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Abstract
Introduction

Partial nephrectomy (PN) is the current standard of care for patients with T1 renal tumors, and there has
been a shift from an open and laparoscopic to a robot-assisted approach. The definition of the learning curve
for robot-assisted PN (RAPN) is unclear, and various studies have identified warm ischemia time (WIT),
perioperative complications, and surgical margins as the defining parameters for the assessment of
improvement in these outcomes over time. The objective of this study was to evaluate the learning curve of
a newly trained urologist for RAPN when comparing both open and laparoscopic approaches.

Methods

This study included 52 patients who underwent PN by open, laparoscopic, and robotic methods performed by
a single, newly trained urologist over a period of seven years. Basic demographic and perioperative data were
collected, and the learning curve was compared between the three approaches.

Results

Baseline parameters were similar for open (n = 15), laparoscopic (n = 12), and robotic (n = 25) PN except for
tumor size and nephrometry score, which were higher in the open group (p = 0.000). Operative time was
significantly longer in the robotic approach (180 minutes; p = 0.05), and blood loss was greater in the open
group (450 mL; p = 0.000). Median WIT was 25 minutes; significant complications (Clavien Dindo >II) and
positive surgical margins were 12% and 0%, respectively, in the robotic arm. Preoperative imaging and final
histopathology data showed larger tumors being operated on, preferably by an open method, than
laparoscopic and robotic PN (6.3 cm vs. 3.4 cm; p = 0.000). More open and laparoscopic procedures (n =12,
10) were performed during the initial 26 cases, with a later transition to robot-assisted PN (n = 21) in the
next 26 cases. None of the parameters showed improvement in the latter half, while operative time showed
an increase (150 vs. 180 minutes; p = 0.045).

Conclusion

The learning curve becomes similar across three defined parameters, i.e., WIT, perioperative complications,
and positive surgical margins, after performing a minimum of 25 RAPNs when compared to open and
laparoscopic approaches. However, operative duration continues to improve and may take longer to become
comparable. A newly trained urologist can safely perform RAPNs even with a small number of cases,
especially those who have been previously trained for open and laparoscopic cases.
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Introduction

Kidney cancer accounted for 2.2% of all cancers, with 430,000 cases and 179,000 deaths worldwide in 2020
[1]. The incidence of localized renal cancers has increased in the last decade, mainly owing to more frequent
imaging [2]. Partial nephrectomy (PN) was recognized in 2006 as an alternative to radical nephrectomy and
is currently recommended for localized T1 renal tumors and the preferred approach for T2 tumors in
patients with a solitary kidney or chronic kidney disease (CKD) [3]. Studies have compared open,
laparoscopic, and robot-assisted PN (RAPN) and confirmed that laparoscopic and robotic approaches are
associated with equivalent oncological outcomes, a shorter length of hospital stay, and lower blood loss
[4,5]. The current evidence comparing the three approaches includes data from multiple surgeons and
centers [6]. However, the learning experience for new urologists starting with open and laparoscopic
methods and later performing robotic PN is infrequently reported. We compared open PN (OPN),
laparoscopic PN (LPN), and RAPN performed by a newly trained surgeon over seven years and reported the
perioperative outcomes. The learning curve was analyzed for RAPNs with respect to warm ischemia time
(WIT), positive surgical margins, and surgical complications.
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Materials And Methods
Objectives

The primary objective of the study was to compare the learning curve (defined as the number of cases taken
over time where improvement is observed in terms of WIT, positive surgical margins, and complications) for
RAPN vs. OPN and LPN. Secondary objectives were to compare the initial half (Group 1: first 26 cases) with
the latter half (Group 2: next 26 cases) for the number of cases done using the three approaches and
perioperative outcomes.

