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ABSTRACT

Objective: There are very few evidences about safety and usefulness of routine prophylactic ureteral stent-
ing (PUS) before cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC).

Material and methods: An analysis of prospectively collected data about patients who underwent CRS and
HIPEC for different sites of primary disease was carried out focusing on ureteral complications.

Results: A total of 138 patients who underwent CRS and HIPEC between December 2010 and June 2017
were considered. All patients underwent PUS before CRS and HIPEC. Of them, 91 (66.4%) patients received
pelvic peritonectomy, 49 (35.8%) pelvic lymphadenectomy, 31 (22.6%) left hemicolectomy, 44 (32.4%) right
hemicolectomy, 46 (33.6%) rectal resection, 56 (40.9%) hysteroannessiectomy, and 39 (28.5%) appendec-
tomy. There was one (0.7%) postoperative ureteral fistula. The cumulative risk of ureteral stent-related major
complications was 4.3% (two patients (1.4%) had protracted gross hematuria, two patients (1.4%) had uri-
nary sepsis, and three patients (2.9%) developed hydronephrosis after a period from removing ureteral stents
and required restenting. Morbidity due to ureteral stenting was associated with a longer length of stay (LOS)
(p=0.053). A total of 52 patients (44.1%) developed renal dysfunction according to the RIFLE (Risk, Injury,
Failure, Loss of kidney function, End-stage kidney-disease) criteria: 19.5% were in risk class, 10.2% in acute
renal injury class, and 14.4% in acute renal failure class.

Conclusion: PUS could be a useful tool for reducing iatrogenic ureteral injury, but it is associated with a
non-negligible morbidity, which implies longer LOS. A more accurate patient selection for PUS is necessary.

Keywords: Cytoreductive surgery; HIPEC; hydronephrosis; peritoneal carcinomatosis; prophylactic ure-
teral stenting.

0.05%-5.7%).""81 Then, PUS is often used in
gynecological oncological surgery!!? and, in

Introduction

Prophylactic ureteral stenting (PUS) is rou-
tinely used before cytoreductive surgery
(CRS) and hyperthermic intraperitoneal che-
motherapy (HIPEC) in many centers in order
to prevent iatrogenic ureteral injury (IUI),
but its safety and usefulness is still a matter
of debate. IUIs always represent a risk dur-
ing pelvic and abdominal debulking surgery,
occurring during gynecological and urologi-
cal procedures (IUI rate 0.2%-3%), and also
in colorectal and vascular surgery (IUI rate

recent years, minimally invasive surgery has
expanded PUS indications to colorectal pro-
cedures.'” However, many authors question
the effectiveness of PUS in avoiding ureteral
injuries®!""1! and recently some authors have
shown that PUS could increase the risk of
postoperative acute kidney injury (AKI).'®
Therefore, no definitive conclusion can be
made regarding the real benefit of ureteral
stenting. Furthermore, very few studies!'””
focused on PUS applied to CRS and HIPEC.
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In this kind of procedure, the risk of ureteral injury is par-
ticularly high due to different factors. The aggressive surgery
to obtain a complete cytoreduction often leads to a complete
ureteral dissection. Furthermore, there is the risk of ureteral
suffering due to partial devascularization or chemical or ther-
mal damage due to HIPEC. Finally, the presence of metastatic
disease, weight loss, and malnutrition, which affect patients
with advanced cancer, are recognized as risk factors for IUIs.
134 The aim of this study was to analyze patients undergoing
CRS and HIPEC for different sites of primary disease focusing
on IUIs and ureteral stenting-related morbidity.

