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Abstract

Aims: To review the long-term outcomes after a vaginal native
tissue repair, High Midline Levator Myorrhaphy (HMLM), for
symptomatic vault prolapse.

Methods: Following IRB-approval, a prospectively main-
tained database of women who underwent HMLM for
symptomatic vault prolapse (VP) alone or associated with
other POP was reviewed for demographic data, history of
prior POP, physical examination, hospital stay length, and
long-term outcomes. Patients with < 6 months follow up and
no retrievable operative notes were excluded. Data was re-
viewed by a third-party investigator. Failure was defined as
same compartment POP = stage 2 or POP reoperation. De-
scriptive statistics and Kaplan-Meier curves were obtained.

Results: Between 1996 and 2014, 94 women met all crite-
ria. Mean follow-up time was 7.7 (0.6 - 18.4) years, mean
age was 69.6 (36 - 91), and 89% were Caucasian. Patients
were grouped by POP indications: VP (6), vault and anterior
(26), vault and posterior (35), and all 3 compartments (27).
No intra-operative complications were reported. Ten (11%)
early complications (< 30 days) were noted (Clavien I/Il).
Sixty-seven (71%) women were cured of VP. Ten (11%)
had failure in a non-apical compartment and 17 (18%) had
apical failure. Reoperation rate was 14% (13/94) and 5%
(5/94) for vault and non-vault recurrences, respectively. VP
recurrence-free probability between women with < 2 ver-
sus 3 POP compartments was statistically significant (p =
0.0128).

Conclusions: At a mean follow-up of 7-8 years, HMLM
was successful in two thirds of women. Best outcome was
noted in women with VP and one associated compartment
prolapse.

Introduction

Pelvic organ prolapses (POP) is widely prevalent
and leads to more than 300,000 surgeries in the United

States costing more than $1 billion annually [1]. Vagi-
nal vault prolapses (VP), prolapse of the vaginal apex,
can be a result of cardinal and utero-sacral ligaments
laxity and/or damage [2]. The risk of VP increases with
advancing age and number of vaginal deliveries [3]. VP
has a prevalence of 0.2% to 43% in various studies, with
a recurrent prolapse rate of 5 to 34% and reoperation
rate of 5-26% depending on repair technique [4-6].
Vaginal techniques have faster recovery rates and low-
er morbidity than abdominal procedures, especially for
women > 65 years [7]. Techniques involving transvagi-
nal mesh are under scrutiny after the recent 2008 and
2011 FDA notifications with concerns for post-operative
mesh erosion, pelvic pain, and/or dyspareunia [8,9].

Recent literature on native tissue repair for vault
prolapse include an OPTIMAL randomized trial by Bar-
ber, et al. that compared utero-sacral ligament vault
suspension (ULS) and sacrospinous ligament fixation
(SSLF). ULS suspends the vaginal apex to the ute-
ro-sacral ligaments intraperitoneally, and SSLF to the
sacrospinous ligament extraperitoneally. At 2 years
follow up, the study found no statistically significant
difference in surgical success between the two proce-
dures. Surgical failure rate was 36% for ULS and 37%
for SSLF, with surgical repair for POP recurrence at 3.1%
and 2.6%, respectively [10].

High midline levator myorrhaphy (HMLM), first de-
scribed in 1988, is a vaginal surgery for VP that does
not rely on mesh interposition, avoids the inherent dif-
ficulties associated with sacrospinous fixation involving
nearby vascular and neural structures, and is well-suit-
ed for middle-aged to older women [11]. Unlike SSLF,

=
CLINMED

INTERNATIONAL LIBRARY

Wau et al. Int Arch Urol Complic 2018, 4:036

Citation: Wu Y, Christie AL, Alhalabi F, Zimmern PE (2018) Role of High Midline Levator Myorrhaphy in
Prolapse Repair: Long-Term Results. Int Arch Urol Complic 4:036. doi.org/10.23937/2469-5742/1510036
Received: November 10, 2017: Accepted: February 05, 2018: Published: February 07, 2018

