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Teaching learners to raise the roof: a vaginal surgery simulator
for apical suspension
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Abstract
Introduction and hypothesis The objective was to discuss the importance of apical suspension following vaginal hysterectomy
and demonstrate a surgical model to aide in educating learners on a variety of apical suspension procedures.
Methods Rates of pelvic organ prolapse are not insignificant following hysterectomy. Re-support of the vaginal apex should be
performed at the time of hysterectomy in those with or without a diagnosis of prolapse. Exposure to vaginal apical support
procedures may be limited owing to declining rates of vaginal hysterectomy and limited trainee work hours. Surgical models are
increasingly being used to supplement operating room experience. The model we present was originally developed for hysterec-
tomy, although its design allows for teaching a variety of apical support procedures that incorporate the uterosacral ligament (USL)
for support. We demonstrate performing a USL suspension, internal McCall suture, and modified McCall suture using the model.
Results The model is constructed from readily available supplies, is multi-use, and inexpensive. It allows learners to identify
relevant anatomy, understand/visualize surgical steps, and practice suturing technique.
Conclusion Pelvic organ prolapse is common in women, although opportunities to teach apical suspension procedures may be
limited. The proposed vaginal surgery simulator can be used to supplement the experience of gynecological surgery trainees with
apical suspension procedures.
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Introduction

Rates of post-hysterectomy pelvic organ prolapse (POP)
are not insignificant: the 20-year cumulative incidence of

recurrent prolapse is estimated to be 12.2% for patients
who undergo hysterectomy alone for a primary indication
of prolapse [1]. At the time of vaginal hysterectomy, re-
support of the vaginal apex should also be performed. The
American College of Obstetricians and Gynecologists
(ACOG) and the American Urogynecologic Society sup-
port opportunistic and therapeutic apical suspension pro-
cedures at the time of hysterectomy [2]. Despite the evi-
dence behind and endorsement of these procedures, they
are not consistently performed at the time of hysterecto-
my. A retrospective study using a 52-hospital surgical
database showed that, in women undergoing hysterectomy
for POP, 43.1% had a hysterectomy alone, 32.8%
underwent colporrhaphy, and 24.1% underwent colpopexy
[3]. Furthermore, a US inpatient database of nearly 3 mil-
lion women demonstrated that an apical support proce-
dure was performed in only 3.1% of patients undergoing
hysterectomy for indications other than prolapse [4].

In the treatment of pelvic organ prolapse, there has
been an increase in uterine-preserving apical support pro-
cedures (e.g., hysteropexy). This practice is supported by
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a recent meta-analysis indicating that uterine-preserving
prolapse procedures had lower blood loss, a shorter oper-
ating time, and a lower risk of mesh exposure [5].
However, this practice is only supported by short-term
data. In women with indications for hysterectomy (e.g.,
postmenopausal bleeding, history of cervical dysplasia,
abnormal uterine bleeding), performing a hysterectomy
with apical suspension procedures would be preferred. It
is important to note that hysterectomy alone is not con-
sidered adequate treatment for POP [6] and increases a
woman’s risk of needing future prolapse surgeries [1, 3,
7, 8].

Training in vaginal surgery often emphasizes teaching
the hysterectomy alone; yet, it is also important for
learners to be able to address/prevent apical support de-
fects at the time of hysterectomy. Exposure to vaginal
apical support procedures may be limited owing to declin-
ing rates of vaginal hysterectomy, the increasing presence
of multiple learners (fellows and residents), restricted
trainee work hours, and limited visualization when ob-
serving vaginal surgery. To ameliorate the problem with
limited vaginal hysterectomy exposure, academic medical
centers have turned to supplementing operating room ex-
perience with a variety of high- and low-fidelity surgical
models [9–12]. A model for apical suspension procedures
involving the uterosacral ligament (USL) has not yet been
described in the literature. The present model was created
by modifying an existing model developed at our institu-
tion for vaginal hysterectomy training [12].

Our goal was to create a low-cost, easy-to-use model
to increase learner experience with apical support pro-
cedures involving the USL, and, more specifically, to
aide in identifying anatomical landmarks, performing
surgical steps, and practicing suturing and instrument
handling techniques.

Materials and methods

The model we present is adapted from a vaginal hysterecto-
my simulator developed at our institution [12]. Assembly
details are available on the ACOG Simulations Working
Group Toolkit webpage [13]. Themodel is constructed from
PVC pipe, heat shrink tubing, hosiery, alligator clips, a
wooden base with brackets, and Velcro. The first assembly
requires 30 min, with each subsequent use requiring 2–
3 min to exchange the disposable components. The cost
per model is $10. Instruments and supplies that are required,
aside from the model, include a needle driver, suture (we
suggest Vicryl), suture scissors, and a Mayo needle. Table 1
shows a list of important structures and landmarks and their
equivalent in our model.

Results

Considerations regarding simulating apical suspension proce-
dures using the model presented:

1. The presented model is low-cost, multi-use, easy to as-
semble, and created from readily available materials.

2. Our model can be used to simulate USL suspension and
McCall culdoplasty procedures.

3. This vaginal surgery model allows the learner to visualize
pertinent anatomy and practice suture placement into rel-
evant structures to complete USL apical suspension pro-
cedures. Learners have the ability to see their repair from
above and below and the model simulates space con-
straints associated with vaginal surgery.

Conclusions

Pelvic organ prolapse is common in women, although oppor-
tunities to teach vaginal apical suspension procedures may be
limited. It is important to teach basic apical support procedures
to undifferentiated Obstetrics and Gynecology trainees; their
use of prophylactic apical support procedures at the time of
hysterectomy could aid in decreasing the incidence of post-
hysterectomy POP. Additionally, trainee didactics should in-
clude information on preventing and managing complications
with these procedures (Supplemental Table 1) and the fact that
uterine-sparing apical suspension procedures are an option for
women with a uterus presenting for treatment of POP. The
proposed vaginal surgery simulator can be used to supplement
the experience of gynecologic surgery trainees with vaginal
apical suspension procedures involving the USL.
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Table 1 Relevant anatomical structures in the apical suspension
surgical model

Structure Model material

Uterosacral ligaments Heat shrink tubing

Vaginal cuff Hosiery affixed to alligator clips

Peritoneum overlying the rectum Hosiery affixed to Velcro

Introitus and vagina L-shaped PVC pipe
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