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Abstract

Background: Endoscopic operations and ureteroscopy have become the first choice for ureteral calculi and ureter-
related operations. The ratios of the complications, which are mostly iatrogenic, range between 9 and 11%. Total
ureteral avulsion during URS is quite rare with a prevalence of 0-0.3%. We present three total ureteral avulsions we
experienced in our clinic during the last 2 years and their treatment.

Case presentation: During the last 2 years, we experienced three total ureteral avulsions: one of these occurred in
our clinic and the other two occurred in an external center and were referred to us. In two cases, the omental flap was
rotated after ureteral reimplantation and the ureter was completely wrapped inside the omental flap. In the third case,
boari flap was formed from the bladder. Due to the presence of extrarenal wide renal pelvis, anastomosis was made
with boari flap after a y-v flap was rotated on the renal pelvis. D-J stents of the patients were removed at the end of

3 months. Although there was mild hydronephrosis, parenchymal thinning and a significant decrease in functions
were not observed. Ureteral avulsion of the patients was successfully managed without the need for nephrectomy.

Conclusion: Ureteral avulsion management is an extremely difficult condition for both the surgeon and the patient.
So, the most important thing is to prevent ureteral avulsion. Ureteroplasty and omental flap treatment are applicable
methods with quite successful results for complete ureteral avulsions.
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1 Background

Due to its improvement over time, ureteroscopy (URS),
started by Perez-Castro and Martinez Pineiro in 1980,
has become the gold standard procedure for many clini-
cal conditions affecting ureteral calculi, urethra and
kidney [1, 2]. Ratios of mostly iatrogenic complications
range between 9 and 11%. Total ureteral avulsion during
URS is quite rare with a prevalence of 0-0.3% [3]. This
feared and severe complication is an extremely difficult
condition for urologists and may necessitate nephrec-
tomy while management requires experience [4, 5].
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Many treatments are recommended for this complica-
tion such as the following: kidney autotransplantation,
ureterovesical anastomosis, ileal transposition, uretero-
calicostomy and uretero-ureteral end-to-end anastomo-
sis, boari flap, pyeloureterostomy, external wrapping of
avulsified ureter with omentum and ureterovesical anas-
tomosis, etc. [5—-7]. Management of ureteral avulsion is a
difficult condition, while end-to-end anastomoses consti-
tute a good option for proximal ureteral avulsions, boari
flap and psoas hitch methods are suggested if ureteral
avulsion is in the middle one-third section. Reimplanta-
tion is suggested for distal ureteral injuries [4].

We present three total ureteral avulsions experienced
in our clinic during the last 2 years and their treatments.
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1.1 Case presentations

During the last 2 years, we experienced three total ure-
teral avulsions, one of which occurred in our clinic and
the other two occurred in an external center and were
referred to us. A total of three ureteral avulsion cases
were intervened. Two of these patients were male and
one was female.

2 Casel

2.1 Medical history

A 66-year-old female patient referred to the clinic
with right side pain and hematuria. An average degree
of hydronephrosis in the right urinary system and an
8 mm stone in the mid-ureter were observed with com-
puted tomography. Surgery for the patient was planned,
and the right orifice was accessed with guided 9F

ureterorenoscope. An attempt was made to insert a 4.8 F
D-J stent through the ureterorenoscope as the lower ure-
ter was very narrow. Relief was felt in the ureteroreno-
scope during this period. When the ureterorenoscope
was removed, the ureter was noticed at its end.

2.2 Surgical technique

A modified Gibson incision was performed for repair.
The retroperitoneum was entered, and the ureter was
reached and dissected. When bladder—ureter reanas-
tomosis was about to be performed, it was noticed that
the ureter was also separated from the ureteropelvic
(UP) junction. Then, the avulsified ureter was kept in iso-
tonic saline solution until anastomosis. Afterward, the
UP junction was dissected and the avulsified ureter UP
junction was anastomosed. D-J stent was inserted. Then,
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postoperative 6th-month CT

Fig. 2 Follow up images. a Postoperative 2nd-month IVU, b postoperative 3rd-month RGP, ¢ postoperative 3rd-month MR urography, d

the bladder was anastomosed to the ureter through ure-
teroneocystostomy. The omental flap was rotated. The
surgery was ended after wrapping the whole ureter with
the omental flap. Nephrostomy catheter was not inserted

(Fig. 1).

