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Abstract

Purpose To assess the effects of warm ischaemia time

(WIT) on renal function after laparoscopic partial

nephrectomy (LPN) for renal masses in patients with a

normal contralateral kidney.

Methods From October 2006 to December 2008, 53

patients treated with LPN were enrolled in this prospective

study. Effective renal plasma flow (ERPF) was estimated

with 99mTc-mercaptoacetyltriglycine renal scintigraphy

before the intervention and after 3 and 12 months. Multiple

linear regression analysis was used to assess the effects of

demographic and operative variables on postoperative

renal function. Logistic regression analysis was used to

evaluate the associations between the same variables and a

C20% reduction in postoperative ERPF compared with

baseline (defined as significant loss of renal function–

LRF). ROC curve analysis was used to identify potential

ischaemia time cut-off points.

Results Fifty-one patients were eligible. The mean lesion

size was 30 mm, and the mean WIT was 21.9 min. Longer

WIT was associated with lower postoperative ERPF values

(P \ 0.001). A logistic regression model confirmed that

longer WITs were significantly associated with ERPF

decreases C20% (OR 1.454 and 1.741, for each 1-min

increase, respectively). ROC analysis identified 25 min as

a ‘safe’ cut-off for WIT (AUC 0.874, P \ 0.001). Post-

operative ERPF differences between the two groups (WIT

B25 and [25 min) were significant.

Conclusions Longer WIT was associated with LRF, as

estimated with renal scintigraphy. LRF occurred within

3 months and remains stable until the 12th month after

LPN. Every effort should be made to minimise warm

ischaemic intervals during LPN, and the limit of 25 min

should be not exceeded.

Keywords Laparoscopy � Partial nephrectomy �
Ischaemia � Renal function � Renal scintigraphy

Introduction

Laparoscopic partial nephrectomy (LPN) has become the

first choice for treating small RMs in centres with high

laparoscopic expertise [1], and these centres are expanding

to the treatment for larger lesions as well [2].

Renal artery clamping is vital to decrease blood loss

during LPN and to allow improved visualisation, which is

paramount to achieving negative oncological margins and

performing precise kidney reconstruction. Prolonged

ischaemia time can lead to some degree of renal ischaemic

damage, but there has been no consensus on the maximum
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duration of renal warm ischaemia time (WIT) that would

avoid a loss of renal function (LRF) and chronic kidney

disease (CKD) [3–5]. On the other hand, in patients with a

solitary kidney, serum creatinine level variations and the

glomerular filtration rate (GFR) are adequate markers of

kidney damage [6, 7]; however, there is still uncertainty

about how to evaluate LRF in patients with a normal

contralateral kidney. In this scenario, the 99mTc-mercap-

toacetyltriglycine (99mTc-MAG-3) clearance is widely

used to measure renal function and is considered the best

method for precisely determining LRF after tissue resec-

tion and ischaemic injury [5, 8].

To contribute to this discussion, we planned the present

prospective study to assess the impact of WIT during LPN

on the function of the treated kidney in patients with a

normal contralateral kidney.

Methods

From October 2006 to December 2008, patients with a

single, organ-confined, contrast-enhanced RM for whom

LPN was recommended were invited to participate in this

prospective study, which was approved by our ethic

committee.

Inclusion criteria

Baseline estimated glomerular filtration rate (eGFR)

(Cockroft–Gault equation) was [60 ml/min, and baseline

split renal function (SRF) assessed by 99mTc-MAG-3

renal scintigraphy was ranging from 45 to 55% in the

kidney with the tumour.

Exclusion criteria

Patients presenting any anatomical abnormality. Patients

were excluded from the analysis if they experienced intra-

or postoperative complications, such as significant bleeding

(causing severe hypotension), urinary fistula or other con-

ditions that prevented them from undergoing postoperative

renal scintigraphy.

Surgical technique

LPN was performed according to the previously described

technique by the same surgeon (FP) [9]. All patients

received proper hydration and mannitol infusion

(0.25 g/kg) 20 min before clamping, and 20 ml of lido-

caine (2%) was injected above the renal artery immediately

prior to clamping in order to prevent vascular spasm [10].

The renal artery was then clamped with a bulldog clamp.

