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Background: To present our experience with the “omental wrapping” technique in laparoscopic and
robotic ureteroplasty using onlay flaps or grafts for the management of long proximal or middle ureteral
strictures.

Methods: This is a retrospective review of 25 patients with long proximal or middle ureteral strictures who
underwent laparoscopic and robotic onlay flaps or grafts ureteroplasty using an omental flap to reinforce an
anastomosis site between August 2018 and November 2019. Perioperative and follow-up data were collected.
Results: Sixteen laparoscopic procedures and nine robotic procedures were performed successfully. Sixteen
patients underwent ureteroplasty with lingual mucosal graft (LMG), and nine patients with appendiceal
onlay flap (AOF). The median stricture length was 4 cm (range, 2-6 cm). The mean operative time (OT) was
220.5+50.6 min, the estimated blood loss (EBL) was 66.0£38.9 mL, and the length of hospital stay (LHS)
was 8.0£3.6 days. In the LMG group, four patients had tongue numbing and one had an oral ulcer, which
relieved itself gradually without intervention. Two patients in the LMG group and four patients in the AOF
group experienced urinary tract infection, and all responded well to antibiotic treatment. There were no
complications attributed to “omental wrapping”. The mean follow-up was 16.3+4.8 months. According to
the standards regarding improvement in clinical symptoms, relief of obstruction radiologically and a stable
estimate glomerular filtration rate, our surgical success rate was 100%.

Conclusions: The “omental wrapping” technique in laparoscopic and robotic onlay flaps or grafts
ureteroplasty for long proximal or middle ureteral strictures is an efficient, safe, reproducible and simple

technique.
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Introduction

Ureteral stricture is increasingly common but intractable
because of its varied iatrogenic or non-iatrogenic
aetiologies. As the disease progresses, the resulting
urinary obstruction may cause hydronephrosis, infection,
and irreversible renal function impairment if it is not
immediately treated. Surgical interventions to reconstruct
the urinary tract remain the definitive option with stable
effects and include open surgery, laparoscopy and robotic
techniques. Both conventional methods such as pyeloplasty,
ureteroureterostomy and ureteral reimplantation and
sophisticated methods such as ileal ureter replacement
have been shown to relieve urinary tract obstruction and
maximally preserving renal function (1,2). The surgical
treatment of choice should be based on a comprehensive
consideration of the extent, position and nature of
the ureteral stenosis. Furthermore, it is worth noting
that laparoscopy and robotics are gradually replacing
conventional open surgery in almost the whole field
of reconstructive urology (3). Long ureteral strictures,
especially in the middle and proximal segments, are
difficult to repair, frequently demanding the performance
of complicated reconstruction techniques. Both intestinal
interposition and kidney autotransplantation are alternative
techniques but with significant morbidity associated with
intestinal substitution and vascular complications (4,5).
Ureteroplasty with oral mucosa grafts (buccal mucosa and
lingual mucosa) and appendiceal onlay flaps (AOFs) are
inspiring ways to repair narrow segments with less severe
complications (6-8). A good blood supply and tension-free
and watertight repair are the keys to the success of such
operations.

Possessing multiple biological benefits including
neovascularization, immune regulation, tissue healing
and regeneration, the omentum is increasingly valuable
in reconstructive surgical practice (9,10). Early research
reported the benefits of wrapping with omentum to
provide vascularity in ureteral reconstruction (11-13).
Herein, we describe the feasibility of “omental wrapping”
following the onlay repair technique for ureteral strictures,
including lingual mucosal grafts (LMGs) and AOF. We
report our experience with the complications and effects of
the “omental wrapping” technique with a small group of
patients.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/tau-21-305).
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Methods

Between August 2018 and November 2019, “omental
wrapping” procedures were performed in laparoscopic and
robotic ureteroplasty with LMG or AOF in 25 patients by
the same experienced surgeon. The inclusion criterion was
long proximal or middle ureteral strictures which unsuitable
for conventional end-to-end anastomosis techniques,
such as ureteroureterostomy and pyeloplasty. Patients
were excluded if they had extensive ureteral strictures
(>6 cm) or multifocal lesions and had undergone
alternative reconstructive techniques, such as ileal ureteral
replacement. Perioperative information of all patients was
collected from our RECUTTER database (http://pkufh.
yorktal.com/).

