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Abstract

Objective: Intra-abdominal pressure (IAP) was defined as the steady state pressure concealed within the abdominal cavity.
Sustained increased in IAP has become the focus of attention in many disciplines which is has impact on pulmonary, cardiovas-
cular systems. Pelvic organ prolapse might be the consequences of compensation of abdominal compliance to increased IAP.
The aim of this study was to evaluate the effect of laparoscopic sacrocolpopexy in patients with severe uterovaginal prolapse on
intraabdominal presurre. Design: Prospective, case control study Setting: Tertiary Urogynecology Unit Population: Women
with advanced symptomatic stage [?]3 uterovaginal prolapse. Method: IAPs were measured in 13 women, before and 6 month
after laparoscopic sacrocolpopexy and in 13 controls. Main Outcome Measure: Preoperative and postoperative IAP. Results:
The mean preoperative IAP of controls (4.5 ± 1 mmHg) was not significantly different than to women with stage [?]3 uterovagi-
nal prolapse (p=0.1). The mean postoperative IAP at 6 months control was 8.6 +-2.5 mmHg and significantly higher than
postprocedure IAP of control group (4.8 +- 1.1 mmHg) (p<0.0001). IAP of prolapse group was significantly correlated with
gravidy (r = 0.65, P < 0.01) and parity (r = 0.87, P < 0.001). Conclusions: IAP significantly increases after pelvic reconstruc-
tive surgery in our pilot study. The association of increased IAP with pelvic organ prolapse and its clinical consequences should
be evaluated with large, well designed, with studies

Introduction

Pelvic organ prolapse (POP), defined as the herniation of the pelvic organs to or beyond the vaginal walls, is
a common condition. Uterine procidentia is hernia of all three compartments through the vaginal introitus.
POP commonly occurs in the elderly and risk increases with age.1 Beyond advancing age and vaginal delivery,
obesity and in cases where intra-abdominal pressure increases repetitively or continuously such as chronic
constipation, chronic obstructive pulmonary disease, or occupations that involve heavy lifting are established
risk factors.2-5 Anatomic support of the pelvic organs in women is provided by the pelvic floor muscles and
ligaments or connective tissue attachments to the pelvis. Excessive caudal movement of pelvic organs occurs
with the loss of support impairs the ability of that support to resist caudal forces that include gravity, inertial
forces and intra-abdominal pressure. The compliance of these structures, defined as the deformation of the
structure divided by the change in force that caused the deformation, describes the pliability or flexibility of
pelvic floor and abdominal wall structures.

Intra-abdominal pressure (IAP) is defined as the steady state pressure concealed within the abdominal
cavity. IAP, intra-abdominal hypertension (IAH) and abdominal compartment syndrome/pathophysiology
have become the focus of attention in many disciplines.6 A normal IAP varies from sub-atmospheric values
to 7 mmHg in normal weight individuals, with higher baseline levels in morbidly obese patients of about 9
to 14 mmHg.7 IAH is defined as a sustained increase in IAP [?] 12 mmHg. The adverse physiologic effects
of increase in IAP impacts the pulmonary, cardiovascular, renal, splanchnic, musculoskeletal and central
nervous systems.8 However, little concern has been dedicated to the potential importance of the structure of
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the pelvic floor and its compliance. Abdominal compliance is defined as a measure of the ease of abdominal
expansion, which is determined by the elasticity of the abdominal wall and diaphragm. The abdomen may be
considered a closed box. This box has rigid structures, i.e. the spine and pelvic bones, with partially flexible
sides, i.e. the abdominal wall, diaphragm and pelvic floor.9 Levator hiatus is the opening of this closed
box to the atmosphere. Pelvic organ prolapse might be the consequence of the compensation of abdominal
compliance to chronic increased IAP. We hypothesized that we could disrupt this feasible compensation with
relatively stable reconstructive procedures like sacrocolpopexy or obliterative procedures. The aim of this
study was to evaluate the effect of pelvic reconstructive surgery in patients with severe uterovaginal prolapse
on IAP.

