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Robotic partial nephrectomy shortens warm ischemia time,
reducing suturing time kinetics even for an experienced
laparoscopic surgeon: a comparative analysis
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Abstract

Objectives Laparoscopic and robotic partial nephrectomy
(LPN and RPN) are strongly related to influence of tumor
complexity and learning curve. We analyzed a consecutive
experience between RPN and LPN to discern if warm
ischemia time (WIT) is in fact improved while accounting
for these two confounding variables and if so by which
particular aspect of WIT.

Methods This is a retrospective analysis of consecutive
procedures performed by a single surgeon between
2002-2008 (LPN) and 2008-2012 (RPN). Specifically,
individual steps, including tumor excision, suturing of
intrarenal defect, and parenchyma, were recorded at the
time of surgery. Multivariate and univariate analyzes were
used to evaluate influence of learning curve, tumor com-
plexity, and time kinetics of individual steps during WIT,
to determine their influence in WIT. Additionally, we
considered the effect of RPN on the learning curve.
Results A total of 146 LPNs and 137 RPNs were inclu-
ded. Considering renal function, WIT, suturing time, ren-
orrthaphy time were found statistically significant
differences in favor of RPN (p < 0.05). In the univariate
analysis, surgical procedure, learning curve, clinical tumor
size, and RENAL nephrometry score were statistically
significant predictors for WIT (p < 0.05). RPN decreased
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the WIT on average by approximately 7 min compared to
LPN even when adjusting for learning curve, tumor com-
plexity, and both together (p < 0.001).

Conclusions We found RPN was associated with a
shorter WIT when controlling for influence of the learning
curve and tumor complexity. The time required for tumor
excision was not shortened but the time required for
suturing steps was significantly shortened.

Keywords Kidney cancer - Laparoscopy - Nephrectomy -
Renal cell carcinoma - Robotics

Introduction

Nephron sparing surgery (NSS) is the new accepted stan-
dard of care for treatment of the small renal mass [1].
Robotic-assisted partial nephrectomy (RPN) has recently
been reported to improve the outcomes of laparoscopic
partial nephrectomy (LPN) by possible reduction in warm
ischemia time (WIT) [2, 3]. LPN is technically challenging
and has a steeper learning curve because it requires not
only precise tumor margin resection but also complex and
time-dependent renal hemostasis and reconstruction [2]. It
is possible that RPN decreases the learning curve [4] and
has been associated with increased utilization of partial
nephrectomy. Pierorazio et al. [5] reported that increase in
nephron sparing surgery has been facilitated by robotic
technology. However, results of partial nephrectomy are
strongly influenced by tumor size and complexity, and both
partial nephrectomy and laparoscopic surgery are strongly
under the influence of the learning curve [6, 7]. Thus, any
study evaluating outcomes of these approaches may be
strongly biased by these factors unless they are accounted
for during data collection and analysis. It is also unclear
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how the addition of the robotic interface may improve the
laparoscopic approach to partial nephrectomy, and specific
data in this regard may help future robotic applications. We
thus analyzed a single surgeon’s comparative experience
between RPN and LPN, while accounting and adjusting for
the learning curve, tumor complexity, and analyzed time
kinetics of individual steps during WIT, to determine
whether WIT is truly shortened when accounting for these
factors and, if so, to define which specific steps are short-
ened by the robotic approach.

Patients and methods

This study is a retrospective analysis of all consecutive
procedures (LPN or RPN) performed by a single surgeon
(S.F.M.) between 2002 and 2012. NSS was offered to all
patients meeting accepted elective and imperative criteria.
[1] LPN was offered from 2002 until 2008, while RPN was
offered from 2008 onward. Cases performed without hilar
clamping and those converted to open surgery or radical
nephrectomy were excluded. Other standard demographic,
perioperative, and renal function data were collected.
Learning curve was defined as case number and repre-
sented as a continuous variable. The learning curve was
defined as the number of cases required to consistently
perform RPN with WIT, as compared to the end of LPN
series. Specifically, individual steps, including tumor
excision (EXC), suturing of intrarenal vessels and col-
lecting system (INTRA), and renorrhaphy (REN), were
recorded at the time of surgery in 190 procedures. The
Institutional Review Board approved this retrospective
study.

