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Objective: This study aimed to investigate the safety and efficacy of renal
hypothermic perfusion by renal artery balloon catheter during robot-assisted
laparoscopic partial nephrectomy (P-RALPN) for patients with complex
renal tumors.

Materials and methods: We retrospectively identified 45 patients with complex
renal tumors who received standard robot-assisted laparoscopic partial
nephrectomy (S-RALPN) and 11 patients treated with P-RALPN from
September 2017 to October 2021. Preoperative patients’ characteristics and
intraoperative surgical parameters including operating time, blood loss,
hospitalization, pre- and post-surgical glomerular filtration rate (GFR), and
postoperative survival time were collected and compared between the two
groups. The patients’ body temperature, real-time kidney temperature, and
short-term renal function were analyzed in the P-RALPN group.

Results: There was no statistically significant difference on median intraoperative
estimated blood loss and postoperative hospitalization between the two groups.
Patients who received P-RALPN had a slightly longer operative time than those
who received S-RALPN (103.1 versus 125.9; p = 0.09). In the P-RALPN group, the
volume of perfusion solution was 533.2 ml (range, 255.0-750.0 ml), the median
temperature of kidney was 22.6°C (range, 21.7-24.1°C) after the kidney cools
down, and the median minimum intraoperative temperature of patients was
36.1°C (range 35.2-36.7°C). The ischemia time in the S-RALPN group was
markedly lower than that in the P-RALPN group (21.5 versus 34.8; p < 0.01).
However, the loss of GFR was much higher for the S-RALPN group after the
surgery. (28.9 versus 18.4; p < 0.01). Importantly, patients had similar
postoperative survival time between the two groups (p = 0.42; HR = 0.27).
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Conclusion: P-RALPN is a safe and feasible surgery in the treatment of patients
with complex renal tumors, which provides a new operative approach for
clinicians to treat these patients.

KEYWORDS

RALPN, renal artery balloon catheter, complex renal tumor, hypothermic

perfusion, GFR

Introduction

Renal tumor accounts for appropriately 2%-3% of adult
tumors. More than 80% of them are malignant tumors (1, 2).
Nephron-sparing partial nephrectomy has become one of the
standard-of-care approaches for treating patients with renal
tumors. In the past, clinicians often performed open partial
nephrectomy (OPN). With the development of laparoscopic
technology, laparoscopic partial nephrectomy (LPN) has
replaced OPN as the standard treatment for localized renal
tumors (3-8). Although LPN has significantly improved the
overall prognosis of patients with renal tumors, it could
simultaneously increase the risk of postoperative chronic
kidney disease, such as long-term postoperative hematuria,
infection, and renal insufficiency (9-11).

Recently, robot-assisted laparoscopic technology has been
demonstrated as a qualitative operation. Robot-assisted
laparoscopic partial nephrectomy (RALPN) has many
advantages, including a three-dimensional (3D) surgical field
enabling much more precise tumor resection and a better
foundation for challenging and complex operations.
Previously, several studies reported that RALPN had less
complications than traditional surgical approaches, which has
been gradually accepted by clinicians (12-14). However, when
we treated patients with complex renal tumors (for example,
multiple renal tumors, giant hamartomas, and endophytic
tumors of the renal hilum), surgical resection requires a longer
time and sometimes even reconstruction of the kidney structure.

Abbreviations: P-RALPN, Perfusion by renal artery balloon catheter during
robot-assisted laparoscopic partial nephrectomy; S-RALPN, Standard robot-
assisted laparoscopic partial nephrectomy; R.E.N.A.L. score, A
Comprehensive Standardized System for Quantitating Renal Tumor Size,
Location and Depth, consisting of radius (tumor size as maximal diameter),
exophytic/endophytic properties of the tumor, nearness of the tumor’s
deepest portion to the collecting system or sinus, anterior (a)/posterior (p)
descriptor, and the location relative to the polar line; OPN, Open partial
nephrectomy; LPN, Laparoscopic partial nephrectomy; IRI, Ischemia-
reperfusion injury; WIT, Warm ischemia time; ASA, American Society of

Anesthesia; BMI, Body mass index; GFR, Glomerular filtration rate.
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The kidney has a rich blood supply, and these operations need to
be performed under renal artery blocked conditions. Hence,
renal function may be damaged due to the prolonged ischemia
time during operation (15-17). In this case, it is also difficult to
remove very complex renal tumors in a short time.

