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Abstract

Introduction and objectives: Laparoscopic radical nephrectomy (LRN) is the gold standard treatment in current 
guidelines in cases where organ sparing surgery is not feasible, with equivalent oncological and functional outcomes. 
Though previously indicated only in patients at high risk of future kidney insufficiency, bilateral renal tumors or mass-
es in solitary kidneys,laparoscopic partial nephrectomy (LPN) has gained wider acceptance with increased availability 
of long term oncological result data.
The objective of this article is to present the perioperative parameters,histopathological and functional outcomes in 
the experience of the Oncology Institute Cluj-Napoca concerning LRN and LPN, with reference to data in literature.
Materials and methods: Data was collected prospectively for patients presenting with renal tumors, from April 2009 
to March 2014. 78 patients were operated laparoscopically for renal masses - 54 LRN and 24 LPN, for clinically localized 
cT1-2 N0M0tumors. Patient workup included history, chest radiography or CT, abdominal CT, serum creatinine levels 
(sCr) along with standard blood work. 
results: For LRN, average age was 59.37 and 57.54 for LPN, with a predominance of males in both groups. Mean 
tumor size was 58.52mm and 41.15mm respectively, with a predominance of T1 stage (51.8% and 79.2%). Operative 
time median for LRN was 110min (range 60 - 230min) and for LPN 177.5min (range 100 - 248min); average blood loss 
was 145.55ml and 739.58ml respectively. In NSS, pedicle clamping was performed in 95.8% of cases (1“zero ischemia”-
case). Mean warm ischemia time was 18.63min. 
conclusions: Laparoscopic radical nephrectomy provides improved perioperative morbidity, decreases hospital stay 
and offers similar oncological results to the open approach. Laparoscopic partial nephrectomy remains a technically 
challenging procedure that, while marred by a steep learning curve, can achieve acceptable operative parameters to 
offer comparable functional and oncological results to the open approach with the advantages of minimally invasive 
surgery.

Keywords: Laparoscopy, laparoscopic radical nephrectomy, laparoscopic partial nephrectomy, renal cell carcinoma, 
nephron sparing surgery
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Renal tumors represent around 2-3 % of diagnosed 

cancer in the adult population. Fortunately, over 50% 
of these are diagnosed in a localized phase of the dis-
ease (T1-T2 with no nodal or distant metastasis), most 
likely due to increased use and advancements in im-
aging techniques [1]. Advances in minimally invasive 
surgery have led to its displacement of open surgery 
in the radical treatment of renal masses. Laparoscopic 
radical nephrectomy (LRN) is the gold standard treat-
ment in current guidelines in cases where organ spar-
ing surgery is not feasible, with equivalent oncological 
and functional outcomes [2, 3, 4]. On the other hand, par-
tial nephrectomy (PN) has been the subject of past con-
troversy. Previously indicated only in patients at high 
risk of future kidney insufficiency, bilateral renal tumors 
or masses in solitary kidneys, the nephron sparing ap-
proach has recently gained wide acceptance with the 
increased availability of long term data concerning on-
cological outcomes [5]. As such, the indication for neph-
ron sparing surgery (NSS) is only limited by patient or 
tumor characteristics (size, location) [4]. The laparoscop-
ic approach to partial nephrectomy is also increasingly 
used in an effort to reduce perioperative morbidity and 
encourage early patient recovery [6]. However, laparo-
scopic partial nephrectomy (LPN) remains a technical-
ly demanding procedure, due to requiring that tumor 
resection and renal reconstruction be completed in a 
limited time frame. Thus, it is limited to experienced 
centers.

The objective of this article is to present the oper-
ative parameters and postoperative histopathological 
and functional outcomes in the experience of the On-
cology Institute Cluj-Napoca concerning LRN and LPN, 
while referencing data in literature for comparison.

Materials and methods
The data were collected in a prospective manner for 

all patients being operated for renal tumors in our insti-
tution, from April 2009 to March 2014. Of the total 78 
patients operated laparoscopically for renal masses, 54 
underwent LRN and 24 LPN for clinically localized cT1-
2 N0M0 renal tumors. Patient evaluation included de-
tailed history, chest radiography or CT, abdominal CT, 
serum creatinine levels along with standard laboratory 
blood work. Additional angio-CT scan was required for 
tumors with intent for NSS. 

LRN was performed with a standard 3 or 4 trocar 
approach, either transperitoneally or retroperitoneally. 

Renal pedicle vessels were dissected and secured us-
ing nonabsorbable clips (Figure 1). Additional lymph-
adenectomy was performed for clinically evident gan-
glia for staging purposes. The adrenal gland was spared 
where possible and no concerns over malignant infil-
tration were raised. The nephrectomy specimen was 
extracted in an endobag. 

