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Chapter 1

GENERAL INTRODUCTION
Colorectal cancer is the third most common cancer in the world with roughly 1.8 million
new cases each year.1 In the Netherlands, around 10.000 patients are diagnosed with
colon cancer and 5.000 with rectal cancer every year.2

The oncological outcome of rectal cancer has improved over the past decades. The
widespread use of neoadjuvant radiotherapy and high quality surgical resection based
on the principles of total mesolectal excision (TME) have both contributed to this
improvement, besides improved systemic therapy effectivity and local treatment of
metastatic disease.3, 4 Surgery plays an important role in the curative treatment of rectal
cancer. The type of surgical treatment depends on tumor characteristics, including tumor
and nodal stage and location.

Resection of the tumor with preservation of bowel continuity might be possible if the
sphincter complex and levator muscles are not involved. This is performed by means
of a low anterior resection (LAR) with primary anastomosis. About half of the surgical
resections for rectal cancer in the Netherlands consisted of a LAR, although this
proportion has increased in recent years.5 Another type of surgery that is not intended
to restore continuity is called a Hartmann’s procedure. During this procedure the tumor
is resected and an end colostomy is created. In case the tumor is very low or there is
growth into the sphincter complex, an abdominoperineal resection (APR) might be the
designated treatment. The APR procedure was first described in 1907 by Miles.6 During
this procedure the tumor is removed, together with the sigmoid, rectum, anal canal and
sphincter complex, and an end colostomy is created. Of all surgical resections for rectal
cancer, a variable proportion consists of an APR procedure, ranging from 3% to about
30%, which is also highly dependent on societal aspects and acceptance of a stoma.5, 7

The overall 5-year survival of rectal cancer improved from around 40% to 67%.2, 8, 9 But as
a downside, the treatment of rectal cancer is associated with a high risk of complications.
The consideration between optimal oncological control and maintenance of quality of
life plays an increasingly important role. As a result, there is more attention than before
to the prevention and treatment of complications after surgery for rectal cancer.
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Urogenital organ displacement and urinary and sexual dysfunction
Patients treated for rectal cancer frequently experience urinary and/or sexual
dysfunction.10 Several factors are associated with a higher risk of dysfunction, including
patient characteristics but also radiotherapy and possible nerve damage during surgery.11
Anatomical changes in the pelvis after APR might also contribute to the urinary and
sexual complaints. Due to the resection of the rectum, a large space is created in the
pelvis. Urogenital organs including the bladder, urethra, prostate, uterus and vagina, can
displace dorsally. Dorsal displacement of these organs can lead to associated complaints.
If the bladder displaces dorsally, emptying difficulties might occur. If a substantial part of
the urine remains in the bladder, this might result in the feeling of still having to urinate or
the occurrence of bladder infections. Regarding displacement of internal genital organs,
women in particular present with difficulty having intercourse. An explanation for this
could be the mechanical displacement of the vagina dorsally, after which the vagina is
no longer stretched upwards. This could result in having pain during intercourse, or even
causing intercourse to be no longer possible. It is plausible that all these complaints could
have a huge impact on the quality of life after treatment for rectal cancer.

Literature on organ displacement after APR is almost non-existing. Before it is possible to
take any preventive or therapeutic measures, it is important to first map the changes that
occur after surgical treatment. Radiological imaging can be used to objectify anatomical
changes of internal organs in the pelvis after APR. These changes might provide insights
into the urinary and sexual complaints after this procedure. Subsequently this could
generate hypotheses to design studies on preventive and therapeutic options, and
imaging can then be used to evaluate the effectiveness of specific interventions. The
quantification of urogenital organ displacement after APR and also its association with
urinary and sexual function will be discussed in this thesis.

Perineal wound infection and perineal hernia
Perineal wound infections frequently occur in up to 50% of patients following APR.12, 13
Several factors contribute to the high risk of perineal wound complications. Neoadjuvant
radiotherapy is used to reduce the risk of local recurrence. However, a major downside
is the increased risk of perineal wound complications.14, 15 Another factor that influences
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the postoperative course is the condition of the patient before surgery, such as age and
the presence of cardiovascular disease.16, 17

The creation of a large cavity in the pelvis after APR increases the risk of infections due
to possible accumulation of fluid. A type of procedure performed in an attempt to fill this
pelvic defect after APR is the omentoplasty. After filling the dead space in the pelvis with
omentum, accumulation of fluid might be prevented and therewith the risk of abscess
formation in the pelvis and wound infections in the perineum. This rationale is similar
to the use of flaps after APR, and its effectiveness has been suggested in a systematic
review.18 However, several studies found that an omentoplasty does not improve perineal
wound healing.13, 19 The absence of an effect in case of omentoplasty might be related
to the quality of the omentoplasty. On radiological imaging it is possible to observe
the quality of an omentoplasty performed during surgery. The effect of the quality of
omentoplasty on perineal wound healing is also one of the topics in this thesis.

Another preventive approach that could be applied during the APR procedure is
modification of the technique of perineal wound closure. The perineal wound created
following APR can be closed in several ways. This includes primary closure, biological
mesh closure, but also reconstruction using sub-, fascio-, or musculocutaneous flaps.
The effect of the different types of perineal wound closure during APR and its influence
on perineal wound healing will be addressed in this thesis based on data from different
comparative studies.

Another complication after APR, but less common, is the occurrence of a perineal hernia.
The incidence of perineal hernia after APR is around 20% at one year.12 Patients with a
perineal wound complication are at increased risk to develop a perineal hernia.20 To date,
there is no golden standard for the treatment of perineal hernias after APR. Previously
it has been found that primary closure is not sufficient as a treatment option, due to the
high risk of perineal hernia recurrences.21 Treatment options that are nowadays used
are biological mesh closure, synthetic mesh closure, pelvic floor reconstruction using
sub- fascio- or musculocutaneous flaps with or without the combination of a mesh. In
this thesis, the literature regarding different surgical techniques to repair perineal hernia
and their outcomes will be discussed.
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Anastomotic leakage and chronic pelvic sepsis
Anastomotic leakage is a serious complication after LAR and occurs in up to 28% of
patients.22-26 In approximately 50% of cases the anastomotic leak does not heal and a
chronic pelvic sepsis might occur.22 Also after a Hartmann’s procedure, pelvic sepsis
occurs in up to 20% of patients, since the surgically closed rectal stump remained in situ
and is at risk of leakage.27, 28 Patients who received radiotherapy are at a higher risk to
develop pelvic sepsis and severe secondary complications such as ureteral fibrosis, fistula
formation and more rarely necrotizing fasciitis. Furthermore, infectious complications
such as anastomotic leakage have been associated with higher local recurrence rates,
an impaired quality of life and a higher risk of mortality.29-31

Pelvic sepsis is a difficult complication to manage surgically, since it frequently occurs in
irradiated patients with low tendency to spontaneous healing and a high risk of fibrosis.
Pelvic debridement is an important part of salvage surgery, which is determining the
chance of ingrowth of the tissue that is subsequently used for filling of the pelvis. The
pelvic cavity could be filled by the new colonic conduit when a redo-anastomosis is
performed, and in case of non-restorative procedures, a tissue flap or pedicled
omentoplasty might be used.32-34 To date, there are no studies describing large cohorts
of patients with long-term outcomes. In this thesis, patients referred with pelvic sepsis
to a national referral center are described.
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OUTLINE OF THE THESIS
This thesis aimed to assess complications from an anatomical perspective and to evaluate
preventive and therapeutic options for pelvic complications after rectal cancer surgery.
In Part I of this thesis, anatomical changes after abdominoperineal resection (APR)
are evaluated using pelvic imaging and the functional implications are assessed using
questionnaires. Thereafter, in Part II, different primary reconstructive techniques to
close the perineum after APR are analyzed with regard to perineal morbidity. Finally,
the secondary surgical management for long-term sequelae after both restorative and
non-restorative rectal cancer surgery will be considered in Part III.

Part I – Pelvic imaging after abdominoperineal resection to evaluate
complications
APR with resection of the sphincter complex results in a large empty cavity in the pelvis.
Urogenital organs might displace dorsally to obliterate the resected space. The cavity
might also be filled by spontaneous descent of small bowel loops or a slip of omentum. In
addition surgical procedures such as omentoplasty or transposition of the caecum could
be performed in an attempt to actively fill this cavity. The aforementioned anatomical
changes might all have an effect on the displacement of urogenital organs after APR. To
date there are no studies that quantified urogenital organ displacement after APR. As a
first step, in Chapter 3, displacement of urogenital organs after APR was radiologically
quantified. Subsequently, it was hypothesized that urogenital organ displacement after
APR might be associated with urinary and sexual dysfunction. This hypothesis was
explored in Chapter 4.

Part II – Primary reconstructive techniques and its consequence on perineal
morbidity after abdominoperineal resection
The APR procedure is accompanied by a high risk of perineal wound complications.
Different primary reconstructive techniques have been practiced in an attempt to
improve perineal wound healing. One of the primary reconstructive techniques is
an omentoplasty. However, the Dutch rectal cancer snapshot study found that an
omentoplasty did not improve perineal wound healing and even seemed to increase
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the occurrence of perineal hernia.1 To better understand this counterintuitive finding,
we radiologically assessed the quality of omentoplasty and its implications for perineal
wound healing in Chapter 5. In a previously performed randomized controlled trial
from our research group, biological mesh closure following APR has been investigated
to prevent perineal wound complications.2 This study found no improvement in perineal
wound healing but showed a lower perineal hernia rate at one year postoperatively
in favor of biological mesh closure. In Chapter 6 we described the cumulative 5-year
results of this randomized controlled trial comparing biological mesh closure with
primary perineal wound closure after APR. In this study, we investigated if the effect on
perineal hernia recurrence found at 12 months still remained after the biological mesh
could have been resorbed. In a systematic review, it has been suggested that the use of
flaps, to primary fill pelvic defects, does improve perineal wound healing.3 In Chapter
7 we report the results of a newly introduced technique to close the perineal wound
during APR. This technique makes use of a small subcutaneous transposition flap, which
was called the gluteal turnover flap. The outcomes of this flap were compared to an
existing large cohort of patients who have had primary closure of the perineal wound
after APR.4 Meanwhile, the gluteal turnover flap was introduced in other hospitals, both
nationally and internationally, in the setting of a multicenter trial, wherein patients are
being randomized between this new technique and primary perineal wound closure. The
protocol of this trial is presented in Chapter 8.

Part III – Secondary surgical management for long-term sequelae
In patients who underwent a LAR, there is the risk of ongoing infection in the pelvic
cavity as a result of an unhealed anastomotic leakage, and this seems a more prevalent
phenomenon than previously thought.5 Since the management of persisting anastomotic
leakage is difficult, often complex salvage procedures are required.6-8 Over the last
decade, novel treatment options and techniques have been implemented to improve
outcomes of patients with chronic pelvic sepsis after rectal cancer surgery. In Chapter
9, all referred patients with pelvic sepsis to a tertiary center were included in a large
retrospective cohort study, stratified for two consecutive time periods. Besides chronic
pelvic sepsis following rectal cancer surgery, perineal hernias frequently occur as longterm complication after APR.2 To date, the optimal surgical technique for perineal hernia
repair remains unclear. In Chapter 10, a systematic review of the literature is described,
in which the outcomes of different perineal hernia repair techniques are analyzed.
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ABSTRACT
Aim
This study aimed to quantify displacement of urogenital organs after abdominoperineal
resection (APR), and to explore patient and treatment characteristics associated with
displacement.
Method
Patients who underwent APR for primary or recurrent rectal cancer (2001 – 2018) with
an evaluable pre-operative and 6-18 months postoperative radiological imaging were
included from 16 centers. Anatomical landmarks on sagittal images were related to a
coordinate system based on reference lines between fixed bony structures and absolute
displacements were calculated using the Pythagorean theorem. Rotation of landmarks
was measured relative to a pubic-S5 reference line.
Results
There were 248 patients included: 171 men and 77 women. The median displacement
of the internal urethral orifice was 25 mm in men (max. 65), and 17 mm in women
(max. 50). Rotation of the internal urethral orifice was in a caudal direction in 160/170
(94%) of men and 65/73 (89%) of women, with a median of 32 degrees (max. 85) and 33
degrees (max. 83), respectively. Displacements of the posterior bladder wall, distal end
of prostatic urethra and cervix were significantly correlated with the internal urethral
orifice. In linear regression analysis, biological mesh reconstruction of the pelvic floor
and visceral interposition were significantly associated with increased displacement of
the internal urethral orifice, and female gender and any filling of the presacral space
with decreased displacement.
Conclusion
Substantial absolute displacement and rotation of urogenital organs after APR for rectal
cancer were observed, but with high variability among both men and women, and being
significantly associated with reconstructive interventions.
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INTRODUCTION
Abdominoperineal resection (APR) is the primary treatment in up to one third of rectal
cancer patients.1 Total mesorectal excision with resection of the sphincter complex
results in a large empty cavity in the pelvis. Posterior displacement of the anterior pelvic
compartment can partially fill the pelvic cavity by intrinsic laxity or disrupted attachments
between pelvic organs and absence of pelvic floor continuity. Further obliteration of the
cavity is accomplished by either spontaneous descent of small bowel loops or omentum,
surgical procedures such as omentoplasty or caecal transposition, or a combination of
mechanisms. All anatomical changes might contribute to some degree of displacement
of bladder, prostate, uterus and vagina.

Urogenital dysfunction frequently occurs after rectal cancer treatment, with high impact
on patient’s life.2 The cause is multifactorial, including pre-operative radiotherapy,
direct autonomic nerve injury, aging, and pre-existing comorbidities.3 It is conceivable
that postoperative anatomical changes can also play a role, considering the existing
literature on functional problems secondary to pelvic organ prolapse in women.4 In daily
practice, pelvic organ displacements after APR are noticeable on radiological imaging,
but we are not aware of studies that address or quantify these anatomical changes with
potential functional implications. We hypothesized that substantial urogenital organ
displacement occurs, probably most pronounced in women, and that filling the cavity
with an omentoplasty might potentially prevent this.5, 6

The first step in clarifying the phenomenon of urogenital organ displacement is
quantification of the anatomical changes in a large cohort of patients, which subsequently
enables correlation with urogenital dysfunction and evaluation of therapeutic strategies
in subsequent studies. Therefore, the aim of this multicenter cohort study was to
develop methods to radiologically quantify displacement of urogenital organs after APR
for rectal cancer, to determine the magnitude of displacement of different anatomical
landmarks and their inter-landmark correlation, and to determine the impact of patient
and treatment factors on the degree of displacement.
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METHODS
Patients and design
Patients who underwent APR for primary or recurrent rectal cancer were selected from
three existing databases between 2001 and 2018.5, 7, 8 Inclusion was based on available
sagittal pelvic imaging prior to APR and between 6 to 18 months postoperatively. A
specific time interval was set for the postoperative scan to increase comparability of the
data and diminish the effect of time on pelvic organ displacement. Patients with total
exenteration were excluded.

One of the three existing databases included the BIOPEX trial, which is a randomized
controlled trial in which primary closure of the perineal wound was compared
with biological mesh reconstruction of the pelvic floor after APR for rectal cancer. 7
Postoperative pelvic imaging was part of this trial. The study had been approved by the
ethical review board of the Academic Medical Center and informed consent was obtained
for all participating patients. In the other two existing cohort studies, postoperative
imaging was performed as part of routine daily practice. The need for informed consent
was waived for these retrospective studies.5, 8

Reference lines and anatomical landmarks
Urogenital displacement was measured by determining the location of predefined
anatomical landmarks on the midsagittal plane of pre-operative T2-weighted Magnetic
Resonance Imaging (MRI) and the corresponding midsagittal plane of postoperative
MRI or sagittal multiplanar reformat of Computed Tomography (CT). Reference lines
between fixed bony structures were used as a coordinate system, resulting in pre- and
post-operative X- and Y-coordinates of the anatomical landmarks. The Y-axis was drawn
from the anterior inferior border of the fifth lumbar vertebra to the posterior inferior
border of the pubic bone (Figure 1). The X-axis was drawn perpendicular to the Y-axis
from the anterior inferior border of the fifth sacral vertebra. Furthermore, rotation of
anatomical landmarks relative to the posterior inferior border of the pubic bone was
measured in degrees, with a reference line towards the anterior inferior border of the
fifth sacral vertebra (white line in Figure 1).
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Three anatomical landmarks were determined for both men and women. The two
common landmarks for both genders were the internal urethral orifice and the posterior
bladder wall (most posterior part). The third anatomical landmark was the distal end of
the prostatic urethra in male, and the cervix or top of the vagina (after hysterectomy) in
female. If patients had undergone posterior exenteration, pre-operative location of the
cervix was compared with postoperative location of the top of the vagina. Measurements
were performed by two investigators (SSH or GJS). Any discrepancy was resolved through
discussion with a third investigator (PJT) until consensus was reached.
Figure 1. Anatomical reference lines used for comparing location of anatomical landmarks between pre- and post-operative images in men (left) and women (right). Coordinate system for
measuring absolute displacement: Y-axis (blue line) between anterior inferior border of fifth
lumbar vertebra (L5) and posterior inferior border of the pubic bone (PB), and X-axis (red line)
from the anterior inferior border of the fifth sacral vertebra (S5) and perpendicular to the Y-axis.
Reference line between posterior inferior border of the pubic bone and anterior inferior border of
the fifth sacral vertebra (white) for measuring rotation of the anatomical landmarks. Anatomical
landmarks for both genders are internal urethral orifice (IUO) and posterior bladder wall (PBW).
Additional landmarks are the distal end of the prostatic urethra (DPU) in men, and the cervix or
top of vagina (C) in women

Outcome measures and patient subgroups
Outcome measures were the absolute displacement in millimeters, and the rotation in
degrees of the four anatomical landmarks and inter-landmark correlation. Displacement
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of the internal urethral orifice was compared between clinically distinct subgroups of
patients, based on gender, neoadjuvant radiotherapy, surgical factors, and type of
presacral filling on postoperative imaging (omentum, small bowel, a combination of
omentum or tissue flap and small bowel, and no filling).

Calculation of displacement
The pre-operative X- and Y-coordinates of anatomical landmarks were subtracted from
the postoperative X- and Y-coordinates. The absolute displacement (D) could then be
calculated by using the Pythagorean theorem with the following equation: ∆X2 + ∆Y2 = D2.
The direction of displacement was dorsal if ∆X was positive, ventral if ∆X was negative,
cranial if ∆Y was positive, and caudal if ∆Y was negative. Herewith, four directions of
displacement were defined: dorsal-caudal, dorsal-cranial, ventral-cranial and ventralcaudal.

Regarding the rotation relative to the posterior inferior border of the pubic bone,
landmarks located cranial to the reference line resulted in a positive value, and when
located caudal to this line in a negative value. The rotation was calculated by subtracting
the postoperative angle from the pre-operative angle. A positive rotation indicated
caudal displacement and a negative rotation indicated cranial displacement.

Statistical analysis
Categorical data were compared using the Chi-Squared test, and numerical data with
the independent t test or Man-Whitney U (MWU) test according to distribution. The
absolute displacement was presented as median with interquartile range (IQR) as well
as minimum and maximum to show all parameters reflecting inter-individual variability.
Displacement of the internal urethral orifice was the outcome parameter in subgroup
analyses: omentoplasty during APR (muscle flaps excluded), hysterectomy (muscle flaps
excluded), biological mesh closure of the pelvic floor (absorbable polyglactin meshes
excluded), type of presacral filling as found on postoperative imaging, and neoadjuvant
radiotherapy. For the subgroup analysis of type of presacral filling, presence of only
fibrosis in the presacral area was defined as no filling, while presacral seroma, abscess
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and tumor recurrence were excluded. Subgroup analyses were performed by the MWU
or Kruskal-Wallis test according to the number of groups and were graphically presented
in boxplots. Displacement of the internal urethral orifice was used as dependent
variable in a linear regression analysis to determine the association with omentoplasty,
hysterectomy, gender, type of APR, prior pelvic surgery, biological mesh reconstruction of
the pelvic floor, visceral interposition, type of presacral filling on postoperative imaging,
and neoadjuvant radiotherapy. Results were presented as Beta in millimeters and 95%
CI. Correlations between displacements of different landmarks within each patient were
graphically presented in scatterplots, and Spearman’s correlation was calculated. All
missing data were excluded from analysis. The statistical significance level was set at a
P value of <0.05. Statistical analysis was performed using SPSS software for Windows
version 26 (IBM Corp, Armonk, NY).

RESULTS
Patient characteristics
A total of 489 patients underwent APR for primary or recurrent rectal cancer in fourteen
centers in the Netherlands (2001 - 2018) and two centers in the United Kingdom (2010
- 2018). After exclusion for total pelvic exenteration (n=12), neobladder reconstruction
(n=1) and no pre- or post-operative evaluable scan (n=228), a total of 248 patients were
included (Figure 2). Mean age was 64 years (SD 12.5), and 171 (69%) were male. Twentynine of 171 male patients had previously undergone pelvic surgery (17%), and this was
the case in 35 of 77 female patients (46%), of whom 14 (18%) had a prior hysterectomy.
Neoadjuvant radiotherapy was given in 216 patients (84%). The APR consisted of an
additional resection in 57 male patients (34%) and 41 female patients (53%). Six women
had a hysterectomy as part of the APR (8%). Baseline characteristics are summarized
in Table 1.
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Figure 2. Flow diagram
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Table 1. Baseline characteristics
Variable

Male (n=171)

Female (n=77)

Age

Years (mean ± SD)

64 ± 12

64 ± 13

BMI

Kg/m (mean ± SD)

27 ± 5

27 ± 6

Prior pelvic surgery

Total

29/171 (17)

35/77 (46)

2

Sacral colpopexy

-

4/77 (5)

Sectio caesarea

-

5/77 (7)

Oophorectomy

-

6/77 (8)

Hysterectomy

-

14/77 (18)

Sterilization

1/171 (1)

5/77 (7)

TURP or TURBT

7/171 (4)

-

(Partial) Prostatectomy

5/171 (3)

-

TEM

4/171 (2)

5/77 (7)

Low anterior resection

9/171 (5)

6/77 (8)

Other
APR indication

Primary rectal cancer
Recurrent rectal cancer

Neoadjuvant treatment None

APR type

Additional resection

7/77 (9)
69/77 (90)

16/171 (9)

8/77 (10)

22/169 (13)

8/77 (10)

Short-course radiotherapy

27/169 (16)

13/77 (17)

Long-course radiotherapy

39/169 (23)

18/77 (23)

Chemoradiotherapy

81/169 (48)

38/77 (49)

Intersphincteric

21/168 (13)

4/77 (5)

Conventional

41/168 (24)

15/77 (20)

Extralevator

106/168 (63)

58/77 (75)

Total

57/168 (34)

41/77 (53)

Vaginal wall

-

26/77 (34)

Adnex

-

9/77 (12)

Uterus

-

6/77 (8)

Seminal vesicle

13/168 (8)

-

(Partial) Prostate

17/168 (10)

-

Partial bladder
Coccyx
Pelvic side wall
Presacral fascia
Omentoplasty

6/171 (4)
155/171 (91)

Total

4/168 (2)

0/77 (0)

26/168 (16)

13/77 (17)

5/168 (3)

4/77 (5)

1/168 (1)

1/77 (1)

68/171 (40)

37/77 (48)
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Table 1. Continued
Variable
Visceral interposition

Perineal closure

Male (n=171)

Female (n=77)

1/134 (1)

6/63 (10)

Uterus

-

6/63 (10)

Caecum

1/134 (1)

0/63 (0)

89/168 (53)

38/77 (49)

Biological mesh

47/168 (28)

22/77 (29)

Resorbable synthetic mesh

28/168 (17)

9/77 (12)

Gluteal turnover flap

2/168 (1)

2/77 (3)

Muscle flap

2/168 (1)

6/77 (8)

Total

Primary closure

Data are presented as absolute numbers (proportions), unless otherwise stated; BMI: Body Mass
Index; SD: Standard Deviation; TURP: Transurethral Resection of the Prostate; TURBT: Transurethral
Resection of Bladder Tumor; TEM: Transanal Endoscopic Microsurgery; APR: Abdominoperineal
Resection

Urogenital displacement
Absolute distance (mm)
The displacement of the internal urethral orifice for men was median 25 mm (IQR 17-33)
with a maximum of 65 mm, and for women median 17 mm (IQR 10-31) with a maximum
of 50 mm. The direction of displacement of the internal urethral orifice was towards
dorsal-caudal in 72% (122/170) of men and 64% (47/73) of women (Table 2). The absolute
displacement of the posterior bladder wall was median 32 mm (IQR 25-44) in men and
median 36 mm (IQR 24-47) in women, with a maximum of 83 and 75 mm, respectively.
The distal end of the prostatic urethra displaced with a median of 12 mm (IQR 9-17) and
a maximum of 76 mm, and the cervix/top of the vagina with a median of 40 mm (IQR
27-46) and a maximum of 77 mm.
Rotation (degrees)
The rotation of the internal urethral orifice relative to the posterior inferior border of
the pubic bone was in a caudal direction in 94% (160/170) of men and 89% (65/73) of
women. This rotation was median 32 degrees (IQR 23-41) and median 33 degrees (IQR
14-47) for men and women, with a maximum of 85 and 83 degrees, respectively (Table
2). Median caudal rotation of the posterior bladder wall for men was 22 degrees (IQR

36

Quantifying displacement of urogenital organs

15-30) and for women 33 degrees (IQR 15-42). The distal end of the prostatic urethra
rotated with a median of 25 degrees (IQR 13-38), and the cervix with a median of 29
degrees (IQR 16-34).

Table 2. Measured urogenital displacements in male and female patients who underwent
abdominoperineal resection on sagittal pelvic imaging
Male (n=171)
Absolute displacement of
anatomical landmarks (mm)

Median
(IQR)

n

Female (n=77)

Range
(min-max)

n

Median
(IQR)

Range
(min-max)

Direction of displacement

3

Internal urethral orifice (n=243)
Any

170

25 (17-33)

0-65

73

17 (10-31)

2-50

Dorsal-caudal

122

27 (19-34)

4-65

47

20 (13-31)

2-50

Dorsal-cranial

32

23 (16-32)

0-42

19

18 (10-30)

4-46

Ventral-cranial

4

6 (6-22)

5-27

2

7

4-9

Ventral-caudal

12

9 (6-19)

3-27

5

7 (6-10)

6-11

Any

171

32 (25-44)

1-83

77

36 (24-47)

3-75

Dorsal-caudal

116

32 (26-43)

3-83

39

41 (27-48)

4-75

Dorsal-cranial

43

36 (21-46)

2-77

32

36 (24-47)

3-67

Ventral-cranial

3

35

10-44

1

11

-

Ventral-caudal

9

18 (14-31)

1-39

5

20 (14-26)

8-28

1-76

-

-

-

Posterior bladder wall (n=248)

Distal end of prostatic urethra (n=163)
Any

163

12 (9-17)

Dorsal-caudal

84

14 (10-19)

1-76

-

-

-

Dorsal-cranial

31

11 (6-15)

2-28

-

-

-

Ventral-cranial

10

8 (2-13)

2-25

-

-

-

Ventral-caudal

38

12 (8-18)

1-28

-

-

-

Cervix / top of the vagina (n=58)
Any

-

-

-

58

40 (27-46)

8-77

Dorsal-caudal

-

-

-

36

40 (27-46)

11-77

Dorsal-cranial

-

-

-

19

39 (23-50)

9-70

Ventral-cranial

-

-

-

0

-

-

Ventral-caudal

-

-

-

3
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Table 2. Continued
Male (n=171)
n

Median
(IQR)

Caudal

160

Cranial

10

Caudal
Cranial

Female (n=77)

Range
(min-max)

n

Median
(IQR)

Range
(min-max)

32 (23-41)

2-85

65

33 (14-47)

0-83

9 (4-13)

0-25

8

8 (3-12)

0-25

164

22 (15-30)

0-59

72

33 (15-42)

0-64

7

8 (2-10)

1-26

5

6 (4-8)

4-10

Degrees of rotation
Direction of displacement
Internal urethral orifice (n=243)

Posterior bladder wall (n=248)

Distal end of prostatic urethra (n=163)
Caudal

134

25 (13-38)

0-86

-

-

-

Cranial

29

11 (5-27)

0-102

-

-

-

Cervix / top of the vagina (n=58)
Caudal

-

-

-

56

29 (16-34)

2-75

Cranial

-

-

-

2

6

5-6

Subgroup analysis
In patients with an omentoplasty, the median displacement of the internal urethral
orifice was 20 mm (IQR 13-31), compared to 26 mm (IQR 16-34) in patients without
omentoplasty. When only women were analyzed, corresponding median displacements
were 17 mm (IQR 9-30) and 21 mm (IQR 11-31), respectively. All subgroup analyses are
displayed in Figure 3.

In linear regression analysis, biological mesh reconstruction of the pelvic floor (B 8 mm;
95% CI 2, 13; P = 0.007) and visceral interposition (B 13 mm; 95% CI 0, 26; P = 0.046)
were associated with increased displacement, whereas female gender (B -11 mm; 95%
CI -16, -6; P < 0.001) and a filled presacral space by any tissue/organ (B -6 mm; 95% CI
-11, -1; P = 0.021) was associated with less displacement of the internal urethral orifice
(Supplementary Table 1).
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Figure 3. Boxplots showing the absolute displacement of the internal urethral orifice in millimeters for different subgroups of patients: with or without
omentoplasty (OP), hysterectomy or not in women, depending on pelvic floor closure with a biological mesh or not, depending on filling of the presacral
space with omentum, small bowel (SB) or a combination of omentum or tissue flap and SB, and depending on whether or not receiving neoadjuvant
radiotherapy (RT)
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Correlation anatomical landmarks
The Spearman test showed in both men and women a significant correlation between
the displacement of the posterior bladder wall and the internal urethral orifice
(Supplementary Table 2). The correlation in absolute displacement showed more interindividual variability, compared to the correlation in rotation (Supplementary Figure 1).
The displacements of the distal end of the prostatic urethra and the cervix were also
significantly correlated with the internal urethral orifice. The distal end of the prostatic
urethra and the cervix were more closely correlated with the internal urethral orifice
when measuring rotation in degrees if compared to absolute displacement in millimeters.

DISCUSSION
In this study, we aimed to quantify displacement of pelvic organs after APR since there
are no studies addressing this research question. We observed substantial urogenital
organ displacements with a large inter-individual variation (Supplementary Figures 2
and 3). As expected, the direction of displacement was almost exclusively in a dorsalcaudal direction. The hypothesis of women having more urogenital displacement after
APR could not be confirmed, and even an association in the opposite direction was
suggested. If the postoperative imaging revealed filling of the presacral space with any
tissue, displacement was less if compared to no filling.

Since this topic has not been studied before, we had to set up the methodology by
defining reference lines and specific anatomical landmarks from scratch. The internal
urethral orifice was easy to locate on both CT- and MRI-scan and is not supposed to
be affected by bladder volume, for which reason it is assumed to be a reliable and
reproducible landmark. Furthermore, this landmark can be used independent from
gender. For this reason, we used the internal urethral orifice as the primary outcome
measure for subgroup analyses. The only disadvantage of this landmark is the less
variability if compared to the posterior bladder wall (Supplementary Figure 1a), and
might therefore not accurately represent the outliers. The posterior bladder wall was also
easy to locate on both CT- and MRI-scan, but might be affected by the bladder volume
and difficult to reliably define in case the posterior bladder wall is oriented vertically for
several centimeters, which can cause inter-observer variability.
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Due to the lower intrinsic contrast resolution, the distal end of the prostatic urethra
and cervix were difficult to locate on CT-scan which limits its applicability. To enhance
the reproducibility and simplify further studies related to this topic, we propose to use
either the internal urethral orifice or posterior bladder wall as anatomical landmarks to
quantify the degree of urogenital organ displacement.

A wider variance was seen in the distribution of absolute numbers and the rotation
mainly represents the shift in cranial and caudal direction and to a lesser extent in dorsal
direction. Therefore, the absolute displacement might be a more accurate reflection of
the clinical condition.

We assumed that presacral filling might prevent displacement of urogenital organs,
which could be confirmed by linear regression analysis. Remarkably, performing an
omentoplasty resulted in a minimal reduction of displacement of the internal urethral
orifice if compared to no omentoplasty, even when only women were included. In
addition, the magnitude of displacement in the presence of presacral omentum was
comparable to filling with some small bowel loops. However, presacral filling by small
bowel cannot be predicted or controlled by the surgeon, and a larger amount of
displacement was observed in case of no filling. In addition, an omentoplasty might
have been performed in patients in whom a larger pelvic defect was created. Also the
surgical technique of the omentoplasty might have influenced results.

Little is known about organ displacement after pelvic surgery, which makes it difficult
to compare our findings with literature. Alternatively, the results of gynaecological
studies related to pelvic organ prolapse can be used as a reference. One of these studies
examined the effect of sacropexy surgery in patients with cervical prolapse by using
dynamic MRI scans in supine position at rest and during maximal straining.9 This study
found no vertical displacement of the cervix at rest and around 20 mm at maximal
straining. We found a median displacement of 40 mm after APR. However, no organs have
been resected in patients with pelvic organ prolapse and the displacement is measured
actively, hence their results cannot be fully compared to our patient cohort.
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Regarding the clinical implications of the present findings, the substantial displacements
in some of the patients are likely resulting in functional problems. Dorsal displacement
of the bladder in both genders can result in bladder emptying difficulties and risk of
overflow incontinence. Specifically in women, the vagina can become angulated, or the
top of the vagina can even herniate through the pelvic floor defect (Supplementary Figure
2), after which sexual intercourse might no longer be possible. Future studies should
elucidate the contribution of the specific anatomical changes after APR to urogenital
dysfunction. If a correlation between urogenital displacement and dysfunction is found,
effectiveness of possible preventive or therapeutic interventions should be explored.
Such interventions might consist of specific techniques of pelvic floor reconstruction
with or without filling of the presacral and/or perineal dead space.

The major limitation of our study was the retrospective assessment of pelvic imaging
that was not performed for the purpose of the study. Imaging was performed in supine
position without active pressure, while patients mainly experience urogenital dysfunction
in standing position and with straining. Literature reveals that upright MRI scanning
and straining can both show a larger extent of prolapse.9, 10 Therefore, our results could
possibly underestimate the true amount of displacement. Furthermore, selection bias
has likely occurred due to the strict time interval between the pre- and post-operative
scan. We are not informed about the overall rectal cancer volumes of the participating
centers in this study, and annual volumes for APR seem to be relatively low (<10). The
external validity of the study might also be influenced by other population characteristics
such as age, although a mean of 64 years is commonly found in European rectal cancer
studies.11 The relatively small number of patients in subgroup analyses makes it difficult
to draw firm conclusions.