After tumour resection and parenchymal reconstruction,

the renal artery was unclamped, and 20 mg of furosemide

was injected intravenously.

For each case, demographic, perioperative, and patho-

logical data were recorded. Growth pattern of lesions was

classified as cortical, cortico-medullar or central, according

to a previously published experience [9]. Location of lesion

was classified according to R.E.N.A.L. nephrometry score

[11]. Comorbidities were classified according to Charlson’s

index [12], whereas postoperative complications were

classified according to the Clavien system [13].

Evaluation of renal function

Serum creatinine (SCr), eGFR, and renal scintigraphy

effective renal plasma flow (ERPF), and SRF of the treated

kidney were assessed before the procedure and at different

time points after surgery. For the purposes of this study, the

results at baseline and after 3 and 12 months were con-

sidered, and ERPF was used to assess the renal function of

the damaged kidney. An ERPF decrease C20% respect to

baseline was considered a significant LRF.

Pathology assessment

A single uropathologist reviewed all pathological analyses

and classified the surgical margins as positive or negative

[14]. The distance between the inked margins and the

tumour was measured along with the minimum, maxi-

mum and average thickness of the healthy peritumoural

tissue.

Statistical evaluation

Means and standard deviation were used to summarise

continuous variables, while frequencies and proportions

were used to summarise categorical variables. Differences

between means of continuous variables were tested using

student’s t test after verifying that variables analysed were

approximately normally distributed. Multiple linear

regression analysis was used to assess the effect of various

independent variables, such as patient age, BMI, comor-

bidity index, lesion size, R.E.N.A.L. nephrometry score,

baseline ERPF, average thickness of healthy peritumoural

tissue and WIT on ERPF at 3 and 12 months after LPN.

The same variables’ association with an ERPF decrease

C20% after 3 and 12 months compared with baseline was

evaluated after univariate analysis was performed, using

logistic regression models and summarised with odds ratios

and 95% confidence intervals (C. I.).

ROC curve analysis was used to identify the WIT cut-

off with the best combination of sensitivity and specificity

to predict a significant LRF after 12 months. All tests were

two-sided, and P values\0.05 were considered significant.

258 World J Urol (2012) 30:257–263

123



Scatterplotting LOWESS fitted was used to graphically

represent the trend of ERPF after 3 and 12 months after

LPN with respect to WIT.

Results

Of the 53 patients enrolled in the study, 51 met the

inclusion criteria and were considered. Two patients were

excluded: the first for acute bleeding that caused transitory

severe hypotension during the immediate postoperative

period and the second for urinary fistula.

Patients

Baseline characteristics and perioperative results are shown

in Table 1. The mean WIT was 21.9 min. Grade I–II

complications were recorded in 4 cases (7.8%) and inclu-

ded postoperative bleeding requiring transfusion (2 cases),

pneumonia (1 case) and pleural effusion (1 case). No

Table 1 Demographic data,

tumour characteristics and

perioperative and pathological

data

SD, standard deviation; BMI,
body mass index; OPN, open

partial nephrectomy

* Defined as follows: Upper

pole = mass is entirely (or

more than 50%) above the upper

polar line; lower pole = mass is

entirely (or more than 50%)

below the lower polar line;

medium third = more than 50%

of mass is across the polar line

or the mass is entirely between

the polar lines

** Defined as follows: central

when the tumour involved the

central sinus fat or the collecting

system on preoperative CT

scans; cortical when the lesion

involved the cortex; and

corticomedullar when it

involved the medulla and the

cortex of the kidney [13]

Demographic data Total

Age, mean years (SD) 58.6 (13.2)

BMI, mean (SD) 26.7 (3.4)

Male/female 38/13

Comorbidities (Charlson’s index)

0 24

1? 27

Tumour characteristics

Side (L/R) 30/21

Tumour size mean (SD), cm 3.0 (1.6)

Location of tumour* (%)

Upper pole 15 (29.4)

Lower pole 23 (45.1)

Medium third 13 (25.5)

R.E.N.A.L. nephrometry score (SD) 4.98 (1.41)

Growth pattern** (%)

Cortical 4 (7.8)

Cortico-medullar 42 (82.4)

Central 5 (9.8)

