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Abstract
Background: Prophylactic ureteral catheters placement (PUCP) was advocated as an effective strategy for decreasing ureteral

morbidities in colorectal surgeries. However, whether it should be routinely used prior to primary retroperitoneal liposarcoma

(PRLS) surgeries remains unknown. Methods: It was a retrospective study, conducted at a tertiary sarcoma center. Medical

records of patients with PRLS undergoing surgeries from January 2015 through December 2018 were reviewed. Primary end-

point was the rate of ureteral morbidities during and after retroperitoneal liposarcoma resection procedures. Univariate and multivar-

iate analyses determined risk factors associated with ureteral injury (UI) in patients undergoing surgeries. Results: A total of 55

patients of PRLS were included. Fourteen (25.5%) patients underwent PUCP, with 1 UI (7.1%) identified. In 41 patients with no

PUCP, 15 (36.6%) exhibited UIs during and post surgeries. There were significant improvements of UIs in group PUCP, compared

with patients without PUCP (P< .05). Resection surgeries combined with colectomy and tumor-ureter relationship were 2 risk factors

significantly associated to UIs (P< .01). Conclusions: PUCP might be an effective way of preventing UIs in patients with PRLS. It could

be suggested especially in patients with ureter encased by tumor or anticipated colectomy during the surgical process.

Keywords
primary retroperitoneal liposarcoma, prophylactic ureteral catheter placement, ureteral injury, surgery, complication

Abbreviations
PUCP, prophylactic ureteral catheters placement; PRLS, primary retroperitoneal liposarcoma; RPS, retroperitoneal sarcoma; LPS,

liposarcoma; WBC, white blood cell; ASA, American Society of Anesthesiology; TARPSWG, Transatlantic Australasian

Retroperitoneal Sarcoma Working Group

Received: November 6, 2021; Revised: January 20, 2022; Accepted: February 24, 2022.

1 Peking University First Hospital, Beijing, China
2 Peking University International Hospital, Beijing, China
3Humanitas University, Pieve Emanuele-Milan, Italy
4 Sarcoma, Melanoma and Rare Tumors Surgery Unit, IRCCS Humanitas Research Hospital, Rozzano-Milan, Italy

* The two authors contributed equally to this work.

Corresponding Authors:
Chenghua Luo, MD, PhD, Department of Retroperitoneal Tumor Surgery, Peking University International Hospital, Beijing, 102206, China.

Email: luochenghua@pkuih.edu.cn

Yinmo Yang, MD, PhD, Department of General Surgery, Peking University First Hospital, Beijing, 100034, China.

Email: yangyinmo@263.net

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License

(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission

provided the original work is attributed as specified on the SAGE and Open Access page (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Original Article

Technology in Cancer Research &

Treatment

Volume 21: 1–7

© The Author(s) 2022

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/15330338221087831

journals.sagepub.com/home/tct

https://orcid.org/0000-0003-3974-3605
mailto:luochenghua@pkuih.edu.cn
mailto:yangyinmo@263.net
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/tct


Introduction
Primary retroperitoneal liposarcoma (PRLS) are rare and biolog-
ically heterogeneous tumors whose management may be
extremely challenging due to their size and location.1,2 Large
PRLS may simultaneously involve several organs potentially
increasing the risk of post-operative complications, including
urinary tract injuries.3 In particular, ureter could be displaced,
compressed, or encased by these tumors in most cases.
Generally, extended multivisceral resection with ipsilateral
nephrectomy is advocated for the treatment of PRLS.
However, the kidney may be preserved to balance between sur-
gical margins adequacy and expected morbidity in specific situ-
ations.4–6 In particular, our surgical policy is achieving extended
resection with ipsilateral lipectomy whereas kidney maybe
spared in specific circumstances such as well-differentiated sar-
comas, young patients, easy freeing from the tumor during oper-
ation, solitary kidney and presence of multiple comorbidities.
Thus, renal preservation is required sometimes, and the
surgeon has to identify and preserve the ipsilateral ureter, detach-
ing it from the tumor. In these cases, the ureter can be acciden-
tally transected, de-vascularized, kinked or ligated. Thermal
injuries related to the use of energy devices have been also iden-
tified as possible causes of ureteral injuries (UIs).7 UIs may sig-
nificantly affect the post-operative course, increasing morbidity
and lowering the quality of life of the patients.8–10