CONCLUSION
In this study, displacement of urogenital organs after APR for rectal cancer has been
addressed and quantified. A remarkable variability in anatomical changes of the anterior
pelvic compartment after proctectomy were observed among both male and female
patients, with significant outliers. Given the associations with certain surgical treatment
characteristics suggests that urogenital organ displacement might be modifiable. The
proposed quantification method can be used in future studies.
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SUPPLEMENTARY MATERIALS
Supplementary Figures 1a-1f. Scatterplots. Correlation of the absolute displacement in millimeters and rotation in degrees of the internal urethral orifice with the posterior bladder wall, the
distal end of the prostatic urethra and the cervix/top of the vagina
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Supplementary Figure 2. Examples of urogenital organ displacement in three female patients
if comparing preoperative mid sagittal MRI (left) with postoperative sagittal CT or MRI (right)
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Supplementary Figure 3. Examples of urogenital organ displacement in three male patients if
comparing preoperative mid sagittal MRI (left) with postoperative sagittal CT or MRI (right)

3

47

Chapter 3

Supplementary Table 1. Linear regression model to determine the univariable association
between potential risk factors and absolute displacement of the internal urethral orifice
Variable

B in mm

95% CI

P-value

Omentoplasty (ref. no omentoplasty)

1

[-4, 6]

0.710

Hysterectomy (ref. no hysterectomy)

12

[-1, 25]

0.080

Women (ref. men)

-11

[-16, -6]

<0.001

Conventional / extralevator APR (ref. intersphincteric APR)

6

[-1, 12]

0.103

Prior pelvic surgery (ref. no prior pelvic surgery)

1

[-5, 6]

0.826

Biological mesh reconstruction of the pelvic floor (ref.
primary perineal closure)

8

[2, 13]

0.007

Visceral interposition (ref. no visceral interposition)

13

[0, 26]

0.046

Presacral filling with small bowel and/or omentoplasty and/or
tissue flap on postoperative imaging (ref. no filling)

-6

[-11, -1]

0.021

Neoadjuvant radiotherapy (ref. no neoadjuvant radiotherapy)

3

[-3, 9]

0.274

B: Beta
CI: confidence interval
APR: Abdominoperineal Resection

Supplementary Table 2. Correlation between degree of displacements of different anatomical
landmarks
Male (n=171)

Female (n=77)

Spearman r P-value Spearman r P-value
Absolute displacement (mm)
Internal urethral orifice – posterior bladder wall

0.579

<0.001

Internal urethral orifice – distal end prostatic urethra

0.286

<0.001

-

-

-

-

0.495

<0.001

Internal urethral orifice – posterior bladder wall

0.680

<0.001

0.711

<0.001

Internal urethral orifice – distal end prostatic urethra

0.333

<0.001

-

-

-

-

0.588

<0.001

Internal urethral orifice – cervix/top of vagina

0.575

<0.001

Rotation (degrees)

Internal urethral orifice – cervix/top of vagina
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ABSTRACT
Aim
This study aimed to establish the functional impact of displacement of urogenital organs
after abdominoperineal resection (APR) using validated questionnaires.
Method
Patients who underwent APR for primary or recurrent rectal cancer (2001-2018) with
evaluable pre- and post-operative radiological imaging, and completed urinary (UDI-6,
IIQ-7) and sexual questionnaires (male: IIEF, female: FSFI, FSDS-R) were included from 16
centers. Absolute displacement of the internal urethral orifice, posterior bladder wall,
distal end of the prostatic urethra and cervix were correlated to urogenital function by
calculating Spearman’s Rho (ρ). Median function scores were compared between minimal
or substantial displacement using median split.
Results
There were 89 male and 36 female patients included. The absolute displacement of the
internal urethral orifice and posterior bladder wall were not correlated with the UDI-6
in men (ρ=0.119 P=0.29 and ρ=0.022 P=0.84) nor in women (ρ=-0.098 P=0.60 and ρ=0.154 P=0.39). The absolute displacement of the distal end of the prostatic urethra
was not correlated with the IIEF (ρ=0.128 P=0.54), whereas the cervix and FSFI were
correlated (ρ=0.450 P=0.22). In women with minimal and substantial displacement of
the internal urethral orifice, median UDI-6 scores were 25 (IQR 10-46) and 21 (IQR 16-36)
(P=0.83), respectively, with corresponding scores of 10 (IQR 0-22) and 17 (IQR 5-21) in
men (P=0.33).
Conclusion
We could not demonstrate a correlation between urogenital organ displacement and
urinary function, but there seemed to be a correlation with sexual function in women.
Larger studies are needed to confirm these findings.
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INTRODUCTION
Urogenital function is commonly affected after abdominoperineal resection (APR) in both
men and women.1 Factors known to be associated with impaired urogenital function
after APR and rectal cancer treatment in general include preoperative radiotherapy,
direct surgical autonomic nerve injury and pre-existing comorbidities.2 Some patients
present with severe urinary and/or sexual dysfunction and indicate themselves that this
might be related to postoperative anatomical changes. Female patients in particular will
describe manoeuvres to assist emptying their bladder that has prolapsed onto the closed
perineal skin, for example by giving manual compression behind the introitus. Regarding
sexual dysfunction, women can report that sexual intercourse was no longer possible
after APR due to kinking of the vagina. These complaints might also be associated with
the presence of a symptomatic perineal hernia. Therefore, it has been our hypothesis
that urogenital dysfunction after non restorative rectal cancer resection can have a
mechanical component among all other etiological factors.

In a previous study, we quantified that the creation of a large empty cavity in the pelvis
after APR can result in substantial displacement of the urogenital organs, and high
inter-individual variability was observed.3 The degree of these anatomical changes may
theoretically affect the function of the organs in various ways. Dorsal displacement of the
bladder in both genders can result in bladder emptying difficulties and risk of overflow
incontinence. Analyzing numerous postoperative pelvic images in our previous study
revealed several severe anatomical disturbances of the internal genital organs, varying
from slight angulation of the vagina to complete prolapse of the top of the vagina through
the pelvic floor defect. In contrast to what we expected, also substantial displacement
of the prostate was observed.

The effect of urogenital organ displacement on urogenital function after APR for rectal
cancer has not yet been investigated. We hypothesized that the magnitude of urogenital
organ displacement contributes to the severity of urogenital dysfunction. If a correlation
can be demonstrated, this subsequently provides a tool to measure any potential impact
of preventive or therapeutic strategies.
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The aim of this multicenter cohort study was to determine whether any potential
correlation between urogenital organ displacement and bladder or sexual function can
be established using validated questionnaires in male and female patients who have
undergone APR for rectal cancer.

METHODS
Patients
In this study, three existing databases consisting of patients who underwent APR for
primary or recurrent rectal cancer between 2001 and 2018 were used.4-6 Patients
were included if pre- and postoperative pelvic imaging as well as completed urogenital
questionnaires postoperatively were available. Patients with total exenteration were
excluded.

Postoperative pelvic imaging was performed according to routine daily practice in
the cohort series, or as part of the randomized controlled BIOPEX trial. Urogenital
questionnaires were sent to all patients postoperatively. Part of the questionnaires were
also used in the long-term follow-up of the BIOPEX trial.7 Patients who participated in
the BIOPEX trial already completed quality of life questionnaires pre-operatively. This
trial had been approved by the ethical review board of the Academic Medical Center
and informed consent was obtained.6 The need for informed consent was waived for
the retrospective studies.4, 5

Quantification of urogenital organ displacement
Urogenital organ displacement was measured in the midsagittal plane of pelvic imaging.
Reference lines between fixed bony structures were used as a coordinate system, which
resulted in pre- and postoperative X- and Y-coordinates of the anatomical landmarks
(Supplementary Figure 1). Three anatomical landmarks were determined for both
genders. The two common landmarks were the internal urethral orifice and the posterior
bladder wall. In male, the third anatomical landmark was the distal end of the prostatic
urethra, and in female the cervix (or top of the vagina in case of hysterectomy). A more
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detailed description of the reference lines, anatomical landmarks and calculation of
displacement has been published previously.3 Measurements were performed by three
investigators (SSH, SIK or GJS). A fourth investigator (PJT) was consulted in case of
discrepancies to reach consensus through discussion.

Questionnaires
The European Organization for Research and Treatment for Cancer Quality of Life
Questionnaire Colorectal cancer (EORTC QLQ-CR29) was used to obtain information
regarding the baseline urogenital function.8 The symptom scale (frequency, incontinence,
dysuria and impotence/dyspareunia) ranges from 0-100, with a higher score representing
more symptoms. The functional scale (sexual interest) ranges from 0 to 100, with a higher
scale score representing a better level of functioning. No cut-off values or minimally
clinical important differences (MCIDs) were available.

Postoperatively, men and women completed validated questionnaires regarding urinary
and sexual function (Supplementary Table 1-5). Two questionnaires were used to examine
urinary function for both genders. The Urogenital Distress Inventory consists of six
questions (UDI-6) with outcomes between zero and 75.9 This questionnaire differentiates
between irritative, stress and obstructive urinary dysfunction. Due to the anatomical
direction of displacement and thereby assumed obstructive dysfunction, this domain
has been examined separately. Furthermore, the Incontinence Impact Questionnaire
includes seven questions (IIQ-7) which are divided into four domains, namely physical
activity, travel, social contacts and emotional wellbeing.9 Minimum score is zero, and
maximum is 100. The MCID is 11 and 16 points for the UDI-6 and IIQ-7, respectively. For
both questionnaires, higher scores implicate more complaints.

To examine sexual function in male patients, the International Index for Erectile Function
(IIEF) was used.10 This questionnaire consists of 15 questions with outcomes between
zero and 30, whereby scores <14 are associated with impaired sexual function. Male
patients were excluded from analyses if patients answered ‘’no sexual activity’’ to
question 1 and/or 2, and ‘’no intercourse’’ to question 6, 7 and/or 8.
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Sexual function with regard to female patients was assessed using two questionnaires.
The Female Sexual Function Index (FSFI) questionnaire contains 19 questions with an
outcome between two and 36, where a score of <26.55 is seen as dysfunction.11 This
questionnaire covers the domains: desire, arousal, lubrication, orgasm, satisfaction and
pain. We hypothesized that displacement of the cervix could be associated with pain
complaints, and therefore we examined this domain separately. Female patients were
excluded from analyses if patients answered ‘’no sexual activity’’ to the domains arousal,
lubrication and/or orgasm, and ‘’no intercourse’’ to question 17, 18 and/or 19. The MCID
for this questionnaire is only determined per domain, which is 0.1 point for the pain
domain. Furthermore, the Female Sexual Distress Scale-Revised (FSDS-R) questionnaire
was used, consisting of 13 questions with an outcome between zero and 52. An outcome
of >11 points reflects sexual dysfunction. The MCID is 6 for this questionnaire.

Outcome
The primary outcome was the degree of urinary and sexual dysfunction in male and
female patients after urogenital organ displacement following APR for rectal cancer.

Statistical analysis
Categorical data were compared using the Chi-Squared test, and numerical data with
the independent t test or Man-Whitney U (MWU) test according to distribution. The
questionnaires were analyzed according to the manuals, whereas total scores were only
calculated if all domains were completed. Analysis was based on radiological imaging
at the nearest date to the day the questionnaire was completed. UDI-6 and IIQ-7 were
correlated to the absolute displacement of the internal urethral orifice and posterior
bladder wall for both genders. IIEF was correlated with the absolute displacement of
the distal end of the prostatic urethra. FSFI total score, FSFI pain domain, and FSDS-R
were correlated with absolute displacement of the cervix. All the above analyses were
repeated with rotation of the different anatomical landmarks.3 The correlation between
the displacement and questionnaires were analyzed with the Spearman’s rank correlation
coefficient and were graphically displayed in scatterplots.
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Subgroup analyses were performed by categorizing patients into minimal or substantial
displacement using median split. Functional scores for subgroups were analyzed using
the MWU-test and presented as median with interquartile range (IQR). The MCID was
taken into account to interpret observed differences. The statistical significance level
was set at a P value of <0.05. Statistical analysis was performed using SPSS software for
Windows version 26 (IBM Corp, Armonk, NY).

RESULTS
Patient characteristics
A total of 489 patients underwent APR for rectal cancer in fourteen centers in the
Netherlands (2001-2018) and two centers in the United Kingdom (2010-2018). After
exclusion of total pelvic exenteration (n=12), neobladder reconstruction (n=1), no pre- or
postoperative evaluable scan (n=228) and not eligible for or no returned questionnaire
(n=123), a total of 125 patients were included (Figure 1). Mean age was 64 years ±12.2,
and 89 (71%) were male. Prior surgery of the lower urinary tract was performed in
two male patients, consisting of partial bladder resection and transurethral resection
of the prostate. Almost one third of the female patients (28%) had undergone surgery
of their reproductive system, existing of hysterectomy (n=4), tubular sterilisation (n=3),
ovarian cystectomy (n=1), oophorectomy (n=1) and caesarean section (n=1). Neoadjuvant
radiotherapy was given in 111 patients (92%). Multivisceral resection was performed in
32 male (36%) and 17 female (47%) patients. Two women underwent hysterectomy as
part of the APR (7%) (Table 1). The median time between APR and day the questionnaire
was completed was 50 months (IQR 45-75), and between most recent imaging and
completed questionnaire 22 months (IQR 5-43).
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Figure 1. Flow diagram showing initial number of participants and those excluded for any reason

Table 1. Baseline characteristics
Variable

Male (n=89)

Female (n=36)

Age

Years (mean ± SD)

64 ± 12

64 ± 14

BMI

Kg/m2 (mean ± SD)

27 ± 4

27 ± 5

Prior pelvic surgery

Total*

7/89 (8)

13/36 (36)

Female reproductive system

-

10/36 (28)

Male reproductive system&

1/89 (1)

-

Lower urinary tract

1/89 (1)

0/36 (0)

Gastro intestinal~

5/89 (6)

3/36 (8)

86/89 (97)

35/36 (97)

3/89 (3)

1/36 (3)

9/89 (10)

2/36 (6)

+

APR indication

Primary rectal cancer
Recurrent rectal cancer

Neoadjuvant treatment None
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#

Short-course radiotherapy

13/89 (15)

8/36 (22)

Long-course radiotherapy

14/89 (16)

11/36 (31)

Chemoradiotherapy

53/89 (60)

15/36 (42)
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Table 1. Continued
Variable
APR type

Multivisceral resection

Intersphincteric

Male (n=89)

Female (n=36)

6/88 (7)

0/36 (0)

Conventional

14/88 (16)

8/36 (22)

Extralevator

68/88 (77)

28/36 (78)

Total

32/89 (36)

17/36 (47)

Vaginal wall

-

9/36 (25)

Adnex

-

3/36 (8)

@

-

2/30 (7)

Seminal vesicle

6/89 (7)

-

(Partial) Prostate

8/89 (9)

-

(Partial) Bladder

1/89 (1)

0/36 (0)

Uterus

Coccyx

18/89 (20)

3/36 (8)

Pelvic side wall

2/89 (2)

2/36 (6)

Presacral fascia

0/89 (0)

1/36 (3)

Omentoplasty

Total

43/89 (48)

17/36 (47)

Retroflexion uterus+

Total

-

1/18 (6)

Perineal closure

Primary closure

29/89 (33)

14/36 (39)

Biological mesh

44/89 (49)

15/36 (42)

Resorbable synthetic mesh

13/89 (15)

4/36 (11)

Gluteal turnover flap

2/89 (2)

1/36 (3)

Muscle flap

1/89(1)

2/36 (6)

4

Data are presented as absolute numbers (proportions), unless otherwise stated
BMI: Body Mass Index; SD: Standard Deviation; TURP: Transurethral Resection of the Prostate;
TURBT: Transurethral Resection of Bladder Tumor; TEM: Transanal Endoscopic Microsurgery; APR:
Abdominoperineal Resection
*more than one of the variables below might be applicable to the same patient
#
Female reproductive system includes sacral colpopexy, sectio caesarea, oophorectomy,
hysterectomy, sterilization, excision ovarial cyst
&
Male reproductive system includes (partial) prostatectomy and TURP
+
Lower urinary tract includes TURB
~
Gastrointestinal includes TEM, LAR, perianal abscess
@
patients with a prior hysterectomy were excluded
+
patients with a prior hysterectomy or hysterectomy during operation were excluded

59

Chapter 4

Absolute displacement
Urinary function
Before APR, 30% (27/89) of male patients completed the EORTC QLQ-CR29 questionnaire.
Mean score of the domain urinary frequency was 32.1 ±24.9, of urinary incontinence 2.4
±8.9 and of dysuria 3.7 ±10.7 (Supplementary Table 6). This questionnaire was completed
in 25% (9/36) of female patients, and corresponding mean scores were 22.2 ±27.6, 11.1
±16.7 and 0.0 ±0.0.

The absolute displacement of the internal urethral orifice was not correlated with UDI-6
in both genders (ρ=0.119, P=0.26 in men vs. ρ=-0.098, P=0.60 in women), even when
examining the domain obstructive only (ρ=-0.019, P=0.87 in men vs. ρ=0.031, P=0.87 in
women). Similarly, the IIQ-7 was not correlated with this landmark in men nor in women
(ρ=0.149, P=0.18 vs. ρ=-0.099, P=0.60, respectively).

Considering the posterior bladder wall, no correlation with UDI-6 was found in both
genders (ρ=0.022, P=0.84 in men vs. ρ=-0.154, P=0.39 in women). Regarding the domain
obstructive of UDI-6, no correlation was found (ρ=-0.065, P=0.56 in men vs. ρ=-0.170,
P=0.34 in women). Similarly, this landmark was not correlated to IIQ-7 (ρ=0.032, P=0.77
in men vs. ρ=-0.142, P=0.43 in women). The Spearman’s Rho analyses are presented in
Table 2 and the Scatterplots are illustrated in Figure 2a-2f.

In women with minimal and substantial displacement of the internal urethral orifice,
median UDI-6 scores were 25 (IQR 10-46) and 21 (IQR 16-36), respectively (P=0.83).
Corresponding scores in men were 10 (IQR 0-22) and 17 (IQR 5-21) (P=0.33). Similar
outcomes were found regarding the landmark posterior bladder wall (Table 3).
Sexual function
Before APR, mean sexual interest scores were 71.6 ±28.8 in male and 91.7 ±15.4 in female
patients. Mean impotence score was 29.2 ±33.1 and mean dyspareunia score was 0.0
±0.0 (Supplementary Table 6).
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At time the postoperative questionnaire was completed, 52% (45/87) of male and 59%
(19/32) of female patients were sexually active (P=0.46), and 31% (26/85) and 46% (13/28)
engaged in intercourse, respectively. There was no difference in the proportion of women
having intercourse between those with minimal (5/12) and substantial displacement
(7/12; P=0.32).

The absolute displacement of the distal end of the prostatic urethra was not correlated
with IIEF (ρ=0.128, P=0.54). There was a correlation between absolute displacement
of the cervix and FSFI (ρ=0.450, P=0.22), and also regarding the domain pain (ρ=0.390,
P=0.21). The absolute displacement of the cervix was not correlated with FSDS-R
(ρ=0.183, P=0.61). Table 2 presents the Spearman’s Rho analyses and scatterplots are
illustrated in Figure 3a-3d.

In women, median FSDS-R scores were higher, implying more sexual dysfunction, for
substantial displacement of the cervix (12 (IQR 1-45) and 23 (IQR 2-35); P=0.83). Contrary
outcomes were found when using FSFI to examine the extent of sexual dysfunction (14
(IQR 13-n.a.) vs. 19 (IQR 14-27); P=0.44). Also in men, median IIEF scores were higher,
indicating less sexual dysfunction, for substantial displacement of the distal end of the
prostatic urethra (41 (IQR 30-58) vs. 37 (IQR 29-61); P=0.87) (Table 3).
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Landmark

Internal urethra orifice

Internal urethra orifice

Internal urethra orifice

Internal urethra orifice

Internal urethra orifice

Internal urethra orifice

Posterior bladder wall

Posterior bladder wall

Posterior bladder wall

Posterior bladder wall

Posterior bladder wall

Posterior bladder wall

Distal end of prostatic urethra

Cervix/top of vagina

Cervix/top of vagina

Cervix/top of vagina

Gender

♀

♀

♀

♂

♂

♂

♀

♀

♀

♂

♂

♂

♂

♀

♀

♀

FSDS-R

FSFI

FSFI

IIEF

IIQ-7

UDI-6

UDI-6

IIQ-7

UDI-6

UDI-6

IIQ-7

UDI-6

UDI-6

IIQ-7

UDI-6

UDI-6

Questionnaire

Domain pain

Obstructive domain

Obstructive domain

Obstructive domain

Obstructive domain

Selection

10

12

9

25

84

83

82

33

33

33

84

83

82

30

31

31

n

Table 2. Spearman correlation between the absolute displacement of the landmark and functional score

0.183

0.390

0.450

0.128

0.032

-0.065

0.022

-0.142

-0.170

-0.154

0.149

-0.019

0.119

-0.099

0.031

-0.098

ρ

0.61

0.21

0.22

0.54

0.77

0.56

0.84

0.43

0.34

0.39

0.18

0.86

0.29

0.60

0.87

0.60

P-value
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Figures 2a-2f. Scatterplots. Correlation of the absolute displacement in millimeters of the internal
urethral orifice and posterior bladder wall with UDI-6 total score, UDI-6 domain pain and IIQ-7
total score
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64

Internal urethral orifice

Internal urethral orifice

Internal urethral orifice

Internal urethral orifice

Internal urethral orifice

Posterior bladder wall

Posterior bladder wall

Posterior bladder wall

Posterior bladder wall

Posterior bladder wall

Posterior bladder wall

Distal end of prostatic
IIEF
urethra

Cervix/top of vagina

Cervix/top of vagina

Cervix/top of vagina

♂

♂

♀

♀

♀

♂

♂

♂

♀

♀

♀

♂

♀

♀

♀

Domain pain

Domain obstructive

Domain obstructive

Domain obstructive

Domain obstructive

4

5

3

14

17

17

17

42

40

39

16

17

17

39

39

38

n

12 (1-45)

1 (1-2)

14 (13-n.a.)

41 (30-58)

10 (0-31)

25 (6-38)

25 (10-44)

0 (0-29)

13 (0-25)

13 (4-25)

7 (0-32)

25 (0-38)

25 (10-46)

0 (0-10)

13 (0-25)

10 (0-22)

Median score (IQR)

Minimal displacement

6

7

6

11

16

16

16

42

43

43

14

14

14

45

44

44

n

23 (2-35)

1 (1-4)

19 (14-27)

37 (29-61)

14 (0-33)

13 (0-38)

21 (14-32)

0 (0-5)

13 (0-13)

17 (4-21)

14 (0-35)

19 (9-38)

21 (16-36)

0 (0-14)

13 (0-25)

17 (5-21)

Median score (IQR)

Substantial displacement

0.83

0.65

0.44

0.87

0.91

0.42

0.50

0.55

0.63

0.96

0.73

0.78

0.83

0.52

0.94

0.33

P-value

UDI-6 = Urogenital Distress Inventory short form; IIQ-7 = Incontinence Impact Questionnaire short form; IIEF = International Index of Erectile Function;
FSFI = Female Sexual Function Index (converted); FSDS-R = Female Sexual Distress Scale - Revised

FSDS-R

FSFI

FSFI

IIQ-7

UDI-6

UDI-6

IIQ-7

UDI-6

UDI-6

IIQ-7

UDI-6

UDI-6

IIQ-7

UDI-6

UDI-6

Internal urethral orifice

♂

Selection

Questionnaire

Landmark

Gender

Table 3. Mann Whitney-U test comparing subgroups divided by median split
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Figures 3a-3d. Scatterplots. Correlation of the absolute displacement in millimeters of the distal
end of the prostatic urethra with IIEF total score. Correlation of the absolute displacement in millimeters of the cervix / top of vagina with FSFI total score, FSFI domain pain and FSDS-R total score

4

Rotation
The Spearman’s Rho of the correlation between the rotation of the different anatomical
landmarks and urogenital questionnaires is presented in Supplementary Table 7 and
illustrated in Scatterplots in Supplementary Figures 2a-2f and 3a-3d.

DISCUSSION
Wide variety in caudo-dorsal displacement of the bladder and internal genital organs
with upper limits of almost ten centimeter were observed after APR, and based on
clinical observations in routine daily practice, patients might have related functional
complaints (e.g. overflow incontinence, no vaginal penetration possible). However, we
were not able to correlate the degree of urethral and bladder displacement with scores
of validated urinary questionnaires in male and female patients. Findings supporting our
hypothesis were correlations between absolute displacement of the cervix and overall
FSFI score (ρ=0.450) and domain pain of FSFI (ρ=0.390). Furthermore, median FSDS-R
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score in women with substantial displacement of the cervix was eleven points higher if
compared to minimal displacement, which was higher than the MCID of six.

The IIQ-7 questionnaire focusses on the consequences of urinary leakage for daily
life, whereas the UDI-6 questionnaire focusses more specifically on different types of
urinary complaints. We hypothesized that caudo-dorsal displacement of the bladder after
removal of the rectum with a concomitant risk of autonomic nerve injury could result
in bladder emptying difficulties and this might be reflected by the domain obstructive.
However, when analyzing this domain separately, no correlation with displacement of the
bladder was found. This might be explained by only one (question 5) of the two questions
of this domain being relevant.

In our previous study we observed, in contrast to what we expected, substantial
displacement of the landmark distal end of the prostatic urethra.3 In addition, this
landmark is anatomically closely related to the prostate, seminal vesicles and base of
the corpus cavernosum. Therefore, the distal end of the prostatic urethra was correlated
to the sexual function using the IIEF questionnaire. This questionnaire was designed
to examine the effectiveness of sildenafil on erectile function and focused on sexual
intercourse.10 Therefore, this questionnaire reflects the answer ‘’no sexual activity’’ as
poor sexual function. We excluded patients who reported to have no sexual activity,
since the reason for ‘’no sexual activity’’ is unclear, e.g. not having a partner or already
not being sexually active before APR. Also, patients may have lost interest in sex and are
therefore not sexually active, which does not directly imply that they have poor sexual
function. Furthermore, the magnitude of displacement might reflect the extent of the
surgical resection. A larger resection might cause more autonomic nerve damage, which
is related to erectile function and could have influenced our results.

The FSDS-R questionnaire measures the extent to which women experience personal
distress about their sexual problems in daily life, whereas the FSFI questionnaire
focused on specific aspects of sexual dysfunction. Comparable to the IIEF in men, the
FSFI reflects ‘’no sexual activity’’ as poor sexual function, and therefore we excluded
these patients. Displacement of the cervix may represent angulation of the vagina,
after which intercourse might be painful or even no longer possible. Therefore, we

66

Exploring the impact of urogenital organ displacement

examined the domain pain of FSFI separately. A correlation was found, however not
statistically significant, probably due to very low number of patients. Regarding FSDS-R,
an MCID was reached when the displacement was divided into minimal and substantial
displacement, substantial displacement resulted in more sexual dysfunction . Therefore,
the FSDS-R questionnaire might be more appropriate for this patient group, since the
FSFI questionnaire focused on being sexually active and intercourse.

Several studies investigated the urogenital function after rectal surgery.1, 12-14 So far, these
studies did not examine the correlation between urogenital function and the magnitude
of displacement of urogenital organs. One study investigated the urogenital function after
APR for rectal cancer, however this study did not use validated questionnaires.1 Therefore
we cannot compare our scores. Another study used the FSFI questionnaire in patients
who underwent APR for squamous cell carcinoma of the anus. However, the difference
in patient group makes it difficult to compare our results.15 Regarding the number of
sexually active patients, we found a lower rate compared to the aforementioned study
(76% vs. 59%). This difference could be explained by the fact that they only included
patients who were sexually active before APR, whereas these data were unavailable in
our study.

An important limitation of this study is the retrospective design. Therefore we could not
assess the difference between urogenital function pre- and postoperatively. In addition,
the questionnaires were not designed for this patient group since the reason for sexual
inactivity was not addressed. Sexual function is a confidential topic which is represented
in the low response rate causing selection bias. The relatively small number of patients
in analyses of specific domains of the questionnaires makes it difficult to draw firm
conclusions. Furthermore, the sexual condition of the partner was not taken into account
in the questionnaires. Regarding the correlation with the displacement, the radiological
scans were performed in supine position without active pressure, while patients mainly
experience urogenital dysfunction in standing position and with straining. Literature
reveals that upright MRI scanning and straining both show a larger extent of prolapse.16, 17

Regarding the clinical implications, this study creates awareness to inform patients
decently in advance and that attention should be paid to possible changes in urogenital
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function. Future studies might focus on the development of more specific questionnaires
for this patient cohort.

CONCLUSION
This study examined the use of validated questionnaires to objectify the functional
impact of displacement of urogenital organs after APR for rectal cancer. We could not
demonstrate a correlation between the degree of urethral and bladder displacement
and the scores of relevant urinary questionnaires in male and female patients. In
female patients, the degree of cervix displacement and the scores of relevant sexual
questionnaires seemed to be correlated, whereas urogenital displacement and sexual
function were not correlated in men. These findings need to be validated.
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SUPPLEMENTARY MATERIALS
Supplementary Figure 1. Anatomical reference lines used for comparing location of anatomical
landmarks between pre- and postoperative images in men (left) and women (right). Coordinate
system for measuring absolute displacement: Y-axis (blue line) between anterior inferior border
of fifth lumbar vertebra (L5) and posterior inferior border of the pubic bone (PB), and X-axis (red
line) from the anterior inferior border of the fifth sacral vertebra (S5) and perpendicular to the
Y-axis. Reference line between posterior inferior border of the pubic bone and anterior inferior
border of the fifth sacral vertebra (white) for measuring rotation of the anatomical landmarks.
Anatomical landmarks for both genders are internal urethral orifice (IUO) and posterior bladder
wall (PBW). Additional landmarks are the distal end of the prostatic urethra (DPU) in men, and
the cervix or top of vagina (C) in women

4
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Supplementary Figures 2a-2f. Scatterplots. Correlation of the rotation in degrees of the internal
urethral orifice and posterior bladder wall with UDI-6 total score, UDI-6 domain pain and IIQ-7
total score
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Supplementary Figures 3a-3d. Scatterplots. Correlation of the rotation in degrees of the distal
end of the prostatic urethra with IIEF total score. Correlation of the rotation in degrees of the
cervix / top of vagina with FSFI total score, FSFI domain pain and FSDS-R total score

4

Supplementary Table 1. Urogenital Distress Inventory (UDI-6)
Do you experience? If so how much are you bothered by:
Not at all A little bit Moderately Greatly
1. Frequent urination?

0

1

2

3

2.

Urine leakage related to the feeling of
0
urgency?

1

2

3

3.

Urine leakage related to physical activity,
0
coughing or sneezing (that it drops)?

1

2

3

4.

Small amounts of urine leakage (that it
0
drops)?

1

2

3

0

1

2

3

Pain or discomfort in the lower abdominal
0
or genital area?

1

2

3

5. Difficulty emptying your bladder?
6.
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Supplementary Table 2. Incontinence Impact Questionnaire – Short Form IIQ-7
Some people find that accidental urine loss may affect their activities, relationships, and
feelings. The questions below refer to areas in your life that may have been influenced
or changed by your problem. For each question, circle the response that best describes
how much your activities, relationships, and feelings are being affected by urine leakage.
Has urine leakage affected your:
Not at all

Slightly

Moderately Greatly

1.

Ability to do household chores (cooking,
housecleaning, laundry)?

0

1

2

3

2.

Physical recreation such as walking,
swimming or other exercise?

0

1

2

3

3.

Entertainment activities (movies,
concerts, etc.)?

0

1

2

3

4.

Ability to travel by car or bus more than
30 minutes from home?

0

1

2

3

5.

Participation in social activities outside
your home?

0

1

2

3

6.

Emotional health (nervousness,
depression, etc.)?

0

1

2

3

7.

Feeling frustrated?

0

1

2

3

Supplementary Table 3. International Index of Erectile Function (IIEF)
These questions ask about the effects that your erection problems have had on your sex
life over the last four weeks. Please try to answer the questions as honestly and as clearly
as you are able. In answering the questions, the following definitions apply:
•
•
•
•
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Sexual activity includes intercourse, caressing, foreplay and masturbation
Sexual intercourse is defined as sexual penetration of your partner
Sexual stimulation is the ejection of semen from the penis (or the feeling of this)
Orgasm is the fulfilment or climax following sexual stimulation or intercourse
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Over the past 4 weeks: please check one box
1. How often were you able to get an erection during sexual activity?
□ No sexual activity
□ Almost never or never
□ A few times (less than half the time)
□ Sometimes (about half the time)
□ Most times (more than half the time)
□ Almost always or always
2. When you had erections with sexual stimulation, how often were your erections
hard enough for penetration?
□ No sexual activity
□ Almost never or never
□ A few times (less than half the time)
□ Sometimes (about half the time)
□ Most times (more than half the time)
□ Almost always or always
3. When you attempted intercourse, how often were you able to penetrate (enter)
your partner?
□ Did not attempt intercourse
□ Almost never or never
□ A few times (less than half the time)
□ Sometimes (about half the time)
□ Most times (more than half the time)
□ Almost always or always
4. During sexual intercourse, how often were you able to maintain your erection after
you had penetrated (entered) your partner?
□ Did not attempt intercourse
□ Almost never or never
□ A few times (less than half the time)
□ Sometimes (about half the time)
□ Most times (more than half the time)
□ Almost always or always
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5. During sexual intercourse, how difficult was it to maintain your erection to
completion of intercourse?
□ Did not attempt intercourse
□ Extremely difficult
□ Very difficult
□ Difficult
□ Slightly difficult
□ Not difficult
6. How many times have you attempted sexual intercourse?
□ No attempts
□ One to two attempts
□ Three to four attempts
□ Five to six attempts
□ Seven to ten attempts
□ Eleven or more attempts
7. When you attempted sexual intercourse, how often was it satisfactory for you?
□ Did not attempt intercourse
□ Almost never or never
□ A few times (less than half the time)
□ Sometimes (about half the time)
□ Most times (more than half the time)
□ Almost always or always
8. How much have you enjoyed sexual intercourse?
□ No intercourse
□ No enjoyment at all
□ Not very enjoyable
□ Fairly enjoyable
□ Highly enjoyable
□ Very highly enjoyable
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9. When you had sexual stimulation or intercourse, how often did you ejaculate?
□ Did not attempt intercourse
□ Almost never or never
□ A few times (less than half the time)
□ Sometimes (about half the time)
□ Most times (more than half the time)
□ Almost always or always
10. When you had sexual stimulation or intercourse, how often did you have the feeling
of orgasm or climax?
□ Almost never or never
□ A few times (less than half the time)
□ Sometimes (about half the time)
□ Most times (more than half the time)
□ Almost always or always
11. How often have you felt sexual desire?
□ Almost never or never
□ A few times (less than half the time)
□ Sometimes (about half the time)
□ Most times (more than half the time)
□ Almost always or always
12. How would you rate your level of sexual desire?
□ Very low or none at all
□ Low
□ Moderate
□ High
□ Very high
13. How satisfied have you been with your overall sex life?
□ Very dissatisfied
□ Moderately dissatisfied
□ Equally satisfied and dissatisfied
□ Moderately satisfied
□ Very satisfied
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14. How satisfied have you been with your sexual relationship with your partner?
□ Very dissatisfied
□ Moderately dissatisfied
□ Equally satisfied and dissatisfied
□ Moderately satisfied
□ Very satisfied
15. How do you rate your confidence that you could get and keep an erection?
□ Very low
□ Low
□ Moderate
□ High
□ Very high
Supplementary Table 4. Female Sexual Function Index (FSFI)
Instructions: These questions ask about your sexual feelings and responses during the
past 4 weeks. Please answer the following questions as honestly and clearly as possible.
Your responses will be kept completely confidential. In answering these questions the
following definitions apply:
•
•
•

Sexual activity can include caressing, foreplay, masturbation and vaginal intercourse.
Sexual intercourse is defined as penile penetration (entry) of the vagina.
Sexual stimulation includes situations like foreplay with a partner, self-stimulation
(masturbation), or sexual fantasy.

Check only one box per question.
Sexual desire or interest is a feeling that includes wanting to have a sexual experience,
feeling receptive to a partner’s sexual initiation, and thinking or fantasizing about having
sex.

