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ABSTRACT

Objective: To report the initial outcomes of robotic-assisted partial nephrectomy in a tertiary center in South America.
Material and methods: From 11/2008 to 12/2009, a total of 16 transperitoneal robotic-assisted partial nephrectomies
were performed in 15 patients to treat 18 kidney tumors. One patient with bilateral tumor had two procedures, while
two patients with two synchronous unilateral tumors had a single operation to remove them. Eleven (73%) patients
were male and the right kidney was affected in 7 (46%) patients. The median patient age and tumor size were 57
years old and 30 mm, respectively. Five (28%) tumors were hilar and/or centrally located.

Results: The median operative time, warm ischemia time and estimated blood loss was 140 min, 27 min and 120 mL,
respectively. Blood transfusion was required in one patient with bilateral tumor, and one additional pyelolithotomy
was performed due to a 15mm stone located in the renal pelvis. The histopathology analysis showed 15 (83%)
malignant tumors, which 10 (67%) were clear cell carcinoma. The median hospital stay was 72 hrs and no major
complication was observed.

Conclusion: Robotic-assisted partial nephrectomy is safe and represents a valuable option to perform minimally invasive

nephron-sparing surgery.
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INTRODUCTION

With the widespread use of abdominal
imaging techniques like ultrasound, CT scan and
MRI, the incidence of localized kidney tumor is
increasing in a rate of 3% every year in the last
decade (1). Partial nephrectomy is currently the pre-
ferred treatment for selected renal masses < 7 cm
whenever is technically feasible, secondary to its
oncological equivalency to radical nephrectomy and
better functional outcomes (2,3). Additionally, there
is robust evidence showing that radical nephrec-
tomy is associated to increased cardiovascular

morbidity, hospital admissions, and risk of death
compared to partial nephrectomy (4,5).

The minimally invasive approach using the
laparoscopic access has gained acceptance and pop-
ularity in selected high volume centers and it is now
used accordingly to the surgeon’s experience, tumor
size and location, and patient comorbidities (6). The
high technical demanding and steep learning curve
of the laparoscopic partial nephrectomy (LPN) are
the limitation factors to its larger use in the com-
munity setting (6,7). In this scenario, robotic tech-
nology is now available to facilitate the learning
curve difficulties specially with the reconstruc-
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tive part of the procedure performed under warm
ischemia due to its tridimensional magnified view,
wristed instruments, tremor filter, completely sta-
ble camera handled by the surgeon and better er-
gonomics (7). This study aims to report the initial
outcomes of robotic-assisted partial nephrectomy
(RAPN) performed in a tertiary center in South
America.

MATERIALS AND METHODS

From 11/2008 to 12/2009, 15 patients had
16 robotic-assisted partial nephrectomies to re-
move 18 kidney tumors. Data were obtained from
our prospectively maintained database with Insti-
tutional Review Board approval. Two patients pre-
sented with two synchronic unilateral tumors that
were removed in a single procedure, while one
patient with bilateral tumor had two procedures
to avoid the warm ischemia damage in both kid-
neys at the same time (Figures 1, 2 and 3). Eleven
(73%) patients were male and the right kidney was
affected in 7 (46%) patients. The median patient
age and tumor size were 57 years (43-73) and 30
mm (10-55), respectively. Five (28%) tumors were
hilar and/or centrally located. Eight (44%) tumors
were anteriorly located and the remaining 11 (66%)
were posterior. The tumors were located in the up-
per, medial and inferior pole in 50, 30, and 20% of

Figure 1 - Patient with bilateral tumors. On the right kid-
ney a 6.2 cm upper pole lesion is observed, and a 7cm le-
sion is noted in the lower pole of the left kidney.

Figures 2 and 3

Follow-up postoperative CT scan images.

the cases, respectively (Table-1). Tumor excision
was performed under warm ischemia in all but one
case with a single 10 mm exophitic tumor.

