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Abstract

Introduction: To describe our initial experience with ileal ureteral replacement (IUR) for the management of ureteral
avulsion (UA) during ureteroscopic lithotripsy.

Methods: Between September 2010 and April 2021, ten patients received ileal ureteral replacement for ureteral
avulsion during ureteroscopic lithotripsy. Anterograde urography and computed tomography urography (CTU) were
applied to evaluate the lesion. Follow-up was performed with magnetic resonance urography and renal ultrasound as
well as clinical assessment of symptoms. We retrospectively analysed the clinical data of ten patients treated with ileal
ureteral replacement for the treatment of ureteral avulsion.

Results: Four patients underwent open ileal ureteral replacement, two underwent laparoscopic ileal ureteral replace-
ment, and four underwent robotic-assisted ileal ureteral replacement. The mean operative time (OT) was 310 min
(range 191-530). The mean estimated blood loss (EBL) was 193 mL (range 10-1000). The mean length of the ileal
graft was 21 cm (range 12-25). The median postoperative hospital time was 13 days (range 7-19). All surgeries were
effectively completed, and no case required open conversion in laparoscopic and robotic-assisted surgeries. There
was no obvious hydronephrosis according to contrast-enhanced computed tomography 3-dimensional reconstruc-
tion images without serious complications or progressive hydronephrosis during a median follow-up duration of 51
months (range 5-131), and the success rate was 100%.

Conclusions: Our initial results and experience showed that ileal ureteral replacement for the management of ure-
teral avulsion during ureteroscopic lithotripsy is safe and feasible.

Keywords: lleal ureteral replacement, Ureteral avulsion, Ureteral injuries, Ureteroscopic lithotripsy, Laparoscopy,
Robot-assisted surgery

Introduction

Urolithiasis is a common disease, so ureteroscopic litho-
tripsy is widely used in urology. With the prevalence and
development of ureteroscopic surgery, treatment-related
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Hodge to describe an upper urinary tract injury, refers to
the discontinuation of the full thickness of the ureter [2].

There are some surgical reconstruction techniques
for UA (longer ureteral injuries), including ileal ureteral
substitution, autologous renal transplantation, and buc-
cal mucosa ureteroplasty [3—5]. Autologous renal trans-
plantation is not performed routinely by many medical
centers, in addition to substantial trauma and nephrec-
tomy-related organ loss. Although buccal mucosa ureter-
oplasty is another option for long segment ureteral injury,
experience is limited [5]. Ileal ureteric replacement is a
reliable solution for complex urinary reconstruction [6].
Open ileal ureteral substitution is a traditional surgical
method, and it has gradually been replaced by minimally
invasive surgery (MIS) in the clinic, including laparo-
scopic (LS) or robotic-assisted surgery (RAS) [7]. Cur-
rently, there is no consensus about the optimal surgical
approach for the management of UA because of uretero-
scopic lithotripsy.

In this study, we present the first and largest case series
of ureteroscopy-related ureteral avulsion because of uret-
eroscopy treated with ileal ureter replacement.

Materials and methods

Clinical materials

Between September 2010 and April 2021, ten patients
were admitted to the hospital with a diagnosis of UA
treated with ileal ureter replacement, which was per-
formed by the same surgeon. The UA of ten patients was
caused by ureteroscopic lithotripsy in other hospitals.
Two of the patients underwent immediate ureterouret-
erostomy and one underwent immediate IUR. Other
seven patients underwent nephrostomy to wait follow-
up operation. We retrospectively analyzed ten patients’
demographics, perioperative variables, and follow-up
data, which are recorded in Table 1. The permission to
use patient’s medical record and informed consent were
obtained from the patients. This study was approved by
the Ethics Committee of Peking University First Hospital,
and informed consent was obtained from all patients.

Presurgical evaluation

Preoperative radiographic examinations, such as ante-
grade pyelography and computed tomography urogra-
phy (CTU), were performed routinely. These patients
were revealed by preoperative antegrade pyelography by
nephrostomy tube (except case 4) (Fig. 1). Antegrade pye-
lography demonstrated that the ureteral contrast medium
was interrupted with or without hydronephrosis. Preop-
erative three-dimensional (3D) image reconstruction
was applied to evaluate the relationship between the
ureter and adjacent organs (Fig. 1). Renal dynamic imag-
ing was used to evaluate perioperative renal function.

Page 2 of 8

Renal function and serum electrolytes were normal in all
patients. Open surgery was the main method before the
laparoscopic and robotic technique was applied in the
clinic. When explaining the difference between the two
approaches, the robotic-assisted or conventional laparo-
scopic approach depends on the patient’s choice.

