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Abstract
Background: To compare long-term oncological and renal functional outcomes of laparoscopic and robotic partial nephrectomy for small renal masses. Methods: A total of 103 patients who underwent laparoscopic (n= 31) and robotic (n= 72)
partial nephrectomy between April 2015 and November 2018 were included in the study. Perioperative parameters, long-term
oncological and functional outcomes were compared between the laparoscopic and robotic groups. Results: No significant differences were found in terms of age, tumor size, RENAL and PADUA scores, preoperative estimated glomerular filtration rate
(eGFR), and presence of chronic hypertension and diabetes (p=0.479, p=0.199, p=0.120 and p=0.073, p=0.561 and p=0.082
and p=0.518, respectively). Only estimated blood loss was significantly higher in the laparoscopic group in operative parameters
(158.23±72.24 mL vs 121.11±72.17 mL; P=0.019), but transfusion rates were similar between the groups (p=0.33). In the laparoscopic group, two patients (6.5%) required conversion to open, while no conversion was needed in the robotic group (p=0.89).
There were no differences in terms of positive surgical margin and complication rates (p=0.636 and p=0.829, respectively). No
significant differences were observed in eGFR changes and postoperative new-onset chronic kidney disease at one year after the
operation (p=0.768, p=0.614, respectively). The overall mean follow- up period was 36.07±13.56 months (p=0.007). During
the follow-up period, no cancer-related death observed in both group and non-cancer specific survival was 93.5% and 94.4%
in laparoscopic and robotic groups, respectively (p=0.859). Conclusions: In this study, perioperative and long-term oncological
and functional outcomes seems to be comparable between laparoscopic and robotic partial nephrectomies.

Introduction
Renal cell carcinoma (RCC) is one of the most common cancer in western countries with a rate of approximately 3% among all cancers. Partial nephrectomy (PN) also known as nephron-sparing surgery is recommended
in small size tumors due to its contribution to renal functions (RFs) with similar oncological results with
radical nephrectomy (RN)[1] . The utilization of PN has become widespread, especially with the increase in
the diagnosis of small size tumors.
Recently, the use of PN has also been increasing in high-risk kidney tumors due to its contribution to
morbidity and mortality by reducing deterioration in RFs [2,3] . The main expectations of an ideal PN are
surgical margin negativity, minimal deterioration in RF, and any surgical complication [4,5] .
Minimally invasive techniques such as laparoscopic partial nephrectomy (LPN) and robot-assisted partial
nephrectomy (RPN) are superior to open partial nephrectomy (OPN) in terms of shorter length of hospital
stays (LOS), less postoperative pain and better cosmetic results[6] . Although studies have reported that RPN
is superior to LPN in parameters such as short operation time (OT), low warm ischemia time (WIT), and
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fewer changes in RF, there is no complete consensus in this regard. Also the number of studies with long
term oncologic and functional outcomes between RPN and LPN is limited.
In this study, we aimed to compare the renal functional changes between the LPN and RPN at 1 year after
the surgery as a primary endpoint, then compare the perioperative variables and survival rates during the
follow-up period.
Material and Methods
After institutional ethical committee approval obtained, the data of patients who underwent LPN or RPN
in our center between April 2015 and November 2018 were evaluated for this study. Patients with a solitary
kidney, zero ischemic PNs, retroperitoneal PNs, and who had a follow-up period of less than 1 year or with
missing data were excluded from the study.
A total of 103 patients who underwent LPN (n = 31) and RPN (n= 72) were included in the study. Contrastenhanced tomography (CT) or magnetic resonance imaging (MRI) was used to evaluate renal masses. Additional comorbidities such as chronic hypertension (HT) and diabetes mellitus (DM) that could affect RFs
were recorded. Nephrometry risk scoring of renal masses was made according to RENAL (R (radius), E
(exophytic/ endophytic), N (nearness), A (anterior), and L (location)) and PADUA (Preoperative Aspects
and Dimensions Used for an Anatomical) scoring systems. The RENAL and PADUA scores were calculated
by evaluating each anatomical parameter and tumor size according to described before[7,8] .
The mean OT, WIT, estimated blood loss (EBL), conversion to open and conversion to RN, remove of lodge
drain time, and LOS were recorded as perioperative data. The OT recorded as the time between the first
skin incision and the suturing of the incision site. The WIT was recorded as the time period between placing
the bulldog clamp in the renal artery and opening this clamp.