78

Exploring the impact of urogenital organ displacement

1. Over the past 4 weeks, how often did you feel sexual desire or interest?
□ Almost always or always
□ Most times (more than half the time)
□ Sometimes (about half the time)
□ A few times (less than half the time)
□ Almost never or never
2. Over the past 4 weeks, how would you rate your level (degree) of sexual desire or
interest?
□ Very high
□ High
□ Moderate
□ Low
□ Very low or none at all
Sexual arousal is a feeling that includes both physical and mental aspect of sexual
excitement. It may include feelings of warmth or tingling in the genitals, lubrication
(wetness), or muscle contractions.
3. Over the past 4 weeks, how often did you feel sexually aroused (‘’turned on’’) during
sexual activity or intercourse?
□ No sexual activity
□ Almost always or always
□ Most times (more than half the time)
□ Sometimes (about half the time)
□ A few times (less than half the time)
4. Over the past 4 weeks, how would you rate your level of sexual arousal (‘’turn on’’)
during sexual activity or intercourse?
□ No sexual activity
□ Very high
□ High
□ Moderate
□ Low
□ Very low or none at all
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5. Over the past 4 weeks, how confident were you about becoming sexually aroused
during sexual activity or intercourse?
□ No sexual activity
□ Very high confidence
□ High confidence
□ Moderate confidence
□ Low confidence
□ Very low confidence
6. Over the past 4 weeks, how often have you been satisfied with your arousal
(excitement) during sexual activity or intercourse?
□ No sexual activity
□ Almost always or always
□ Most times (more than half the time)
□ Sometimes (about half the time)
□ A few times (less than half the time)
□ Almost never or never
7. Over the past 4 weeks, how often did you become lubricated (‘’wet’’) during sexual
activity or intercourse?
□ No sexual activity
□ Almost always or always
□ Most times (more than half the time)
□ Sometimes (about half the time)
□ A few times (less than half the time)
8. Over the past 4 weeks, how difficult was it to become lubricated (‘’wet’’) during
sexual activity or intercourse?
□ No sexual activity
□ Extremely difficult or impossible
□ Very difficult
□ Difficult
□ Slightly difficult
□ Not difficult
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9. Over the past 4 weeks, how often did you maintain your lubrication (‘’wetness’’)
until completion of sexual activity or intercourse?
□ No sexual activity
□ Almost always or always
□ Most times (more than half the time)
□ Sometimes (about half the time)
□ A few times (less than half the time)
□ Almost never or never
10. Over the past 4 weeks, how difficult was it to maintain your lubrication (‘’wetness’’)
until completion of sexual activity or intercourse?
□ No sexual activity
□ Extremely difficult or impossible
□ Very difficult
□ Difficult
□ Slightly difficult
□ Not difficult
11. Over the past 4 weeks, when you had sexual stimulation or intercourse, how often
did you reach orgasm (climax)?
□ No sexual activity
□ Almost always or always
□ Most times (more than half the time)
□ Sometimes (about half the time)
□ A few times (less than half the time)
□ Almost never or never
12. Over the past 4 weeks, when you had sexual stimulation or intercourse, how difficult
was it for you to reach orgasm (climax)?
□ No sexual activity
□ Extremely difficult or impossible
□ Very difficult
□ Difficult
□ Slightly difficult
□ Not difficult
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13. Over the past 4 weeks, how satisfied were you with your ability to reach orgasm
(climax) during sexual activity or intercourse?
□ No sexual activity
□ Very satisfied
□ Moderately satisfied
□ About equally satisfied an dissatisfied
□ Moderately dissatisfied
□ Very dissatisfied
14. Over the past 4 weeks, how satisfied have you been with the amount of emotional
closeness during sexual activity between you and your partner?
□ No sexual activity
□ Very satisfied
□ Moderately satisfied
□ About equally satisfied and dissatisfied
□ Moderately dissatisfied
□ Very dissatisfied
15. Over the past 4 weeks, how satisfied have you been with your sexual relationship
with your partner?
□ Very satisfied
□ Moderately satisfied
□ About equally satisfied and dissatisfied
□ Moderately dissatisfied
□ Very dissatisfied
16. Over the past 4 weeks, how satisfied have you been with your overall sexual life?
□ Very satisfied
□ Moderately satisfied
□ About equally satisfied and dissatisfied
□ Moderately dissatisfied
□ Very dissatisfied
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17. Over the past 4 weeks, how often did you experience discomfort or pain during
vaginal penetration?
□ Did not attempt intercourse
□ Almost always or always
□ Most times (more than half the time)
□ Sometimes (about half the time)
□ A few times (less than half the time)
□ Almost never or never
18. Over the past 4 weeks, how often did you experience discomfort or pain following
vaginal penetration?
□ Did not attempt intercourse
□ Almost always or always
□ Most times (more than half the time)
□ Sometimes (about half the time)
□ A few times (less than half the time)
□ Almost never or never
19. Over the past 4 weeks, how would you rate your level (degree) of discomfort or pain
during or following vaginal penetration?
□ Did not attempt intercourse
□ Very high
□ High
□ Moderate
□ Low
□ Very low or none at all
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Supplementary Table 5. Female Sexual Distress Scale

Below is a list of feelings and problems that women sometimes have concerning their
sexuality. Please read each item carefully, and circle the number that best describes
how often that problem has bothered you or caused you distress during the past 30
days including today.

Circle only one number for each item, and take care not to skip any items. If you change
your mind, erase your first circle carefully. Read the example before beginning, and if
you have any questions please ask about them.

Example: How often did you feel: Personal responsibility for your sexual problems.
Never

Rarely

Occasionally

Frequently

Always

0

1

2

3

4

How often did you feel:
1.

Distressed about your sex life

0

1

2

3

4

2.

Unhappy about your sexual relationship

0

1

2

3

4

3.

Guilty about sexual difficulties

0

1

2

3

4

4.

Frustrated by your sexual problems

0

1

2

3

4

5.

Stressed about sex

0

1

2

3

4

6.

Inferior because of sexual problems

0

1

2

3

4

7.

Worried about sex

0

1

2

3

4

8.

Sexually inadequate

0

1

2

3

4

9.

Regrets about your sexuality

0

1

2

3

4

10. Embarrassed about sexual problems

0

1

2

3

4

11. Dissatisfied with your sex life

0

1

2

3

4

12. Angry about your sex life

0

1

2

3

4

13. Bothered by low sexual desire

0

1

2

3

4
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Supplementary Table 6. Baseline urogenital function using The European Organization for
Research and Treatment for Cancer Quality of Life Questionnaire Colorectal cancer (EORTC QLQCR29)
Domain

♂ Score (mean SD)

♀ Score (mean SD)

Urinary frequency

32.1 ±24.9

22.2 ±27.6

Urinary incontinence

2.4 ±8.9

11.1 ±16.7

Dysuria

3.7 ±10.7

0.0 ±0.0

Sexual interest

71.6 ±28.8

91.7 ±15.4

Impotence

29.2 ±33.1

Not applicable

Dyspareunia

Not applicable

0.0 ±0.0

Urinary function

Sexual function

4
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86

Internal urethral orifice

Internal urethral orifice

Internal urethral orifice

Internal urethral orifice

Internal urethral orifice

Internal urethral orifice

Posterior bladder wall

Posterior bladder wall

Posterior bladder wall

Posterior bladder wall

Posterior bladder wall

Posterior bladder wall

Distal end of prostatic urethra

Cervix/top of vagina

Cervix/top of vagina

Cervix/top of vagina

♂

♂

♂

♀

♀

♀

♂

♂

♂

♀

♀

♀

♂

♀

♀

♀
FSDS-R

FSFI

FSFI

IIEF

IIQ-7

UDI-6

UDI-6

IIQ-7

UDI-6

UDI-6

IIQ-7

UDI-6

UDI-6

IIQ-7

UDI-6

UDI-6

Questionnaire

Domain pain

Domain obstructive

Domain obstructive

Domain obstructive

Domain obstructive

Selection

10

12

9

25

33

33

33

84

83

82

30

31

31

84

83

82

n

0.293

0.250

0.467

0.070

-0.184

-0.269

-0.163

0.039

-0.011

0.040

-0.017

-0.046

-0.068

0.092

0.070

0.088

ρ

0.41

0.43

0.21

0.74

0.30

0.13

0.36

0.72

0.92

0.72

0.93

0.81

0.72

0.40

0.53

0.43

P-value

UDI-6 = Urogenital Distress Inventory short form; IIQ-7 = Incontinence Impact Questionnaire short form; IIEF = International Index of Erectile Function;
FSFI = Female Sexual Function Index (converted); FSDS-R = Female Sexual Distress Scale - Revised

Landmark

Gender

Supplementary Table 7. Spearman correlation between the angle rotation of the landmark and functional score
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ABSTRACT
Purpose
This study was designed to examine the impact of an omentoplasty and its quality on
pelviperineal morbidity after abdominoperineal resection (APR) for rectal cancer.
Methods
This was a retrospective single-center study of consecutive patients undergoing APR for
primary or recurrent rectal cancer between 2000 and 2018. Quality of omentoplasty
was categorised (sufficient vs insufficient) based on postoperative CT scans. Main study
endpoints were perineal wound healing and perineal hernia.
Results
This study included 100 patients: 16 with a sufficient omentoplasty, 16 with an insufficient
omentoplasty, and 68 without omentoplasty. Rate of pelviperineal complications within
30 days was 44%, 69% and 64% (P = 0.283), and delayed wound healing at 3 months was
19%, 54% and 27%, respectively (P = 0.109). Sufficient omentoplasty was not significantly
associated with less delayed healing in multivariable analysis (OR 0.597; 95% CI 0.149–
2.397). An insufficient omentoplasty demonstrated significantly higher rates of delayed
healing at 6 months (46% vs 14%; P = 0.016) and chronic perineal sinus at 12 months
(31% vs 3%; P = 0.008) compared with no omentoplasty.
Conclusion
This relatively small series suggest that even a sufficient omentoplasty, as determined
by postoperative imaging, does not reduce pelviperineal morbidity after APR for rectal
cancer. The methodology of CT-based assessment of an omentoplasty as well as the
correlation with postoperative outcomes has to be validated in future studies.
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INTRODUCTION
The treatment for distal rectal cancer may require an abdominoperineal resection
(APR). The creation of a dead space at the site of the excised rectum and anal sphincter
complex after APR commonly results in perineal infection, breakdown and delayed wound
healing.1,2 Patients having preoperative radiotherapy and requiring a wider excision
due to locally advanced disease are at increased risk of suffering from perineal wound
complications.3-5

Omentoplasty (OP) has been advocated to reduce the frequency of perineal wound
problems and prevent the small bowel from entering into the narrow pelvis with a risk
of getting trapped.6 However, application of OP is currently highly debated as there is
increasing evidence to suggest that OP does not affect the occurrence of pelviperineal
wound complications after APR for rectal cancer.7, 8 Moreover, there seems a similar
need for operative management of small bowel obstruction and even an increased risk
of perineal herniation in patients who have had OP.9

Inefficacy of OP might be related to quality as defined by insufficient length or insufficient
bulk to ensure adequate obliteration of the pelvic resection space. But this hypothesis
has never been tested. The best method for assessing the quality of surgery seems by
means of postoperative radiological evaluation, rather than intraoperative judgement
of the surgeon.10

The purpose of this study therefore was to check the sufficiency of OP based on
postoperative radiological imaging and to evaluate its implications for pelviperineal
wound complications and related morbidity.
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METHODS
Patients and design
All APR patients for primary or recurrent rectal cancer at a single institution between
2010 and 2018 were identified. Exclusion criteria were other underlying disease, total
pelvic exenteration, perineal closure using a muscle flap (because of the inability to
determine the quality of pelvic filling by OP) and no evaluable radiological imaging post
APR.

Patient data were extracted via electronic and handwritten medical records and included
baseline characteristics, operative details, early and late surgical complications and
related readmission and reintervention. To ensure sufficient follow-up, all complications
were recorded for 18 months after surgery, except for perineal hernia status and related
reoperation, which were recorded for 5 years after surgery. Patients were divided into
three groups (sufficient OP, insufficient OP, and no OP), based on the operative reports
and assessment of the postoperative CT scans.

The study was sponsored by the Oxford University Hospitals NHS Foundation Trust,
and received approval of the local Institutional Review Board (Cambridge East Research
Ethics Committee). Patients were studied as part of a retrospective surgical audit and
written informed consent was not required. The study was reported according to
the Strengthening the Reporting of Observational studies in Epidemiology (STROBE)
guidelines.11

Outcome measures
The primary endpoint was delayed wound healing at 3 months after surgery, defined as
any complicated perineal wound healing present beyond 3 months. Secondary endpoints
were percentage of patients with one or more pelviperineal complications within 30 days,
rate of delayed healing at 6 months, chronic perineal sinus at 1 year, overall and specific
pelviperineal complications until end of follow-up, perineal herniation (clinical diagnosis
with radiological confirmation), small bowel obstruction at the level of the pelvis (not
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based on recurrent cancer), OP-related complications, and overall and specific need
for related readmission and reintervention (including medical, radiological and surgical
interventions).

Radiological assessment
Routine oncological follow-up included a pelvic CT scan 1 year after APR. These scans
were reviewed for the quality of the OP and the presence of a perineal hernia as well as
its content. The quality of the OP was recorded as sufficient when the omental pedicle
reached fully onto the pelvic wound bed (i.e. sufficient length) and provided sufficient
volume to fully fill the pelvic cavity with absence of small bowel in the lower pelvis (Fig.
1a). The quality was recorded as insufficient when there was either insufficient length
(Fig. 1b) or insufficient volume with interposition of small bowel in the pelvis (Fig. 1c).
Radiologically, perineal herniation was defined as visceral descent below the perineal
body line (Fig. 2).12 All scans were reviewed by a specialist radiologist (CGF) and one of
two authors (RDB or SSH). Any disagreement was resolved through consensus discussion
with a fourth author (PJT).
Figure 1. Mid-sagittal CT images of the pelvis of three male patients 1 year after abdominoperineal
resection for rectal cancer. a The omentoplasty has sufficient length and volume to fill the pelvic
resection space, and supports the bladder and prostate without interposition of small bowel. b The
omentoplasty has insufficient length to reach onto the pelvic wound bed. c The omentoplasty has
adequate length, but insufficient volume to fill the pelvic resection space with clear interposition
of small bowel in the pelvis
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Figure 2. Mid-sagittal CT images of two patients 1 year after abdominoperineal resection. a
Male patient with omentoplasty in anatomical position and no herniation below the line drawn
between the perineal body (arrow) and the coccyx. b Female patient with a large omental hernia

Statistics
Categorical data were compared using the Fischer’s exact test, and numerical data
with the one-way ANOVA and Kruskal-Wallis test, according to distribution. Multiple
logistic regression with stepwise backward selection was used to account for potential
confounding. Covariates were selected on a theoretical basis with a maximum of
independent variables that the data allowed for. The Kaplan-Meier method was used
to describe small bowel obstruction according to the use and quality of OP, and Cox
regression was used to relate several predictors to the development of perineal hernia
over time. Cases with missing values were not included in the analyses. The significance
threshold was set at P value < 0.05. All analyses were performed using IBM SPSS statistics,
version 25.0.0 (IBM Corporation, Armonk, NY, USA.

RESULTS
Patient characteristics
Between January 2010 and July 2018, a total of 119 consecutive patients underwent
APR at the Oxford University Hospitals. After exclusion of duplicate records (n = 1), other
underlying disease (n = 2), total pelvic exenteration (n = 8) and muscle flap closure (n = 8),
100 patients were included in the analyses. Median time to pelvic imaging in patients
who underwent OP was 11 months postoperatively (IQR 7–12). Radiological assessment
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qualified 16 patients as having a sufficient OP and 16 as having an insufficient OP, and
the remaining 68 patients did not undergo OP.

Baseline characteristics are demonstrated in Table 1, and stratified by presence and
quality of OP. Mean age of the cohort was 66 years (± 13). The included patients were
predominantly male (70%). Preoperative radiotherapy was given in 81 to 87% (P = 0.907)
and adjuvant chemotherapy in 31 to 43% (P = 0.800) among the three patient groups.
A history of hysterectomy was more common in the insufficient OP group (P = 0.025).
Surgical details are described in Table 2. There were no substantial differences, except
for fewer coccygectomy (P = 0.133) and posterior vaginectomy (P = 0.088) in patients
without OP. The amount of levator resection and method of perineal wound closure
were well balanced between the three groups (Table 2).
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Clinical tumor stage

1/16 (6)
4/16 (25)
10/16 (63)
1/16 (6)

Stage II

Stage III

Stage IV

3/16 (19)

Recurrent rectal cancer

Stage I

13/16 (81)

Primary rectal cancer

0/16 (0)

Hysterectomy

Primary disease

5/16 (31)

Total

Prior pelvic surgery

5/16 (31)

Vascular disease

Total

1/16 (6)
3/16 (19)

Diabetes mellitus

0/16 (0)

Cessation smoking <10 years

Prior abdominal surgery

Comorbidities

3/16 (19)

2/16 (13)

ASA III

Active smoker

12/16 (75)

ASA II

Smoking status

2/16 (13)

ASA I

ASA-classification

9/16 (56)

>65 years
26 ± 3

67 ± 11

Years (mean ± SD)

Age

Kg/m2 (mean ± SD)

12/16 (75)

Male

Gender

BMI

Sufficient
omentoplasty
(n=16)

Variable

Table 1. Baseline characteristics

1/12 (8)

5/12 (42)

2/12 (17)

4/12 (33)

4/16 (25)

12/16 (75)

4/16 (25)

8/15 (53)

10/15 (67)

4/15 (27)

3/16 (19)

3/15 (20)

3/15 (20)

4/15 (27)

10/15 (67)

1/15 (7)

29 ± 6

11/16 (69)

66 ± 7

8/16 (50)

Insufficient
omentoplasty
(n=16)

2/58 (3)

20/58 (35)

20/58 (35)

16/58 (28)

11/68 (16)

57/68 (84)

3/68 (4)

19/68 (28)

28/68 (41)

11/66 (17)

8/67 (12)

11/64 (17)

7/64 (11)

15/67 (22)

47/67 (70)

5/67 (8)

28 ± 5

39/68 (57)

65 ± 15

50/68 (74)

No
omentoplasty
(n=68)

0.393

0.145

0.464

0.140

0.626

0.626

0.025

0.170

0.111

0.620

0.652

0.169

0.431

0.606

0.893

0.848

0.468

0.751

0.894

0.183

P-value
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1/16 (6)
0/16 (0)
13/16 (81)

Long-course radiotherapy

Chemo-radiotherapy

18 (17-20)

ASA American Society of Anaesthesiologists physical status classification system

Months (median + IQR)

Follow-up duration

1/16 (6)

Stage IV
5/16 (31)

3/16 (19)

Stage III

Total

6/16 (38)

Stage II

Adjuvant chemotherapy

5/16 (31)

Stage I

1/16 (6)

2/16 (13)

Short-course radiotherapy

Sufficient
omentoplasty
(n=16)

None

Pathological tumor stage Complete response

Neoadjuvant therapy

Variable

Table 1. Continued

23/67 (34)
22/67 (33)
1/67 (2)
22/67 (33)
17 (13-18)

6/16 (38)
2/16 (13)
0/16 (0)
6/14 (43)
19 (17-22)

1.000

8/67 (12)
13/67 (19)

50/66 (76)

12/16 (75)
2/16 (13)

5/66 (8)

1/16 (6)

6/16 (38)

0.940

2/66 (3)

0/16 (0)

0.033

0.800

0.544

0.209

1.000

0.252

0.825

0.699

0.907

9/66 (14)

3/16 (19)

P-value

No
omentoplasty
(n=68)

Insufficient
omentoplasty
(n=16)
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Adjacent organ resection

Surgical position

Perineal approach

Abdominal approach

Type of surgery

Variable

Table 2. Operative procedures

0/16 (0)
1/16 (6)

Urinary tract

2/16 (13)

Vaginal wall

1/16 (6)

2/16 (13)

Partial prostate and/or vesicula

Pelvic sidewall

8/16 (50)

Coccyx

Uterus

12/16 (75)

6/16 (38)

Lithotomy
Total

10/16 (63)

Prone

0/14 (0)

0/14 (0)

0/14 (0)

3/14 (21)

0/14 (0)

6/14 (43)

9/14 (64)

11/16 (69)

5/16 (31)

0/1 (0)

0/1 (0)

Conversion

1/16 (6)

Transperineal minimally invasive
b

1/13 (8)

15/16 (94)

Open

12/13 (92)

3/9 (33)

0/13 (0)

Conversion

9/16 (56)

13/16 (81)

a

7/16 (44)

11/14 (79)

Laparoscopic

13/16 (81)

Extralevator APR

3/14 (21)

3/16 (19)

1/16 (6)

Conventional APR

0/14 (0)

Insufficient
omentoplasty
(n=16)

Open

2/16 (13)

Intersphincteric APR

Sufficient
omentoplasty
(n=16)

2/68 (3)

1/68 (2)

2/68 (3)

4/68 (6)

5/68 (7)

18/68 (27)

27/68 (40)

42/68 (62)

26/68 (38)

1/22 (5)

22/68 (32)

46/68 (68)

7/55 (13)

55/68 (81)

13/68 (19)

54/68 (79)

7/68 (10)

7/68 (10)

No
omentoplasty
(n=68)

0.670

0.521

1.000

0.088

0.495

0.133

0.021

0.170

0.170

1.000

0.028

0.028

0.056

0.129

0.129

1.000

0.479

0.569

P-value
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Total
Total
Total

Prolonged antibiotic continuation

V.A.C. placement

Intra-operative complication

7/13 (54)
6/14 (43)
0/13 (0)
3/14 (21)

12/16 (75)
4/16 (25)
2/16 (13)
2/16 (13)

APR abdominoperineal resection, VAC Vacuum Assisted Closure
a
Percentage from laparoscopic group, bPercentage from transperineal minimally invasive group

Total

Perineal drain

29/68 (43)

5/12 (42)
9/13 (69)

Vicryl mesh

8/16 (50)

1/12 (8)

1/16 (6)

Biomesh
13/16 (81)

6/12 (50)

7/16 (44)

Primarily

Total

7/68 (10)

1/13 (8)

0/16 (0)

Bladder

13/68 (19)

2/68 (3)

27/68 (40)

40/68 (59)

53/68 (78)

31/68 (46)

0/67 (0)

1/67 (2)

1/13 (8)

0/16 (0)

Uterus

No
omentoplasty
(n=68)

Insufficient
omentoplasty
(n=16)

Sufficient
omentoplasty
(n=16)

Pelvic drain

Perineal closure

Visceral interposition

Variable

Table 2. Continued

0.850

0.209

0.532

0.403

0.747

0.899

1.000

1.000

0.135

0.280

P-value
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Pelviperineal wound healing
Length of in-hospital stay was not significantly different between the three groups (P = 0.083)
(Supplementary Table 1). Pelviperineal wound complications within 30 days occurred in 7/16
patients (44%) following APR with sufficient OP. Corresponding numbers were 9/13 patients
(69%) and 40/63 patients (64%) following an insufficient OP and no OP, respectively (P = 0.283)
(Supplementary Table 2). Multiple logistic regression with stepwise backward selection did not
reveal any significant association between 30-day complications and use of OP (P = 0.294), nor
with preoperative radiotherapy, extralevator resection or adjacent organ resection (Table 3).

Delayed wound healing at 3 months was not significantly different between patients with a
sufficient OP (3/16 (19%)), an insufficient OP (7/13 (54%)) and no OP (18/66 (27%)) (P = 0.109).
Multiple logistic regression confirmed the absence of significant associations between the use
of OP and delayed wound healing at 3 months (P = 0.092) (Table 3). Extralevator APR was the
only independent predictor of delayed healing in the model (OR 5.275; 95% CI 1.050–26.501;
P = 0.043).

Over time, perineal wound healing was achieved significantly less often in patients that showed
an insufficient OP on postoperative radiological imaging (Supplementary Table 2). Delayed
healing at 6 months was present in 6/13 patients (46%; P = 0.004), and 4/13 patients (31%;
P = 0.007) still had a chronic perineal sinus at 12 months. Reoperation for a perineal wound
problem was also more frequent in the insufficient OP group (P = 0.038) (Supplementary Table
3). Comparison of sufficient OP and no OP showed no statistically significant differences in the
rates of delayed wound healing at 6 months (0/15 (0%) vs 9/64 (14%); P = 0.195) and chronic
perineal sinus formation at 12 months (0/14 (0%) vs 2/59 (3%); P = 1.000), respectively. The
number of events was too small to allow adjustment in a multivariable model.

Overall presence of one or more pelviperineal complications within 1 year was recorded in
9/16 patients (56%) with a sufficient OP, in 10/15 patients (67%) with an insufficient OP, and
in 46/66 patients (70%) without OP (P = 0.610). Again, the association of OP and pelviperineal
complications within 1 year remained non-significant after adjustment for potential confounding
(P = 0.595) (Table 3). Nor were there any significant associations between the three groups and
occurrence of specific perineal wound–related problems (Supplementary Table 2).
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1.294 (0.358-4.675)

NS
NS

Extralevator APR

Adjacent organ resection

NS

NS

APR abdominoperineal resection, NS non-significant
a
Entered as categorical variable including sufficient omentoplasty, insufficient omentoplasty or no omentoplasty
b
There were no significant predictors retained in the model

NS

0.043

NS

NS

Any radiotherapy

NS

−b

3.985 (0.976-16.283)

−

Insufficient omentoplasty
5.275 (1.050-26.501)

−b

−b

b

0.092
0.597 (0.149-2.397)

−b

0.870 (0.263-2.873)

0.595

P-value

Sufficient omentoplasty

0.559 (0.183-1.711)

OR (95% CI)

3.111 (0.921-10.512)

0.110

P-value

0.615 (0.157-2.415)

OR (95% CI)

Wound problem
within 1 year p.o.

−b

0.294

P-value

Unhealed perineal wound
at 3 months p.o.

Omentoplastya

Adjusted

0.447 (0.147-1.361)

Insufficient omentoplasty

OR (95% CI)

Sufficient omentoplasty

Omentoplastya

Unadjusted

Variable

Wound problem
within 30 days p.o.

Table 3. Multiple logistic regression analyses with stepwise backward selection

CT assessment of the quality of omentoplasty

5

103

Chapter 5

Perineal herniation
The median follow-up duration for assessing perineal hernia status was 33 months (IQR
16–51). A clinical diagnosis of perineal hernia was significantly more common after use
of OP, with 4/16 hernias (25%) in those with a sufficient OP and 5/15 hernias (33%) in
those with an insufficient OP, compared with 7/68 hernias (10%) in those without OP
(P = 0.036) (Supplementary Table 4). Patients with a sufficient OP showed a trend to
have more frequent surgical correction of a perineal hernia (13% following sufficient
OP vs 7% following insufficient OP and 2% following no OP; P = 0.090) (Supplementary
Table 3). The hazard of perineal hernia formation over time, stratified by group, and
adjusted for hysterectomy and resection of the coccyx, is illustrated in Fig. 3. The Cox
proportional hazards model revealed that the use of OP did not significantly influence
the hazard of perineal hernia formation. Hysterectomy was associated with an increased
rate of perineal hernia (HR 7.796; 95% CI 2.318–26.221) (Table 4). The contents of the
hernia sac among 15 patients in whom a perineal hernia was detected at routine followup CT scans revealed omentum in 5/5 patients in the sufficient OP group, and small
bowel in 3/3 patients in the insufficient OP group and 5/7 patients in the no OP group
(Supplementary Table 4).

Table 4. Cox proportional hazards model
Clinically diagnosed perineal hernia
Variable
Omentoplasty

Hazard ratio (CI 95%)

Sufficient omentoplasty

P-value
0.181

a

2.749 (0.739-10.225)

b

Insufficient omentoplasty

b

2.374 (0.694-8.122)

Hysterectomy

7.796 (2.318-26.221)

0.001

Coccygectomy

2.787 (0.964-8.057)

0.058

Entered as categorical variable including sufficient omentoplasty, insufficient omentoplasty or
no omentoplasty
b
Reference = no omentoplasty
a
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Figure 3. Adjusted Cox regression survival curve for clinical diagnosis of perineal hernia after abdominoperineal resection, stratified by the use and quality of omentoplasty. Lines are corrected
for hysterectomy and coccygectomy

5

Small bowel obstruction
Overall, 10% of patients demonstrated small bowel obstruction at the level of the pelvic
cavity. Reported causes for obstruction were adhesions (n = 4) and obstruction in an
infiltrative necrotic area (n = 1). In five cases, dilated loops of small bowel with a transition
point in the pelvis were seen without clear cause. The cumulative incidences of pelvic
ileus were 0% (sufficient OP), 7% (insufficient OP) and 14% (no OP). The occurrence
of small bowel obstruction over time did not significantly differ between the three
groups (P = 0.246) (Fig. 4), nor did the need for reoperation for this problem (P = 1.000)
(Supplementary Table 3).
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Figure 4. Kaplan-Meier curve for small bowel obstruction with a pelvic cause after abdominoperineal resection, stratified by the use and quality of omentoplasty

Omental flap complications
One out of 32 (3%) constructions of OP was found to be complicated postoperatively,
which was discovered during laparoscopy for debridement of a pelvic abscess cavity 1
month after APR. A huge cavity was seen with necrotic omentum posterior to the wound
site, likely to be responsible for the perineal infection. A second patient demonstrated
an omental defect of 1.5 cm with small bowel passing through, which was discovered
during surgical drainage of a perineal abscess, but no obstruction was present at the time.
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DISCUSSION
The current results suggest that even a sufficient OP, as determined on postoperative
radiological imaging, does not confer any additional benefits in terms of perineal wound
healing after APR for rectal cancer, although numbers are small. Reoperation for small
bowel obstruction was also not significantly reduced after OP. The OP itself showed a
trend to increasing the risk of perineal herniation, with the OP being the content of the
hernia sac in all five patients with perineal hernia and a sufficient OP.

Similar perineal infection and wound healing rates were observed after an OP of sufficient
length and volume in comparison with no OP. One might therefore conclude that the
type of tissue used to fill the pelvic dead space after APR is unimportant. In the absence
of OP, small bowel might function as an excellent presacral padding for a primary cleancontaminated APR for rectal cancer, as there seems no increase in problems such as
abscesses or small bowel fistulas. This may also indicate that perhaps the main problem
in primary APR does not arise from the presacral cavity, but from the resected space
of the anal sphincter complex. The OP predominantly fills the presacral space and does
little to prevent dead space formation in the excised anal canal. This could explain the
fact that despite sufficient length and volume, an OP was not superior to primary wound
closure in this study. It therefore may be important to distinguish primary APR from a
situation with a clear infectious problem located in the pelvis.13, 14 Intuitively, in those
instances, OP would decrease the risk of recurrent abscess formation and small bowel
fistula that can potentially occur when the small bowel descend into such an irradiated
abscess cavity. The indication for OP therefore might be reserved for the treatment of
pelvic sepsis originating from secondary complications and inflammatory bowel disease,
rather than primary APR for cancer, although there is no clear evidence to support this.

In fact, in this study we found a higher incidence of wound breakdown and delayed
healing in those patients with an insufficient OP. Several explanations can be considered
for the poor outcomes in this group. First, the observed poor healing rates may be
caused by undetected necrosis of the OP. Most forms of fat necrosis are self-limiting and
slowly resolve with conservative management. One year after surgery there is likely to
be complete resolution of the necrosis, which may then present as an OP of insufficient
length on CT 1 year postoperatively. A second reason may be related to residual dead
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space formation underneath the OP, caused by inadequate mobilisation of the omental
pedicle. This residual dead space distal to the OP is likely to be filled with fluid with
subsequent contamination and abscess formation, resulting in chronic wound problems.
However, if insufficient OP was just related to technical aspects (i.e. no length or poor
mobilisation), we would not expect such a large disadvantage compared with no OP.

The higher perineal hernia rate after OP is in line with previous studies.7, 8 Although a
causal relation cannot be confirmed, the hypothesis is that the pedicled omentum will
function as a large amount of loose fatty tissue that will easily descend through the pelvic
outlet in the absence of a pelvic floor, while a few loops of small bowel are restricted by a
certain mesenteric length in the possibility of herniating at the level of the perineum. The
OP is still often perceived as a method for surgical reconstruction of the pelvic floor, but
the high rate of omental hernias in those with OP of adequate length and size suggests
the opposite. An unexpected but understandable finding was the higher rate of perineal
hernias in those with an insufficient OP. Patients in this group showed a significant increase
in chronic wound problems. Such chronic wound infections are known to weaken the pelvic
scar, likely causing the observed increase in perineal hernia formation. The comparison
may also be partly skewed by the higher frequency of hysterectomy in patients with an
insufficient OP, although we corrected for this confounder in Cox regression.

Although this study did not find a significant reduction of small bowel obstruction, it was
notable that none of the patients with OP of sufficient length and volume experienced
small bowel obstruction at the level of the pelvic cavity. It could therefore be that a true
effect may not be demonstrated due to relatively low numbers. However, as only few
patients would require surgical management, and this study as well as two recent large
studies showed no significant reduction in reoperation rate for ileus,7, 8 it is questionable
whether this potential effect of OP would be clinically relevant.

There are some uncertainties to the generalisation of these findings, mostly related to
the retrospective study design, allowing the potential risk of confounding by indication.
Patients selected for OP could potentially have had wider resections that would put
them at increased risk for complications, including hernia. Although this is likely to be
true for some patients, most patients underwent the procedure that was considered
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routine care at a certain point in time by a certain operating surgeon. Unfortunately,
there was restricted information available in the patient files on reasons for applying
OP. Also the surgeon impression of the quality of OP and degree of obliteration was not
available in many cases, hampering a comparison between the surgeon impression at the
time of operation and CT assessment. Another limitation of this study may be related to
the relatively small sample size, and the resulting limited number of covariates that we
could include in the multivariable models. Finally, extended resections that required a
muscle flap were excluded in the current study, and conclusions on the role of OP cannot
necessarily be extrapolated to this subgroup.

To date, there remains no proven benefit of OP for patients that undergo APR for rectal
cancer. This study suggests that performing OP, even with sufficient length and volume,
does not seem to affect perineal wound healing. If the OP appears to be of poor quality
on postoperative imaging—due to for example partial necrosis—the outcomes appear
to be even worse than not performing an OP. Furthermore, the protective effect in
preventing small bowel obstruction remains speculative, and there is likely an elevated
risk of developing a perineal hernia after OP if considering recent literature.7-9

CONCLUSION
In this study, OP did not affect perineal wound healing and related morbidity—even in
case of adequate length and bulk to fill the pelvic dead space—and insufficient OP was
associated with a higher risk of chronic wound problems after APR. These findings are
consistent with recent literature and suggest that OP is not indicated for primary filling
of the empty space after APR for rectal cancer. But, considering the limitations pertaining
to a relatively small retrospective study, future studies are necessary to validate the
proposed method of postoperative CT assessment of the quality of an omentoplasty
and to confirm our findings.
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a

5/16 (31)
3/16 (19)
1/15 (7)
1/16 (6)
0/16 (0)

3/16 (19)
2/16 (13)
0/16 (0)
0/16 (0)

Perineal wound problem

Perineal hernia

Omental complication

Small bowel obstruction (pelvic cause)

3/68 (4)

-

1/68 (2)

4/68 (6)

6/68 (9)

13 (9-22)

14 (8-42)

11 (7-13)
5/16 (31)

Days (median + IQR)

Total

12 (9-22)

14 (7-25)

9 (7-11)

Days (median + IQR)

No
omentoplasty
(N=68)

Insufficient
omentoplasty
(N=16)

Sufficient
omentoplasty
(N=16)

For a perineal wound problem, perineal hernia, omental complication and/or small bowel obstruction

Any readmissiona

Total hospital stay

a

Hospital stay index procedure

Variable

Supplementary Table 1. Inpatient stay
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1.000

-

0.090

0.082

0.013

0.201

0.083

P-value
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a

Total
Total
Total
Total
Total
Total
Total
Total
Total

Perineal haemorrhage

Superficial perineal infection

Pelviperineal abscess

Minor perineal dehiscence

Major perineal dehiscence

Perineal necrosis

Perineal fistula

Perineal cyst

Non-specific chronic perineal paina

2/10 (20)

1/16 (6)

2/16 (13)

0/16 (0)

4/16 (25)

3/16 (19)

4/16 (25)

3/16 (19)

1/16 (6)

4/16 (25)

1/6 (17)

0/15 (0)

2/15 (13)

1/15 (7)

7/15 (47)

2/15 (13)

7/15 (47)

3/15 (20)

1/15 (7)

6/15 (40)

9/13 (69)

7/13 (54)

6/13 (46)

10/15 (67)

9/13 (69)

Insufficient
omentoplasty
(N=16)

4/51 (8)

0/66 (0)

2/66 (3)

0/66 (0)

19/66 (29)

20/66 (30)

13/66 (20)

9/66 (14)

4/66 (6)

22/66 (33)

57/59 (97)

55/64 (86)

48/66 (73)

46/66 (70)

40/63 (64)

No
omentoplasty
(N=68)

0.252

0.320

0.127

0.155

0.356

0.341

0.094

0.758

1.000

0.719

0.007

0.004

0.109

0.610

0.283

P-value

Persistent non-specific perineal pain beyond 12 months after surgery without presence of a perineal wound complication or signs of a perineal hernia

Total

14/14 (100)

At 12 months

Excessive clear discharge

13/16 (81)
15/15 (100)

Perineal wound healed

9/16 (56)

At 6 months

Total

Any wound problem ≤ 1 year

7/16 (44)

Sufficient
omentoplasty
(N=16)

At 3 months

Total

Any wound problem ≤ 30 days

Variable

Supplementary Table 2. Pelviperineal wound morbidity
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0/16 (0)
0/16 (0)

Conservative treatment

Surgical intervention

Small bowel obstructionb

0/16 (0)

Surgical intervention

Omental flap complication

2/16 (13)

Surgical intervention

Surgical correction

0/16 (0)
1/16 (6)

Radiological intervention

E.g. manual drainage or debridement of perineal wound at the bedside
Small bowel obstruction with a pelvic underlying cause

b

a

3/16 (19)

a

Minor intervention

6/16 (38)

Antibiotic treatment

Sufficient
omentoplasty
(N=16)

Perineal hernia

Perineal wound

Variable

Supplementary Table 3. Re-interventions

3/67 (5)

0/15 (0)

1/68 (2)

1/15 (7)

3/67 (5)

6/66 (9)

0/15 (0)

1.000

1/66 (2)

0/15 (0)
5/15 (33)
1/15 (7)

0.019

7/66 (11)

6/15 (40)

1.000

1.000

-

0.090

0.038

0.100

17/66 (26)

8/15 (53)

P-value

No
omentoplasty
(N=68)

Insufficient
omentoplasty
(N=16)

CT assessment of the quality of omentoplasty
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4/16 (25)
5/16 (31)
5/5 (100)
0/0 (0)
0/0 (0)
0/0 (0)
1/5 (20)

Total

Radiological diagnosis of perineal herniab Total
Omentum
Small bowel
Bladder
Uterus
Vagina

Content perineal herniac

0/0 (0)

1/3 (33)

1/3 (33)

3/3 (100)

0/0 (0)

3/16 (19)

5/15 (33)

42 (22-54)

Insufficient
omentoplasty
(N=16)

b

a

Clinical diagnosis of perineal hernia until the end of the study period
Radiological diagnosis of perineal hernia detected at the routine pelvic CT scan at one year postoperatively
c
Of the perineal hernia detected at routine CT scan one year after surgery. The hernia sac may contain several organs.