Material and methods

An analysis of prospectively collected data was conducted re-
garding patients who underwent CRS and HIPEC for gastric,
colorectal, appendiceal, ovarian, and other organs cancers, both
in a prophylactic setting and for a therapeutic purpose. Patients
characteristics, procedures performed during surgery, peritoneal
cancer index (PCI), and clinical outcomes were analyzed, focus-
ing on ureteral injuries, ureteral stent-related major (CTCAE>3)
complications, and renal function analysis. Only patients for
whom all these data were available were considered. All patients
underwent prophylactic bilateral ureteral stenting with double J
stents, according to the protocol of our center. An experienced
urologist placed ureteral stents the day before HIPEC with spi-
nal anesthesia or in the same day of HIPEC, before the surgery
and after general anesthesia induction. All patients received
broad-spectrum antimicrobial prophylaxis before the urological
procedure.

Hyperthermic intraperitoneal chemotherapy was performed
with the coliseum technique for 90 minutes at a temperature of
39°C-42°C. One inflow and four outflow catheters were placed
with the open abdomen that was partially closed with a surgical
adhesive drape while performing a “closed-HIPEC with open
abdomen technique.” Chemotherapy regimens were different
depending on the primary site of disease (e.g., cisplatin and
taxol for gastric and ovarian cancer, cisplatin and mitomycin for
colorectal and appendiceal cancer). Afterward, the perfusate was
drained and the reconstructive time was determined.

The study was approved by provincial ethics board of Bergamo
(protocol number of ethics committee approval: Ch1BG.01) and
informed consent was obtained from all the patients.

Statistical analysis

Statistical analysis was performed with T-test for continuous
quantitative variables. A p value lower than 0.05 was consid-
ered significant. IBM Statistical Package for the Social Sciences
(IBM SPSS Corp.; Armonk, NY, USA) version 20.0 was used
for statistical analysis.

Results

A total of 150 patients underwent CRS and HIPEC between
December 2010 and June 2017 at Papa Giovanni XXIII
Hospital in Bergamo (Italy). The primary site of disease was
stomach for 40 patients, colon or rectum for 31 patients, appen-
dix for 18 patients, ovary for 49 patients, and other organs for
12 patients. Twelve patients were excluded for incompleteness
of data about ureteral stenting. A total of 138 patients were
included in the study. All patients underwent PUS. The char-
acteristics of patients are listed in Table 1. All patients had a
CCO or CCI cytoreduction. Stent removal was about 7 days
after HIPEC for patients undergoing peritonectomy with ureters
dissection and 2 or 3 days after HIPEC for patients undergo-
ing prophylactic HIPEC or for those with PCI 0. In patients
undergoing ureteral dissection, we leave the stents in place for
7 days to be sure to exclude undetected ureteral lesions during
surgery or ureteral suffering due to partial devascularization or
chemical or thermal damage due to HIPEC. One patient (0.7%)
had an IUI that required intervention. All patients had hematuria
(self-limited in most cases) and back pain, in a few cases hardly
controllable by drugs. The rate of major complications attrib-
utable to ureteral stenting was 4.3% (Table 1). Two patients
(1.4%) had urinary sepsis, two patients (1.4%) had protracted
gross hematuria requiring blood transfusion, and three patients
(2.9%) had hydroureteronephrosis requiring ureteral restenting.
One patient had hydronephrosis 25 days after stent removal due
to mucosal edema. One patient with protracted gross hematuria
had ureteral occlusion and acute renal failure requiring dialysis,
5 days after stent removal, due to clots formation. Finally, one
patient had hydronephrosis 4 months after stent removal for
ureteral stenosis without recurrence of disease, probably due to
retracting scar.

Patients with ureteral stents-related complications had longer
length of stay (LOS) (p=0.053) (Table 2).

Complete data about renal function were available only for 118
patients (Table 1). A total of 52 patients (44.1%) developed
renal dysfunction. Patients were classified with RIFLE (Risk,
Injury, Failure, Loss of kidney function, End-stage kidney-
disease) criteria: 23 patients (19.5%) were in risk (R) class, 12
patients (10.2%) were in acute renal injury (ARI) class, and 17
patients (14.4%) were in acute renal failure (ARF) class.