Materials and Methods

This was a cross-sectional, case-control study comparing preoperative and postoperative IAP in patients
advanced symptomatic uterovaginal prolapse stage 3 or 4 according to the Pelvic Organ Prolapse Quantifi-
cation (POP-Q) system. Each woman in the study group was paired to a woman of the same age (± 3 years)
and similar body mass index (BMI) (± 2) with POP stage [?] 2; they underwent a diagnostic dilatation and
curettage (D&C) procedure for postmenopausal bleeding or increased endometrial thickness. These women
constituted the control group. Women with previous abdominal or inguinal hernia surgery, previous prolapse
surgery, hysterectomy, severe heart disease, lung disease and women who preferred conservative management
or uterus-sparing surgery were excluded from the study. Written informed consent was obtained from all
patients before enrolment. This study was approved by the institutional review board. Demographic data
including age at surgery, parity, menopausal status, BMI, previous surgeries and comorbidities were obtained
from patient medical records.

Pressure measurement

IAP was measured by a single experienced investigator preoperatively before the pelvic organ prolapse
reconstruction procedure or D&C. Before the induction of any general or spinal anesthesia, a Foley catheter
was placed, as is our current standard of care.

IAP measurements were obtained with the patient in the fully supine position without head of bed elevation
and at the end of expiration, according to the recommendations by the World Society of the Abdominal
Compartment Syndrome (WSACS).7 The mid-axillary line at the level of the iliac crest was used as the zero
reference point. The Foley catheter was clamped 2 centimeters distal to the port. The pressure transducer
system was connected to the pressure monitoring cable tubing was then connected to the Foley catheter via
a 16-gauge needle through the port on the catheter tubing. A 50 mL syringe was attached to the distal
stopcock and filled with saline, and the stopcock was turned off toward the patient. Then, 50 cc of sterile
saline was instilled into the bladder and the measurement of IAP was performed for 30-60 seconds, after
pressure stabilization and the end of respiratory expiration were ensured.10 The second measurement was
performed 6 months after prolapse surgery with the same protocol.

Surgical technique

For the laparoscopic sacrocolpopexy procedure, after vaginal or laparoscopic hysterectomy was performed,
the anterior vaginal wall was dissected up to the bladder neck, and the posterior vaginal wall was dissected
up to the distal levator ani muscle level. The sacral promontory was identified and the overlying peritoneum
was opened up to the vaginal cuff laterally to the rectum and medially to the right uterosacral ligament. A
Y-shaped, 15 cm-long, 3 cm-width type 1 polypropylene mesh was transfixed to the anterior and posterior
vaginal walls with a 4-6 polyglactin suture in each wall. The free arm of the Y mesh was fixated to the
anterior longitudinal ligament of the sacrum with two separate no. 1 polypropylene sutures. The mesh was
then peritonealized with absorbable interrupted extracorporeal sutures.

Statistical analysis

Statistical analysis was performed after normality testing (histogram analysis and/or Kolmogorov-Smirnov
test) using IBM SPSS, version 21 (IBM Inc., Armonk, NY). Two sided paired Student’s t-tests or Wilcoxon

2



P
os

te
d

on
A

ut
ho

re
a

15
Ju

n
20

20
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

22
53

06
.6

08
11

58
5

|T
hi

s
a

pr
ep

ri
nt

an
d

ha
s

no
t

be
en

pe
er

re
vi

ew
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

signed rank tests were used to compare the IAP values before and after pelvic reconstructive surgery. Stu-
dent’s t-test was used for the comparison of normally distributed variables, while the Mann-Whitney U-test
was used for non-parametric variables, and Fisher’s exact tests were used to compare categorical variables.
Pearson’s correlations were used to assess correlations between IAP and patient characteristics such as age,
weight, waist circumference and parity. Spearman’s correlation was applied in cases where the normality of
the data was questionable. AP value of <0.05 was considered significant for all tests.