Several authors have proposed prophylactic ureteral catheter
placement (PUCP) as possible strategy to facilitate the identifi-
cation of the ureter and to prevent UI, in particular in colorectal
surgery.11,12 A retrospective study including 51 125 patients
undergoing colectomies showed that PUCP applied in 4.9%
of colectomies was associated with a lower rate of UIs, although
this reduction failed to reach a statistically significant level.13 Other
studies demonstrated that PUCP could help to identify ureter
without reducing the actual incidence of UIs.14–16 Nevertheless,
urinary tract infection, urinary obstruction, and longer hospital
stay were often observed in patients undergoing PUCP.17,18 In
the last decades, cost-efficacy issues have been also raised when
evaluating the use of PUCP in colorectal, urology, and gynecology
surgery.19,20 Up to now, no data on the role of PUCP in retroper-
itoneal sarcoma (RPS) surgery have been reported in literature.
The aim of this study is to evaluate the efficacy of PUCP in reduc-
ing the incidence of UI in PRLS surgery.

Methods

Study Design and Patients
This study was a retrospective study, conducted in accordance
with the Declaration of Helsinki (as revised in 2013), following
STROBE retrospective cohort guideline.21 It was approved by
institutional review board of Peking University International
Hospital (PKUIH-NO.2019-032(BMR)) and individual consent
for this retrospective analysis was waived. Medical records of con-
secutive patients operated for PRLS at PKUIH from January 2015
through December 2018 were retrieved from our database.

All records were de-identified and stored in encrypted com-
puter once data were collected. Patients who underwent surger-
ies for the first time with pathological findings of retroperitoneal
liposarcoma were included in this study. Exclusion criteria were
patients younger than 18 years, tumors located above the kidney
at the preoperative CT scan, other histological subtypes of
sarcoma, recurrent sarcoma, and tumors requiring nephrecto-
mies. Demographics, surgical and pathologic variables were
analyzed. PUCP was determined by sarcoma surgeons and cath-
eters were placed by staff urologists via a rigid cystoscope at
lithotomy position under general anesthesia prior to surgery.
Intra-operative catheterizations were not considered as prophy-
lactic catheter placement. All sarcoma operations were performed
by same surgical team.As abovementioned, our surgical policy is
achieving extended resection with ipsilateral lipectomy whereas
kidney maybe spared under the following circumstances: well-
differentiated sarcomas, younger age, lysised from tumor easier
during operation, solitary kidney and multiple comorbidities.

UI comprised UI secondary to any damages during the surgi-
cal procedures or with any evidences of hydronephrosis, ureteral
leakage postoperatively. As to relationships between tumor and
ureter, tumor involvement of ureter larger than 180° was
defined as encasement, while smaller than 180° was adjacent.
Complications were evaluated through Clavien-Dindo
Classification system in present study.22

Primary endpoint was the rate of UIs during and after retro-
peritoneal liposarcoma resection procedures.

Statistics
Categorical variables were reported as frequency (%) and con-
tinuous variables were reported as mean with standard deviation
(SD) or median with interquartile range (IQR). UIs were com-
pared between groups PUCP and No PUCP through Fisher
exact test. Risk factors of postoperative UIs were tested using
univariate and multivariate analysis. A P value of less than
.05 was considered statistically significant. Software of
STATA Version 14.0 was used for statistics.

Results

Patient Characteristics
Fifty-five patients with PRLS were finally included in our study
as reported in Figure 1. Main clinical and pathological charac-
teristics of the analyzed patients are shown in Table 1. Fourteen
out of fifty-five (25.5%) patients underwent PUCP. Patients’
characteristics were compared between groups of PUCP and
No PUCP. There was no statistically significant difference
between the 2 groups, except slightly higher level of hemoglo-
bin in the No PUCP group.