Perioperative data

Transperitoneal approaches (%) 39 (76.5)

Pelvicalyceal repairs (%) 3 (5.9)

Warm ischaemia time, min, mean (SD) 21.9 (8.6)

Blood loss, cc, mean (SD) 154.1 (170.6)

Multiple clampings and unclampings 0

Operative time, min, mean (SD) 6.0 128.0 (33.4)

Hospital stay, days, mean (SD) (1.2)

Pathological data

Benign tumours (%) 13 (25)

Malignant tumours (%) 38 (75)

Overall lesion’s pathological size, cm (SD) 2.9 (1.6)

T stage according to 2009 UICC classification in malignant tumour (n = 38)

T1a (%) 25 (65.8)

T1b (%) 12 (31.6)

T3a (%) 1 (2.6)

Positive surgical margin 0

Maximum resection margin, mm (SD) 4.9 (3.5)

Minimum resection margin, mm (SD) 0.9 (1.0)

Average thickness of healthy tissue excised during tumour resection, mm (SD) 2.7 (1.8)
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complications were greater than those of Grade II were

recorded.

Pathology assessment

Complete pathological results are reported in Table 1.

Evaluation of renal function

Figure 1a shows the ERPF values for the damaged kidney

at different time points.

The regression analysis showed that longer WITs were

associated with lower ERPF values at both 3 and

12 months postoperatively (R2 = 0.67, F = 10.85, P \
0.001 and R2 = 0.45, F = 4.96, P \ 0.001), respectively.

Postoperative renal function was significantly related to

patients’ baseline ERPF 3 and 12 months after surgery

(P \ 0.001).

Overall, 16 (31%) patients developed a significant LRF

as previously defined after 3 or 12 months.

Univariate regression analysis did not show significant

correlation between R.E.N.A.L. nephrometry and signifi-

cant LRF (P = 0.552 and 0.630 after 3 and 12 months,

respectively).

Logistic regression model confirmed that longer WITs

were associated with ERPF decreases C20% after both

3 and 12 months compared with baseline (OR 1.454

[CI 1.116 7 1.896], P = 0.005 and OR 1.741 [CI

1.15372.630], P = 0.008 for each 1-min increase,

respectively) (Table 2).

A ROC curve analysis based on 12-month data showed

that the best combination of sensitivity and specificity to

Fig. 1 a ERPF variations for the operated kidney, calculated by

99mTc-MAG-3 renal scintigraphy at baseline and after 3 and

12 months. Data are presented as mean (±CI 95%). ERPF differences

at 3 months versus baseline and 12 months versus baseline were

significant (P = 0.003 and P = 0.001, respectively), whereas no

difference was found between ERPF at 3 months versus 12 months

(P = 0.128). b ERPF variations for the operated kidney, calculated

by 99mTc-MAG-3 renal scintigraphy at baseline and after 3 and

12 months in the two groups of patients identified using a 25-minute

cut-off. Data are presented as mean (±95% CI). In the group of

patients with WIT B25 min, ERPF differences at 3 months versus

baseline and at 12 months versus baseline were significant

(P = 0.045 and P \ 0.001, respectively); however, no difference

was observed between ERPF at 3 months and 12 months after LPN.

The same trend was noted in group of patients with WIT [25 min

(3 months vs. baseline and 12 months vs. baseline: P \ 0.001).

c Scatterplot LOWESS fitted representing the trend of ERPF for

operated kidney, calculated by 99mTc-MAG-3 renal scintigraphy at

3 (r = -0.5433, P = 0.00004) and 12 (r = -0.4489, P = 0.0010)

months in our case study. Blue circles and red squares represent

ERPF’s trends at 3 and 12 months after LPN, respectively
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predict a significant LRF was observed at 25 min (area

under curve 0.874, P \ 0.001) of warm ischaemia. Using

this cut-off, the sensitivity and specificity for significant

LRF prediction were 75 and 88.5%, respectively (Table 3).

Figure 1b shows the ERPF values for the damaged

kidney of the two groups created by the fixed cut-off (B25

and[25 min) at different time points. Differences between

the two groups were not significant at baseline (P = 0.575)

but were statistically significant 3 months (P = 0.003) and

12 months (P = 0.005) postoperation. Figure 1c shows the

results of LOWESS analysis.

