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Abstract
Objectives: To evaluate the long-term renal function outcomes after ureteroureter-
ostomy (UU) in patients undergoing multi-organ resection for non-urothelial cancers. 
The secondary aim was to examine the length of ureteric defect that can be success-
fully bridged with UU.
Patients and methods: We retrospectively reviewed the charts of patients who un-
derwent UU between 1995 and 2012 at our institution. Renal imaging studies per-
formed before and after UU were used to determine whether hydronephrosis was 
present. Renal function was assessed by comparing estimated glomerular filtration 
rate (eGFR) before and at the last follow-up after UU.
Results: Nineteen patients underwent UU during multi-organ resection for non-
urothelial cancers. Median follow-up time was 62 months. Overall, UU had a high 
success rate, with one patient (5.2%) developing progressive hydronephrosis with 
a >20% drop in eGFR from baseline due to UU failure. Four additional patients devel-
oped progressive hydronephrosis due to cancer recurrence involving the UU. There 
were no statistically significant differences between pre- and post-UU eGFR in these 
patient cohort. All patients with a ureteric defect of ≤5  cm underwent successful 
reconstruction.
Conclusions: UU maintains long-term renal function in the majority of patients un-
dergoing multi-organ resection for non-urothelial cancers and can be successfully 
utilized if the resected ureteric length is ≤5 cm.
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1  | INTRODUC TION

Resection of a segment of one or both ureters is sometimes neces-
sary to adequately remove advanced pelvic or retroperitoneal can-
cers. Depending on the length and location of the resected segment, 
a variety of ureteric reconstruction options are available.1 If the re-
sected segment of the ureter is mid to distal, then ureteroneocystos-
tomy with or without an elongation procedure (psoas hitch or Boari 
flap) is simple and highly successful.2 However, if a relatively short 
section of the mid or upper ureter is resected, then ureteroureteros-
tomy (UU) may be feasible, particularly in cases in which the distal 
ureter is viable. Although UU is considered when the ureteric defect 
is short; the length of ureteric defect that can be bridged with UU 
including aggressive nephropexy has not been well studied. Some 
cancers may displace and stretch the ureter allowing a longer ure-
teric defect to be successfully bridged with UU.

There are very limited reports in the literature regarding renal 
functional outcomes of UU reconstruction during multi-organ resec-
tion for cancer3-7(Table 1). Most of the earlier studies include few pa-
tients and failure of the UU based on the development of stricture or 
hydronephrosis is reported in 27%-100% of patients.3-7 One of the 
largest series, by Fry et al8 included two patients that died of urine 
leakage and sepsis in the postoperative period.3 Only one of the 
earlier reports examine renal functional outcomes using estimated 
glomerular filtration rates based on serum creatinine measurements. 
Although there are no standardized or agreed upon definitions of 
success following UU reconstruction, successful reconstruction 
would include stable renal function and the absence of progressive 
hydronephrosis or stricture on subsequent imaging studies.

The aim of our study is to evaluate long-term renal functional out-
comes following complex multi-organ resection for non-urothelial 
cancers with UU reconstruction. A secondary aim was to examine the 
length of ureteric defect that can be successfully bridged with UU.

2  | PATIENTS AND METHODS

A research protocol to evaluate renal function outcomes after a va-
riety of ureteric reconstructions including UU was approved by the 
Institutional Review Board at the University of Texas MD Anderson 
Cancer Center. We conducted a retrospective chart review of all 
patients who underwent UU for a complete ureteric transection 
between 1995 and 2012. All patients in this study were undergo-
ing complex cancer surgery for non-urothelial cancers. Patients who 
had other modalities of diversions or had a UU for urothelial cancers 
were excluded. As these patients underwent complex cancer sur-
gery involving multidisciplinary surgical approach, all patients were 
counseled pre-operatively about all the available reconstruction op-
tions, the risk, and benefits by the treating urologist. However, the 
decision to perform a UU reconstruction vs other options was made 
intraoperatively by the treating urologist. In all patients undergo-
ing UU, the proximal and distal ureters were spatulated and anas-
tomosed end to end with absorbable sutures over a ureteric stent. 