Data collection

Patients who underwent PN by all three approaches, i.e., OPN, LPN, and RAPN, in our tertiary care center
between June 2015 and February 2022 by a newly trained single surgeon were included in this study.
Retrospectively, data was collected from the central database of the institute in the urology department, and
52 consecutive cases were included. A sample size calculation was not needed owing to the retrospective
nature of the study. Patients who were operated on by other surgeons with prior experience were excluded.
Procedure selection was based on various factors, including tumor complexity, renal function, and the
surgeon's preference. Preoperative data included age, gender, tumor location, and size based on imaging,
RENAL nephrometry score, comorbidities, and baseline blood parameters, including hemoglobin and serum
creatinine. Operative parameters included WIT, blood loss, total operative time, pelvicalyceal repair, and/or
double | stent use. Postoperative data included length of hospital stay, discharge of hemoglobin and
creatinine, and complications within 30 days of surgery. Complications, if any, were reported according to
the Clavien-Dindo grading. A dedicated uropathologist reviewed histopathology for tumor type and margin
status.

Technique

The OPN was performed with the patient in a lateral decubitus position and the flank positioned overlying
the table break for flexion. A flank approach (transcostal) was used to gain access, with or without rib
resection. Muscle layers were divided to access the kidney retroperitoneally, and the renal hilum was
identified after adequate dissection. Both the renal artery and vein were identified and isolated with
vascular loops, and the artery was clamped with a vascular clamp. Intraoperative ultrasound was used
whenever identification of mass or margins was difficult, on a case-to-case basis. The renal mass was
resected with a sharp dissection, and if any pelvicalyceal system breach was found, it was closed using a
nonabsorbable monofilament suture. The placement of the double-]J stent was at the discretion of the
surgeon. A drain was placed in all three approaches. The LPN was done with the patient in a modified flank
position and with four ports placed transperitoneally. Dissection was similar to an open approach with a
laparoscopic vascular clamp used for clamping the renal artery. After removing the mass, parenchyma was
approximated using v-lock sutures with hemostat cellulose bolsters clipped with Weck® Hem-o0-1ok® clips
(Teleflex Incorp., Wayne, PA, USA). The RAPN was performed using the Da Vinci Xi robotic system (Intuitive
Surgical Inc., Sunnyvale, CA, USA). Transperitoneal access was used for port placements and dissection, and
clamping and suturing were done in a similar pattern as LPN.

Statistical analysis

Data were processed using SPSS Statistics version 25.0 (IBM Corp., Armonk, NY, USA). Continuous data were
expressed as mean+SD for normally distributed data or median (interquartile range) for skewed data. A p-
value of <0.05 was considered statistically significant. Categorical variables were compared using a Chi-
square test, and continuous variables were compared using a one-way ANOVA.

Results

Of the 52 patients included in the study, 15 OPN, 12 LPN, and 25 RAPN were performed by a single surgeon
over seven years. Out of 52, the first 26 surgeries were done by September 2019 and included 12 OPNs, 10
LPNs, and 4 RAPNs. Most RAPNs were performed in the latter 26 cases (n = 21).

There were no significant differences between the three approaches in terms of age, gender, tumor
laterality, preoperative hemoglobin, or creatinine levels. Larger and more complex tumors were more
frequently operated on by an OPN approach (OPN: 6.6%2.3cm, LPN: 3.8+0.99 cm, RAPN: 3.9+1.17cm, p =
0.000). The mean tumor size was 4.6 cm. The nephrometry score was calculated with the RENAL scoring
system [7]. Patients undergoing OPN had higher nephrometry scores (p = 0.000). More patients had
associated diabetes (15%) or hypertension (35%), but they were distributed similarly across all three
approaches (Table 7).
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Variable OPN (n=15) LPN (n=12) RAPN (n = 25) p-value Total PN (n = 52)
Age (mean+SD) 45+11.71 49.2+14.1 48.1£10.7 0.847 47.8+11.56

