J Robotic Surg (2015) 9:125-130
DOI 10.1007/s11701-015-0498-z

CrossMark

@

ORIGINAL ARTICLE

Impact of fellowship training on robotic-assisted laparoscopic
partial nephrectomy: benchmarking perioperative safety

and outcomes

Abby S. Taylor - Bruce Lee - Bhupendra Rawal -
David D. Thiel

Received: 7 October 2014/ Accepted: 16 January 2015/ Published online: 4 February 2015

© Springer-Verlag London 2015

Abstract To provide perioperative benchmark data for
surgeons entering practice from formal robotic training and
performing robotic-assisted laparoscopic partial nephrec-
tomy (RAPN). Perioperative outcomes of the first 100
RAPN from a surgeon entering into practice directly from
robotic fellowship training were analyzed. Postoperative
complications were categorized by Clavien-Dindo grade.
Surgical “trifecta scores” and Margin, Ischemia, and
Complication (MIC) scoring were utilized to assess surgi-
cal outcomes. Statistical analyses were performed using
SAS (version 9.2; SAS Institute, Inc., Cary, North Caro-
lina). Median age of the cohort was 63 years
(22-81 years), and 34 (34.3 %) patients were over age 65.
Forty-one (41.4 %) patients had a BMI > 30. Thirteen
(13.1 %) had RENAL 10-12 tumors, 22 of which (22.2 %)
were >4 cm in size. Median warm ischemia time was
17 min, and 13 patients had resection without warm
ischemia. Five patients were converted to open partial
nephrectomy, and 1 patient was converted to laparoscopic
nephrectomy. Twenty-one patients (21.2 %) experienced a
complication, 6 of whom had a major (Clavien grade 3 or
higher) complication with one grade 5 complication.
Operating room time decreased with experience, but
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surgical complications and hospital stay did not change
with experience. MIC score of renal cell carcinoma (RCC)
patients was 74.7 %, while the surgical trifecta was
reached in 71.3 % of RCC patients. Surgeons may enter
practice directly from formal robotic training and perform
RAPN with perioperative outcomes, surgical complica-
tions, surgical trifecta scores, and MIC scoring in line with
those the most experienced robotic partial nephrectomists.
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Introduction

Despite the well-established advantages of nephron sparing
surgery (NSS), partial nephrectomy (PN) has been tradi-
tionally underutilized in the treatment of small renal mas-
ses (SRM) [1]. However, the use of PN has steadily
increased since 2002 [2]. This may be secondary to diffu-
sion of robotic technology for use in PN. Robotic tech-
nology continues to propagate throughout the Urology
community with a wider range of urologists incorporating
robotic surgery into their practice. As robotic surgery
continues to increase in utilization, the training background
of these urologists is becoming more varied and diverse.
Currently, the benchmark data for robotic-assisted partial
nephrectomy (RAPN) is based on large numbers of cases
from experienced robotic and laparoscopic surgeons [3-5].
There is currently an absence of benchmark data in the
literature for trainees entering practice directly from resi-
dency or fellowship training regarding RAPN.

Motivated by this, we completed a prospective evalua-
tion of the first 100 RAPN from a fellowship-trained
robotic surgeon entering practice to examine perioperative
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safety and outcomes. Our primary objective was to provide
initial insight regarding fellowship training in RAPN and to
provide the first benchmark data for other trainees entering
practice either out of fellowship training or residency.

Materials and methods

Following Institutional Review Board approval, we pro-
spectively analyzed the first 100 RAPN performed by one
surgeon (DDT) immediately following fellowship training.
The surgeries were performed at a tertiary care institution
that conducts a residency training program. During fel-
lowship training, the surgeon was directly involved in 58
robotic prostatectomies, over 100 laparoscopic renal sur-
geries, and 12 RAPN under the supervision of one expe-
rienced mentor, performing a portion of each of the
operations and assisting during the remaining portions of
the operation. This one-year fellowship program was cre-
dentialed by the Endourological Society and recognized by
the American Urologic Association.