Surgical techniques

The ileal ureter substitution was similar to that described
in our previous study [7]. After general anesthesia, the
patient was placed in the oblique position (45° from
horizontal) with the lesion side up. Access was achieved
using a Veress needle, and abdominal ports were placed
(Fig. 2a). The supine position was obtained with an
abdominal midline incision of approximately 25 cm in
open surgery. The surgical procedures were similar in
laparoscopic and robotic ileal ureteral replacement. After
mobilization of the colon, the renal pedicle was located
through the gonadal veins and ureter. The ureter was dis-
sected free to the level of the lesion, which was recogniz-
able because of obvious scar tissue (Fig. 2b). The ureter
adjacent to the lesion was widely spatulated for the anas-
tomosis. The ileal segment was selected 12-20 cm away
from the ileocecal junction after measuring the length of
the defect (Fig. 2c), which was used to bridge the ureteral
defect in an isoperistaltic way. The ileal graft was exteri-
orized through a midline infra-umbilical incision. Intes-
tinal continuity was restored after the ileal segment was
resected with side-to-side anastomosis by linear staplers
(Fig. 2d). A mesenteric window is created, and the ileal
segment is played through into the retroperitoneal space
while the distal part is close to the bladder. A 7F ureteral
stent was inserted and fixed to the proximal and distal
ends of an ileal graft to avoid dislocation. Subsequently,
the ileal graft was returned to the abdominal cavity, and
the pneumoperitoneum was reestablished. Pyeloileal and
ureteroileal anastomoses were performed in an inter-
mittent end-to-end fashion with the 4-0 vicryl. A distal
anti-reflux nipplevalve was created (Fig. 2e). The anterior
wall of the bladder was cut, and ileal-vesical anastomoses
were performed using full-thickness intermittent sutures
(Fig. 2f, g). Then, the colon was placed back in place and
covered in front of the ileal graft. Close the incised mes-
entery to prevent internal hernias. Finally, a Foley cath-
eter was left to the bladder, and two drains were placed
adjacent to the anastomoses.

Postoperative care and follow-up After the operation,
patients received an indwelling Foley catheter, a drain
near the anastomosis, and a Double-]J stent (D-J stent).
The Foley catheters were removed within 1 week postop-
eratively. Radiography was performed routinely to con-
firm that the D-] stent stayed in the appropriate position.
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Fig. 1 Perioperative examination was performed to evaluate ureteral avulsion. a Antegrade pyelography from the nephrotomy tube demonstrating
that ureteral contrast medium was interrupted with mild hydronephrosis. b Preoperative three-dimensional image reconstruction demonstrates

The D-]J stent was removed 2 or 3 months after surgery.
After that, antegrade pyelography was performed to judge
whether the upper urinary tract was unobstructed before
the nephrostomy tube was removed. Patients were fol-
lowed up for 3 months, 6 months for the first year, and
annually after surgery by a standardized and telephone
interview or clinical visit. Physical examination, blood
tests (including arterial blood gas analysis) and routine
urine tests were performed routinely. Renal function was
assessed by serum creatinine every visit and diuretic renal
dynamic imaging at half and 1 year. About the follow-up
plan of radiographic examinations, magnetic resonance
urography (MRU) was performed at the 3rd month,
CTU at the 6th month. Ultrasound was performed every
3 months in first year and semiannual evaluation later.
The success of surgery was defined as improved or no pro-
gress in hydronephrosis on ultrasound without nephros-
tomy tube.

Results

All patients were diagnosed with UA caused by uretero-
scopic lithotripsy with the nephrostomy tube performed
intraoperatively or postoperatively for 3 to 6 months
(except case 4) before IUR. Patient 5 and 7 previously
underwent immediate ureteroureterostomy prior to IUR.
The result in detail is described in Table 1. The mean age
of the patients was 50 years (range 36—74), and the mean