Nephropexy was utilized as needed. The duration of ureteric stent-
ing was at the discretion of the treating surgeon.

Patients medical records were reviewed in detail for demographic 
data, oncologic information, and renal function including anastomotic 
patency, stricture development, and evidence of progressive hydrone-
phrosis on serial imaging including CT scans, MRI’s, intravenous pyelog-
raphy, abdominal ultrasound tests, or obstruction on nuclear renal scan. 
The failure of UU was defined as the progression or development of 
new hydronephrosis on serial imaging and >20% drop in eGFR after the 
first 3 weeks of follow-up. Patient's imaging prior to UU was assessed 
for baseline hydronephrosis of the index kidney and each postopera-
tive imaging test including cancer surveillance imaging were reviewed 
to determine whether there was progression of hydronephrosis.

The serum creatinine was assessed prior to and following the UU 
with calculation of estimated glomerular filtration rate (eGFR) based 
on the Cockgraft-Gault equation and adjusted for patient race. The 
drop in eGFR of 20% below baseline parameter for failure of the UU 
was selected based on the fact that the National Kidney Foundation 
Kidney Disease Outcomes Quality Initiative (KDOQI) staging of 
CKD has a reduction between 15 and 30 ml/min//1.73 m2 in GFR 
between CKD staging levels9 and the fact that many nephrologists 
consider a drop in eGFR of 20% below baseline to be a significant 
concern and possible indication for closer monitoring or further in-
vestigation. Creatinine values within the first 3 weeks immediately 
following surgery were not considered in the analysis since most of 
the patients had a transient elevation in baseline creatinine with the 
insult of surgery and since we were interested in assessing long-term 
functional results of the UU reconstruction.

Patients who developed recurrence of cancer involving the UU 
were not considered as a primary failure of the UU, but rather a man-
ifestation of aggressive biology of a high-grade neoplasm and were 
censored at the time obstruction of the UU from cancer was first 
seen on imaging. In these patients, who developed worsening hydro-
nephrosis due to recurrence of cancer involving the UU, the serum 
creatinine of the visit prior to the recurrence was considered as the 
final post-UU creatinine. The length of ureteric defect was deter-
mined by the pathologist's measurement of the length of resected 
ureter in the pathology report or based on the surgeon's description 
of the length of ureteric defect in the operative report if no patho-
logic measurement was available. Complications from UU were re-
ported according to the Clavien-Dindo classification.

The two sample t test was used to compare the baseline and 
final post-UU eGFR and p value of <.05 was considered statistically 
significant. Kaplan-Meier curves were used for failure-free survival 
analyses. SPSS statistical software (version 26.0) was used for sta-
tistical analysis.

3  | RESULTS

A total of 32 patients undergoing UU were identified; no follow-up 
information was available for 8 patients leaving 24 evaluable. Of 
these, 5 patients were also excluded as they had partial ureteric 
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transection and did not have a ureteric segment excised, leaving 19 
patients for the final analysis. Patient characteristics including age, 
extent of prior therapy for cancer, side and length of ureteric de-
fect, development of progressive hydronephrosis, follow-up, and 
oncologic status are shown in Table  2. The patients’ median age 
was 57 years (range 23-68 years). The median follow-up time was 
62 months (range 9-180 months). Short follow-up times in some pa-
tients reflected rapid disease progression and cancer death.

The type of neoplasm included sarcoma (five patients), colon 
cancer (four patients), testicular cancer (three patients), appendi-
ceal cancer (two patients), endometrial cancer (two patients), lym-
phoma (two patients), and ovarian cancer (one patient). The patients 
were heavily pretreated for cancer including prior radiation therapy 
in 4 patients, prior chemotherapy in 13 patients, and prior surgery 
in 11 patients. Six patients (31.6%) had baseline hydronephrosis of 
the index kidney prior to the UU surgery. The ureteric defect was 
located in the mid ureter in 18 patients, and the lower ureter in 1 
patient. Twelve of the patients underwent left-sided UU and seven 
right-sided UU. Four patients had radiation post-UU. The length of 
ureteric defect was ≥4 cm in seven patients.