Clinical diagnosis of perineal hernia

41 (21-53)

a

Sufficient
omentoplasty
(N=16)
Months (median + IQR)

Follow-up duration

Variable

Supplementary Table 4. Perineal hernia

3/7 (43)

0/0 (0)

1/7 (14)

5/7 (70)

−

7/66 (11)

7/68 (10)

31 (14-44)

No
omentoplasty
(N=68)

0.086

0.036

0.229

P-value
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ABSTRACT
Objective
To determine long-term outcomes of a randomized trial (BIOPEX) comparing biological
mesh and primary perineal closure in rectal cancer patients following extralevator
abdominoperineal resection (APR) and preoperative radiotherapy, with a primary focus
on symptomatic perineal hernia.
Summary Background Data
BIOPEX is the only randomized trial in this field, which was negative on its primary
endpoint (30-day wound healing).
Methods
This was a post-hoc secondary analysis of patients randomized in the BIOPEX trial to
either biological mesh closure (n = 50; 2 dropouts) or primary perineal closure (n = 54;
1 dropout). Patients were followed for five years. Actuarial 5-year probabilities were
determined by the Kaplan-Meier statistic.
Results
Actuarial 5-year symptomatic perineal hernia rates were 7% (95% CI, 0-30) after biological
mesh closure versus 30% (95% CI, 10-49) after primary closure (P=0.006). One patient (2%)
in the biomesh group underwent elective perineal hernia repair, compared to seven patients
(13%) in the primary closure group (P=0.062). Reoperations for small bowel obstruction
were necessary in 1/48 patients (2%) and 5/53 patients (9%), respectively (P = 0.208). No
significant differences were found for chronic perineal wound problems, locoregional
recurrence, overall survival, and main domains of quality of life and functional outcome.
Conclusions
Symptomatic perineal hernia rate at five-year follow-up after APR for rectal cancer was
significantly lower after biological mesh closure. Biological mesh closure did not improve
quality of life or functional outcomes.
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INTRODUCTION
Perineal infection and wound dehiscence often complicate the postoperative course of
patients undergoing abdominoperineal resection (APR) for rectal cancer. The published
incidence of perineal wound complications generally varies around 30 to 50%1-3, and
depends on several factors such as the extent of the resection and whether preoperative
(chemo)radiotherapy was given.4-7 Many perineal wounds will take several weeks or
months to heal, but some wounds may never heal. The incidence of chronic perineal
sinuses after APR can even be as high as 10%.1, 2 In addition, perineal hernia is a late
complication after APR that might become symptomatic or require surgical repair.2, 8-10

The perineal wound after APR can be closed primarily, or with a biological mesh or tissue
flap.11, 12 Retrospective cohort series suggested better wound healing after biological mesh
closure than after primary closure7, but the randomized controlled BIOPEX-study revealed
identical wound healing rates between the two closure techniques at any time point
within one year after APR.3 Quality of life was neither found to be significantly different.
A promising secondary finding of the BIOPEX study was the lower 1-year perineal hernia
rate in favor of biological mesh closure. Establishing whether biological mesh closure
prevents or simply delays the occurrence of perineal hernia needs longer follow-up. In
addition, other long-term outcomes of the BIOPEX study could be of interest, including
chronic perineal wound problems, small bowel obstruction, oncological outcomes, health
related quality of life, and functional outcomes. Therefore, this study aimed to determine
long-term outcomes of the BIOPEX study after 5-year follow-up, with primary focus on
symptomatic perineal hernia rate.

METHODS
Patients and study design
Between February 2013 and September 2014, a total of 104 primary rectal cancer
patients were enrolled in the BIOPEX-study, of which the primary outcome and one year
follow-up has been published previously.3, 13 Main inclusion criteria were preoperative
radiotherapy and planned extralevator APR. Patients were recruited in 11 Dutch hospitals
and one hospital in the United Kingdom, and were randomly allocated to biological mesh
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closure (6x10 cm, Strattice™, LifeCell Corporation, Branchburg, USA) and primary layered
perineal wound closure in a 1:1 ratio.

The present study was an unplanned prospective extension of the BIOPEX study,
in which patients were followed for 5 years after APR according to a study protocol
amendment that was approved by the local ethical committee. Clinical examinations were
performed every three months for the first year, half-yearly until 2 years postoperatively,
and annually thereafter until 5 years after surgery. The participating surgeons received
reminders before each outpatient visit with the request to fill out the case report form.
At each visit, all perineal wound complications, presence of perineal hernia, small bowel
obstruction at the level of the pelvis, related readmission, reintervention, and oncological
outcomes were recorded. Quality of life and functional outcome questionnaires were
sent once to all patients still alive at 3 to 5 years postoperatively. Radiological imaging
included CT scan as part of the oncological follow-up. Some patients were prepared
and signed informed consent for pelvic MRI without dynamic imaging after 3 to 5 years
follow-up. Central data management was done at the Department of Surgery of the
Amsterdam University Medical Centers (Amsterdam UMC), location Academic Medical
Center (AMC), the Netherlands.

Clinical outcome measurements
The primary outcome of this update of the BIOPEX-study was symptomatic perineal
hernia during 5-year follow-up. Perineal hernia was defined as bulging or clearly
noticeable swelling in a standing position at the perineal scar and/or radiological
imaging in supine position that revealed intra-abdominal contents descending beyond
the pubococcygeal line during rest.14, 15 Perineal hernia were considered symptomatic if
any degree of perineal pain or discomfort was reported, either at time of diagnosis or
thereafter, whereas absence of any symptoms was defined as asymptomatic perineal
hernia.

Other outcome measures included the presence of a persistent perineal or presacral
sinus (perineal wound that failed to heal for more than 1 year after APR), chronic
nonspecific perineal pain (perineal pain or discomfort beyond one year postoperatively
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without presence of a perineal sinus or perineal hernia), long-term incidence of small
bowel obstruction located in the pelvis (not caused by recurrent cancer), related need for
readmission and reintervention (surgical or percutaneous), and locoregional recurrence
rate, distant metastasis-free survival, disease-free survival and overall survival at 5-years
after surgery.

Generic quality of life was assessed using the Short Form-36 version 2 and the
5-dimensional EuroQol (EQ-5D-5L), and gastrointestinal quality of life was assessed using
the EORTC (QLQ-C30/CR29) prior to the operation and 3 to 5 years postoperatively.
Male participants completed the International Index of Erectile Function (IIEF), and
female participants completed the Female Sexual Function Index (FSFI) and Female
Sexual Distress Scale (FSDS) regarding postoperative sexual function. Urinary function
was assessed using the Urogenital Distress Inventory (UDI-6) and Incontinence Impact
Questionnaire (IIQ-7).

6

Cost differences
Mean marginal costs were evaluated for the experimental group (biological mesh closure)
and control group (primary perineal wound closure). A description of the analysis is
included in the appendix (Supplementary 1).

Statistical analysis
All the data were analyzed in accordance to the intention-to-treat principle. According
to distribution, descriptive data were reported as mean with standard deviation (SD)
or median with interquartile range (IQR). The χ2 test or Fischer’s exact test was applied
to evaluate differences in proportions, and the t-test or Mann-Whitney U test to
evaluate differences in continuous measurements. Perineal hernia and survival rates
were reported as 5-year probabilities using Kaplan-Meier analysis, and compared
using the log-rank test. Omentoplasty was imbalanced among the two study arms, and
was included into a post-hoc multivariable logistic regression model to account for its
potential effect on symptomatic and overall perineal hernia rates. All questionnaires were
analyzed according to the manuals, and presented as domain and summarized scores.
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Established cut-off scores of sexual function were used to characterize patients in either
the dysfunctional or functional range.16-20 For women, sexual dysfunction was defined as
an FSFI score below 26.55 and an FSDS score higher or equal to 11, and for men, erectile
dysfunction was defined as an IIEF score below 22. Impact of urinary incontinence was
categorized as none to mild (IIQ-7 score below 50), moderate (IIQ-7 score between 50
and 70), and severe (IIQ-7 score above 70).21 A P-value of 0.05 was considered significant.
All analyses were performed with IBM SPSS statistics, version 26.0.0 (IBM Corporation,
Armonk, NY, USA).

RESULTS
From 104 patients that were initially randomized, 48 patients (12 female and 36 male)
in the biological mesh group and 53 patients (14 female and 39 male) in the primary
closure group were available for analysis. Initial randomization was stratified for age,
sex, and laparoscopic surgery. Details on the pre-treatment and surgery characteristics,
as well as the 1-year results, have been described previously.3 Follow-up continued until
December 2019. Median follow-up was 4.7 years (IQR 3.4-5.1) and did not differ between
the two groups (P = 0.380).

Perineal hernias
During complete follow-up, 18 patients developed a symptomatic perineal hernia (Table
1). Median time to diagnosis of symptomatic perineal hernia was 9 months (IQR 5-17).
Actuarial 5-year symptomatic perineal hernia rates were 7% (95% CI, 0-30) after biological
mesh closure and 30% (95% CI, 10-49; P = 0.006) after primary perineal wound closure.
Rate of omentoplasty was 61% (11/18) for patients with a symptomatic perineal hernia,
compared with 60% (50/83) for patients not having a symptomatic perineal hernia
(P = 0.945). If corrected for omentoplasty in multivariable analysis, biomesh closure
resulted in an adjusted odds ratio for symptomatic hernia of 0.157 (95% CI 0.041-0.602;
P = 0.007). There were no significant sex differences in occurrence of symptomatic
perineal hernia (P=0.775). In total, eight patients (30%) underwent surgical repair of a
perineal hernia: one in the biomesh group versus seven in the primary closure group
(P = 0.062). The remaining 10 symptomatic patients opted for conservative treatment.
Based on physical examination and available radiological imaging, an additional nine
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patients were diagnosed with an asymptomatic hernia (three after biomesh and six after
primary closure). After adding these numbers to the symptomatic hernias, the overall
actuarial 5-year rates were 24% (95% CI, 1-47) and 51% (95% CI, 31-70) (P =0.004; Table
1; Figure 1), respectively.

Table 1. Perineal hernia
Variable

Primary (n=53)

Biological (n=48)

P-value

4.8 (3.8-5.1)

4.7 (2.6-5.1)

0.380

30% (10-49)

7% (0-30)

0.006

Follow-up duration
Median in years (IQR)
Symptomatic perineal hernia
5-year actuarial ratea (95% CI)
Cumulative incidence, n (%)

15/53 (28)

3/48 (6)

0.004

Perceptible by clinical examination, n (%)

13/15

3/3

-

Detected by radiological imaging, n (%)

2/15

0/3

-

5-year actuarial ratea (95% CI)

51% (31-70)

24% (1-47)

0.004

Cumulative incidence, n (%)

21/53 (40)

6/48 (13)

0.002

Perceptible by clinical examination, n (%)

17/21

5/6

-

Detected by radiological imaging, n (%)

4/21

1/6

-

14% (0-34)

2% (0-25)

0.053

7/53 (13)

1/48 (2)

0.062

Overall perineal hernia

b

Surgical repair of perineal hernia
5-year actuarial ratea (95% CI)
Cumulative incidence, n (%)

As estimated by the Kaplan-Meier statistic, and compared with the log-rank test
Any symptomatic or asymptomatic bulge or noticeable swelling at the perineal level detected by
clinical examination and/or radiological imaging
a

b
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Figure 1. Kaplan-Meier survival curves of a symptomatic perineal hernia, b overall perineal hernia (including asymptomatic), and c surgical repair of
perineal hernia following abdominoperineal resection with biological mesh closure (green line) and primary closure of the perineal wound (pink line)
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Chronic perineal wound morbidity
At 1-year follow-up, three of 97 patients still alive demonstrated a persistent sinus: two
patients with clear discharge from a superficial perineal wound, and one patient with
purulent discharge from a presacral sinus. Beyond one year, a chronic wound problem
was observed in another six patients: two superficial dehiscences, one vaginal fistula, and
three perineal sinuses. This resulted in an overall chronic sinus rate of 9% (9/97), which
was 11% (5/44) after biomesh and 8% (4/53) after primary closure (P = 0.727). Additionally,
7/44 (16%) and 6/53 (11%) patients reported some degree of nonspecific perineal pain or
discomfort during daily activities beyond one year, respectively (P = 0.509). One patient
with chronic perineal wound problems was readmitted. None of the total nine patients
underwent a surgical or percutaneous intervention. Two chronic sinuses were still not
completely healed at last follow-up, 2.5 and 5 years from index surgery. There were no
biomesh-related complications observed, and none of the meshes needed explantation.

6

Small bowel obstruction
Overall incidence of small bowel obstruction in the pelvic cavity was 8% (8/101), which
was 4% (2/48) after biomesh and 11% (6/53) after primary closure (P = 0.274). Causes
of obstruction were pelvic adhesions (n=5), omental band (n=2), and internal herniation
underneath the uterus (n=1). Reoperations for small bowel obstruction were necessary
in 1/48 patients (2%) and 5/53 patients (9%), respectively (P = 0.208). No obstructions
were related to the biomesh. One patient (primary closure group) had multiple episodes
of obstruction, requiring laparotomy twice.

Long-term oncological follow-up
Oncological outcomes are shown in Table 2 and Supplementary Figure 1. Five-year
locoregional recurrence rate was 9% after biomesh and 8% after primary perineal closure
(P = 0.890), with an identical 62% 5-year disease-free survival in both arms (P = 0.984).
Five-year overall survival was 76% and 80%, respectively (P = 0.621).
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Table 2. Long-term oncological outcomes after abdominoperineal resection
Variable

Primary (n=53)

Biological (n=48)

P-value

4.9 (4.0-5.2)

4.7 (2.8-5.1)

0.235

Follow-up duration
Median in years (IQR)
Locoregional recurrence

a

1-year actuarial rate

8% (0-15)

0% (0-0)

3-year actuarial rate

8% (0-15)

5% (0-12)

8% (0-15)

9% (0-18)

1-year actuarial rate

85% (75-95)

87% (77-97)

3-year actuarial rate

73% (61-85)

78% (65-90)

5-year actuarial rate

69% (56-81)

75% (62-88)

1-year actuarial rate

85% (75-95)

83% (72-94)

3-year actuarial rate

70% (57-82)

68% (54-81)

5-year actuarial rate

62% (48-75)

62% (47-76)

1-year actuarial rate

98% (94-100)

94% (87-100)

3-year actuarial rate

90% (82-98)

84% (73-95)

5-year actuarial rate

80% (69-91)

76% (63-89)

5-year actuarial rate
Distant metastasis-free survival

0.890

a

0.564

Disease-free survivala

Overall survival

a

0.984

a

0.621

As estimated by the Kaplan-Meier statistic, and compared with the log-rank test

Quality of life
The response rate for the long-term health-related quality of life assessment was 87%
(73/84) (Figure 2). Quality of life as assessed by the SF-36 and EQ-5D-5L showed no
statistical differences when comparing biological mesh versus primary closure. Neither
did the EQ-5D-5L show any statistical differences when comparing patients who
experienced a symptomatic perineal hernia to those who did not (data not shown).
Similarly, no significant differences were found in any scale of the EORTC QLQ-C30/CR29
questionnaires, except for two symptom scales of the CR29: biological mesh group had
lower stool frequency (P = 0.042) and less urinary incontinence (P = 0.028). The responses
and subscales are shown in Table 3 and 4.
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Table 3. Long-term generic quality of life
Primary (n=38)

Biological (n=35)

Mean (SD)

Mean (SD)

P-value

68.0 (29.1)

72.1 (26.2)

0.526

Short Form-36
Physical functioning
Role functioning/physical

61.1 (44.1)

56.6 (44.1)

0.671

Role functioning/emotional

71.2 (40.9)

80.8 (36.4)

0.304

Energy/fatigue

66.1 (20.4)

61.3 (20.0)

0.318

Emotional wellbeing

77.8 (18.6)

77.7 (14.3)

0.985

Social functioning

78.9 (25.8)

79.3 (24.1)

0.954

Pain

71.7 (29.2)

78.2 (27.7)

0.333

General health

60.1 (19.7)

56.7 (24.0)

0.507

Health change

56.6 (24.4)

47.9 (16.5)

0.076

EQ 5D-5L
Total health state

8.1 (4.1)

7.6 (3.4)

0.573

Mobility

1.7 (1.1)

1.7 (0.9)

0.915

Self-care

1.4 (1.0)

1.2 (0.5)

0.288

Activity

1.8 (1.1)

1.7 (1.1)

0.710

Pain

1.8 (0.9)

1.6 (1.0)

0.473

Anxiety

1.5 (0.8)

1.4 (0.7)

0.732

EQ VAS

74.3 (20.0)

70.7 (17.9)

0.415

N = total number of patients returning the questionnaire, but may differ per item
Data are mean scores with standard deviation (SD)
Note, high scores for SF-36 = better function, whereas high EQ 5D scores = more problems (except
for EQ VAS)
P-values are calculated using T-tests
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Table 4. Long-term gastrointestinal quality of life
Primary (n=38)
Mean (SD)

Biological (n=35)
Mean (SD)

P-value

76.8 (21.3)

71.7 (19.6)

0.294

Physical functioning

78.1 (24.3)

83.3 (20.4)

0.327

Role functioning

74.6 (30.7)

81.3 (24.9)

0.317

Emotional functioning

86.2 (17.5)

86.9 (15.3)

0.852

Cognitive functioning

84.6 (19.9)

89.5 (12.8)

0.222

Social functioning

84.6 (24.6)

83.3 (25.2)

0.822

Fatigue

23.1 (23.0)

23.5 (18.2)

0.936

Nausea and vomiting

3.1 (12.2)

1.0 (4.0)

0.342

Pain

12.7 (21.7)

14.3 (23.3)

0.767

Dyspnea

14.9 (25.3)

9.1 (19.1)

0.284

Insomnia

16.7 (25.4)

23.2 (27.0)

0.295

6.1 (17.1)

5.1 (14.7)

0.776

Constipation

3.5 (12.9)

2.9 (9.6)

0.835

Diarrhea

4.4 (13.8)

2.9 (9.5)

0.586

Financial difficulties

12.3 (23.8)

9.5 (23.7)

0.622

74.0 (23.6)

72.1 (28.9)

0.757

Anxiety

71.9 (22.6)

70.5 (26.5)

0.801

Weight

82.5 (22.9)

82.9 (24.7)

0.943

Sexual interest (men)

31.1 (30.2)

25.6 (23.7)

0.459

Sexual interest (women)

11.1 (17.2)

19.1 (26.2)

0.540

EORTC-C30
Global health status
C30 functional scales

C30 symptom scales

Appetite loss

EORTC-CR29
CR29 functional scales
Body image
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Table 4. Continued
Primary (n=38)
Mean (SD)

Biological (n=35)
Mean (SD)

P-value

30.3 (23.2)

28.1 (24.2)

0.697

0.9 (3.8)

2.9 (7.5)

0.168

CR29 symptom scales
Urinary frequency
Blood and mucus in stool
Stool frequency

14.9 (15.9)

8.1 (11.7)

0.042

Urinary incontinence

25.4 (32.4)

11.4 (19.7)

0.028

1.8 (7.5)

0.0 (0.0)

0.160

Dysuria
Abdominal pain

7.0 (19.2)

6.7 (15.8)

0.933

Buttock pain

21.9 (30.3)

18.1 (26.0)

0.565

Bloating

6.1 (15.2)

8.6 (14.8)

0.492

Dry mouth

15.8 (28.7)

11.4 (16.1)

0.422

Hair loss

6.1 (20.3)

0.0 (0.0)

0.070

Trouble with taste

5.3 (12.3)

7.6 (16.3)

0.487

Flatulence

26.3 (22.1)

23.8 (23.7)

0.642

Faecal incontinence

14.0 (18.4)

12.4 (18.2)

0.701

Sore skin

14.0 (22.8)

7.6 (21.5)

0.221

Embarrassment

14.0 (22.8)

21.0 (24.4)

0.214

Stoma related problems

3.5 (12.9)

2.9 (12.4)

0.827

Impotence

67.8 (37.2)

79.2 (33.8)

0.255

Dyspareunia

16.7 (23.6)

55.6 (50.9)

0.402

6

N = total number of patients returning the questionnaire, but may differ per item, Data are mean
scores with standard deviation (SD), Note, high scores for functional scales = better function,
whereas high symptom scores = more problems, P-values are calculated using T-tests

Urinary and sexual function
In total, 62 patients completed the urinary function assessment questionnaires, with a
total response rate of 79% (49/62) for the male patients, and 59% (13/22) for the female
patients (Figure 2). Corresponding response rates for sexual function were 50/62 (81%)
and 12/22 (55%).
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Figure 2. Flow chart of the randomized controlled trial
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The median scores on the urinary function questionnaires are shown by method of
perineal wound closure and sex (see table, Supplemental Digital Content 2). No significant
group differences were recorded on urinary incontinence symptoms (UDI-6; P = 0.362)
or impact of urinary incontinence (IIQ-7; P = 0.508). Most patients (57/62) reported no
or only mild impairment of urinary incontinence-related quality of life, while three and
two patients reported a moderately and severely impaired urinary incontinence-related
quality of life, respectively. Women tended to report more stress incontinence symptoms
(P = 0.017) and irritative symptoms (P = 0.072), and also more impact on quality of life
(P = 0.087) compared to men. No other differences were found.

Median scores on sexual function for men and women were not statistically different
between the two study groups. Most patients had no partnered sexual activity. According
to the FSFI and FSDS, four of 12 (33%) women were sexually active, all of whom were
classified as dysfunctional (FSFI < 26.55). Two sexually active women reported that
intercourse was impossible since chemoradiation and surgery. All 12 women reported
decreased sexual desire. Three of four women (75%) with partnered sexual activity were
bothered by their sexual function (FSDS). Of the women with no sexual activity 3 of
6 (50%) participants were unhappy with their sexual life. According to the IIEF, 15 of
50 (30%) male participants attempted sexual activity and intercourse. In those with
intercourse, erectile dysfunction was reported in 87% (13 of 15). Orgasmic dysfunction
was reported in 12 of 21 (57%) patients. Based on the IIEF, most men had decreased
sexual desire (41 of 50 (80%)). The majority of men were unhappy with their sexual life
(35 of 46 (75%): eight of 15 (53%) for the sexually active and 27 of 31 (87%) for nonactive men.

Cost differences
Mean marginal costs related to preventive biological mesh use and surgical repair of
symptomatic perineal hernia were € 1130 - € 2430 per patient in the experimental group,
and € 545 per patient in the control group (see Supplemental Digital Content 3 and 4).
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DISCUSSION
Five-year results of the BIOPEX trial revealed that biological mesh closure after APR
resulted in a significantly lower symptomatic perineal hernia rate (7% vs. 30%). Persistent
perineal wound problems occurred in 11% after biological mesh closure and 8% after
primary perineal closure. Unplanned reoperations for small bowel obstruction were
not statistically different (9% vs. 2%, P = 0.208). Biological mesh use did not affect the
quality of life, urogenital function, or oncological outcomes of evaluable patients at
5-year follow-up.

The incidence of perineal hernia following APR with varying perineal closure techniques
is poorly investigated, and reported to be somewhere between 1 and 21%.7, 22-25 All these
studies had a retrospective design, which may explain the considerable differences with
the current study, especially regarding primary closure. Furthermore, most of these
studies did not provide long-term follow-up, calculated only cumulative incidences (not
Kaplan-Meier estimates), and used varying definitions for perineal hernia, which all
complicate direct comparisons. A recent well documented cohort study including 100
patients demonstrated a 4-year cumulative perineal hernia rate of 8% after biomesh
closure, which is in line with the present results of the BIOPEX study.26

We have previously conducted a meta-analysis showing that omentoplasty was
associated with an increased risk of developing a perineal hernia after APR.22 In the
current trial, the application of omentoplasty was left at the discretion of the surgeon,
which resulted in imbalance between the two study arms (50% after biomesh and 70%
after omentoplasty; P = 0.04), but the proportions of omentoplasty were comparable in
those who did and did not develop a symptomatic hernia during follow-up. Therefore,
the imbalance in omentoplasty is likely not an explanation for the observed results.

Costs should be taken in consideration when thinking about implications of the reduced
symptomatic perineal hernia rate for clinical practice. Routine use of a relatively
expensive biological mesh with prolonged operative time in all patients must be weighed
against more surgical hernia repairs using a less costly synthetic mesh after initial primary
closure, as suggested by the observed differences in marginal costs. On the other hand,
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the decision to repair a perineal hernia is complex, and not necessarily reflective of the
severity of a hernia. Many factors such as patient and surgeon preference, experience
with hernia repair surgery, resource availability, and patient comorbidities may
influence the decision on elective surgical repair. Furthermore, conservative treatment
of symptomatic hernia’s is also associated with costs of T bandages or specific pairs
of underpants. As no proper cost-effectiveness studies are available yet – including
reasons for elective hernia repair and indirect medical costs – perhaps both strategies are
acceptable, and may best be determined by hospital’s policy or preferences of surgeons
and patients. Of note, biological mesh use in APR appears safe, without increase in late
perineal or mesh-related complications.

Chronic perineal sinus was observed in 9% of patients, with 2% of wounds that did
not heal during the study period. There were, however, no percutaneous or surgical
reinterventions beyond 1 year post APR, which probably means the complications gave
rise to only mild complaints. Interestingly, some of the sinuses were not mentioned at
the 1-year clinical visit, but presented later during follow-up.

Measuring the patients’ quality of life to evaluate the outcome of surgical care is a
topic with increasing importance, particularly in conditions with such high survival rates.
Despite the clear reduction of symptomatic perineal hernias, mesh use did not affect
the quality of life in the present study. This might be explained because of the low and
insignificant impact of a perineal hernia on the several domains of questionnaires that
were used for this purpose. Furthermore, our study might also be underpowered to
distinguish differences between the two study groups. On the other hand, a perineal
hernia might not cause that much trouble for a patient considering the mainly elderly
population with reduced physical activity.

Functional complaints related to urinary and sexual problems might probably be more
important determinants of long-term quality of life of rectal cancer survivors.27 Patients
across both sexes often experience urinary and sexual dysfunction after treatment for
rectal cancer28-30, especially after APR.31-34 In the present cohort, sexual dysfunction was
difficult to evaluate due to high rates of sexual inactivity among both men (70%) and
women (67%). This is in accordance with previous studies33, 35 and can in large part
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be explained by increased age and partner status. Among respondents who were
sexually active, only 47% of men and 25% of women experienced their present sex life
as satisfying.

The etiology of sexual dysfunction is multifactorial. Risk factors have been suggested
to be increased age, presence of stoma, chemoradiotherapy, and direct nerve injury
during dissection along the pelvic floor.28, 36-39 Mechanical factors after APR may also play
a role, but have not gained much attention in the current literature. Dorsal angulation of
the vagina might compromise sexual intercourse or cause dyspareunia. In the present
study, two sexually active women reported sexual intercourse being impossible since
APR (one biomesh patient). Prolapse of the bladder, especially in case of a perineal
hernia, might result in urinary retention and incontinence. Interestingly, a significant
difference in urinary incontinence was found in favor of the biomesh group based on
a subscale of the QLQ-CR29. However, this was not confirmed by the specific urinary
function questionnaire scores. At present, there are no studies suggesting any beneficial
effect of pelvic floor reconstruction on urinary or sexual function, neither for filling of
the presacral cavity after APR.40-42 Theoretically, an omentoplasty or tissue flap might
provide some support to the urogenital organs, but whether this translates into better
function is unknown and should be explored in future studies.

The strength of the present study lies in the fact that this is still the only published
randomized study on perineal morbidity after APR for rectal cancer, but there are also
some limitations. This study was not originally designed to detect a reduction in perineal
hernia rate, and results have to be judged with care. Radiological imaging to confirm
the presence or absence of perineal hernia was not routinely performed, and the used
imaging protocols were not state-of-the-art (dynamic MRI), for which reason the actual
overall incidence might be even higher. However, one may wonder about the clinical
relevance of finding asymptomatic perineal hernia. Unfortunately, some patients were
lost to follow-up, and some data were unavailable for certain outcome measures. This
may have introduced some recording bias but is probably inherent to the long-term
follow-up of an oncological patient population. Furthermore, the trial was not powered
for investigation of sex-specific differences. Given the differences in pelvic anatomy
this may be useful in future trials. Finally, mortality was slightly skewed in favor of the
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primary closure group, unlikely being related to the intervention, but which might have
influenced observed perineal hernia rates.

Considering the clinical implications, there is a need for alternative closure techniques,
mainly because a biomesh fails to improve perineal wound healing. Small gluteal
transposition flaps that eliminate the perineal dead space are promising new
interventions 43-45, but more high-quality data is required. We have therefore launched
a second international multicenter randomized controlled trial (BIOPEX-2)46, comparing
a gluteal turnover flap with primary closure of the perineal wound, the latter being still
considered standard of care by our study group.

CONCLUSION
We conclude that biological mesh closure is associated with a significantly lower risk
of symptomatic perineal hernia in patients undergoing APR for rectal cancer with
preoperative radiotherapy when compared to primary perineal closure. The study was
not designed and powered for this endpoint, which makes it difficult to conclude on
superiority of biomesh closure. Prophylactic biomesh or synthetic mesh repair at time
of herniation seem both acceptable strategies for daily practice. Future study should
include formal cost-effectiveness analysis.
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ABSTRACT
Background
The aim of this study was to compare perineal wound healing between gluteal turnover
flap and primary closure in patients undergoing abdominoperineal resection (APR) for
rectal cancer.
Methods
Patients who underwent APR for primary or recurrent rectal cancer with gluteal turnover
flap in two university hospitals (2016 - 2021) were compared to a multicenter cohort
of primary closure (2000 - 2017). The primary endpoint was uncomplicated perineal
wound healing within 30 days. Secondary endpoints were long-term wound healing,
related reinterventions and perineal herniation. The perineal hernia rate was assessed
using Kaplan Meier analysis.
Results
Twenty-five patients had a gluteal turnover flap and 194 had primary closure. The
uncomplicated perineal wound healing rate within 30 days was 68% (17/25) after gluteal
turnover flap versus 64% (124/194) after primary closure, OR 2.246; 95% CI 0.734 – 6.876;
p = 0.156 in multivariable analysis. No major wound complications requiring surgical
re-intervention occurred after flap closure. Eighteen patients with gluteal turnover flap
completed 12-month follow-up, and none of them had chronic perineal sinus, compared
to 6% (11/173) after primary closure (p = 0.604). The symptomatic 18-months perineal
hernia rate after flap closure was 0%, compared to 9% after primary closure (p = 0.184).
Conclusions
The uncomplicated perineal wound healing rate after the gluteal turnover flap and
primary closure after APR is similar, and no chronic perineal sinus or perineal hernia
occurred after flap closure. Future studies have to confirm potential benefits of the
gluteal turnover flap
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INTRODUCTION
Abdominoperineal resection (APR) for rectal cancer is associated with a high rate of
perineal morbidity. Perineal wound complications have been reported to occur in up
to 35% of patients within 30 days, and up to 10% have an unhealed perineal wound at
1 year.1, 2 This high rate of perineal wound complications is most likely due to the large
perineal dead space that is created. In addition, the use of neoadjuvant radiotherapy is
known to negatively affect perineal wound healing.3

In an attempt to manage this problem, several perineal closure techniques have been
applied over the past decades. The perineal wound can be closed primarily, with a
biological mesh, or by different myo- and fasciocutaneous flaps. Currently there is no
consensus on which method to use. Biological mesh closure has been compared to
primary closure in the BIOPEX-study.1 This randomized multicenter trial showed no
significant difference in perineal wound complications at 30 days (37% after biological
mesh closure versus 34% after primary closure).1 The recently published study of longterm results showed a significantly lower 5-year perineal hernia rate after biological
mesh closure (6% vs. 28%).4

The absence of any impact on perineal wound healing in the BIOPEX-study was likely
related to the remaining dead space at the level of the excised sphincter complex. By
filling this space with well-vascularized tissue, accumulation of contaminated fluid with
abscess formation might be prevented, besides tensionless closure. Myocutaneous flaps
seem to be more effective based on this principle.5 However, drawbacks of these flaps
are donor-site morbidity, the complexity of the reconstructive procedures with the need
for a plastic surgeon, and the substantially increased operative time.

The gluteal turnover flap is a small subcutaneous transposition flap, ideally designed for
routine closure after APR, and consisting of adjacent skin and subcutaneous tissue of one
of the buttocks with a maximum width of 2.5 cm. There is no need for isolating individual
perforating arteries. The flap is hinged into the resected space and the deepitheliazed
dermis is stitched to the contralateral levator remnant. The subcutaneous fat and perineal
skin is closed in layers over the flap in the midline, thereby avoiding an additional scar.

143

7

Chapter 7

A pilot study by our group demonstrated the feasibility and safety of the gluteal turnover
flap in 10 patients with a total follow-up of 1 month.6 Until the start of the randomized
BIOPEX-2 study (NCT04004650), an additional number of patients underwent a gluteal
turnover flap in two of the participating centers.7 The aim of this study was to evaluate
the extended experience with gluteal turnover flap closure following APR for rectal
cancer, and to compare perineal wound healing and hernia formation after longer followup with a control group of primary closure.

METHODS
Patients and study Design
All patients who underwent APR for primary or recurrent rectal cancer with gluteal
turnover flap in two academic centers were included. The gluteal turnover flap was
introduced in 2016 at the Amsterdam University Medical Center (AMC) and in 2019 at
Leicester University Hospital. All consecutive patients underwent this closure technique,
provided there was no indication for extended resection of the perineal skin or ischioanal
fat. Four patients from the previously published pilot study who were treated at the AMC
were also included in the present cohort.6 The control group consisted of an existing
cohort of patients with rectal cancer who underwent APR with primary closure in 3
hospitals in the Netherlands: AMC (2000 - 2017), Tergooi Hospital (2000 - 2017), and
Flevo Hospital (2010 - 2017).

Exclusion criteria for both the flap and control group were APR for other underlying
disease (i.e. anal cancer or inflammatory bowel disease), intersphincteric APR,
total pelvic exenteration, sacral resection above level S4/S5, and biological mesh or
muscle flap closure of the pelvic floor. Data extraction from patient records included
baseline characteristics, operative details, perineal wound complications, and related
reinterventions and re-admissions. Outcomes after flap closure were evaluated until
maximum follow-up for each individual patient.

The Institutional Review Board of the AMC waived the need for informed consent for the
primary closure group. Approval was needed and given by the medical ethics committees
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of the AMC and Leicester University Hospital for the gluteal turnover flap group and
informed consents were collected from all patients.

Outcome measures
The primary endpoint was the percentage of patients with an uncomplicated perineal
wound healing within 30 days. Secondary endpoints included the uncomplicated perineal
wound healing rate within one year, the perineal wound complication rate at 6 and 12
months (patients with a follow-up shorter than 6 and 12 months were excluded from
analysis), the incidence of symptomatic perineal herniation (based on clinical signs),
and the related re-interventions and readmissions. The Clavien-Dindo score was used
to evaluate all perineal wound complications and related reinterventions within 30 days
following APR.