Briefly, the transperitoneal approach with
3 robotic arms of the da Vinci S surgical System
(Intuitive Surgical, Sunnyvale, CA) and one 12
mm port for the bedside assistant were used. After
the colon is mobilized medially, the kidney, ure-
ter and gonadal vein are identified and retracted
laterally. The dissection proceeds cephalad along
the anterior surface of the psoas muscle until the
renal vein is visualized. The renal hilar vessels are
carefully dissected individually. The kidney is mo-
bilized within Gerota’s fascia and defatted, main-
taining perirenal fat over the tumor. Intraoperative
flexible laparoscopic ultrasonography is routinely
performed to circumferentially score an adequate
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Table 1 - Demographic Data.

Patients 15
Procedures 16
Tumors 18
Male (%) 11 (73)
Age (yrs) 57 (43-75)
Tumor size (mm) 30 (10-55)
Right side (%) 7 (39)
Central/Hilar (%) 5(28)
Anterior (%) 5(28)

margin of renal parenchyma. As a nephron-protec-
tive measure, 12.5 g of Mannitol are given intra-
venously 30 minutes prior to hilar lamping. The
renal pedicle vessels are clamped individually
with laparoscopic bulldogs, applied by the bedside
assistant. The tumor is excised with cold robotic
scissors in a near-bloodless field, and the collect-
ing system is suture repaired with a running 2-0
Vicryl on a SH needle. Care should be taken to
not place the stitches very deep in order to avoid
obstruction to an adjacent collecting system and/
or major arterial branch. Another running suture
with Vicryl 0 on CT-1 needle is placed to close the
kidney defect. A Hem-o-Lok clip (Weck Closure
System, Research Triangle Park, NC) is secured
on the suture to prevent it from pulling through,
and another clip is applied to the suture with the
opposite renal surface, compressing the kidney
(sliding clip technique). Mannitol 12.5 g and fu-
rosemide 10-20 mg is given intravenously prior to
hilar unclamping. The specimen is extracted in an
Endocatch bag. The abdomen is then inspected af-
ter 10 minutes of no pneumoperitoneum to check
any bleeding from the surgical area. A Blake drain
is left in all patients.

RESULTS

The median operative time in this series
was 140 min. (90-170), median estimated blood

loss was 120 mL (50-1000), and median warm isch-
emia time was 27 min (13-40). Blood transfusion
was given to a patient with bilateral tumors after the
second procedure. Pathologic analysis revealed 15
(83%) malignant tumors: 13 renal cell carcinoma
(10 clear cell and 3 papillary), and 2 metastatic lung
leiomyosarcoma, both in the same patient. All be-
nign lesions were oncocytoma (Table-2).

In one case, after the kidney was recon-
structed and the hilum unclamped, the macroscopic
aspect of the specimen was suspicious for positive
margin, and this finding was confirmed by pathol-
ogy analysis. Through a small anterior subcostal
incision, an additional kidney parenchyma was ex-
cised with no additional hilar clamping; instead, the
assistant employed manual compression during the
parenchymal resection and subsequent reconstruc-
tion.

The median hospital stay was 72 hours
(36-98), and no perioperative complication was
observed in this series. Additionally to the partial
nephrectomy, one patient had a robotic-assisted
pyelolithotomy due to an ipsilateral 15 mm stone
located in renal pelvis. All patients were followed
with the same protocol, and after a median follow-
up of 6.2 months no local or systemic recurrence
was observed.

Analyzing the operative outcomes of the
RAPN performed for anterior and posterior tumors,
we did not find any significant difference regarding
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Table 2 - Perioperative outcomes Pathological results.

Operative time (min)

140 (90-170)

Warm ischemia time (min)
Estimated blood loss (mL)
Blood transfusion (%)
Positive surgical margin (%)
Malignancy (%)
RCC
Clear cell
Papillary
Leiomyosarcoma

Hospital stay (Hrs)

27.5 (13-40)
120 (50-1000)
1(6)

1 (6)

15 (83)

13
10
3
2

72 (36-98)

tumor size (3.2 cm vs. 2.3 cm; p = 0.29); opera-
tive time (140 min. vs. 122 min.; p = 0.73); warm
ischemia time (29 min. vs. 24 min.; p = 0.11), and
estimated blood loss (100 mL vs. 122 mL; p=10.67).