All patients had pre- and post-UU eGFR information. The av-
erage eGFR at baseline and last follow-up were 81.2  mL/min and 
83.1 mL/min, respectively (Figure 1). There was no significant differ-
ence between baseline and last follow-up eGFR (P = .54). Seventeen 
patients had pre- and post-UU CT scans. Post-UU imaging included 
a total of 88 CT scans (mean 4.6 per patient, range 0-13 per patient), 
9 diuretic renal scans, 8 ultrasounds, and 2 MRI exams. Overall, UU 

had a high success rate in these patients with only one failure of the 
reconstruction (5.2%) (Figure 2A). Although a total of five patients 
developed progressive hydronephrosis on serial imaging, of which 
four patients had recurrence of cancer involving the UU (Figure 2B). 
The patient who had primary failure of the UU had a long mid-
ureteric stricture (8.5cm) developed a urine leak and subsequent 
stricture with progressive hydronephrosis on imaging and a > 20% 
drop in eGFR from baseline. The longest successfully reconstructed 
ureteric defect was 5.6cm in the mid ureter.

Relapse of cancer occurred in 10 patients of which 7 have died (me-
dian time to death: 22 months, range 9-75 months). Two patients had 
chronic indwelling ureteric stents after UU due to cancer progression.

There were a total of nine surgical complications in eight patients 
related to the UU. Three patients had bladder irritation or pain from 
the ureteric stent (Clavien grade one) and one patient had a urinary 
tract infection (Clavien grade two). There were four patients (20.5%) 
with Clavien ≥3 complications post-UU (Table 3).

4  | DISCUSSION

We present the long-term renal functional outcomes using a com-
bination of eGFR and imaging after UU in a series of non-urothelial 
cancer patients undergoing multi-organ resection. Renal preserva-
tion is essential in cancer patients undergoing multi-organ resection 
as majority require additional systemic therapies. Chronic kidney 
disease (CKD), a graded and independent risk factor for substantial 

F I G U R E  1   Baseline and last follow-up eGFR in 24 patients undergoing UU. Baseline GFR is denoted in black and last follow-up GFR in gray
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morbidity and death has been found to complicate the treatment of 
cancer patients.10 While, all surgical options should be considered 
to optimize renal preservation in these patients, UU is rarely uti-
lized as a re-constructive option of the ureter, mainly owing to the 
high rates of complications seen in small studies (Table 1). However, 
UU is successfully utilized at renal transplant with a meta-analysis 
demonstrating no difference in the overall rates of complications 
between UU and ureteroneocystostomy, with stricture, obstruction 
and stone formation being the more common complications associ-
ated with UU.11 In contrast to the other studies, only one patient in 
our study (5.2%) had failure of the UU as defined by a > 20% drop 
in eGFR from baseline and progressive hydronephrosis from anas-
tomotic stricture and obstruction of the UU. We found that differ-
ences in patients eGFR’s before and after UU were not significant; 
this finding suggests that long-term renal function is maintained in 
the majority of patients who undergo UU. While not statistically sig-
nificant, some patients experienced an increase in eGFR following 

UU, possibly due to improved index kidney function after relief of 
obstruction in these patients.

Successful UU during multi-organ resection requires a meticulous 
surgical technique and can be used in select cases.1 The anastomosis 
needs to be tension-free and aggressive mobilization of the kidney 
should be considered if those cases where tension may exist. The dis-
tal ureter must be viable with reasonable blood supply. EAU guidelines 
recommend UU for proximal mid-ureteric injuries involving a ureteric 
segment of <2-3 cm.2 The longest ureteric defect to be successfully 
reconstructed in our series was 5.6 cm and the single patient who ex-
perienced failure of the UU had a mid-ureteric defect of 8.5 cm. Thus 
our data indicate that UU can be utilized successfully if the ureteric 
defect is ≤5 cm when combined with aggressive nephropexy (when 
feasible) in this cohort of patients undergoing multi-organ resection.

