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Objective: To report the use of augmented reality (AR) in gynecology.
Design: AR is a surgical guidance technology that enables important hidden surface structures to be visualized in endoscopic images.
AR has been used for other organs, but never in gynecology and never with a very mobile organ like the uterus. We have developed a
new AR approach speciﬁcally for uterine surgery and demonstrated its use for myomectomy.
Setting: Tertiary university hospital.
Patient(s): Three patients with one, two, and multiple myomas, respectively.
Intervention(s): AR was used during laparoscopy to localize the myomas.
Main Outcome Measure(s): Three-dimensional (3D) models of the patient's uterus and myomas were constructed before surgery from
T2-weighted magnetic resonance imaging. The intraoperative 3D shape of the uterus was determined. These models were automatically
aligned and ‘‘fused’’ with the laparoscopic video in real time.
Result(s): The live fused video made the uterus appear semitransparent, and the surgeon can see the location of the myoma in real time
while moving the laparoscope and the uterus. With this information, the surgeon can easily and quickly decide on how best to access the
myoma.
Conclusion(s): We developed an AR system for gynecologic surgery and have used it to improve laparoscopic myomectomy.
Technically, the software we developed is very different to approaches tried for other organs, and it can handle signiﬁcant challenges,
including image blur, fast motion, and partial views of the organ. (Fertil SterilÒ 2016;-:-–-. Ó2016 by American Society for Reproductive Medicine.)
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Discuss: You can discuss this article with its authors and with other ASRM members at https://www.fertstertdialog.com/users/
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A

ugmented Reality (AR) is a
general concept that allows a
surgeon to see subsurface
structures in an endoscopic video.
This works by overlaying information
from another modality, such as
magnetic resonance imaging (MRI)
and fusing it with the endoscopic
images (1, 2). AR systems have been
developed to assist surgical procedures
including liver resection (2) and

neurosurgical navigation (3). Despite
progress, automatic real-time AR is
technically challenging and has never
been attempted on a very mobile organ
like the uterus. We have developed a
new approach that can handle mobile
organs. We reported recently the
usefulness of AR for localizing myomas
in a uterine model (1). We here report its
use for laparoscopic myoma localization. Myomectomy can be challenging
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for cases where the myoma is smallto medium-sized and does not signiﬁcantly change the uterus’ outer shape.
Because AR can show the exact
positions of hidden subsurface structures, it has great potential to guide
the surgeon in these cases.

MATERIALS AND METHODS
A 38-year-old woman with a 6-cm
intramural uterine myoma on the
posterior part of the fundus underwent
a laparoscopic myomectomy (Video 1,
available online at www.fertstert.org).
Signed consent was obtained, which
included a clause of no modiﬁcation
of her surgery. This patient was chosen
as the ﬁrst case for using AR because of
the simplicity of the procedure and the
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FIGURE 1

(A) With the use of (A1) T2-weighted magnetic resonance imaging (MRI), preoperative construction of the 3D mesh models: (A2) uterus and (A3)
myoma and uterine cavity. (B) Intraoperative 3D mesh model construction: (B1) laparoscopic view; (B2) mesh model.
Bourdel. Augmented reality for gynecology. Fertil Steril 2016.

demonstrability of the use of AR. The AR system was then
used in two other patients with, respectively, two and multiple
myomas. Signed consents were obtained, which included
clauses of no modiﬁcation of the surgery.
Before surgery, the outer surface of the uterus, uterine
cavity, and myoma were delimited according to a preoperative T2-weighted MRI (Fig. 1; Video 1). This segmentation
phase was performed with the use of an interactive segmentation software (Medical Imaging Interaction Toolkit; German
Cancer Research Center).
A standard laparoscopic technique and a standard laparoscopic set were used with a 0 laparoscope (Spies; Karl Storz).
During surgery, AR software was then activated to visualize
the myoma. To achieve real-time AR (>10 frames per second),
our system processed the uterus in three distinct phases (4, 5)
(Fig. 1; Video 1). In the ﬁrst phase, the intraoperative 3D shape
of the uterus was determined by our software, which involves
a process called ‘‘dense structure-from-motion’’ (4, 5) (Fig. 1).
This works by capturing a small number of images of the
2

uterus taken from different viewpoints and then
automatically reconstructing a 3D intraoperative mesh
model (Video 1). In the second stage, the preoperative uterus
model was aligned to the intraoperative 3D model by means
of a semiautomatic registration process (5). This involved a
small amount of manual input to mark the organ's
boundary contours. The third stage is what we call the
tracking and fusion stage. This stage runs in real-time and
aligns the preoperative models to the live laparoscopic video.