How to preserve the renal function of patients after partial
nephrectomy is a big issue in clinical practice. In the past,
methods used included perirenal ice-water cooling technology,
retrograde ureteral hypothermic perfusion technology, and local
ice cryogenic method. These methods cannot effectively reduce
the temperature of renal parenchyma, or the local temperature
was too low, thus resulting in kidney injury due to freezing (18-
21). The cold perfusion technology breaks the limitation of
warm ischemia time (WIT) when RALPN was conducted to
remove complex renal tumors. It could reduce the temperature
of renal parenchyma in a short time, thus protecting the residual
kidney function. However, they cannot stably maintain the low-
temperature environment of the kidney during the operation,
resulting in a transient warm ischemia state of the kidney during
the operation (22). Since 2018, our department began to conduct
a novel surgical procedure: inserting a balloon catheter through
the renal artery, perfusing with low-temperature sodium lactate
Ringer’s solution with a similar blood osmotic pressure and
density, and using a stable power pump system to continuously
maintain the kidneys in a “cold ischemia” state of hypothermia
and ischemia; with the assistance of the Da Vinci robot, complex
renal tumors can be quickly and safely resected. In this study, we
firstly reported the safety and efficacy data of renal hypothermic
perfusion by renal artery balloon catheter during robot-assisted
laparoscopic partial nephrectomy (P-RALPN) for treating
patients with complex renal tumors.

Materials and methods
Study population

We identified 45 patients from 778 patients with renal
tumors who received standard robot-assisted laparoscopic

partial nephrectomy (S-RALPN), and 11 patients received P-
RALPN from September 2017 to October 2021 in our hospital.
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In order to accurately measure the unilateral renal function and
total renal function, all eligible patients would receive the renal
ECT (emission computed tomography) as routine examination
preoperatively and 3 months post-operation. As a “gold
standard” indicator for measuring renal function, glomerular
filtration rate (GFR) was also recorded. GFR was defined as the
amount of filtrate produced by the two kidneys per unit time,
which could accurately describe renal function. The inclusion
criteria were as follows: (1) warm ischemia time >30 min; (2)
REN.A.L. score of more than 8 (the R.E.N.A.L. nephrometry
score: A Comprehensive Standardized System for Quantitating
Renal Tumor Size, Location and Depth), consisting of radius
(tumor size as maximal diameter), exophytic/endophytic
properties of the tumor, nearness of the tumor’s deepest
portion to the collecting system or sinus, anterior (a)/posterior
(p) descriptor, and the location relative to the polar line; and (3)
patients who have no mental illness and able to tolerate
treatments. The exclusion criteria were as follows: (1) warm
ischemia time <30 min; (2) renal score less than 8; and (3)
patients who have severe lung or heart disease and who were not
able to perform the interventional operation. Preoperative
patients’ age, sex, smoking history, body mass index (BMI),
ASA score, laterality, chronic disease, mass location, RE.N.A.L.
score, intraoperative surgical parameters including operating
time, blood loss, hospitalization, pre- and post-surgical
glomerular filtration rate (GFR), and postoperative survival
time were collected and compared between the two groups.
Age and smoking status were recorded at initial diagnosis. A
never smoker was defined as a person who had smoked <100
cigarettes during his/her lifetime. The patients’ body
temperature, real-time kidney temperature, and short-term
renal functional were analyzed in the P-RALPN group. In
order to accurately measure the unilateral renal function and
total renal function, all eligible patients would receive renal
emission computed tomography (ECT) as routine examination
preoperatively and 3 months post-operation. One experienced
surgeon in RALPN performed all surgeries. The study protocol
was approved by the ethics committee and institutional review
board of our hospital. Patients who met the above-mentioned
criteria were included. We collected the data of eligible patients
from electronic medical records by using the same requirements
for clinical data.

Surgical technique

(1) Renal artery balloon catheter placement: the patient
underwent preoperative renal artery catheterization pre-
operation, the patient was routinely disinfected at the groin
area, and the procedure was performed in the intervention room.
The right femoral artery was punctured with the modified
Seldinger technique, and a 5F catheter with its sheath was
inserted into the right renal artery DSA, making the renal
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tumor visible, and the 5 mm X 4 cm balloon was replaced
through the guide wire. The representative result after renal
artery balloon catheter placement is shown in Figure 1A.

(2) Power maintenance perfusion: the range of perfusion
pressure in the human kidney was 80-180 mmHg; the blood
flow velocity in the renal artery was about 80-120 cm/s; the
inner diameter of the renal artery is about 0.25 cm, and the intra-
arterial pressure F = 0.2 N. We have two infusion boosters with a
maximum height of 300 mmHg, combined with an infusion
tower with a maximum height of 2.75 m, to form a power system
for the perfusate.