LPN was performed with 4 or 5 trocars via a tran-
speritoneal approach. The renal pedicle was dissected 
and vessels controlled using either loops or a Satinsky 
clamp. Tumor excision was performed using cold en-
doscissors, under warm ischemia or in a zero ischemia 
manner (Figure 2). The collecting system was closed 
separately if required, using an absorbable multifila-
ment running suture secured with clips. Nephrorraphy 
was performed using absorbable multifilament run-
ning suture, with a hemostatic bolster in cases where a 
large defect was to be repaired. Additional hemostasis 
was achieved using clips or sutures, following pedicle 
unclamping. The tumor was extracted along with adja-
cent perinephric fat in an endobag (Figure 3). 

Postoperatively, all patients received prophylaxis 
for infections and venous thrombosis, and early ambu-
lation was encouraged. Complications, blood transfu-
sions and serum creatinine levels were recorded during 
the hospital stay and analyzed.

Operative outcomes reported include total surgery 
duration (operative time - OT), blood loss (BL), ischemia 
time (warm ischemia time - WIT) and intraoperative 
complications. Postoperative outcomes include pa-
thology data available, including surgical margin status 
(positive surgical margins –PSM), serum creatinine (sCr) 
level variation, transfusion rates as well as total hospital 
stay.

Fig. 1. Renal pedicle with dissected vessels  
during laparoscopic nephrectomy
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Fig. 2. Renal tumor bed following excision  
during laparoscopic partial nephrectomy

Fig. 3. Laparoscopic radical nephrectomy specimen following extraction

results
Patient demographics and tumor characteristics in 

the both groups are presented in table 1. 
For LRN, average age was 59.37 (mean 59.5, range 

32 –84), with a predominance of males (M: F 33:21). 
Mean tumor size was 58.52 mm (range 25 - 105 mm) 
with a predominance of the T1 stage (51.8%). Preop-
erative average sCr levels were 0.95 mg/dl (range 0.49 
–2.15 mg/dl) and preoperative average hemoglobin 
levels were 13.44 mg/dl (range 8.3 –16.3 mg/dl). Oper-
ative time median for LRN was 110 min (range 60 - 230 
min) with a mean of 114.44 min. Average blood loss was 
145.55ml. Times decreased and hemorrhage decreased 
as the surgical team grew in experience. The predomi-
nant histology was renal cell carcinoma (75.9%), with a 
Fuhrman grade of II (58.5% of cases). Positive surgical 
margins were reported in 4 cases (7.4%). Postoperative 
average sCr levels were 1.4 mg/dl, median 1.37 mg/dl 

(range 0.53 –2.79 mg/dl) and postoperative average 
hemoglobin levels were 10.88 mg/dl, median 11.2 mg/
dl (range 7 –14 mg/dl).

Table 1. Patient demographics

characteristics Total
Intervention

lrn lPn
Patients, no. 78 54 24

Age, yr
Mean 58.8 59.37 57.54

Median (IQR) 60 (26 - 84) 59.5 (32-84) 60 (26-73)
sex, n (%)

Male 49 33 (61.11%) 16 (66.67%)
Female 29 21 (38.89%) 8 (33.33%)

BMI, kg/m2

Mean 28.06 29.57 25.55

Median (IQR)
27.27  
(21.25 
–37.1)

26.51  
(22.65 –37.1)

25.95  
(21.25 

–28.34)
Preoperative serum creatinine level (mg/dl)

Mean 0.95 0.98 0.88

Median (IQR)
0.9  

(0.49 –2.15)
1 (0.49 –2.15)

0.9  
(0.54 –1.18)

Preoperative Haemoglobin level (mg/dl)
Mean 13.69 13.44 14.25

Median (IQR)
13.6  

(8.3 –16.9)
13.9  

(8.3 –16.3)
13.6 ( 

11.2 –16.9)

LRN = laparoscopic radical nephrectomy; 
LPN = laparoscopic partial nephrectomy; IQR = interquartile range;
BMI = body mass index