Surgical technique

Patients were placed on an inflatable bean bag in the lateral
decubitus position with the ipsilateral arm secured on an
arm board above the patient’s head. Pneumoperitoneum
was established with the Veress needle technique. All
robotic partial nephrectomies were performed with the da
Vinci Si surgical system (Intuitive Surgical Corp., Sunny-
vale, CA) using a three robotic arm transperitoneal route
[2]. An assistant 12 mm port was placed in the supraum-
bilical midline, and a 5 mm assistant port was placed in the
subxhiphoid midline. Dissection was completed with right-
hand monopolar scissors and left-hand Maryland bipolar
forceps. The third robotic arm utilized Prograsp® forceps
for retraction. Renal hilar vessels were isolated, and peri-
renal fat was removed from the surface of the kidney. In all
but 13 cases, the renal artery and vein were clamped with
laparoscopic vascular bulldog clamps, and the tumor was
excised. Tumor excision was completed athermally with
collecting system closure completed when necessary with
absorbable suture. Rennoraphy was completed with the
sliding-clip technique described previously [6]. A surgical
drain was placed and removed when output was low.

Patient analysis

Renal morphometry scoring (RENAL) [7] was completed
by one reviewer (DDT). Estimated blood loss and intra-
operative blood transfusions were recorded. Operative time
was calculated as the time from Veress needle insertion
until the last port site was closed. Warm ischemia time was
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calculated as the time from renal artery clamping until all
clamps were removed.

Perioperative outcomes

Postoperative complications were categorized by Clavien-
Dindo grade [8]. Prolonged hospital stay was defined as a
stay of over 3 days. Prolonged urinary drainage was
defined as any patient who went home with a surgical drain
in place. “Trifecta” outcomes were defined as negative
margins, absence of grade 3 or higher complications, and
no change in renal function [9]. Margin, ischemia, and
complication (MIC) scoring was utilized and defined as
negative surgical margins, ischemia time under 20 min,
and absence of complications grade 3 or higher [10].

Statistical analysis

The numeric variables were summarized with the sample
median (range) and categorical variables were summarized
with number (percentage). The change in preoperative vs.
postoperative laboratory measures was assessed by using
either Wilcoxon singed rank test or McNemar’s test for
paired samples. The Spearman correlation was used to
assess an association between total operative time and a
RENAL score range. All two-sided P values <0.05 were
considered statistically significant. Statistical analyses were
performed using SAS (version 9.2; SAS Institute, Inc.,
Cary, North Carolina) and R Statistical Software (version
2.11.0; R Foundation for Statistical Computing, Vienna,
Austria).

Results

One patient was eliminated from analysis secondary to
incomplete operative and postoperative record. Table 1
represents the preoperative characteristics of the cohort.
Table 2 represents the intraoperative and postoperative
data collected. All surgical resection margins were nega-
tive. Two patients went home with surgical drains in place
secondary to urinary leakage, and these drains were
removed at 7 days and 13 days, postoperatively and
respectively. The one patient with 5,000 mL of estimated
blood loss had a renal vein injury intraoperatively, which
was repaired, and partial nephrectomy was completed
robotically. One patient was converted to radical
nephrectomy and had a RENAL 10 h lesion that was
incompletely resected and converted to laparoscopic
nephrectomy. Twenty-one (21.2 %) patients suffered a
postoperative complication (Clavien grade 1-5). Six
(6.06 %) patients suffered a major complication (Clavien
grade 3-5). Of the five grade 3 and 4 complications, three
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Table 1 Preoperative characteristics of RAPN patients

Variables RAPN patients (n = 99)
Age (years) 63 (22, 81)
Age (years) categorical

<65 65 (65.7 %)

>65 34 (34.3 %)
Sex (male) 62 (62.6 %)
BMI 28.9 (18.7, 47.3)
BMI categorical

<25 21 (21.2 %)

25-30 37 (37.4 %)

>30 41 (414 %)
ASA score

2 29 (29.3 %)

3 65 (65.7 %)

4 5.1 %)
RENAL score

4-6 38 (38.4 %)

7-9 48 (48.5 %)