RESULTS
The aligned models are blended with each video frame to give
the impression that the uterus is semitransparent, and the
surgeon can see the exact location of the myoma inside it
(Video 1). For the ﬁrst patient, the incision was conﬁrmed
after having accurately localized the myoma with the use of
AR. Myomectomy was then performed with the use of a
classic laparoscopic technique. In the two other patients, AR
VOL. - NO. - / - 2017
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allowed localizing multiple myomas. For the last patient, the
uterine cavity also is displayed in the video.

DISCUSSION
We report the use of AR in gynecology. To our knowledge
there is no other report of the use of AR in gynecology. One
of the most likely reasons is the technical challenge it
presents, because the uterus and ovaries are very mobile
organs. In contrast to AR systems previously reported for
other organs, our AR system requires no additional laparoscopic hardware (only a standard monocular laparoscope is
needed). The software runs on a standard PC (Intel i7 desktop
PC) (5). It does not require artiﬁcial landmarks, and unlike
other systems (6, 7) it does not fail with motion blur or
when the laparoscope is removed (e.g., for cleaning) and
then reinserted. Our system solves the most challenging
stage: the tracking and fusion phase in real time (1).
Our goal is to use AR to improve surgery of small- or
medium-sized intramural myomas that can not be easily
localized during laparoscopy, by fusing the laparoscopic
images with preoperative MRI. The localization of myomas
during laparoscopy can be very simple when the deformation
of the serosa is present, but when they do not signiﬁcantly
change the surface of the uterus (types 2–4 of the International Federation of Gynecology and Obstetrics classiﬁcation
system [8]) or are in multiple locations, these myomas are not
always easy to correctly localize (9). Moreover, with the
increased use of ulipristal, myomas are more often soft,
decreasing the tactile feedback that could help the surgeon.
With a decrease in size, the number of myomas potentially
operated on with the use of laparoscopy (instead of laparotomy) also increases (10, 11). Small myomas are probably
more often left in place after laparoscopy (because there is
no tactile feedback) compared with laparotomy, and
recurrence after laparoscopic myomectomy has been
described as more likely than after myomectomy with the
use of laparotomy (9). In contrast, robotic myomectomy
requires more technical improvement, because the residual
ﬁbroid volume was described to be as much as ﬁve times
greater than after laparotomy (12), and the recurrence rate
5 years after laparoscopic myomectomy reaches 50% or
more in many series reported in the literature. The current
way to localize myomas seems to be inadequate for small
and/or multiple myomas. Our system allows visualizing the
positions of these myomas and can be applied in robotic
surgery as well. We reported previously (1) the better
accuracy in the localization of small myomas when using
AR in a uterine model.
The only time-consuming aspect of our system is in the
preoperative stage of MRI segmentation. Automation of this
phase will probably be possible in the near future (13). The
intraoperative phase (construction of the 3D intraoperative
model and the registration phase) is a quick procedure, taking
<5 minutes. The cost-effectiveness of MRI (compared with
ultrasound) has to be proved. However, MRI is the most
sensitive modality to identify myomas (particularly small
ones) and to differentiate leiomyoma from adenomyosis,
and it is less operator dependent.
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In the ﬁrst case, we augmented only the laparoscopic images
of the myoma. In the third case (Video 1), the uterine cavity was
shown on the laparoscopic image. The next step will be to include
the vascularization of the myoma. AR could also improve
planning the surgery: Our system can be used for visualizing
during surgery a preoperative optimized incision plan (which
takes into account vascularization, access to all the myomas,
tool ports, localization of the uterine cavity, insertion of the
tube, etc.). Myomas are simple tumor models to develop AR
systems. In other indications (endometriosis, oncologic procedure, uterine scar niche, etc.), AR could be helpful to localize
not only the pathology itself, but also all the anatomic landmarks
and surrounding organs (ureter, main vessels, rectum).
Our AR system overlays important additional information
to enhance uterine surgery without additional laparoscopic
hardware. We have developed software that is very different
from approaches in nongynecologic uses of AR to account for
the mobility of the uterus. Our system could be a way to make
laparoscopic myomectomy easier, safer, and faster. The technique could be used in most gynecologic surgeries with slight
adaptation allowing localization of anatomic landmarks (14).
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