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Abstract

Introduction: Laparoscopic partial nephrectomy (LPN) remains one 
of the more challenging procedures in urology. Minimizing warm 
ischemia time (WIT) and bleeding requires efficient intracorporeal 
suturing. In addition, achieving negative surgical margins requires 
complete excision of the tumour. We report a large Canadian series 
of laparoscopic partial nephrectomy with intermediate follow-up.
Methods: Between September 2000 and August 2008, 152 con-
secutive laparoscopic partial nephrectomies were performed at our 
centre. Demographic, pathological and clinical data were collected 
through a retrospective review of the charts. 
Results: The average tumour size was 2.68 cm (Range: 0.5-8.8. 
The vast majority of tumours were malignant (80%). All margins 
were negative, except for 2 patients who underwent an immediate 
re-resection. There were no local recurrences or distant metasta-
sis during the follow-up period of 44.3 months. Most procedures 
required hilar clamping (93.4%) with a mean WIT of 34 minutes, 
with a clear trend for declining WIT with increasing experience. 
Five procedures were converted to laparoscopic radical nephrec-
tomy, 10 converted to a hand-assisted procedure, and 1 was con-
verted to an open partial nephrectomy. The average blood loss 
was 162 cc. Complications related to the procedure were classified 
according to the Clavien grading system. The average drop in the 
glomerular filtration rate was calculated by the Modification of Diet 
in Renal Disease (MDRD) Study equation between preoperative 
and 2.5 months postoperative was 8.6 mL/min/1.73 m2.
Conclusions: LPN is a challenging procedure that requires advanced 
laparoscopic skills. LPN is feasible with excellent oncological out-
comes, and an acceptable complication profile. The short-term 
impact on overall renal function is minimal. The most common 
postoperative complication was pseudo-aneurysm requiring embo-
lization, which reinforces the intra-operative need for meticulous 
and a quick suture-ligation of blood vessels during LPN. 

Introduction 

In 2008, renal cell carcinoma (RCC) was the ninth most 
common cancer in Canada, with 4400 new cases diag-

nosed.1 Surgical extirpation has been the mainstay of RCC 
treatment since the work of Robson and colleagues four 
decades ago.2 The techniques have evolved dramatically 
since then with nephron-sparing surgery3 and laparoscopy.4

Over the last 20 years, two trends in RCC have emerged: a 
decrease in the size of diagnosed tumours and a migration 
towards lower stages.5 At the same time, an emerging body 
of literature is strengthening the case for partial nephrectomy 
(PN) as the treatment of choice for small renal masses. PN 
has been shown to be equivalent to radical nephrectomy 
(RN) for renal masses <4 cm in terms of 10-year cancer-
specific survival rates.6 Recently, a few series have even 
reported the oncologic equivalency of PN and RN for masses 
between 4 and 7 cm.7,8 In addition, PN has been shown to 
be superior to RN in terms of renal function preservation.9,10

Despite strong support for PN as the procedure of 
choice for the treatment of small renal masses, it remains 
significantly underutilized. In a review of the Surveillance, 
Epidemiology and End Results (SEER) registry, Miller and 
colleagues reported that only 9.6% of nephrectomies per-
formed between 1988 and 2001 were partial.11 This unde-
ruse may be due to an unfamiliarity with the techniques of 
an open partial nephrectomy (OPN). This problem will only 
be exacerbated as centres of excellence establish laparos-
copy as the new standard approach for PN. Laparoscopic 
partial nephrectomy (LPN) is the most demanding of the 
laparoscopic procedures due to the potential for hemor-
rhage, the time pressure of warm ischemia, the need for 
efficient intracorporeal suturing and the need for complete 
ease and comfort with the procedure. 