Discussion

Vascular clamping is often fundamental for safe LPN,

although new techniques such as zero ischaemia, early

unclamping and ‘on demand’ clamping have been

Table 2 Logistic regression analysis of parameters associated with ERPF decrease C20% compared with the baseline

Variables Three months after surgery Twelve months after surgery

Estimate OR (CI 95%) P Estimate OR (CI 95%) P

Age 0.020 (0.059) 1.021 (0.908 7 1.147) 0.731 -0.060 (0.062) 0.941 (0.832 7 1.065) 0.336

BMI

\26 0 1 – 0 1 –

26–30 0.640 (1.024) 1.897 (0.255 7 14.126) 0.531 0.096 (1.083) 1.101 (0.132 7 9.210) 0.929 0.236

[30 0.114 (1.547) 1.121 (0.054 7 23.287) 0.941 -2.337 (1.976) 0.097 (0.002 7 4.643)

Charlson index -1.086 (1.143) 0.338 (0.036 7 3.174) 0.342 -0.282 (1.126) 0.754 (0.083 7 6.856) 0.801

Tumour size -0.493 (0.416) 0.611 (0.270 7 1.381) 0.236 -1.099 (0.582) 0.333 (0.106 7 1.043) 0.059

Baseline operated kidney ERPF 0.024 (0.025) 1.025 (0.975 7 1.076) 0.334 -0.004 (0.021) 0.996 (0.955 7 1.038) 0.834

Average thickness* -0.488 (0.472) 0.614 (0.243 7 1.549) 0.301 -0.556 (0.476) 0.573 (0.226 7 1.457) 0.242

Warm ischaemia time 0.374 (0.135) 1.454 (1.116 7 1.896) 0.005 0.554 (0.210) 1.741 (1.153 7 2.630) 0.008

* Average thickness of peritumoural healthy tissue excised during LPN

Table 3 ROC curve analysis and sensitivity (95% CI), specificity (95% CI), and positive and negative likelihood ratios (95% CI) to predict a

significant LRF at different WIT values

WIT Sensitivity (95% CI) Specificity (95% CI) ?LR (95% CI) -LR (95% CI)

[2 100.0 (79.4–100.0) 2.8 (0.07–14.9) 1.0 (0.1–7.1) 0.00

[3 100.0 (79.4–100.0) 5.7 (0.7–19.2) 1.0 (0.3–4.1) 0.00

[8 100.0 (79.4–100.0) 8.5 (1.8–23.1) 1.0 (0.4–3.2) 0.00

[9 100.0 (79.4–100.0) 11.4 (3.2–26.7) 1.1 (0.4–2.8) 0.00

[10 100.0 (79.4–100.0) 14.2 (4.8–30.3) 1.1 (0.5–2.6) 0.00

[15 93.7 (69.8–99.8) 34.2 (19.1–52.2) 1.4 (0.9–2.3) 0.1 (0.03–1.2)

[20 93.7 (69.8–99.8) 54.2 (36.6–71.2) 2.0 (1.5–2.9) 0.1 (0.02–0.8)

[21 81.2 (54.4–96.0) 57.1 (39.4–73.7) 1.9 (1.3–2.7) 0.3 (0.1–1.0)

[22 81.2 (54.4–96.0) 60.0 (42.1–76.1) 2.0 (1.4–2.9) 0.3 (0.1–0.9)

[23 81.2 (54.4–96.0) 62.8 (44.9–78.5) 2.1 (1.5–3.1) 0.3 (0.10–0.9)

[24 81.2 (54.4–96.0) 77.1 (59.9–89.6) 3.5 (2.6–4.8) 0.2 (0.07–0.8)

>25 75.0 (47.6–92.7) 88.5 (73.3–96.8) 6.5 (4.8–8.9) 0.2 (0.08–1.0)

[26 68.7 (41.3–89.0) 88.5 (73.3–96.8) 6.0 (4.2–8.5) 0.3 (0.1–1.1)

[27 68.7 (41.3–89.0) 94.2 (80.8–99.3) 12.0 (8.6–16.9) 0.3 (0.07–1.5)