Surgical technique

The positioning and trocar placement were described in
our previous reports (14,15). After a LMG or an AOF was
anastomosed to the ureteral stenosis, adjacent pedicled
omentum that could be easily pulled and wrapped around
the involved segment and that was both well vascularized
and tension free was harvested. First, the prepared omentum
flap was pulled up and passed posterior to the reconstructed
site. Then, the marginal and medial edges were brought
together anteriorly into a tube around the ureter and fixed
with 3-0 absorbable suture. The omental flap was wrapped
loosely without torsion. Finally, the lateral border of the
“tube” was anastomosed with the peripheral peritoneum or
connective tissues (Figure I).

Postoperative management and follow-up protocol

The Foley catheters were removed within in one week.
Patients were discharged with a double-] ureteral stent,
and if placed, the nephrostomy tube was clamped. The
double-] stents were removed 8-12 weeks postoperatively,
and pyelography was performed. Follow-up was scheduled
at 3, 6 and 12 months postoperatively and then annually.
In addition to estimate glomerular filtration rate (eGFR)
and renal ultrasound examination, imaging urodynamics
examination (IUE), computed tomography urography
(CTU), or cine magnetic resonance urography (cine
MRU) were performed. Surgical success was defined as an
improvement in clinical symptoms, relief of obstruction
radiologically and a stable eGFR without serious
complications.
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Figure 1 Intraoperative images and schematic diagrams of omentum wrapping technique. (A) After ureteroplasty completed, the omentum

flap was lifted to the posterior side of the reconstructed site. Then the edge of the omentum was continuously sutured to the lateral

peritoneum (yellow arrow); (B) the schematic diagram of (A), the edge of the omentum was continuously sutured to the lateral peritoneum

which showed with a yellow arrow; (C) the ureteral anastomosis was completely wrapped by the omentum flap, and then the free end of

omentum flap was continuously sutured and fixed to itself; (D) the schematic diagram of (C), the free end of omentum flap was continuously

sutured and fixed to itself which showed with a black arrow.

Statistical analysis

Data were analyzed using the SPSS software version 22.0
(IBM Corporation, Armonk, NY, USA). Measurement data
were expressed as mean + standard deviation or median
(range), and enumeration data were expressed as number
(percentage). Comparison between groups was performed
using the Mann-Whitney U test and the Chi-square test. P

value <0.05 were considered significant significance.

Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by Ethics Committee of Peking University First
Hospital (No.: 2019SR134) and individual consent for this

retrospective analysis was waived.
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Results
Demographic and preoperative characteristics

The demographic and preoperative characteristics of the
overall population are summarized in Table 1. The 25
patients were between 25 and 56 years old (mean age 39)
and included 20 men and 5 women. The body mass index
(BMI) was 25.1+3.4 kg/m’ at the time of surgery. latrogenic
injury remained the most common cause of ureteral
strictures. The aetiology of ureteral stricture was idiopathic
for 4 patients (16%) and related to iatrogenic injuries for 21
patients (84%), primarily holmium laser lithotripsy. Patients
consistently had to endure multiple operations or long
periods of stenting and nephrostomy to relieve discomfort
and hydronephrosis. Eighteen (72%) patients in our study
had previously undergone failed surgeries, including
ureteral stenting, balloon dilation, endoureterotomy,
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Table 1 Demographic and preoperative characteristics
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Variables Overall LMG AOF
Number of patients 25 16 9
Sex, n (%)

Male 20 (80.0) 13 (81.2) 7(77.8)
Female 5(20.0) 3(18.8) 2(22.2)
Age (yr), median [range] 39 [25-56] 38 [25-56] 39 [28-51]
BMI (kg/m?), mean + SD 25.1+3.4 25.9+3.6 23.6+2.3

Stricture site, n (%)
Proximal 23 (92.0) 16 (100.0) 7(77.8)
Middle 2 (8.0 0(0) 2(22.2)
Stricture aetiology, n (%)
Holmium laser lithotripsy 15 (60.0) 8 (50.0) 7(77.8)
Ureterolithotomy 5(20.0) 3(18.8) 2 (22.2)
Rectal cancer surgery 14.0) 1(6.2) 0
UPJO 4 (16.0) 4 (25.0) 0
Previous reconstruction, n (%) 18 (72.0) 12 (75.0) 6 (66.7)
Preoperative nephrostomy, n (%) 16 (64.0) 9 (56.3) 7(77.8)

BMI, body mass index; LMG, lingual mucosa graft; AOF, appendiceal onlay flap; UPJO, ureteropelvic junction obstruction.