Copyright: © 2018 Wu Y, et al. This is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

ePage 10f7 e


https://doi.org/10.23937/2469-5742/1510036
https://doi.org/10.23937/2469-5742/1510036
http://crossmark.crossref.org/dialog/?doi=10.23937/2469-5742/1510036&domain=pdf

DOI: 10.23937/2469-5742/1510036

ISSN: 2469-5742

HMLM keeps the vagina midline, and unlike ULS, HMLM
can be done many years after hysterectomy when the
utero-sacral ligaments are no longer readily identifiable.
Since its original report, there has been few published
series on surgical outcomes, none of which included
long-term data. Therefore, the objective of this retro-
spective study from a prospectively maintained, IRB-ap-
proved, database was to review HMLM long-term out-
comes in women with symptomatic VP at a tertiary care
center.

Materials and Methods

An institutional review board approved, prolapse da-
tabase of women who underwent HMLM for symptom-
atic stages II/1ll VP alone or associated with other POP
was reviewed for: Demographic data, history of prior
POP, physical examination findings, one global quality
of life index (Qol) ranging from O (pleased) to 10 (terri-
ble), operative notes, peri-operative complications (Cla-
vien), length of hospital stay, and long-term outcomes
based on last office visit information (examination,
guestionnaire). Of note, baseline and follow-up exam-
inations were performed by a variety of clinicians over
time including faculty, fellows and trained physician as-
sistants. For examination, the Baden-Walker half-way
scoring system [12] was used at baseline because the
study was started before the POP-Q [13] classification
system was implemented in our database at our institu-

tion. However, all examination findings at the last visit
used the POP-Q classification system. Early complica-
tions (< 30 days) were classified according to the Cla-
vien-Dindo classification of surgical complications [14].
Patients with less than 6 months follow-up and no re-
trievable operative notes to confirm that an HMLM was
performed were excluded. Data was acquired through
an electronic medical record system (EPIC) by a review-
er (YW) not related to patient care. Women with no
secondary POP in any compartment after HMLM pro-
cedure were defined as cured. This strict success defini-
tion was chosen because rather than being an isolated
process, VP is commonly associated with one or more
other compartment prolapses. Failure was defined as
any compartment prolapse = stage 2 on physical exam-
ination, or reoperation for POP.

All surgeries were performed by one surgeon (PZ) at
a single institution. The surgical technique has been de-
scribed previously in detail [11]. A rectal pack, soaked
with Betadine™, is inserted to allow recognition of the
rectum throughout the procedure. Then, with the pa-
tient in Trendelenburg position, a Scott retractor to
expose the vagina and a urethral catheter to drain the
bladder are placed. Two sutures are placed at each
vaginal vault fornix to confirm location of the vaginal
apex for later repositioning (Figure 1A). The dimen-
sions of the vagina are measured. A midline incision is

L ’« -

on same patient at end of HMLM procedure.

