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Abstract

Introduction and hypothesis It is not known whether the measurements of pelvic organ assessment under anesthesia accu-
rately estimate prolapse severity. We compared Pelvic Organ Prolapse Quantification (POP-Q) measurements in the office
to exams under anesthesia.

Methods We prospectively enrolled patients undergoing prolapse surgery between February 2020 and July 2020. POP-Qs
at rest and with Valsalva were performed at pre- and postoperative visits. POP-Q under anesthesia was performed, without
traction, at the start of case (pre-surgical), following apical suspension, and at the end of case (post-surgical). Primary out-
come was change in POP-Q between the office and operating room. Due to the COVID-19 pandemic, additional patients
were recruited to maintain the follow-up time frame.

Results Out of 66 patients, 63 underwent surgery and 33 had postoperative exams within 6 weeks. Mean age was 61.3 +
11.9 years, and mean BMI was 28.4 + 6.5 kg/mz. Preoperative Aa, Ba, C, Ap, Bp, and D with Valsalva had greater descent
than pre-surgical measurements. However, preoperative Gh with Valsalva (4.1 & 1.3 cm) was not different from pre-surgical
Gh (4.0 + 1.0 cm) (P = 0.60). Postoperative Aa, Ba, Ap, Bp, and D were not different from post-surgical measurements. In
contrast, postoperative Gh at rest (2.3 + 0.7 cm) and with Valsalva (2.4 + 0.8 cm) were both narrower than post-surgical Gh
(2.8 £ 0.6 cm) (P < 0.05). Gh was also narrowed after apical suspension (3.6 + 1.0 cm, P = 0.005) prior to posterior repair.
Conclusions Surgeons should rely on preoperative POP-Q for surgical decisions. Gh should be reassessed after apical sus-
pension, and further correction should consider that Gh may be exaggerated compared to the measurement postoperatively
when the patient is awake.

Keywords Exam under anesthesia - Intraoperative decision-making - Pelvic organ prolapse surgery - Preoperative decision-
making - Genital hiatus

Introduction

Pelvic organ prolapse (POP) is a common condition with >
500,000 pelvic reconstructive surgeries performed annually
in the US [1, 2]. POP is assessed using Pelvic Organ Pro-
lapse Quantification (POP-Q) [3-5], which is the standard
of care before treatment of POP to objectively evaluate the
extent of prolapse [6]. POP-Q measurements guide surgeons
in their preoperative counseling regarding surgical options
and in their postoperative evaluation of surgical outcome.
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However, despite no standard practice to perform measure-
ments of prolapse in the operating room, the ultimate deci-
sions are often made in the operating room. Although not
well studied, many pelvic reconstruction surgeons would
agree that the exam in the operating room, with the patient
under anesthesia, is different from that in the office [7]. What
is not known is whether the exam under anesthesia under-
or overestimates prolapse severity. The patient is unable to
perform the Valsalva maneuver when anesthetized; there-
fore, one may suspect that the degree of descent would be
underestimated. On the other hand, with the perineal and
levator ani muscles paralyzed, it is plausible that the pro-
lapse is more pronounced. Assessing POP-Q measurements
at rest and with Valsalva maneuver in the office helps assess
whether the Valsalva maneuver makes a significant differ-
ence to the assessment.

@ Springer


http://orcid.org/0000-0002-9378-0979
http://crossmark.crossref.org/dialog/?doi=10.1007/s00192-022-05239-w&domain=pdf

International Urogynecology Journal

There are several studies suggesting that intraoperative
assessment and modifications affect the risk of prolapse
recurrence—normalizing the genital hiatus and the addition
of a posterior colporrhaphy have been shown to decrease
the recurrence of prolapse [8—10]. Yet, it is not known how
the pelvic floor repair and specifically the size of the genital
hiatus at the conclusion of the surgery in the operating room
compare to the exam in the office.

