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Abstract

Background and purpose: Prostate radiotherapy relies on the delivery of high doses that can
be obstructed when a small bowel loop descends in the pelvis. We present a laparoscopic
minimally invasive prosthetic-free technique closing the Douglas’ pouch with a peritoneal
running suture to cordon off the bowel from the pelvis and hence allow optimal irradiation.
Materials and methods: Prostate cancer patients referred for radiotherapy and whose planning-
CT revealed a bowel loop trapped in the pelvis were proposed the procedure, followed by a
new planning-CT. This proof-of-concept study reports postoperative follow-up and dosimetric
benefits.

Results: The procedure was performed in ten patients (2016-2020) as a same-day surgery for
nine. Median operative time was 34 minutes (range 22-50) and no relevant intraoperative
complication occurred. The third patient of the series presented a small bowel hernia through
the peritoneal suture at the 15" postoperative day requiring a laparotomic desincarceration
without major consequences. Regarding the small bowel, median D1cc (dose to 1cc) was 65.5
Gy and 55.5 Gy (p=0.005) before and after procedure. Median V60 (volume receiving >60
Gy) was 10.2 cc and 0.0 cc (p=0.005). In the immediate vicinity of the small bowel (Smm),
median Dlcc was 68.3 Gy and 57.7 Gy (p=0.005). Radiotherapy was safely delivered to all
patients.

Conclusion: Laparoscopic closure of the Douglas’ pouch by a peritoneal suture is an efficient
technique to cordon off inconvenient ectopic small bowel loops. It prevents excessive bowel
irradiation and hence facilitates curative prostate radiotherapy. The technique could be

applied to other pelvic malignancies.
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1. Introduction

Radiation therapy is a keystone treatment for prostate cancer that requires the delivery of high
doses in the close vicinity of multiple organs at risk (OARs).[1,2] Bladder, sigmoid and
rectum are radiation tolerant but the small bowel is much more sensitive [3] and chronic
radiation-induced enteritis is a complication which can adversely affect a patient’s quality of

life.[4]

In most cases, when targeting pelvic tumors, the small bowel is not in close proximity to the
area of highest dose delivery. Though, it may happen that an ectopic small bowel loop
descends in the pelvis near the main target of treatment. This proximity can compromise the
ability to deliver a curative dose despite the use of modern radiation techniques. To overcome
this issue, a few surgical methods using implant of prosthetic material -such as intraabdominal
prosthesis [5], tissue expanders [6] or biosynthetic meshes [7]- have been described to push

the bowel away from the irradiation field.

We developed a minimally invasive prosthetic-free laparoscopic technique by closing the
pouch of Douglas with a peritoneal running suture, which represents a fast and easy method
requiring basic surgical skills. The aim of the present study is to report the feasibility of this
procedure, its ability to prevent excessive small bowel irradiation and hence allow optimal

treatment.

2. Materials and Methods

Beginning in December 2016, prostate cancer patients referred to our institution for exclusive

or post-prostatectomy radiotherapy and whose planning-CT revealed the presence of small



bowel loops trapped in the pelvis which jeopardized an optimal treatment planning, were
proposed a laparoscopic obturation of the pouch of Douglas, followed by a new radiation

treatment planning with the hope of an improved dose distribution.

As a monocentric proof-of-concept study, we report the postoperative follow-up of all patients
who benefited from this approach until June 2020 as well as the dosimetric benefits by

comparing dose distribution before and after procedure.

Institutional review board approval was obtained from our center.

2.1. Surgical technique

The principle of this surgery is to seal the pouch of Douglas by employing a peritoneal
running suture that joins the sigmoid loop, the pelvic brim and the dome of the bladder
(Figure 1). In supine position, an umbilical incision is made and a 12-mm trocar is placed by
an optical access technique. Carbon dioxide is insufflated into the abdominal cavity to a
pressure of 10 mm of Hg. Then, one accessory trocar of 5 mm is placed in the left iliac fossa
and a second one of 10 mm in a pararectal position in the left upper quadrant. If required,
adhesiolysis is performed using cold scissors and bipolar forceps. The patient is placed in a
steep Trendelenburg position, inclined around 30°. The small bowel prolapsed into the pouch
of Douglass is grasped and cranially mobilized. A 3-0 absorbable suture with a loop length of
20 cm is introduced by the 10-mm trocar. The peritoneum is grasped and the suture is knotted
at the right side of the pelvis lateral to the ureter and to the external iliac vessels. Then, the
suture runs, joining the peritoneum from the mesosigmoid, the pelvic brim, and the dome of
the bladder until reaching the left side of the pelvis where the end-knot is tied. Alternatively,
the suture can be divided into two equal halves. The suture is carefully checked and, in case of
a peritoneal breach, interrupted stitches are performed to reduce the risk of bowel