2.3 Follow-up and result

The Foley catheter was removed on postoperative
15 day. Six months post-operation, D-]J stent was
removed and retrograde pyelography (RGP) was per-
formed. Ureter was normal, and contrast entrance to

renal pelvis was adequate. There was a small annular
stricture in the distal ureter which required D-] stent
re-insertion (Additional file 1 Video-1). The patient
was followed up through ultrasonography, CT urog-
raphy and scintigraphy. In addition to the presence of
average hydronephrosis, split right kidney function
was 21% on postoperative first-year scintigraphy. The
patient was followed up with D-J stent for postopera-
tive 1 year. Hydronephrosis progression and clinical
pain were not noticed during the second-year follow-
ups without D-J (Fig. 2).
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Fig. 3 Boari flap technique. a Avulsiye ureter, b boari flap & renal pelvis flap anastomosis, ¢ boari flap drawing, d renal pelvis flap drawing

3 Case-2

3.1 Medical history

A 59-year-old man had ureteroscopy in another hospital
for an upper ureteral stone with a diameter of 10 mm.
The urologist stated that a 9F ureterorenoscope was used,
and due to lack of experience, the patient was referred to
our clinic with avulsion of the right ureter. Based on the
CT urography taken in our hospital and the surgical story
from the surgeon, total ureteral avulsion was detected in
the patient and urgent surgery was planned.

3.2 Surgical technique

Modified paramedian incision was performed for repair.
The retroperitoneum was entered, and the ureter was
found and dissected. Anastomosis was performed
between the avulsed ureter and UP junction. Double ]
stent was inserted, and bladder ureteroneocystostomy

(UNC) was performed. A nephrostomy catheter was
inserted after wrapping the ureter with omental flap.

3.3 Follow-up and result

The patient was discharged on day 5 since no problems
were noticed in the postoperative follow-ups. The Foley
catheter was removed on postoperative day 10 while
the nephrostomy catheter was removed in the postop-
erative first month. RGP was taken in the third month
follow-up. No stricture was observed in UP and UV
junctions, but there were crusty clots inside the ureter.
These clots were washed, and D-J stent was re-inserted.
RGP was repeated in postoperative sixth month. The
ureter was in better condition, and there were no crusts
and 7f D-J stent was re-inserted. In patient follow-
ups, LUTS was detected after Foley catheter removal.
It was learned from the patient that this condition was
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present before surgery. During examinations, prostate
size was observed to be approximately 40 cc on urinary
USG. IPSS was 10, maximum flow was 10 ml/s, mean
flow rate was 5 ml/s, and postvoid residue amount was
80 cc on uroflowmetry. Alfuzosin was started and was
combined with dutasteride due to the lack of significant
recovery in the symptoms. TUR-P operation was per-
formed at postoperative 1 year as there was no recovery
in patient symptoms. The ureter was intact on URS and
RGP of the patient performed before Tur-P.

Ultrasonography, abdominal CT and scintigraphy
were used for patient follow-up. Although the previ-
ous condition of right kidney functions was unknown,
33% right kidney split function and mild hydronephro-
sis were detected based on postoperative scintigraphy.
The patient is still being followed up in our follow-up
program.

4 Case-3

4.1 Medical history

A 53-year-old man had ureteroscopy in another hospi-
tal for mid-ureteral stone with a diameter of 8 mm. The
urologist stated that 11F ureterorenoscope and pneu-
matic lithotriptor were used, and due to lack of experi-
ence, the patient was referred to our clinic since he had
avulsion of the left ureter. Based on the CT urography
taken in our hospital and detailed medical history from
the surgeon, total ureteral avulsion was detected in the
patient and urgent surgery was planned.

4.2 Surgical technique

Modified paramedian incision was made for repair. Ret-
roperitoneum was entered, and the ureter was found
and dissected. Based on surgical observation, the kid-
ney had wide extra renal pelvis and y—v flap was rotated

Table 1 Patients and operation characteristics
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on the renal pelvis. Then, a boari flap was rotated on
the bladder and ureter anastomosis was performed and
D-J stent was inserted. A nephrostomy catheter was not
inserted (Fig. 3).

4.3 Follow-up

Foley catheter was removed on postoperative day 15.
Anticholinergic treatment was given for bladder capac-
ity. Retrograde pyelography (RGP) was performed after
D-J stent removal 3 months postoperative. Although
an average degree of hydronephrosis was observed, no
extravasation was present. The D-]J stent was re-inserted,
and the patient was followed up with ultrasonography
and abdominal CT. There was mild thinning in renal
parenchyma, and moderate hydronephrosis continued.
Based on scintigraphy, normal renal excretion and a mild
decrease in left kidney functions were observed. D-J stent
was changed in postoperative sixth month, and no stric-
ture was observed in RGP. The D-J stent was removed
12 months postoperative.