Table 2 Perioperative characteristics and follow-up data

Parameters Overall RA LS P
Stricture length (cm), median (range) 4.0 (2.0-6.0) 3.8 (2.0-6.0) 3.9 (3.0-4.5) 0.263
OT (min), mean + SD 220.5+50.6 186.9+36.7 239.4+48.3 0.011
EBL (mL), mean + SD 66.0+£38.9 68.9+57.5 64.4+26.5 0.677
LHS (days), mean + SD 8.0+3.6 7.0£2.3 8.6+4.1 0.303
Follow-up (months), mean + SD 16.3+4.8 13.4+1.8 17.9+5.2 -
Complications (Clavien-Dindo I-ll), n (%) 10 (40.0) 3(33.3) 7 (43.8) -
Complications (Clavien-Dindo llI-IV), n (%) 0 0 0 -
Success rate (%) 100% 100% 100% -

OT, operative time; EBL, estimated blood loss; LHS, length of hospital stays; RA, robot-assisted procedures; LS, laparoscopic procedures.

pyeloplasty and ureteroureterostomy, and fourteen patients
(56%) underwent more than one approach. Sixteen (64%)
patients required nephrostomy to relieve their symptoms

and save affected kidney function.
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Perioperative and follow-up data

The perioperative and follow-up data are summarized

in Table 2. Sixteen laparoscopic procedures and 9
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Figure 2 The comparison of patient’s preoperative and postoperative imaging examination. (A) Preoperative anterograde and retrograde

urography showing long proximal ureteral stricture of left side (yellow arrow); (B) IUE at 3 months after the LMG ureteroplasty showing

an unobstructed ureter and a slightly dilated collection system, the LMG can be identified (black arrow); (C) preoperative anterograde

and retrograde urography showing middle ureteral stricture of right side (yellow arrow); (D) IUE at 3 months after the AOF ureteroplasty

showing an unobstructed ureter, the AOF can be identified (black arrow).

robotic procedures were performed successfully without
intraoperative complications or open conversion. Sixteen
patients underwent ureteroplasty with LMG, and nine
underwent ureteroplasty with AOF. The median length
of the strictures was 4 cm (range, 2-6 cm) according to
intraoperative measurements. The mean operative time
(OT) was 220.5+50.6 min, the estimated blood loss (EBL)
was 66.0£38.9 mL, and the length of hospital stay (LHS)
was 8.0+3.6 days. In the LMG group, four patients had
tongue numbing and one had an oral ulcer, which relieved
itself gradually without intervention. Two patients in
the LMG group and four patients in the AOF group
experienced urinary tract infection, and all responded well
to antibiotic treatment. None of these were attributed to
the “omental wrapping” technique.

At a mean follow-up of 16.3+4.8 months, all procedures
were deemed to be clinically and radiologically successful.
All patients’ double-] ureteral stents and nephrostomy
tubes were removed successfully. Preoperative flank pain
related to obstruction in seventeen patients was alleviated.
Unobstructed ureter was confirmed by CTU, cine MRU
or IUE (Figure 2) in 23 patients (92%). Two patients in
the LMG group experienced mild hydronephrosis without
symptoms or deterioration of renal function during follow-
up. Renal function improved or remained stable in all
patients, with mean pre- and postoperative eGFR values
of 84.2+19.5 and 92.3+20.0 mL/min/1.73 m’, respectively.
According to the standards regarding improvement in
clinical symptoms, relief of obstruction radiologically and a

© Translational Andrology and Urology. All rights reserved.

stable eGFR, our surgical success rate was 100%.

Discussion

Complex ureteral strictures, especially proximal and
middle ureteral strictures, present a challenge to urologists.
Extended tissue defects are a relative contraindication to
endoscopic therapy or primary ureteroureterostomy due to
their low success rate. Although intestinal interposition, such
as ileal ureteral replacement, Yang-Monti ileal ureter and
colon substitution for long and multiple ureteral strictures
has been widely recognized, infection, mucus obstruction
and metabolic disorders are troublesome complications
that cannot be ignored (16). Due to the concerns with
these existing procedures, the onlay repair technique has
started to emerge and has already produced encouraging
outcomes (6-8). Successful ureteral repair surgery relies on
tension-free and watertight reconstruction with important
principles, including minimization of ureteral manipulation
and preservation of ureteral blood supply (17). One of the
most attractive advantages of the onlay repair technique
is that it makes full use of the ureteral stricture to become
a “ureteral plate” without increasing tension. Robotic
ureteroplasty with buccal mucosa grafts, is generally
accepted with a high success rate of 83.3-90% (18,19). Li
et al. reported their initial experience with laparoscopic
LMG ureteroplasty with a 9-month follow-up and achieved
success (6). In our experience, ureteroplasty with a LMG for
repairing ureteral stricture has achieved excellent outcomes,
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but more cases and longer follow-up are needed (15). AOF
are another practicable technique applied in onlay repair in
a small group of patients with suitable ureteral strictures,
with a reported success rate between 88.9-92% (14,20).

