surgeons in selecting
those who may bene�t from primary open surgery, thereby potentially reducing operative time, morbidity,
and costs [25].
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Conclusions
Laparoscopic surgery for diverticular CVF was safe, despite the high incidence of COS. In addition, CVFs
located on the posterior bladder were risk factors for COS. Finally, understanding risk factors for COS
preoperatively could be important to guide the operative course.

Limitation
The current study has several limitations. First, it was a retrospective, single–center analysis of clinical
records. Second, because the overall sample size was very small, the accuracy of our outcome analyses
were limited, and we considered that it is statistically inappropriate to perform a multivariate analysis.
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Figures
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Figure 1

Fistula location on bladder and patency of the rectovesical pouch were evaluated using preoperative
magnetic resonance images (MRI) from a representative case, and the estimated contact area between
the sigmoid colon and bladder (eCA) was calculated as the product of the length and width between the
sigmoid colon and bladder on two–dimensional MRI. A: Fistula is located on the superior wall of the
bladder. B: Fistula is located in the posterior bladder. C: The patency of the rectovesical pouch is
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preserved and the �stula can be encircled. D: The rectovesical pouch is closed and cannot be approached
directly. E: Length between the sigmoid colon and bladder on sagittal view. F: Width between the sigmoid
colon and bladder on coronal view.