Technique
The gluteal turnover flap was created with the patient in either prone or lithotomy
position. First, an island of adjacent skin of the left or right buttock side was marked by
a half-moon shape with a maximum width of 2.5 centimetres. Second, the skin-island
was de-epithelialized and a flap was created by dissecting the subcutaneous fat towards
the gluteal muscle at an angle of approximately 45 degrees. The perforating gluteal
branches were not identified with Doppler ultrasound and were not separately dissected,
as these are abundantly present at this level. Thereafter, the subcutaneous gluteal flap
was turned inwards, and the deepithelialized dermis was fixed to the contralateral
pelvic floor remnant with 2.0 Vicryl sutures. Subsequently, midline layered closure of
the perineum was performed with a vacuum drain being placed between the gluteal
turnover flap and the subcutaneous fat. Postoperatively, patients did not have to be on
a pressure relief mattress and were allowed to sit and walk from day one postoperative.
Pictures of the procedure as well as a video vignette have previously been published.6, 8
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Statistical analysis
Categorical data were reported as proportions and compared using Fisher’s exact
test. Numerical data were reported according to distribution in means with standard
deviation (SD) or medians with interquartile range (IQR) and compared using the t test
or Mann-Whitney U test, respectively. The primary outcome (i.e. uncomplicated perineal
wound healing within 30 days) was compared between the two study groups using
a two-sided Fisher’s exact test. Any binary secondary outcome (e.g. perineal hernia
rate, reintervention rate, etc.) was analyzed in the same way as the primary outcome.
A multivariable logistic regression analysis was performed to determine the effect
of perineal closure method on perineal wound healing after correction for potential
confounders. The following potential confounders were selected for the primary
outcome (i.e. uncomplicated perineal wound healing within 30 days): type of APR,
neoadjuvant treatment, omentoplasty, abdominal approach, multivisceral resection, and
APR indication. In addition, American Society of Anesthesiologists (ASA) classification and
vascular disease were added for the uncomplicated perineal wound healing rate within
1 year. Results are presented as odds ratio (OR) and 95% confidence Interval (95% CI).
Covariates were selected based on pre-existing knowledge and significant differences
in baseline characteristics between groups. The maximum number of covariates was
dependent on the number of events the data allowed to correct for. To determine
potential predictors for increased operative time, a linear regression analysis was
performed with ASA classification, neoadjuvant treatment, APR type, vascular disease,
omentoplasty, multivisceral resection, abdominal approach, and gluteal turnover flap.
Results are presented as beta (B) in minutes and 95% CI. The survival probability and
incidence of perineal hernia were determined by Kaplan-Meier analyses and compared
using the log-rank test. The statistical significance level was set at a p value of <0.05.
Statistical analysis was performed using SPSS software for Windows version 26 (IBM
Corp, Armonk, NY,USA).

RESULTS
Patient characteristics
Between June 2016 and February 2021, a total of 41 patients underwent APR with gluteal
turnover flap closure. After exclusion of APR for other underlying disease (i.e. anal cancer
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or inflammatory bowel disease; n = 15), and total pelvic exenteration (n = 1), a total of
25 patients were included in the gluteal turnover flap group. In the control group, a
total of 239 patients who underwent APR with primary perineal wound closure between
February 2000 and April 2018 were potentially eligible. After exclusion of patients with
missing operative records (n = 8) and patients who underwent an intersphincteric APR
(n = 37), a total of 194 patients were included in the primary perineal closure group.

Mean age of the whole group was 67 years, 67% (146/219) of the patients were male and
77% (169/219) received neoadjuvant treatment for rectal cancer. There were significant
baseline differences between the groups, with more ASA III patients (32% (8/25) vs. 18%
(34/189); p = 0.003) and more recurrent rectal cancer (20% (5/25) vs. 1% (1/194); p <
0.001) in the flap group (Table 1).

Gluteal turnover flap patients had significantly more often an extralevator APR (100%
(25/25) vs. 38% (74/194); p < 0.001), and less often an omentoplasty (12% (3/25) vs.
40% (77/194); p = 0.007). The use of a perineal drain was significantly higher in the
gluteal turnover flap group (100% (25/25) vs. 47% (92/194); p < 0.001) (Table 2). The
operative time of patients in the gluteal turnover flap group was significantly longer (325
minutes (IQR 266-385) vs. 223 minutes (IQR 182-290); p < 0.001). In linear regression
analysis, extralevator APR (B 40.6; 95% CI 14.8-66.4; p = 0.002), omentoplasty (B 65.0;
95% CI 41.0-89.0; p < 0.001) and the gluteal turnover flap (B 70.6; 95% CI 34.5 – 106.7;
p = < 0.001) were found to be significant predictors for an increase in operative time
(Supplementary Table 1). The median length of postoperative hospital stay was similar
between both groups (gluteal turnover flap 9 days (IQR 6-12) vs primary closure 9 days
(IQR 6-15); p = 0.921).
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17/25 (68)
8/25 (32)
0/25 (0)

ASA I

ASA II

ASA III

ASA IV

ASA-classification

Adjuvant chemotherapy

Neoadjuvant treatment

2/25 (12)

18/25 (72)

Long-course radiotherapya

Total

1/25 (4)

19/25 (76)

Short-course radiotherapy

Total

5/25 (20)

Recurrent rectal cancer

2/9 (22)
20/25 (80)

Primary rectal cancer

Hysterectomy

APR indication

9/25 (36)

Total

Prior pelvic surgery

11/25 (44)

Total

5/25 (20)
12/25 (48)

19/25 (76)

Never

Vascular disease

1/25 (4)

Former

Diabetes mellitus

5/25 (20)

Active

29 ± 6

Prior abdominal surgery

Comorbidities

Smoking status

0/25 (0)

Kg/m2 (mean ± SD)

Body mass index

62 ± 10

Years (mean ± SD)

Age

1525 (60)

Male

Gluteal turnover flap (n=25)

Sex

Variable

Table 1. Baseline characteristics

22/192 (12)

92/194 (47)

58/194 (30)

150/194 (77)

1/194 (1)

193/194 (99)

7/63 (11)

39/193 (20)

84/193 (44)

34/192 (18)

29/192 (15)

81/148 (55)

44/148 (30)

23/148 (16)

1/189 (1)

34/189 (18)

103/189 (55)

51/189 (27)

27 ± 4

65 ± 13

131/194 (68)

Primary closure (n=194)

1.000

0.017

<0.001

0.073

0.964

0.056

0.025

0.003

0.111

0.142

0.452

P-value
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Abdominal approach

a

Conversion

Robotic

Laparoscopic

Open

59/194 (30)
0/194 (0)
5/135 (4)

10/25 (40)
2/23 (9)

120/194 (62)

0/25 (0)

Conventional

135/194 (70)

74/194 (38)

25/25 (100)

APR type
2/25 (8)

Primary closure (n=194)

Gluteal turnover flap (n=25)

Extralevator

Variable

Table 2. Operative details

*Data are presented as proportions (%), unless otherwise stated
SD: Standard deviation
ASA: American Society of Anaesthesiologists
APR: Abdominoperineal resection
IQR: Interquartile range
a
Includes chemoradiotherapy and long-course radiotherapy alone

13/25 (52)

94

91

%

39 (21 - 77)

14 (7 - 25)

One-year survival

Primary closure (n=194)

Gluteal turnover flap (n=25)

Months (median + IQR)

Follow-up duration

Variable

Table 1. Continued

0.270

<0.001

<0.001

P-value

0.716

<0.001

P-value
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Minutes (median + IQR)

Days (median + IQR)

Operative time

Postoperative hospital stay

*Data are presented as proportions (%), unless otherwise stated
APR: Abdominoperineal resection
IQR: Interquartile range
a
Percentage from laparoscopic and robotic group
b
Combined number is smaller than the sum of the separate number

Total

2/25 (8)

Vesicula or adnex

Perineal drain

0/25 (0)

Presacral fascia

Total

2/25 (8)

Urinary tract

Pelvic drain

2/25 (8)

Pelvic sidewall

9 (6 - 12)

325 (266 - 385)

25/25 (100)

22/25 (88)

3/25 (12)

1/15 (7)

Partial prostate

Yes

1/10 (10)
2/10 (20)

Vaginal wall

2/25 (8)

Coccyx

Uterus

5/25 (20)

Gluteal turnover flap (n=25)

Totalb

Omentoplasty

Multivisceral resection

Variable

Table 2. Continued

9 (6 - 15)

223 (182 - 290)

92/194 (47)

146/194 (75)

77/194 (40)

5/194 (3)

1/194 (1)

1/194 (1)

3/194 (2)

8/131 (6)

17/63 (27)

2/63 (3)

2/194 (1)

30/194 (16)

Primary closure (n=194)

0.921

<0.001

<0.001

0.156

0.007

0.564

P-value
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Perineal wound healing
Within 30 days, the percentage of patients with an uncomplicated perineal wound
healing was 68% (17/25) after gluteal turnover flap and 64% (124/194) after primary
closure (p = 0.688) (Table 3). Multivariable logistic regression analysis did not reveal
a significant association between gluteal turnover flap and uncomplicated perineal
wound healing within 30 days (OR 2.246; 95% CI 0.734 – 6.876; p = 0.156) (Table 4).
Also within 1 year, the uncomplicated perineal wound healing rate did not significantly
differ between both groups (56% (14/25) vs. 58% (112/194); p = 0.869), and this did not
change in multivariable analysis (OR 1.537; 95% CI 0.527 – 4.480; p = 0.431). At 6 months,
4% (1/25) of patients with the gluteal turnover flap had a perineal wound complication
compared to 10% (18/180) after primary closure (p = 0.703). Eighteen patients (18/25)
in the gluteal turnover flap group completed 12-month follow-up, and none of them
(0/18) had a chronic perineal sinus compared to 6% (11/173) of patients after primary
closure (p = 0.604). An abscess occurred in 12% (3/25) of patients after gluteal turnover
flap, compared to 22% (42/194) of patients after primary closure (p = 0.261). No
perineal fistulas, haemorrhage or necrosis were observed after flap closure, while these
complications occurred in the primary closure group in 6% (11/194), 8% (16/194) and
2% (4/194), respectively (p = 0.619, p = 0.227, p = 1.000).

No surgical reinterventions were required after gluteal turnover flap, compared
to 7% (14/194) after primary closure (p = 0.378). All complications experienced by
gluteal turnover flap patients were Clavien-Dindo grade 1 or 2, except in the case of 1
patient who had a grade 3b complication: a presacral abscess which was treated with
percutaneous drainage. The perineal wound related re-admission rate was 8% (2/25)
after gluteal turnover flap and 13% (25/194) after primary closure (P = 0.747), with a
median length of hospital stay of 2 days (IQR not applicable) and 13 days (IQR 5-23),
respectively (P = 0.051).
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a

Non-surgical wound re-intervention

Specific perineal wound complicationsa

Perineal wound complication

Uncomplicated perineal wound healing

Variable

Table 3. Perineal wound outcomes

0/25 (0)
0/25 (0)
0/25 (0)
6/25 (24)

Abscess
Fistula
Haemorrhage
Necrosis
Total

5/25 (20)
1/25 (4)

Bedside
Radiological

b

1/25 (4)
3/25 (12)

S u p e r fi c i a l
infection

wound

3/25 (12)

Seroma

0/18 (0)
5/25 (20)

At 12 months
Major dehiscence

1/23 (4)

Within 1 year
At six months

17/25 (68)
14/25 (56)

Within 30 days

Gluteal turnover flap
(n=25)

10/194 (5)

24/194 (12)

30/194 (16)

4/194 (2)

16/194 (8)

11/194 (6)

42/194 (22)

14/194 (7)

15/194 (8)

35/194 (18)

11/173 (6)

18/180 (10)

112/194 (58)

124/194 (64)

Primary closure
(n=194)

0.263

0.604

0.703

0.869

0.688

P-value

Chapter 7

1/194 (1)
152/194 (78)
17/194 (9)
1/194 (1)
10/194 (5)

0/25 (0)
17/25 (68)
7/25 (28)
0/25 (0)
1/25 (4)

Days (median + IQR)

Total

1/194 (1)
25/194 (13)
13 (5 - 23)

0/25 (0)
2/25 (8)
2 (NA)

Under general anaesthesia

3/194 (2)

0/25 (0)

13/194 (7)

3/194 (2)

0/25 (0)

2/25 (8)

1/194 (1)

0/25 (0)

On ward

5/194 (3)

0/25 (0)

14/194 (7)

2/194 (1)

0/25 (0)

14/194 (7)

14/194 (7)

0/25 (0)

0/25 (0)

Primary closure
(n=194)

Gluteal turnover flap
(n=25)

2/25 (8)

Total

Grade IIIb

Grade IIIa

Grade II

Grade I

Grade 0

Perineal dehiscence

Fistula repair

Perineal bleeding

Debridement

Abscess drainage

Muscle flap repair

Total

*Data are presented as proportions (n%), unless otherwise stated
VAC: Vacuum assisted closure
IQR: Interquartile range
NA: Not applicable
a
Until one year
b
Combined number could be smaller than the sum of the separate numbers
c
Until 30 days postoperatively

Perineal wound related re-admissiona

Perineal VAC placementa

Clavien-Dindo classification

c

Surgical wound re-interventiona

Variable

Table 3. Continued

0.051

0.747

1.000

0.057

0.378

P-value
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P-value

0.575

Neoadjuvant treatment

0.048 – 1.892

0.303

OR: Odds ratio
CI: Confidence interval
APR: Abdominoperineal resection
ASA:American Society of Anesthesiologists
a
Compared to conventional APR
b
Compared to laparoscopic and robotic approach
c
Compared to primary rectal cancer
d
Compared ASA I and II

Recurrent rectal cancer

0.743 – 3.830

1.687

c

Multivisceral resection

0.261 – 0.999

Open abdominal approachb

0.611 – 2.2264

1.176

0.510

Omentoplasty

0.280 – 1.180

0.201

0.211

0.050

0.628

0.131

0.853

Vascular disease

0.553

1.295
0.738

c

0.646

1.340

0.670

0.630

1.537

0.932

ASA III and IVd

Recurrent rectal cancer

Multivisceral resection

Open abdominal approachb

Omentoplasty

Neoadjuvant treatment

Extralevator APRa

Gluteal turnover flap

0.156
0.015

0.420

Extralevator APRa

0.734 – 6.876

2.246

Gluteal turnover flap
0.209 – 0.846

Adjusted

Adjusted

Gluteal turnover flap

0.689

Unadjusted
0.493 – 2.921

Gluteal turnover flap

1.200

Unadjusted

OR

95% CI

0.379 – 1.917

0.328 – 1.659

0.091 – 3.346

0.587 – 2.853

0.335 – 1.244

0.701 – 2.562

0.340 – 1.317

0.317 – 1.252

0.527 – 4.480

0.402 – 2.157

Variable

95% CI

Variable

OR

Uncomplicated wound healing within one year

Uncomplicated wound healing within 30d

Table 4. Multivariable logistic regression analysis

0.700

0.462

0.519

0.522

0.191

0.375

0.246

0.188

0.431

0.869

P-value
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Perineal hernia
During follow-up, none of the patients reported clinical signs related to perineal hernia
after gluteal turnover flap closure, compared to 24patients after primary closure (0/25
(0%) vs. 24/194 (12%); p = 0.084). The perineal hernias after primary closure were all
symptomatic, and 15 patients underwent surgical closure. The 18-month symptomatic
perineal hernia rate was 0% after gluteal turnover flap closure and 9% after primary
closure (p = 0.184; Figure 1).
Figure 1 Kaplan Meier curves of symptomatic perineal hernia after abdominoperineal resection,
stratified for method of perineal wound closure: gluteal turnover flap (orange line) and primary
perineal closure (blue line). Log rank test was used to test the significance and censored patients
were indicated by tick marks. The number of patients at risk are shown at the bottom part of
the figure

7

DISCUSSION
This retrospective multicenter cohort study assessed extended experience with a novel
perineal wound closure technique after APR for rectal cancer , reporting on outcomes
beyond 30 days. The uncomplicated perineal wound healing rate within 30 days was
similar between both groups. None of the patients in the gluteal turnover flap group
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had a chronic perineal sinus at 12 month, and no flaps were lost or required surgical
reintervention. To date no symptomatic perineal hernia have developed after gluteal
turnover flap. Despite the fact that patient numbers are still small and without significant
differences in outcomes, these results are promising and provide additional support for
conducting the BIOPEX-2 study.7

Previous studies assessing perineal closure techniques following APR for rectal cancer
have shown similar wound complication rates if compared to primary closure. The use
of a biological mesh as an alternative closure method did not result in an improvement
of the perineal wound healing, but seems to reduce the risk of perineal herniation.4
Myocutaneous flaps showed a 17% reduction in wound complications when compared to
primary closure in non-randomized comparative studies.1, 5 The gluteal turnover flap did
not show the same reduction in the present study, which likely has several explanations.

First of all, significant differences in baseline characteristics were in favor of the
primary closure group. Patients with a gluteal turnover flap had higher ASA scores and
significantly more vascular diseases, which are known to be associated with postoperative
complications in general and perineal wound complications in particular.9, 10 The gluteal
turnover group also had more patients with recurrent rectal cancer, which contributes
to a higher a priori risk of surgical complications and explains the significantly higher rate
of prior pelvic surgery in this group. Furthermore, an extralevator APR was performed
significantly more often in the gluteal turnover flap patients with more adjacent organ
resections, thereby contributing to a larger perineal dead space, and making it more
prone to wound complications. For this reason, a multivariable analysis was performed to
correct for confounding factors, which revealed a more pronounced difference between
the groups in favor of the gluteal turnover flap), although not statistically significant.

Apart from the baseline differences in the present study, comparison with the literature
is often complicated by heterogeneous patient populations and several methodological
issues. Heterogeneity of the APR cohorts is related to different underlying disease (e.g.
might include anal cancer or inflammatory bowel disease as well), degree of radiotherapy,
and extent of resections. Methodological issues include retrospective data collection,
absence of consensus definitions for perineal wound complications, and high risk of
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selection and allocation bias. This underlines the need for randomized trials in this field
and the use of uniform outcome measures.

It is important to mention that myocutaneous flaps have a necrosis rate of approximately
13%.11, 12 The absence of flap necrosis, bleeding and surgical reinterventions after gluteal
turnover flap closure, illustrates that this subcutaneous flap is a less invasive perineal
closure technique, along with not having the other drawbacks of myocutaneous flaps,
i.e. donor site scar, donor site morbidity, and the need for a plastic surgeon. In particular,
the rectus abdominis muscle flap negates the benefits of a laparoscopic approach and
has a high risk of donor-site morbidity. The longer operative time for gluteal turnover
flap closure could not be fully attributed to the creation of the flap, because also more
extralevator resections were performed in this group. In the pilot study, a median
additional operative time of 38 minutes (IQR 35-44 minutes) was needed for the gluteal
turnover flap.6

Evaluation of the severity of the specific perineal wound complications reveled that pelvic
abscesses were less frequent after gluteal turnover flap closure and there were no cases
of fistula, haemorrhage or necrosis. This is also reflected by the shorter readmission
duration in this patient group. Perineal wound complications after gluteal turnover flap
closure seem to be less severe, and probably the perineal wound heals faster compared
with primary closure. Due to the retrospective design of this study, it is not possible to
precisely identify these healing rates.

It is promising that there were no perineal hernias after gluteal turnover flap closure,
despite the larger number of hysterectomies in this group which increases the risk of
perineal hernia.13 The dermis, which is stitched to the contralateral levator remnant might
serve as pelvic floor reconstruction and might therefore lower the risk of perineal hernia
after APR. But this hypothesis needs confirmation in larger studies with longer follow-up.

A major limitation of this study is its retrospective design. Wound complications were
scored based on available data in medical records, which made it difficult to evaluate when
in time a complication started and ended. Furthermore, no standardized wound scoring
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was used, causing the scoring to be mainly dependent on subjective interpretation.
Since a novel closure technique was performed, perineal wound problems were been
monitored very closely afterwards, which may have resulted in an overestimation of
wound complications in the gluteal turnover flap group and underestimation in the
primary closure group. In addition, the performance of the gluteal turnover flap may
seem as a simple surgical procedure. However, a learning curve effect might have
negatively influenced the results of the gluteal turnover flap group so far.

CONCLUSION
Although the results are promising, outcomes did not reveal statistically significant
differences, and a randomized controlled study is needed to demonstrate its superiority
over primary closure regarding perineal wound healing and perineal herniation.
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SUPPLEMENTARY MATERIAL
Supplementary Table 1. Linear regression model: operative time
Variable
ASA III and IV

a

B in minutes

95% CI

P-value

18.6.4

-10.7 – 47.9.3

0.212

Neoadjuvant radiotherapy

17.5

-7.3 – 42.2

0.166

Extralevator APRb

40.6

14.8 – 66.4

0.002

Vascular disease

3.0

-27.2 – 33.1

0.847

Omentoplasty

65.0

41.0 – 89.0

<0.001

Adjacent organ resection

22.0

-6.5 – 50.5

0.130

-16.7

-41.0 – 7.6

0.178

70.6

34.5 – 106.7

<0.001

Open abdominal approach
Gluteal turnover flap

c

B: Beta
CI: confidence interval
ASA: American Society of Anaesthesiologists classiﬁcation
APR: Abdominoperineal Resection
a
Compared to ASA I and II
b
Compared to conventional APR
c
Compared to laparoscopic and robotic approach
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ABSTRACT
Background
Abdominoperineal resection (APR) for rectal cancer is associated with high morbidity of
the perineal wound, and controversy exists about the optimal closure technique. Primary
perineal wound closure is still the standard of care in the Netherlands. Biological mesh
closure did not improve wound healing in our previous randomized controlled trial (BIOPEXstudy). It is suggested, based on meta-analysis of cohort studies, that filling of the perineal
defect with well-vascularised tissue improves perineal wound healing. A gluteal turnover
flap seems to be a promising method for this purpose, and with the advantage of not having
a donor site scar. The aim of this study is to investigate whether a gluteal turnover flap
improves the uncomplicated perineal wound healing after APR for rectal cancer.
Methods
Patients with primary or recurrent rectal cancer who are planned for APR will be
considered eligible in this multicenter randomized controlled trial. Exclusion criteria are
total exenteration, sacral resection above S4/S5, intersphincteric APR, biological mesh
closure of the pelvic floor, collagen disorders, and severe systemic diseases. A total of
160 patients will be randomized between gluteal turnover flap (experimental arm) and
primary closure (control arm). The total follow-up duration is 12 months, and outcome
assessors and patients will be blinded for type of perineal wound closure. The primary
outcome is the percentage of uncomplicated perineal wound healing on day 30, defined
as a Southampton wound score of less than two. Secondary outcomes include time to
perineal wound closure, incidence of perineal hernia, the number, duration and nature
of the complications, reinterventions, quality of life and urogenital function.
Discussion
The uncomplicated perineal wound healing rate is expected to increase from 65 to 85%
by using the gluteal turnover flap. With proven effectiveness, a quick implementation of
this relatively simple surgical technique is expected to take place.
Trial registration
The trial was retrospectively registered at Clinicaltrials.gov NCT04004650 on July 2, 2019.
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BACKGROUND
Historically, abdominoperineal resection (APR) has been the standard treatment for (low)
rectal cancer. Although most rectal cancer patients nowadays undergo a restorative
total mesorectal excision (TME), an APR is still performed in selected patients with very
low tumors and/or poor sphincter function. A drawback of APR is the resulting perineal
defect that still poses a high risk of morbidity, especially in patients who have undergone
pre-operative (chemo)radiotherapy.1 Early perineal wound complications occur in up to
35% of patients, and 10% of patients still have a wound complication even 1 year after
the operation.2, 3

The high rate of perineal morbidity after primary wound closure has resulted in a
continuous discussion on alternative closure methods for the perineal wound after APR.
Options include biological mesh closure and (muscle) flap assisted closure. Biological
mesh closure has been investigated in our previous randomized controlled trial (BIOPEXstudy), and showed no superiority in perineal wound healing compared to primary
closure. Biological mesh closure did result in a lower perineal hernia rate 1 year after
APR (13% versus 27%; P = 0.0316).3 The absence of improvement in perineal wound
healing after biological mesh closure is probably related to the formation of a dead space
between the mesh and the perineal skin after APR. This dead space is prone to fluid
accumulation, which can subsequently get infected with abscess formation.

The hypothesis is that filing of the dead space by well-vascularised soft tissue can
prevent fluid accumulation, and thereby reduce infectious complications and abscess
formation. Several myocutaneous and fasciocutaneous flaps have been used for this
purpose. In a systematic review of cohort studies, muscle flap closure of the perineal
wound showed an improvement of 20% compared to primary closure of perineal defects
after oncological resection.4 However, downsides of these flaps are the donor-site and
recipient-site morbidity that are both often neglected, besides the complexity of the
reconstructive procedures with the need for the presence of a plastic surgeon, and
substantially increased operative time. Especially in the case of a rectus abdominis muscle
flap, the flap interferes with the benefits of a laparoscopic approach of the APR and gives
a high risk of donor site morbidity. Furthermore, there might be an impact on cosmesis
due to an additional scar.
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A gluteal turnover flap is a small transposition flap consisting of the adjacent skin and
subcutaneous tissue of one of the buttocks. This flap is deepithelialized and dissected
down to the gluteal muscle, it is perfused through perforating blood vessels from the
underlying muscle. The flap is hinged into the resected space of the anal sphincter
complex, and the dermis is stitched to the contralateral levator remnant as a pelvic floor
closure. The skin is closed in layers over the flap in the midline, thereby not creating an
additional scar, and minimizing donor-site morbidity. Moreover, it is a relatively simple
procedure, which is easy to learn, and can be performed without the need of a plastic
surgeon.

Potentially, the gluteal turnover flap both improves wound healing by filling the dead
space, as well as preventing hernia formation by stitching deepithelialized dermis to the
levator remnant. A pilot study of this gluteal turnover flap showed no flap necrosis, and
no major morbidity requiring radiological or surgical reintervention within 30 days.5

The aim of this randomized controlled multicenter trial is to compare the effect of gluteal
turnover flap closure of the perineal wound with primary perineal wound closure after
APR for rectal cancer with regard to perineal wound healing.

METHODS
Objective
The objective of this study is to investigate the effect of gluteal turnover flap closure of the
perineal wound with primary closure of the perineal wound after APR for rectal cancer.
The hypothesis is that gluteal turnover flap reconstruction increases the uncomplicated
perineal wound healing rate, and decreases the occurrence of perineal hernia.

Design
In this multicenter, single-blind, randomized controlled trial, patients will be randomized
between gluteal turnover flap closure (experimental arm) and primary wound closure

166

Study protocol of the BIOPEX-2 study

(control arm) (Fig. 1). A block randomisation of 1:1 will be used, stratified for primary or
recurrent rectal cancer and neoadjuvant (chemo)radiotherapy. The patient is blinded
to the allocation of treatment. The study will be carried out in five academic centers,
11 teaching hospitals and two non-teaching hospitals. In centers without experience
in gluteal turnover flap reconstruction, the procedure will be supervised by one of the
principal investigators (PJT or RH) or the plastic surgeon (OL) until a standardised and
quality controlled gluteal turnover flap procedure is assured.

Perineal wound healing will be assessed at 14 days, and 1, 3, 6 and 12 months
postoperatively using the Southampton wound score (Table 1). Evaluation will be
performed by an independent observer not aware of treatment allocation. The perineal
wound will be scored with regard to complications and hernia. In addition, a photograph
of the perineal wound will be made. A CT-scan will be performed according to the
follow-up, and will be assessed for the occurrence of presacral or perineal abscesses
and perineal herniation. Quality of Life and urogenital questionnaires will be collected
at each follow-up moment (EQ-5D, EORTC-30, EORTC-29, SF36, UDI-6, IIQ-7, IIEF, FSFI,
FSDS-R). Additionally, all perineal wound events, re-admissions and reinterventions will
be scored.
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Figure 1. Flow-diagram: study design
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Table 1. Southampton wound scoring system
Grade

Appearance

0

Normal healing

I Normal healing with mild bruising or erythema:
A

Some bruising

B

Considerable bruising

C

Mild erythema

II Erythema plus other signs of inflammation:
A

At one point

B

Around sutures

C

Along wound

D

Around wound

III Clear or haemoserous discharge:
A

At one point only (<2cm)

B

Along wound (>2cm)

C

Large volume

D

Prolonged (>3 days)

IV Pus:
A

At one point only (<2cm)

B

Along wound (>2cm)

8

V Deep or severe wound infection with or without tissue breakdown

Study population
Patients with the following criteria are eligible for inclusion: resection of primary or
recurrent rectal cancer by APR, age of 18 years or older, ability to complete follow-up,
and written informed consent. Exclusion criteria are total pelvic exenteration or sacral
resection above level S4/S5, resection by an intersphincteric APR, biological mesh closure
of the pelvic floor, severe systemic diseases affecting wound healing except for diabetes
(i.e. renal failure requiring dialysis, liver cirrhosis, and immune compromised status like
HIV), collagen disorders (i.e. Marfan syndrome, Ehler-Danlos syndrome) and enrolment
in other trials with the same primary endpoint.
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Treatment strategies
In both study arms, APR can start with either the abdominal or the perineal phase. The
abdominal phase of the APR can be performed via either laparoscopic or open surgery.
The extent of perineal skin excision will be as limited as oncologically justified. The
perineal phase of the APR will be performed according to the principles of a complete or
limited extralevator APR. This means that the levator muscles will be transected laterally
on both sides in order to leave a muscular cuff all around the resection specimen, or
that part of the levator muscles will be resected only at the side of the tumor. Routine
removal of the coccyx will not take place, unless based on oncological principles or
needed to improve surgical visibility. An omentoplasty will not routinely be performed.
A transabdominal drain will be placed and removed after 4 days or when the drain
production is beneath 100 cc/24 h. The APR specimens will be classified according to
Phil Quirke’s classification.6 Postoperatively, the Enhanced Recovery After Surgery (ERAS)
protocol will be followed and the sutures will be removed after 14 days at the outpatient
clinic.
Perineal closure control arm
Standard practice in the Netherlands and the participating center in the UK is primary
closure of the perineum. This consists of stitching the perineal ischioanal fat together
using interrupted 2.0 Vicryl sutures. Afterwards, the subcutaneous fat will be closed using
interrupted 2.0 Vicryl sutures. A Redon drain (CH10) will standardly be placed between
these layers. Subsequently, the skin will be closed using interrupted Vicryl 3.0 sutures.
The perineal redon suction drain will be removed after 14 days or when the production
is less than 30 cc/24 h.
Perineal closure experimental arm
Perineal closure will be performed or supervised by a surgeon experienced with the
gluteal turnover flap. The first gluteal turnover flap procedure at a local participating
hospital will always be supervised by an experienced (plastic) surgeon from the study
group. When experience with the flap is not sufficiently present after the first time,
supervision will be continued as long as required. The patient will be positioned either in
prone or lithotomy position as preferred by the operating surgeon. The flap is marked on
the gluteal skin on either the right or the left side of the surgical defect with a maximum
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width of about 2.5 cm. The half-moon shaped skin island is deepithelialized. Subsequently,
the flap is developed by incising the dermis and subcutaneous fat with approximately
a 45 degree level towards lateral. Gluteal perforators are not selectively dissected, and
for this reason there is no need for pre-operative Doppler identification of perforators,
which simplifies the procedure. Once developed, the subcutaneous flap is placed into
the perineal defect and the deepithelialized dermis is fixed to the contralateral pelvic
floor remnant with Vicryl 2.0 sutures. Afterwards, the perineum is closed in layers over
the gluteal flap using interrupted 2.0 Vicryl sutures for the subcutaneous fat and Vicryl
3.0 interrupted sutures for the skin. A Redon drain (CH10) will standardly be placed
between the flap and the subcutaneous fat and removed after 14 days or when the
production is less than 30 cc/24 h. The procedure with accompanying video has been
published previously.7

Outcome parameters
Primary endpoint
The primary endpoint of the study is the percentage of uncomplicated perineal wound
healing at 30 days postoperatively. Uncomplicated perineal wound healing is defined as
a Southampton wound score of less than two.
Secondary endpoints
Secondary endpoints are perineal wound healing according to the Southampton wound
grading at 14 days, 3, 6 and 12 months postoperatively; postoperative pain score, the
effect of neoadjuvant treatment on perineal wound healing, incidence of persistent
perineal or presacral sinuses both clinically and by imaging (routine follow-up CT), need
for re-intervention or re-admission related to perineal wound problems, incidence of
symptomatic and asymptomatic perineal hernia during follow-up, length of hospital stay,
and quality of life and urogenital function (EQ-5D, EORTC-30, EORTC-29, SF36, UDI-6,
IIQ-7, IIEF, FSFI, FSDS-R).
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Sample size calculation
The proportions of patients with uncomplicated perineal wound healing between both
study arms will be compared and analyzed by the intention-to-treat approach. The
hypothesis is that gluteal turnover flap closure increases the uncomplicated perineal
wound healing rate compared to primary closure of the perineum.

Our recently conducted pilot study showed promising results of the gluteal turnover flap
with a flap failure in zero of ten patients included, and no Clavien-Dindo complications
of three or higher within 30 days of surgery. Among the ten patients, there were four
minor complications and no major wound complications requiring re-intervention at
30 days postoperatively. The minor complications consisted of two perineal wound
dehiscences, one perineal infection necessitating manual drainage and antibiotic
therapy, and one non-infected perineal seroma that also required manual drainage. A
recent published case series of 13 patients undergoing an APR for rectal cancer with a
similar flap procedure showed no cases of flap loss and no donor site or major perineal
morbidity.8 Combining the outcome of our pilot study with the recently published case
series results in an uncomplicated wound healing rate of 83% (19/23). In current literature
an increase of uncomplicated perineal wound healing of approximately 20% is to be
expected when a muscle flap is being used. However, these data are mostly derived from
cohort series in which different kinds of flaps were being used, with different definitions
of complicated perineal wound healing. Therefore the currently available literature is
difficult to interpret with regard to perineal wound healing. In our previously conducted
randomized controlled trial (the BIOPEX-study), there was an uncomplicated perineal
wound healing percentage of 66% after primary perineal wound closure. Extrapolating
the reported improvement in perineal wound healing, a total number of 146 patients (73
per group) are needed to be able to detect a 20% increase in primary perineal wound
healing by use of a gluteal turnover flap (from 65 to 85%), applying a Chi-Square test with
a two-sided 0.05 significance level and with 80% power. With an estimated drop-out of
10%, a total number of 160 patients are required (80 per group).
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Data analysis
Primary endpoint
An intention-to-treat analysis will be performed on the primary outcome using a twosided Chi-square test to compare the two study groups. A p-value of < 0.05 is considered
statistically significant. Specific wound complications will be compared between the
groups as categorical variables using the Mann-Whitney U test. A Kaplan-Meier survival
analysis will be used to analyze the differences in time to perineal wound healing between
the two study groups. Statistical analyses will be performed using SPSS software for
Windows version 26.
Secondary endpoints
Relative risk with 95% confidence interval will be used to analyze treatment effect
according to intention-to-treat. Analysis of binary secondary outcome measures will be
performed similar to the primary outcome (such as perineal hernia rate, re-intervention
rate, wound complication etc.). All p-values will be two-tailed and a p-value of < 0.05
will be considered statistically significant. Subgroup analyses will employ a test of
interaction to explore whether there is evidence that the treatment effects differ across
subgroups. As with all subgroup analyses these will be interpreted with caution, and will
be considered hypothesis generating.

Quality of life and urogenital function
Graphic representation will be used to portray quality of life and urogenital function
data (EQ-5D, EORTC-30, EORTC-29, SF36, UDI-6, IIQ-7, IIEF, FSFI, FSDS-R) across all followup moments, analyzed according to the manuals, and will presented as domain and
summarized scores. Questionnaire outcome comparisons will be analyzed using linear
mixed models. All analyses will be according to the intention-to-treat principle.
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Data monitoring
An independent Data Safety Monitoring Board (DSMB) committee has been established
to perform ongoing safety surveillance and interim analyses on the safety data. The
DSMB is composed of two independent clinicians and one independent epidemiologist.
None of the members has conflict of interest with the sponsor of the study. An interim
analysis will be performed at 80 included patients (of the total of 160 patients). The
steering committee will be supplied with the number of (serious) adverse events in
both groups. If there is a skewed distribution of the number of (serious) adverse events
between the two groups, an efficacy analysis can be performed at the discretion of the
steering committee. Following these interim analyses, the steering committee will advise
upon continuation of the trial.

Ethics and safety
The study protocol (NL65461.018.18) has been approved by the medical ethical
committee of the Academic Medical Center, Amsterdam, the Netherlands. This study
will be performed according to the principles of Good Clinical Practice.