M/F 9/6 9/3 17/8 0.707 31/15

Tumor laterality (right/left) 7/8 4/8 10/15 0.780 21/31

Tumor size (cm) (imaging) (mean+SD) 6.6+2.3 3.8+0.99 3.9+1.17 0.000 4.6£1.9

Pole (UP/IP/LP) 4/5/6 4/3/5 10/10/5 0.583 18/18/16

RENAL nephrometry score (mean+SD) 7.0£1.0 5.2+0.97 4.76+1.23 0.000 5.4+1.47

Co-morbidities

1. Diabetes mellitus 2 1 4 7

2. Hypertension 4 4 8 16

3. Chronic kidney disease 0 1 0 1

4. Abdominal tuberculosis 0 0 2 2

5. Chronic liver disease 0 0 1 0.452 1

6. Ca Colon 1 0 0 1

7. Chronic obstructive pulmonary disease 0 0 2 2

8. Hepatitis C 0 1 0 1

9. Hypothyroidism 0 0 2 2

10. Irritable bowel syndrome 0 0 1 1
Baseline Hb (mean+SD) 12.4+2.26 13.12+1.78 13.02+1.72 0.698 12.85+1.84
Baseline creatinine (mean+SD) 0.78+0.33 1.26%1.22 0.80+0.22 0.115 0.89+0.59

TABLE 1: Preoperative demographic data

Values in bold suggest a statistically significant difference where p<0.05.

OPN: Open partial nephrectomy, LPN: Laparoscopic partial nephrectomy, RAPN: Robot-assisted partial nephrectomy, PN: Partial nephrectomy, UP: Upper
pole, IP: Inferior pole, LP: Lower pole, Ca: Cancer, Hb: Hemoglobin

Intraoperatively, WIT was shorter in the OPN (18 minutes vs. 25 minutes in the LPN and RAPN), but this
difference was not significant (p = 0.054). In eight cases, the collecting system was opened and subsequently
repaired. A double-]J stent was used in only one case of OPN. One case of LPN was converted to open due to
uncontrollable bleeding. Blood loss was higher in OPN (OPN: 450 mL, LAPN: 150 mL, RAPN: 150 mL, p =
0.000). Operative time was the longest in the RAPN group (OPN: 120 minutes, LPN: 150 minutes, RAPN: 180
minutes) (Table 2).
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Variable

Clamping (Y/N)

Warm ischemia time minutes (median, IQR)
PCS status (opened/not opened)

Stent use (Y/N)

Conversion to open (Y/N)

Blood loss in mL (median, IQR)

Operative time in minutes (median, IQR)

TABLE 2: Perioperative data

OPN (n = 15)
14/1

18 (13-25)
4/11

2113

015

450 (350-500)

120 (120-180)

Values in bold suggest a statistically significant difference where p<0.05.

LPN (n =12)
12/0

25 (19-26)
2110

0/12

111

150 (50-350)

150 (135-165)

RAPN (n = 25)
25/0

25 (20-30)
2123

0/25

0/25

150 (105-200)

180 (150-195)

p-value
0.419
0.054
0.282
0.128
0.324
0.000

0.050

Total PN (n = 52)
51/1

25 (18-29)

8/44

2/50

1/51

200 (115-350)

150 (150-180)

OPN: Open partial nephrectomy, LPN: Laparoscopic partial nephrectomy, RAPN: Robot-assisted partial nephrectomy, PN: Partial nephrectomy

The median length of stay, hemoglobin, and serum creatinine at the time of discharge were similar for all
three approaches. One case in OPN leaked and was managed with a double ] stent, percutaneous
nephrostomy, and cyanoacrylate glue, which was reported earlier [8]. Complication rates were also similar
between approaches (OPN: urine leak, LPN: blood transfusion, RAPN: one pneumothorax, two respiratory
complications). Pathological evaluation of the tumor specimen revealed that most tumors were clear cell
renal cell carcinoma (RCC) (63%), and papillary RCC (15%). Others included angiomyolipoma (AML, 8%),
chromophobe RCC (4%), cystic neoplasm of low malignant potential (4%), oncocytoma (4%), and leiomyoma
(2%). The histological size also differed significantly with larger tumors being operated on using an open
approach (OPN: 6.3 cm, LPN: 3.4 cm, RAPN: 3.4 cm, p = 0.000). Positive surgical margins were histologically
seen in two patients who underwent OPN (both AML) and one case in LPN (papillary RCC) (Table 3).