Operative Outcomes
Surgical and short-term outcomes are shown in Table 2. A total
number of 25 organs were concomitantly resected in 19 patients.
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Median blood loss was 600 mL (range 100-5000 mL) and opera-
tive time was 222 min (range 100-490 min). Median hospital stay
was 29 days (IQR 22, 35). Fifteen out of 55 patients (27.3%)
developed various post-operative complications, of which gastro-
plegia was the most common one (7.3%). Five (9.1%) had major
morbidities (Clavien-Dindo complication grade ≥3), including 3
admitted in ICU for cardiac arrest, 1 intestinal fistula, and 1
urinary leak. There was no operative mortality. There were no sig-
nificant differences in terms of morbidities, type of resection, and

length of hospital stay (LOH) between the 2 groups (PUCP and
No PUCP; Table 2).

Ureteral Injuries
A total of 16 patients (29%) developed UIs intraoperatively
with 2 confirmed post-operatively through urography phase
imaging. Causes or presentations of UIs were listed in detail
(Table 3). Fifteen out of 16 patients did not undergo PUCP,

Figure 1. Flow chart of patients.
Abbreviations: RPLS, retroperitoneal liposarcoma; PUCP, prophylactic ureteral catheter placement.

Table 1. Clinical and Pathologic Characteristics of the Patients and Comparisons Between PUCP Group With No PUCP Group.

Characteristics
Overall
(n = 55) No PUCP (n = 41)

PUCP
(n = 14) P-value

Age (mean ± SD) 55.2 ± 11.8 54.6 ± 12.0 56.9 ± 11.4 .548
Male gender (%) 29 (52.7) 22 (53.7) 7 (50) .813
BMI (mean ± SD) 23.1 ± 3.1 23.4 ± 3.2 22.2 ± 2.7 .207
Comorbidities (%)
Hypertension 13 (23.6) 8 (19.5) 5 (35.7) .218
Heart disease 2 (3.6) 1 (2.4) 1 (7.1) 1.000
Diabetes 3 (5.5) 2 (4.9) 1 (7.1) 1.000

Tobacco use (%) 15 (27.3) 12 (29.3) 3 (21.4) .825
Chronic steroid use (%) 2 (3.6) 2 (4.9) 0 1.000
Preoperative labs
WBC (*109/l) 5.7 ± 1.7 5.8 ± 1.7 5.5 ± 1.4 .558
Hemoglobin (g/dl) 122.5 ± 19.7 125.5 ± 19.9 113.5 ± 16.8 .048
Platelets (*1012/l) 259.8 ± 108.9 248.8 ± 98.1 292.1 ± 134.7 .201
Albumin (g/l) 36.8 ± 4.9 37.5 ± 5.0 34.9 ± 4.4 .093
Creatinine (mmol/l) 69.9 ± 19.6 70.8 ± 20.3 67.1 ± 17.7 .540

ASA score 2.0 ± 0.6 2.0 ± 0.4 2.3 ± 0.9 .075
Tumor size (cm) 23.3 ± 9.2 23.3 ± 9.4 23.4 ± 9.1 .952
Tumor focality (%) .817
Uni-focal 27 (49.1) 21 (51.2) 6 (42.9)
Multi-focal 28 (50.9) 20 (48.8) 8 (57.1)

Abbreviations: PUCP, prophylactic ureteral catheter placement; WBC, white blood cell.
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while only 1 patient received prophylactic PUCP. There were
significant differences of UIs between PUCP group and No
PUCP group (P < .05) (Table 4). In univariate analysis, signif-
icant differences of BMI, tumor–ureter relationship,
co-colectomy were shown between Groups UIs positive and
negative, while in multivariable analysis, co-colectomy and
tumor-ureter relationship were the 2 risk factors associated
to UIs (P = .045, 95%CI [1.05-62.36] and P = .010, 95%
CI [1.66-41.43]) (Table 5).