DISCUSSION
A variety of techniques have been described for closure of the perineal defect following
APR for rectal cancer. To date there is only one published randomized controlled trial on
perineal wound closure after APR.3 This study compared biological mesh closure with
primary wound closure, and showed no improvement in primary wound healing after
biological mesh closure. The absence of an effect is probably related to the properties of
the mesh: a mesh adds strength to the pelvic floor, but does not fill the perineal defect.
There is still a possibility of fluid accumulation in the perineal defect with the risk of
secondary contamination.

Since it is thought that filling of the perineal defect is needed to prevent fluid
formation, other perineal closure methods, such as autologous tissue flap closures
are being increasingly used. A number of musculocutaneous transposition flaps and
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fasciocutaneous perforator flaps can be used for perineal closure after APR. The rectus
abdominis muscle flap, gracilis flap, lateral thigh flap and the gluteal flap have all been
described for this purpose.9-15 The vertical rectus abdominis muscle (VRAM) flap is one
of the flaps most often used for closure of relatively large perineal defects. It is wellvascularised, with sufficient vascular pedicle length and bulk, however it disturbs the
abdominal wall integrity. In the era of laparoscopic rectal cancer surgery, a VRAM flap
for routine perineal closure seems to be too invasive with relatively high donor site
morbidity. Furthermore, failure rates as high as 13% have been reported.

The gracilis flap can provide good coverage for the anterior perineal wound. However,
due to the distal positioning of the vascular pedicle the mobility is restricted, limiting its
use for filling the perineal defect. According to the current literature, the lateral thigh flap
is also a good alternative for the reconstruction of the perineum. It may prevent perineal
herniation due to the strong tensor fasciae latae. Although promising, the literature on
this topic is scarce, especially in oncological patients. Besides that, the lateral thigh flap
is most often performed by a plastic surgeon, has a difficult closure of the donor site,
may require an additional skin graft and substantially increases surgery duration and
patient morbidity.

Finally, a gluteal flap can be used for perineal closure after APR and can be performed
as a perforator flap (IGAP/SGAP) or a myocutaneous flap. The gluteal perforator flap lies
outside the radiated field and transfers solely well-vascularised skin and subcutaneous
tissue into the perineal wound. Due to the transfer of only skin and subcutaneous tissue,
patients experience less pain and morbidity at the donor site compared to the gluteal
myocutaneous flap. The gluteal myocutaneous flap has more bulk upon positioning in
the pelvic wound, but due to the atrophy of the muscle the myocutaneous flap loses its
size over time. Furthermore, the gluteal myocutaneous flap results in a big scar on the
buttock with implications for daily life activities.

A recent meta-analysis of ten studies, including 8 studies using VRAM flap and 2 studies
using gracilis flaps, found a significant reduction in perineal complications by flap
reconstruction after APR compared to primary perineal wound closure (pooled perineal
wound complication rate of 35% versus 52%, OR 2.17 (95% CI 1.49–3.15), heterogeneity
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I2 = 0%).4 Especially the major perineal wound complications were reduced (pooled
proportions of 8% vs 25%, OR 3.64 (95% CI 1.70–7.79), I2 = 0%). The drawback of the
current flap series is that they often lack control, and often describe selective populations
with larger defects which makes comparison difficult. Moreover, no randomized
controlled trials comparing muscle flaps to other techniques have been published until
now. Currently, there is one other open trial (trial registration number: NCT01347697),
which started approximately 5 years ago, and randomises between gluteus maximus
myocutaneous flap and acellular porcine collagen implant.16

The perineal dead space after APR is often relatively limited and does not routinely
require a large bulky tissue flap. A flap should therefore be relatively simple to perform,
requiring only limited additional operative time, should be able to be combined with
laparoscopic surgery and performed in both prone and supine positions, and should
not add additional scars. The gluteal turnover flap, which constitutes the experimental
intervention in the present trial, is a modified perforator flap which fulfils these criteria.5
The gluteal turnover flap seems to be a promising method for the purpose of routine
perineal closure after APR for primary and recurrent rectal cancer that does not require
exenterative procedures. In addition to its positive effect on the perineal wound healing,
it is expected that perineal hernia incidence will be reduced, by anchoring the strong
dermis onto the contralateral remnant of the levator ani.

The use of neoadjuvant therapy in the Netherlands has been reduced in the last couple
of years. Therefore, non-radiated patient are also considered eligible in the BIOPEX-2,
while only radiated patients were included in the BIOPEX trial. Neoadjuvant therapy is
one of the most import risk factors for perineal wound complications, and stratification
will be used to balance the study arms for this factor.

It was decided to use the same control intervention in the BIOPEX-2 trial as used in
the BIOPEX trial, namely primary perineal closure. The main reason was because no
superiority of biomesh closure on the primary endpoint could be demonstrated. Although
a significant difference in perineal hernia rate was found for the experimental arm in
the BIOPEX study as a secondary finding, biological mesh closure did not become the
standard of care in the Netherlands. The relatively high costs and relatively small absolute
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difference in perineal hernia rate were the main reasons for continuing primary closure as
routine daily care in most Dutch institutions. Furthermore, the reduced perineal hernia
rate needs further confirmation by long-term follow-up.

In conclusion, tissue flaps used to fill perineal dead space have been suggested to improve
perineal wound healing, but currently used flaps are relatively invasive and have several
drawbacks. The gluteal turnover flap seems to be a promising method, which is less
invasive, does not add donor site scarring, and is relatively easy to perform. High quality
evidence on its efficacy is needed, for which reason the BIOPEX-2 has been designed.
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ABSTRACT
Importance
Uncontrolled pelvic sepsis following rectal cancer surgery may lead to dramatic
consequences with significant impact on patients’ quality of life. Surgeons generally
manage their own complications despite limited experience with these highly challenging
cases and scarcely available literature on optimal approach.
Objective
To evaluate management of pelvic sepsis after total mesorectal excision for rectal cancer
at a national referral center.
Design
Prospective observational study.
Setting
National referral center.
Participants
Referred patients with acute or chronic pelvic sepsis after sphincter preserving rectal
cancer resection, with year of referral between 2010-2014 (A) or 2015-2020 (B).
Exposures
Local anastomotic reconstruction, complete redo anastomosis, intersphincteric resection
of the anastomosis with filling of the pelvic cavity with omentoplasty or tissue flap.
Main outcomes and measures
The main outcome was control of pelvic sepsis at end of follow-up, with a functional
anastomosis as co-primary outcome.
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Results
In total 136 patients were included: 49 in group A and 87 in group B. Management
entailed a restorative procedure in 48% (65/136), a non-restorative procedure in 45%
(61/136) and non-operative approach in 7% (10/136). In group A and B, the operative
approach consisted of endoscopic vacuum assisted surgical closure in 15% (7/46) and
3% (2/80) (P=.012), redo-anastomosis in 46% (21/46) and 44% (35/80) (P=.836), and
intersphincteric resection in 39% (18/46) and 54% (43/80) (P=.114), respectively. After
a median follow-up of 82 months (IQR 35-100) in group A and 42 months (IQR 22-60) in
group B, control of pelvic sepsis was achieved in all patients who received endoscopic
vacuum assisted surgical closure, in 91% (19/21) and 89% (31/35) of patients who
received redo-anastomosis (P>.99), and 100% (18/18) and 95% (41/43) of patients who
received intersphincteric resection (P>.99), respectively. Restorative procedures resulted
in a functional anastomosis in 61% (17/28) of patients in group A and 68% (25/37) of
patients in group B (P=.567).
Conclusion and relevance
High rates of success can be achieved with surgical salvage of pelvic sepsis in a dedicated
tertiary referral center, without significant differences over time. In well selected and
motivated patients a functional anastomosis can be achieved in the majority.
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INTRODUCTION
Anastomotic leakage (AL) following a low anterior resection (LAR) is a dreaded
complication and occurs in up to 28% of rectal cancer patients after total mesorectal
excision.1-5 Even more concerning is that half of the AL do not heal, and these patients
are left with ongoing pelvic sepsis.5 Even in case of primary Hartmann’s procedure (HP),
pelvic sepsis occurs in up to 20% of patients.6, 7 Pelvic sepsis is more common in irradiated
patients and is often accompanied by secondary severe complications including fistula
formation, ureteral fibrosis, necrotizing fasciitis and higher local recurrence rates. In
addition, it greatly affects quality of life and increases mortality. 8-10

Management of these patients is complex and represents a real surgical challenge. The
main principle of salvage surgery is adequate pelvic debridement, which may be difficult
in a fibrotic and mostly irradiated field with subsequent pelvic filling using healthy well
vascularized tissue. This can be the new colonic conduit in case of a redo-anastomosis,
while in the non-restorative setting pelvic filling is obtained by a pedicled omentoplasty
or a tissue flap.11-13 Over the last decade, novel treatment options and techniques have
been implemented in an attempt to improve outcomes, such as endoscopic vacuum
therapy, transanal minimally invasive surgery (TAMIS) for better access to the area of
sepsis deep within the pelvis and fluorescence angiography to verify a well perfused
colonic conduit, omentoplasty or tissue flap.14-17

Literature on this topic is scarce, and large cohorts with long-term outcomes are almost
non-existing. Therefore, this observational study aimed to analyze all referred patients
with pelvic sepsis to a tertiary center, with a description of patient characteristics and
their disease course until referral, details of salvage management and associated longterm outcomes, stratified for two consecutive time periods to assess improvement of
management.
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METHODS
Patients
This was a single center prospective observational study of consecutive patients with
pelvic sepsis after LAR or HP for rectal cancer referred for further treatment between
January 2010 and January 2020. To evaluate changes in patient characteristics, surgical
management, and success rates over time, patients were divided into two groups of 5
years each based on the year of referral: January 2010–December 2014 (group A) and
January 2015–January 2020 (group B).

The primary resection for rectal cancer (i.e. LAR or HP) was defined as the index
procedure. Pelvic sepsis was defined as uncontrolled persisting inflammation within
the pelvic cavity following AL, including leakage from a rectal remnant after low HP
or dismantled anastomosis. Pelvic sepsis was diagnosed during physical examination,
endoscopy, radiology, or a combination of diagnostic modalities, and defined as chronic
when sepsis was still present 12 months following the index procedure.

The primary endpoint was the percentage of patients with control of pelvic sepsis at
end of follow-up, with rate of functional anastomosis as co-primary endpoint. Control of
pelvic sepsis was defined as either a healed anastomosis without any further collections
on imaging in restorative procedures, or healing of the perineal wound, without any
features suggesting ongoing sepsis based on clinical symptoms, laboratory results and
cross-sectional imaging in non-restorative procedures. A healed anastomosis was defined
as no contrast extravasation visible on CT-scan and/or an intact anastomosis during
endoscopy, independent of the presence of a diverting stoma. A functional anastomosis
was defined as a healed anastomosis with restored bowel continuity. Secondary
outcomes were peri-operative morbidity, reinterventions after salvage management,
hospital stay and mortality.

Part of the patients in this cohort overlap with previously published studies.12, 18, 19 The
Institutional Review Board of the Academic Medical Center in Amsterdam waived the
need for Informed Consent.
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Data collection
Patient and treatment characteristics were collected from medical charts and stored
in an electronic database (Castor EDC).20 Treatment after referral was distinguished
into surgical and non-surgical management. Surgical management included restorative
(i.e. endoscopic vacuum assisted surgical closure (EVASC) and redo-anastomosis) and
non-restorative procedures (i.e. intersphincteric resection of the anastomosis or rectal
stump). EVASC included all patients in which the AL was closed after vacuum therapy
without excision of the anastomosis. Redo-anastomosis was defined as restoration
of continuity after resection of the leaking anastomosis or rectal stump. Only major
complications within 30 days were reported according to the Clavien-Dindo classification
(grade III-V). 21, 22

Statistical analysis
Categorical data are presented as numbers and proportions and were compared using
the Chi-Squared test, or the Fisher exact test when appropriate. Numerical data are
reported as means with standard deviation (SD) or medians with interquartile range
(IQR) and were compared using the independent t test or Man-Whitney U (MWU) test
according to distribution. The median time from index to referral was presented with
95% Confidence Interval (95% CI). The median number of reinterventions per patient
was reported with IQR, as well as the minimum and maximum range to represent interindividual variability. Subgroup analyses were performed in patients with restorative and
non-restorative salvage surgery, and in patients with and without major pelvic surgery
prior to referral. Crude rates for control of pelvic sepsis were calculated as well as the
probability for control of pelvic sepsis by Kaplan-Meier analysis, which was compared
using the log-rank test. The statistical significance level was set at a P-value of <0.05.
IBM SPSS Statistics for Windows (v.26.0, IBM Corp., Armonk, New York, USA) was used
for the statistical analyses.
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RESULTS
Patients
In total, 152 patients were referred with pelvic sepsis between 2010 and 2020. Of these
152 patients, eight patients were excluded due to pelvic sepsis after abdominoperineal
resection, and four patients were excluded because of the underlying disease (i.e. villous
adenoma, Morbus Crohn). In addition, four patients were excluded because they had
already undergone an intersphincteric proctectomy at the referring center. As a result, a
total of 136 patients were included in this analysis, 49 patients in group A and 87 patients
in group B (Table 1).
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63 ± 11

7 (5-10)

Tumor distance from anal verge, median (cm, IQR)

0/49 (0)
3/49 (6)
1/49 (2)

Long-course radiotherapy only

Radiotherapy only, type unknown

Short-course radiotherapy followed by chemotherapy

18/49 (37)

25/49 (51)

Short-course radiotherapy only

Chemoradiotherapy

2/49 (4)

None

Neoadjuvant therapy

13

6/49 (12)

Diabetes mellitus type II

Missing (n)

7/47 (15)

30/87 (35)

3/87 (3)

6/87 (7)

2/87 (2)

39/87 (45)

7/87 (8)

37

7 (6-9)

14/87 (16)

11/81 (14)

16/83 (19)

5/47 (11)

Active smoker

ASA III

53/83 (64)

26/47 (55)

ASA II

14/83 (17)

5

25 (23-28)

16/47 (34)

2

25 (23-27)

67/87 (77)

2015-2020 (n=87)

ASA I

ASA classification

Missing (n)

BMI, median (kg/m2, IQR)

61 ± 10

31/49 (63)

Sex (male)

Age, mean ± SD (years)

2010-2014 (n=49)

Variable
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0.896

0.947

0.543

0.837

0.061

0.329

0.374

0.086

P-value
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>1 year

90 days - 1 year

30-90 days

<30 days

Time between index surgery and clinical presentation anastomotic leakage

Stage IV

Stage III

Stage II

Stage I

Stage 0

Primary tumor pathological stage

Missing (n)

Distance from anastomosis / rectal stump to the ARJ, median (cm, IQR)

Hartmann procedure

Low anterior resection

Index surgery

Variable

Table 1. Continued

61/87 (70)
5/87 (6)
4/87 (5)
17/87 (20)

5/49 (10)
9/49 (14)

2/72 (3)

0/39 (0)

3/49 (6)

23/72 (32)

34/49 (69)

13/72 (18)

26/72 (36)

12/39 (31)
10/39 (26)

8/72 (11)

3/39 (8)

14/39 (36)

12

12

8/87 (9)

2/49 (4)
4 (3-5)

79/87 (91)

47/49 (96)
3 (2-4)

2015-2020 (n=87)

2010-2014 (n=49)

0.564

0.758

0.173

0.329

P-value
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192
3/87 (3)

2/49 (4)

1/49 (2)

Academic

Descriptive statistics are presented in proportions, unless otherwise stated
IQR: Interquartile range
ASA: American Society of Anesthesiologists classiﬁcation
ARJ: Anorectal junction
a
More than one complication could be present in a patient

101 (68-131)

40/49 (82)

Teaching

Time between index surgery and last date of follow-up, median (months, IQR)

8/49 (16)

Non-teaching

Type referring hospital

Sacral osteomyelitis

2/87 (2)

1/49 (2)

Urethra fistula

74 (47-114)

1/87 (1)

78/87 (90)

8/87 (9)

1/87 (1)

0/49 (0)

6/87 (7)

15/87 (17)

Ureter fistula

10/49 (20)

Hip fistula

4/20 (20)

3/49 (6)

2/18 (12)

Vaginal fistula

1/20 (5)

2/87 (2)

5/87 (6)

6/87 (7)

22/87 (25)

40/87 (46)

2015-2020 (n=87)

Bladder fistula

1/49 (2)
1/18 (6)

Uterus fistula

1/49 (2)

Enterocutaneous fistula

Small bowel fistula

3/49 (6)

12/49 (25)

Back/leg pain

Enteroperineal fistula

24/49 (49)

2010-2014 (n=49)

None

Secondary complications of (chronic) pelvic sepsisa

Variable

Table 1. Continued

0.074

0.364

0.736

P-value
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Treatment prior to referral
The median time between index surgery and referral was 17 months (IQR 7-37) in group
A and 18 months (IQR 9-57) in group B (P=.165; Supplementary Table 1). The median
number of reinterventions prior to referral in group A was 1, with an IQR of 1-2 and range
of 0-28; corresponding results for group B were median 1 reintervention with an IQR of
0-2 and range of 0-10 (P=.607). Reinterventions in the referring center were surgical in
76% (37/49) and 75% (65/87) (P=.918), which included major pelvic surgery in 32% (12/37)
and 29% (19/65), respectively (P=.735). The most common major pelvic surgery in both
groups was takedown of the anastomosis and creation of an end colostomy (75% (9/12)
vs. 84% (16/19); P=.653).

Management of pelvic sepsis after referral
The pelvic anatomy at time of referral is shown in Table 2, an anastomosis was in situ
in 78% (38/49) of patients in group A and 72% (63/87) of patients in group B (P=.511).

A restorative procedure was attempted in 61% (28/46) of patients in group A and in 46%
(37/80) of patients in group B (P=.114). These patients were significantly younger (57 ±10
years vs. 69 ±9 years; P<.001), and had lower ASA scores compared to patients with a
non-restorative procedure (Supplementary Table 2). A redo-anastomosis was more often
performed in group B (95% (35/37) vs. 75% (21/28); P=.032), while local reconstruction
by EVASC was more often attempted in group A (25% (7/28) vs. 5% (2/37); P=.032). The
abdominal approach for redo-anastomosis was significantly more often laparoscopic in
group B (80% (28/35) vs. 42% (8/19); P=.005) and the perineal approach was significantly
more often TAMIS in group B (94% (33/35) vs. 11% (2/18); P<.001). The median length
of hospital stay after redo-anastomosis was significantly longer for patients in group A
(7 days (IQR 6-12) vs. 6 days (IQR 4-7); P=.022).

The abdominal approach of intersphincteric resection was more often laparoscopic in
group B (57% (24/42) vs. 31% (5/16); P=.078). The perineal approach was significantly
more often TAMIS in group B (70% (30/43) vs. 0% (0/17); P<.001), and therefore patient
positioning for the perineal phase was significantly more often lithotomy over time (95%
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(41/43) vs. 71% (12/17); P=.016). An omentoplasty was performed in 89% (16/18) of
patients in group A and 77% (33/43) of patients in group B (P=.481), and a tissue flap
reconstruction in 0% (0/18) and 9% (4/43), respectively (P=.310). The median length of
hospital stay after a non-restorative procedure was 10 days (IQR 7-13) for patients in
group A and 7 days (IQR 5-18) for patients in group B (P=.611).

Secondary HP following LAR prior to referral significantly affected salvage management.
Following secondary HP, salvage surgery consisted of a restorative procedure in
16% (4/25) and a non-restorative procedure in 68% (17/25) (P=.001). Corresponding
percentages without prior takedown of the anastomosis were 58% (59/101) and 36%
(36/101) (P<.001), respectively. In addition, a restorative procedure was performed in
55% (34/62) of patients who did not have any surgical reintervention prior to referral,
in 58% (25/43) if only a minor surgical reintervention was performed, and in 19% (6/31)
after major surgical reintervention(s) (P=.001).

After referral, it was decided to manage the pelvic sepsis non-operatively in 3 patients
of group A and in 7 patients of group B.
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37/80 (46)
2/37 (5)
35/37 (95)
321 ± 93
0/35 (0)
n.a.
n.a.
0/35 (0)
n.a.
35/35 (100)

28/46 (61)
7/28 (25)
21/28 (75)
303 ± 83
2/21 (10)
0/2 (0)
n.a.
1/21 (5)
0/1 (0)
18/21 (86)

33/35 (94)

2/17 (12)

80/87 (92)

46/49 (94)

TAMIS (vs. transperineal open)

					

				

58/87 (67)

29/49 (59)

0/28 (0)

16/87 (18)

9/49 (18)

0/8 (0)

8/87 (9)

2/49 (4)

Conversion

63/87 (72)

38/49 (78)

28/35 (80)

2015-2020 (n=87)

2010-2014 (n=49)

8/17 (47)

Abdominal laparoscopic (vs. open)

Combined

				

			

TAMIS (vs. open)

Transperineal only

				

			

Conversion

Laparoscopic (vs. open)

					

				

Transabdominal only

Surgical approach

		

			

Operation time, mean ± SD (minutes)

		

Redo-anastomosis

EVASC

Restorative procedures

Surgical management

>12 months

Duration of pelvic sepsis

Secondary Hartmann

Primary Hartmanna

Anastomosis still in situ

Status pelvis at time of referral

Variable

Table 2. Management of pelvic sepsis after referral

0.048

0.476

0.032

0.032

0.114

1.000

0.383

0.542

P-value
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Abdominoperineal synchronous

Omentoplasty

Tissue flap (muscle, fascio- and subcutaneous flap)

Fluorescence

		

		

		

		

Urological complication

Length of hospital stay after salvage, median (days, IQR)

		

		

				

Conversion

Abdominal laparoscopic (vs. open)

Combined

			

		

Conversion

TAMIS (vs. open)

Transperineal only

			

		

				

Laparoscopic (vs. open)

Transabdominal only

			

		

Surgical approach

Operation time, mean ± SD (minutes)

Non-restorative procedures

Extensive adhesiolysis

Perfusion anastomosis

			

		

Perfusion omentoplasty

			

c

Lithotomy (vs. prone)

		

Variable

Table 2. Continued

0/5 (0)

5/15 (33)

15/18 (83)

0/2 (0)

2/18 (11)

n.a.

0/1 (0)

1/18 (6)

278 ± 102

18/46 (39)

7 (6-12)

2/19 (11)

7/18 (39)

-

3/24 (13)

24/42 (57)

42/43 (98)

0/1 (0)

1/43 (2)

n.a.

n.a.

0/43 (0)

292 ± 91

43/80 (54)

6 (4-7)

4/35 (11)

9/35 (26)

6/6 (100)

1/6 (17)

6/35 (17)

0/21 (0)
-

0/35 (0)

2/35 (6)

15/35 (43)

35/35 (100)

2015-2020 (n=87)

1/21 (5)

4/21 (19)

1/19 (5)

7/17 (41)

2010-2014 (n=49)

0.073

0.612

0.114

0.022

1.000

0.322

0.074

0.375

0.183

0.004

<0.001

P-value
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7 (5-18)
7/87 (8)

10 (7-13)
3/49 (6)
20 (9-41)

Length of hospital stay after salvage, median (days, IQR)

		

Non-surgical management

Time between index surgery and salvage surgery, median (months, IQR)

Descriptive statistics are presented in proportions, unless otherwise stated
a
Hartmann procedure as index surgery
b
Hartmann situation after anastomotic takedown in referring hospital
c
Multiple reasons may apply
EVASC: endoscopic vacuum assisted surgical closure
SD: Standard Deviation
TAMIS: Transanal Minimally Invasive Surgery
IQR: Interquartile range

7/43 (16)

2/18 (11)

Urological complication

22 (14-67)

20/43 (47)

6/18 (33)

Extensive adhesiolysis

0/14 (0)

-

		

Perfusion anastomosis

			

14/43 (33)
14/14 (100)

		

Perfusion omentoplasty

			

-

Fluorescence

		

0/18 (0)

4/43 (9)

0/18 (0)

Tissue flap (muscle, fascio- and subcutaneous flap)

		

c

Omentoplasty

0.062

1.000

0.611

0.713

0.343

0.006

0.310

0.481

0.012

17/43 (40)
33/43 (77)

1/18 (6)
16/18 (89)

Abdominoperineal synchronous

		

41/43 (95)

12/17 (71)

		

0.016

30/42 (71)

0/15 (0)

P-value

2015-2020 (n=87)

2010-2014 (n=49)

Lithotomy (vs. prone)

TAMIS (vs. transperineal open)

		

			

Variable

Table 2. Continued
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Control of pelvic sepsis
Median follow-up after salvage management in our tertiary center was 49 months overall
(IQR 22-72), and this was 82 months (IQR 35-100) in group A and 42 months (IQR 22-60)
in group B. Total reintervention rate during follow-up was 41% (19/46) in group A (median
0, IQR 0-2, range 0-6) and 41% (33/80) in group B (median 0, IQR 0-2, range 0-7; P=.995).
These reinterventions consisted of major pelvic surgery in 53% (10/19) and 42% (14/33)
of patients (P=.477), respectively. Median time between salvage surgery and surgical
reinterventions was 10 months (IQR 3-35) in group A and 1 month (IQR 1-4) in group
B (P=.001). The mean overall length of readmission related to pelvic sepsis was 17 ±11
days and 14 ±10 days in group A and B, respectively (P=.275) (Supplementary Table 3).

Patients in group A had control of pelvic sepsis at end of follow-up in 96% (44/46), and
this was 93% (74/80) in group B (P=.709), with an overall rate of 94% (118/126) (Table 3
and Figure 1). The 12-month pelvic sepsis control rate was 76% in patients of group A
and 87% in patients of group B (P=.216) (Figure 2). Median time between salvage and
control of pelvic sepsis was 25 days for patients in both groups (IQR 8-375 and IQR 8-124;
P=.683, respectively).

The restorative sepsis control rate was 93% (26/28) in group A and 89% (33/37) in
group B (P=.692). The proportion of healed anastomosis was 71% (5/7) and 100%
(2/2) after EVASC (P>.99), and 67% (14/21) and 69% (24/35) after redo-anastomosis
(P=.883). Corresponding proportions for functional anastomosis were 57% (4/7) and
50% (1/2) (P>.99), and 62% (13/21) and 69% (24/35) (P=.610), respectively. The nonrestorative sepsis control rate after reinterventions for failed local reconstruction of redo
anastomosis was 100% (18/18) in group A and 95% (41/43) in group B (P>.99).

Five patients in group A underwent surgical salvage in the latter period (2015-2020), after
which control of pelvic sepsis was achieved. Scoring these patients from group A as no
control of pelvic sepsis, results in a control of pelvic sepsis rate of 85% (39/46) compared
to 93% (74/80) in group B (P=.225).
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32/80 (40)
5/80 (6)
1/80 (1)

20/46 (44)
2/46 (4)
0/46 (0)

42 (22-60)
1/80 (1)

82 (35-100)
0/46 (0)

Descriptive statistics are presented in proportions, unless otherwise stated
EVASC: endoscopic vacuum assisted surgical closure
Reason stoma in situ at end of follow-up: ametastastic disease, blow anterior resection syndrome
IQR: Interquartile range

Mortality within 30 days

Time between salvage and last date of follow-up, median (months, IQR)

Grade V

		

25 (7-347)

Grade IV

		

Time between salvage and control of pelvic sepsis, median (days, IQR)

Grade III

		

25 (8-115)

42/80 (53)

24/46 (52)

Grade 0-II

		

Clavien-Dindo

41/43 (95)

24/35 (69)
a

18/18 (100)

24/35 (69)

Non-restorative sepsis control (i.e. intersphincteric resection)

0.610

31/35 (89)

19/21 (91)
14/21 (67)
13/21 (62)

1/2 (50)b

4/7 (57)a

Functional anastomosis

0.883

2/2 (100)

5/7 (71)

			

1.000

2/2 (100)

7/7 (100)

Healed anastomosis

1.000

25/37 (68)

17/28 (61)

0.692

1.000

<0.001

0.683

0.944

1.000

1.000

n.a.

0.567

0.835

33/37 (89)
26/37 (70)

26/28 (93)
19/28 (68)

0.709

74/80 (93)

44/46 (96)

P-value

2015-2020 (n=80)

2010-2014 (n=46)

			

Restorative: redo-anastomosis

Functional anastomosis

			

		

Healed anastomosis

			

Restorative: EVASC

Functional anastomosis

			

		

Healed anastomosis

			

Restorative sepsis control

Control pelvic sepsis

Variable

Table 3 Control of pelvic sepsis
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Figure 1. Flow chart of control of pelvic sepsis after restorative (i.e. EVASC or redo-anastomosis) and non-restorative (i.e. intersphincteric resection) salvage
surgery, divided into year of referral (2010 – 2014 (red boxes) and 2015 – 2020 (blue boxes). Rates of healed and functional anastomosis are reported for
restorative procedures and rates of healed perineum for non-restorative procedures
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Figure 2. Kaplan-Meier curves of control of (chronic) pelvic sepsis after salvage surgery, stratified
for year of referral: 2010 – 2014 (red line) and 2015 – 2020 (blue line). Log-rank test was used to
test the significance, and censored patients were indicated by tick marks. The number of patients
at risk are shown at the bottom part of the Figure

DISCUSSION
The present study provides detailed insights into a large consecutive cohort of 136
patients with pelvic sepsis after rectal cancer resection that were referred to a tertiary
unit during a 10 year study period. In these complex cases of predominant chronic sepsis,
almost always following radiotherapy, a healed anastomosis or perineum without any
signs of persisting pelvic infection could be achieved in the vast majority of patients.
Restoration of continuity was intended in about half of the patients, and in this group
similar sepsis control rates were achieved compared to patients with a non-restorative
procedure, although this sometimes required additional salvage procedures for failed
local reconstruction or redo anastomosis.

In our first report on the topic in a small cohort of 22 patients, the ability to control pelvic
sepsis was only 62% .12 At that time, we were more reluctant to perform major salvage
surgery. Based on our failures, we learned more about the general surgical principles of
managing chronic pelvic sepsis. For example, we found that just removing a rectal stump
without revision of a previously performed omentoplasty will result in an even larger
cavity. Salvage surgery should not be performed as a staged procedure, but resection of
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the leaking anastomosis should simultaneously be combined with optimal pelvic filling.
Furthermore, we became more aggressive in complete surgical debridement, which
appeared to be without increased risk of bleeding because of obliterated presacral
veins as a result of chronic inflammation. If any fibrotic capsule or small sinus with
granulation tissue remains, this likely results in recurrent presacral abscess formation.
By more systematically applying these principles and optimizing our salvage surgery
with intersphincteric completion proctectomy combined with optimal debridement and
omentoplasty, we were able to improve our results with a pelvic sepsis control rate of
78% in our series until 2014.11 At that time, we introduced TAMIS, which was found to
significantly improve exposure for complete debridement and with more possibilities for
restorative salvage surgery.15 In the present overview of all consecutive patients who
were referred during one decade until January 2020, we now report an overall success
rate of 94%. In addition, time interval to control of pelvic sepsis after salvage surgery
has become shorter if comparing present results with our initial publication (4 months
(IQR 1-31) vs. 1 (IQR 0-8) month).

Although some differences in salvage management over the 10-year period were
observed, outcomes were remarkably similar between the early and late cohort. This
is mainly explained by the fact that some failures from period A underwent another
successful salvage procedure during period B, thereby benefitting from better
understanding of these complex conditions and passing the learning curve over time.

As a result of increasing awareness of our units’ approach to acute and chronic pelvic
sepsis, and referral pathways among Dutch centers performing rectal cancer surgery,
we expected to find a decrease in the interval between index surgery and referral. But
this interval remained stable around 17 months. Similarly, the proportion of major pelvic
reinterventions prior to referral remained unchanged over time, with the proportion of
secondary Hartmann’s’ procedures even increasing from 75% in the early group to 84%
in the more recent group.

A clear difference between the two time periods is the higher rate of complete minimal
invasive procedure, both for restorative and non-restorative cases. We don’t believe
this reflects a learning curve for laparoscopy in these complex procedures, but rather is
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linked with the implementation of TAMIS that offered better access to the area of sepsis
deep within the pelvis. These higher rates of minimal invasive procedures appeared to
have a clear impact on length of stay, while we also acknowledge the potential influence
of enhanced recovery programs.

A restorative procedure resulted in a 69% rate of healed anastomosis, with a similar
functional anastomosis rate. Only 3 patients still had a diverting stoma at end of follow-up
due to severe LARS (n=1) or development of metastasis (n=2). Westerduin et al. compared
functional outcomes and quality of life between redo-anastomosis and primary successful
anastomosis in patients with rectal cancer.19 They found significantly worse quality of
life after redo-anastomosis, whereas major LAR syndrome was comparable between
groups. Therefore, preserving bowel continuity should be considered in highly motivated
patients, and this is supported by good outcomes in the restorative cases.

Higher rates of reconstructive salvage surgery were possible if no major pelvic
reintervention was performed at the referring center to treat pelvic sepsis. Removal of
the afferent colon from the pelvis will result in coverage of the rectal stump with the
urogenital organs and fibrotic narrowing of the lower pelvis which makes restorative
surgery much more difficult. Therefore, one should try to keep the leaking anastomosis in
situ, and to initially control pelvic sepsis with faecal diversion and optimal local drainage.
A recent publication of Calmels et al. obtained a functional anastomosis in 80% of
patients after redo-anastomosis, compared to an overall rate of 66% in our cohort.23
However, only 37% of their total cohort had chronic pelvic sepsis, whereas this was 63%
in our cohort. Another recent publication reported on functional anastomosis rate in
patients after second redo surgery, and found a 63% success rate.24 These outcomes
correspond more to our series, since two-third of the patients in our cohort had a
surgical reintervention prior to referral. These studies and the current data emphasize the
importance of a faster referral process, and omission of any major pelvic reintervention.

The strength of the present study is the large number of patients with long-term followup, that reports outcomes of a gradually increasing experience of a national referral unit
for anastomotic failure, which forms a unique series in currently available literature.
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Limitations of the current study are related to the heterogeneity of patients and
interventions, which is inevitable in such a study on pelvic sepsis.

With regards to implications for clinical practice, a shared decision making is of utmost
importance to achieve favorable results in this intensive treatment process. The findings
of this study might be useful to outline the expected course and outcome for patients.
Future studies are needed to evaluate patient experience, using validated questionnaires.
Finally, the present study illustrates the potential of organizing centralized care for
patients with this rare complex condition within a country.

