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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
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Abstract

Aim: This study aimed to quantify displacement of urogenital organs after abdominop-
erineal resection (APR), and to explore patient and treatment characteristics associated
with displacement.

Method: Patients from 16 centres who underwent APR for primary or recurrent rectal
cancer (2001-2018) with evaluable preoperative and 6-18 months postoperative radio-
logical imaging were included in the study. 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 of which 171 were men and 77 women. The
median displacement of the internal urethral orifice was 25 mm in men (maximum 65),
and 17 mm in women (maximum 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 (maximum 85) and 33 degrees (maximum 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.

Conclusions: 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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resection of the sphincter complex results in a large empty cavity
in the pelvis. Posterior displacement of the anterior pelvic compart-
ment can partially fill the pelvic cavity by intrinsic laxity or disrupted
attachments between pelvic organs and absence of pelvic floor con-

tinuity. Further obliteration of the cavity is accomplished by either
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spontaneous descent of small bowel loops or omentum, surgical pro-
cedures such as omentoplasty or caecal transposition, or a combina-
tion 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 a great impact on a patient's life [2]. The cause
is multifactorial, including preoperative radiotherapy, direct auto-
nomic 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 strate-
gies in subsequent studies. Therefore, the aim of this multicentre
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 anatomi-
cal landmarks and their interlandmark correlation, and to deter-
mine the impact of patient and treatment factors on the degree

of displacement.

METHODS
Patients and design

Patients who underwent APR for primary or recurrent rectal can-
cer 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 and 18 months postopera-
tively. 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 exentera-
tion were excluded.

One of the three existing databases included the BIOPEX
trial, which is a randomized controlled trial in which primary clo-
sure 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 Centre and informed consent was obtained for all partic-
ipating patients. In the other two existing cohort studies, postop-
erative imaging was performed as part of routine daily practice.
The need for informed consent was waived for these retrospective
studies [5,8].

What does this paper add to the literature?

Anatomical changes after abdominoperineal resection can
result in urogenital organ displacement, but this is an un-
derstudied phenomenon. This large observational study
demonstrated that displacement of urogenital organs is
highly variable among both male and female patients, and

seems modifiable to a certain degree.

Reference lines and anatomical landmarks

Urogenital displacement was measured by determining the loca-
tion of predefined anatomical landmarks on the midsagittal plane
of preoperative 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 postoperative 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 in-
ferior 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).

Three anatomical landmarks were determined for both men and
women. The two common landmarks for both genders were the in-
ternal urethral orifice and the posterior bladder wall (most poste-
rior 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 ex-
enteration, preoperative 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.

Outcome measures and patient subgroups

Outcome measures were the absolute displacement in millimetres,
and the rotation in degrees of the four anatomical landmarks and
interlandmark correlation. Displacement of the internal urethral ori-
fice 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).
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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 the 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

Calculation of displacement

The preoperative 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: AX? + AY? = D,
The direction of displacement was dorsal if AX was positive, ventral
if AX was negative, cranial if AY was positive, and caudal if AY was
negative. Herewith, four directions of displacement were defined:
dorsal-caudal, dorsal-cranial, ventral-cranial and ventral-caudal.

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 preoperative angle. A positive rotation
indicated caudal displacement and a negative rotation indicated cra-
nial displacement.

Statistical analysis

Categorical data were compared using the chi-squared test, and
numerical data with the independent t-test or Mann-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 interindi-
vidual 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 postop-
erative 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 and tumour 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 are presented as Beta in millime-
tres and 95% Cl. Correlations between displacements of different
landmarks within each patient were graphically presented in scat-
terplots, and Spearman's correlation was calculated. All missing data
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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).

RESULTS
Patient characteristics

A total of 489 patients underwent APR for primary or recurrent rec-
tal cancer in 14 centres in the Netherlands (2001-2018) and two
centres in the United Kingdom (2010-2018). After exclusion for
total pelvic exenteration (n = 12), neobladder reconstruction (n = 1)
and no pre- or postoperative 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. Twenty-nine of 171 male patients had pre-
viously undergone pelvic surgery (17%), and this was the case in 35
of 77 female patients (46%), of whom 14 (18%) had a prior hyster-
ectomy. 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.

Urogenital displacement
Absolute distance (mm)

The displacement of the internal urethral orifice for men was me-
dian 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 di-
rection 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 me-
dian 32 degrees (IQR, 23-41) and median 33 degrees (IQR, 14-47)
for men and women, with a maximum of 85 and 83 degrees, respec-
tively (Table 2). Median caudal rotation of the posterior bladder wall
for men was 22 degrees (IQR, 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).

Subgroup analysis

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

In linear regression analysis, biological mesh reconstruction of
the pelvic floor (B 8 mm; 95% Cl: 2, 13; p = 0.007) and visceral inter-
position (B 13 mm; 95% CI: 0, 26; p = 0.046) were associated with
increased displacement, whereas female gender (B -11 mm; 95% Cl:
-16, -6; p < 0.001) and a filled presacral space by any tissue/organ
(B -6 mm; 95% Cl: -11, -1; p = 0.021) was associated with less dis-

placement of the internal urethral orifice (Table S1).

Correlation anatomical landmarks

The Spearman test in both men and women showed a significant
correlation between the displacement of the posterior bladder
wall and internal urethral orifice (Table S2). The correlation in
absolute displacement showed more interindividual variability,
compared to the correlation in rotation (Figure S1). The displace-
ments of the distal end of the prostatic urethra and the cervix
were also significantly correlated with the internal urethral ori-
fice. 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 displace-

ment in millimetres.