More information about the correlation between the exam
under anesthesia to that of the awake patient could help
guide the intraoperative decisions for pelvic reconstructive
surgeons. The objective of this study was to compare POP-Q
measurements, and specifically Gh, in the office with the
patient at rest and while performing the Valsalva maneuver
versus under anesthesia. We hypothesized that the office
evaluation would differ from the intraoperative evaluation.

Materials and methods

This was a prospective cohort study where we enrolled
patients undergoing prolapse surgery at a single institu-
tion between February 2020 and July 2020. Patients were
enrolled at their preoperative appointment. This study was
approved by the Institutional Review Board.

All office POP-Q measurements were recorded both
at rest and with the Valsalva maneuver. The preoperative
POP-Q measurements were collected from the patient’s most
recent POP-Q examination prior to surgery. The postopera-
tive measurements were collected from the first follow-up
visit within 6 weeks after surgery. Intraoperatively, POP-Q
measurements under anesthesia were performed at the start
of case (pre-surgical), following apical suspension, and at
the end of case (post-surgical). Since patients under anes-
thesia were unable to perform the Valsalva maneuver, these
were "modified" POP-Q measurements, without any traction
on the vagina or cervix. The pre-surgical measurements were
taken after induction of general anesthesia, and the post-
surgical measurements were taken prior to the reversal of
anesthesia. All POP-Q measurements were performed by
either board-certified urogynecologists or urogynecology
fellows using a wooden POP-Q “popsicle stick” with cen-
timeter markings.

Primary outcome was change in POP-Q measurements
between office and operating room evaluations. Demo-
graphic and clinical characteristics included age, race,
body mass index, smoking status, parity, and sexual activ-
ity. Patients were eligible if they were female, 18 years or
older, with planned procedure for apical prolapse repair
and/or posterior compartment prolapse repair under general
anesthesia. Patients were excluded if they were undergo-
ing planned obliterative procedures, having a procedure in
the anterior compartment only, or not undergoing general
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anesthesia with muscle paralysis. Patients who underwent
anterior compartment prolapse repair were included if they
also underwent apical and/or posterior compartment repair.

Based on prior literature, the normative value of the geni-
tal hiatus (Gh) is approximately 3.4 cm, and postoperative
Gh after posterior colporrhaphy and/or perineorrhaphy is
approximately 2.8 cm, with standard deviation of approxi-
mately 1 cm [11]. A sample size of 24 would afford 80%
power to detect a mean of paired differences of 0.6, with
an estimated standard deviation of differences of 1.0, using
an alpha level of 0.05 with a paired #-test. To account for
an attrition rate of 15%, we aimed to enroll 29 participants.
Due to the COVID pandemic, a portion of initially enrolled
patients was not able to present for in-person postopera-
tive exams. Therefore, the decision was made to extend the
study, and an additional 30 patients were enrolled to meet
adequate sample size for paired comparison. Descriptive
statistics were calculated with the use of standard methods
for means, medians, and proportions. Continuous variables
were analyzed using paired #-tests. Statistical analysis was
performed with Stata software (version 12; StataCorp, Col-
lege Station, TX). All analyses were considered statistically
significant at p < 0.05.

Results

A total of 66 patients were enrolled at their preoperative
visit, 63 patients underwent surgery, 65 patients had pre-
operative exams, 61 patients had intraoperative exams, and
33 patients had postoperative exams within 6 weeks (range
11-41 days). As mentioned in the above, based on the power
calculation initially 33 patients were recruited for the study
and underwent surgery; however, due to the beginning of
the COVID-19 pandemic our clinics were closed and these
patients were not seen for their 6-week postoperative visit.
Given that the timing of the postoperative visit was critical
for us to make meaningful comparisons, once our clinical
practice resumed we made a decision to recruit 30 additional
subjects. Therefore we had 65 subjects with preoperative
evaluations available, but only 33 of them had a postopera-
tive evaluations (Fig. 1). Mean age was 61.3 + 11.9 years,
and mean BMI was 28.4 + 6.5 kg/m?. About half of the
patients were sexually active, and 20% had a prior hyster-
ectomy (Table 1). The majority of patients (81%) had api-
cal suspension procedures performed at the time of their
prolapse repair. Apical suspension procedures included
sacrospinous ligament suspension (21%), uterosacral liga-
ment suspension (30%), minimally invasive sacrocolpopexy
(24%), and open sacrocolpopexy (6%). Hysterectomy was
performed in 56% of patients. Most patients also had a
posterior colporrhaphy (89%), and 51% had an anterior
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colporrhaphy. Concomitant anti-incontinence surgery was
performed in 38% of patients.