At McMaster University, Hamilton, Ontario, LPN has 
been performed for small renal masses since 2000, mostly 
by one surgeon (AK). With time, there has been accumula-
tion of expertise, and this series is currently one of the larger 
Canadian ones. We reviewed whether warm ischemia times 
(WITs) declined with increased experience and whether the 
use of LPN increased for more challenging tumours (i.e., 
tumour size). To justify the use of tumour size as a surrogate 
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for degree of difficulty of LPN, a correlation between tumour 
size and WIT was analyzed. Nephrometry scores (R.E.N.A.L 
or PADUA) were not available due to the lack of availability 
of imaging in order to be able to assign the scores retrospec-
tively. In this retrospective analysis, the intermediate-term 
oncologic control of this procedure, as well as the decline 
in renal function over the short term following LPN, was 
reviewed. Finally, surgical complications related to LPN 
were tabulated. 

Methods 

Between September 2000 and August 2008, 152 LPNs were 
performed. Most cases (88.2%) were performed by one sur-
geon (AK), who performed PNs exclusively through a lapa-
roscopic approach. While an open approach was performed 
by the three other participating surgeons, the selection crite-
ria for the LPN for the minority of the overall series (11.8%) 
were largely based on each surgeon’s judgment. Through 
a retrospective review of the patient charts, we collected 
demographic, pathological and clinical data. The estimated 
glomerular filtration rate (GFR) was calculated using the 
modification of diet in renal disease (MDRD) study equa-
tion.12 The postoperative GFR values were calculated using 
the first available outpatient values, which was on average 
2.5 months postoperatively. Changes between preeoperative 
and postoperative proportions in each chronic kidney dis-
ease (CKD) category were compared using the Fisher’s exact 
test. Tumour size was collected from computed tomography 
scan reports as the greatest measured dimension prior to the 
procedure. Plots were then drawn of the change in tumour 
size and WIT time over the length of time of the series. To 
determine if tumour size constituted a valid surrogate of 
the degree of difficulty of LPN, a plot of tumour size versus 
warm ischemia time was also drawn. Correlations between 
the different variables were verified using a linear regres-
sion model.

Our surgical technique for LPN has evolved over time. 
Through a transperitoneal approach, the bowel was dis-
sected along the white line of Toldt, exposing the retro-
peritoneum, and later the renal hilum. Gerota’s fascia was 
opened to expose the tumour. A laparascopic ultrasound 
was used only to localize endophytic tumours. Vascular 
control was obtained with a laparoscopic DeBakey (Scanlan 
International, Inc., Saint Paul, MN) or Satinsky (Karl Storz, 
Tuttlingen, Germany) clamps. Initially, the entire hilum was 
clamped, but later in the series, only the renal artery was 
controlled. In a minority of cases, hand-assisted compression 
was used for vascular control. Lastly, a few cases, usually 
smaller renal masses, were done without any vascular con-
trol. Laparoscopic scissors were used without thermal energy 
for dissection of the renal mass. Frozen sections were not 
sent on a routine basis. If the collecting system was entered, 

this was repaired with 4-0 vicryl sutures, as were all visible 
blood vessels. A gelfoam or oxycel bolster would then be 
inserted into the parenchymal defect and the parenchyma 
would be brought together with the help of Lapra-Ty (Ethicon 
Endosurgery, Cincinnati, OH.) Sealing agents were used at 
the discretion of the surgeon.

Results 

The median patient age was 60 years; a little over half of our 
patients were male (57.6%). The median combined condi-
tion and age-related Charlson comorbidity score was 3. A 
review of the pathology reports revealed that 80% of the 
resected lesions were malignant and 20% were benign. Of 
the malignant lesions, 68% were clear cell RCC, 22% pap-
illary RCC, 8% chromophobe RCC and 2% or one lesion 
was a lymphoma. Of the benign tumours, 44% were benign 
cysts, 24% angiomyolipomas, 20% oncocytomas and 12% 
were miscellaneous (i.e., other benign lesions, including 
adenoma, hemangioma and leiomyoma). Three patients had 
functionally solitary kidneys at the time of LPN, including 
two with contralateral atrophic kidneys and one previous 
laparoscopic nephrectomy for RCC. One patient had previ-
ously undergone an OPN for a contralateral RCC. The mean 
tumour size was 2.68 cm (range: 0.5-8.8). The classification 
of tumours was as follows: 89% of the tumours were clini-
cal stage T1a; 10.4% T1b; and 0.6% T2. There was a slight 
increase in the mean tumour size over the eight years that 
were analyzed. There was also a significant increase in the 
amount of LPNs that were performed from 2000 to 2008. 
Over the eight-year period, the average WIT decreased and 
a positive correlation was found between WIT and tumour 
size. This latest correlation demonstrates that increasing 
tumour size leads to increased difficulty of the critical part 
of LPN (i.e., tumour resection and defect repair). 