DISCUSSION

In this study, we aimed to quantify displacement of pelvic organs
after APR since there are no studies which address this research
question. We observed substantial urogenital organ displacements
with a large interindividual variation (Figures S2 and S3). As ex-
pected, the direction of displacement was almost exclusively in a
dorsal-caudal direction. The hypothesis of women having more uro-
genital displacement after APR could not be confirmed, and even an
association in the opposite direction was suggested. If the postoper-
ative imaging revealed filling of the presacral space with any tissue,
displacement was less if compared to no filling.

Since this subject has not previously been studied, we set up
the methodology by defining reference lines and specific anatomi-
cal 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
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(2002-2017): n =134

closure and biological mesh
reconstruction of the pelvic Oxford University Hospitals
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Tergooi hospital (2000-2017): n = 86 (2010-2018)

APR for primary rectal cancer

Flevo hospital (2010-2017): n = 46 after neo-adjuvant radiotherapy

12 centers (2012-2014) Total N =119
Total N = 266

Total N =104

Patients who underwent abdominoperineal resection for primary or
recurrent rectal cancer
N =489

Exclusion criteria

® Total pelvic exenteration (n = 12)
® No pre-or post-operative evaluable scan (n = 228)

® Neobladder reconstruction (n = 1)

Included in analyses
N =248

FIGURE 2 Flow diagram of patient inclusion

and reproducible landmark. Furthermore, this landmark can be used
independent of gender. For this reason, we used the internal ure-
thral orifice as the primary outcome measure for subgroup analyses.
The only disadvantage of this landmark is the decreased variability
if compared to the posterior bladder wall (Figure S1a), and might
therefore not accurately represent the outliers. The posterior blad-
der 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 cen-
timetres, which can cause interobserver variability.

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 using
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 num-
bers and the rotation mainly represents the shift in cranial and cau-
dal direction and to a lesser extent in dorsal direction. Therefore,
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Female
Male (n = 171) (n=77)
Age Years (mean + SD) 64 +12 64 + 13
BMI kg/m? (mean + SD) 2745 27+6
Prior pelvic surgery Total 29/171 (17) 35/77 (46)
Sacral colpopexy - 4/77 (5)
Caesarean section - 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 6/171 (4) 7/77(9)
APR indication Primary rectal cancer 155/171 (91) 69/77 (90)
Recurrent rectal cancer 16/171 (9) 8/77 (10)
Neoadjuvant treatment None 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)
APR type Intersphincteric 21/168 (13) 4/77 (5)
Conventional 41/168 (24) 15/77 (20)
Extralevator 106/168 (63) 58/77 (75)
Additional resection 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 4/168 (2) 0/77 (0)
Coccyx 26/168 (16) 13/77 (17)
Pelvic side wall 5/168 (3) 4/77 (5)
Presacral fascia 1/168 (1) 1/77 (1)
Omentoplasty Total 68/171 (40) 37/77 (48)
Visceral interposition Total 1/134 (1) 6/63 (10)
Uterus - 6/63 (10)
Caecum 1/134 (1) 0/63 (0)
Perineal closure Primary closure 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)

Note: Data are presented as absolute numbers (proportions), unless otherwise stated.
Abbreviations: APR, abdominoperineal resection; BMI, body mass index; SD, standard deviation;
TEM, transanal endoscopic microsurgery; TURBT, transurethral resection of bladder tumour;
TURP, transurethral resection of the prostate.

TABLE 1 Baseline characteristics
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TABLE 2 Measured urogenital displacements in male and female patients who underwent abdominoperineal resection on sagittal pelvic

imaging
Male (n = 171) Female (n=77)
Absolute displacement of anatomical Median Range Median Range
landmarks (mm) n (IQR) (min-max) n (IQR) (min-max)
Direction of displacement
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
Posterior bladder wall (n = 248)
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 (21-4¢) 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 (14-2¢) 8-28
Distal end of prostatic urethra (n = 163)
Any 163 12 (9-17) 1-76 - - -
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 32 8-54
Degrees of rotation
Internal urethral orifice (n = 243)
Caudal 160 32(23-41) 2-85 65 33(14-47) 0-83
Cranial 10 9 (4-13) 0-25 8 8(3-12) 0-25
Posterior bladder wall (n = 248)
Caudal 164 22 (15-30) 0-59 72 33(15-42) 0-64
Cranial 7 8(2-10) 1-26 5 6 (4-8) 4-10
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

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 regres-
sion 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 in-
cluded. 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
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FIGURE 3 Boxplots showing the absolute displacement of the internal urethral orifice in millimetres 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 they received neoadjuvant radiotherapy

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 the results.

Little is known about organ displacement after pelvic surgery,
which makes it difficult to compare our findings with the 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 a supine position at rest and
during maximal straining [9]. This study found no vertical displace-
ment 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 can-
not be fully compared to our patient cohort.

Regarding the clinical implications of the present findings, the
substantial displacements in some of the patients are probably
resulting in functional problems. Dorsal displacement of the blad-
der 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 (Figure S2), after which sexual in-
tercourse might no longer be possible. Future studies should elu-
cidate 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 per-
ineal dead space.

The major limitation of our study was the retrospective assess-
ment of pelvic imaging that was not performed for the purpose of
the study. Imaging was performed with patients in a supine position
without active pressure, while patients mainly experience urogenital
dysfunction in a standing position and with straining. The 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, se-
lection bias has probably occurred due to the strict time interval be-
tween the pre- and postoperative scan. We do not have the details
of overall rectal cancer volumes of the participating centres 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
has commonly been found in European rectal cancer studies [11].
The relatively small number of patients in the 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 variabil-
ity 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 displace-
ment might be modifiable. The proposed quantification method can
be used in future studies.
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