10-12 13 (13.1 %)
Tumor size (cm)

<4 77 (77.8 %)

>4 22 (22.2 %)

Table 2 Intraoperative and postoperative data on RAPN patients

Intraoperative characteristics

201 (107-321)
300 (100-5,000)

Total operative time (min)
Estimated blood loss (ml)

Warm ischemia time (min) 17 (0-30)
Hilar clamping 86 (86.9 %)
Conv to open partial neph 5
Conv to radical neph 1
Postoperative characteristics
Length of hospital stay (days) 3 (1-6)
Length of hospital stay (>3 days) 20 (20.2 %)
Any post-op complication 21 (21.2 %)
Minor complication (Clavien grade 1-2) 15
Major complication (Clavien grade 3-5) 6
Cancer information
Benign 21 (21.2 %)
Renal Cell Carcinoma (RCC) 78 (78.8 %)
MIC scoring of RCC patients 68 (74.7 %)
TRIFECTA scoring of RCC patients 67 (71.3 %)

patients required interventional radiology coiling of a
pseudoaneurysm. One patient had an active myocardial
infarction during surgery, and one patient required surgical
intervention to remove a migrated surgical drain. There

was one Clavien grade 5 complication in which the patient
suffered a fatal myocardial infarction 2 weeks following
surgery. Two patients developed port-site hernias requiring
repair numerous months following surgery. MIC scoring
was not statistically associated with age, BMI, or RENAL
score (all, P > 0.25). Trifecta scoring was not related to
any of the noted variables except age >65 (P = 0.007).

Table 3 is the distribution of total operating time,
postoperative complications, and intraoperative conver-
sion according to different RENAL scoring range
(RENAL scores 4-6 vs. 4-9 vs. 10-12). Spearman cor-
relation to assess the association of total operative time
with different ranges of RENAL score, assuming that
RENAL scores are ordinal measures, found a significant
association of RENAL score and operative time (Spear-
man correlation = 0.34, P = 0.001) for RENAL scores
ranging 4-9 and a marginally significant association
(Spearman correlation = 0.32, P = 0.051) for RENAL
score range of 4—6. If RENAL scores 10-12 (n = 13) are
compared to the rest of the cohort with regard to operating
room time and complications, there is no difference in
major or minor complications between the 2 groups, but
operative time was significantly longer in the RENAL
10-12 patients (232 min vs. 200 min, P = 0.021). There
were no major complications in the RENAL 10-12
patients.

When tumor size over 4 cm (n = 22) is analyzed, there
does not appear to be a relationship with complications or
conversions to open surgery (P = 1.00). However, resec-
tion of tumors over 4 cm is associated with increased
operating room time (229 vs. 177 min, P = 0.016). When
patients were grouped into BMI categories of <25
(n = 21),25-30 (n = 37), and >30 (n = 41), there was no
association with increased operating room time, hospital
stay, or complications (any or major complications). Sim-
ilarly, when patients over the age of 65 were compared to
those under the age of 65, there was no association with
operating room time, hospital stay, or complications (any
or major).

Table 4 compares patients who had warm ischemia time
secondary to hilar clamping for tumor resection (n = 86)
versus those that had no warm ischemia time (n = 13). The
only statistically significant difference was serum creati-
nine level on postoperative day one (P = 0.006).

Table 5 analyses patients broken into quintiles by sur-
gery date to assess the effect of operative experience on
operative time and complications. Operating room time
decreases with experience but the incidence of overall
complications and major complications does not appear to
be related to operative experience. However, it can be
noted that the highest complication rate (any or major) was
in the 2nd quintile of patients.
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Table 3 Distribution of total operating time, postoperative complications, and intraoperative conversion according to different RENAL scoring

range for RAPN patients

Variables RENAL score: 4-6

(n = 38)

RENAL score: 4-9 (n = 86) RENAL score: 10-12 (n = 13)

Total operating time (min) 190 (107, 314)

Any post-op complication 6 (15.8 %)
Type of any post-op complication

Minor complication 4

Major complication 2
Intraoperative conversion

Conversion to open partial nephrectomy 1

Conversion to radical nephrectomy 0

200 (107, 314) 232 (181, 321)