The mean patient follow-up time was 44.3 months. Two 
patients (1.3%) had grossly positive margins, which were 
resected immediately. There were no local recurrences or 
metastases during the follow-up period.  

Most of the LPNs (93.40%) were performed using a 
clamp; the average clamp time was 34 minutes (range: 7-58). 
Pelvicalyceal repair was necessary in 19.7% of cases. Of 
the 152 cases, 89.5% were completed as LPN, 6.6% were 
converted to a hand-assisted procedure and 0.6% was con-
verted to an OPN. In 3.3% of the cases, a laparoscopic RN 
was performed because a PN was deemed not feasible by 
the surgeon after the renal exploration. 

The median operative time was 3.5 hours and the median 
length of hospital stay was 4 days. The mean estimated blood 
loss was 162 cc and the average drop in hemoglobin was 
29 g/L between the preoperative and the postoperative day 1 
values. The overall complication rate was 13.8%, including 
one postoperative death secondary to a pulmonary embolus. 
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The surgical complications were broken down according 
to the Clavien grading system (Table 1).13 This overall rate 
was an underestimate of minor complications as the record 
keeping was not deemed accurate enough to retrospectively 
and accurately tabulate all Clavien grade 1 complications.

Change in renal function before and after surgery was 
available for 70 patients. Using the preoperative and post-
operative calculated GFR, the patients’ CKD was determined 
using the classification system established by National 
Kidney Foundation’s Kidney Disease Outcome Quality 
Initiative (K/DOOI) advisory board.14 The mean drop in 
GFR was 8.6 mL/min/1.73 m2, with none of the patients 
requiring postoperative dialysis. There was a slight shift with 
fewer patients falling into stage 1 CKD postoperatively (GFR 
>90 mL/min/1.73 m2), and more falling into stage 3 CKD 
(30 mL/min/1.73 m2) <GFR <60 mL/min/1.73 m2). However, 
these shifts were not statistical significant.

Discussion 

Absolute indications for PN include a tumour in a soli-
tary kidney, compromised renal function and a hereditary 
disorder that predisposes to recurrent RCC. However, the 
value of elective PN is being increasingly shown in stud-
ies demonstrating oncologic equivalency to RN in stage T1 
tumours,7,8 as well as superiority in renal function preserva-
tion.9,10 Huang and colleagues reviewed patients with renal 
tumours <4 cm and normal renal function. They demon-
strated that those who underwent a PN had a much reduced 
risk of developing CKD compared to those undergoing a 
RN during the follow-up period.9 Similarly, Lau and col-
leagues matched a cohort of patients for stage, grade, age, 
sex, tumour size and year of surgery. They demonstrated 
the superiority of PN over RN in preserving renal function 
in patients with unilateral RCC and a normal contralateral 
kidney.10 The importance of renal function preservation 
resides not only in preventing end-stage renal disease and 
dialysis, but also in preventing CKD. CKD is defined as a 
GFR <60 mL/min/1.73 m2, and has been demonstrated to 
be an independent risk factor for cardiovascular disease, 
hospitalization and death.15,16 Consequently, it has been 
speculated that overuse of RN for tumours that are other-
wise amenable for nephron sparing may lead to increased 
non-cancer specific mortality. In fact, Huang and colleagues 
examined the SEER registry for patients over 66 years old 
with RCC <4 cm treated with RN or PN. They concluded 
that RN treatment places these patients at increased risk for 
cardiovascular events and overall mortality.17