DISCUSSION

Despite the amount of evidence in the liter-
ature supporting the nephron sparing surgery, even
open partial nephrectomy is proved to be heavily
underused in United States, probably because its
technical complexity (3). Considering only the
laparoscopic approach, the current status is still
more dramatic; with only few surgical teams in high
volume centers have acquired the advanced skills
to execute the procedure safely with a reasonable
warm ischemia time (3,6). Adequate kidney dissec-
tion with tumor exposure, following by the tumor
excision with negative margins and renorrhaphy
under hilar clamping are the key steps that have
limited the outcomes of LPN compared to the open
partial nephrectomy, with longer warm ischemia
time and higher postoperative complication rate in
a large multicentric study (6). Although recent tech-
nical modifications such as early hilar unclamping,

suture preplacement, knotless techniques and use of
biological sealants have decreased the LPN warm
ischemia time and postoperative bleeding, these are
only used by surgeons with large experience in the
laparoscopic arena (8-11).

The robotic technology incorporated tridi-
mensional intraoperative visualization, better dis-
section and suture angles, and enhanced ergonom-
ics. It made possible to overcome the steep learning
curve of minimally invasive partial nephrectomy,
with safe perioperative and oncological results. The
presented data showed a warm ischemia time of 27
min., despite the limited experience of the surgeon
with LPN (< 10 cases); furthermore, almost one
third of the treated tumors in this report were hi-
lar and/or centrally located. The median operative
time of 140 min. was also comparable to the initial
world RAPN series, ranging from 142 to 279 min.
(7). Similar findings were seen regarding estimated
blood loss, with 120 mL compared to 92 to 329 mL
in the previous reports (7). Only one patient with
bilateral tumor required blood transfusion in our
series, and it was necessary after the second proce-
dure, performed two weeks after the resection of the
contralateral tumor.
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No major complication was observed in
this study. The only open conversion occurred in
an elective fashion due to suspicion of macroscopic
positive surgical margin in the specimen, after the
kidney defect was closed and the renal hilum un-
clamped. The clinical impact of positive surgical
margins after partial nephrectomy is still not well
defined, and the available data supporting close
follow-up in LPN cases with positive margins is
based in microscopic disease found in the final pa-
thology analysis (12,13). While the decision to re-
move additional renal tissue in this circumstance
is controversial, the authors strongly encourage the
achievement of negative margins during partial ne-
phrectomy.

The hospital stay for RAPN in the literature
has ranged from 48 to 96 hours, what is comparable
to the 72 hours presented in this report. The authors
usually removed the drain with output < 100 mL
per 12 hours and the patient is then discharged. Al-
though the follow-up in this study is short, no local
recurrence or metastatic disease was observed in
the patients with renal cell carcinoma.

So far, few studies have compared the pure
laparoscopic approach to its robotic counterpart.
Wang et al. analyzed 102 cases of minimally inva-
sive partial nephrectomies (40 RAPN and 62 LPN)
and concluded that operative time, warm ischemia
time and hospital stay were significantly shorter in
RAPN series (14). Deane et al. did not find any dif-
ference in the results of LPN and RAPN, although
this study had a small number of patients (15). Aron
et al. showed in a subset of six patients undergone
LPN with early hilar unclamping, a significant
shorter warm ischemia time compared to RAPN
(16). In a multicentric study comparing 118 LPN
to 129 RAPN, Benway et al. reported significant
advantages to RAPN regarding blood loss (155 vs.
196 mL), warm ischemia time (19.7 vs. 28.4 min.),
and hospital stay (2.4 vs. 2.7 days) (17).

Although the authors have showed promis-
ing results during their learning curve, some limi-
tations of RAPN should be pointed: the presence
in the operative team of a laparoscopic skilled bed
assistant to apply the bulldogs during hilar control
is highly recommended, and the financial costs of
the robotic system, surgical supplies, and required

medical training represent a serious concern, espe-
cially for developing countries.