Surgical technique

For LPN, similar principles as established by Novick and
Gill’s group [8] were utilized. For RPN, the same steps
were performed as for LPN, modified where needed for a
robotic approach. A 2-arm approach with a 0° camera was
used as a standard, utilizing monopolar scissors in the right
hand which was exchanged for a needle driver during
suturing, and Prograsp forceps in the left hand. For hilar
tumors, a 3-arm approach was used with the addition of a
Maryland bipolar. A single 12-mm assistant port was
placed routinely, and in the very obese, an additional 5-mm
assistant port was placed for bowel retraction. Bulldog
placement by the assistant was performed until recently;
we have now obtained bulldogs allowing placement with a
robotic Prograsp (Scanlan International, St. Paul, MN). The
artery was always clamped, and for tumors with significant
central extension, we also clamp the vein. Placement of
oxidized cellulose bolsters, injection of a collagen matrix,
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and placement of a drain were done selectively and not
routinely. For follow-up, patients were seen 4-6 weeks
postoperatively, and those with pT1a tumors were followed
annually with chest imaging and comprehensive laboratory
studies, with abdominal scanning performed 1-3 years
after surgery.

Data collected included standard patient demographics,
indication for nephron sparing (elective vs. imperative),
tumor data (side, radiographic and pathologic size, RENAL
nephrometry score [9]), renal function data (serum creati-
nine level, estimated glomerular filtration rate [eGFR]
based on the Modification of Diet in Renal Disease cal-
culation, percentage of parenchymal volume preserved),
surgical data (estimated blood loss, blood transfusions,
conversions, surgery time, WIT, and individual time
kinetics of EXC, INTRA, and REN), pathologic data
(tumor histology, stage classification, size of normal mar-
gins, positive surgical margins), postoperative data (length
of hospital stay, complications using Clavien classification
[10], number of days until drain removal). The percentage
of parenchyma preserved was calculated by visual
estimate.

Statistical analysis

Summary statistics were used to describe the demographic
and clinical characteristics for all patients and for the two
surgical procedure cohorts. Wilcoxon rank-sum test and
Pearson’s Chi-square test (or Fisher’s exact test) were used
to determine whether there were differences in demo-
graphic and clinical characteristics between surgical pro-
cedures. We used a univariate linear regression to model
WIT as a function of the surgical procedure (LPN vs. RPN)
and other potential covariates. Full and reduced multivar-
iate linear regressions were used to model the WIT as a
function of the surgical procedure while adjusting by
covariates. Linear regression was used to evaluate the
effect of the learning curve (based on case number) and
tumor complexity on WIT, and the effect of robotic-
assisted technique on learning curve. Statistical analysis
was performed using Stata/SE version 12.0 statistical
software (StataCorp LP, College Station, TX).

Results

Of all 309 patients, 291 had the procedure finished as a
minimally invasive partial nephrectomy. No-clamp tech-
nique was used in seven cases and these were excluded. We
had 13 cases converted to open partial nephrectomy, six
converted to radical nephrectomy, and one converted to
open radical nephrectomy. The majority of these conver-
sions occurred after Gerota’s fascia was approached and
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Table 1 Summary of clinical, tumor, pathological, perioperative, and renal functional characteristics by type of procedure
Preoperative clinical Surgery type p Value
Laparoscopy (n = 146) Robotic (n = 137)
Median (min—-max) Median (min—-max)
Age at surgery (years) 62.0 (24.0-86.0) 60.3 (29.8-84.6) 0.409*
BMI (kg/m?) 29.0 (18.8-48.7) 30.4 (16.6-52.7) 0.226*
Clinical tumor size (cm) 2.5 (0.9-7.8) 2.7 (1.0-7.0) 0.065%
Pre-op serum creatinine (mg/dL) 1.0 (0.0-2.6) 0.9 (0.5-1.6) <0.001%
Pre-op MDRD (mL/min/173 m?)  73.2 (0.0-144.4) 87.3 (41.2-141.1) <0.001*
Follow-up (months) 53.5 (0.0-119.0) 13.0 (0.0-49.0) <0.001*
N (%) N (%)