For pathological parameters, histological subtypes, pathological stage, Furhman grade, and positive surgical
margin (PSM) rates were recorded. Pathological staging was performed according to TNM classification.
Preoperative and 1 year postoperative estimated glomerular filtration rate (eGFR) values were calculated
using the Modification of Diet in Renal Disease (MDRD) formula using age, gender, and ethnicity[9] . The
changes between the two eGFR values were recorded.
Surgical Technique
A transperitoneal approach was applied to all patients. LPN was carried out as we described previously [10] .
Briefly, following general anesthesia, the left or right lateral decubitus position was performed according to
the side of the tumor. Pneumoperitoneum was created with an intra-abdominal pressure of 12-15 mmHg by
inserting a Veress needle 1-2 cm superior to the umbilical level from the lateral of the rectus muscle. The
optic port was placed at this point where the pneumoperitoneum was created. A total of 4 ports were placed
for LPN, one for the camera, one for the right (12mm), and one for left (5mm) hand due to dissection and
one for the retraction (5mm) port. If necessary, one more port (5mm) was placed for retraction or traction.
RPN performed by using a four-arm da Vinci XI robotic system (Intuitive Surgical, CA, USA). First, an 8
mm camera port was placed lateral to the rectus muscle. Three robotic working ports (8 mm) and an assistant
port were then placed. The robotic system was docked from the back of the patient, and the robotic arms
were docking to the ports on the front of the patient. The assistant was involved in the replacement of
robotic instruments, the use of aspirators, and the delivery of suture material in the anterior-lateral part of
the patient.
The colon deviated medially from the Toldt line. Following the dissection of the hepatorenal or splenorenal
ligament, ureter, and gonadal vein identified on the psoas, renal hilum was revealed by followed cranial
dissection. The renal artery, vein, and hilum dissected separately. Perinephric adipose tissue was released
from the capsule except the adipose tissue covering the tumor. Then the tumor was resected with a cold
scissor leaving an approximately 5 mm safety margin after clamping the renal artery. The collector system
and vascular structures in the tumor bed were sutured with 3/0 V-Lock with fixed a Hem-o-Lok clip at
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the end. Than renorrhaphy was completed using 2/0 Vicryl and 2/0 Monocryl suture material fixed with
Hem-o-Lok clip to bring the renal parenchyma closer. The bulldog clamps were opened and warm ischemia
was terminated. This procedure was applied similarly to both LPN and RPN.
Results
Demographic features and tumor characteristics of the patients are shown in Table 1. A total of the 103
patients, 31(30.09%) underwent LPN, 72 (69.90%) RPN. The overall mean (±SD) age, tumor diameter,
RENAL score, PADUA score, and preoperative eGFR were 58.85 ±12.01 years, 3.76 ± 1.56 cm, 6.86 ± 1.48,
8.37±1.53 and 77.89 ± 17.87 mL/min/1.73 m2, respectively. There was no statistical difference between the
groups for these variables (p=0.479, p=0.199, p=0.120, p=0.073, p= 0.561, respectively). Overall, tumors
were on the right side in 48.5% of the patients and on the left side in 51.5% of the patients. The tumor side
was more on the right in LPN, while RPN was more on the left side (p=0.03).
The overall mean (±SD) WIT, OT, and LOS values were 26.22 +- 6.34, 151.89 +- 41.74 and 3.44 +- 0.95,
respectively. In these variables, there was no statistical difference between the groups (p=0.119, p=0.216,
p=0.580, respectively). Only EBL was higher in LPN (121.11 +- 72.17 vs 158.23+- 72.24, LPN and RPN,
respectively, p=0.019). There was no statistical difference between the two groups in terms of blood transfusion requirement (p= 0.694). No significant differences were observed in PSM rates between the groups
(6.5% vs 4.2%, RPN and LPN, respectively, p=0.636).
The conversion to open was seen in 2 patients (6.45%) in the LPN group, while in RPN was not observed
(p=0.89). There was no conversion to RN in either group. The patients were generally discharged the
next day after the loge drain was removed. The overall mean removal of log drain time and LOS were 2.4
(p=0.351) and 3.4 (p=0.580) days, respectively. Perioperative outcomes of the groups are shown in Table 2.