19 (22.1 %) 2 (154 %)
13 2
6 _
4 I
0 1

Numeric variables are given with sample median (range) and categorical variables are given with their number (percent)

Table 4 Clamped vs. unclamped RAPN patients

Variables Clamped patients (n = 86) Unclamped patients (n = 13) P value
Difference in post-op creatinine (one 0.0 (—1.3, 1.1) —0.1 (=04, 0.2) 0.006
month minus post-op day one)
Any post-op complication 20 (23.3 %) 1 (7.7 %) 0.29
Type of post-op complication 1.00
Minor complication 14 1
Major complication 6 0
Length of hospital stay (>3 days) 18 (20.9 %) 2 (15.4 %) 1.00
Numeric variables are given with sample median (range) and categorical variables are given with their number (percent)
P values were obtained using Fisher’s exact test or Wilcoxon signed rank test
Table 5 RAPN patients in quintile groups (n = 99)
Variables Group 1 Group 2 Group 3 Group 4 Group 5 P value
(n = 20) (n = 20) (n = 20) (n = 20) n=19
Total operative time (min) 224 (117, 314) 229 (107, 314) 202 (134, 312) 178 (112, 251) 199 (128, 321)  0.002
Type of intraoperative conversion 0.50
Conversion to open partial - 1 3 - 1
nephrectomy
Conversion to radical nephrectomy  — - - - 1
Any post-op complication 3 (15 %) 8 (40 %) 3 (15 %) 4 (20 %) 3 (15 %) 0.32
Type of post-op complication 0.94
Minor complication 2 3 3 2
Major complication - 1 1

Numeric variables are given with sample median (range) and categorical variables are given with their number (percent)

P values were obtained using Kruskal-Wallis test or Fisher’s exact test

DOS date of surgery

Discussion
Currently, the benchmark data for RAPN is from large

volume robotic surgery centers or early adopters of the
technology [3-5]. The number of cases required to
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overcome the “learning curve” and reach “expert” status
for RAPN remains unclear. Unlike robotic prostatectomy,
there is no consensus definition of the “learning curve”
with RAPN. There is a paucity of benchmark data for
surgeons entering practice directly from residency or
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fellowship training. Mottrie et al. [11] noted that it takes
3040 RAPN cases to master the procedure in the hands of
an experienced robotic prostatectomist. They defined the
“learning curve” as the ability to complete tumor resection
with warm ischemia time (WIT) under 20 min accompa-
nied by robotic console time approaching the 90 min range.
Haseebuddin et al. [12] noted the RAPN learning curve for
an experienced laparoscopic renal surgeon to be about 16
cases. A multicenter analysis of RAPN performed in
France noted that complications seemed to decrease after
20 RAPN, thereby setting the “learning curve” at roughly
20 cases [13].

The data presented in this manuscript does not neces-
sarily clarify a “learning curve” however, when the sur-
gical experience is broken into blocks of 20 cases, there
was an association with decreased operating room time
with experience. We did not note an improvement in
complications with surgical experience. However, it can be
noted that our highest incidence of complications (any and
major) occurred in the 2nd quintile grouping.

The overall complication rate in this series was 21.2 %
with 6 major complications. A recent French study exam-
ining 240 RAPN over a 3-year period reported a 30 % risk
of postoperative complications associated with the proce-
dure [13]. They noted that limited surgeon experience,
blood loss, and opening of the collecting system were the
three main predictors of postoperative complications.
RENAL scoring was not associated with postoperative
complications in their experience. Similar to the above
experience, increasing RENAL score was associated with
higher OR times but not surgical complications in our
sample. Our analysis demonstrated no relation between
complications and larger tumor size, increasing BMI, or
age over 65 years. Bleeding complications in the French
study were more common in patients who were on anti-
coagulants [13]. Bleeding is the most common postopera-
tive complication following RAPN with blood transfusion
required in approximately 4 % of cases [14]. Increased
RENAL score, longer operative time, and operative blood
loss >250 ml are all associated with an increased risk of
postoperative hemorrhagic complications [15]. There was
one death noted in our initial 100 patients as the result of a
postoperative myocardial infarction 14 days following
surgery. Kim et al. [14] reviewed the largest RAPN series
and noted that cardiovascular events including arrhythmias
and myocardial infarctions are rare following RAPN
between 0.1 and 0.5 % of patients. This low rate of car-
diovascular complications likely reflects alternative options
for SRMs elected in patients with elevated cardiovascular
risk including watchful waiting and percutaneous ablation.