Randomized studies with larger number
of subjects are still awaited to assess the impact of
the robotic-assisted nephron-sparing surgery, com-
pared to open and laparoscopic approaches.

CONCLUSIONS

Robotic-assisted partial nephrectomy was
feasible and presented a low complication rate
even during the initial learning curve. The data pre-
sented herein revealed promising initial periopera-
tive results. The use of the robotic technology may
increase the employment of minimally invasive
nephron-sparing surgery.
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EDITORIAL COMMENT

The emergence of robotics in urology is
an effort to incorporate the minimally invasive
benefits of laparoscopy to enhanced vision and in-
creased freedom of movement of the instruments.
These advantages help us to perform more complex
surgical tasks, such as an accurate surgical closure
of collecting system and parenchymal defects.

Although laparoscopic partial nephrecto-
my is safer in expert hands, laparoscopic partial
nephrectomy has a higher complication rate and
a significantly longer warm ischemia-time when
compared to open approach. To date, open neph-
ron-sparing surgery is the standard of care for T1
renal tumors (< 7 cm) in appropriate patients and
laparoscopic radical nephrectomy should be an
alternative only if partial resection of T1 tumors
is not technically feasible. Indeed, conventional
laparoscopic partial nephrectomy is a challeng-
ing procedure with a steep learning curve and it’s
questionable if a procedure limited to a few experi-
ence hands in high volume reference centers to be
a viable alternative to open partial nephrectomy.
However, in contemporary series from laparoscop-
ic specialized tertiary care centers, several techni-
cal modifications of LPN such as early unclamping
technique abbreviated the warm ischemia time.
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In the last 6 years, robotic assisted partial
nephrectomy (RAPN) has increasingly gained accep-
tance in robotic centers worldwide with preliminary
efficacy and safety data comparable to laparoscopic
and open series.

Although, costs of robotic assistance remain
an important issue, especially in developing countries
with limited health budgets and restricted access to
tertiary centers, economic evaluation must be bal-
anced against possible benefits of robot-assistance in
reducing ischemia time, complication rate and delete-
rious short and long-term renal function outcomes,
preventing chronic kidney disease.

As show in recent studies, regardless the
surgical approach, the duration of warm ischemia
should be the minimum as possible, ideally should
be completed within 20 minutes. Gradually, the isch-
emia time has gained importance as a primary peri-
operative outcome in partial resections of RCC and
tumor size seems to be no longer a limiting factor for
nephron-sparing surgery.

Although, extended follow-up is lacking,
considering ischemic time as a key-point, the ini-
tial international RAPN series reported that the
learning curve seems to be shorter for robotic than
for laparocopy.

In the present study, the authors reported
their initial experience with 16 robotic assisted par-
tial nephrectomies. Median warm ischemic time was
27.5 minutes with an interquartile range of 13-40
minutes. Therefore, a high proportion of patients,
nearly 50%, were exposed to a warm ischemia time
beyond the 30 minutes historical limit. Available lit-
erature confirms that the 20 minutes cut-off could be
reach after 30 cases.

Despite some methodologic limitations of
initial reports (small numbers, limited experience),
the authors should be recommended for their pioneer-
ing efforts in RAPN in South America.

Some consideration must be given regarding
oncologic control. As pointed out by the authors, al-
though only a small portion of patients with positive
surgical margin will clinically relapse in short-term
follow-up, negative margins are encouraged. As pre-
viously demonstrated, nephron-sparing surgery is an
oncologic safe procedure. Many efforts have been
made to achieve negative margins, prevent local re-
currence and survival. Intraoperative laparoscopic
ultrasound could be useful in deeper central tumors.

Unlikely, today’s robotic platforms have
reached their full potential in urology. Technologi-
cal improvements and operative refinements are ex-
pected. Robot assisted nephron-sparing surgery is a
promising procedure in evolution, that bridge the ad-
vantages of LPN with shorter ischemia time and low-
er risks of complications. Further studies are needed
to confirm this point and if RAPN will be the most
effective, economic attractive and safe option for lo-
calized renal masses management.
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