2024 Kumar et al. Cureus 16(1): e51646. DOI 10.7759/cureus.51646

40of8


javascript:void(0)
javascript:void(0)

Cureus

) OPN (n = RAPN (n= p- Total PN (n =
Variable LPN (n=12)
15) 25) value 52)

Postoperative hospital stays median (IQR) 6 (5-6) 5 (4-5) 5 (4-6) 0.056 5 (4-6)
Discharge Hb (mean+SD) 10.48+1.0 11.73+1.80 11.34+1.65 0.131 11.21+1.58
Discharge creatinine (mean+SD) 0.90+0.54  1.37%1.29 1.11+0.29 0.315 1.11+0.67
Urine leakage 1 0 0 0.235 1
Complications (Clavien-Dindo): None/grade l/grade ll/grade Ill/grade IV

. 14010 11100 22012 0.845 47122
(within 30 days)
Histological size (cm) (mean+SD) 6.31£2.25  3.44+0.79 3.39+0.92 0.000 4.34+2.11
Histopathology
Clear cell RCC 9 9 15 33
Papillary RCC 2 2 4 8
AML 2 0 2 4

0.454
Cystic neoplasm of low malignant potential 1 0 1 2
Oncocytoma 1 0 1 2
Chromophobe RCC 0 0 2 2
Leiomyoma 0 1 0 1
2/13) 2 1/11) 1 papillai

Positive margins (Y/N) ( ) ( )1 papilary (0/25) 0.132  (3/49)

AML RCC

TABLE 3: Postoperative and histopathology data

Values in bold suggest a statistically significant difference where p<0.05.

OPN: Open partial nephrectomy, LPN: Laparoscopic partial nephrectomy, RAPN: Robot-assisted partial nephrectomy, PN: Partial nephrectomy, AML:
Angiomyolipoma, RCC: Renal cell carcinoma

When comparing the first 26 cases (Group 1) with the latter 26 (Group 2), more robotic cases (8% vs. 40%)
were performed during the latter part of the surgeon's career. Interestingly, the WIT remained similar
between the two groups. The median blood loss and operative stay also remained similar between the two
groups. However, operative time was significantly longer in the latter half, owing to a greater number of
robotic cases being performed (Table 4).
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Variable Group 1 (n = 26) Group 2 (n = 26) p-value
OPN/LPN/RAPN 12/10/4 3/2/21 0.000
Tumor size (cm) (Imaging) (mean+SD) 4.87+2.28 4.29+1.43 0.247
RENAL nephrometry score (mean+SD) 5.82+1.44 5.09+1.47 0.109
WIT in minutes (median, IQR) 25 (15-26.25) 25 (20-30) 0.155
Blood loss mL (median, IQR) 275 (137.5-462.5) 150 (110-250) 0.072
Time in minutes (median, IQR) 150 (120-180) 180 (150-210) 0.045
Postoperative hospital stays median (IQR) 5 (4-6) 5 (4-6) 0.822
Complications: None/CD2l| 24/2 23/3 0.638
Positive margins (Y/N) 3/23 0/26 0.235

TABLE 4: Comparison between the first half (Group 1) vs. the latter half cases (Group 2)

Values in bold suggest a statistically significant difference where p<0.05.

OPN: Open partial nephrectomy, LPN: Laparoscopic partial nephrectomy, RAPN: Robot-assisted partial nephrectomy, WIT: Warm ischemia time,
CD: Clavien Dindo

Discussion

For small, localized T1 renal masses, PN is the current treatment of choice and is equivalent in terms of
oncological outcomes and progression-free survival compared to radical nephrectomy (RN) [9]. For T2
tumors, European guidelines recommend PN if technically feasible, especially in the setting of a solitary
kidney, CKD, or bilateral renal tumors [3]. Studies comparing OPN vs. LPN have found no difference in both
progression-free survival and overall survival [10]. Another study comparing OPN and RAPN found RAPN to
be associated with fewer complications, blood transfusion, and shorter hospital stays [4]. Few published
studies to date have compared all three approaches [11]. The present study compares all three surgical
approaches for PN performed by a single urologist at a tertiary care center. The urologist was a newly trained
surgeon and started with open and laparoscopic cases first. The data has been collected consecutively for 52
patients operated on over seven years, highlighting subsequent experience with the procedure and
differences in case selection for various methods. The surgeon's comfort level with both LPN and RAPN
grows with the number of cases performed, and this study reflects a similar transition from OPN and LPN to
RAPN.