Females 54 (37.0) 71 (51.8) 0.012°
White 112 (76.7) 104 (75.9) 0.874°
Right side 76 (52.1) 73 (53.3) 0.836
ASA Classification 3 97 (66.4) 87 (63.5) 0.067¢
Median RENAL nephrometry score (min—max) 7.0 (4.0-10.0) 7.0 (4.0-10.0) 0.657%
RENAL scores, individual N (%) N (%)
Radius-1 125 (85.6) 112 (81.8) 0.216°
Radius-2 14 9.6) 23 (16.8)
Exo/endo-1 71 (48.6) 67 (48.9) 0.027¢
Exo/endo-2 68 (46.6) 58 (42.3)
Nearness-1 64 (43.8) 62 (45.3) 0.380°
Nearness-2 22 (15.1) 14 (10.2)
Anterior 60 41.1) 79 57.7) 0.489°
Location-1 54 (37.0) 54 (39.4) 0.355°
Location-2 32 (21.9) 39 (28.5)
Hilar 18 (12.3) 29 (21.2) 0.046°
Pathologic N (%) N (%)
Positive surgical margins 2 (1.4) 2 (1.5) 0.999¢
Malignant histology 113 (77.4) 118 (86.2) 0.058°
Clear cell histology 73 (50.0) 96 (70.1) 0.001°¢
pTla Stage 132 (90.4) 108 (79.4) 0.009°¢
Perioperative N (%) or median (min—max) N (%) or median (min—-max)
Clamp method—artery alone 52 (35.6) 50 (36.5) <0.001¢
Clamp method—both artery and vein 43 (29.5) 71 (56.2)
EBL (mL) 100.0 (25.0-650.0) 125.0 (10.02-200.0) 0.284%
Total OR time (min) 195.0 (115.0-285.0) 192.5 (105.0-325.0) 0.655*
Transfusions 1 0.7) 3 2.2) 0.357¢
Clavien score (CS) 0.433°¢

1 (25.0) 8 (53.3)

11 (66.7) 6 (40.0)

IIIb (8.3) 1 6.7)
Ischemia time and renal function Median (min—-max) Median (min—-max)
Warm ischemia time 26.0 (13.0-55.0) 20.0 (10.0-41.0) <0.001*

Excision (min) 6.0 (4.0-12.0) 6.6 (2.0-15.0) 0.505%

Suturing (min) 10.0 (4.0-29.0) 7.0 (2.0-17.0) <0.001*
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Table 1 continued

Ischemia time and renal function

Median (min-max)

Median (min—-max)

Renorrhaphy (min) 9.0 (2.0-21.0)
Post-op serum creatinine (mg/dL) 1.1 (0.0-3.1)
Post-op MDRD (mL/min/173 m?) 68.9 (0.0-113.7)
Last follow-up serum creatinine (mg/dL) 1.0 (0.0-3.2)
Last follow-up MDRD (mL/min/173 mz) 69.7 (0.0-131.3)
% Kidney preserved 85,0 (25-97)

6.0 (1.0-16.0) <0.001*
0.9 (0.0-1.6) <0.001*
78.0 (0.0-146.5) <0.001*
0.9 (0.0-50.0) <0.001*
79.4 (0.0-158.9) <0.001*
79.5 (50-95) <0.001*

% Wilcoxon rank-sum
® Pearson’s Chi-square
¢ Fisher’s exact test

upon realization that tumor number or complexity was
higher than revealed on imaging. There were five cases
converted during or after the partial procedure, one due to
positive margins on frozen section. Thus, for the final
analyses, we studied 283 procedures with hilar clamping
technique.

Table 1 shows the summary statistics for all 283 pro-
cedures and for the two surgical procedure cohorts (146
LPN, 137 RPN). Prior to 2008, 146 LPNs were performed
after exclusionary criteria; we converted to RPN exclu-
sively in 2008. Tumor size, percentage of kidney paren-
chyma preserved, American Society of Anesthesiologists
(ASA) physical status classification, and overall histology
were not significantly different between the LPN and RPN
groups (p > 0.05). Considering serum creatinine level and
eGFR (1 month postoperatively, and at last follow-up),
suturing time, renorrhaphy time were found to have sta-
tistically significant differences (p < 0.05). WIT was sig-
nificantly different between the LPN and RPN (26.0 vs.
20.0, respectively; p < 0.001).Statistically significant
improvement was seen with suturing steps during WIT
(Table 1).