Pre-surgical intraoperative POP-Q measurements were
significantly different from preoperative POP-Q measure-
ments with the Valsalva maneuver and similar to preopera-
tive POP-Q measurements at rest (Table 2). Preoperative
points Aa, Ba, C, Ap, Bp, and D with the Valsalva maneuver
had significantly lower descent than pre-surgical intraopera-
tive measurements. Gh was the only POP-Q measurement
that had the opposite correlation. Preoperative Gh with the
Valsalva maneuver was similar to the pre-surgical Gh under
anesthesia, whereas preoperative Gh at rest was significantly
narrower than Gh under anesthesia.

Intraoperatively, Gh narrowed from 4.1 + 1.1 cmto 3.6 +
1.0 cm (P = 0.005) following the apical suspension portion
of the surgery. Gh then further narrowed to 2.8 + 0.5 cm
(P < 0.001) at the conclusion of surgery, in most cases fol-
lowing the posterior repair, with or without perineorrhaphy.

Post-surgical intraoperative POP-Q measurements, on
the other hand, generally did not differ from postoperative

recruited once clinical practice
resumed

POP-Q measurement in the office. Postoperative points Aa,
Ba, Ap, Bp, and D were not significantly different from post-
surgical intraoperative measurements (Table 3). In contrast,
postoperative office measurements of Gh at rest and with the
Valsalva maneuver, were both significantly narrower than
post-surgical intraoperative Gh under anesthesia. Figure 2
illustrates the changes in Gh from the preoperative office
exam to intraoperative measurements to the postopera-
tive office exam. Figure 3 shows a similar timeline for the
changes in point C.

Discussion

The findings of this study highlight that most POP-Q meas-
urements with the Valsalva maneuver in the office are more
representative of the degree of prolapse than what is seen
under anesthesia in the operating room.

Surgeons may question whether office evaluation under-
estimates the degree of apical descent, points C and D, and
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Table 1 Patient characteristics (N = 64)*

Age (mean, SD) 61.3(11.9)
BMI (mean, SD) 28.4 (6.5)
Race
White 50 (78.1)
Black 4(6.2)
Other 10 (15.6)
Smoking 15 (23.4)
Diabetes 6(9.4)
Sexually active 32 (50.8)
Defecatory dysfunction 33 (52.4)
Prior hysterectomy 13 (20.3)
Surgical repair
Anterior colporrhaphy 32 (50.8)
Posterior colporrhaphy 56 (88.9)
Hysterectomy 35 (55.6)
Hysteropexy 6(9.5)
Sacrospinous ligament suspension 13 (20.6)
Uterosacral ligament suspension 19 (30.2)
Laparoscopic/robotic sacrocolpopexy 15 (23.8)
Abdominal sacrocolpopexy 4(6.3)
Anti-incontinence surgery 24 (38.1)

*n (%) unless otherwise specified

may even counsel the patient that the final decision may
be made based on the intraoperative findings. In a sur-
vey of gynecologists, 75% of surgeons indicated that they
consider the cervical location on the intraoperative exam
with traction when deciding whether or not to perform
a hysterectomy [7]. Our study showed that preoperative
office assessment with the patient performing the Valsalva
maneuver is reliable when making the decisions regard-
ing surgical approaches in planning pelvic reconstructive

surgery. In fact, exams in the office more accurately repre-
sented maximal descent than exam under anesthesia.