incarceration through the peritoneal defect. Finally, the pneumoperitoneum is evacuated



through the trocars with the help of the Valsalva maneuver and the umbilical fascia and the
skin are closed in the usual manner. Neither bowel preparation nor urinary catheterization are
required as the partial filling of the bladder facilitates the grasp of the peritoneum. The

postoperative care is carried out according to Enhanced Recovery After Surgery protocols.[8]

2.2. Radiotherapy and dosimetric analysis

Radiotherapy was exclusive or delivered as a post-prostatectomy salvage treatment.
Concomitant/adjuvant androgen deprivation could be recommended. All patients were
planned for intensity modulated radiation therapy (IMRT) delivered by volumetric modulated
arc therapy (VMAT, Trubeam-Varian®). Contrast planning-CTs were performed before and
after the laparoscopic closure of the pouch of Douglas (the so-called procedure), patient in the
supine position with a foam positioner under the knees, empty rectum, and comfortably full
bladder. The high-dose clinical target volume (CTVup) was the prostate or the tumor bed.
When several dose levels were prescribed, the simultaneous integrated boost technique was
used. Depending on the clinical situation, intermediate-dose and low-dose CTVs could be
delineated. Table 1 summarizes treatment planning protocols and margins applied from CTVs
to planning target volumes (PTVs). OARs delineation followed the Radiation Therapy
Oncology Group (RTOG) consensus for genitourinary tumors.[9] As such, the small bowel
was included in the delineation of a bowel bag. Yet, because it is more radioresistant than the
small bowel, any part of the sigmoid located in the pelvis was individually delineated.[10]
Delineation was performed on pre and post-procedure planning-CTs by the same radiation
oncologist. Inverse planning was conducted on both planning-CTs according to the ICRU 83
report with the mandatory goal of 95% of each PTV receiving > 95% of its corresponding
dose prescription (D95>95%) while respecting OARs dose-constraints as far as possible.[11]
The dose delivered to the OARs could then be compared before and after procedure. To

highlight steep dose-gradient in the vicinity of the small bowel, the dose delivered to the
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bowel plus a 5 mm expansion was recorded as well. All patients but one received a
normofractionated treatment (<2.2 Gy/fraction). For the one patient moderately
hypofractionated (60 Gy/20 fraction), the doses delivered to the OARs were reported as an

equivalent-dose in 2 Gy per fraction (EQD2) assuming o/p of 2 Gy.

We tried to address the risk of undertreatment if the laparoscopic closure of the pouch of
Douglas had not been performed but instead the inverse planning system had been forced to
prioritize the small bowel protection against CTVup coverage. To do so, the optimization was
reiterated on the pre-procedure planning-CT while enforcing a strict respect of OARs dose-

constraints.

During treatment, daily positioning was performed with kV-kV portal images using bone
landmarks (salvage radiotherapy) or intraprostatic fiducials (exclusive radiotherapy). A kV-
CBCT was performed at least once for every patient before the first fraction of treatment to

attest that the small bowel was actually away from PTVup.

2.3. Statistical analysis

All data were described by median and range for continuous variables. Dosimetric parameters

before and after surgery were compared using Wilcoxon matched-pairs signed-ranks test.

3. Results

The laparoscopic closure of the pouch of Douglas was performed in 10 consecutive prostate
cancer patients (7 exclusive and 3 salvage radiotherapy). Median age 76 year-old (66-84).

Performance status 0-1. Median follow-up 27 months (6-46).