Discussion

The incidence of ureteral injuries associated with advanced
oncological abdominal and pelvic surgery reaches 6%.'-820-221
According to the present data of patients undergoing CRS and
HIPEC, thanks to routinely applied PUS, the cumulative risk of
IUIs was 0.7%, despite the high numbers of pelvic and colorec-
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Table 1. Patient characteristics, ureteral complications,
and postoperative renal dysfunction rates

Patients Characteristics (%)
n=138
M/F

Age mean+SD [median (range)]

47(34.1)/91(65.9)
54.9+10.1 [56.0 (29-74)

Site of primary disease:

Stomach 40 (29.0)
Colon 31 (22.5)
Appendix 18 (13.0)
Ovary 49 (35.5)
Pelvic peritonectomy 91 (66.4)
Pelvic LAD 49 (35.8)
Left hemicolectomy 31 (22.6)
Right hemicolectomy 44 (32.4)
Rectal resection 46 (33.6)
Hysteroannessiectomy 56 (40.9)
Appendectomy 39 (28.5)
Patients with PCI O 38 (27.9)
Previous surgery 57 (49.6)

PCI mean+DS [median (range)] 9.2+9.9 [5.0 (0-39)]

ICU stay 4.4+9.8 [2.0 (1-70)]
LOS 26.6+19.7 [20.0 (8—124)]
Ureteral complications (%)
n=138
Ureteral injury 1(0.7)
Ureteral stent major complications 6 (4.3)
(CTCAE>3)*:
Protracted hematuria 2(14)
Sepsis from urinary tract 2(14)
Hydroureteronephrosis 3(29)
Ureteral restenting 3(29)

*One patient had both protracted hematuria and
hydroureteronephrosis

Postoperative renal dysfunction (%) according to the RIFLE
criteria

n=118

Renal dysfunction 52 (44.1)
Risk class 23 (19.5)
Acute renal injury class 12 (10.2)
Acute renal failure class 17 (14.4)

M: male; F: female; LAD: lymphadenectomy; PCI: Peritoneal Cancer Index;
ICU: intensive care unit; LOS: length of stay; CTCAE: Common Terminology

Criteria for Adverse Events

Table 2. Intensive care unit stay and length of stay of

patients with ureteral stent-related complications

LOS
34.04£9.2 [33.0 (25-45)]

ICU stay

Ureteral stent 2.25+0.5 [2.0 (2-3)]

complications

No ureteral stent 4.5+9.9 [2.0 (1-70)] 26.3+20.0 [19.0 (8-124)]
complications

p n.s. 0.053

ICU: intensive care unit; LOS: length of stay; n.s: nonsignificant

tal procedures, of peritonectomies and of patients with previous
surgical interventions. This data is consistent with literature.
17191 Furthermore, PUS allowed the achievement of CO/C1 cyto-
reduction in all patients of the present study.

However, ureteral stenting was associated with a non-negligible
morbidity (major morbidity: 4.3%) that implied longer LOS.
Ureteral stent-related complications such as back pain, urologic
sepsis, hydronephrosis, and gross hematuria are described by
many authors.[10:13.15:23.241

Focusing on hydronephrosis due to ureteral stenosis (caused by
edema or scar retraction), it is difficult to say if it is stent-related
or due to surgery or to the thermal or chemical insult of HIPEC.
Hydronephrosis is described, with an incidence of about 2%, by
other authors after CRS + HIPEC,?! but it is also reported, with
the same incidence, after PUS before laparoscopic colorectal
surgery.'” Probably, during CRS and HIPEC, different factors
could have a role in ureteral inflammation and stenosis: the
PUS, the aggressive ureteral dissection during CRS, and the
extended ureteral exposure to the thermal and chemical insult
during HIPEC. Then, for patients at high risk for ureteral steno-
sis, like those with extended ureteral dissection during surgery,
probably stents could be kept for a longer period.

Furthermore, in order to try to decrease the stent-related back
pain, it could be desirable to place ureteral stents on the same
day of HIPEC after general anesthesia induction, because in our
patients, the peak of pain was in the first 24 h, and patients could
have a better pain control in ICU.