It is important to note that in our study the evaluation in
the operating room was done without traction on the apex.
This may explain why our findings differ from previous
literature. Krissi et al. compares preoperative office POP-Q
with Valsalva to the intraoperative POP-Q assessment with
"gentle traction" on the cervix or vaginal apex [12]. In
contrast to our findings, the authors demonstrated greater
descent in the operating room, concluding that the surgical
plan may be altered according to the intraoperative find-
ings [12]. Swenson et al. also compared the effect of trac-
tion on the exam of women without prolapse to those with
prolapse, both with and without apical descent [13]. They
found that all women with prolapse but with normal apical
support in the office, and half of women with no prolapse,
had cervix located at or below the hymen when examined
with traction [13]. It is not surprising that traction on the
apex exaggerates the apical descent, as vaginal hysterec-
tomy for women without prolapse is feasible by applying
traction on the cervix. Office procedures such as endome-
trial biopsy and IUD placement also rely on traction to
bring the cervix into view. However, applying traction on
the cervix may not represent "real-life" prolapse. Hence,
Swenson et al. in the above-mentioned study suggested
identifying a "normal range" of cervical/apical descent
as opposed to using an absolute location when deciding
whether or not to perform an apical supporting procedure.
Without traction, we found that the exam under anesthesia
approximates the office exam at rest, both demonstrating
lesser prolapse than observed during the office examination
with Valsalva. Thus, surgical decision should be based on
the office preoperative evaluation with the Valsalva maneu-
ver and there is no utility of evaluating prolapse at rest.

Table 2 Changes in POP-Q measurements between preoperative office and pre-surgical intraoperative evaluation*®

POP-Q measurements (N = 43)

POP-Q measurements (N = 60)

Preoperative Intraoperative Difference P value Preoperative office  Intraoperative Difference P value

office at rest pre-surgical f with Valsalva pre-surgical f
Aa -0.5(1.8) -0.7 (1.3) -0.1(1.4) 0.54 1.2 (2.0 -0.5(1.4) -1.6 (1.5) < 0.001
Ba -0.4 (2.0) -0.5(1.7) -0.1(1.7) 0.69 1.6 2.7) -02(2.2) -1.9(1.9) < 0.001
C -3.3(3.6) -3.3(3.3) 0(3.0) 1.00 -1.1 (4.4) -3.0(3.5) -2.0(3.6) < 0.001
Gh 3.1(0.9) 3.9(1.0) 0.8 (1.0) < 0.001 4.1(1.3) 4.0 (1.0 -0.1(1.1) 0.60
Ap -1.4(1.5) -1.5(1.1) -0.1(1.6) 0.66 -0.6 (1.7) -1.5(1.2) -0.9 (1.5) < 0.001
Bp -1.2(1.9) -1.3(1.7) -0.2(1.9) 0.61 -0.2 (2.6) -1.1(2.3) -09(2.1) 0.001
D -5.8 (4.4) -5.4 (3.8) 0.3 (4.1) 0.64 -3.6 (4.6) -5.0 (4.6) -1.4 (4.8) 0.04

Significant findings in bold

*Data shown as mean (SD)

TIntraoperative pre-surgical POP-Q measurements were all made under anesthesia. Numbers differ in the two columns because of fewer patients
having preoperative POP-Q measured at rest than with the Valsalva maneuver such that only a subset of patients could be included in the com-
parison between preoperative at rest and intraoperative POP-Q measurements
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Table 3 Changes in POP-Q measurements between post-surgical intraoperative and postoperative office*

POP-Q measurements (N = 32)

POP-Q measurements (N = 32)

Postoperative at rest Intraoperative Difference P value Postoperative Intraoperative Difference P value
post-surgical with Valsalva post-surgical