Figure 1: Intraoperative views: (A) Vault prolapse with sutures marking site of vaginal apex; (B) HMLM suspension sutures
have been tied already and the vaginal cuff has been closed (large arrow). The end of the HMLM suspension sutures have
been transfixed from inside out at each side of the apex (dashed arrows); (C) Final appearance of the vaginal vault anchored
back over the rebuilt levator plate underneath; (D) Midline approximation of levator muscle edges as seen by lapararoscopy
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made overlying the bulging prolapse, extending anteri-
orly and/or posteriorly as far distally as needed based
on associated compartment prolapses when present.
Vaginal flaps are raised on each side of the original inci-
sion. After opening the enterocele sac, a pack is placed
to reduce the bowels. The pack in the rectum can now
be palpated, as well as the medial edge of the levator
muscle bordering the rectum on each side. A No. 1 ab-
sorbable suture is then placed into the levator muscula-
ture on the right side, then passed over the rectum and
secured to the medial edge of the levator muscle on the
other side. The suture is left on a stay clamp. A second
suture is then placed in a similar fashion 1 cm proximal
to the last suture. After this is done, the closure of the
enterocele sac is accomplished. A No. 1 polypropylene
purse-string suture is placed circumferentially to close
the peritoneal cavity. After the peritoneal packs are re-
moved and the purse-string suture cinched down, indi-
go carmine (or fluorescein nowadays) is administered
intravenously and cystoscopy is done to confirm uret-
eral jets bilaterally. The 2 preplaced levator sutures are
then tied sequentially across the midline. These 2 leva-
tor sutures (proximal and distal) are then tagged with
a hemostat. The ends of each suture are threaded on
a No. 6 curved Mayo needle and then transfixed at the
new restored site of the vaginal apex from inside out
approximately 1 cm apart from each other (Figure 1B).
The proximal and distal end of each levator sutures are
then tied to each other bringing the vaginal vault down
over the rebuilt levator plate just underneath with di-
rect tissue apposition (Figure 1C and Figure 1D). If an an-
terior repair or anti-incontinence procedure is required,
it can now be carried out, followed by a rectocele repair
with perineorrhaphy, if indicated. Figure 2A, Figure 2B,
Figure 2C and Figure 2D illustrate the tying and tagging

of the levator muscles after enterocele closure as well
as the final anatomical position of the vagina over the
rebuilt levator shelf. While HMLM started out as an in-
tra-peritoneal procedure, it can also be performed as an
extra-peritoneal procedure, thus decreasing the poten-
tial for ureteral injury.

Patients were divided into four indication groups for
analysis: (1) Only vault prolapse, (2) Vault and anterior
compartment (cystocele) prolapse, (3) Vault and poste-
rior compartment (enterocele and rectocele) prolapse,
and (4) Prolapse of all three compartments. It was hy-
pothesized that women with multiple compartment
POP, older age, multiparity, and/or post-hysterectomy
would fare worse.

Statistics

Descriptive statistics were calculated using means
and standard deviations for continuous measures, and
frequencies and percentages for categorical measures.
ANOVA and unpaired Student t-tests were used to test
for differences in continuous measures, and Fisher’s Ex-
act test in categorical measures. A Kaplan-Meier curve
was used to test for differences in survival distributions
of HMLM by indication group. All analyses were per-
formed using SAS 9.4 (SAS Institute Inc., Cary, NC). All
tests were performed at the p = 0.05 significance level.

Results

Between May 1996 and September 2014, 94 of 109
women who underwent HMLM met inclusion criteria (<
6 months follow up (6), operative notes not retrievable
(9)) (See study flow chart on Figure 3). Baseline demo-
graphic characteristics are summarized in Table 1. Based
on Baden-Walker, all symptomatic patients who under-

Figure 2: Schematic of (A) Abdominal view of the utero-sacral ligaments pre-hysterectomy; (B) Levator sutures tied across
the midline and tagged; (C) Sagittal view of upper vagina and closed enterocele sac; (D) Levator sutures transfixed at apex
to reposition upper vagina over the recreated levator plate at the conclusion of the procedure [11].
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Patients met inclusion criteria

Excluded:
F/U < 6 mo (N=9)
Operative notes not available (N=6)

Secondary POP

N=27

Secondary POP
with VP intact

N=10
(10.6%)

Surgical Repair
N=5
(5.3%)

Figure 3: Study population flow chart.

VP recurrence
N=17
(18.1%)

Surgical Repair
N=13
(13.8%)

went HMLM had vault descent stages Il or Ill. Mean fol-
low-up time was 7.7 years (standard deviation 4.6 and
range 0.6 to 18.4).