In the univariate analysis, surgical procedure, learning
curve, clinical tumor size, and RENAL nephrometry score
were statistically significant predictors for WIT (p < 0.05;
Table 2a). After controlling for all the potential predictors
from the univariate analysis (p < 0.25), we found that
surgical procedure, learning curve, clinical tumor size,
nephrometry score were statistically significant predictors
for WIT (p < 0.05). After we eliminated variables using
backward selection methods (p < 0.05), we found that
surgical procedure, learning curve, clinical tumor size,
nephrometry score, and partial nephrectomy indication
were still significant predictors of WIT (Table 2a).

Additional regression models were performed for WIT
and surgical procedure while adjusting for learning curve
and tumor complexity (Table 2a, b and Fig. 1). There was
a significant WIT difference while adjusting for learning
curve (model 1, Table 2b) and while adjusting for tumor
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complexity (model 2, Table 2b). Including both learning
curve and tumor complexity maintained the benefit of RPN
(model 3, Table 2b). According to linear regression lines of
LPN and RPN (Fig. 1), the WIT reached by 140 cases of
LPN was achieved earlier with only 40 cases, showing the
influence of robotic technology on the learning curve.

Discussion

Compared to a laparoscopic approach, the use of a robotic
approach significantly reduces the WIT, even when
accounting for learning curve and tumor complexity, both
of which are significant confounders of similar prior anal-
yses. Our data show that the decrease in the WIT during
RPN is appreciated from a significant decrease in the
suturing steps; there was no significant difference in the
time for tumor excision between LPN and RPN. Previously,
the advantage of the 3-dimensional view and wristed
robotic motion was only conceptual. Evaluation of the
timing kinetics in this series validates that the advantage
may be attributed to the robotic system for the complex
maneuvers needed for suturing. Overall, there was no sig-
nificant difference in nephrometry score between our
robotic and laparoscopic cohorts. However, there were
more endophytic, central, and hilar tumors in the RPN
group which would be expected to adversely affect out-
comes and thus reducing the benefit of the robotic approach.

While long-term oncologic outcomes are yet to be
evaluated, it has been shown that the robotic approach is
comparable to the laparoscopic approach in the perioper-
ative setting with regard to WIT and pathologic outcomes
[11-16]. The majority of published studies have shown that
RPN offers a decrease in WIT [3], while others have shown
the WIT comparison to be equivocal [14]. A paucity of
published articles has compared RPN versus LPN using a
standardized system to measure complexity (e.g., neph-
rometry score), incorporation of learning curve, or the time
kinetics of individual steps during WIT.
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Table 2 Linear regression for (a) warm ischemia time (WIT), and (b) WIT and learning curve

Univariate analysis

Full multivariate analysis*

Reduced multivariate analysis**

p 95 % CI for f  p Value f 95 % CI for f p Value f 95 % CI for f  p Value
(a) Linear regression for WIT
Surgery

Laparoscopic (ref)

Robotic —6.70 (—8.49, —4.90) <0.001 —8.38 (—10.02, —6.74) <0.001 —7.83 (—9.37, —6.29) <0.001
Learning curve —-0.06 (-0.08, —0.04) <0.001 —-0.08 (-0.10, —=0.06) <0.001 —0.08 (—0.10, —0.06) <0.001
Age at the time of surgery —0.01 (—0.07, 0.09) 0.801
BMI 0.12  (0.04, 0.29) 0.128 0.11  (-0.02, 0.24) 0.110
Clinical tumor size (cm) 1.73  (0.99, 2.46) <0.001 1.84 (1.15, 2.52) <0.001 238 (1.77,2.97) <0.001
Path tumor size (cm) —0.01 (-=0.02, 0.01) 0.361
RENAL nephrometry score 0.94 (0.36, 1.52) 0.002 0.54  (0.03, 1.05) 0.040
% Kidney preserved —0.03 (—0.12, 0.07) 0261 —0.07 (—0.14, 0.01) 0.104
Side of surgery

Right (ref)

Left 0.34 (—1.63, 2.30) 0.737
Hilar

No (ref)