Aa -2.7(0.4) -2.6 (0.5) 0.1 (0.6) 0.34 -2.6 (0.5) -2.6 (0.5) 0.02 (0.7) 0.90
Ba -2.7(0.4) -2.6 (0.5) 0.1 (0.6) 0.34 -2.6 (0.5) -2.6 (0.5) 0.02 (0.7) 0.90
C -8.6 (0.9) -7.7 (1.5) 0.8 (1.3) 0.002 -8.1(1.4) -7.7(1.5) 0.4 (1.3) 0.08
Gh 2.3(0.7) 2.8 (0.6) 0.6 (0.8) 0.001 2.4(0.8) 2.8 (0.6) 0.4 (0.8) 0.01
Ap -2.9(0.3) -2.9 (0.4) 0.02 (0.5) 0.86 -2.8 (0.4) -2.9(0.4) -0.05 (0.6) 0.64
Bp -2.9(0.3) -2.9 (0.4) 0.02 (0.5) 0.86 -2.8 (0.4) -2.9 (0.4) -0.05 (0.6) 0.64
D -9.1 (0.6) -9.4 (1.5) -0.2(1.2) 0.65 -8.9 (1.3) -9.4 (1.5) -0.5(1.1) 0.27
Significant findings in bold
*Data shown as mean (SD)
Fig.2 Change in genital
hiatus (Gh) from preoperative, 439
intraoperative, to postoperative
exam. Darker line denotes Gh
measured with the Valsalva

4 4
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In contrast to the preoperative POP-Q points evaluating
anterior, posterior, and apical compartments, the measure-
ment for the Gh with the Valsalva maneuver was similar to
that of the intraoperative Gh measurement. Intraoperative Gh
measurement was greater than the Gh measured in the office
at rest. Muscle paralytic agents that are administered as part
of anesthesia affect skeletal muscle relaxation, including the
muscles of the perineal body and the levator ani muscles,
making the genital hiatus wider and more similar to the office
exam with Valsalva. However, anesthesia appears to have
minimal to no effect on the connective tissue that makes up
the supporting structures such as uterosacral ligaments and
fibromuscularis layer of the vagina. Therefore, it is not sur-
prising that muscle relaxation under anesthesia results in a
wider genital hiatus but no change in vaginal/uterine support.

We evaluated the change in the genital hiatus intraopera-
tively at the conclusion of the apical suspension and after a
posterior colporrhaphy and/or perineorrhaphy. Consistent
with the previous literature, we demonstrated a significant
decrease in the genital hiatus after an apical suspension and
further decrease after posterior compartment surgery [9, 14].
Wide genital hiatus is a surrogate indicator for the sever-
ity of levator muscle laxity or avulsion and the consequent
apical descent, as supported by multiple studies that have
found that genital hiatus size is associated with prolapse
severity [15, 16]. Pelvic floor imaging studies have further
confirmed this association between the genital hiatus and
the levator ani muscle attenuation [17-19]. As a marker of
prolapse severity, it is not surprising that the size of genital
hiatus has also been associated with prolapse recurrence [9,
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Fig.3 Change in point C
(cervix/vaginal cuff) from 0
preoperative, intraoperative, to
postoperative exam. Darker line
denotes C measured with the
Valsalva maneuver when patient
is awake. Lighter line denotes -2
C measured at rest when patient
is awake.* Error bars show
standard errors. *The intraop- -3
erative pre-surgical point differs
between the Valsalva group
(darker line) and the at rest
group (lighter line) because of
fewer patients having preopera- 5
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ver such that only a subset of -6
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POP-Q measurements
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10, 14, 20]. When evaluating this association, most studies
compared postoperative genital hiatus remote from surgery;
the unique approach in our study has allowed us to assess
immediate intraoperative change in the size of the genital
hiatus before and after the addition of posterior repair. The
genital hiatus decreased to an average of 3.6 cm after apical
suspension alone. This is consistent with several other stud-
ies demonstrating that genital hiatus decreases after apical
suspension alone, especially sacrocolpopexy [9, 11, 21, 22].
After a posterior compartment repair, the genital hiatus fur-
ther decreased to 2.8 cm.