CONCLUSION
This large observational cohort study shows that surgical salvage of pelvic sepsis in a
dedicated tertiary referral center results in high rates of success, without significant
differences over time. This study can raise awareness and provide further insights into
the management of this challenging complication following rectal cancer resection, with
several lessons learned to improve current practice.
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Omentoplasty

Necrotic omental flap

Redo coloanal anastomosis

End colostomy with takedown of the anastomosis

		

		

		

		

Transanal closure

Presacral abscess drainage

Endosponge under general anesthesia

		

		

		

Minor pelvic surgical reinterventionsb

Fistula excision

		

Major pelvic surgical reinterventionsb

Surgical reinterventions

Number of non-surgical reinterventions per patient, median (IQR, range)

8/38 (21)
31/38 (82)
7/38 (18)

2/23 (9)
20/23 (87)
6/23 (26)

1/19 (5)

1/12 (8)

38/65 (59)

1/19 (5)

0/12 (0)

16/19 (84)

4/19 (21)

1/12 (8)

9/12 (75)

4/19 (21)

3/12 (25)

23/37 (62)

19/65 (29)

0.714

0.735

0.918

65/87 (75)

37/49 (76)
12/37 (32)

0.731

0.883

0.621

0.607

P-value

0.957

0 (0-1, 0-9)

0 (0-0, 0-2)

1 (0-1, 0-10)

1 (0-2, 0-10)

2015-2020 (n=87)

0 (0-1, 0-5)

0 (0-1, 0-5)

0 (0-0, 0-3)
0 (0-1, 0-28)

Number of minor pelvic surgical reinterventions per patient, median (IQR, range)

1 (0-2, 0-28)

Number of surgical reinterventions per patient, median (IQR, range)

Number of major pelvic surgical reinterventions per patient, median (IQR, range)

1 (1-2, 0-28)

2010-2014 (n=49)

Number of total reinterventions per patient, median (IQR, range)a

Variable

Supplementary Table 1. Treatment prior to referral
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Anastomotic dilatation

Endoclips

Pigtail drainage

		

		

Transgluteal drainage presacral abscess

Descriptive statistics are presented in proportions, unless otherwise stated
a
Surgical, radiological and endoscopic interventions
b
More than one procedure could be performed during the same intervention
IQR: Interquartile range

Time between index surgery and referral, median (months, IQR)

		

Radiologic reintervention

Endosponge

		

b

		

Endoscopic reintervention

Non-surgical reinterventions

Variable

Supplementary Table 1. Continued

17 (7-37)

7/7 (100)

7/18 (39)

0/12 (0)

0/12 (0)

1/12 (8)

18 (9-57)

13/13 (100)

13/32 (41)

2/25 (8)

1/25 (4)

5/25 (20)

18/25 (72)

25/32 (78)

12/18 (67)
12/12 (100)

32/87 (37)

2015-2020 (n=87)

18/49 (37)

2010-2014 (n=49)

0.165

0.904

0.504

0.996

P-value
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Supplementary Table 2 Patient characteristics in patients with restorative and non-restorative
salvage
Variable

Restorative (n=65)

Non-restorative (n=61)

P-value

Sex (male)

45/65 (69)

46/61 (75)

0.439

57 ± 10

69 ± 9

<0.001

25 (23-27)

26 (24-29)

0.409

0

1

ASA I

19/65 (29)

10/61 (16)

ASA II

45/65 (69)

31/61 (51)

ASA III

1/65 (2)

20/61 (33)

Age, mean ± SD (years)
BMI, median (kg/m2, IQR)
Missing (n)
ASA classification

<0.001

Active smoker

10/65 (15)

8/60 (13)

0.744

Diabetes mellitus type II

8/65 (12)

11/61 (18)

0.369

IQR: Interquartile Range
Descriptive statistics are presented in proportions, unless otherwise stated
SD: Standard Deviation
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20/47 (43)

9/31 (29)

Redo coloanal anastomosis

Delayed redo coloanal anastomosis

Intersphincteric resection anastomosis and end colostomy
a

Necrotic omental flap

		

		

		

		

Endosponge under general anesthesia

Abscess drainage

Transanal closure

		

		

		

Minor pelvic surgical reintervention

7/14 (50)

7/10 (70)

Muscle or fasciocutaneous flap

7/9 (78)

2/9 (22)

2/9 (22)

0/10 (0)

0/10 (0)

1/10 (10)

1/10 (10)

3/14 (21)

11/20 (55)

8/20 (40)

10/20 (50)

1/14 (7)

1/14 (7)

2/14 (14)

6/14 (43)

5/14 (36)

		

3/10 (30)

Omental flap

5/10 (50)

Fistula excision

		

14/47 (30)

25/80 (31)

0 (0-1, 0-3)

0 (0-1, 0-4)

0 (0-0, 0-2)

0 (0-1, 0-5)

0 (0-2, 0-7)

2015-2020 (n=80)

		

10/31 (32)

15/46 (33)

Surgical reintervention

Major pelvic surgical reinterventiona

0 (0-1, 0-4)

Number of non-surgical reinterventions per patient, median (IQR, range)

0 (0-0, 0-3)

Number of minor pelvic surgical reinterventions per patient, median (IQR, range)

0 (0-1, 0-3)
0 (0-0, 0-2)

Number of surgical reinterventions per patient, median (IQR, range)

Number of major pelvic surgical reinterventions per patient, median (IQR, range)

0 (0-2, 0-6)

2010-2014 (n=46)

Number total reinterventions per patient, median (IQR, range)

Variable

Supplementary Table 3. Reinterventions and oncological outcome after salvage

0.227

0.817

0.875

0.941

0.404

0.552

0.929

0.889

P-value
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a

Anastomosis dilation

		

Transgluteal drainage presacral abscess

Lung

Portocaval lymph nodes

		

		
a

Lung

Other

		

		

Descriptive statistics are presented in proportions, unless otherwise stated
IQR: Interquartile range
a
More than one procedure could be performed during the same operation
SD: Standard deviation

Length readmission, mean ± SD (days)

Liver

		

Metachronous metastases after salvage

Liver

		

Metachronous metastases at time of salvagea

		

Radiological reintervention

Endosponge

		

Endoscopic reintervention

Non-surgical reintervention

Variable

Supplementary Table 3. Continued

13/13 (100)
2/80 (3)
1/2 (50)
2/2 (100)
0/2 (0)
8/78 (10)
4/8 (50)

6/6 (100)
1/46 (2)
1/1 (100)
1/1 (100)
1/1 (100)
3/45 (7)
0/3 (0)

14 ± 10

13/25 (52)

6/15 (40)

17 ± 11

0/13 (0)

1/10 (10)

2/8 (25)

13/13 (100)

10/10 (100)

4/8 (50)

13/25 (52)

10/15 (67)

1/3 (33)

25/80 (31)

15/46 (33)

2/3 (67)

2015-2020 (n=80)

2010-2014 (n=46)

0.275

0.745

1.000

0.462

0.364

0.875

P-value
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ABSTRACT
Aim
The aim of this systematic review was to analyze recurrence rates after different surgical
techniques for perineal hernia repair.
Method
All original studies (n ≥2) reporting recurrence rates after perineal hernia repair after
abdominoperineal resection (APR) were included. The electronic database PubMed was
last searched in December 2021. The primary outcome was recurrent perineal hernia.
A weighted average of the logit proportions was determined by the use of the generic
inverse variance method and random effects model.
Results
A total of 19 studies involving 172 patients were included. The mean age was 64 ± 5.6
years and the indication for APR was predominantly cancer (99%, 170/172). The pooled
percentage of recurrent perineal hernia was 39% (95% CI, 27-52) after biological mesh
closure, 29% (95% CI, 21-39) after synthetic mesh closure, 37% (95% CI, 14-67) after
tissue flap reconstruction only, and 9% (95% CI, 1-45) after tissue flap reconstruction
combined with mesh.
Conclusion
Recurrence rates after mesh repair of perineal hernia are high, without clear difference
between biological and synthetic meshes. The addition of a tissue flap to mesh repair
seemed to have favorable outcome, which warrants further investigation.
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INTRODUCTION
Perineal hernia after abdominoperineal resection (APR) remains a vexing problem for
both patients and clinicians. In current literature the incidence of symptomatic perineal
hernia ranges from 7% to 30%.1-3 A perineal hernia may cause discomfort, pain, wound
healing problems, urogenital dysfunction and small bowel obstruction.4-6 Depending on
the severity of symptoms, preference and experience of the surgeon, an elective repair
is sometimes considered. In contrast to abdominal wall hernias, literature on perineal
hernia repair is very limited.

Recurrence rates after surgical repair of a perineal hernia are high, and no consensus
has been reached regarding the preferred method. Many options have been described,
including primary closure, biological and synthetic mesh closure, and tissue flap
reconstruction. Moreover, there are no recommendations on whether an abdominal,
perineal, or combined approach is best. To date, two systematic reviews have been
conducted on this topic, and were published in 2012 and 2017.7, 8 Both studies were limited
by small numbers and heterogeneity to make any meaningful comparison between the
outcomes of different techniques. Surgical repair of symptomatic perineal hernia has
increasingly gained attention, and several additional reports have been published since
then. Therefore, the aim of this systematic review was to compare outcomes between
the different surgical techniques for perineal hernia repair after APR based on most
recent literature.

10
METHODS
Study design and participants
Inclusion criteria were all original studies describing success rates of surgical perineal
hernia repair after either laparoscopic or open APR. Exclusion criteria were articles
written in any other language than English, non-human population, age below 18,
total population smaller than two, congenital perineal hernia, and perineal hernia after
sacrectomy or total pelvic exenteration. Papers published before the year 2000 were
excluded, to minimise the impact of technical development over time. Also patients
who have had primary closure of a perineal hernia were excluded, since this is not
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considered a valid surgical option anymore.8 The quality of studies was assessed using
the Newcastle-Ottawa Scale (NOS). The protocol was prospectively registered in the
Prospero database (registration number: CRD42021274677). The systematic review was
performed according to the AMSTAR2 checklist.9

Systematic literature search
The electronic database of PubMed (1939-2021) was systematically searched with the
help of a librarian. The following medical subject heading (MESH) terms were used:
(‘’perineal’’ OR ‘’perineum’’) AND (‘’hernia’’). All papers were screened for title and
abstract to determine if they met inclusion criteria. Eligible papers were retrieved and
full-text was read to determine inclusion. All full-text papers were screened by two
independent authors (SSH, TPAB). Any discrepancies between the two authors were
resolved by a third author (GDM or PJT).

Primary and secondary outcomes
The primary outcome was recurrent perineal hernia. The different types of reconstruction
were biological mesh closure, synthetic mesh closure, tissue flap reconstruction only, and
tissue flap reconstruction combined with mesh closure. Secondary outcomes were time
interval between hernia repair and recurrence, and second recurrence.

Data extraction
Data extraction included gender, age, primary disease and neoadjuvant radiotherapy.
Specifically to perineal hernia repair we extracted approach and surgical technique,
content of perineal hernia (e.g. small bowel, omentum), follow-up duration, definition
of recurrence, and recurrence rate. Time intervals between APR and repair of perineal
hernia, and between repair and recurrence were extracted, as well as surgical technique
of a redo for second recurrence. Data from the included studies were extracted
independently by three authors (SSH, TPAB, SIK). Any discrepancies were discussed
between the three reviewers. If no consensus could be reached, a third author was
consulted (GDM or PJT).
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Data synthesis
Categorical data were presented using proportions and percentages. Numerical data
were transformed from medians to means, in order to calculate weighted means. For each
method of perineal hernia reconstruction, a weighted average of the logit proportions
was determined by the use of the generic inverse variance method and random effects
model. Heterogeneity was assed using the I2 and was considered significant if > 75%.
A P-value <0.05 was considered statistically significant. Publication bias was assessed
using a funnel plot. Analyses were performed with the use of RStudio Team (Integrated
development for R. RStudio, Inc., Boston, MA, USA, 2019).

RESULTS
The search resulted in 872 papers, which were all screened by title and abstract. The
Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) flow
diagram is shown in Figure 1.3, 10-27 A total of 19 studies, describing 172 patients, were
included in this review (Table 1). Quality assessment was performed using the NewcastleOttawa Scale (NOS) (Supplementary Table 1).
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Figure 1. Flow diagram demonstrating the course of in- and exclusion of papers

218

Year

2021

2021

2020

2020

2020

2019

2019

2018

2017

2017

2016

2015

2015

2015

Included studies

Morales-Cruz et al

Yamamoto et al

Bertrand et al

Blok et al

Jafari et al

Coelho et al

Hassan et al

Yasukawa et al

Levic et al

Li et al

Goedhart et al

Allen et al

Sayers et al

Suzuki et al

Table 1. Included studies

2

8

6

12

2

17

2

3

4

6

34

21

2

10

n total

Case serie

Case serie

Case serie

Cohort

Case serie

Cohort

Case serie

Case serie

Case serie

Case serie

Cohort

Cohort

Cohort

Cohort

Study design

n
10
2
15
5
1
13
13
8
6
4
3
2
16
1
2
12
6
5
3
2

Type of repair
Synthetic mesh
Tissue flap + mesh*
Biological mesh
Synthetic mesh
Tissue flap only*
Biological mesh
Synthetic mesh
Tissue flap + mesh*
Biological mesh
Tissue flap only*
Synthetic mesh
Synthetic mesh
Biological mesh
Tissue flap only*
Synthetic mesh
Synthetic mesh
Synthetic mesh
Biological mesh
Tissue flap only*
Synthetic mesh

1

1

1

0

3

0

1

4

0

0

2

3

0

5

7

0

2

7

0

3

Recurrence

Not defined

Not defined

Not defined

Not defined

Clinical examination and radiological assessment

Clinical examination

Not defined

Not defined

Clinical examination and radiological assessment

Clinical examination and radiological assessment

Clinical examination

Clinical examination

Not defined

Clinical examination and radiological assessment

Definition recurrence
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2014

2012

2007

2006

2005

Abbas et al

Martijnse et al

Veenhof et al

Dulucq et al

De Campos et al

3

3

2

29

6

n total

Case serie

Case serie

Case serie

Cohort

Case serie

Study design

*includes sub-, fascio- and musculocutaneous flaps

Year

Included studies

Table 1. Continued

Biological mesh

Synthetic mesh

Synthetic mesh
3

3

2

29

4

Synthetic mesh
Synthetic mesh

2

n

Biological mesh

Type of repair

0

0

1

9

0

0

Recurrence

Not defined

Not defined

Clinical examination and radiological assessment

Clinical examination

Not defined

Definition recurrence
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Patients characteristics and perineal hernia management
The mean age of the total cohort was 64 ± 5.6 years, and 48% (69/143) were male.
The indication for APR was predominantly cancer (99%, 170/172), and 94% (133/141)
received neoadjuvant radiotherapy if preoperative therapy was reported. Time interval
between APR and surgical repair was 42 ± 16.7 months. Surgical approach was an open
perineal repair in 72% (106/147), which was combined with an abdominal approach
in 8% (8/106). In the remaining patients in whom surgical approach was reported, a
transabdominal laparoscopic (18% (27/147)) or transabdominal open repair (10%
(14/147)) was performed. Synthetic mesh closure was applied in more than half of the
included patients (54%, 93/172), followed by biological mesh closure (35%, 60/172).
Tissue flap reconstruction, with and without mesh, were performed in 6% (10/172) and
5% (9/172), respectively. The meshes used in combination with tissue flap reconstruction
were evenly distributed (synthetic mesh 50% (5/10) vs. biological mesh 50% (5/10)).
Patient characteristics are presented in Table 2.

10

221

222
Years

Age

Content hernia

a

Interval APR to perineal hernia repair

Neoadjuvant therapy

38/71 (54)
2/71 (3)
9/71 (13)
9/71 (13)
33/71 (47)

Small bowel
Colon
Bladder
Uterus
Omentum

101/172 (59)

42 ± 16.7

21/133 (16)

Type not specified
72/172 (42)

94/133 (71)

Long-course radiotherapy
Months

18/133 (14)

Short-course radiotherapy

133/141 (94)

1/172 (1)

Functional
31/172 (18)

1/172 (1)

Inflammatory

Radiotherapy

170/172 (99)

64 ± 5.6

69/143 (48)

n (%) / mean ± SD

Cancer

0/172 (0)

32/172 (19)

29/172 (17)

Male

Sex

Primary disease

Missing (%)

Variable

Table 2. Patient characteristics

Chapter 10

APR: abdominoperineal resection
a
A combination could be possible in one patient
*includes sub-, fascio- and musculocutaneous flaps

Type of perineal hernia repair

Approach hernia repair

Variable

Table 2. Continued

93/172 (54)
9/172 (5)
10/172 (6)

Synthetic mesh
Tissue flap only*
Tissue flap + mesh*

8/147 (5)

Combined (abdominoperineal)

60/172 (35)

14/147 (10)

Abdominal open
0/172 (0)

27/147 (18)

Abdominal laparoscopic

Biological mesh

98/147 (67)

n (%) / mean ± SD

Perineal open

25/172 (15)

Missing (%)
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Perineal hernia repair - pooled outcomes
Recurrent perineal hernia was assessed using physical examination only in four studies,
a combination of physical and radiological examination in five studies, and was not
defined in the remaining studies (Table 1). The pooled percentage of recurrent perineal
hernia was 32% (95% CI, 26-40) after a total follow-up of 25 ± 10.6 months (Table 3).
The pooled recurrence rate was 39% (95% CI, 27-52) after biological mesh closure, 29%
(95% CI, 21-39) after synthetic mesh closure, 37% (95% CI, 14-67) after only a tissue flap
reconstruction, and 9% (85% CI, 1-45) after tissue flap reconstruction combined with
mesh (Figure 2).

Redo surgery was performed in 50% (25/50) of the patients who developed a recurrent
perineal hernia. Second repair was predominantly performed using synthetic mesh
closure (76%, 19/25), followed by primary closure (8%, 2/25), biological mesh closure (8%,
2/25), and solely tissue flap reconstruction (8%, 2/25) (Table 3). The pooled percentage
of a second recurrence after redo surgery was 44% (95% CI, 20-71) after synthetic mesh
closure. Among the two patients with biological mesh closure one developed a second
recurrence versus none of the two patients with solely tissue flap reconstruction. The
second recurrence rate in the two patients with primary closure was not reported.
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93/172 (54)

9/172 (5)

Synthetic mesh

Tissue flap only*

9 (1-45)

37 (14-67)

29 (21-39)

3/24 (13)
1/3 (33)
n.a.

18 ± 5.6
12 ± 0.0
n.a.

27 ± 20.4

n.a.

21 ± 7.2

12/22 (55) 33 ± 18.4

14 ± 5.1

25 ± 10.6

Type of redo
repair

0/10 (0)

9/9 (100)

7/93 (8)

Tissue flap only* 2/25 (8)

19/25 (76)

Biological mesh 2/25 (8)
Synthetic mesh

Pooled
second
recurrence
% (95% CI)

17 (1-81)

44 (20-71)

50 (6-94)

missing

25/25 (100) 41 (21-65)

n (%)

36/60 (60) Primary closure 2/25 (8)

44/172 (26) Total

Mean total
Missing n
follow-up
(%)
(months ± SD)

16/49 (33)

Missing n
(%)

17 ± 5.5

n.a.: not applicable
*includes sub-, fascio- and musculocutaneous flaps

Tissue flap + mesh* 10/172 (6)

60/172 (35)

Biological mesh

39 (27-52)

172/172 (100) 32 (26-40)

n (%)

Total

Type of repair

Pooled
Mean time
recurrence to recurrence
% (95% CI) (months ± SD)

Table 3. Perineal hernia repair - pooled outcomes
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Figure 2. Forest plot showing the effect of type of perineal hernia repair (biological mesh, synthetic
mesh, tissue flap only and tissue flap + mesh) on the risk of perineal hernia recurrence.

DISCUSSION
This systematic review with pooled analyses showed that synthetic mesh closure is most
frequently used as repair technique for perineal hernia after APR. The pooled outcomes
revealed that biological and synthetic mesh closure resulted in comparable high

226

Perineal hernia repair: systematic review and meta-analysis

recurrence rates. Although only small numbers were available, tissue flap reconstruction
seemed to be only valuable when combined with mesh closure. So far no recurrences
were reported after perineal hernia repair using the combination of a tissue flap and
mesh in nine patients.

The perineal hernia recurrence rate was the highest after biological mesh repair, which
might be explained by the inherent features of a biological mesh. But if it was only the
loss of strength of a biological mesh that would cause recurrent hernias, one would
expect much better results after synthetic mesh. In addition, the difference in follow-up
duration between the biological (33 ± 18.4 months) and synthetic mesh (21 ± 7.2 months)
group must be taken into consideration, since perineal hernias gradually develop over
time. Therefore, the high recurrence rates are more likely related to the bridging type of
repair, without the possibility of reinforcing a layer of fascia or any other type of tissue.
This makes a perineal hernia essentially different from a ventral abdominal wall hernia.

Our previous systematic review published by Mjoli et al. included 36 studies between
1944 and 2010 with 40 individually documented patients who underwent surgical repair,
and we added three patients from our institution.8 At that time, we just summarized the
scarcely available literature based on a remarkable low number of patients from papers
published over a 66 year period. Balla et al. included 21 studies with 108 patients in
the period 2012-2016 and made an historical comparison with our pooled analysis of
literature between 1944 and 2011.7 This revealed that the perineal approach was still
most commonly used, that laparoscopy was replacing open abdominal approach, that
primary closure was abandoned and that the use of flap reconstruction significantly
increased. But recurrence rates in more recent literature were not lower.

The total pooled recurrence rate in our study was found to be higher than the previously
performed reviews.7, 8 An explanation for this might be the mainly incidental reports of
single cases before 2010 that are at high risk of publication bias, while the more recently
published small case series and cohort studies are probably more representative of
true technical success. In addition, we excluded all case reports for the present review.
Another explanation is related to follow-up duration. Mjoli et al. already argued that the
focus of the included historical papers was on the technical aspects of repair, with limited
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follow-up duration and lack of data on long-term outcomes.8 Blok et al. found that the
recurrence rate doubles after 12 months of follow-up, emphasizing the importance of
sufficient follow-up duration to reliably assess success of perineal hernia correction.12

Four studies described in total 9 patients with tissue flap reconstruction of the pelvic
floor, of which 4 (44%) developed a recurrence.3, 13, 14, 18 Tissue flaps alone might not
provide enough strength with relatively high risk of a recurrent hernia. This is in line
with a comparative cohort study from Denmark including 57 patients who underwent
extralevator APR with immediate perineal reconstruction using a gluteal flap in 33 and a
biomesh in 24 patients.28 A perineal hernia developed in 7 patients with a flap (21%) after
median 3.2 years of follow-up, while still no perineal hernias were observed after median
1.7 years in the biomesh group. Therefore, mesh-only and flap-only reconstructions,
regardless of the technique, seem to be insufficient to repair perineal hernias.

In the studies of Yamamoto et al. and Blok et al., the tissue flap reconstruction was
combined with mesh closure.10, 12 None of the in total 10 patients had a recurrence after a
mean follow-up duration of 27 months. This suggests that combining the two methods of
reconstruction might improve outcomes if compared to results of each of the techniques
alone. This also makes sense from a theoretical perspective, because a mesh provides
strength and a flap fills a soft tissue defect. After mesh-only reconstruction of the pelvic
floor at the level of the transected levator muscles, a dead space remains at the level of
the prior anal canal. Subsequently closing the subcutaneous fat and skin in the midline
might not properly fill this dead space, or results in too much tension. This can lead
to accumulation of fluid, and subsequently the risk of pelvic and perineal infections.
Wound complications in general are associated with a higher risk of developing a hernia.29
A tissue flap reconstruction of the perineal defect following mesh repair provides a
tensionless closure with optimal support of the mesh by well vascularized tissue that
potentially improves ingrowth. However, patient numbers are small, and the hypothetical
advantages of a combined technique have to be confirmed in larger series.

This systematic review has several limitations. A major weakness is the quality of
the included studies. Literature on perineal hernia repair contains mostly small and
heterogeneous study populations, which makes it difficult to draw conclusions. The
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quality assessment of the studies had some limitations, in particular due to the lack
of a control group. Furthermore, in ten studies there was no clear definition of a
recurrent perineal hernia. In addition, studies did not examine the downsides of different
perineal hernia repair techniques, e.g. mesh infection, small bowel fistula, and donor
site morbidity or flap necrosis in case of tissue flap reconstruction. Besides, we were
not able to correct for predisposing factors of perineal hernia between the different
surgical closure techniques (e.g. smoking, hysterectomy, wound complications after APR,
omentoplasty).

Regarding the implications for clinical practice, a synthetic mesh might be considered
first choice in non-contaminated perineal hernia repair, given similar pooled recurrence
rates, lower costs compared to a biological mesh and no concerning data on mesh
infections. Following mesh reconstruction of the pelvic floor, one might consider to
close the perineal subcutaneous fat and skin by using a fasciocutaneous transposition
or rotation flap on hypothetical grounds and supported by currently available evidence,
although of low quality.

CONCLUSION
This study showed that synthetic and biological mesh closure are the most frequently
used techniques for perineal hernia repair, preferably using a perineal approach.
However, recurrences rates are high after both types of mesh. Tissue flap reconstruction
only also appeared to be insufficient, while tissue flap reconstruction combined with a
mesh seemed to be promising in preventing recurrences after perineal hernia repair.
However, numbers were low indicating the need for large prospective studies or
randomized controlled trials.
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SUPPLEMENTARY MATERIAL
Supplementary Table 1. Newcastle Ottawa Scale

Author

Year

Total score (0-9)

Morales-Cruz et al

2021

6

Yamamoto et al

2021

6

Bertrand et al

2020

6

Blok et al

2020

6

Jafari et al

2020

5

Coelho et al

2019

4

Hassan et al

2019

5

Yasukawa et al

2018

5

Levic et al

2017

5

Li et al

2017

5

Goedhart et al

2016

5

Allen et al

2015

5

Sayers et al

2015

5

Suzuki et al

2015

5

Abbas et al

2014

5

Martijnse et al

2012

6

Veenhof et al

2007

4

Dulucq et al

2006

4

De Campos et al

2005

4
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SUMMARY
This thesis provides further insights into the potential contribution of changes in
pelvic anatomy to surgical morbidity, as well as the prevention and treatment of pelvic
complications after rectal cancer surgery. The evaluation of complications using pelvic
imaging has been described in the first part. The second part discussed different primary
reconstructive techniques and the effect on perineal morbidity. The last part focused
on secondary surgical management for long-term sequelae.

Part I – Pelvic imaging after abdominoperineal resection to evaluate
complications
In Chapter 3, we performed a large multicenter cohort study to quantify displacement
of urogenital organs in patients who underwent abdominoperineal resection (APR) for
rectal cancer. Displacement was quantified by using preoperative and 6-18 months
postoperative radiological imaging. Anatomical landmarks were determined on
radiological imaging and included the internal urethral orifice, posterior bladder wall,
distal end of prostatic urethra and cervix. A coordinate system was created based on
reference lines between fixed bony structures. The Pythagorean theorem was used to
calculate absolute displacements and a pubic-S5 reference line was used to measure
rotation. We included 248 patients (171 men and 77 women) from 16 centers between
2001 and 2018. The internal urethral orifice resulted in a median displacement of
25 mm in men (maximum 65) and 17 mm in women (maximum 50). The direction of
rotation of the internal urethral orifice was towards caudal in 160/170 (94%) of men
and 65/73 (89%) of women, and had a median of 32 degrees (maximum 85) and 33
(maximum 83), respectively. The internal urethral orifice was significantly correlated
with the displacements of the posterior bladder wall, distal end of prostatic urethra and
cervix. Linear regression analyses were performed to determine the association between
patient and treatment characteristics and displacement. Female patients and filling of the
presacral space by any tissue were significantly associated with decreased displacement
of the internal urethral orifice, whereas visceral interposition and biological mesh closure
were associated with increased displacement.
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Afterwards, in Chapter 4, the functional impact of displacement of urogenital organs
after APR was established using validated questionnaires. The urinary questionnaires
used were UDI-6 and IIQ-7, and the sexual questionnaires were IIEF in men and FSFI and
FSDS-R in women. In total 124 patients (89 men and 36 women) from 16 centers were
included between 2001 and 2018. The absolute displacement of the internal urethral
orifice was not correlated with UDI-6 and IIQ-7 in men (ρ=0.119 P=0.29 and ρ=0.149,
P=0.18) nor in women (ρ=-0.098 P=0.60 and ρ=-0.099, P=0.60). In addition, no correlation
was found between the absolute displacement of the distal end of the prostatic urethra
and IIEF (ρ=0.128 P=0.54). The absolute displacement of the cervix and FSFI seemed to
be correlated (ρ=0.450 P=0.22), which needs to be validated in larger studies.

Part II – Primary reconstructive techniques and its consequence on perineal
morbidity after abdominoperineal resection
In Chapter 5, the quality of omentoplasty was assessed on radiological imaging to
examine its impact on perineal wound healing. Patients who underwent an APR for
rectal cancer between 2000 and 2018 in a single center were included. The quality of
omentoplasty was scored as sufficient or insufficient. In total 100 patients were included:
16 patients with sufficient omentoplasty, 16 patients with insufficient omentoplasty
and 68 patients without omentoplasty. Wound complications within 30 days occurred
in 44% of patients with a sufficient omentoplasty, in 69% of patients with an insufficient
omentoplasty and in 64% of patients without an omentoplasty (P = 0.283). An insufficient
omentoplasty resulted in a significantly higher proportion of patients with delayed wound
healing at 6 months compared to no omentoplasty (46% vs. 14%; P = 0.016). In addition,
chronic perineal sinus at 12 months occurred significantly more often in patients with
an insufficient omentoplasty compared to no omentoplasty (31% vs. 3%; P = 0.008).
Also, this study found that an omentoplasty increases the risk of perineal hernia (25%
after sufficient omentoplasty, 33% after insufficient omentoplasty and 10% after no
omentoplasty; P = 0.036).

A previously performed randomized controlled multicenter trial by our research group
found that there was no difference in perineal wound healing between biological mesh
closure and primary perineal wound closure. However, after biological mesh closure,
the risk of perineal hernia was significantly reduced compared to primary closure at
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12 months. A long-term follow-up study was needed to evaluate if a non-cross linked
biological mesh also leads to a long-term advantage regarding a reduced risk of herniation.
In Chapter 6, the 5-year long-term follow-up of patients who received biological mesh
closure (n = 50) or primary closure (n = 54) after APR for rectal cancer was described. After
biological mesh closure, a significantly lower actuarial 5-year symptomatic perineal hernia
rate of 7% was found as compared to 30% after primary closure (P = 0.006). Perineal
hernia repair was performed in 2% of patients after biological mesh closure and 13% of
patients after primary closure (P = 0.062). There was no significant difference between
the groups in perineal wound healing and quality of life and functional outcomes. The
standard of care could still be considered primary perineal closure, since no difference
in perineal wound healing was found and proper cost-effectiveness studies are lacking.

In Chapter 7, a new perineal closure technique, defined as gluteal turnover flap, was
evaluated in attempt to improve perineal wound healing after APR. This is a subcutaneous
flap that is aimed to provide filling of the prior anal canal. Patients who underwent
APR for rectal cancer and received this flap in two centers were compared to a large
multicenter cohort of patients with primary closure. In total, 219 patients were included,
of which 25 patients with a gluteal turnover flap and 194 with primary closure. The wound
complication rate within 30 days was 32% after gluteal turnover flap compared to 36%
after primary closure (P = 0.156). None of the patients required surgical re-intervention
after gluteal turnover flap, no flaps were lost and no chronic perineal sinus occurred.
Another promising finding after gluteal turnover flap was the absence of perineal hernias
during available follow-up at that time (18-months symptomatic perineal hernia rate: 0%
vs. 9%; P = 0.184). Superiority of the flap over primary perineal closure still needs to be
investigated in a randomized controlled trial setting.

In Chapter 8, the study protocol of a randomized controlled trial (BIOPEX-2) is presented,
wherein gluteal turnover flap in patients who underwent APR for rectal cancer is
compared with primary closure. The percentage of patients with an uncomplicated
perineal wound healing on day 30 is the primary outcome. Secondary outcomes include
perineal hernia, quality of life and urogenital function. According to the power calculation
at the time of designing this trial, 160 patients are needed to determine a significant
difference in perineal wound healing in favor of the experimental arm.
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Part III – Secondary surgical management for long-term sequelae
After primary reconstructive techniques being discussed in Part II of this thesis, in
the last part we focused on approaches to treat late complications after rectal cancer
surgery. In Chapter 9, the results of a 10-year experience of a national referral center
for pelvic sepsis were discussed. Patients who were referred between 2010 and 2020
with acute or chronic pelvic sepsis after sphincter preserving resection were included.
Salvage surgery consisted of endoscopic vacuum assisted surgical closure, redo
anastomosis or intersphincteric resection of the anastomosis. There were 136 patients
included, 49 in referral period A (2010-2014) and 87 in period B (2015-2020). At end of
follow-up, all patients who received endoscopic vacuum assisted surgical closure had
control of pelvic sepsis, 91% (group A) and 89% (group B) of patients who received
redo-anastomosis (P = 1.000) and 100% (group A) and 95% (group B) of patients who
received intersphincteric resection (P = 1.000). A functional anastomosis after restorative
procedures was achieved in 61% of patients in group A and 68% of patients in group
B (P = 0.567). By presenting these results we aimed to create awareness and provide
further insights into the management of this challenging complication following rectal
cancer resection.

When a perineal hernia could not be prevented by primary reconstructive techniques,
surgical repair might be an option depending on the severity of symptoms and preference
and experience of the surgeon. In Chapter 10, we performed a systematic review in
which recurrence rates after different surgical techniques for perineal hernia repair were
analyzed. Studies (n ≥2) were included if recurrence rates after perineal hernia repair
following APR were reported. There were 19 studies included in this review, describing a
total of 172 patients. The pooled percentage of recurrent perineal hernia was 39% after
biological mesh closure, 29% after synthetic mesh closure, 37% after solely tissue flap
reconstruction, and 9% after a combination of tissue flap reconstruction and mesh. The
recurrence rates after mesh closure are high, without a difference between synthetic and
biological meshes. Also tissue flap reconstruction only did not lower the recurrence rate,
whereas tissue flap reconstruction combined with a mesh showed the lowest recurrence
rate. However, number of patients were low and larger studies are needed to confirm
these findings.
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GENERAL DISCUSSION AND FUTURE PERSPECTIVES
For a long time, the main aim of rectal cancer surgery was achieving the best possible
oncological control, with the lowest risk of local recurrence and metastasis, regardless of
the consequences. However, in the past decade more attention has been drawn towards
the complications associated with treatment. In this thesis, we tried to shed light on a
broad spectrum of complications after rectal cancer surgery from different points of
view, including pathophysiology, prevention and treatment.

Part I – Pelvic imaging after abdominoperineal resection to evaluate
complications
Urinary and sexual dysfunction commonly appears after surgery for rectal cancer and
affect quality of life.1, 2 Anatomical changes after APR might add to the risk of urogenital
dysfunction. Especially in women, it was presumed that urogenital organ displacement
would occur substantially, due to a wider pelvis, changes in laxity of fibrous attachments
between organs due to hormonal changes an deliveries, and relatively high prevalence
of a post-hysterectomy status. In Chapter 3, the hypothesis of women having more
urogenital organ displacement after APR could not be confirmed. Apparently, the narrow
pelvis and seemingly tight attachments of the organs in the anterior pelvic compartment
in men do not preclude significant displacement after APR.

We hypothesized that by placing tissue behind the urogenital organs during the APR
procedure, organ descent might be prevented. We found that if postoperative imaging
revealed filling of the presacral space with any tissue, displacement was less compared
to no filling. Remarkably, performing an omentoplasty resulted in a minimal reduction
of displacement of urogenital organs if compared to no omentoplasty, even when only
women were included. Besides, the magnitude of displacement did not differ if the
presence of presacral omentum was compared with small bowel loops in the presacral
space. This might be explained by the fact that the existing fibrous attachments between
the pelvic compartments have (partly) been dissected during the rectal cancer resection.
The omentum and small bowel loops are not attached to the urogenital organs, especially
not in the absence of any adhesions after minimally invasive surgery. This makes the
postoperative situation prone for pelvic prolapse in any form.
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One might imagine that the omentoplasty can be further optimized to improve outcome.
There are several technical details in creating an omentoplasty that can determine the
degree of pelvic filling. Gaining length of the vascular pedicle while preserving appropriate
perfusion can be challenging. There is a lack of studies that have systematically looked
at the different surgical steps of creating an omentoplasty and how quality of the
omentoplasty should be assessed. This is an opportunity for future studies and provides
potential room for improvement. Nevertheless, there are also important patient factors
that determine the usefulness of an omentoplasty, which are not modifiable. Previous
surgery might have affected the volume of remaining omentum, its vascularization
and adhesion formation within the omentum. The relative amount of visceral fat can
substantially vary among patients. Typically, a very thin omentum can be found in female
patients with high BMI and a wide pelvis, while male rectal cancer patients often have
lots of visceral fat with a bulky omentum in combination with a narrow pelvis.

In addition, one might think of better fixation of the omentoplasty to keep it behind the
urogenital organs with adequate support. One should probably simulate the attachments
of the rectum to the surrounding tissues in order to preserve pelvic anatomy. From
this perspective, it is important to realize that the presence of small bowel loops in
the presacral space cannot be controlled by the surgeon at all. One step further, in
women one might even consider a colpopexy like procedure, although this has never
been described in the setting of an APR as far as we know. Sacral colpopexy is often
performed using synthetic material, which is contraindicated in a contaminated field.
But future studies might explore such an intervention using autologous tissue (fascia
lata) or biomesh.

An omentoplasty was possibly performed in patients in whom a larger pelvic defect was
created. This underlines the need for tools to better describe and quantify a pelvic defect.
This would improve the comparability between patient groups and will facilitate future
studies on most optimal reconstructive techniques after oncological pelvic resection,
which also takes the inter-individual variability in anatomy into account.

After the displacement of urogenital organs had been quantified, it was possible to
examine its potential implications for functional outcome after APR. In Chapter 4, the
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urinary and sexual function was investigated by sending patients validated questionnaires.
Remarkably, the magnitude of displacement of the bladder and urethra appeared not
to be correlated to the urinary function in men nor in women. A reason for not finding
a correlation between urogenital displacement and urinary function in both genders
might be related to the design of the questionnaires. The used validated questionnaires
were not originally designed for this patient population. Specifically regarding correlation
with sexual function, the analyses might have lacked enough statistical power due to
relatively low numbers of sexually active (female) patients that participated in this study.

