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ABSTRACT

Uterus transplantation is a non-lifesaving vascularized composite allotransplantation procedure requiring immunosup-
pression until removal of the graft. The focus of uterus transplantation is changing regarding refining individual treatment
procedures included in this complex treatment of absolute uterine factor infertility, such as robot-assisted donor hyster-
ectomy. The inferior hypogastric nerve plexus should be preserved during robotic dissection of the ureter and uterine
vessels to prevent postoperative complications such as urine and fecal evacuation disturbances and sexual disorders. As
most uterus transplantations have been performed in living donor concepts, robot-assisted donor hysterectomy should
contribute to increased availability of uterus transplantation, particularly because it uses the precise blood-less technique
of surgical dissection in the deep pelvis and has cosmetic benefits among living donors.
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INTRODUCTION

Absolute uterine factor infertility (AUFI) due to an absent
or non-functional uterus has been a long-neglected form
of female infertility highlighted at the beginning of the
215t century by Swedish researchers in pioneering studies
on animal and human uterine transplantation (UTx) [1, 2].
UTx s a temporary vascularized composite allotransplanta-
tion technique requiring immunosuppressive therapy until
removal of the graft (after cesarean deliveries or approxi-
mately up to five posttransplant years). As adoption and
gestational surrogacy are not available in many countries
worldwide owing to legal, financial, ethical, religious, and
social reasons, UTx could be a solution for infertile women
with congenital or acquired AUFI. Although 20 years have
passed since the first human UTx attempt in Saudi Arabia
[3], and eight years since the onset of the first human liv-
ing donor UTx study in Sweden [2], the overall number of
UTx procedures performed worldwide is still only around
70.Thus, UTx seems to be a low-volume transplant proce-
dure in the future. However, approximately 20 children born
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from transplanted uteri over the last six years indicate the
potential of this infertility treatment.

The focus of UTx research is changing with respect to
refining procedures associated with this complex treatment
of infertility, such as robot-assisted donor hysterectomy.
Minimally invasive surgical approaches using conventional
or robot-assisted laparoscopy play an important role in gy-
necologic surgery, particularly in oncological treatment and
surgery for complicated endometriosis. The first ever lapa-
roscopic-assisted retrievals of uterus in two living donors
(mothers) and the successful transplantations to recipients
(daughters) were performed by Puntambekar et al. in Pune,
India in 2017 [4, 5]. Similarly, to conventional laparoscopy
performed by skilled surgeon, the technical advantage of
robot-assisted surgery is the use of a 3-dimensional camera
and instruments that allow for both fine tissue dissection
and optimal surgical access to the deep pelvis. Based on
the experience with both UTx and oncologic operations in
gynecology [6-8], in this article, we discuss robot-assisted
donor hysterectomy with regard to minimizing surgical
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morbidity and invasiveness in living donors of the uterus
due to the less traumatic dissection of the vascular and other
anatomical structures in the retroperitoneal space, particu-
larly concerning the tedious dissection of the uterine veins
to isolate them from the firm attachments to paracervical
tissue and ureters.

MAIN ASPECTS OF UTERINE GRAFT
PROCUREMENT

No serious surgical problems were reported in previ-
ous acquisitions of the uterine arteries during living donor
hysterectomies using the open approach [2, 6]. This aspect
of uterine graft procurement is well known to gynecologists
who are specialized in radical hysterectomy, regardless of the
abdominal, laparoscopic, or robotic nature of cervical cancer
surgery. At the beginning of the uterine graft retrieval, the
paravesical and the medial and lateral pararectal spaces are
opened after division of the round ligaments. Next, the large
flap of the bladder peritoneum is dissected for the fixation
of the uterus in the recipient. Thereafter, the bladder is dis-
sected from the cervix and vagina. Dissection of the common
and internal iliac arteries up to the area of the obliterated
umbilical artery precedes the dissection of the uterine ar-
tery between its exit from the internal iliac artery up to the
uterine edge. Internal iliac arteries should be preserved in
living donors of the uterus to avoid the risk of postoperative
gluteal claudication after ligation. To ensure optimal blood
inflow to the graft, patches of the internal iliac vessels (or
parts of their anterior branches) should be utilized when
harvesting the uterine arteries [6, 9, 10].