Split function of the left kidney was 28% on scintigra-
phy taken in postoperative first year. The patient is still
being followed up in our program. Data for the patients
are provided in Table 1.

5 Discussion

The quick advancement of technology, improvement in
instruments, new energy sources, better optic quality of
devices and increased experience with ureteral calculi,
ureter and kidney-related conditions in the last decades
caused high success in endoscopic operations, and thus,
ureteroscopy has become the first choice for ureteral cal-
culi and ureter-related operations [8—10]. On the other
hand, ureteroscopic operations may cause many com-
plications such as residual calculi, mucosal injury, per-
foration, bleeding and edema [11]. Ureteral avulsion is a
rare but extremely severe complication with a reported

Case | ] 1]

Age 66 59 53

Sex Female Male Male

Diagnosis before URS Hematuria + mid-ureter stone Upper ureteral stone Middle ureteral stone
Side Right Right Left

Size of ureteroscope 9Fr 9Fr 11 Fr

Operation Ureteroeplvic anastomosis 4 ureteroneocyc-  Ureteroeplvic anastomosis + ureteroneocyc-  Y-v flap+ Boari flap

tostomy +omental wrapped
Intervention time Immediately
Follow-up Moderate hydronephrosis 4 atrophy

Scintigraphy (split function of 21%
effected kidney)

tostomy + omental wrapped
Immediately Immediately
Mild hydronephrosis Mild hydronephrosis

33% 28%
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percentage of 0-3.75 [12]. The first avulsion case was
reported by Hart and Hodge after manipulation with
Dormia basket. Risk factors for avulsion are previous
manipulations and high calculi load. Complication risk
also increases with proximal ureteral calculi after extra-
corporeal shock wave lithotripsy (ESWL) treatment [13].
In addition to all these factors, basket use, inexperience,
thick (> 9F) ureterorenoscope use and ureteral inflamma-
tion can also be stated as risk factors [14]. These condi-
tions were stated in studies in the literature. In our cases,
ureteral inflammation and>9F ureterorenoscope use,
especially, were prominent.

Predisposing factors are controversial for ureteral avul-
sion. But observance of intense inflammation in the ure-
ter during ureteroscopy is among the important factors
[15]. The presence of inflammatory tissue in proximal or
distal ureter or the region where the stone was impacted
forms a potential for ureteral wall rupture [16]. Added to
this factor, the delicate tensile strength of the region was
stated as 457.52—-3374 N cm™2 in circumferential direc-
tion and as 902.43-122.08 N cm™? in the longitudinal
direction [16]. In our cases, the ureter, especially its distal
end, was observed to be inflamed.

Treatment and management of ureteral avulsion are
quite challenging. Traditionally, ureteral avulsion is sur-
gically treated and the reconstructive technique changes
according to the length and location of ureter. Uret-
eroneocyctostomy is the general treatment option for
distal ureteral injuries. While psoas hitch or boari flap
procedures can be preferred for central ureteral inju-
ries, end-to-end anastomoses using D-J stent can be a
treatment option for proximal ureteral injuries. Finally,
ileal interposition or renal autotransplantation is gener-
ally required in large ureteral injuries with a significant
amount of tissue loss [17]. If avulsion is noticed in the
postoperative period, percutaneous nephrostomy can be
located and definitive treatment can be given when the
patient is stable [18]. Ureteral avulsion treatment and
management are challenging and controversial. In the lit-
erature, nephrectomy was also reported as an option for
extended ureteral injuries [19], while there are also lim-
ited options such as ileal interposition or renal autotrans-
plantation and appendix interposition [20, 21]. But the
number of publications on the approach to the ureter
totally avulsed at both ends is still limited in the literature
[22].

The management of major ureteral injury is always a
challenge [23]. It depends on the location and extent of
the injury. Renal autotransplantation is considered a suit-
able option for ureteral injuries, especially in cases with
major ureteral length loss. Delayed recognition of injury
requires treatment with extended procedures as well as
high experience of the urologists. Repair of long-term
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defect of the ureter, especially of the proximal ureter, is a
particularly difficult surgical challenge. No strict recom-
mendations are available about the treatment of long ure-
teral lesions [24]. Early intervention was preferred in our
cases. Transplantation was not considered since surgical
experience is important.