(3) P-RALPN: taking the left kidney as the example, we have
transferred the patient from the intervention room to the
operation room directly after renal artery balloon catheter
placement. After successful anesthesia, the patient was placed
in the right lateral decubitus position. The skin was incised 2 cm
above the iliac spine. The perirenal fat was pushed away after
touching the lower pole of the kidney with fingers, and the
peritoneum was pushed to the ventral side. The volume of the
artificial balloon was 900 ml after expansion of abdominal cavity.
A 1.0-cm Trocar was introduced and fixed with sutures. After
successfully diagnosing pneumoperitoneum (pressure, 14
mmHg), 8-mm and 8-mm Trocars were placed under the
costal margin of the midaxillary line and the posterior axillary
line, respectively, under laparoscopic monitoring. The
observation holes are opened with three transverse fingers, and
a 12-mm Trocar was placed. The robotic laparoscopic surgical
instruments are respectively introduced. The prerenal space and
postrenal space fat, Gerota space, free peritoneum, and free
perirenal fat were separated with electrocautery, and the middle
and lower poles of the left kidney were continued to be exposed.
The left gonadal vein was closed with Bulldog clamps. Saline
(1.5 ml) was injected to inflate the balloon in order to fix the
catheter and occlude the renal artery. An ultrasound probe was
used to check blood flow and locate the edge of the tumor during
operation and ensure that blood flow has stopped completely
(Figure 1B). The color of the kidney surface turned to white
after blocking the renal artery (Figure 1C). A positive pressure
infusion bag was used to perfuse the lactated Ringer’s solution at
4°C. Bulldog clips are used to close the distal end of the
renal vein (near the inferior vena cava side) in order to
prevent fluid from entering systemic circulation and to open
the gonadal veins as outlets for perfusion solutions. We chose the
gonadal vein route for draining the fluid because of its
advantages: (1) if we cut open the renal vein for drainage, we
will have to perform vascular anastomosis after the renal
tumor is removed, which will take longer and may result in a
larger damage than via the gonadal vein; (2) the anatomy
of the gonadal vein is easier to find during the operation; and
(3) we just need a vascular clip to close the gonadal vein, which
could save time, since vascular anastomosis is no longer
necessary. Turn on the power system, start rapid perfusion to
the affected kidney, rapidly perfuse nearly 200 ml of 4°C sodium
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Smith Prossure Infusor

Figure 1(b)

The schematic diagram of the P-RALPN shown as (a) and S-RALPN shown as (b); (A) Ultrasound located the tumor intra-operation; (B) Balloon
perfusion began, renal artery occlusion; (C) Tumor resection; (D) Renal artery occlusion completed and renal blood re-supply; (E) Pre-operative
angiography confirmed the presence of renal arteriovenous ducts; (F) Pre-operative enhanced CT results of patient.

lactate Ringer’s liquid into the kidney within 2 min through the
catheter, and clamp the catheter immediately after the rapid
perfusion. Monitor the surface temperature of the renal
parenchyma in real time with a thermometer probe, as well as
the patient’s body temperature. The external pressure and the
flow rate of the intravascular perfusion fluid are adjusted when
the temperature of the kidney drops. Afterwards, slow perfusion
was started in order to maintain the kidney in a hypothermic
and ischemic environment. Complete tumor resection: the
wound was sutured with 3-0 and 2-0 absorbable sutures at
multiple layers (Figure 1D). The balloon on the catheter was
drained by injector after the renal tumor wound suture was
completed. Then, the renal artery was opened to observe the
blood supply of the renal parenchyma (Figure 1E). A perirenal
drainage tube was settled. The renal artery balloon was removed,
the femoral artery was compressed with sandbags, and the
patient was returned to the postoperative intensive care unit.
The schematic diagram of the P-RALPN and S-RALPN is shown
in Figure 1. The per-operation CT of one patient is shown in
Figure 1F.

Statistical analysis

SPSS version 24.0 and GraphPad Prism version 9.1 were used
to perform statistical analyses. Our research and data analysis
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follow the STROBE guidelines. Classification data are collected
and analyzed as numbers and percentages. Student’s ¢-test was
used for quantitative data, the ){2 test or Fisher’s exact test was
used for count data, and multiple regression analysis was used for
multiple continuous and dependent variables. Two-sided p < 0.05
was considered as a statistically significant difference.

Results
Patients’ cohort

From September 2017 to October 2021, we retrospectively
identified 56 patients with complex renal tumors, including 45
(80%) patients who received S-RALPN and 11 (20%) patients
who received P-RALPN. The median age of S-RALPN and P-
RALPN was 59.5 years (range, 14.0-76.0 years) and 64.6 years
(range, 45.0-87.0 years), respectively. Most of the patients were
male (78.6%), and the American Society of Anesthesia (ASA)
score was low (one to two points; 92.8%). Patients’
characteristics are summarized in Table 1. The distribution of
age, sex, smoking history, body mass index (BMI), ASA score,
laterality, chronic disease, mass location, and R.EE.N.A.L. score
was comparable between two groups. The tumors in both groups
were mostly located in the middle of the kidney, and the
REN.A.L. score was high (10-12 points; 64%).
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TABLE 1 Patient characteristics.