For LPN, average age was 57.54 (mean 60, range 26 
–73), with a predominance of males (M: F 2:1). Mean tu-
mor size was 41.16 mm (range 17 - 90 mm) with a pre-
dominance of the T1 stage (79.2%). Preoperative sCr 
levels were 0.88 mg/dl (range 0.54 –1.18 mg/dl) and pre-
operative hemoglobin level was 14.25 mg/dl (range 11.2 
–16.9 mg/dl). Operative time median for LPN was 177.5 
min (range 100 - 248 min) with a mean of 169.8 min. Av-
erage blood loss was 739.58 ml. Pedicle clamping was 
performed in 95.8%% of cases (1 “zero ischemia”case). 
Mean warm ischemia time was 18.63 min (range 10 –30 
min). Operative time and hemorrhage improved with 
experience. The predominant histology was renal cell 
carcinoma (62.5%), with a Fuhrman grade of II (66.6% of 
cases). Positive surgical margins were reported in 3 cas-
es (12.5%). Postoperative average sCr levels were 1.03 
mg/dl, median 0.99 mg/dl (range 0.64 –2.04 mg/dl) and 
postoperative average hemoglobin levels were 11.24 
mg/dl, median 11.55 mg/dl (range 9 –13.3 mg/dl).
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characteristics Total Intervention
lrn lPn

Total patients, 
n

78 54 24

Pathologic subtype, n (%)
Clear cell  

carcinoma
56 (71.8%) 41 (75.9%) 15 (62.5%)

Other 22 (28.2%) 13 (24.1%) 9 (37.5%)
Tumor size, mm

Mean 52.73 58.52 41.16
Median (IQR) 50 (17 –105) 55 (25 –105) 38 (17 –90)

Tumor stage, n (%)
T1a 26 (33.33%) 14 (25.9%) 12 (50%)
T1b 21 (26.92%) 14 (25.9%) 7 (29.2%)
T2a 7 (8.97%) 5 (9.2%) 2 (8.3%)
T2b 5 (6.41%) 5 (9.2%) 0 (0%)
T3a 17 (21.79%) 14 (25.9%) 3 (12.5%)
T3b 2 (2.56%) 2 (3.7%) 0 (0%)

Fuhrman grade, n (%)
I 4 (7.1%) 2 (4.8%) 2 (13.33%)
II 34 (60.7%) 24 (58.53%) 10 (66.66%)
III 13 (23.2%) 11 (26.82%) 2 (13.33%)
IV 5 (8.9%) 4 (9.75%) 1 (6.66%)

Positive  
surgical  

margin, n (%)
7 (8.9%) 4 (7.4%) 3 (12.5%)

LRN = laparoscopic radical nephrectomy;
LPN = laparoscopic partial nephrectomy;
IQR = interquartile range

Table 2 shows the pathology and surgical margin 
status for the operated patients.

The postoperative complication rate was 3.7% 
(2 cases of 54 – respiratory complication) in the LRN 
group and 12.5% (2 cases of hemorrhage and 1 urinary 
fistula) in the NSS approach, with an overall postopera-
tive complication rate of 6.4%. This parameter refers to 
situations where additional surgical intervention was 
needed.  

Median follow-up time was 19 months. The recur-
rence rate was 1.2%, with a single confirmed case in the 
LPN group at follow-up. Treatment applied was open 
radical nephrectomy (ORN).

Table 3. Perioperative values for laparoscopic radical ne-
phrectomy and laparoscopic partial nephrectomy

characteristics Total Technique
lrn lPn

Operative time, min
Mean 131.25 114.44 169.08

Median (IQR) 120 (60 –240) 110 (60- 230)
177.5  

(100-248)
Estimated blood loss, ml

Mean 328.33 145.55 739.58

Median (IQR) 200 (0 –2000) 100 (0 –500)
650  

(150 –2000)

Postoperative 
complications, 

n (%)
5 (6.4%) 2 (3.7%) 3 (12.5%)

Perioperative 
transfusion 

rate, n % 
33.33 % 12.96 % 79.16 % 

Warm  
Ischemia, n(%)

95.8%

Warm Ischemia Time, min
Mean 18.63

Median (IQR) 19 (10 –30)
Postoperative serum creatinine, mg/dl

Mean 1.26 1.4 1.03

Median (IQR)
1.2  

(0.53 –2.79)
1.37  

(0.53 –2.79)
0.99  

(0.64 –2.04)
Postoperative haemoglobin, mg/dl

Mean 11 10.88 11.24

Median (IQR) 11.2 (7 –14) 11.2 (7 –14)
11.55  

(9 - 13.3)
change in creatinine level, %

Mean (SD)
36.73  

(+/-40.03)
48.29  

(+/-39.18)
16.91  

(+/-33.88)
change in haemoglobin level, %

Mean (SD)
19.22  

(+/-9.42)
17.67  

(+/-10.06)
22.2  

(+/-7.57)
length of hospital stay, days

Mean 9.39 8.94 10.46
Median (IQR) 8 (2 –22) 7.5 (2 –18) 8 (5 –22)

LRN = laparoscopic radical nephrectomy;
LPN = laparoscopic partial nephrectomy;
IQR = interquartile range

Discussion
Demographics and operative parameters

We report on our experience using the laparoscopic 
approach in the treatment of renal masses. Concerning 
the demographics of our patient group, the mean age 
at diagnosis was 58.8 years, with the majority being 
men. It is worthy to mention that median BMI (28.06 
kg/m2) shows a mainly obese patient group, with 
slightly lower values in the partial nephrectomy cohort 
(25.55 vs. 29.57 kg/m2).