Pre-procurement insertion of ureteral stents is helpful
but optional. The ureter should be dissected up to the para-
metrial ureteric channel and its inlet into the urinary blad-
der. During open procurement surgery, the uterine veins
are poorly visible without magnifying loupes or a surgical
microscope. A skilled surgeon experienced in microsurgi-
cal techniques dissects these small veins up to their inlet in
the internal iliac vessels. However, dissection of the uterine
veins is technically challenging as they may have individual
variations and over- and under-ride the ureters. The uterine
vein is usually created from two to three veins that come
from the uterine body and converge into a common uterine
vein or have separate small inlets to the internal iliac vein.
Separation of the uterine vein from the vaginal cuff and
the ureter between its inlet to the bladder and the crossing
with the uterine artery is usually the most time-consuming
part of graft procurement. Separation is difficult to perform
using both open and robot-assisted surgical techniques,
particularly because of the variations in the uterine veins.
In contrast, separation of the ovarian veins (or their ute-
ro-ovarian segments) that can be utilized for venous outflow
from the transplanted uterus is technically less complicated

and, as such, usually faster than the complex dissection and
retrieval of the uterine veins.

After the uterus is completely mobilized from the ad-
jacent tissues and organs and the uterine vasculature is
dissected, the vagina is transected approximately 15 mm
caudal to the vaginal vault. Thereafter, the internal iliac
vessels are clamped, uterine vessels are divided, and, finally,
the uterus is removed from the donor.

THE POTENTIAL ADVANTAGES OF ROBOT-
-ASSISTED DONOR HYSTERECTOMY

Using open, laparoscopic, and robot-assisted nerve-spar-
ing radical hysterectomies, the hypogastric and pelvic
splanchnic nerves as well as the pelvic plexus with vesical
branches can be spared [8]. The inferior hypogastric nerve
plexus can be preserved during laparoscopic dissection of
the ureters, uterine arteries, and utero-sacral ligaments to
avoid postoperative complications such as urinary and fecal
evacuation disturbances and sexual disorders. This can be
also done during laparotomy using surgical loupes. One
Czech living uterus donor was found to have prolonged
bladder hypotonia immediately after open procurement
surgery requiring three months of suprapubic drainage
and bladder training to reach normal spontaneous mictu-
rition without residual urine [6]. As both laparoscopic and
robot-assisted retrieval surgery allows for good visibility
of the nerve structures in the deep pelvis like surgical mi-
croscope in open surgery, laparoscopic and robot-assisted
techniques of nerve-sparing dissection can be used to avoid
damage to the above nerve structures.

Most previous open uterus retrievals were performed
with minimal tissue trauma and without endangering the
adjacent anatomical structures in the parametria. However,
both robot-assisted and conventional laparoscopic procure-
ment performed by an experienced surgeon might simplify
the dissection of the uterine vessels between the internal
iliac vessels and uterine edges as well as the dissection
of the ureters. Both approaches show the same results.
The laparoscopic dissection of the connective tissues, ves-
sels, and ureters in the deep pelvis is safer than the laparot-
omy approach when performed by skilled surgeons trained
in minimally invasive operative techniques, particularly be-
cause of the excessive use of diathermy dissection in the
retroperitoneal space when performing open procurement
surgeries [2, 6].