S-RALPN, n (%)

No. of patients 45.0
Median age, years (IQR) 59.5 (14.0-76.0)
Male 37.0 (82.0)
Female 8.0 (18.0)
Median BMI, kg/m* (IQR) 23.8 (22.1-26.8)
ASA Score

1 3.0 (6.0)

2 39.0 (86.0)

3 3.0 (6.0)

Medical history

Smoker 14.0 (31.1)
Hypertension 22.0 (48.8)
Cardiac disease 0
Diabetes 6.0 (13.3)
Surgical history 2.0 (44)
Laterality

Left 19.0 (42.0)
Right 26.0 (58.0)
Mass location

Upper 8.0 (18.0)
Interpolar 35.0 (77.8)
Lower 2.0 (4.4)
Renal score

Mild complexity (4-6) 0(0)
Moderate complexity (7-9) 17.0 (37.8)
High complexity (10-12) 28.0 (62.2)

Perioperative outcomes

The operative time of patients who received P-RALPN was
slightly longer than those who received S-RALPN, but it did not
reach statistical significance (125.9 versus 103.1 min; p = 0.09).
Patients treated with P-RALPN had less intraoperative estimated
blood loss than those treated with S-RALPN (81.8 versus
113.0 ml; p = 0.24). No patients received intraoperative blood
transfusion in both groups. There were also no significant
difference on the median postoperative hospitalization (5.9
versus 5.4 days; p = 0.59), exhaust time after surgery (2 versus
2 days; p = 0.94), and food-taking time (1.2 versus 1.1 days; p =
0.87) between P-RALPN and S-RALPN groups (Table 2). All
patients underwent intraoperative fast frozen biopsy to check the
pathology of the tumors. Most tumors showed malignancy
during the surgery (89.2%). As for the Fuhrman grade, the
pathological results of the tumors between the two groups were
mainly distributed at levels 2 and 3, and no obvious difference
was observed between P-RALPN and S-RALPN groups. Renal
clear cell carcinoma is the main pathological types, with 33 cases
in the S-RALPN group and 8 cases in the P-RALPN group.
There was also no difference on the final pathological types
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P-RALPN, n (%) p
11.0
64.6 (45.0-87.0) 024
7.0 (64.0) 036
40 (36.0)
24.1 (22.6-26.9) 0.08
047
0 (0)
10.0 (91.0)
1.0 (9.0)
3.0 (27.0) 071
7.0 (64.0) 0.62
1.0 (9.0) 0.05
4.0 (36.0) 0.11
1.0 (9.0) 0.59
031
7.0 (64.0)
4.0 (36.0)
0.19
40 (36.0)
5.0 (45.0)
0 (0)
0.52
0 (0)
3.0 (27.3)
8.0 (72.7)

between two groups (Table 2). After a median follow-up of 33.8
months in the S-RALPN group and 21.4 months in the P-
RALPN group, patients had similar postoperative survival time
between the two groups (hazard ratio = 0. 27, p = 0.42; Figure 2).

Perioperative outcomes

In the P-RALPN group, the median volume of perfusion
solution was 533.18 ml (255.0-750.0 ml). The median
temperature of kidney surface was 22.64°C (21.7-24.1°C) after
the kidney cools down. The median minimum intraoperative
temperature of patients was 36.1°C (35.2-36.7°C). The pre-
operative versus post-operative GFRs were comparable
(median pre-operative versus post-operative GFR: 84.46 versus
66.10 ml/min). The median cold ischemia time was 33.0 min
(25.0-39.0 min) (Table 3). In S-RALPN group, the median pre-
operative versus post-operative GFR was 71.9 versus 43.0 ml/
min. The median warm ischemia time was 21.5 min (21.0-30.0
min) (Table 3). The ischemia time in the S-RALPN group was
significantly lower than it in P-RALPN group (21.5 versus
34.8 min; p < 0.01). However, the loss of GFR was much

frontiersin.org


https://doi.org/10.3389/fonc.2022.918143
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Bai et al.

TABLE 2 Surgical and pathological outcomes.

10.3389/fonc.2022.918143

S-RALPN, n (%) P-RALPN, 7 (%) p
Median operating time, min (IQR) 103.1 (60.0-210.0) 125.9 (50.0-260.0) 0.09
Median estimated blood loss, ml (IQR) 113.0 (50-300.0) 81.8 (20.0-200.0) 0.24
Intraoperative transfusion 0 (0) 0(0) —
Median postoperative hospitalization, days (IQR) 5.4 (3.0-9.0) 5.9 (4.0-8.0) 0.59
Exhaust time after surgery 2.0 (1.0-4.0) 2.0 (1.0-3.0) 0.94
Food-taking time (day) 1.1 (1.0-3.0) 1.2 (1.0-2.0) 0.87
Conversion to open 0 (0) 0(0) —
Primary pathology (%)
Benign 5.0 (11.0) 1.0 (9.0) —
Malignant 40.0 (88.0) 10.0 (91.0) —
Fuhrman grade
1 4.0 (9.0) 0 —
2 22.0 (49.0) 5.0 (45.0)
3 15.0 (33.0) 5.0 (45.0)
4 4.0 (9.0) 1.0 (9.0)
Secondary pathology (%)
Clear cell 33.0 8.0 0.18
Angiomyolipoma 3.0 0
Chromophobe 9.0 2.0
Papillary 0 1.0
Last follow-up, median (range), months 33.8 (24.0-39.0) 21.4 (11.0-36.0) 0.12

higher for the S-RALPN group after the surgery (28.9 versus
18.4; p < 0.01).