The surgical procedure was a same-day surgery for 9 patients. One patient was discharged on

the first postoperative day due to current therapeutic-dose anticoagulation. Median operative



time from incision to skin closure was 34 minutes (range 22-50) and no intraoperative

bleeding or relevant complication were observed.

One patient was admitted to the emergency department at the 15" postoperative day with sub-
occlusion symptoms (abdominal pain, distension, nausea and vomiting). CT-scan and
laparoscopic emergency procedure confirmed the herniation of a small bowel loop through
the peritoneal suture. The surgery required a conversion to laparotomy to check the perfusion
of the bowel and hopefully, no intestinal ischemia or damage was observed in the incarcerated
segment. The radiotherapy could be delivered as planned. All nine other patients did not

present any surgical complication.

Because recommendations for bladder and rectum filling on the days of planning-CTs and
OARs delineation rules didn’t vary, the volumes (cc) of those organs remained nearly
constant before and after the procedure. For the bladder, 258 cc (60-544) and 270 cc (132-
670), respectively (p=0.65). For the rectum, 73 cc (54-143) and 76 cc (48-168), respectively

(p=0.44).

Table 2 and Figure 2 summarize the dosimetric comparison before and after the laparoscopic
closure of the pouch of Douglas. Regarding the small bowel, the median D1cc (dose received
by lcc) was 65.5 Gy (62.2-73.3) and 55.5 Gy (2.7-60.1) before and after procedure,
respectively (p=0.005). The median V60 (volume receiving >60 Gy) was 10.2 cc (1.6-29.6)
and 0.0 cc (0.0-1.3), respectively (p=0.005). Considering the small bowel plus a 5 mm margin
(close vicinity), the median Dlcc was 68.3 Gy (65.0-75.6) and 57.7 Gy (3.6-61.4),

respectively (p=0.005).

When the optimization was reiterated on the pre-procedure planning-CT forcing the system
for prioritization of the small bowel protection (Table 3, Figure 2), it was possible to

decrease the small bowel median Dlcc from 65.5 Gy (62.2-73.3) to 59.8 (45.6-59.9)



(p=0.005) but at the expense of the decrease of the median PTVup D95 (% of PTVup
receiving >95% of the prescribed dose) from 96.5% (94.9-97.6) to 94.9% (88.0-97.4)
(p=0.005). The median Dl1cc for the small bowel plus 5 mm remained high at 67.2 Gy (64.0-

74.9) highlighting persistence of a steep dose gradient close to that organ.

A median of 8 (1-41) CBCTs were performed during treatment. The small bowel remained

isolated from the pelvis on every image. An example is presented Figure 3.

No small bowel related late toxicity was recorded.

4. Discussion

A dose/response relationship is well established for prostate cancer in the setting of exclusive
and salvage radiotherapy.[1,2] The presence of an ectopic small bowel loop trapped in the
pelvis may challenge the ability of fully delivering the required dose to target volumes and
then obstruct the chance of cure. On the other hand, excessive dose to the small bowel risks
radiation-induced enteritis, a chronic complication which can adversely affect a patient’s

quality of life.[4] This is of special concern in a population with expected long-survival.

Sharp dose fall-off provided by brachytherapy makes it the optimal approach to limit nearby
OARs irradiation including the small bowel, but not all patients are candidates. Modern
radiation techniques such as IMRT, VMAT and Tomotherapy can sharply conform isodoses
to circumvent a specific OAR in the close vicinity of the target volume. However, when
OAR’s tolerance and target’s requirement widely differ, there is sometimes no dosimetric
solution to the intractable dilemma between undertreatment versus risk of harm. In our series,
prioritizing the protection of the bowel impaired the dose received by 95% of PTVup below
95% of the prescribed dose (D95<95%) for 5 out of 10 patients, reaching only 88% of the
prescribed dose for 2 of them. For all patients, pushing the optimization process led to a very

sharp dose gradient between the bowel and PTVyp as shown by a median Dlcc for the bowel
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plus 5 mm of 67.2 Gy (64.0-74.9). One should be aware that such sharp dose gradient next to
a mobile and/or deformable OAR such as the bowel increases the risk of the planning-
treatment not being fully representative of the actual treatment delivery, even when 3D

onboard images are used for patients repositioning.