The reason behind dysfunction could probably be better investigated by more actively
involving patients into this type of research. This seems worthwhile to explore in female
patients, while it is our impression that displacement of the prostate is probably not
important at all for sexual function in men, and that erectile and ejaculatory dysfunction
are mainly determined by autonomous nerve injury. However, female patients often
indicate themselves that urogenital function has changed because of prolapse after APR.
They sometimes tell you how they have to change positions on the toilet to evacuate
their urine, or that they actively push their perineum during micturition. In addition, some
patients tell that intercourse is physically no longer possible. Such functional problems
might be addressed by including additional questions in the existing questionnaires. This
will probably enable to better identify a mechanical component in urinary and sexual
dysfunction.

In literature, there is increased interest in the functional impact of rectal cancer surgery.1,
3-7
A recently performed study compared urogenital function in patients who underwent
robotic total mesorectal excision (TME) with patients who underwent transanal TME.3
The urinary function in men was significantly better after transanal TME, while in women
the urinary function was comparable between both groups. The sexual function was
comparable for both techniques in both genders. The sexual function questionnaires
were identical to the questionnaires we used, however since the surgical technique
differs it is not justified to compare results. Two other studies did investigate urogenital
function in patients who underwent APR for rectal cancer.1, 4 However, these studies
did not use validated questionnaires, which again does not allow us to compare our
results with. Another study investigated sexual function in women who underwent APR
for squamous cell carcinoma of the anus.7 An interesting finding of this study was the
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higher rate of sexually active patients after APR compared to our cohort (76% vs. 59%).
This might be related to the fact that they did not include patients who were not sexually
active before APR. Unfortunately, these data were not available for our study.

Further studies are needed to develop appropriate questionnaires for this patient group
and to validate our findings. For current practice, it is particularly important to be alert
on preexisting and newly developed urogenital complaints during diagnostic work-up,
treatment period and follow-up, and to openly discuss this topic with patients. After
we have better studied the potential impact of a mechanical component in urogenital
dysfunction after APR, we could focus on possible preventive measures or therapeutic
strategies.

Part II – Primary reconstructive techniques and its consequence on perineal
morbidity after abdominoperineal resection
Besides functional problems after the APR procedure as discussed in part I, there is
a high risk of perineal wound complications.8 Considering the high associated burden
for these patients, it is remarkable that there are so few high quality studies on this
topic. For example, omentoplasty has been used for decades by surgeons during an APR,
but this intervention has never been studied in a randomized trial. Therefore, we still
have to rely on results of cohort studies with all inherent methodological shortcomings.
Interestingly, most recent evidence does not support the use of an omentoplasty in
rectal cancer patients undergoing APR.9 An explanation for not finding an effect of
omentoplasty might be related to the quality of the omentoplasty, as already mentioned.
To further investigate this, we assessed the quality of the omentoplasty on postoperative
radiological images in Chapter 5. Even when a sufficient omentoplasty was performed,
which means there was sufficient length and volume to fill the pelvic defect after APR,
there was no improvement in perineal wound healing. If the omentoplasty appears to be
of poor quality on postoperative imaging, the outcomes appear to be even worse than
not performing an omentoplasty. In addition, there was, in accordance with previous
literature, an elevated risk of developing a perineal hernia after an omentoplasty.
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The absence of a positive effect of omentoplasty on perineal wound healing might
indicate that perhaps the main problem after primary APR does not arise from the
presacral cavity, but from the resected anal sphincter complex. The omentoplasty
predominantly fills the presacral space and does not create filling in the prior anal canal
to prevent dead space formation. A reason for finding worse outcomes after the creation
of an insufficient omentoplasty might be undetected necrosis. But also the formation of
a residual space distal to the omentoplasty might be an explanation, which is prone to
accumulation of fluid and subsequently to abscess formation.

The thought behind the higher risk of perineal hernia after omentoplasty is that the
pedicled omentum will function as a large amount of loose fatty tissue that can easily
descend through the neo-pelvic floor. Thereby, the omentum seems to be at higher
risk of herniation as compared to a few loops of small bowel with a certain length of
mesentery that is often not enough to allow descend beyond the level of the perineum.
This is what we generally experience during creation of an ileo-pouch anal anastomosis,
in which enough length for a tension-free anastomosis might be difficult to achieve.

After considering recent literature, it should probably be recommended not to perform
an omentoplasty anymore in patients who undergo an APR for rectal cancer. But there
are surgeons that still believe in the concepts why an omentoplasty should have a
beneficial effect. They keep on performing omentoplasty for this indication, thereby
criticizing available literature and pointing towards all methodological issues related to
the cohort studies. However, one might also conclude that in the absence of sufficient
data that suggest a beneficial effect, there should be strong arguments to justify an
additional surgical intervention that at least results in longer operative time.

It is important to emphasize that omentoplasty during APR for primary rectal cancer is
a different setting than pelvic filling during salvage surgery for pelvic sepsis. There are
no radiological studies with a similar design as chapter 5 in this setting, but quality of
omentoplasty in such patients has been assessed by using fluorescence angiography.10
This pilot study found that the use of fluorescence angiography resulted in change
of management in 80% of cases. Although not all these changes might be of clinical
relevance, one can imagine that prior studies on omentoplasty in the setting of APR for
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rectal cancer could have suffered from inadequate assessment of perfusion, with the
risk of ischaemia probably being the Achilles heel of the procedure.

Apart from the discussion on the use of omentoplasty, there is an ongoing debate how to
close the perineum in patients who undergo APR for rectal cancer. Previous studies have
found that a biological mesh might improve perineal wound healing.11 Afterwards, this
has been investigated in a randomized controlled trial in which no difference in perineal
wound complications was found between patients with biological mesh closure and
primary perineal wound closure up until one year.12 The 5-year long-term follow-up study
as presented in Chapter 6 revealed that also in the long run, no difference in perineal
wound healing was found. Until the time that contradictory findings from larger similar
trials are published, we should conclude that a biomesh does not influence primary
perineal wound healing.

However, the difference in risk of perineal hernia between the arms of the BIOPEX
trial became larger over time, in favor of biological mesh closure. Despite the clear
reduction of symptomatic perineal hernias, mesh use did not positively affect quality
of life. This might be because the used questionnaires were not designed to measure
complaints related to a perineal hernia, and it might only affect a single domain of quality
of life, which does not translate into a different score overall. Furthermore, the BIOPEX
study was not originally designed to detect a reduction in perineal hernia rate. In the
Netherlands, primary closure of the perineal wound is still considered the standard of
care. Most Dutch centers did not use a biological mesh anymore after the results of the
BIOPEX study were published. The most recent positive finding on a secondary outcome
parameter seems not to change this practice. This raises the discussion whether just a
small trial with a positive finding on a secondary outcome measure is enough to start
implementation of the intervention. Preferably, new trials specifically designed to address
this research question should confirm the preventive role of a biological mesh with
respect to perineal hernia formation. In terms of costs, it remains questionable whether
routine primary reconstruction using a biological mesh during APR outweighs secondary
perineal hernia correction using a synthetic mesh in a small subgroup of patients.
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Following the BIOPEX trial, the question how to improve perineal wound healing
continued to exist, with an ongoing need to develop new methods for perineal wound
closure in patients who undergo APR. The common denominator of an omentoplasty
and a biological mesh is that the soft tissue defect at the level of the prior anal canal
still remains. Literature suggests that autologous tissue flaps have a positive effect on
perineal wound healing, although randomized trials have neither been performed for
this closure method, with again several confounding factors and allocation bias in the
available cohort studies.13

Examples of flaps that are used for perineal reconstruction are the vertical rectus
abdominis myocutaneous flaps, inferior and superior gluteal artery perforator flaps,
gracilis flaps and VY-advancement flaps. A disadvantage of the use of such flaps as a
preventive procedure, is that they are associated with donor site morbidity and might
result in flap necrosis. In addition, the duration of surgery is increased due to the
creation of the flap, stitching the flap acceptor site and closing the donor site. Finally,
such procedures are often not performed by the colorectal surgeons themselves and,
therefore, requires plastic and reconstructive surgeons.

Herewith, the idea arose to develop a small and easy to perform subcutaneous
transposition flap for routine closure after APR for rectal cancer, defined as the gluteal
turnover flap. The subcutaneous fat of the buttock is dissected and tilted in the prior
anal canal. Filling of the prior anal canal is achieved without donor site morbidity and by
a relatively simple procedure that adds little to the operative time without the need to
consult a plastic surgeon. This flap was first investigated in a feasibility study, wherein no
cases of flap necrosis were found and it was considered a safe procedure to perform.14
A similar flap is investigated in the study of Chasapi et al., which also showed good
outcomes and again no cases of flap necrosis.15

In Chapter 7 we compared outcomes of the gluteal turnover flap which was performed
in patients outside of the BIOPEX-2 trial, with a large primary closure cohort. In this
study we found that the flap slightly improved perineal wound healing, however without
significant differences. None of the patients in the gluteal turnover flap group had a
chronic perineal sinus at 12 months, and no flaps were lost or required surgical re-
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intervention. These were encouraging findings that further support the conduct of the
BIOPEX-2 trial. The protocol of this randomized multicenter study wherein the gluteal
turnover flap is compared to primary closure is described in Chapter 8. The first results of
the BIOPEX-2 trial are expected in 2023. The outcomes may have the potential to change
the current standard of care for perineal wound closure after APR, both nationally and
internationally, especially because we experienced that surgeons can easily learn this
new technique. Furthermore, most participating centers are enthusiastic about the new
intervention and the surgeons have the feeling that it really improves wound healing,
which is in line with our own experience. But of course, we have to await the results of
the trial for definitive conclusions.

In case the BIOPEX-2 would be negative on its primary endpoint, or it appears to be
underpowered, one might build further on gained experiences. Potential interventions
that might be included in designs of future randomized controlled trials are a biosynthetic
mesh combined with the gluteal turnover flap or the VY-advancement flap. By adding
a biosynthetic mesh to the gluteal turnover flap, perineal hernias could be addressed
if it would turn out that the gluteal turnover flap does not prevent this in the long-run.
However, with the downside of the financial costs of such a mesh, the VY-advancement
flap is an interesting alternative to compare with, because it is a more robust flap that
is also less dependent on local anatomy and extent of the resection.

We should realize that all we have discussed is based on a ‘one size fits all principle’.
Probably there are specific patients with a certain available volume and quality of tissues
that undergo a certain type of resection who likely benefit from a specific reconstructive
procedure. Despite a lack of overall effect of an omentoplasty, there might be subgroups
that benefit from it. On the other hand, there are patients that undergo primary closure
with uneventful perineal wound healing who do not develop a perineal hernia. Other
patients still develop a perineal hernia despite a biological mesh, and should probably
be treated with a combined reconstructive procedure with a tissue flap. But an evidence
based individualized approach requires large datasets with valuable outcome predictors,
which is something to thrive for in the nearby future.
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Part III – Secondary surgical management for long-term sequelae
In case complications after rectal cancer surgery could not be prevented, secondary
surgical management might be needed. A feared complication after low anterior resection
and Hartmann’s procedure is anastomotic and stump leakage, respectively.16-20 In case the
leakage does not heal, a chronic pelvic sepsis might occur. This is a complex complication
which is difficult to control. Over the last decade, the Academic Medical Center became
a national referral center for pelvic sepsis. This is quite unique given the reserve that
surgeons generally have with showing their failures and referring these problems to a
colleague. Honestly, not all patients were directly referred, and some of them found us
by searching the internet or contacting patient organizations. Nevertheless, trust was
built gradually, supported by reporting on the outcomes of salvage surgery.

Chapter 9 provides an overview of our experience over the past decade with referred
patients that presented with complex infectious problems after rectal cancer surgery.
During that period, novel treatment options and techniques have been implemented to
improve outcomes, such as endoscopic vacuum therapy to optimize the pelvic abscess
cavity for surgery, transanal minimally invasive surgery for transanal access to the area
of sepsis deep within the pelvis and fluorescence angiography to verify a well perfused
colonic conduit or omentoplasty. We examined the outcomes of the different treatment
options practiced at our center. In these complex cases of predominant chronic sepsis
almost always following radiotherapy, a healed anastomosis or perineum without any
signs of persisting pelvic infection could be achieved in 94% after one month. Most
patients underwent surgical salvage (93%), and restoration of continuity was intended in
about half of the patients. By performing this study, we tried to create national awareness
and provide further insights into the management of this challenging complication
following rectal cancer resection. Better outcomes might be achieved in this complex
patient group, if second opinions will be sought faster after initial treatment fails. Also,
a national steering group with a few additional dedicated centers might help to improve
the care of patients with (chronic) pelvic sepsis. Further studies are needed to investigate
the impact on quality of life and cost-effectiveness of a faster referral process.

Besides wound healing difficulties after APR, another long-term complication is the
occurrence of perineal hernias. Previous studies already found that primary closure
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results in high recurrence rates, where after this technique was no longer used.21
However, a wide range of different described techniques remains, without any guidance
on their indication and effectiveness. The reviews that have been performed on this
topic included mainly description of a single or a few cases and some small cohorts of
patients.21, 22 Therefore, it is almost impossible to reliably determine recurrence rates
specified for type of repair.

Because recently some additional studies were published including larger cohorts of
patients, we decided to perform a new systematic review of the literature as described in
Chapter 10. Herein, we categorized the techniques into synthetic mesh closure, biological
mesh closure and tissue flap reconstruction only and combined mesh and flap repair,
in an attempt to get any insight in effectiveness. We found that repair using synthetic
and biological meshes are the mostly used techniques which result in a comparable
high recurrence rate (29% vs. 39%, respectively). This is what we already knew from
our own published experience, for which reason we changed our preferred technique.
Similar to the primary perineal wound healing, we hypothesized that there is probably
insufficient support of the mesh by soft tissue at the level of the previously excised anal
canal. Therefore, we started to also use the gluteal turnover flap during mesh repair of a
perineal hernia. It was promising to find that the combination of tissue flap reconstruction
with a mesh resulted in the lowest recurrence rate of 9% in the pooled analysis. However,
patient numbers were very low, and we need larger studies to confirm these outcomes.

In conclusion, there is increasing interest in preserving quality of life after treatment of
patients with rectal cancer. An important way to achieve this is to lower the complication
rate after rectal cancer surgery. In this thesis, pelvic complications after rectal cancer
surgery have been evaluated in detail with novel hypotheses, preventive techniques
have been evaluated and treatment options for long-term surgical morbidity after rectal
cancer surgery have been discussed. We hope that this all together brings us a step
further in diminishing complications on one hand and better treatment if being faced
with complications after rectal cancer surgery on the other hand, thereby improving
quality of life of our patients.
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NEDERLANDSE SAMENVATTING
Dit proefschrift bespreekt de mogelijke bijdrage van veranderingen in bekkenanatomie
aan chirurgische morbiditeit, evenals de preventie en behandeling van bekkencomplicaties
na chirurgie voor rectumcarcinoom. In Deel I worden complicaties geëvalueerd door
middel van radiologische beeldvorming van het kleine bekken. Vervolgens worden in
Deel 2 verschillende primaire reconstructieve technieken en de effecten ervan op de
perineale morbiditeit beschreven. In het laatste deel van dit proefschrift ligt de focus
op secundaire chirurgische behandelopties voor de lange termijn gevolgen.

Deel I – Het evalueren van complicaties middels radiologische beeldvorming
van het kleine bekken na abdominoperineale resectie
In Hoofdstuk 3 wordt een multicenter cohort studie beschreven waarin de verplaatsing
van urogenitale organen wordt gekwantificeerd in patiënten die een abdominoperineale
resectie (APR) hebben ondergaan. De verplaatsing werd gekwantificeerd door middel
van preoperatieve en 6-18 maanden postoperatieve radiologische beeldvorming.
Anatomische oriëntatiepunten werden bepaald op radiologische beeldvorming en
omvatte de interne urethrale opening, de posterieure blaaswand, de distale uiteinde van
de urethra uit de prostaat en de cervix. Een coördinatensysteem werd opgesteld op basis
van referentielijnen tussen gefixeerde benige structuren. De stelling van Pythagoras werd
toegepast om de absolute verplaatsingen te berekenen en een pubis-S5 referentielijn
werd gebruikt om de rotatie te meten. Er werden 248 patiënten (171 mannen en 77
vrouwen) geïncludeerd van 16 centra tussen 2001 en 2018. De mediane verplaatsing
van de interne urethrale opening was 25 mm bij mannen (maximum 65) en 17 mm bij
vrouwen (maximum 50). De richting van de rotatie van de interne urethrale opening
was significant gecorreleerd aan de verplaatsing van de posterieure blaaswand, distale
uiteinde van de urethra uit de prostaat en de cervix. Lineaire regressie analyses werden
uitgevoerd om de associatie tussen patiënt- en behandelkenmerken en verplaatsing
te bepalen. Enige vulling van de presacrale ruimte en het vrouwelijke geslacht waren
significant geassocieerd met een afgenomen verplaatsing, terwijl viscerale interpositie
en biologische mat geassocieerd waren met een toegenomen verplaatsing.
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Vervolgens wordt in Hoofdstuk 4 de functionele impact van deze verplaatsing op de
urologische en seksuele functie onderzocht door middel van gevalideerde vragenlijsten.
De urologische vragenlijsten waren UDI-6 en IIQ-7 en de seksuele vragenlijsten waren IIEF
voor de mannen en FSFI en FSDS-R voor de vrouwen. In totaal werden 124 patiënten (89
mannen en 36 vrouwen) geïncludeerd uit 16 centra tussen 2001 en 2018. De absolute
verplaatsing van de interne urethrale opening was niet gecorreleerd met UDI-6 en IIQ-7
bij zowel mannen (ρ=0.119 P=0.29 and ρ=0.149, P=0.18) als vrouwen (ρ=-0.098 P=0.60
and ρ=-0.099, P=0.60). Daarnaast werd er geen correlatie gevonden tussen de absolute
verplaatsing van de distale uiteinde van de urethra uit de prostaat en IIEF (ρ=0.128
P=0.54). De absolute verplaatsing van de cervix en FSFI leken wel gecorreleerd (ρ=0.450
P=0.22), echter moet dit verder gevalideerd worden in grotere studies.

Deel II – Het effect van primaire reconstructieve technieken op perineale
morbiditeit na abdominoperineale resectie
In Hoofdstuk 5 wordt het effect van de kwaliteit van een gesteelde omentumplastiek
op de perineale wondgenezing onderzocht op radiologische beeldvorming na een APR
voor rectumcarcinoom. Patiënten die een APR voor rectumcarcinoom hebben ondergaan
tussen 2000 en 2018 werden geïncludeerd. De kwaliteit van de omentumplastiek werd
gescoord als sufficiënt of insufficiënt. In totaal werden 100 patiënten geïncludeerd: 16
patiënten met een sufficiënte omentumplastiek, 16 patiënten met een insufficiënte
omentumplastiek en 68 patiënten zonder een omentumplastiek. Een wondcomplicatie
binnen 30 dagen kwam voor in 44% van de patiënten met een sufficiënt omentumplastiek,
69% van de patiënten met een insufficiënt omentumplastiek en 64% van de patiënten
zonder omentumplastiek (P = 0.283). Een insufficiënte omentumplastiek resulteerde
bij significant meer patiënten in een vertraagde wondgenezing op 6 maanden
vergeleken met patiënten zonder een omentumplastiek (46% vs. 14%; P = 0.016).
Daarnaast trad een chronische perineale sinus op 12 maanden significant vaker op in
patiënten met een insufficiënte omentumplastiek vergeleken met patiënten zonder een
omentumplastiek (31% vs. 3%; P = 0.008). Tevens werd ook in deze studie gevonden dat
een omentumplastiek het risico op het ontwikkelen van een perineale hernia verhoogt
(25% na een sufficiënte omentumplastiek, 33% na een insufficiënte omentumplastiek en
10% na geen omentumplastiek; P = 0.036).
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In een eerdere gerandomiseerde multicenter studie door onze onderzoeksgroep werd
geen verschil gevonden in perineale wondcomplicaties tussen perineale sluiting middels
een biologische mat en primair sluiten bij patiënten die een APR voor rectumcarcinoom
ondergaan. Echter bleek het risico op een perineale hernia significant lager na sluiting
middels een biologische mat. Een lange termijn follow-up studie was nodig om deze
bevindingen verder te onderzoeken. In Hoofdstuk 6 wordt de 5-jaars follow-up
beschreven van patiënten die zijn gerandomiseerd tussen perineale sluiting middels een
biologische mat (n = 50) en primair sluiten (n = 54) na een APR voor rectumcarcinoom.
Na een biologische mat werd een significant lagere actuariële 5-jaar symptomatische
perineale hernia percentage van 7% gevonden, vergeleken met 30% na primair sluiten
(P = 0.006). Perineale hernia correctie werd uitgevoerd in 2% van de patiënten na
biologische mat en 13% van de patiënten na primair sluiten (P = 0.062). Er werd geen
verschil in perineale wondgenezing, kwaliteit van leven en functionele uitkomsten
gevonden. Primair sluiten van de perineale wond na een APR voor rectumcarcinoom kan
nog steeds worden beschouwd als de standaardbehandeling, gezien er geen verschil in
perineale wondgenezing werd gevonden en kwalitatief goede kosteneffectiviteitsstudie
ontbreken. De kosten van het routinematig plaatsen van een biologische mat tijdens APR,
moeten worden afgewogen tegen de kosten van perineale hernia correcties middels
een synthetische mat.

In Hoofdstuk 7 wordt een nieuwe techniek onderzocht om de perineale wondgenezing
te verbeteren na APR. Deze techniek betreft een gluteale turnover lap met als doel
vulling van het voormalige anale kanaal te bereiken. Patiënten die een APR voor
rectumcarcinoom hebben ondergaan en deze lap hebben ontvangen in twee centra
werden vergeleken met een groot cohort van patiënten met primair sluiten. In totaal
werden 219 patiënten geïncludeerd, 25 patiënten met een gluteale turnover lap en 194
patiënten met primair sluiten. Het percentage aan wondcomplicaties binnen 30 dagen
was 32% na gluteale turnover lap vergeleken met 36% na primair sluiten (P = 0.156).
Geen van de patiënten met de lap ontwikkelde een chronische sinus en chirurgische
re-interventies kwamen niet voor. Een ander veelbelovende bevinding na de gluteale
turnover lap was het niet optreden van perineale hernia’s gedurende de beschikbare
follow-up (18 maanden symptomatische perineale hernia: 0% vs. 9%; P = 0.184). De
superioriteit van de lap moet worden onderzocht in een gerandomiseerde setting.
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In Hoofdstuk 8 wordt het studieprotocol van een gerandomiseerde trial (BIOPEX2) beschreven, waarin de gluteale turnover lap wordt vergeleken met primaire
perineale sluiting na APR voor rectumcarcinoom. Het percentage patiënten met een
ongecompliceerde wondgenezing op dag 30 is de primaire uitkomstmaat. Secundaire
uitkomsten zijn perineale hernia, kwaliteit van leven en urogenitale functie. Op basis
van de power analyse op het moment van opzetten van de studie, zijn er in totaal 160
patiënten nodig om een significant verschil te kunnen vinden in het voordeel van de
experimentele arm.

Deel III – Secundaire chirurgische behandelopties voor de lange termijn
gevolgen
In het laatste deel van dit proefschrift ligt de focus op de secundaire chirurgische
behandeling van complicaties na chirurgie voor rectumcarcinoom. Na een lage anterieure
resectie is er een hoog risico van tot wel 28% op anastomose lekkage. In het geval de
lekkage persisteert kan zich een chronische sepsis ontwikkelen in het kleine bekken.
In Hoofdstuk 9 worden de resultaten van de 10-jaars ervaring van een nationaal
verwijzingscentrum voor de behandeling van sepsis in het kleine bekken besproken.
Patiënten die zijn verwezen tussen 2010 en 2020 met acute of chronische bekkensepsis
na sfincter sparende resectie werden geïncludeerd. Salvage chirurgie bestond uit
endoscopische vacuüm geassisteerde chirurgische sluiting, redo anastomose of
intersfincterische resectie van de anastomose. Er werden 136 patiënten geïncludeerd,
49 in verwijsperiode A (2010-2014) en 87 in periode B (2015-2020). Controle van pelvic
sepsis aan het einde van de follow-up werd behaald in alle patiënten die endoscopische
vacuüm geassisteerde chirurgie hadden ondergaan, 91% (groep A) en 89% (groep B)
van de patiënten die redo-anastomose hebben ondergaan (P = 1.000) en 100% (groep
A) en 95% (groep B) van de patiënten die intersfincterische resectie hebben ondergaan
(P = 1.000). Een functionele anastomose na restauratieve procedures werd bereikt in
61% van de patiënten in groep A en 68% van de patiënten in groep B (P = 0.567). Door
het presenteren van deze resultaten hebben wij getracht bewustzijn te creëren en meer
inzicht te verschaffen in de behandeling van deze complicatie.

In het geval er sprake is van een perineale hernia na APR, kan chirurgische reconstructie
een optie zijn afhankelijk van de ernst van symptomen en voorkeur en ervaring van
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de chirurg. Verschillende perineale hernia reconstructie technieken worden besproken
en recidief percentages worden met elkaar vergeleken in de systematische review
beschreven in Hoofdstuk 10. Studies (n ≥2) werden geïncludeerd als recidief percentages
na perineale hernia correctie werden gerapporteerd. Er werden 19 studies geïncludeerd
in deze review met een totaal van 172 patiënten. De gepoolde percentage van een
recidief perineale hernia was 39% na biologische mat, 29% na synthetische mat, 37%
na weefsellap reconstructie en 9% na weefsellap reconstructie gecombineerd met een
mat. Het recidiefpercentage na correctie middels een mat is hoog, zonder een significant
verschil tussen de synthetische en biologische mat. Eveneens leidde perineale hernia
reconstructie middels enkel een weefsellap niet tot een lager recidiefpercentage. Terwijl
de combinatie van een weefsellap en mat resulteerde in het laagste recidiefpercentage.
Deze laatste techniek lijkt een veelbelovende optie in het voorkomen van recidieven na
perineale hernia correctie. Echter waren patiënten aantallen laag en zijn grotere studies
nodig om deze bevindingen te bevestigen.
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DANKWOORD
De periode waarin ik dit onderzoek heb verricht markeert een fase waarin ik heb mogen
samenwerken met veel betrokken collega’s en steun heb mogen ontvangen van mijn
dierbaren. Het is een onvergetelijke tijd geweest, waar ik met enorm veel plezier op
terugkijk. De directe en indirecte steun die ik heb mogen ontvangen, hielpen mij dit
proefschrift tot stand te brengen. Deze laatste pagina’s wijd ik graag aan het bedanken
van een aantal specifieke personen.

Allereerst wil ik alle patiënten bedanken die met hun deelname hebben bijgedragen
aan voorgaand beschreven onderzoek. Met uw bijdrage aan de wetenschap hopen wij
complicaties na chirurgie voor endeldarmkanker te kunnen minimaliseren.

Mijn promotor, prof. dr. Tanis, beste Pieter, ik had mij geen betere begeleiding kunnen
wensen. Aan jou heb ik de totstandkoming en afronding van dit leerzame traject te
danken. Gedurende mijn masterthesis heb jij mij geënthousiasmeerd voor het doen van
wetenschappelijk onderzoek wat uiteindelijk resulteerde in deze samenwerking. Het is
voor mij een eer geweest om de afgelopen jaren van jou te mogen leren. Als promotor
was je betrokken bij elke stap van het onderzoek en wist je met een kritische blik en
eindeloos veel geduld mij de weg te wijzen. Ook jouw toewijding aan de kliniek is mij niet
onopgemerkt gebleven. Het is inspirerend te zien hoe betrokken jij bent als arts. Daarbij
zullen ook de leuke gesprekken tijdens de autoritten voor de BIOPEX-2 studie mij altijd
bijblijven. Veel dank voor je vertrouwen de afgelopen jaren.

Mijn copromotor, dr. Musters, beste Gijs, jij bent de drijvende kracht achter de
ontwikkeling van dit proefschrift geweest. Ik waardeer jouw doortastende manier van
werken en snelle feedback. Door altijd te kijken naar het gehele plaatje wist jij vaart te
houden in het proces, wat een grote bijdrage heeft geleverd aan dit werk. Dit wist jij
tevens te allen tijde op een vriendelijke en geduldige manier over te brengen. Ik heb
veel bewondering voor jouw passie voor wetenschappelijk onderzoek en dat heeft mij
geïnspireerd. Heel erg bedankt voor jouw begeleiding.
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Mijn copromotor, dr. Hompes, beste Roel, dankzij jouw internationale contacten kreeg
ik de mogelijkheid een deel van mijn masterthesis in Oxford uit te voeren. Vervolgens
heeft onze samenwerking zich verder voortgezet in het kader van dit proefschrift.
Jij bent vanaf de zijlijn nauw betrokken geweest en je zat altijd bomvol ideeën voor
verder onderzoek. Op jouw eigen wijze wist je vanuit verschillende invalshoeken de
wetenschap te benaderen waardoor nieuwe inzichten aan het licht kwamen. Veel dank
voor je betrokkenheid.

Beste overige leden van mijn promotiecommissie, prof. dr. Boermeester, prof. dr. de
Wilt, prof. dr. Beets-Tan, prof. dr. van der Horst, dr. Derikx, dr. Boll, hartelijk dank voor
uw bereidheid om zitting te nemen in deze commissie en voor uw kritische blik op dit
proefschrift. Beste prof. dr. Beets, veel dank dat u als gastopponent deel wilt nemen.

Prof. dr. Bemelman, beste Willem, bedankt voor het creëren van mogelijkheden en voor
je vertrouwen wat voor de aanzet van mijn onderzoekscarrière zorgde. Je bevlogenheid
en enthousiasme voor de wetenschap vond ik erg inspirerend. Het was ontzettend fijn
om deel uit te mogen maken van de hechte colorectale onderzoeksgroep, waarbij naast
onderzoek ook altijd ruimte was voor gezellige barbecues en feestjes.

Dr. Buskens, dr. Kusters en dr. Tuynman, beste Christianne, Miranda en Jurriaan, enorm
bedankt voor jullie kritische input tijdens de researchbesprekingen, jullie bijdrage aan
de inclusies, maar natuurlijk ook voor alle gezelligheid.

Dr. Lapid, beste Oren, dank voor je bijdrage aan de manuscripten, maar ook voor je
interesse in mijn traject en de leuke gesprekken in de wandelgangen.

Beste lokale hoofdonderzoekers van de BIOPEX-2 studie, ontzettend bedankt voor de
prettige samenwerking en jullie laagdrempelige betrokkenheid de afgelopen jaren, mede
dankzij jullie inzet verloopt de BIOPEX-2 studie voorspoedig. Tevens grote dank aan de
arts-assistenten en verpleegkundigen die de follow-up hebben bijgehouden. Eveneens
gaat mijn dank uit naar de operatieplanners voor de wekelijkse update aangaande de
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operatieplanning. Dit heeft een grote bijdrage geleverd aan de inclusies voor de BIOPEX2 studie.

Dr. van Dieren, beste Susan, jouw analytisch vermogen en behulpzaamheid zijn van
kostbare waarde geweest. Ik kon met ieder statistisch vraagstuk bij jou terecht. Dank
hiervoor.

Dear Baljit Singh, I am very thankful for your enthusiastic contribution to different
projects. It has been a pleasure working with you.

Dear Chris Cunningham, thank you for making me feel welcome in the University
Hospitals of Oxford.

Beste medeauteurs, hartelijk dank voor de fijne samenwerking. Jullie waardevolle
feedback en betrokkenheid zijn erg gewaardeerd.

Beste wetenschappelijke stage studenten, Gaby, Jasper en Thom, dank voor jullie inzet
en harde werk!

Secretaresses van G4/J1A, beste Els, Ilse, Indra, Ingrid, Jacqueline en Joke, veel dank dat
ik altijd voor vragen bij jullie terecht kon.

Beste arts-assistenten, PA’s en chirurgen van de afdeling Chirurgie van locatie AMC, dank
voor de samenwerking en gezellige sfeer op de afdeling.

Alle onderzoekers van G4/J1A, bedankt voor de leuke promotietijd! Ik kijk met enorm veel
plezier terug op de gezellige koffiepauzes, colarondjes, vrijdagmiddag lunches en borrels.
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Beste Colorectals, Alexander, Annabel, Anne-Loes, Claire, Daan, Eline, Elise, Enes,
Hanneke, Irene, Joyce, Karin, Kevin, Kiedo, Lianne, Lisanne, Lisette, Marieke, Maud,
Maxime, Merle, Robin B, Robin D, Sanne, Sapho, Saskia, Sebastian, Sophie, Tania en
Vivian, ik had mij geen fijnere groep kunnen wensen om samen mee te promoveren. Dank
voor de samenwerkingen, maar vooral heel erg bedankt voor de gezelligheid rondom de
researchbesprekingen, congressen, barbecues en borrels!

Beste Robin, dit avontuur begon allemaal met mijn masterthesis bij jou. Met gigantisch
veel precisie, geduld en enthousiasme wist jij mij onderzoek doen vanaf de basis te
leren. Dankzij jou ging de wereld van de wetenschap voor mij open. Ik vergeet nooit de
middag waarop jij ineens ‘’geen tijd’’ meer had om met mij mee te gaan naar Pieter om
de CT-scans door te nemen. Ik heb enorm veel van jou geleerd en meegenomen, waar
ik je altijd dankbaar voor zal blijven.

Beste Saskia, wat heb jij in korte tijd veel gepresteerd. Het is mooi om te zien hoe jij je
de BIOPEX-2 studie volledig eigen hebt gemaakt en hoe je als een speer gaat met alle
andere projecten. Ondanks het feit dat jij mijn opvolger bent, heb ik veel van jou geleerd.
Heel erg bedankt voor de fijne samenwerking.

Lieve Sandy, tijdens ons coschap poli heelkunde hadden jij, Nadège en ik direct een klik.
Het is iedere keer weer gezellig wanneer wij met z’n drieën samenkomen. Dank voor de
fijne gesprekken die we met elkaar kunnen voeren.

Lieve Natasja, onze vriendschap gaat way back. Alsof jouw vader de eerste dag van
groep 3 al kon voorspellen dat wij een match zouden zijn. Met een warm gevoel en
grote glimlach kijk ik terug op onze logeeravonden, tafelvoetbalwedstrijdjes en selfmade
dans- en zangoptredens voor het door ons geforceerde publiek. Het is iedere keer weer
fijn om met jou bij te kletsen onder het genot van een hapje, aan gespreksonderwerpen
hebben wij in ieder geval geen tekort. Dank voor je vriendschap.
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Lieve Diana, Heela, Jelte, Man-Wai, Melisa, Sadaf, Shacara, Tarik, Tina, Willemijn en Yekta,
al 10 jaar aan mijn zijde. Ik wil jullie bedanken voor alle gezellige diners, feestjes en
vakanties. Maar bovenal dank voor jullie waardevolle vriendschap en steun de afgelopen
jaren. Diana, jij bent er altijd voor mij, van samen feesten tot aan urenlang kletsen. Ik
waardeer jouw uitgesproken mening en oprechtheid. Voor je vrienden ga jij door het
vuur: you are one of a kind. Heela, jouw nuchterheid zet mij iedere keer weer met beide
benen op de grond. Is het op de gekste tijdstippen met mij meerijden voor onderzoek of
luisteren naar mijn eindeloze verhalen, op jou kan ik altijd rekenen. Jij bent de zus die ik
nooit heb gehad. Jelte, jouw creativiteit en geduld, maar vooral jouw vriendelijkheid zijn
ongekend. Jij bent een rots in de branding. Man-Wai, jij weet de groep altijd voor een uitje
op te trommelen en te verrassen met jouw kookkunsten. Melisa, in de allereerste week
van de bachelor wist jij mij als een stil muisje te scouten in Lijn 50. Op een natuurlijke
manier breng jij mensen bij elkaar en hebben wij meerdere hechte vriendschappen aan
jou te danken. Jouw mening is voor mij heel belangrijk en die weet jij altijd op een wijze
en zorgzame manier te uiten. Je bent een ware aanvulling en ik koester onze vriendschap.
Sadaf, jij mijn Jut & ik jouw Juul. Wij hebben niet veel woorden nodig om elkaar te
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voor jou. Aan één blik hebben wij genoeg om elkaar te begrijpen. Je hebt mij altijd in
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