Discussion

Renal artery cold perfusion was the most common
physiological form of renal hypothermia that has been used
for many years (18, 19, 22). It could replace the residual blood
of the kidney and rapidly cool the renal parenchyma.

Moreover, it could prevent blood clotting in blood vessels,
which allows for a clear surgical field of vision. Cold perfusion
was used in kidney transplantation to preserve the organ and
the body by OPN or LPN as well (23). The Ringer’s solution,
instead of normal saline, was leveraged as perfused liquid
because it could be used to adjust body fluids, electrolytes,
and acid-base balance. Lactated Ringer’s solution is suitable for
acidosis or dehydration cases prone to acidosis; thus, it was
commonly used in operating rooms. A previous study
suggested that it would cause irreversible renal ischemia-

100
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FIGURE 2
The schematic diagram of the S-RALPN.
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TABLE 3 Intraoperative data.

S-RALPN

Volume of perfusion solution/ml

Temperature of affected kidney/°C

Pre-operative GFR/(ml/min)

Post-operative GFR (ml/min)

GFR decline

Minimum intraoperative temperature of patients/°C

Ischemia time/min

reperfusion injury (IRI) when the WIT of the affected side of
the kidney was longer than 20 min (24). At present, there were
few reports in previous studies on renal artery cold perfusion
technology. In previous reports, renal hypothermia technology
can effectively reduce renal parenchyma temperature to below
25°C and protect renal function when the WIT exceeds 30 min
(18, 19). Hence, an experienced urological surgeon could
suspect that the ischemia time would be more than 30 min
and even much longer via clinical imaging diagnosis. The P-
RALPN would be a safe choice.

The P-RALPN has many advantages: (i) It reduces the time
of warm ischemia. The kidney is extremely sensitive to warm
ischemia. Literature reported that the warm ischemia period
should not exceed 30 min during partial nephrectomy (25-27).
The energy-consuming metabolic activity of cortical cells
reduces the consumption of oxygen and ATP, protects renal
function, and prolongs the operation time. (ii) It saves time
looking for the renal artery and blocking it. After cooling the
kidney, the operator injected a 1.5-cm water balloon into the
renal artery balloon in vitro to start blocking the renal artery. If
the color of the kidney surface turns to white and ultrasound
confirmed that the blood flow was stopped, then the renal artery
was successfully blocked. This could save time in separating
tissue to find and block the renal artery during operation. (iii)
The blockage of the balloon catheter in the renal artery will not
cause hemostatic clips to fall off. If the tumor was mainly
supplied by one branch, the balloon can be placed in the
feeding artery. When the renal artery has multiple branches,
intraoperative clamps can be used to block the remaining
branches. (iv) Although a large amount of hypothermic
perfusion fluid entering the systemic circulation may lead to
hypothermia and electrolyte imbalance, after rapid
intraoperative perfusion, renal tumor resection is performed
immediately. Power system control can also prevent a large
amount of perfusate from entering the systemic circulation due
to operational errors. (v) It offers a better field of vision (3D
surgical field) to the surgeon with the assistance of the Da Vinci
robot, which could provide a more precise and flexible operation
in order to reduce the amount of intraoperative blood loss and
protect renal function after operation. (vi) The application of a
balloon catheter can provide renal hypothermia and renal artery
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43.0 (19.40-84.78)
289

21.5 (21.0-30.0)
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P-RALPN p

533.2 (255.0-750.0) —

22,6 (21.7-24.1) —
84.5 (34.81-123.05) —
66.1 (27.32-94.91) —

18.4 <0.01
36.1 (35.2-36.7) —
34.8 (30.0-39.0) <0.01

occlusion for larger tumors or complete intrarenal tumors (21,
22, 28).