Intraoperative bowel injury was observed in 1 patient in the RPN group, the primary repair was performed,
and no additional problems were observed for this patient in the follow-up period. In the LPN group, 2
patients had intraoperative complications, 1 was renal vein injury and the other was ureter injury. In the
ureter injury, a 4.8 f JJ stent was placed and removed at the 3rd postoperative week. In renal vein injury,
the primary repair was performed and PN was completed laparoscopically.
The mean 1-year eGFR decrease was -5.91 ml/min/1.73m2 (7.59%) in the overall cohort, while it was -5.06
ml/min/1.73m2 (6.63%) vs -6.28 ml/min/1.73m2 (7.93%) for LPN and RPN, respectively. No statistical
difference was observed between the groups in eGFR change (p= 0.503). The overall preoperative stage 3
or stage 4 CKD (eGFR< 60 ml/min/1.73m2) rate was 12.6%, and the new onset stage 3 or stage 4 CKD
rate was 4.9% in 1 year postoperatively. There was no statistical difference between the groups in the
preoperative stage 3 or stage 4 CKD and postoperative new-onset stage 3 or stage 4 CKD rates (p=0.750,
p=0.614, respectively) (Table 3). Complications were observed in 9.7% of LPN patients and 11.1% of RLN in
the postoperative early period (0-30 days). All of the complications were minor (Clavien 1-2) complications.
Late period (31-90 days) complications were not observed in either group.
The mean follow-up time was 36.07 +- 13.56 months (42.81+- 17.55 for LPN and 33.17 +- 10.28 for RPN,
p=0.007). During the follow-up period, cancer-related death was not observed in either group, while noncancer specific survival was 93.5% in the LPN group and 94.4% in the RPN group. Postoperative pathological,
complication and survival outcomes are presented in Table 4.
Discussion
The importance of nephron-sparing surgery in small renal mass has become more prominent by the demonstration of a direct correlation between RF impairment and cardiovascular disease [11] . While PN has been
applied to T1a / b stage tumors until recently, now it is also successfully applied to high-risk kidney tumors
in developed centers. The advantages of robotic surgery with its 3D image quality and ergonomic arm structure were provided to the use of PNs in high-risk renal tumors [12] . In addition to this advantage of RPN,
the lack of tactile sense and its high cost are the most important disadvantages.
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In studies on cost-effectiveness, RPN has been shown to be more expensive than LPN or OPN [6,13] . Although
Hyams et al reported that the price difference per case between RPN and LPN decreased from $ 1066 to $
333 during the period from the start-up to the ideal utilization of the robot, Yu et al. reported the median
costs $15,724 for RPN, $12,401 for LPN and $11,817 for OPN in per case according to the surgical approach
in the USA. Therefore, the superiority of the two surgical methods to each other is still an important research
topic.
Aboumarzok et al. [14] and Zhang X et al.[15] reported that RPN had similar perioperative outcomes with
LPN in terms of OT, EBL, conversion rates, LOS, PSMs and complication rates, only WIT was statistically
shorter favor to RPN arm in their review and meta-analysis. They didn’t report outcomes of the change in
renal functions between the groups. The differences in surgical techniques and comparison criteria between
the groups were the important limitations of the studies.
Ji Eun Choi et al. [16] reported that RPN is associated with more favorable results than LPN in terms
of conversion rates, lower WIT, shorter LOS, and change of eGFR in their review and meta-analysis of
RPN and LPN outcomes. No significant difference was reported in terms of complications, change of serum
creatinine, OT, EBL, and PSMs. However, the studies in this review included heterogeneous groups and
methodologically different or not specified.
In the current study, we didn’t find any statistical difference between the groups in tumor size (p=0.199),
RENAL and PADUA score (p=0.120 and p= 0.073), OT (p= 0.216), WIT (p=0.066), LOS (p=0.580),
PSMs (p= 0.636) and complication rates (p=0.969) between the groups. Only EBL was less in RPN group
(p=0.027).
The main purpose of PN is to preserve the RFs. Some studies reported that RPN is superior to LPN in the
preservation of RF, while some studies reported no difference between groups. Kim et al.[17] reported that
eGFR decline rates were similar between RPN and LPN in the early period, but long term recovery in renal
function was a favor to RPN. Although they reported that warm ischemia time was significantly shorter
in the RPN group, while WIT was an acceptable range in the RPN (23.82 +- 12.03 minutes) compared to
literature, in the LPN arm (34.47 +- 11.63 minutes) was higher than the recommended value.