According to a recent work!""! on colorectal surgery, AKI was
three times more common in patients who underwent PUS, and
the multivariable logistic regression model identified PUS as
a risk factor for postoperative AKI following colon or rectal
resection. Some authors found a significant association between
PUS and AKI also after CRS and HIPEC.*%?"] The present study
included only patients undergoing PUS and showed a renal
dysfunction rate of 44.1% (R + ARI + ARF classes), which
is similar to those of the stented patients undergoing HIPEC,
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according to the literature. Probably, ureteral stenting has a
role in development of post-HIPEC renal dysfunction, even if
AKI in these patients has a multifactorial origin. Although the
exact pathophysiology of the association between PUS and AKI
is unclear, it is probably related to two processes: the reflex
anuria (a bilateral ureteral or arteriolar constriction reflex as a
result of a traumatic stimulus to only one kidney or ureter) and
the mucosal edema due to the direct ureteral trauma related to
stent removal (which could prompt bilateral ureteral constric-
tion leading to a mild postrenal process)."® Combined with the
physiologic insult of a major cytoreductive surgery and HIPEC,
the two processes may synergistically interact and result in the
clinical appearance of AKI in these patients.

The limit of the study is that this is an observational study, even
if it is prospective and lacks a control group without ureteral
stenting. A randomized study should be necessary in order to
find if PUS really decreases ureteral iatrogenic complications
during CRS and HIPEC and if it has a role in postoperative
hydronephrosis and AKI development. However, given the low
incidence of ureteral complications, a very large sample size
could be necessary.

Probably, instead of a routine PUS, a more accurate selection
of patients who really could benefit from PUS before CRS +
HIPEC could be done. It is known that the preoperative radio-
logical investigations are not reliable enough in defining the
site of the nodules of carcinosis, and therefore it is difficult
to preoperatively select patients who really need PUS. Maybe
PUS could be avoided in prophylactic HIPEC, when IUIs are
less likely.

In conclusion, PUS could be a useful tool for reducing IUIs dur-
ing a high risk procedure like CRS and HIPEC and in allowing a
complete cytoreduction, but it is associated with a non-negligi-
ble morbidity. A more accurate selection of patients who really
could benefit from PUS before CRS and HIPEC could be done.

Ethics Committee Approval: Ethics committee approval was received
for this study from the ethics committee of ASST Papa Giovanni XXIII.

Informed Consent: Written informed consent was obtained from
patients who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - PF.,F.C., GM.,M.T.,L.A.; Design
- PF, FC., GM., M.T.; Materials - PF., F.C., GM., M.T., M.C.,
L.A.; Data Collection and/or Processing - P.F., F.C., GM., M.T., M.P.,
M.G.S., FG., A.L.; Analysis and/or Interpretation - P.F., F.C., GM.,
M.T.,M.C., L.A.; Writing Manuscript - PF., FC., M.T,E.C., M.G.S.,
FG.,AL.,MI, GM., M.C., MP., LA Critical Review - PF., FC.,
MT,EC.MGS..,FG,AL . MI,.GM.,. MC.. MP,LA.

Conflict of Interest: The authors have no conflicts of interest to
declare.

Financial Disclosure: The authors declared that this study has

received no financial support.
References

1. Gilmour DT, Das S, Flowerdew G. Rates of urinary tract injury
from gynecologic surgery and the role of intraoperative cystos-
copy. Obstet Gynecol 2006;107:1366-72. [CrossRef]

2. Andersen P, Andersen LM, Iversen LH. latrogenic ureteral in-
jury in colorectal cancer surgery: a nationwide study comparing
laparoscopic and open approaches. Surg Endosc 2015;29:1406-12.
[CrossRef]

3. Halabi WJ, Jafari MD, Nguyen VQ, Carmichael JC, Mills S, Pi-
gazzi A, et al. Ureteral injuries in colorectal surgery: an analysis
of trends, outcomes, and risk factors over a 10-year period in the
United States. Dis Colon Rectum 2014;57:179-86. [CrossRef]

4. Sawkar HP, Kim DY, Thum DJ, Zhao L, Cashy J, Bjurlin M, et
al. Frequency of lower urinary tract injury after gastrointestinal
surgery in the nationwide inpatient sample database. Am Surg
2014;80:1216-21.