The main reasons for failure of ureteral reconstructive
surgery using tissue transfer include ischaemia, infection
and local adhesion. There is clinical concern regarding the
lack of blood supply for the onlay flaps or grafts, especially
the completely free oral mucosal graft. The omentum is a
fold of the peritoneum connecting the stomach and other
abdominal organs that provides coverage and protection and
is composed of a trabecular connective tissue framework
that carries blood vessels, lymphatic vessels, and fat pads.
The omentum contains milky spots (MS), a network of
capillaries, immune cells, and a mesothelial envelope that
regulate immunity and metabolism (21). Multifaceted
qualities, including revascularization, tissue regeneration,
wound healing capacity and control of inflammation, make
the omentum a valuable biological source in regenerative
and reconstructive surgery (9,22). One of the fundamental
properties of the omentum is neovascularization in regional
and adjacent structures to promote the healing process in
ischaemic and inflamed tissue (23,24). As early as 1997,
"Teramachi et al. described “omental wrapping” as a useful
supplementary method that reduced the occurrence of
complications for intrathoracic tracheal reconstruction due
to the speed of blood vessel ingrowth into the regenerated
mucosa in animals (25). Yamashiro ez a/. reported that
wrapping implanted artificial aortic grafts with omental
flaps could prevent or reduce infection and that well-
preserved blood circulation could improve long-term
outcomes (26). Dai et al. found that wrapping a pedicle
omental flap around a oesophagogastric anastomosis
site could decrease the incidence of anastomotic leakage
and stricture, believing it worked partially by the pedicle
omental flap forming new blood vessel networks (27). Shah
et al. hypothesized that omental flaps around anastomoses
after pancreaticoduodenectomy reduced the incidences
of fistula and haemorrhage, perhaps benefitting from
the flap providing a source of granulation tissue and
neovascularization for prompt healing (28).

In urology, the omentum has been indicated to be
an ideal tissue for fixation and repair according to the
biological characteristics described above (29-31). In the
treatment of retroperitoneal fibrosis, which obstructs and
adheres to the ureter, “omental wrapping” has been used
as a crucial protective manoeuvre after ureterolysis (32). In
our experience, hyperplasia, adhesion of peripheral tissue

© Translational Andrology and Urology. All rights reserved.
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and scarring around the ureteral stricture were commonly
observed in patients who had undergone failed previous
surgeries during our numerous reconstructive operations.
These lesions, which intuitively impact ureteral peristalsis,
exacerbate urinary obstruction by compression, sclerosis
and even angulation of the ureter. However, “omental
wrapping” is a potential and effective technique for
controlling such risks to improve the surgical success rate.
We performed laparoscopic and robotic ureteroplasty using
LMG or AOF with “omental wrapping” for 25 patients
who had long ureteral strictures. We believe that omental
wrapping can prevent surgical anastomosis sites from
ischaemia, infection and scar adhesions to a certain degree.

Limitations of this series include its retrospective nature
and the small number of patients. A larger patient cohort
and long-term evaluation are needed. This is a descriptive
study and, as a result, we cannot prove a direct causal
relationship between the omental wrapping technique and
a high surgical success rate. Prospective and randomized
studies are necessary to verify the value and rationality of
this procedure.

Conclusions

As shown for the present 25 patients, the “omental
wrapping” technique is reproducible and involves minimal
costs over those of the base operation. We performed
ureteroplasty using an onlay flap or graft with “omental
wrapping” for all enrolled patients with an encouragingly
high success rate. No serious complications or additional
surgical burden was observed. In addition, in our
experience, the “omental wrapping” technique did not add
notably impact the total OT. The application of “omental
wrapping” in laparoscopic and robotic ureteroplasty using
onlay flaps or grafts for long proximal or middle ureteral
strictures is efficient, safe, reproducible, and simple.
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