Yes —0.40 (-306, 2.26) 0.768
(b) Linear regression for WIT and learning curve
Model 1

Surgical technique

Laparoscopic (ref)
Robotic —6.83 (—8.45, —5.21) <0.001

Learning curve —0.07 (—0.08, —0.05) <0.001
Model 2

Surgical technique

Laparoscopic (ref)
Robotic —6.16 (—7.87, —4.45) <0.001

RENAL score 091 (0.39, 1.42) 0.001
Model 3

Surgical technique

Laparoscopic (ref)
Robotic —6.73 (—8.33, —5.13) <0.001

Learning curve —0.06 (—0.08, —0.04) <0.001

RENAL Score 0.90 (0.42, 1.38) <0.001

The beta (f) indicates the reduction (negative value) or addition (positive value) of ischemia time based on the variable analyzed

* Excludes variables with p > 0.25 on the univariate analysis

** Excludes variable with p > 0.05 using backward elimination method

The majority of patient and tumor-related variables are
unmodifiable, and the WIT is the most important factor the
surgeon can alter in order to achieve better functional
outcomes. Although the RPN and LPN are almost identi-
cal, our evaluation of time kinetics showed no significant
difference in the time for tumor excision between both
techniques but RPN decreased the time to perform complex
maneuvers during suturing of the vessels/collecting system
and renorrhaphy. These data show that even with the

influence of the learning curve and tumor complexity, WIT
is still favorably reduced by RPN, particularly by short-
ening the suturing steps during WIT. Despite increasing
tumor complexity, we still appreciated a difference in WIT
between RPN and LPN. Data from 2009 support this
inference by showing that WIT was significantly lower for
RPN in more complex tumors [11]; complexity in that
study, however, was only defined as a need for calyceal
repair during surgery and not by the more objective
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measure using nephrometry. Given the potential for long-
term renal function damage caused by ischemia, this
reduction in time may be meaningful in the long term and
may, with the minimally invasive benefit, justify the added
cost of the robotic approach.

The primary limitation of our study is that it was a
retrospective analysis with potential unrecognized selec-
tion bias. Confounders and bias were minimized by the
consecutive nature of our cohorts; all surgeries were
switched from laparoscopic to robotic. There were some
gradual technical modifications that occurred over the
course of LPN and RPN, which cannot be pinpointed as to
the exact transition of the change, and may have influenced
the results. Additionally, we adjusted in the multivariable
model any potential confounders, thus accounting for all
measurable differences between the two approaches. Our
use of linear regression to develop the effect of the learning
curve may also be criticized. We developed the linear
regression of the initial robotic cases against the initial
cases of LPN. As robotic surgery has improved the lapa-
roscopic approach, comparing these regressions head to
head may exaggerate the true difference in WIT.

Regarding our analysis in linear regression, the WIT
plateau was reached faster in RPN, with only around 40
cases. The authors understand recognize that experience
accumulated over the laparoscopic cohort biases the data.
However, we do believe that current robotic systems pro-
vide differences in optically magnified three-dimensional
imaging and a greater range of fully articulated wristed-
instrument motion, allowing more facile and efficient
ambidextrous manipulation [17, 18]. This study must be
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viewed in light of its limitations, because it is a cohort
observational study with no randomization; all surgeries
were done by one surgeon with laparoscopic experience
but still requiring a learning curve for the robotic approach.
However, this bias is common in nearly all studies com-
paring RPN with LPN, such as those from several centers
of experience as Lavery et al. [19] and as reviewed by
Aboumarzouk et al. [2]. These limitations could be solved
by a prospective, randomized, multi-institutional trial with
robotically naive surgeons in order to measure the true
difference after the learning curve. These findings may also
not translate to a surgeon directly converting from open to
RPN, and such data could prove meaningful for the larger
picture of increasing utilization of partial nephrectomy in
the urologic community. RPN has continued to prove a safe
alternative to LPN. RPN also appears to offer the advan-
tage of decreased WIT. As the techniques advance and
comfort with the robotic approach increases, we may
expect to see more common use of nephron sparing tech-
niques with more complex tumors and with even further
reduction in WIT.