5. Marcelissen TA, Den Hollander PP, Tuytten TR, Sosef MN. Inci-
dence of latrogenic Ureteral Injury During Open and Laparoscopic
Colorectal Surgery: A Single Center Experience and Review of the
Literature. Surg Laparosc Endosc Percutan Tech 2016;26:513-5.
[CrossRef]

6. Burks FN, Santucci RA. Management of iatrogenic ureteral injury.
Ther Adv Urol 2014;6:115-24. [CrossRef]

7. Liapis A, Bakas P, Giannopoulos V, Creatsas G. Ureteral injuries
during gynecological surgery. Int Urogynecol J 2001;12:391-4.
[CrossRef]

8. Schimpf MO, Gottenger EE, Wagner JR. Universal ureteral stent
placement at hysterectomy to identify ureteral injury: a decision
analysis. BJOG 2008;115:1151-8. [CrossRef]

9. ChouMT, Wang CJ, Lien RC. Prophylactic ureteral catheterization
in gynecologic surgery a 12-year randomized trial in a community
hospital. Int Urogynecol J 2009;20:689-93. [CrossRef]

10. Beraldo S, Neubeck K, Von Friderici E, Steinmiiller L. The pro-
phylactic use of a ureteral stent in laparoscopic colorectal surgery.
Scand J Surg 2013;102:87-9. [CrossRef]

11. Kuno K, Menzin A, Kauder HH, Sison C, Gal D. Prophylac-
tic ureteral catheterization in gynecologic surgery. Urology
1998;52:1004-8. [CrossRef]

12. Dowling RA, Corriere JN Jr, Sandler CM. latrogenic ureteral in-
jury. J Urol 1986;135:912-5. [CrossRef]

13. Bothwell WN, Bleicher RJ, Dent TL. Prophylactic ureteral cath-
eterization in colon surgery. A five-year review. Dis Colon Rectum
1994;37:330-4. [CrossRef]

14. Leff EI, Groff W, Rubin RJ, Eisenstat TE, Salvati EP. Use of ure-
teral catheters in colonic and rectal surgery. Dis Colon Rectum
1982;25:457-60. [CrossRef]

15. Wood EC, Maher P, Pelosi MA. Routine use of ureteric catheters at
laparoscopic hysterectomy may cause unnecessary complications.
J Am Assoc Gynecol Laparosc 1996;3:393-7. [CrossRef]


https://doi.org/10.1097/01.AOG.0000220500.83528.6e
https://doi.org/10.1007/s00464-014-3814-1
https://doi.org/10.1097/DCR.0000000000000033
https://doi.org/10.1097/SLE.0000000000000335
https://doi.org/10.1177/1756287214526767
https://doi.org/10.1007/PL00004045
https://doi.org/10.1111/j.1471-0528.2008.01757.x
https://doi.org/10.1007/s00192-008-0788-3
https://doi.org/10.1177/1457496913482247
https://doi.org/10.1016/S0090-4295(98)00382-3
https://doi.org/10.1016/S0022-5347(17)45921-0
https://doi.org/10.1007/BF02053592
https://doi.org/10.1007/BF02553655
https://doi.org/10.1016/S1074-3804(96)80070-3

Turk J Urol 2019; 45(5): 372-6
DOI:10.5152/tud.2019.19025

16.

17.

18.

19.

20.

21.

22.