In our series, the mean tumor size was 4.6+1.9 cm, substantiating the role of PN for T1 lesions. However,
OPN was performed for a mean tumor size of 6.62.3 cm. Although most OPNs (12 out of 15) were
performed in the first half of 52 cases, three cases were performed later when the surgeon was comfortable
with RAPN. These three cases had a large, complex tumor, and a preoperative decision was made to choose
an open approach, reflecting the importance of OPN in select patients even in the era of RAPN.
Intraoperative blood loss was significantly higher in the OPN group, similar to previously reported findings
by Masson-Lecomte et al. [12]. Additionally, total intraoperative time was higher for RAPN in our study,
which has also been a common criticism of robotic procedures in the past. But this could well be due to a
significant learning curve with the robot, and future comparisons are needed to see any further decrease.
The WIT was shorter for OPN (18 minutes) compared to LPN (25 minutes) and RAPN (25 minutes), but this
difference was statistically insignificant. The WIT has already been shown to be shorter in OPN than in LPN
[13,14].

Experiences of single surgeons transitioning from LPN to RAPN have been published with similar
perioperative outcomes [15]. Another study by Klaassen et al. compared all three modalities and found that
RAPN was associated with fewer complications than OPN and LAPN [11]. Complication rates were similar in
our study; however, RAPN did have less total blood loss than OPN. Postoperative hospital stays have been
previously shown to be shorter in RAPN, but our study could not reflect the same results. Our hospital is a
tertiary care center in a low- and middle-income country, and patients travel far for treatment. Discharge of
these patients is dependent on multiple factors, and thus hospital stay was higher even in the robotic and
laparoscopic arm. The median stay was five days for both LPN and RAPN and six days for OPN.

Positive surgical margins have been documented in 2% to 8% of PN specimens [16]. We had a 7% positive
margin rate, although two were preoperatively suspected to have AML based on imaging, and margin control
was not the primary concern in these cases. Only one case (2%) had a positive margin, which eventually was
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determined to be a papillary RCC, and the patient was started on tyrosine kinase inhibitors.

The learning curve concerning WIT, positive surgical margins, and complications did not show any
significant improvement after performing 25 RAPNSs in our study. The WIT was 25 minutes. A previous
study published by our center with the inclusion of multiple surgeons and more than 20 years of experience
showed ischemia times of 18.9 vs. 24.1 vs. 20.6 minutes between OPN, LPN, and RAPN, respectively [17].
Another study explored the effect of increasing surgical experience on WIT and complications. They
concluded that improvement in ischemia times occurs for up to 150 cases, after which it reaches a plateau
[18].

Our study compared all three approaches simultaneously performed by a newly trained urologist. In seven
years with 52 cases, the mean ischemia time was still similar. More importantly, the surgical margins and
complication rates were also similar. Since this is a retrospective analysis, it does bring inherent limitations
to the study. The sample size was small, and tumor size and complexity were higher in the OPN group. The
non-inclusion of the experience of the assistant and the department, which may affect the perioperative
parameters, is another limitation. A single-surgeon analysis may minimize a few confounders. The
comparison of all three groups reflects the actual real-world clinical data at a tertiary center, along with
patient and procedure selection based on the surgeon's experience, which are some of the potential
strengths of this study.