Ninety-four percent had at least one other concur-
rent vaginal prolapse repair. Six patients had vault only
(V), 26 vaults and anterior (V + A), 35 vault and poste-
rior (V + P), and 27 all three compartments (V + A + P).
Ninety-two women had intraperitoneal HMLM and 2
extraperitoneal HMLM. Neither women in the extraper-
itoneal group had intraoperative, perioperative compli-
cations, or POP recurrence in any compartment.

A total of 24.5% (14V+A,2V+P,and7V +A +P)
had concurrent hysterectomy for associated uterine de-
scent. No intraoperative complications were reported.
Ten (10.6%) Clavien I/1l early complications (< 30 days)
were noted: Urinary retention/prolonged catheter (4),
urinary tract infection (2), incontinence (2), bladder
spasms (1), bleeding without transfusion (1). These 10
early complications were divided among the 4 surgical
groups with 2 in each, except 4 inthe V+ A + P group (p
=0.5278).

Preoperatively the V+ P,V + A, and V + A + P indica-
tion groups had no statistical differences in demograph-
ic data for age, race, BMI, number of follow up years,

Wau et al. Int Arch Urol Complic 2018, 4:036

smoking status, number of vaginal deliveries, presence
of systemic HRT, or reported vaginal sensation of bulge/
pressure. Variables that were statistically different
(confidence level of 95%) between at least two groups
include: Prior hysterectomy (p = 0.0050), concurrent
hysterectomy (p = 0.0001), and prior POP surgery (p =
0.0280). Difference in length of hospital stay was sig-
nificant (p = 0.0220). Baseline patient characteristics by
indication categories are summarized in Table 2. Due to
limited sample size in the vault only indication group,
analyses of overall differences were carried out only for
the three other categories. No baseline patient charac-
teristics were statistically different between patients
who were cured of POP and those with secondary vault
failure (data not shown).

Overall 67/94 (71.3%) women were cured of VP.
Ten women (11%) had failure in a compartment other
than the apex and 17/94 patients (18%) had failure at
the apex. All 10 of the non-apex failures were recurrent
cystoceles. Time to diagnosis of POP recurrence, time
to reoperation, and type of reoperation are reported in
Table 3. Reoperation rate was 13.8% (13/94) and 5.3%
(5/94) for vault and non-vault recurrences, respective-
ly. Apical recurrence with surgical repair was borderline
significant between indication groups (p = 0.0494).
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Table 1: Baseline patient characteristics by indication categories.

Mean % SD (Range)
. Vault + Vault + Anterior +
Total (n = 94) x‘azlg xla:I;;)Antenor Posterior Posterior o)
(n = 35) (n =28)
Age, years 69.6 £ 10.5 66.5+ 13.6 69.0+11.2 714 +9.2 68.6 + 10.7 0.4946
(36 -91) (45 - 81) (40 - 81) (54 - 91) (36 - 85)
Age, no. (%) 0.2325
<40 2(2) 0(0) 1(4) 0 (0) 1(4)
>40-50 5(5) 1(17) 2 (8) 0 (0) 2(7)
>50-60 9(10) 1(17) 3(12) 5(14) 0 (0)
>60-70 25 (27) 1(17) 4 (15) 10 (29) 10 (37)
>70-80 45 (48) 2 (33) 15 (58) 16 (46) 12 (44)
>80-90 7(7) 1(17) 1(4) 3(9) 2(7)
>90 1(1) 0 (0) 0(0) 1(3) 0(0)
Race, no. (%) 0.5004
White 84 (89) 5(83) 22 (85) 30 (86) 27 (100)
Asian 4 (4) 1(17) 1(4) 2 (6) 0(0)
Hispanic 3(3) 0 (0) 1(4) 2 (6) 0(0)
Other 3(3) 0 (0) 2 (8) 1(3) 0 (0)
BMI 25.9+4.1 26.6 + 4.1 25655 258+34 26.1+3.6 0.8911
(11.3 - 34.6) (22.1 - 31.3) (11.3 - 34.6) (17.9 - 33.7) (19.9 - 32.7)
Follow-up, years 7.7+4.6 71+7.0 8.0+3.8 76+45 7.7+4.9 0.9430
(0.6-18.4) (0.9-18.4) (1.6-16.4) (1.1-16.7) (0.6-17.1)
Ever smoker, no. (%) 16 (17) 1(17) 3(12) 8 (23) 4 (15) 0.5236
Number of vaginal 27+15(0-8) 18+15(0-4) 28+1.6(0-8) 28+14((0-6) 27+1.7(0-7) 0.9896
deliveries
Prior hysterectomy, 67 (71) 6 (100) 12 (46) 30 (86) 19 (70) 0.0050
no. (%)
Concurrent 23 (24) 0 (0) 14 (54) 2 (6) 7 (26) 0.0001"
hysterectomy, no. (%)
Systemic HRT, no. (%) 47 (50) 5(83) 11 (42) 21 (60) 10 (37) 0.1640
Vaginal bulge 12 (13) 0(0) 4 (15) 6(17) 2(7) 0.5841
sensation/pressure,
no. (%)
Prior POP surgery, 26 (28) 3 (50) 2(8) 11 (31) 10 (37) 0.0280°
no. (%)