Radical nephrectomy (RN) was historically the treat-
ment of choice for renal tumors. However, today its 
role is limited, especially in the management of small 
localized disease, where NSS is possible and patient 
characteristics permit it [2, 7, 8]. LRN has been shown to 
provide comparable oncologic results to RN, addition-
ally achieving shorter hospital stays, less blood loss and 
reduced need for postoperative analgesia [8, 9].

LPN is a proven alternative to OPN in experienced 
hands [2,3]. While it can be performed wither transperi-
toneally or retroperitoneally, the former is preferred by 
our team due to familiarity and increased work space. 
At the same time, the laparoscopic access allows faster 
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certain tumor locations might be better suited for the 
retroperitoneal access. Results in literature are similar 
in regards to postoperative analgesia, complication 
rate and blood loss [15,16].

Operative time median in our series of LRN was 110 
min (range 60 –230 min), with faster times being more 
prevalent in the more recent cases. This was also the 
case with LPN, where the mean operative time was 
177.5 min (range 100 –248 min). For comparison, Bur-
gess et al [11] report an operative time of 105 min for 
LRN, while for LPN Gill reports a mean OT of around 
2h[13].

In regards to blood loss, in our experience, estimat-
ed median BL was 100ml for LRN (range 0-2000 ml) 
which is comparable to reported values in literature - 
for instance, Dunn et al [6] report an estimated blood 
loss of ~170ml. On the other hand, in our series for LPN 
median blood loss was 650ml (range 0 - 2000). Several 
studies reporting on similar procedures indicate a low-
er value of hemorrhage than in our cohort, of between 
150 ml to 300 ml [14, 15, 16, 17, 18, 19]. However, it is worthy of 
mention that in our institution no intraoperative phar-
macological hypotension was performed, which may, 
in part, explain these results. As a consequence, the 
transfusion rate was high in our series, especially in the 
LPN group (79% of cases receiving blood derivates).

In the largest study comparing LPN to OPN, the 
minimally invasive approach was proved to be superi-
or in operative time, blood loss and hospital-stay du-
ration. However, it was also associated with increased 
risk of postoperative hemorrhage and complications 
(OR: 3.52) [20, 19].

 The general consensus is that laparoscopy short-
ens hospital stay –Beasly et al reports an average time 
of about 3 days for LPN [17], while Dunn et al report 3.5 
days as average following LRN [6]. While the life-threat-
ening postoperative complication rate is low in our se-
ries (6.4%) the reported median hospital stay is 8 days 
- considerably longer, due mainly to administrative pol-
icies. 

In a study by Simmons and Gill [14] it was shown that 
a reduction in complication rate can only be achieved 
after a significant learning curve of over 200 cases. Thus 
it remains imperative that the operative team be spe-
cialized and the patients carefully selected in the early 
stages of the learning curve. Indicators of increased risk 
for postoperative complication were shown to be tu-
mor size and position in relation to the renal parenchy-
ma and sinus [20, 21, 22]. This study is also encouraging for 

the present operative team, as we expect to improve 
results with advancement on the learning curve.

oncologic outcomes and positive surgical margins
Oncologically, LPN offers comparable results to OPN 

[23, 24]. According to Lane and Gill, the 10-year outcomes 
both procedures are very good in carefully selected pa-
tients with limited risk of recurrence for cT1 renal cor-
tical tumors. Overall survival at 10 years is mediated by 
patient factors such as age, comorbidity and operative 
indication, and by cancer factors such as predicted re-
currence-free survival but not by the choice of opera-
tive technique, which depends on surgeon preference 
and experience.

LPN has similar results to OPN in regard to the pos-
itive surgical margin rate. A survey in europe and the 
US showed a positive surgical margin rate of 2.4%[25], 
while Kavoussi et al [26] obtained 1.8% in a series of 511 
LPN for RCC. Other data [22, 13] mentions a slightly higher 
rate of 2.5 –6% PSM for LPN, directly related to the WIT. 
Our own data –PSM of 7.4% for LRN and 12.5% for LPN 
appears to be close, but with room for improvement. To 
note, a single case of recurrence was identified in the 
LPN group and was due treated radically.