Another common solution is to perform a planning-CT in the prone position on a belly board
device but dosimetric advantages stay modest.[12—14] Moreover, a randomized trial
emphasized less reproducible positioning and worse prostate mobility requiring larger CTV to
PTV margins and resulting in increased delivery of high doses (>60 Gy) to the small
bowel.[15] A more comfortable feeling is also associated with the supine position.
Nevertheless, because a significant decrease of small bowel volume within the vicinity of
PTV can be obtained thanks to the prone position [16], we think the approach is worth being
tested before proposing a surgical procedure, especially in the post-prostatectomy setting

when target motion is less of an issue.

A few invasive surgical solutions have been described. The day-to-day transitory filling of the
peritoneal cavity with nitrous oxide proposed by Cole et al has inherent limitations due to
injection difficulty and instability.[17] Prosthetic material has been used to push the bowel
away such as breast implants [5], saline-filled tissue expanders [6,18] and meshes [7,19-21],
initially implanted using an open approach and later with laparoscopic procedure. Joyce et al.
reported a significant decrease in the maximum point dose (Dmax) received by the small
bowel going from a range of 63.9-75.8 Gy to 24.5-47.5 Gy without and with mesh implant,

respectively (p=0.028).[22]

The use of prosthetic material has many disadvantages in comparison to the technique we
described. These include a second surgery to remove the prosthesis with risk of bowel injury

in an irradiated pelvis; a longer operative time and a longer length of stay with a median

10



duration above 80 minutes [7,23] and a 3-5 days hospitalization for meshes; a superior cost of
the procedure due to the prosthetic material; the risk of implant rupture, even if it is low.[24]
Moreover, publications with animal models have warned about the risk of intraperitoneal
tumor growth associated to biosynthetic meshes which was not observed with biological

meshes.[25,26] Priority should then be given to the use of native tissues.

Other prosthetic-free techniques have been described such as the use of an omental-J flap to
fill the pouch of Douglas in women treated for cervical cancer but, in male patients, the lack
of a solid organ in the middle compartment of the pelvis -such as the uterus- leaves a too large
area to fill.[27] The sigmoid has also been used as a hammock fixated to the abdominal wall
for treatment of metastatic Ewing’s sarcoma but this was heavy surgical procedure with

temporary colostomy.[28]

A single patient in our series presented a postoperative complication (bowel incarceration)
requiring urgent surgery with a fast favorable outcome. This was probably due to a bowel
internal herniation caused either by a postoperative tear in the peritoneum or by large bites of
the running suture. Afterwards, we paid more attention to perform small bites and divided the
running suture into two equal halves to reduce tension. The use of synthetic mesh has also
been associated with this complication, but has the additional risk of bowel perforation and

obstruction.[29]

To note, because the pouch of Douglas is closed but not sealed, the peritoneal fluid can flow
into the pouch and then circulate back into the peritoneal cavity, thus limiting the risk of local
collection. Even in the case of a complete pouch sealing caused by adhesion, the volume of
fluid collected in the pouch would remain limited and therefore, asymptomatic. As a result,

we didn’t observe any case of symptomatic seroma of the pouch.
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A dose-volume relationship has been described for radiation-induced small bowel toxicities in
various pelvic malignancies but it is not well quantified.[30-33] Data come from the pre-
IMRT era and are confounded by variations in the way that organ was delineated.[10] Emami
et al. suggested a probability of 5% at 5 years (TD5/5) for severe chronic complications if
more than 5% of the small bowel received >50 Gy in conventional fractionation.[34,35] The
estimated TD50/5 (50% probability at 5 years) was 60 Gy for partial small bowel irradiation
which was largely undocumented. More recently, the QUANTEC review [32] recommended
V45<195cc (mostly correlated to acute toxicity) and Kavanagh et al. [33] reported 2% to 9%

late obstruction or perforation in case of partial small bowel irradiation >50 Gy.