It is increasingly evident that PN should be the treat-
ment of choice for small renal masses. In fact, the American 
Urological Association guidelines place PN as standard treat-
ment for all T1a lesions, as well as an alternate standard to 
RN for T1b lesions in otherwise healthy patients.18 However, 

it is unclear whether these results are reproducible with 
the laparoscopic approach. Beyond the minimally-invasive 
approach, some major differences distinguish LPN from 
OPN. Firstly, LPN is mostly performed transperitoneally, 
whereas a retroperitoneal approach is preferred for OPN. 
Secondly, cooling is often cumbersome and rarely used in 
LPN, compared to OPN where it is usually applied. Lastly, 
hemostatic agents are more widely used in LPN, whereas 
OPN relies more on suturing of individual vessels. The larg-
est series comparing LPN and OPN examined 1800 PNs 
performed at the Cleveland clinic, Johns Hopkins and the 
Mayo clinic.19 OPN patients were more likely to present 
symptomatically, have a decreased performance status and 
have impaired renal function or a solitary kidney. In addi-
tion, tumours in the OPN group were larger, more centrally 
located and more likely to be malignant. The advantages 
of LPN were shorter operative time, decreased blood loss 
and decreased hospital stay. The advantages of OPN were 
decreased ischemia time, decreased postoperative compli-
cations and a decreased number of subsequent procedures. 
The two approaches were equivalent for three-year cancer-
specific survival and renal function at three months.

Increasing tumour size seems to add to the complexity 
of a PN. Gill and colleagues have shown that 8.8% of LPN 
tumours were T1b, compared to 31.4% of OPN cases.19 In 
addition, OPN for tumours >4 cm have been shown to be 
associated with increased operative time, blood loss, trans-
fusions and urinary fistula.20 Data on the impact of tumour 
size on outcomes in LPN are lacking. We have shown that 
increased tumour size is associated with increased WIT in 
LPN. Whether this increased WIT translates into any long-
term impact on renal function remains to be seen. In addi-
tion, the mean WIT in this series was 34 minutes. There was, 
however, a clear trend for a decline in WIT with increasing 
experience. In a review of the current literature, it would 
appear that WIT in LPN are consistently longer than OPN.21

It has been speculated that given the increased abdominal 
pressure in laparoscopy leading to oliguria, there is a pre-
conditioning of the renal unit to tolerate increased WIT in 
LPN. This, however, remains controversial and very little 
comparative data exists to distinguish the impact on renal 

Table 1. Clavien grading of surgical complications

Grade Total no. Surgical complications (n)

Grade 2 12
Transfusion (9), myocardial infarction (2), 

pulmonary embolus (1)

Grade 3a 2 Pseudoaneurysm requiring embolization (2)

Grade 3b 4

Postoperative exploration for bleed (2), 
urine leak requiring stent (1), transected 
ureter requiring intra-operative uretero-

ureterostomy (1)

Grade 4 2 Cardiogenic shock (1), sepsis (1)

Grade 5 1 Death from a pulmonary embolus
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function of OPN and LPN. In this series, we demonstrated 
a modest impact on renal function after LPN. 

Finally, the oncologic control obtained with LPN com-
pares favourably with OPN over the intermediate term. The 
local recurrence rates and cancer specific survival appeared 
to be similar with both techniques.21 It is noteworthy, how-
ever, that most OPN series are quite mature, whereas only 
the Cleveland clinic has reported five-year cancer-specific 
survivals in a limited number of patients.22 In this series, no 
incidence of local or systemic recurrence has been noted 
over a 44.3 months follow-up period. 

Conclusion 

LPN is a challenging procedure with a significant learn-
ing curve. However, there are significant advantages to the 
use of this procedure over OPN for small renal masses. 
While LPN has increased warm ischemia times compared 
to OPN, it offers shorter recovery time, less analgesic use 
and improved quality of life for patients. Early oncological 
outcomes show equivalency to OPN, but long-term renal 
function follow-up for LPN patients is lacking. It should be 
stressed, however, that OPN remains a viable option for 
nephron sparing, and should not be substituted with a lapa-
roscopic radical nephrectomy when the skills or expertise 
are lacking to perform LPN. While this study demonstrates 
that LPN is a feasible option for small renal masses, its limi-
tations should be stressed. This is a single institution expe-
rience of largely one surgeon. Careful patient and tumour 
selection criteria should be applied, especially early in any 
surgeon’s experience with LPN.
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