Conclusions

Partial nephrectomy is the current treatment of choice for T1 renal masses, and open, laparoscopic, or
robotic approaches are all reasonable options for treatment. The transition from OPN and LPN to RAPN for a
newly trained urologist is not associated with any increase in positive surgical margins or complications,
except for longer operative times. The RAPN is a safe approach for small renal masses, and the learning
curve remains similar with respect to ischemia time across the three approaches.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Shritosh Kumar, Brusabhanu Nayak

Acquisition, analysis, or interpretation of data: Shritosh Kumar

Drafting of the manuscript: Shritosh Kumar

Critical review of the manuscript for important intellectual content: Brusabhanu Nayak

Supervision: Brusabhanu Nayak

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Institutional Ethics
Committee, All India Institute of Medical Sciences, New Delhi issued approval Not applicable. Data collected
for a retrospective clinical study is not mandated for permission from the Institutional Ethics Committee.
On a case-by-case basis, routine consent has been obtained for the collection of data for research purposes.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. SungH, Ferlay ], Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F: Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer |
Clin. 2021, 71:209-249. 10.3322/caac.21660

2. Patel HD, Gupta M, Joice GA, Srivastava A, Alam R, Allaf ME, Pierorazio PM: Clinical stage migration and
survival for renal cell carcinoma in the united states. Eur Urol Oncol. 2019, 2:343-348.
10.1016/j.eu0.2018.08.023

3. Ljungberg B, Albiges L, Abu-Ghanem Y, et al.: European Association of Urology guidelines on renal cell
carcinoma: the 2022 update. Eur Urol. 2022, 82:399-410. 10.1016/j.eururo.2022.03.006

4. Peyronnet B, Seisen T, Oger E, et al.: Comparison of 1800 robotic and open partial nephrectomies for renal

2024 Kumar et al. Cureus 16(1): e51646. DOI 10.7759/cureus.51646 70f8


javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.3322/caac.21660
https://dx.doi.org/10.3322/caac.21660
https://dx.doi.org/10.1016/j.euo.2018.08.023
https://dx.doi.org/10.1016/j.euo.2018.08.023
https://dx.doi.org/10.1016/j.eururo.2022.03.006
https://dx.doi.org/10.1016/j.eururo.2022.03.006
https://dx.doi.org/10.1245/s10434-016-5411-0

Cureus

10.

11.

16.

17.

18.

tumors. Ann Surg Oncol. 2016, 23:4277-4283. 10.1245/510434-016-5411-0

Chang KD, Raheem AA, Kim KH, et al.: Functional and oncological outcomes of open, laparoscopic and
robot-assisted partial nephrectomy: a multicentre comparative matched-pair analyses with a median of

5 years' follow-up. BJU Int. 2018, 122:618-626. 10.1111/bju.14250

Hanzly M, Frederick A, Creighton T, et al.: Learning curves for robot-assisted and laparoscopic partial
nephrectomy. ] Endourol. 2015, 29:297-303. 10.1089/end.2014.0303

Canter D, Kutikov A, Manley B, et al.: Utility of the R.E.N.A.L. nephrometry scoring system in objectifying
treatment decision-making of the enhancing renal mass. Urology. 2011, 78:1089-1094.
10.1016/j.urology.2011.04.035

Goel R, Nayak B, Singh P, Gamanagatti S, Yadav R: Percutaneous management of persistent urine leak after
partial nephrectomy: sealing the leak site with glue. ] Endourol Case Rep. 2020, 6:472-475.
10.1089/cren.2020.0151

Van Poppel H, Da Pozzo L, Albrecht W, et al.: A prospective, randomised EORTC intergroup phase 3 study
comparing the oncologic outcome of elective nephron-sparing surgery and radical nephrectomy for low-
stage renal cell carcinoma. Eur Urol. 2011, 59:543-552. 10.1016/j.eururo.2010.12.013

Lane BR, Gill IS: 7-year oncological outcomes after laparoscopic and open partial nephrectomy . J Urol. 2010,
183:473-479. 10.1016/j.juro.2009.10.023

Klaassen Z, Kohut RM Jr, Patel D, Terris MK, Madi R: A single surgeon's experience with open, laparoscopic,
and robotic partial nephrectomy. Int Sch Res Notices. 2014, 2014:430914. 10.1155/2014/430914
Masson-Lecomte A, Yates DR, Hupertan V, et al.: A prospective comparison of the pathologic and surgical
outcomes obtained after elective treatment of renal cell carcinoma by open or robot-assisted partial
nephrectomy. Urol Oncol. 2013, 31:924-929. 10.1016/j.urolonc.2011.08.004