Four patients (21%) undergoing UU developed had Clavien 3 
complications related to the UU reconstruction in our series. These 
complication rates are in keeping with other series where different 

F I G U R E  2   Kaplan-Meier graph demonstrating new or progressive hydronephrosis-free survival in patients undergoing UU during multi-
organ resection (including patients who had worsening hydronephrosis due to progression of disease). Patients who were lost to follow-up 
or died were censored

Patient Complication Clavien grade

6 Ureteric stent migration requiring ureteroscopic removal 3B

9 Temporary edema and obstruction of UU during and 
immediately following postoperative radiation requiring 
separate nephrostomy tube and ureteric stent

3A, 3B

18 Ureteric stent migration requiring ureteroscopic removal 3B

19 Failure (obstruction) of UU requiring ureteric stent 3B

TA B L E  3   Surgical complications 
(Clavien grade ≥3) of UU in 19 patients
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reconstruction options for the ureter were utilized.8,12 In the series 
by Federico et al, 26.1% of patients experienced early and late com-
plications with 30.4% developing severe urological complications.12 
Majority of the late complications (64.2%) in that series included uri-
nary leakage (19.5%), hydronephrosis (6.5%), and 4.3% of unilateral 
renal impairment requiring nephrectomy.12 In the series by Morkavuk 
reported on a series of 20 patients undergoing cytoreductive sur-
gery with hyperthermic intraperitoneal chemotherapy (HIPEC) with 
segmental ureteric resection with reconstruction using a different 
reconstructive options including UU, Trans-ureteroureterostomy, 
ureteroneocystostomy, Boari flap, and ureterosigmoidostomy.8 
They reported grade 3 or more complication rates in 35% of patients 
including early anastomosis leakage in five patients (10%) and late 
anastomosis stricture in three patients (15%).

Patients undergoing UU during multi-organ resection have can-
cers with heterogeneous biology and are often undergoing “des-
peration” surgery. Therefore, our primary goal was not to assess 
oncologic outcomes, but rather success of the UU reconstruction. 
We also included patients who developed cancer recurrence involv-
ing the UU with progressive hydronephrosis. Each of these patients 
developed significant recurrence in the abdomen or pelvis due to 
aggressive tumor biology and three of these four patients died of 
progressive malignancy. In order to reduce bias and identify the ac-
tual stricture rates associated with UU, we utilized the eGFR values 
just prior to cancer recurrence in these patients.

The main limitations of our paper are its retrospective nature, 
limited number of patients and procedures performed at a high vol-
ume center which may not be generalizable. However, our report 
is the largest-to-date of patients undergoing UU during multi-organ 
resection of cancer (Table  1). An additional strength of our paper 
is that all patients had baseline and post-UU eGFR information and 
post-UU imaging with long-term data available for the majority due to 
ongoing cancer surveillance allowing us to demonstrate durable suc-
cess in the majority of patients. While we attempted to minimize bias 
by inclusion of the patients who progressed, this may have also af-
fected our results. Additionally we evaluated the preservation of the 
global renal function which could have been affected by and other 
factors such as postoperative chemotherapy use. Furthermore, not 
all patients had postoperative renograms of the index kidney, there-
fore, the function of the individual kidney could not be assessed. 
Although patients underwent different diversions during this period, 
the primary aim of this study was to demonstrate the efficacy of 
UU an option by specifically evaluating long-term renal function in 
patients who underwent UU reconstruction. Only 10 out of the 19 
(52.6%) patients had formal pathologic measurement of the excised 
ureteric length which may have introduced a subjectivity in length of 
the excised segment of ureter in the smaller defects.

5  | CONCLUSIONS

Long-term renal function following UU is maintained in the major-
ity of patients undergoing multi-organ resection for non-urothelial 

cancers. The UU can be utilized successfully if the ureteric defect 
is ≤5 cm when combined with aggressive nephropexy, in carefully 
selected patients. Larger prospective studies are needed to investi-
gate the utility of UU in patients undergoing multi-organ resection 
for cancer.
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