In the current study, P-RALPN showed limited damage on
renal function. Moreover, the WIT during operation was more
than 30 min. We conducted a detailed evaluation of the patients
during operation. The catheter should be placed as far as possible
in the distal end of the renal artery when performing renal artery
balloon catheterization, which could avoid easy displacement or
insufficient balloon occlusion. Furthermore, any voluntary body
displacement should be leveraged to avoid blockage of the
extracorporeal catheter. In our study, catheter placement was
successfully performed in all 11 patients, and there was no
blockage or catheter displacement. Moreover, we have
summarized the preliminary experience in the process of cold
perfusion of the kidney. First, perfusion with a fast flow rate
(100 ml/min) into the affected kidney can minimize the impact
on the patient’s body temperature and the body’s electrolyte
balance. The temperature of the affected kidney is lowered,
followed by perfusion at a slow flow rate (30 ml/min) to
maintain the kidneys in a state of cold ischemia and low
metabolism. The perfusion rate can be adjusted according to
the real-time surface temperature of the affected kidney.
Although P-RALPN had significantly higher ischemia time S-
RALPN, the loss of GFR was much higher for the S-RALPN
group after surgery (28.9 versus 18.4; p < 0.01). Hence, these
results reveal that P-RALPN is more effective than S-RALPN. P-
RALPN as a rare alternative option of tumor enucleation could
be deeply considered in more complex and huge renal tumors. In
the past, several studies revealed that parenchymal excision and
damage were minimized to preserve renal function. However, it
was difficult to complete tumor enucleation and renal
parenchymal preservation in a short time, especially for a huge
volume regardless of tumor location. P-RALPN could effectively
prolong the ischemia time, thus preserving kidney function
(29, 30).

Nevertheless, this novel surgical approach had several
limitations that should be acknowledged. First, the operation
time is relatively long and the process seemed to be more
complicated. This is due to the pre-operative renal artery
catheterization in the intervention room, intraoperative
transport, and postoperative pressure hemostasis at the
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puncture point. Second, this is a retrospective study with a
limited sample size. The current results should be interpreted
with caution. There was no long-time renal function
measurements in our study. A future investigation with a large
sample size and a long follow-up is warranted. Third, it is hard to
standardize the surgical options based on tumor complexity,
leading to inevitable selection bias. Finally, P-RALPN costs
slightly more than S-RALPN since the patient needs to
undergo renal artery catheterization.

Conclusion

For patients with complex renal tumors, P-RALPN showed
similar intraoperative estimated blood loss, postoperative
hospitalization, and postoperative survival time to S-RALPN,
suggesting that P-RALPN is a safe and feasible surgery in the
treatment of patients with complex renal tumors. Moreover,
when the surgical proficiency eventually improves, the ischemia
time of P-RALPN will decrease and the benefits will be greater.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material. Further
inquiries can be directed to the corresponding authors.

Ethics statement

All study participants were informed about the planned
procedure and signed informed consent. The study was

References

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A, et al. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer ] Clin (2018) 68(6):394—
424. doi: 10.3322/caac.21492

2. Barata PC, Rini BL Treatment of renal cell carcinoma: Current status and
future directions. CA Cancer J Clin (2017) 67(6):507-24. doi: 10.3322/caac.21411

3. Ghavimi S, Saarela O, Pouliot F, Rendon RA, Finelli A, Kapoor A, et al.
Achieving the "trifecta” with open versus minimally invasive partial nephrectomy.
World J Urol (2021) 39(5):1569-75. doi: 10.1007/s00345-020-03349-y

4. Hinata N, Shiroki R, Tanabe K, Eto M, Takenaka A, Kawakita M, et al.
Japanese Society of endourology. Robot-assisted partial nephrectomy versus
standard laparoscopic partial nephrectomy for renal hilar tumor: A prospective
multi-institutional study. Int J Urol (2021) 28(4):382-9. doi: 10.1111/iju.14469

5. O'Connor E, Timm B, Lawrentschuk N, Ischia J. Open partial nephrectomy:
Current review. Transl Androl Urol (2020) 9(6):3149-59. doi: 10.21037/tau-20-474

6. Zeuschner P, Greguletz L, Meyer I, Linxweiler J., Janssen M, Wagenpfeil G,
et al. Open versus robot-assisted partial nephrectomy: A longitudinal comparison
of 880 patients over 10 years. Int ] Med Robot (2021) 17(1):1-8. doi: 10.1002/
rcs.2167

Frontiers in Oncology

08

10.3389/fonc.2022.918143

approved by the ethics committee of Zhejiang Provincial
People’s Hospital, Hangzhou city, China (2022QT005).

Author contributions

FL, QZ, and YB: Project development. YB, YKY, and FW:
Manuscript writing. JQ, YY, QZ, and FW: Data collection and
analysis. All authors read and approved the final manuscript.