In addition to the above advantages of the laparoscopic
approach, the comfort of the surgeon is an important ben-
efit of the robot-assisted surgery. Comfortable sitting posi-
tion with appropriate setting of individually coded robotic
console is convenient particularly in long procedures such
as radical hysterectomy with lymphadenectomy for cervical
cancer and procurement of uterus in living donor.
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However, robot-assisted surgery has also several limita-
tions, particularly time-consuming setting of robotic surgi-
cal system which can be shortened with the number of
performed procedures; use of complex instruments that
increase the overall cost of UTx; and 3-dimensional visuali-
zation that can cause surgeon’s discomfort (e.g., headache),
especially when using robot-assisted technique daily and
not alternating between different surgical approaches on
aregular basis.

FULLY ROBOTIC AND COMBINED ROBOTIC/
/OPEN APPROACHES IN ROBOT-ASSISTED
DONOR HYSTERECTOMY

As the main purpose of robot-assisted approach is aless
traumatic, more precise, and blood-less surgery than con-
ventional methods, fully robot-assisted donor hysterectomy
seems to be a better option than the combined option.
Moreover, to minimize the burden on living donors, the
uterus should be extracted through the vagina in a sterile
bag to prevent bacterial contamination, as observed in
the first Chinese robot-assisted uterus procurement for the
subsequent transplantation in 2015 and five robot-assisted
donor surgeries performed recently in the USA [11, 12].
Of course, contusion of the uterus should be avoided when
transvaginal removal of the graft is the preferred option.
However, a combined robotic/open approach to donor hys-
terectomy involving robotic dissection of the uterine vessels
and mobilization of all vascular and nerve structures in the
parametria including ureters followed by the subsequent re-
moval of the uterine graft after conversion to open surgery,
as has been performed in 2017-2019 in Sweden, should
also be justified, particularly during the learning-curve pe-
riod [13, 14]. The Swedish robot-assisted retrieval surgeries
showed gradually reducing durations throughout the trial.
The last operation had the shortest duration, which was
still 10 hours. The length of their donor surgeries was based
particularly on the study protocol to separate both uterine
veins to be prepared for anastomosis to the internal iliac
vessels as the main drainage option from the transplanted
uterus. The proximal parts of the utero-ovarian veins were
harvested to be used only for the salvage outflow when the
uterine veins were of poor quality and seemed unusable.

In five fully robotic retrievals of the uterus in the USA,
the study protocol required harvesting of the proximal parts
of both utero-ovarian veins together with both uterine
veins. However, only 5 out of 10 uterine veins were suc-
cessfully harvested [12]. Moreover, only 2 out of 5 harvested
uterine veins were used for the anastomosis to external iliac
veins in the recipient, while all 10 utero-ovarian veins were
utilized for the graft’s venous outflow. While in the Swedish
donors of the uterus, both uterine veins were successfully
harvested in all eight retrievals, the team from the USA

probably had some technical difficulties that led to only
50% success of robotic dissection of the uterine veins. As live
birth after UTx without the outflow via utero-ovarian veins
has been reported only by the Dallas research team [15],
complete surgical as well as reproductive data of further
UTx studies with different venous outflows will shed light on
the optimal venous drainage from the transplanted uterus.
While the cosmetic reasons for the preference of ro-
bot-assisted hysterectomy in living donors of the uterus
are obvious, the prevalence of both ureteric lesions in three
(23%) and reversible pressure alopecia (very likely due to du-
ration of the surgery) in two donors (15%) out of 13 women
who underwent robotic retrievals of the uterus in Sweden
and the USA seems relatively high [12,14]. Further experi-
ence with robot-assisted retrieval of the uterus for transplan-
tation is required to identify the risk factors associated with
urological complications of donor hysterectomy.

CONCLUSION

Moving UTx to the clinical setting requires comprehen-
sive practical guidelines to ensure a high degree of consist-
ency and safety. If the results of the pioneering studies
on robot-assisted donor hysterectomy confirm satisfactory
surgical and reproductive results, this less-invasive procure-
ment option should become preferable for the majority
of living donors of the uterus. However, further research
is needed to confirm the applicability and safety of the
robot-assisted procurement of the uterus in clinical practice.
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