Conclusion

This study found that RPN had satisfactory perioperative
outcomes and was similar to LPN in terms of complica-
tions, pathological outcomes, and short-term outcomes.
Despite learning curves for robotic urologic surgery are
subjective and based on non-validated metrics, we found
RPN was associated with a shorter WIT when controlling
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for influence of the learning curve and tumor complexity.
The time required for tumor excision was not shortened but
the time required for suturing steps was significantly
shortened. Studies assessing WIT should account for the
influence of the learning curve and objective measures of
tumor complexity when analyzing the results of technical
advances. Only a randomized trial with longer follow-up
can provide definitive results.

Acknowledgments Sunita Patterson reviewed the manuscript for
editorial and grammatical corrections. This research was supported in
part by the National Institutes of Health through MD Anderson’s
Cancer Center Support Grant, CA016672.

Conflict of interest The authors declare that there is no conflict of
interest.

References

1. Campbell SC, Novick AC, Belldegrun A, Blute ML, Chow GK,
Derweesh IH, Faraday MM, Kaouk JH, Leveillee RJ, Matin SF,
Russo P, Uzzo RG, Practice Guidelines Committee of the
American Urological A (2009) Guideline for management of the
clinical T1 renal mass. J Urol 182(4):1271-1279

2. Aboumarzouk OM, Stein RJ, Eyraud R, Haber GP, Chlosta PL,
Somani BK, Kaouk JH (2012) Robotic versus laparoscopic partial
nephrectomy: a systematic review and meta-analysis. Eur Urol
62(6):1023-1033. doi:10.1016/j.eururo.2012.06.038

3. Khalifeh A, Autorino R, Hillyer SP, Laydner H, Eyraud R,
Panumatrassamee K, Long JA, Kaouk JH (2013) Comparative
outcomes and assessment of trifecta in 500 robotic and laparo-
scopic partial nephrectomy cases: a single surgeon experience.
J Urol 189(4):1236-1242

4. Ellison JS, Montgomery JS, Wolf JS Jr, Hafez KS, Miller DC,
Weizer AZ (2012) A matched comparison of perioperative out-
comes of a single laparoscopic surgeon versus a multisurgeon
robot-assisted cohort for partial nephrectomy. J Urol 188(1):45—
50. doi:10.1016/j.juro.2012.02.2570

5. Pierorazio PM, Patel HD, Feng T, Yohannan J, Hyams ES, Allaf
ME (2011) Robotic-assisted versus traditional laparoscopic par-
tial nephrectomy: comparison of outcomes and evaluation of
learning curve. Urology 78(4):813-819. doi:10.1016/j.urology.2011.
04.065

6. Masson-Lecomte A, Bensalah K, Seringe E, Vaessen C, de la
Taille A, Doumerc N, Rischmann P, Bruyere F, Soustelle L,
Droupy S, Roupret M (2013) A prospective comparison of sur-
gical and pathological outcomes obtained after robot-assisted or
pure laparoscopic partial nephrectomy in moderate to complex
renal tumours: results from a French multicentre collaborative
study. BJU Int 111(2):256-263. doi:10.1111/j.1464-410X.2012.
11528.x

7.

10.

12.

13.

15.

16.

17.

18.

19.

Mirheydar HS, Parsons JK (2012) Diffusion of robotics into
clinical practice in the United States: process, patient safety,
learning curves, and the public health. World J Urol. doi:
10.1007/s00345-012-1015-x

. Gill IS, Desai MM, Kaouk JH, Meraney AM, Murphy DP, Sung

GT, Novick AC (2002) Laparoscopic partial nephrectomy for
renal tumor: duplicating open surgical techniques. J Urol 167(2 Pt
1):469-467; discussion 475-466

. Kutikov A, Uzzo RG (2009) The R.E.N.A.L. nephrometry score:

a comprehensive standardized system for quantitating renal tumor
size, location and depth. J Urol 182(3):844-853. doi:10.1016/j.juro.
2009.05.035

Dindo D, Demartines N, Clavien PA (2004) Classification of
surgical complications: a new proposal with evaluation in a
cohort of 6336 patients and results of a survey. Ann Surg 240(2):
205-213