Funding

This study was supported by the Health Commission of
Zhejiang Province (Grant No. 2021439557). This project was
funded by Zhejiang Medical and Health Science and Technology
Project (Grant No. 2019RC110).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

7. Sempels M, Ben Chehida MA, Meunier P, Meunier P, Waltregny D. Open
and laparoscopic partial nephrectomy: Comparison and validation of preoperative
scoring systems, including PADUA, RENAL, ABC nephrometric scores and
perinephric fat evaluation with Mayo adhesive probability score. Res Rep Urol
(2021) 13:509-17. doi: 10.2147/RRU.S293864

8. Xia L, Wang X, Xu T, Guzzo TJ. Systematic review and meta-analysis of
comparative studies reporting perioperative outcomes of robot-assisted partial
nephrectomy versus open partial nephrectomy. J Endourol (2017) 31(9):893-909.
doi: 10.1089/end.2016.0351

9. Pertia A, Managadze L, Chkhotua A. The value of nephron-sparing surgery for the
treatment of renal cell carcinoma 4 to 7 cm in size. Georgian Med News (2012) 212):7-12.

10. Sun M, Bianchi M, Hansen ], Trinh Q-D. Chronic kidney disease after

nephrectomy in patients with small renal masses: A retrospective observational
analysis. Eur Urol (2012) 62(4):696-703. doi: 10.1016/j.eururo.2012.03.051

11. Styopushkin S, Chaikovskyi V, Chernylovskyi V, Sokolenko R., Bondarenko
D. Postoperative hemorrhage as a complication of a partial nephrectomy:
Frequency, features and management. Georgian Med News (2021) 313):12-20.

12. Tachibana H, Takagi T, Kondo T, Iizuka J, Omae K, Kobayashi H, et al.
Robot-assisted laparoscopic partial nephrectomy versus laparoscopic partial

frontiersin.org


https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21411
https://doi.org/10.1007/s00345-020-03349-y
https://doi.org/10.1111/iju.14469
https://doi.org/10.21037/tau-20-474
https://doi.org/10.1002/rcs.2167
https://doi.org/10.1002/rcs.2167
https://doi.org/10.2147/RRU.S293864
https://doi.org/10.1089/end.2016.0351
https://doi.org/10.1016/j.eururo.2012.03.051
https://doi.org/10.3389/fonc.2022.918143
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Bai et al.

nephrectomy: A propensity score-matched comparative analysis of surgical
outcomes and preserved renal parenchymal volume. Int ] Urol (2018) 25(4):359-
64. doi: 10.1111/iju.13529

13. Bahouth Z, Halachmi S, Getzler I, Caspin O, Moskovitz B, Nativ O, et al.
Functional and oncological outcomes of open nephron-sparing surgery for complex
renal masses. Urol Oncol (2015) 33(10):427. doi: 10.1016/j.urolonc.2015.04.016

14. Takagi T, Kondo T, Tachibana H, lizuka J, Omae K, Kobayashi H, et al.
Robot-assisted laparoscopic versus open partial nephrectomy in patients with
chronic kidney disease: A propensity score-matched comparative analysis of
surgical outcomes. Int J Urol (2017) 24(7):505-10. doi: 10.1111/iju.13363

15. Bravi CA, Vertosick E, Benfante N, Tin A, Sjoberg D, Hakimi AA, et al. Impact
of acute kidney injury and its duration on long-term renal function after partial
nephrectomy. Eur Urol (2019) 76(3):398-403. doi: 10.1016/j.eururo.2019.04.040

16. Zhang T, Zhao L, Ma J, Min J, Yang C, Sun X, et al. Early unclamping
laparoscopic partial nephrectomy for complex renal tumor: Data from a Chinese
cohort. Urol Int (2019) 102(4):399-405. doi: 10.1159/000496990

17. Bauza JL, Murthy P, Sagalovich D, Tubau V, De L, Ladaria L, et al.
Intracorporeal renal hypothermia with ice slush for robot-assisted partial
nephrectomy in a highly complex renal mass. Int Braz ] Urol (2019) 45(5):1073—
4. doi: 10.1590/s1677-5538.ibju.2018.0705

18. Lu Q, Zhao X, Ji C, Guo S, Guo H. Functional and oncologic outcomes of
robot-assisted simple enucleation with and without renal arterial cold perfusion in
complex renal tumors: A propensity score-matched analysis. BMC Urol (2021) 21
(1):2. doi: 10.1186/s12894-020-00771-7

19. Liu F, Yuan H, Li X, Chen S, Liu F. Application of hypothermic perfusion
via a renal artery balloon catheter during robot-assisted partial nephrectomy and
effect on renal function. Acad Radiol (2019) 26(8):e196-201. doi: 10.1016/
j-acra.2018.09.024

20. Saitz TR, Dorsey PJ, Colli ], Lee Benjamin R. Induction of cold ischemia in
patients with solitary kidney using retrograde intrarenal cooling: 2-year functional
outcomes. Int Urol Nephrol (2013) 45:313-20. doi: 10.1007/s11255-013-0391-5

21. Ramirez D, Caputo PA, Krishnan J, Krishnan J, Zargar H, Kaouk JH, et al.
Robot-assisted partial nephrectomy with intracorporeal renal hypothermia using
ice slush: Step-by-step technique and matched comparison with warm ischaemia.
BJU Int (2016) 117(3):531-6. doi: 10.1111/bju.13346