Discussion
Prophylactic urinal stenting was discussed and advocated as a
potential strategy to prevent UIs by colorectal surgeons, urolo-
gists, and gynecologists. However, debates over this topic never
stopped and there were no evidence-based guidelines existing
regarding indications for PUCP during pelvic surgery.23

Ureteral catheterization did not lead to a decrease of iatrogenic
UI as expected according to some studies.16,24 Nevertheless, the
procedure of catheterization itself could also cause ureteric per-
foration, urinal bleeding, etc.17,25 Besides, postoperative hema-
turia, urinary tract infection, prolonged operative time, and

Table 2. Comparisons of Operative Outcomes Between Groups PUCP and No PUCP.

Characteristics Overall (n = 55) No PUCP (n = 41) PUCP (n = 14) P-value

Combined organs resectiona 25 20 5 .154
Colectomy 12 10 2 .678
Partial duodenectomy 1 1 0
Proctectomy 1 1 0
Appendectomy 2 2 0
Adrenalectomy 3 1 2
Partial cystectomy 1 0 1
Adnexectomy 1 1 0
Orchiectomy 1 1 0
Resection of IVC 2 2 0
Diaphragmectomy 1 1 0

Operative time (min) (median) 222 223 195 .330
Blood loss (ml) (median) 600 600 1000 .643
Postoperative complications (%) 19 (34.5) 16 (29.1) 3 (5.4)
Gastroplegia 4 (7.3) 4 0
Cardiovascular events 4 (7.3) 3 1
Abdominal infectious 2 (3.6) 2 0
Hydronephrosis 2 (3.6) 2 0
Ureteral leak 1 (1.8) 1 0
Deep venous thrombosis 1 (1.8) 0 1
Intestinal fistula 1 (1.8) 1 0
Digestive tract bleeding 1 (1.8) 0 1
Epididymitis 1 (1.8) 1 0
Myelodysplastic syndrome 1 (1.8) 1 0
Fluid accumulation 1 (1.8) 1 0

Clavien-Dindo .846
Grade I-II 14 12 2
Grade III-IV 5 4 1

Histologic subtype (%) .425
Well-differentiated LPS 30 (54.5) 24 (58.5) 6 (42.9)
Other LPS 24 (45.5) 16 (41.5) 8 (57.1)

Length of stay(d) (median) 29 28 29.5 .909

aPatients with combining nephrectomies were excluded from the cohort.
Abbreviation: PUCP, prophylactic ureteral catheter placement.

Table 3. Detailed Causes and Presentation of UIs in the Patients.

UIs Overall
PUCP
(%)

No PUCP
(%)

Total 16 (100) 1 (6.3) 15 (93.7)
Non-intended complete
transection

3 (18.7) 0 (0) 3 (18.7)

Accidental partial injuries 11 (68.8) 1 (6.3) 10 (62.5)
Ureteral stricture with
postoperative hydronephrosis

2 (12.5) 0 (0) 2 (12.5)

Abbreviation: PUCP, prophylactic ureteral catheter placement.

Table 4. Comparison of UIs Between PUCP and No PUCP Groups.

UIs N PUCP (%) No PUCP (%) x2 P

Total 55 14 41 4.386 .045
Yes 16 1(7.1) 15(36.6)
No 39 13(92.9) 26(63.4)

Abbreviation: PUCP: prophylactic ureteral catheter placement.
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hospital stay were commonly reported associating with cathe-
terization. Hematuria occurs in nearly a hundred percent of
patients after ureteral catheterization.14 Thus, whether we
should place ureteral catheter prior to pelvic surgeries remains
confliction.

In terms of RPS surgeries, unlike pure colorectal or gyneco-
logical surgeries, ureters were often compressed, displaced, and
encased by bulky and invasive tumor.26 PUCP is more likely to
be recommended in surgeries involving retroperitoneal and
pelvic area preoperatively due to its aids on identification and
guidance of ureter.27,28 Unfortunately, there is no study found
specifically focused on the utilization of catheter and intraoper-
ative UIs in RPS surgeries before. The largest RPS series
reported from TARPSWG only disclosed a 0.4% (4/1007) per-
centage of urinal leak after RPS surgeries.29 No data about
PUCP or other urinal morbidities were collected in that work.
In this study, all 16 patients who had UIs received prophylactic,
intermittent, or postoperative stent placements. Three of sixteen
(18.8%) postoperative urinal events comprising of 1 ureteric
leak and 2 hydronephrosis were documented. And the patient
who had ureteric leak underwent a reconstruction surgery for
rescuing the leakage followed with stenosis.