Results

A total of 52 sets of IAP measurements were conducted in 26 women: 13 in the prolapse group and 13 in
the control D&C group. Thirteen women with stage 3 or utero-vaginal prolapse 4 according to the POP-Q
system underwent the sacrocolpopexy procedure. The demographics and IAP measurements of each group
are shown in Table 1. As a result of matching, there was no significant difference in age and BMI between
both groups. The mean age was 62 +- 10.7 years (range 43-76) in the prolapse group and 61.5 +- 10.1 years
(range 44-75) in control group. The mean BMI was 26.4 +- 2.3 (range 22.6-30) in the prolapse group and
27.9 +- 2.2 (range 23-32) in the control group. The waist circumferences were similar between the prolapse
(104.2 +- 8.9) and control (102.5 +- 9.1) groups. The median gravida was significantly higher in the prolapse
group (median 4 (range 2-6)) than in the control group (median 3 (1-4), p=0.006). The median parity was
3 (2-6) in the prolapse group and 2 (1-4) in the controls (p=0.5).

The mean preoperative IAP was 5.6 +- 2.4 mm Hg (range 2-11 mm Hg) in the prolapse group. The mean
preoperative IAP of controls (4.5 +- 1 mm Hg (range 3-6 mm Hg) was not significantly different than in
women with stage [?]3 uterovaginal prolapse (p=0.1). Preoperative IAP of 4 (53.8%) women with prolapse
was over 7 mmHg (p=0.03). The mean postoperative IAP at the 6 month control examination was 8.6 +-2.5
mmHg (range 6-14 mmHg) and significantly higher than the postprocedure IAP of the control group (4.8 +-
1.1 mmHg (range 3-7 mmHg) (p<0.0001). Figure 1 shows the intra-abdominal pressure variations pre- and
postoperatively. The mean IAP was significantly higher at 6 months after pelvic reconstructive surgery than
before surgery (p=0.001). The alteration of IAP in the control group was statistically insignificant (p=0.3).
The IAP of seven (53.8%) patients was over 7 mmHg (p=0.03), and 2 of 13 (15.3%) had IAH (p=0.1).

In the correlation analysis of preoperative and postoperative IAP with age, BMI, weight, height, gravidy
and parity of women, postoperative IAP in the prolapse group was significantly correlated with gravidy (r
= 0.65, P < 0.01) and parity (r = 0.87, P < 0.001). Age, BMI, weight, height and waist circumference were
not correlated with either preoperative or postoperative IAP measurements.

Discussion

In this prospective controlled study, we evaluated the effect of prolapse surgery with mesh on IAP alterations.
We observed that the postoperative IAPs after uterovaginal prolapse surgery were elevated in comparison
to the preoperative values. The question of this study was raised at an urogynecology congress at which an
experienced anesthesiologist hypothesized that the reentrance of pelvic contents and fixation of the vaginal
wall with rigid materials may have long-term health consequences. There is no answer to this question to
date, according to the current evidence. There have been no studies on the consequences of gynecologic pro-
cedures on IAP measurements or the effect of IAP changes on short- or long-term outcomes. Although there
have been limited studies relevant to the effect of pregnancy and cesarean delivery on IAP, in case reports
after gynecologic emergencies, there is a lack of data after gynecologic surgery, especially urogynecologic
procedures commonly dealing with the elderly and frail population.11-13 With increasing age, cardiovascular
and respiratory comorbidities may complicate pelvic organ prolapse in those older patients who are more
susceptible to IAP alterations and need to be more cautions.14

Midterm postoperative IAPs after laparoscopic sacrocolpopexy were elevated in comparison to the preop-
erative values. This may be explained by a variety of mechanisms. The fixation of relatively rigid and
non-absorbable polypropylene mesh diminishes vaginal wall distension and movement properties. Rubod
et al. reported that vaginal tissue from prolapse patients exhibits larger deformations and behaves in a
hyperelastic manner with increased compliance.15
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Although the aim of the mesh is to strengthen the impaired vaginal wall, mimicking autologous tissue without
reducing its compliance, the stiffness of the material, shrinkage and new tissue formation are associated with
poor compliance.16 The usage of synthetic materials could be related to the increase in IAP secondary to a
disruption or compensation mechanism.