body mass index (BMI) was 23.6 kg/m?* (range 18.9—
27.9). Four patients underwent open IUR, two underwent
laparoscopic IUR, and four underwent robotic-assisted
IUR. The mean operative time (OT) was 310 min (range
191-530). The 530 min of OT (only patient 4), is of the
whole procedure from the beginning of ureteroscopic
lithotripsy to the end of IUR. The mean estimated blood
loss (EBL) was 193 mL (range 10-1000). The mean length
of the ileal graft was 21 cm (range 12-25). All surgeries
were effectively completed, and no case required open
conversion in laparoscopic and robotic-assisted surger-
ies. No postoperative complications of high grade (grade
III and IV) occurred within 1 month of surgery accord-
ing to the Clavien—Dindo classification system [8]. Two
patients had incomplete intestinal obstruction (grade
II) and were treated with short-term fasting water (case
1 and case 10). Except that, no other complications
occurred in all patients. The mean liquid diet time was
5 (3-9) days, and the ambulation time was 2 (range 1-3)
days. The median postoperative hospital time was 13
days (range 7-19). Postoperative renal function, shown
by serum creatinine and diuretic renal dynamic imag-
ing, were in the normal range in ten patients. To date, the
median follow-up duration has been 51 months (range
5-131). All patients had nephrostomy tubes, and D-]J
stents were removed 2-3 months after the operation.
There was no obvious hydronephrosis according to the
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Fig. 2 The pictures of operation. a Port placement of minimal invasive IUR. b Intraoperative navigation by 3D models in robotic surgery; ¢ the
length of the ileal segment was measured; d the side-to-side anastomosis was created at the edge of the anti-mesentery by a linear stapler; e the
anti-reflux nipple valve was made; f ileovesical anastomosis; g schematic diagram of the anti-reflux nipple valve

contrast-enhanced CT 3D reconstruction image (Fig. 3a).
MRU showed well-healed anastomosis, and the upper
urinary tract was unobstructed (Fig. 3b). Therefore, there
was a 100% success rate without serious complications or
progressive hydronephrosis during follow-up at 5 to 131
months. All patients were in good general condition and
did not report obvious discomfort during follow-up.

Discussion

As ureteroscopic technology has advanced, as mini-
mally invasive surgery, ureteroscopic lithotripsy inter-
vention has become an increasingly common treatment
for patients with renal or ureteral stones. Most of the
complications caused by this technology and manage-
ment respond favorably to simple drainage of urine with
D-] stents or ureteral stents. However, iatrogenic ure-
teral avulsion is a disastrous complication that can occur

during a ureteroscopic procedure, although such a com-
plication is a rare occurrence [9].

Ureteral avulsion might occur for the following rea-
sons: (1) ureter inflammatory edema or hyperplasia scar
formation and other changes, resulting in distortion and
thinning of the ureter. (2) If a rigid ureteroscope that is
too large is placed into the ureter, the phenomenon of
scabbling of the ureteroscope easily occurs when it is
withdrawn. (3) The proximal third of the ureter may be
at greatest risk for avulsion because of the least muscu-
lar tissue support and low tensile strength [10]. There are
several methods to avoid ureteral avulsion. For example,
strictly grasping operative indications, especially the size
and location of stones, should be considered. Then, it is
essential for safety to place a working guidewire when
performing ureteroscopic lithotripsy [11]. Moreover,
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morphology of ileal ureter replacement without hydronephrosis

Fig. 3 Postoperative evaluation at the follow-up. 3D CT image reconstruction (a) and magnetic resonance urography (b) demonstrate the

maintaining a good view and gentle operation consist-
ently avoids rough operation.

When UA occurs, some reasoned approaches for the
treatment of UA should be adopted. Although it may be
tempting to perform immediate repair once injured, the
surgeon’s experience and center facilities must be taken
into account. One patient (case 4) with ureteral avul-
sion underwent immediate laparotomy and ileal ureter
replacement by a skilled doctor. If not, in general, delayed
repair is recommended, and diversion of the urine (e.g.,
nephrostomy) will be conducted. If conservative manage-
ment is attempted, there is a high risk of renal failure and
stricture, even nephrectomy, whenever reconstruction is
performed [12, 13]. There is no consensus over how to
reconstruct the damaged ureter. The location and length
of the ureteral defect were evaluated by preoperative
radiology, and the reconstruction strategy depended on
it.

Autologous renal transplantation is described as a
choice for ureteral injury, but it is not performed rou-
tinely by many medical centers, in addition to substantial
trauma and nephrectomy-related organ loss. Therefore,
this operation has been decreasing continuously in recent
years [14]. Some studies have shown that appendiceal
interposition can be effective for UA [15, 16]. This is
generally suitable for middle and distal ureteral defects

because of the anatomical location of the appendix. In
addition, Duty et al. [17]. reported that six patients had
a good outcome after undergoing appendiceal onlay flap
ureteroplasty for the proximal and middle ureters, but
the mean stricture length was only 2.5 cm. Therefore,
this technique may be more suitable for short defects. In
addition, buccal mucosa ureteroplasty is another option
for long segment ureteral injury, but experience is lim-
ited [5]. In line with appendiceal interposition, this tech-
nique for reconstruction defect length was approximately
3-5 cm [18], which was difficult for long UAs. Further-
more, bladder flap with psoas hitch is an optional way to
long segment injuries (mostly no more than 10 cm) [19],
overlong lesion will lead to excessive tension at the anas-
tomosis. UA reached a length of 10-25 c¢m in our study,
and it was difficult to dissect due to extensive fibrosis
around the ureter and the loss of normal tissue anatomy,
so that was not suitable for our patients. By the way, our
previous study also found IUR combined Boari flap—
psoas hitch could be applied to these patients with bor-
derline renal function in order to minimize the length of
ileal segment [20].