The RTOG prostate consensus group [3] proposed a small bowel Dmax <52 Gy which
appears quite conservative regarding recent IMRT data suggesting good toxicity profile
beyond this limit. Ling et al. reported 94 abdominopelvic IMRT (median follow-up 20.1
months) with a median small bowel Dmax of 65.5 Gy.[36] The Dmax was >70 Gy in 22
patients and >80 Gy in 2 patients. Only 3 patients presented a grade 3 chronic toxicity. Of
note, the small bowel receiving >60 Gy was limited to 10 cc and >70 Gy to 5 cc. Green and al.
reported similar findings in 73 prostate cancer patients (median follow-up 2.5 years).[37]
Twenty-five received >52 Gy to the small bowel (up to 80 Gy) and none presented grade >3

late toxicity. The mean volume receiving >60 Gy was 10 cc (0-34).

Although these data may reassure in delivering high doses to limited volumes of small bowel,
uncertainties remain and caution is warranted especially regarding the very high doses (74-80
Gy) required for prostate cancer cure and the actual development of moderate and extreme
hypofractionated schedules. In that setting, the RTOG 0415, CHHIP and PROFIT protocols
that endorsed the non-inferiority of moderately hypofractionated radiotherapy required no

contact between small bowel and PTV volumes and Duke University proposed V40<1%
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(<1% of the bowel receiving >40Gy) for a prescribed dose of 70 Gy in 28 fractions of 2.5

Gy.[38]

To our knowledge, our series is the first report of feasibility of a peritoneal running suture
made by minimally invasive surgery to exclude the bowel from the pouch of Douglas before
pelvic irradiation. However, we do recognize some weaknesses including the unicentric
design and the occurrence of a complication that required urgent surgical management.
Despite a limited number of patients inherent to the rarity of the situation, it is the longest
series of patients treated for prostate cancer that have undergone a surgical suspension of the
bowel prior to irradiation. This proof-of-concept study introduces an attractive technique that
could be useful in many other malignancies such as bladder cancer, pelvic sarcoma or
gynecologic cancers. It could also be of great interest when reirradiation is considered for

local or regional recurrences in previously irradiated pelvis.

5. Conclusion

The laparoscopic closure of the pouch of Douglas by a peritoneal suture is a minimally
invasive prosthetic-free technique that was successfully used to cordon off ectopic small
bowel loops from the pelvis where their position compromised the optimal irradiation of
prostate cancer patients. This is a fast and easy procedure requiring basic surgical skills. It
prevents excessive small bowel irradiation and hence facilitates curative irradiation with no

risk of late major intestinal complication. It could be applied to other pelvic malignancies.
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Tables

Table 1: Internal protocols used for treatment planning (depending on the clinical situation).

Target volumes

Volume Margin to PTV Prescription dose / number of fractions
CTVup - Prostate - 7 mm/5 mm posterior - 60 Gy/20 # OR 73.5-75.6 Gy/35-36 #
- Operative bed - 8 mm/6 mm posterior - 66 Gy/33 #
(+/- recurrent nodule) (5 mm around nodule) (69.3 Gy/33 #)
CTVp - Seminal vesicles - 10 mm/8mm posterior - 63-64.8 Gy/35-36 #
CTVrp - Pelvic lymph nodes -5 mm - 57.75-59.4 Gy/35-36 # OR 54.45 Gy/33 #

Organs at risk dose constraints”

Rectum Dlcc <76 Gy; V74 < 5%; V70 < 25%; V60 < 50%
Sigmoid Dlcc as low as possible (<76 Gy)

Bladder Dlcc < prescritpion dose; V70 < 25%; V60 < 50%
Small bowel Dlcc <60 Gy; V45 <150 cc; V15 <830 cc

CTV: clinical target volume, PTV: planning target volume

HD: high dose; ID: intermediate dose; LD: low dose

Dlcc: dose received by 1cc of the organ; VX: volume of the organ (% or cc) receiving > X Gy

# only valid for normofractionated treatments not for hypofractionated treatments (60 Gy/20 fractions)
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Table 2: Dosimetric comparison before and after the laparoscopic closure of the pouch of
Douglas by a peritoneal running suture. Both treatment plannings were performed prioritizing
the adequate coverage of PTVup.