Most POP-Q parameters measured within 6 weeks post-
operatively in the office were similar to what was seen in the
operating room. Interestingly, the genital hiatus was found to
be wider post-surgically under anesthesia than in the office.
Our study highlights that the surgeons must be cognizant
not to overcorrect the genital hiatus, as what they see in the
operating room may be wider because of the effects of the
anesthesia paralytic agents on the perineal muscles. Given
the intraoperative narrowing of the genital hiatus and the
fact that the measurement intraoperatively overestimates the
actual genital hiatus postoperatively, the surgeon may con-
sider re-evaluating the size of the genital hiatus after the api-
cal suspension when deciding on the posterior compartment
repair. This may be especially true for the patients who are
sexually active, as overcorrection of posterior compartment
can carry a significant risk of de novo dyspareunia, reported

@ Springer

between 9-19% [23, 24]. In our study, 50% of women were
not sexually active, yet we did not find a difference in the
genital hiatus size when comparing sexually active and inac-
tive women. We were not powered to detect this difference,
and there may be other subtle factors that played into the
surgeon’s decision that were not captured. The discussion
between the surgeon and the patient should guide the sur-
gical planning, carefully weighing the risk of recurrence,
defecatory symptoms, and patient’s desire for sexual activity.

The strengths of our study include the prospective collection
of outcome measurements and follow-up. We included both
POP-Q measurements at rest and with the Valsalva maneuver
to identify the relationship between intraoperative and pre- and
postoperative prolapse severity. We did not use traction intra-
operatively on the vagina or cervix because it is difficult to
standardize and control for the degree of force exerted, and the
routine practice of intraoperative assessment does not necessar-
ily involve traction. For our primary outcome, we were able to
meet our pre-determined sample size despite initial set-back due
to practice changes during a global pandemic. By comparing the
post-surgical measurements under anesthesia with postoperative
measurements within 6 weeks, we were able to mostly isolate
the effects of general anesthesia instead of surgical healing and
tissue remodeling. It is however possible that the patients were
not able to adequately perform the Valsalva maneuver to the
same extent as preoperatively probably because of guarding
secondary to pain or discomfort.
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Our results are limited by the fact that types of surgery
performed were not randomized so selection bias may play
a part. However, because our primary interest was the effect
of general anesthesia on prolapse severity measures and all
patients underwent general anesthesia, the effects of mode of
surgery likely played a limited role. In addition, we were able
to enroll women who underwent a range of procedures, includ-
ing vaginal, laparoscopic/robotic, and open prolapse repairs.
We were also not powered for some of our secondary analyses,
and further research with larger cohorts may be able to add to
our findings. While all cases, regardless of the approach, were
done with muscle paralysis and the anesthesiology team was
asked not to reverse the paralysis until the end of the case, it
is possible that there was a different amount of paralysis at
the conclusion of the vaginal versus a laparoscopic surgery.
Because this study was conducted at a single institution, our
patient population may not be generalizable to other regions
or countries.

In conclusion, pelvic reconstructive surgeons can rely on
their preoperative POP-Q assessment when making surgi-
cal decisions. Office preoperative POP-Q measurements of
apical, anterior, and posterior vaginal prolapse represent the
prolapse more accurately than under anesthesia in the oper-
ating room. When it comes to the genital hiatus, measure-
ment under anesthesia is similar to the office measurement
with Valsalva. Therefore, the decision to narrow the genital
hiatus can be made based on the initial intraoperative assess-
ment. Surgeons however should reassess the genital hiatus
after the apical suspension and be cognizant when narrow-
ing the genital hiatus that, due to the muscle relaxation, the
measurements under anesthesia may exaggerate the size of
the genital hiatus as compared to what is seen when the
patient is awake.
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