Regarding PUCP, patients presented with solitary kidney,
tumor infiltrated to/encased with kidney, ureter or bladder, too
big size, pelvic tumor, preoperative hydronephrosis were consid-
ered at high risk of intraoperative UIs and were suggested under-
going PUCP. Encouragingly, only 1 case out of 14 patients who
underwent PUCP developed with UI postoperatively. Patients
without PUCP had much higher probability of UIs, comparing
with PUCP group. Experiences from our surgical practice
showed that, skilled surgeons would proactively find the ureteral

catheter in patients with PUCP during surgeries which was very
helpful for preventing from UIs. On the opposite, surgeons some-
times were even unaware of the UI during surgeries in patients
without PUCP, because of their overconfidence of surgical tech-
nique or misidentification of ureter. A total of 86.7% (13/15)
patients without PUCP developed with UI in this study due to
these causes (Table 3). Ureter transected intendedly during sur-
geries in order to achieve en-bloc resection was not considered
of iatrogenic UI and calculated in this study. Those with ureter
encased by tumor had significant risks of UI compared with
patients with ureter adjacent to tumor.

Nevertheless, if the colon was involved or infiltrated by the
sarcoma, hemicolectomy was often combined in order to
achieve a better surgical vision and exposure of retroperito-
neal space as well as a better oncological outcome. And the
ureter locating between the sarcoma and colon in the retro-
peritoneal space would be inevitable injured during this pro-
cedure. In our study, resection surgeries combining
colectomies were calculated as an independent risk factor
associated to UI through uni- and multivariate analysis
regardless PUCP or not (Table 4).

This study has its intrinsic limitations. It was conducted as a
retrospective review with small samples. And the decision to
place ureteral catheters was at the surgeon’s discretion though
all patients were operated by the same team. Patients with recur-
rent RPS were not enrolled in this study for avoiding potential
selection bias of patients. Besides, our institution is the first and
largest RPS center all over China. Therefore, most of our
patients were transferred from other 3-tier institutions because
of extreme complexities of tumors. More than half (27/55) of
these patients received combined organ resections and 60.7%

Table 5. Univariate and Multivariate Analyses of Ureteral Injury in all Patients Undergoing Primary Retroperitoneal Liposarcoma Resection.

Variables N

UIs
Uni-variate

Multivariate

+ − P OR 95% CI P

Total 55 16 39 .598
Age (mean ± SD) 55.2 ± 11.8
Male gender 29 9 20 .737
BMI (mean ± SD) 23.1 ± 3.1 .047 1.25 0.97-1.62 .084
Comorbidities
Hypertension 13 5 5 .395
Diabetes 3 2 1 .200

Tobacco use 15 4 11 1.000
Diameters (mean ± SD) (cm) 23.3 ± 9.2 .994
Hemoglobin 122.5 ± 19.7 .838
Albumin 36.8 ± 4.9 .457
Co-colectomy 12 7 5 .012 7.81 1.11-55.21 .039
Histologic subtype .665
Wdlps 30 8 22
Other lps 25 8 17

Relationship between tumor and ureter .001 6.93 1.51-31.89 .013
Adjacent 32 4 28
Encasement 23 12 11

Operative time (min) (median) 222 .06 1.00 0.99-1.01 .596
Estimated blood loss (ml) (median) 600 .149
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(34/55) patients received ipsilateral or total lipectomy. That
could be an explanation of relatively higher urinal morbidities,
compared to previous reported data. Well-designed prospective
study is needed to better understand the impact of PUCP as a
risk stratification model in avoidance of UI in PRLS patients.

Conclusion
In conclusion, PUCP might be an effective option of decreasing
intraoperative UIs in PRLS patients, when kidney preservation
is required, especially in patients with ureter encased by tumor
or anticipated colectomy during surgical process.
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