. Benway BM, Bhayani SB, Rogers CG, Dulabon LM, Patel MN,

Lipkin M, Wang AlJ, Stifelman MD (2009) Robot assisted partial
nephrectomy versus laparoscopic partial nephrectomy for renal
tumors: a multi-institutional analysis of perioperative outcomes.
J Urol 182(3):866-872. doi:10.1016/j.juro.2009.05.037

Deane LA, Lee HJ, Box GN, Melamud O, Yee DS, Abraham JB,
Finley DS, Borin JF, McDougall EM, Clayman RV, Ornstein DK
(2008) Robotic versus standard laparoscopic partial/wedge
nephrectomy: a comparison of intraoperative and perioperative
results from a single institution. J Endourol Endourol Soc 22(5):
947-952. doi:10.1089/end.2007.0376

Gettman MT, Blute ML, Chow GK, Neururer R, Bartsch G,
Peschel R (2004) Robotic-assisted laparoscopic partial nephrec-
tomy: technique and initial clinical experience with DaVinci
robotic system. Urology 64(5):914-918. doi:10.1016/j.urology.2004.
06.049

. Haber GP, White WM, Crouzet S, White MA, Forest S, Autorino R,

Kaouk JH (2010) Robotic versus laparoscopic partial nephrectomy:
single-surgeon matched cohort study of 150 patients. Urology
76(3):754-758. doi:10.1016/j.urology.2010.03.058

Wang AJ, Bhayani SB (2009) Robotic partial nephrectomy versus
laparoscopic partial nephrectomy for renal cell carcinoma: single-
surgeon analysis of >100 consecutive procedures. Urology
73(2):306-310. doi:10.1016/j.urology.2008.09.049

Scoll BJ, Uzzo RG, Chen DY, Boorjian SA, Kutikov A, Manley
BJ, Viterbo R (2010) Robot-assisted partial nephrectomy: a large
single-institutional experience. Urology 75(6):1328-1334
Mottrie A, De Naeyer G, Schatteman P, Carpentier P, Sangalli M,
Ficarra V (2010) Impact of the learning curve on perioperative
outcomes in patients who underwent robotic partial nephrectomy
for parenchymal renal tumours. Eur Urol 58(1):127-132. doi:
10.1016/j.eururo.2010.03.045

Cha EK, Lee DJ, Del Pizzo JJ (2011) Current status of robotic
partial nephrectomy (RPN). BJU Int 108(6 Pt 2):935-941. doi:
10.1111/j.1464-410X.2011.10556.x

Lavery HJ, Small AC, Samadi DB, Palese MA (2011) Transition
from laparoscopic to robotic partial nephrectomy: the learning
curve for an experienced laparoscopic surgeon. J Soc Laparoen-
dosc Surg Soc Laparoendosc Surg 15(3):291-297. doi:
10.4293/108680811X13071180407357

@ Springer


http://dx.doi.org/10.1016/j.eururo.2012.06.038
http://dx.doi.org/10.1016/j.juro.2012.02.2570
http://dx.doi.org/10.1016/j.urology.2011.04.065
http://dx.doi.org/10.1016/j.urology.2011.04.065
http://dx.doi.org/10.1111/j.1464-410X.2012.11528.x
http://dx.doi.org/10.1111/j.1464-410X.2012.11528.x
http://dx.doi.org/10.1007/s00345-012-1015-x
http://dx.doi.org/10.1016/j.juro.2009.05.035
http://dx.doi.org/10.1016/j.juro.2009.05.035
http://dx.doi.org/10.1016/j.juro.2009.05.037
http://dx.doi.org/10.1089/end.2007.0376
http://dx.doi.org/10.1016/j.urology.2004.06.049
http://dx.doi.org/10.1016/j.urology.2004.06.049
http://dx.doi.org/10.1016/j.urology.2010.03.058
http://dx.doi.org/10.1016/j.urology.2008.09.049
http://dx.doi.org/10.1016/j.eururo.2010.03.045
http://dx.doi.org/10.1111/j.1464-410X.2011.10556.x
http://dx.doi.org/10.4293/108680811X13071180407357

	Robotic partial nephrectomy shortens warm ischemia time, reducing suturing time kinetics even for an experienced laparoscopic surgeon: a comparative analysis
	Abstract
	Objectives
	Methods
	Results
	Conclusions

	Introduction
	Patients and methods
	Surgical technique
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	References