Most investigators agree that maximal preservation of
renal function is achieved with WIT under 30 min and
preferably limited to under 20 min [16]. WIT is noted to be

under 30 min in most large RAPN series [11]. The WIT in
our experience was 17 min in the 86 patients who had
resection with renal hilar clamping. Unclamped partial
nephrectomies were completed in 13 selected patients.
Unclamped partial nephrectomies in those selected patients
were associated with an improved postoperative day
number 1 creatinine compared to the 86 patients in the
WIT group. Unclamped partial nephrectomy was not
associated with an increased rate of complications or
increased hospital stay.

The surgical “trifecta” of RAPN has been proposed to
be negative surgical margins, no complications, and no
renal function change [9]. The trifecta rate of our RCC
cases was 71.3 %, which is well in line with those of the
most experienced laparoscopic/robotic partial nephrecto-
mist in the world [9]. One problem with the surgical “tri-
fecta” as it is originally proposed is that their lack of
standardization of when to define a patient as having no
change in GFR. The authors also define complications that
are “urologic related.” Trifecta scoring in our sample was
not related to any surgical variable except age >65. In
contrast to “trifecta” scoring, the surgical MIC score is
proposed to standardize terminology of RAPN and is
defined as negative surgical margins, WIT <20 min, and
no major complications (grade 3 or higher) [10]. The ori-
ginal description of the MIC score was accompanied by the
author’s score of 75.8 % in his last 99 RAPN [10]. The
MIC score of our RCC cases was 74.7 %. Since all of our
surgical resection margins were negative, complications
and ischemia time over 20 min were the limiting factors in
the MIC analysis. MIC scoring was not statistically asso-
ciated with age, BMI, or RENAL score in our sample.

A recent study utilizing the nationwide inpatient sample
noted that robotic utilization was increasing for partial
nephrectomy and that RAPN was associated with higher
hospital charges but less complications and less prolonged
hospitalizations than open or laparoscopic partial
nephrectomy [17]. Ellison et al. [18] compared outcomes
of multiple surgeons performing RAPN compared to LPN
performed by an experienced surgeon and noted that after a
rapid learning curve, the RAPN outcomes were similar to
those of the single experienced laparoscopic surgeon. It is
possible that robotic technology may be making minimally
invasive partial nephrectomy more feasible for a greater
number of surgeons and thereby playing a role in the
increased utilization of minimally invasive partial
nephrectomy seen currently. It can be argued that robotic
technology played a role in this series, allowing a novice
surgeon to complete 13 RENAL 10-12 tumors in a mini-
mally invasive fashion. There is currently no literature
documenting a case volume of complex RENAL 10-12
performed by a novice surgeon that rivals the number seen
in this series that has not been performed robotically.
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One could argue that the benchmark data of a single
surgeon provided in this manuscript is not secondary to
fellowship training. As with most manuscripts pertaining to
surgical experience, it is difficult to delineate out training
from technology and inherent surgical skill level. It is also
possible that the small number of patients did not allow for
analysis of certain differences that may have been statis-
tically present. One strength of this analysis is its strict
definitions of hospital stay, age, BMI, “trifecta,” and MIC
scoring. This allowed for a conservative measure of peri-
operative outcomes.

Conclusions

Surgeons may enter practice directly from training and
perform RAPN with perioperative safety, surgical com-
plications, surgical trifecta scores, and MIC scoring in line
with early adopters and most experienced robotic partial
nephrectomists. This experience may serve as benchmark
data for surgeons entering practice directly from fellowship
or residency training.
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