A longer ureteral defect can be replaced using a seg-
ment of the intestines, usually the ileum (ileal interposi-
tion graft), in our department [7]. The first ileal ureter
substitution was reported by Goodwin et al. [21]. This
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technique is regarded as an effective procedure for
repairing long ureteral defects [22].

IUR may also be the first choice for ureteral avulsion
regardless of immediate or delayed repair, and uret-
eroureterostomy was not a recommended attempt. An
avulsed ureter with severe inflammation would cause
ureteral stricture if immediate ureteroureterostomy
was performed. These conditions occurred in cases 5
and 7, and the two patients had hydronephrosis soon
after immediate ureteroureterostomy. Finally, IUR was
performed, and hydronephrosis was released during
follow-up. Open ileal ureteral substitution has some dis-
advantages, including greater trauma, longer recovery,
and more complications. At present, minimally invasive
techniques are often chosen, including laparoscopic sur-
gery and robotic surgery [7, 23], which have lower nar-
cotic requirements, shorter hospital stays, and shorter
times to convalescence. According to Table 1, mean oper-
ative time as shorter for MIS group. Results concerning
blood loss, liquid diet, and ambulation time proved that
minimally invasive techniques might conform more to
the principle of enhanced recovery after surgery (ERAS).
However, incomplete intestinal obstruction (cases 1
and 10) might occur regardless of the surgical approach
chosen.

Nephrostomy is performed routinely to ensure nor-
mal preoperative renal function. Patients with signifi-
cant renal insufficiency should not be recommended for
surgery. There is still no standard length of time to keep
the nephrostomy tube, and the length of time less influ-
ences the prognosis based on our initial experiences. The
operation should conform to some principles to ensure
successful anastomosis. It is widely acknowledged that
the general principles of ureteral reconstruction include
a good remaining blood supply, a tension-free, watertight
anastomosis that is adequately spatulated, and the use of
absorbable fine sutures [24, 25].

There is still controversy regarding whether an anti-
reflux papillary valve is recommended. Xu et al. [26]
reported that the proximal anti-refluxing technique
appears to be a reliable procedure for treating long-seg-
ment ureteral strictures. Waldnerd et al. [27]. thought
that anti-reflux procedures were not always necessary
because ileal peristalsis could suppress the reflux, espe-
cially more than 15 cm of ileum. According to our previ-
ous studies [7, 20], proximal ureteral ileum anastomosis
should not be designed to prevent reflux, but proximal
anastomosis should be as wide as possible to allow urine
to flow out without resistance, while distal anastomosis is
necessary to prevent reflux. In this cohort, UA reached a
length of 10-25 cm, so IUR may be the optimal method
to bridge the defect, which makes patients eliminate
nephrostomy and resume a normal life. We used a distal
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anti-reflux nipple for the anti-flux procedure. No cases of
postoperative reflux were observed by cine MRU.

There are some postoperative complications, including
urinary infection, metabolic acidosis, mucus obstruction,
or stenosis of the ileal ureter. Therefore, postoperative
management of the patients was also necessary. Two
patients had incomplete intestinal obstruction (grade II)
and were treated with short-term fasting water in our
study.

The scarcity of literature, as well as small case series,
reflects the exploration of IUR for UA [12, 13, 28]. Our
study reported that ten patients had the longest follow-
up range of 5 to 131 months, demonstrating the treat-
ment and consideration of ureteral avulsion under
ureteroscopy, which is rare. In addition, preoperative
three-dimensional reconstruction was first used in the
management of UA to help assess the anatomic relation-
ship between the targeted area and peripheral structure
and improve surgical efficacy, which is not reported in
the UA literature. Our experience with IUR, whatever
MIS or open surgery, shows the feasibility in the treat-
ment of UA because of ureteroscopy.

There are some limitations to our study. It is a retro-
spective study and has some bias. Our results are limited
by the small number of patients. It should be mentioned
that UA is relatively rare, so large series are difficult to
generate. An important drawback is the lack of control
group that would enable to compare success rate and
complications rates. We are optimistic that this initial
report can serve as a foundation for developing standard-
ized management of UA.

Conclusions

In conclusion, our initial experience demonstrates that
ileal ureteral replacement is a feasible and effective tech-
nique for managing ureteral avulsion because of uretero-
scopic lithotripsy. However, future studies including large
numbers and long-term follow-up of cases are required.
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