Ordon et al. reported three cases they named as “the
scabbard avulsion” Nephrostomy was inserted postop-
eratively, and nephrectomy was performed in all patients
[19]. Ge et al. presented four ureteral avulsion cases, two
of which were total ureteral avulsions. One of the cases
was treated with autotransplantation, and no problem
was noticed in the follow-up. In the other case, pye-
loureterostomy was performed and extended omentum
was wrapped, but nephrectomy was performed after a
25-month follow-up [5]. Thai et al. reported a series of
six ureteral avulsion cases. Five of them had avulsion in
UPJ and UV]. The authors reported that they refused
to perform nephrectomy in one patient and performed
boari flap in two patients, with ileal interposition and
ureteral reimplantation in one patient each [25]. Unsal
et al. reported four ureteral avulsion cases and performed
boari flap in one half and ureteral reimplantation proce-
dures in the other half of these cases. During the follow-
up for ureteral reimplantation patients, one was normal
while one had hydronephrosis [3]. Seving et al. reported
three total ureteral avulsion cases treated with reimplan-
tation and ileal interposition [22]. Grzegétkowski et al.
[26] reported that extended length flap from the bladder
was used instead of the entire ureter with modified boari
flap technique in a total ureteral avulsion case and water-
tight, tension free anastomosis was performed, and they
also reported extended boari flap modification as a possi-
ble alternative reconstructive treatment for total ureteral
losses.

We also had three “total ureteral avulsion in both
ends” cases and treated two of these with ureterocali-
ostomy+unc+omental flap wrapping and performed
boari flap +renal pelvis y—v advancement on the other
(Table 1). In our series, we observed that ureteral feed-
ing was provided by wrapping the omentum around total
avulsified ureter and we believe that the patient can per-
form normal ureteral functions and recover more easily
as the intestinal system was not intervened. As one of
our patients had an extra renal pelvis, we performed y—v
advancement from the renal pelvis and a new ureter was
formed by rotating boari flap on the bladder. We believe
boari flap is a good option, especially in cases in which
psoas hitch is not able to reach or a new tube is formed.
In this series, we think that it is important to perform
ureteral reimplantation, especially in the early period,
and to wrap the omental flap all around to feed the re-
implanted ureter.
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The literature shows that it is suitable to completely
wrap the ureter with omental flap in addition to pye-
loureterostomy and ureterovesical anastomosis for all
full-length ureteral avulsions and that omental flap feeds
the avulsified ureter [5, 6]. In line with previous stud-
ies and case presentations, we believe that wrapping the
avulsified ureter with omental flap and performing pye-
loureterostomy and ureterovesical anastomosis would be
a good solution for complete ureteral avulsions [27]. We
observed that the ureter was relieved on retrograde pye-
lographies in postoperative patient follow-ups and there
was no extravasation in CT urography. Normal ureteral
mucosa and good feeding were observed when diagnos-
tic URS was performed for the patient who had total ure-
teral reimplantation + omental flap in postoperative sixth
month. But a functional decrease and partial scar areas
were detected on scintigraphy.

In the literature, 55% [17] of 31 cases had avulsion of
the right ureter and 45% [14] had it in left ureter. [3-7,
12-27] Two of our cases had right ureter avulsion, and
one patient had left ureter avulsion which was in line
with the literature.

As a result, ureteral avulsion is hard to manage and
is a nightmare for urologists. But it is important to stay
calm and to refer the patient to a center experienced in
this field or the injury should be cured in a suitable way
together with another urologist, and in case of reimplan-
tation, wrapping the re-implanted ureter with omentum
to help its nutrition is an important trick. If ureteral avul-
sion is well managed, the patients can continue their nor-
mal lives without needing nephrectomy, although there is
an acceptable loss of renal functions.

6 Conclusion

Ureteral avulsion management is an extremely difficult
condition for both the surgeon and the patient. So, the
most important thing is to prevent ureteral avulsion.
Refraining from sharp and hard manipulations is a neces-
sity in upper ureteral calculi and/or patients who previ-
ously had treatment like ESWL. Refraining from basket
use as much as possible and maybe above all, inserting
D-J stent in difficult conditions without forcing calculi
and ureter or delaying to another session could be the
best solution. But despite all precautions and experience,
ureteral avulsion is a risk always faced by urologists. In
cases of ureteral avulsion, the patient should be referred
to experienced centers in this field and the condition
should successfully be managed without panic. Uret-
eroplasty and omental flap treatment is an applicable

Page 7 of 8

method for complete ureteral avulsions with quite suc-
cessful results.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/512301-020-00047-4.

Additional file 1: Video-1. Postop 3rd-month control ureteroscopy video
of ureteral re-implantation.
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