It is worthy to mention that, though a complete 
excision of the tumor and avoiding positive surgical 
margins is considered crucial in NSS, the thickness of 
the safety margin does not seem to influence the on-
cologic outcomes [27]. A recent study by Thomson et 
al [28] showed that indication and tumor location were 
predictors of local recurrence, but not positive surgical 
margins. The authors analyzed a series of patients with 
PSM with a minimum of 37mo follow-up and found 
similar CSS and OS compared to a similar cohort with 
negative margins. This data suggests that a conserva-
tive management of positive margins is advisable until 
definitive imaging showing postoperative local recur-
rence.

As shown in results, the mean tumor size in our 
cohort was over 5cm. This is higher than the average 
reported in literature, of around 3 cm [14, 26, 16, 19]. This 
may be caused by cultural and economic differences, 
as tumor detection is dependent on widespread use 
of imaging and screening programs. Most frequently 
treated tumors were in the T1 stage, with a Fuhrman 
grade <3. This is consistent with other reports on lap-
aroscopic nephrectomies [29]. The applicability of LPN 
is also growing, with growing reports of higher stage 
tumors being treated in a minimal invasive approach 
[8, 30, 31, 32].
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preservation of renal function

Large multicenter studies have previously shown 
that the duration of warm ischemia time (WIT) is as-
sociated with increased risk of renal complications [33, 

34]. The precise threshold of WIT with clinical impact is 
not yet defined, with [35] showing that PN with a WIT 
>30min can still provide better functional outcomes 
than RN. Though these series examine patients oper-
ated in the classical manner, these implications should 
hold true in the laparoscopic approach.

In the previously mentioned study by Gill and Lane 
[20], LPN was shown to have a mean WIT of 30.7 min 
compared to OPN –20.1 min. Porpiglia et al [30] analyzed 
renal function after LPN in 18 cases and concluded that 
an ischemic time of less than 30 min is recommended 
to minimize renal injury. Gill [12] reports several  techni-
cal modifications to the original technique in a series 
of 235 patients, including limiting the renal pedicle 
clamping time to the duration of tumor excision and 
initial medullar parenchyma renorraphy, that allow the 
WIT to decrease to  14.4min (compared to previous ap-
proach, 31.9 min in the previous periods). It is the same 
author that reports on the first use of the zero ischemia 
technique [36] that requires selective control of renal ar-
terial branches towards the tumor and possible adjunc-
tive pharmacological reduction of blood pressure.

In our report, the mean WIT in the 23 cases of LPN 
was 18.63 min, within the best guidelines available 
(median 19 min, range 10 –30 min). We also report a 
single case of “zero ischemia”LPN. 

With increasing awareness that renal dysfunction 
may be present even with normal sCr levels in patients 
presenting with renal tumors [37] and the increased risk 
of cardiovascular events, hospitalization and death 
due to chronic kidney disease [38, 39], partial nephrecto-
my (PN) has gained wider acceptance as it provides a 
means of preserving healthy renal parenchyma with 
improved postoperative renal function. However, the 
eORTC trial 20904[40] showed no protective effect of PN 
on overall survival. 

In our series, the mean change in sCr levels was 
48.3% (SD 39.18) for LRN and 16.91% (SD 33.88) for 
LPN. Mean postoperative sCr in the LRN group was 1.4 
mg/dl and 1.03 mg/dl in the LPN group. Postoperative 
hemoglobin was 10.88 mg/dl and 11.24 mg/dl for LRN 
and LPN respectively. These results are similar to the 
ones reported by Gill et al [15]concerning functional out-
comes after LPN in 200 cases. 

conclusions
Improved and more frequent use of non-invasive 

imaging has led to an increase in the number of pa-
tients identified with renal tumors at an earlier stage. 
As surgical treatment continues to be the standard of 
care, it is imperative to choose the best approach.

Laparoscopic radical nephrectomy provides im-
proved perioperative morbidity, decreases hospital 
stay and offers similar oncological results to the open 
approach. 

Laparoscopic partial nephrectomy remains a tech-
nically challenging procedure that, while marred by a 
steep learning curve, can achieve acceptable operative 
parameters to offer comparable functional and onco-
logical results to the classic technique with the advan-
tages of reduced invasiveness. The experience of the 
surgical team is vital to accomplishing these goals.

Abbreviations:
 LRN laparoscopic radical nephrectomy
 LPN laparoscopic partial nephrectomy
 ORN open radical nephrectomy
 OPN open partial nephrectomy
 RCC renal cell carcinoma
 WIT warm ischemia time
 PSM  positive surgical margins
 sCr serum creatinine
 OT operative time
 BL blood loss
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