2Due to limited sample size in the vault only category, analyses of overall differences were carried out only for the three other
categories, using ANOVA for continuous measures and Fisher’s Exact test for categorical measures; "Statistically significant.

Table 2: Secondary POP repair by indication group.

Time to recurrence .
Time to surgery, months

Indication group N diagnosis, months Mean  SD (range) Secondary procedures (N)
Mean * SD (range)
Vault only
Non-apical repair 0
Apical repair 1 4 5 MS (1)
Vault + Anterior
Non-apical repair 1 9 9 AC (1)
Apical repair 4 18.3+14.4 (6-36) 18.8 + 14.3 (6-36) AC (1)
MS (2)

MS, Burch (1)

Vault + Posterior

Non-apical repair 3 15+ 13.2 (5-30) 22.3 £ 20.6 (8-46) AC (2)
AVWS (1)
Apical repair 1 148 48 AC (1)
Vault + Anterior +
Posterior
Non-apical repair 1 4 8 MS (1)
Apical repair 7 24.7 +28.6 (3-72) 33.3£42.2 (6-117) AC (1)
MS (6)

*Secondary procedures; MS: Mesh Sacrocolpopexy; AC: Anterior Colporrhaphy.
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Table 3: Post-HMLM POPQ points and QoL scores by indication group.

Vault* Vault + Anterior Vault + Posterior Vault + Anterior + Posterior
(n=6) (n = 26) (n = 35) (n=27) p
(n=6) (n=27) (n=34) (n=27)
Aa (-3, 3 -2.3+0.8 -25+0.9 -2.3+0.9 20+1.2 0.12
Ba (-3, -2.3+0.8 22+1.2 -23+1.0 -19+13 0.40
(n=3) (n=24) (n=30) (n=25)
Ap -0.7+£4.0 -25+07 -28+04 -24+0.9 0.0483"
Bp -27+0.6 -24+0.8 -28+04 -1.8+17 0.0063"
C -6.7+1.2 -6.8+24 -6.9+2.1 -5.3+3.0 0.0382
TVL 73123 -8.0+0.9 -8.0+0.9 -8.2+0.8 0.79
(n=3) (n=20) (n=23) (n=24)
QoL Score (0, 10) 3.8+4.5 24+25 16+£1.5 22+26 0.43

2Due to limited sample size in the vault only category, analyses of statistical differences were carried out only for the three other

categories; “Statistically significant.