Kaneko G, Miyajima A, Kikuchi E, Nakagawa K, Oya M: The benefit of laparoscopic partial nephrectomy in
high body mass index patients. Jpn ] Clin Oncol. 2012, 42:619-624. 10.1093/jjco/hys061

Gill IS, Kavoussi LR, Lane BR, et al.: Comparison of 1,800 laparoscopic and open partial nephrectomies for
single renal tumors. J Urol. 2007, 178:41-46. 10.1016/j.juro.2007.03.038

Lavery HJ, Small AC, Samadi DB, Palese MA: Transition from laparoscopic to robotic partial nephrectomy:
the learning curve for an experienced laparoscopic surgeon. JSLS. 2011, 15:291-297.
10.4293/108680811X13071180407357

Choi JE, You JH, Kim DK, Rha KH, Lee SH: Comparison of perioperative outcomes between robotic and
laparoscopic partial nephrectomy: a systematic review and meta-analysis. Eur Urol. 2015, 67:891-901.
10.1016/j.eururo.2014.12.028

Garg H, Tiwari D, Nayak B, et al.: A comparative analysis of various surgical approaches of nephron-sparing
surgery and correlation of histopathological grade with RENAL nephrometry score in renal cell carcinoma. |
Minim Access Surg. 2020, 16:144-151. 10.4103/jmas.JMAS_208_18

Larcher A, Muttin F, Peyronnet B, et al.: The learning curve for robot-assisted partial nephrectomy: impact
of surgical experience on perioperative outcomes. Eur Urol. 2019, 75:253-256. 10.1016/j.eururo.2018.08.042

2024 Kumar et al. Cureus 16(1): e51646. DOI 10.7759/cureus.51646

8of8


https://dx.doi.org/10.1245/s10434-016-5411-0
https://dx.doi.org/10.1111/bju.14250
https://dx.doi.org/10.1111/bju.14250
https://dx.doi.org/10.1089/end.2014.0303
https://dx.doi.org/10.1089/end.2014.0303
https://dx.doi.org/10.1016/j.urology.2011.04.035
https://dx.doi.org/10.1016/j.urology.2011.04.035
https://dx.doi.org/10.1089/cren.2020.0151
https://dx.doi.org/10.1089/cren.2020.0151
https://dx.doi.org/10.1016/j.eururo.2010.12.013
https://dx.doi.org/10.1016/j.eururo.2010.12.013
https://dx.doi.org/10.1016/j.juro.2009.10.023
https://dx.doi.org/10.1016/j.juro.2009.10.023
https://dx.doi.org/10.1155/2014/430914
https://dx.doi.org/10.1155/2014/430914
https://dx.doi.org/10.1016/j.urolonc.2011.08.004
https://dx.doi.org/10.1016/j.urolonc.2011.08.004
https://dx.doi.org/10.1093/jjco/hys061
https://dx.doi.org/10.1093/jjco/hys061
https://dx.doi.org/10.1016/j.juro.2007.03.038
https://dx.doi.org/10.1016/j.juro.2007.03.038
https://dx.doi.org/10.4293/108680811X13071180407357
https://dx.doi.org/10.4293/108680811X13071180407357
https://dx.doi.org/10.1016/j.eururo.2014.12.028
https://dx.doi.org/10.1016/j.eururo.2014.12.028
https://dx.doi.org/10.4103/jmas.JMAS_208_18
https://dx.doi.org/10.4103/jmas.JMAS_208_18
https://dx.doi.org/10.1016/j.eururo.2018.08.042
https://dx.doi.org/10.1016/j.eururo.2018.08.042

	Transition From Open and Laparoscopic to Robotic Partial Nephrectomy: Learning Curve and Outcomes
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Objectives
	Data collection
	Technique
	Statistical analysis

	Results
	TABLE 1: Preoperative demographic data
	TABLE 2: Perioperative data
	TABLE 3: Postoperative and histopathology data
	TABLE 4: Comparison between the first half (Group 1) vs. the latter half cases (Group 2)

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