Hassinger TE, Mehaffey JH, Mullen MG, Michaels AD, Elwood
NR, Levi ST, et al. Ureteral stents increase risk of postoperative
acute kidney injury following colorectal surgery. Surg Endosc
2018;32:3342-8. [CrossRef]

Coccolini F, Lotti M, Manfredi R, Catena F, Vallicelli C, De Iaco
PA, et al. Ureteral stenting in cytoreductive surgery plus hyperther-
mic intraperitoneal chemotherapy as a routine procedure: evidence
and necessity. Urol Int 2012;89:307-10. [CrossRef]

Abu-Zaid A, Abou Al-Shaar H, Azzam A, AlOmar O, Al-Otaibi MF,
Amin T, et al. Routine ureteric stenting before cytoreductive surgery
plus hyperthermic intraperitoneal chemotherapy in managing perito-
neal carcinomatosis from gynecologic malignancies: a single-center
experience. Ir J Med Sci 2017;186:269-73. [CrossRef]
Votanopoulos KI, Randle RW, Craven B, Swett KR, Levine EA,
Shen P, et al. Significance of Urinary Tract Involvement in Pa-
tients Treated with Cytoreductive Surgery (CRS) and Hyperther-
mic Intraperitoneal Chemotherapy (HIPEC). Ann Surg Oncol
2014;21:868-74. [CrossRef]

Redan JA, McCarus SD. Protect the ureters. JSLS 2009;13:139-
41.

Vakili B, Chesson RR, Kyle BL, Shobeiri SA, Echols KT, Gist R,
et al. The incidence of urinary tract injury during hysterectomy: a
prospective analysis based on universal cystoscopy. Am J Obstet
Gynecol 2005;192:1599-604. [CrossRef]

Smeenk RM, Bex A, Verwaal VJ, Horenblas S, Zoetmulder FA.
Pseudomyxoma peritonei and the urinary tract: involvement and

23.

24.

25.

26.

217.

treatment related complications. J Surg Oncol 2006;93:20-3.
[CrossRef]

Dyer RB, Chen MY, Zagoria RJ, Regan JD, Hood CG, Kavana-
gh PV. Complications of ureteral stent placement. Radiographics
2002;22:1005-22. [CrossRef]

Pathak Ram A, Taylor Abby S, Scott A, Broderick Gregory A, Igel
Todd C, Petrou Steven P, et al. Urologic-Induced Complications of
Prophylactic Ureteral Localization Stent Placement for Colorectal
Surgery Cases. J Laparoendosc Adv Surg Tech A 2015;25:966-70.
[CrossRef]

Bhagwandin SB, Naffouje S, Salti G. Delayed presentation of
major complications in patients undergoing cytoreductive surgery
plus hyperthermic intraperitoneal chemotherapy following hospi-
tal discharge. J Surg Oncol 2015;111:324-7. [CrossRef]
Arjona-Sanchez A, Cadenas-Febres A, Cabrera-Bermon J, Mufioz-
Casares FC, Casado-Adam A, Sdnchez-Hidalgo JM, et al. Assess-
ment of RIFLE and AKIN criteria to define acute renal dysfunc-
tion for HIPEC procedures for ovarian and non ovarian peritoneal
malignances. Eur J Surg Oncol 2016;42:869-76. [CrossRef]

Cata JP, Zavala AM, Van Meter A, Williams UU, Soliz J, Hernan-
dez M, et al. Identification of risk factors associated with postop-
erative acute kidney injury after cytoreductive surgery with hyper-
thermic intraperitoneal chemotherapy: a retrospective study. Int J
Hyperthermia 2017:1-7. [CrossRef]


https://doi.org/10.1007/s00464-018-6054-y
https://doi.org/10.1159/000339920
https://doi.org/10.1007/s11845-016-1452-4
https://doi.org/10.1245/s10434-013-3354-2
https://doi.org/10.1016/j.ajog.2004.11.016
https://doi.org/10.1002/jso.20427
https://doi.org/10.1148/radiographics.22.5.g02se081005
https://doi.org/10.1089/lap.2015.0345
https://doi.org/10.1002/jso.23834
https://doi.org/10.1016/j.ejso.2015.12.016
https://doi.org/10.1080/02656736.2017.1368096