Li et al. [18] evaluated the postoperative split renal function (SRF) between RPN and LPN approaches in
Taiwanese patients. They assessed both kidney functions by scintigraphy. They reported advantages of RPN
with shorter operation time and WIT, and better SRF at 6 months after the operation. They reported that
WIT was associated with a decrease in renal function postoperatively.
In this study, although deterioration renal function was less in the RPN group, there was a significant
difference between the groups in terms of WIT, EBL, and OT. Also these values in the LPN arm (43.3 +23.5 minutes) were significantly higher than the recommended value in literature.
WIT is the leading factor that affecting the renal functions after PN. Ko et al. reported the predictive factors
of prolonged WIT ([?]30 minutes) in PN. Surgeon experience, tumor size, and PADUA score were found as
predictive factors that prolonged WIT after RPN or LPN. Surgical experience was the most important factor
for preventing prolonged WIT, among these factors [19] . Therefore, in studies comparing LPN and RPN in
experienced centers, although WIT was shorter in the RPN group than LPN, the change in postoperative
renal functions was not statistically significant between the groups if WIT was less than 30 minutes [20,21]
in both groups.
Some authors advocated that WIT should be kept less than 30 minutes to the preservation of renal function,
while some authors reported that WIT increased deterioration of long-term renal function every minute after
25 minutes [22] . Alimi et al.[23] showed that there was no difference in early eGFR changes between groups
in LPN and RPN when performed by highly experienced surgeons. In their study, although WIT less in
RPN arm, WIT was under 25 minutes in both groups. Their results supported that a
reasonable WIT will contribute to the preservation of renal functions to the operated kidney. Banapour et
al. [24] reported that the postoperative eGFR decline was lower in the RPN group compared to OPN, but
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they did not report a statistical difference between RPN and LPN in their study comparing the perioperative
results of RPN, LPN, and OPN, matched for nephrometry scores. In their study, while WIT was lower than
30 minutes in RLN and LPN groups, it was higher than 30 minutes in the OPN group.
In the current study, WIT time was less than 30 minutes in both groups and comparable to the recommended
values in the literature. We did not find any statistical difference between the groups in pre- and postoperative
mean eGFRs and eGFR changes at 1 year after the operation (p=0.561, p=0.803, p=503, respectively). We
think that such a comparison with similar WIT between the groups will give more accurate results in showing
whether the change in RFs will depend on the surgical approach.
Kızılay et al. [25] showed a similar result in terms of OT, EBL, LOS, and PSM in the study of compared the
long-term oncological and functional outcomes between the RPN and LPN groups. In this study, however
WIT was statistically shorter in the RPN group, WIT was under 25 minutes in both groups. They did not
report any difference in eGFR changes 1 year after surgery, similar to our study. In this study, there was no
difference in tumor size between groups, whereas RPN consisted of more risky patients in terms of tumor
complexity.
The number of studies comparing LPN and RPN with long-term oncological outcomes as well as renal
functional outcomes is limited. Kızılay et al.[25] also reported no differences between the groups in long-term
(5 years) recurrence-free survival (85.9% vs 90.1%, p=0.710) and overall survival (84.8% vs 82.6, p=0.561)
rates between the LPN and RPN, respectively. In the current study, cancer-related death was not observed
in either group, while non-cancer specific survival was 93.5% in the PLN group and 94.4% in the RPN group
during the follow-up period. However, they reported that the overall survival rates were slightly lower in
their study because the patients had more complications and had a higher mean age. Also, we think that
the difference in the survival rates between this study and our study could depend on our follow-up period
was shorter compared to theirs.
We had some limitations for this study. First, our study was a retrospective and non-randomized. Second,
although most of the cases were performed by two experienced surgeons, the experience of the surgeons is
an important factor that could affect the outcomes. Third, our case number was relatively low due to cases
with less than 1 year of follow-up or missing data were excluded from the study.
Conclusion
LPN and RPN can be used safely in PN in terms of preserving long-term RFs considered as a minimally
invasive approach. When evaluated together with cost-efficacy, we think that LPN has maintained its place
as an important preference reason for selected cases in experienced hands with long-term oncological and
functional results similar to RPN.
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