1.0

— Vault, Vault + Anterior,
Vault + Posterior

0.8

0.6

— Vault + Posterior
+ Anterior

04

0.2

Recurrence-Free Probability

0.0 Log-rank p = 0.0128

0 5 10

15

Time to VP Recurrence after HMLM (years)

Figure 4: Kaplan-Meier curve for VP recurrence-free status after HMLM procedure by indication groups.

No statistical difference was found in length of hospi-
tal stay, perioperative, and early complications between
patients with and without POP recurrence. The probabil-
ity of recurrence-free patients over time for each indica-
tion group revealed no statistical difference (p = 0.0849)
(data not shown). When the recurrence-free probability
between patients with two or less compartments POP
and three compartment POP were compared, a statis-
tically significant difference was observed (p = 0.0128,
Figure 4). Post-operative POPQ points and Qol score by
indication group are summarized in Table 3. Aa, Ba, TVL
and Qol score were not statistically different between
indication groups. Post-HMLM POPQ points that dif-
fered significantly between indication groups included
Ap (p =0.0483), Bp (p = 0.0063), and C (p = 0.0382).

Discussion

We reviewed the long-term outcomes for patients
that received HMLM for vault prolapse between 1996
and 2014. With a mean follow up of 7.7 years, we found
an overall recurrence rate of 28%. Non-vault recurrence
rate was 11% and vault recurrence rate was 17%. Of the
women who had vault failure, 33.3% were in the V +A

Wau et al. Int Arch Urol Complic 2018, 4:036

+ P indication group where all three compartments re-
quired repair. Twenty-six percent of women who had
vault failure and underwent corrective surgery were in
the V.+ A+ P group, 154% V + A, and 29% V + P (p
= 0.494). Smoking status, parity, hysterectomy status,
presence of systemic HRT, vaginal bulge sensation/pres-
sure, and prior POP surgery were not statistically differ-
ent between women with or without recurrence. Based
on these findings, it seems HMLM is not the best choice
for complicated prolapse cases involving all three com-
partments, especially those that have complete ever-
sion of the vagina. For patients that had vault-only pro-
lapse or vault and one other compartment prolapse,
HMLM had an 88% success rate.

Overall the operation was well tolerated, and the
majority of patients had minimal peri-operative events.
HMLM overall surgical success rate was on par with oth-
er VP repair procedures that have long-term outcomes
data, such as sacrospinous ligament fixation, uterosacral
ligament vaginal vault suspension, and McCall Culdo-
plasty. Moreover, the low rate of serious perioperative
complications was consistent with other vaginal native
tissue repairs [15]. One other long-term outcome study
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on a variant of HMLM was done by Natale, et al. in 2008,
with a mean follow-up time at 5 years [16]. These au-
thors found 3.3% vault recurrence and 26.8% cystocele
recurrence. Although our 17% vault recurrence rate is
higher, our follow-up time is also significantly longer,
with over 60% of our patients followed past 5 years. Our
cystocele recurrence rate at 18% is consistent with Na-
tale group’s findings. Sexual function was evaluated in
prior studies [11,16] but the data was not tallied in this
series due its sparsity. Few women were sexually active
at baseline with their symptomatic POP; and, based on
self-reporting, a few were active post-operatively (pop-
ulation mean age nearing 70-years-old).

This study’s strengths include: Long-term follow-up
in the majority of patients operated with HMLM, pa-
tients’ relative homogeneity of age and associated con-
ditions, and continuity of surgical technique by one sur-
geon at a single institution, thus reducing clinical prac-
tice variability. Limitations include the change in clinical
outcome assessment from Baden-Walker at baseline
to POP-Q at last visit, the Caucasian ethnicity predomi-
nance, and the limited number of patients in the VP only
indication group.

Conclusion

Based on our results, HMLM is an acceptable option
for women with VP and one other compartment pro-
lapse wishing a native tissue repair. Those with com-
plete vaginal eversion who require surgical repair of
the anterior, posterior and apical compartments might
achieve better long-term outcomes with an alternative
procedure.
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