Planning pré-procedure Planning post-procedure p

Small bowel

Dlcc (Gy) 65.5 (62.2-73.3) 55.5(2.7-60.1) 0.005

V45 (cc) 166.0 (4.8-528.0) 135.5 (0.0-298.0) 0.20

V60 (cc) 10.2 (1.6-29.6) 0.0 (0.0-1.3) 0.005
Small bowel + Smm

Dilce (Gy) 68.3 (65.0-75.6) 57.7(3.6-61.4) 0.005
Rectum

Dlce (Gy) 69.7 (59.5-74.3) 72.4 (66.0-74.9) 0.26

V70 (%) 2.6 (0.0-7.7) 3.5(0.0-9.0) 0.79

V60 (%) 13.3(2.7-22.9) 12.9 (5.3-35.0) 0.44
Bladder

Dlce (Gy) 73.8 (67.1-75.8) 73.4 (66.8-76.1) 0.14

V70 (%) 13.7 (0.0-39.0) 12.2 (0.0-35.6) 0.44

V60 (%) 48.2 (15.6-60.4) 40.1 (23.1-69.6) 0.68
PTVup

D95 (%) 96.5 (94.9-97.6) 96.5 (95.6-97.4) 0.80

Results are presented as median (range).

Dlcc: dose (Gy) received by lcc of the volume

VX: volume (cc or %) receiving >X Gy
D95: volume (%) receiving >95% of the prescribed dose.
PTVup: high-dose planning target volume.
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Table 3: Dosimetric comparison when the optimization was performed prioritizing the
adequate coverage of PTVup versus the protection of the small bowel. Both treatment
plannings were performed on the pre-procedure planning-CT.

Priority to PTVup coverage  Priority to bowel protection p

Small bowel

Dlcc (Gy) 65.5 (62.2-73.3) 59.8 (45.6-59.9) 0.005

V45 (cc) 166.0 (4.8-528.0) 164.0 (1.0-571.0) 0.92

V60 (cc) 10.2 (1.6-29.6) 0.7 (0.1-4.5) 0.005
Small bowel + 5Smm

Dlcc (Gy) 68.3 (65.0-75.6) 67.2 (64.0-74.9) 0.005
Rectum

Dlcc (Gy) 69.7 (59.5-74.3) 71.8 (65.8-74.6) 0.79

V70 (%) 2.6 (0.0-7.7) 2.6 (0.0-7.5) 0.03

V60 (%) 13.3(2.7-22.9) 12.6 (1.9-16.9) 0.04
Bladder

Dlcc (Gy) 73.8 (67.1-75.8) 73.7 (67.2-78.2) 0.50

V70 (%) 13.7 (0.0-39.0) 12.6 (0.0-37.6) 0.04

V60 (%) 48.2 (15.6-60.4) 47.2 (15.4-58.6) 0.02
PTVup

D95 (%) 96.5 (94.9-97.6) 94.9 (88.0-97.4) 0.005

Results are presented as median (range).
Dlcc: dose (Gy) received by lcc of the volume
VX: volume (cc) receiving >X Gy

D95: volume (%) receiving >95% of the prescribed dose.

PTVup: high-dose planning target volume.
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Figure 1: Laparoscopic view of the pelvis during the surgical procedure.

A: Initial view with a yellow dotted line indicating the surgical edges of the peritoneal
running suture. B: Final view after the closure of the pouch of Douglas with white arrows
indicating the running suture. Notice the complete obliteration of the pouch of Douglas.



Figure 2: Boxplot depicting the main dosimetric data obtained from treatment planning
performed before the laparoscopic closure of the pouch of Douglas (with priority given to
PTVup coverage or to the small bowel protection) and treatment planning performed after the
procedure.



Figure 3: A visual example of the small bowel location before and after the laparoscopic
closure of the pouch of Douglas by a peritoneal running suture (patient #10).

A: Preoperative planning-CT. B: Postoperative planning-CT. C: Image of the operating
procedure. The sigmoid is used to seal the pouch of Douglas. The peritoneal suture (white
arrows) joins the peritoneum from the sigmoid, the dome of the bladder and the pelvic brim.
D: kV-CBCT performed before the first fraction of treatment with the overlay of the main
volumes of interest. (Green: small bowel, brown: rectum, orange: sigmoid, pink: prostate,
red: high-dose planning target volume).
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