Another probable mechanism may be related to an increase in the pelvic contents after prolapse surgery, due
to the introduction of the bladder, bowel and uterus into the pelvic cavity, leading to a subsequent increase
in IAP. Similar mechanisms can also account for increased IAP or IAH after abdominal wall hernia repair.
In a few studies examining the association between hernia repair and intraabdominal pressure, ventral hernia
repair can be associated with perioperative intra-abdominal hypertension (IAH), respiratory dysfunction and
complications .17-19 In a study on large incisional hernias, 87% of patients showed a mean increase in IAP of
2.7 mmHg after surgery; about 9% saw no change in pressure.20In a cadaveric model, IAP increased by about
4.6 mm with increasing volume in the pelvic cavity.21 The rise in IAP during abdominal surgery observed in
our study can be explained by the stretch of the abdominal wall following hernia repair [19]. Also, IAP can
increase under high-tension abdominal wall closure and can be considered the cause of complications such
as recurrences and respiratory insufficiency and post-operative pneumonia, but there is a lack of long-term
data about these alterations in pressure.22, 23

We found a strong correlation with parity and increased IAP in our study. IAP may increase postopera-
tively due to abdominal cavity characteristics. The abdominal wall will modify its constitutional properties
to maintain them as close as possible to normal functioning under the alterations in IAP. The high IAP
after pelvic reconstructive surgery in women with high parity can be explained by weak compliance of the
abdominal musculoaponeurotic system after repeated pregnancies.24 Although a BMI and IAP correlation
was not found in our study population, we matched the control group with similar BMI to eliminate the
BMI limitation.

Strengths and limitations

To the best of our knowledge, our study is the first to evaluate the association between reconstructive surgery
of severe uterovaginal prolapse and IAP. The second strength of the study is the homogenous population and
that all procedures were standard laparoscopic sacrocolpopexy procedures in order to eliminate the effect of
abdominal incision. A major limitation of the study is the small study population and lack of sample size
calculation to prevents us from drawing clear conclusions. Secondly, we did not perform early postoperative
IAP measurements, as pain and respiratory changes might influence the measured IAP. Another limitation
is the lack of inter-observer variability since all the measurements were performed by the same experienced
investigator.

Conclusion

POP has been accepted as a quality of life problem rather than a comorbidity. The long-term outcome studies
of prolapse surgery are often focused on recurrence and complications. To date, little is known about survival
or the long-term health consequences of POP after reconstructive pelvic surgery. The survival rates after
pelvic reconstructive surgeries assessed by inference from studies on patients aged 65 years or older undergoing
elective general surgery were similar to those who did not undergo surgery.25 IAP was significantly increased
after pelvic reconstructive surgery in our pilot study. Increased IAP after reconstructive pelvic surgery may
be associated with long-term unfavorable health consequences. The association between increased IAP with
POP and its clinical consequences should be evaluated in large, well-designed studies.
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Prolapse Group Control Group P value

Age, mean± SD *, years 62 ± 10.7 61.9 ± 10.1 0.9
BMI, mean± SD * 26.4 ± 2.3 27.9 ± 2.2 0.7
Waist Circumference mean± SD *, cm 104.2 ±8.9 102.5 ± 9.1 0.6
Gravidy, median (range) + 4 (2-6) 3 (1-4) 0.006
Parity, median (range) + 3 (2-6) 2 (1-4) 0.05
Preoperative IAP, mean± SD +, mmHg 5.6 ± 2.4 4.5 ± 1 0.1
Preoperative IAP >7mmHg n (%)++ - 4 (30.8) 0.03
Postoperative IAP mean± SD +, mmHg 8.6 ±2.5 4.8 ± 1.1 <0.0001
Postoperative IAP >7mmHg, n (%)++ - 7 (53.8) 0.002
Postoperative IAP >12mmHg, n (%)++ - 2 (15.4) 0.1

Table 1: Patient characteristic, demographic data and intraabdominal pressure.

* Student t test.

+ Mann-Whitney U test

++Fisher exact test.

BMI; Body mass index, IAP; Intraabdominal Pressure. Bolding indicates statistical significance
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