Frontiers in Oncology

09

10.3389/fonc.2022.918143

22. Marley CS, Siegrist T, Kurta J, O'Brien F, Bernstein M, Solomon §, et al.
Cold intravascular organ perfusion for renal hypothermia during laparoscopic
partial nephrectomy. J Urol (2011) 185(6):2191-5. doi: 10.1016/
j.juro.2011.02.013

23. Tingle SJ, Figueiredo RS, Moir JA, Goodfellow M, Wilson CH. Machine
perfusion preservation versus static cold storage for eased donor kidney
transplantation. Cochrane Database Syst Rev (2019) 3(3):CD011671.
doi: 10.1002/14651858.CD011671.pub2

24. Dong W, Wu J, Suk-Ouichai C, Antonio EC, Remer EM, LiJ, et al. Ischemia
and functional recovery from partial nephrectomy: Refined perspectives. Eur Urol
Focus (2018) 4(4):572-8. doi: 10.1016/j.euf.2017.02.001

25. Porpiglia F, Fiori C, Bertolo R, Angusti T, Piccoli GB, Podio V, et al. The
effects of warm ischaemia time on renal function after laparoscopic partial
nephrectomy in patients with normal contralateral kidney. World J Urol (2012)
30:257-63. doi: 10.1007/s00345-011-0729-5

26. Mina-Riascos SH, Vitagliano G, Garcia-Perdomo HA. Effectiveness and
safety of partial nephrectomy-no ischemia vs. warm ischemia: Systematic review
and meta-analysis. Investig Clin Urol (2020) 61(5):464-74. doi: 10.4111/
icu.20190313

27. Abdel Raheem A, Alowidah I, Capitanio U, Montorsi F, Rha KH.
Warm ischemia time length during on-clamp partial nephrectomy: Does it really
matter? Minerva Urol Nephrol (2022) 74(2):194-202. doi: 10.23736/S2724-
6051.21.04466-9

28. Herrmann TR, Kruck S, Nagele U. Transperitoneal in situ intraarterial
cooling in laparoscopic partial nephrectomy. World J Urol (2011) 29(3):337-42.
doi: 10.1007/s00345-010-0597-4

29. Patel HD, Koehne EL, Gali K, Lanzotti NJ, Rac G, Desai S, et al. Robotic-
assisted tumor enucleation versus standard margin partial nephrectomy:
Perioperative, renal functional, and oncologic outcomes for low and intermediate
complexity renal masses. Urol Oncol (2022) 40(7):347.e9-47.e16. doi: 10.1016/
j.urolonc.2022.04.004

30. Lebastchi AH, Haynes B, Gurram S, Bratslavsky G, Ball MW. X-Capsular
incision for tumor enucleation (X-CITE)-Technique: A method to maximize renal
parenchymal preservation for completely endophytic renal tumors. Urology (2021)
154:315-9. doi: 10.1016/j.urology.2021.03.032

frontiersin.org


https://doi.org/10.1111/iju.13529
https://doi.org/10.1016/j.urolonc.2015.04.016
https://doi.org/10.1111/iju.13363
https://doi.org/10.1016/j.eururo.2019.04.040
https://doi.org/10.1159/000496990
https://doi.org/10.1590/s1677-5538.ibju.2018.0705
https://doi.org/10.1186/s12894-020-00771-7
https://doi.org/10.1016/j.acra.2018.09.024
https://doi.org/10.1016/j.acra.2018.09.024
https://doi.org/10.1007/s11255-013-0391-5
https://doi.org/10.1111/bju.13346
https://doi.org/10.1016/j.juro.2011.02.013
https://doi.org/10.1016/j.juro.2011.02.013
https://doi.org/10.1002/14651858.CD011671.pub2
https://doi.org/10.1016/j.euf.2017.02.001
https://doi.org/10.1007/s00345-011-0729-5
https://doi.org/10.4111/icu.20190313
https://doi.org/10.4111/icu.20190313
https://doi.org/10.23736/S2724-6051.21.04466-9
https://doi.org/10.23736/S2724-6051.21.04466-9
https://doi.org/10.1007/s00345-010-0597-4
https://doi.org/10.1016/j.urolonc.2022.04.004
https://doi.org/10.1016/j.urolonc.2022.04.004
https://doi.org/10.1016/j.urology.2021.03.032
https://doi.org/10.3389/fonc.2022.918143
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Clinical outcomes of robotic-assisted laparoscopic partial nephrectomy with renal hypothermia perfusion by renal artery balloon catheter in treating patients with complex renal tumors
	Introduction
	Materials and methods
	Study population
	Surgical technique
	Statistical analysis

	Results
	Patients’ cohort
	Perioperative outcomes
	Perioperative outcomes

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