[28 62.5 (35.4–84.8) 94.2 (80.8–99.3) 10.9 (7.4–16.1) 0.4 (0.09–1.8)

[30 62.5 (35.4–84.8) 97.1 (85.1–99.9) 21.8 (14.9–32.1) 0.3 (0.05–2.9)

[31 50.0 (24.7–75.3) 97.1 (85.1–99.9) 17.5 (10.7–28.7) 0.5 (0.07–3.8)

[33 18.7 (4.0–45.6) 100.0 (90.0–100.0) 0.81

[40 0.0 (0.0–20.6) 100.0 (90.0–100.0) 1.00

Using a cut-off of 25 min (boldface), the best combination of sensitivity and specificity was obtained
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proposed to limit it [5, 15, 16]. When the renal artery is

clamped, ischaemic damage is certain to occur; however,

an upper limit of WIT that minimises this damage and its

related renal function deterioration remains controversial.

Some authors have published their experience with LPN

and reported a WIT safety cut-off ranging from 20 to

40 min [5, 6, 17–23]. In a recent review, Becker suggested

that the tumour should be removed within 20 min of warm

ischaemia to limit LRF [5]. The majority of authors in

urological literature are insisting on WIT reduction during

LPN, while other authors are studying how to pharmaco-

logically improve renal tolerance to ischaemia (e.g. man-

nitol in association with furosemide; angiotensin

converting enzyme inhibitors and others [24, 25]). More-

over, when a long ischaemia time is prospected, renal

cooling has to be considered in order to increase kidney’s

tolerance to ischaemia [4].

Recently, Thompson et al. [6] studied 362 patients with

a solitary kidney undergoing partial nephrectomy, using

eGFR as a renal function marker. The authors concluded

that WIT should be limited to 25 min and that each minute

of WIT is associated with a 5% increased chance of

developing acute renal failure and a 6% increased risk of

new-onset Stage IV CKD during follow-up [6]. Although

this study greatly clarified the relationship between WIT

and LRF, it should be noted that the solitary kidney seems

more resistant to ischaemic damage than paired kidneys

[7]. Moreover, although SCr and eGFR are adequate

markers of renal function for solitary kidneys, their use-

fulness is less clear in cases with a normal contralateral

kidney, which is more common.

We, therefore, planned this study to evaluate the effects

of WIT on renal function in patients with a normal con-

tralateral kidney. Based on our clinical experience and

literature results, we chose 99mTc-MAG-3 renal scintig-

raphy, which is widely used to separately estimate ERPF

and split renal function, to assess the function of the

damaged kidney [5, 8, 19, 26, 27, 29, 30].

Overall, the ERPF decrease occurred within 3 months and

remained stable until the twelfth month after LPN (Fig. 1a).

Our results demonstrated that longer WIT during LPN is

associated with lower ERPF values at both 3 and

12 months postsurgery. Baseline renal function is a posi-

tive predictor of postoperative renal function, which could

support the findings that unmodifiable factors are also basic

determinants of total renal function [5, 28].

A logistic analysis confirmed that WIT is related to

significant LRF. For example, each additional minute of

warm ischaemia was associated with a 45% increased

chance of developing an ERPF decrease C20% after

3 months and a 74% increased chance after 12 months

compared with baseline. These observations confirmed the

results of Thompson et al. [6] and suggest that every

minute is important when the renal artery is clamped dur-

ing LPN.

Surprisingly, baseline ERPF was not related to signifi-

cant LRF. This suggests that while baseline renal function

is positively associated with postoperative renal function, it

is not crucial in determining LRF as defined in our study.

In an attempt to identify a potential WIT cut-off point,

we used ROC curve analysis and found that 25 min of WIT

had the best combination of sensitivity and specificity to

predict a significant LRF after 12 months. In other words,

when WIT is longer than 25 min, the chance of having a

significant LRF is 6.5 times higher that when WIT is less

than 25 min. Interestingly, significant LRF occurred even

in a case with a short WIT (see Table 3), suggesting that no

cut-off time can guarantee that the kidney will be free of

harm. This finding could have influenced LOWESS plot-

ting, which showed lots of dispersion both at third and

twelfth months.

Finally, the decrease in renal function occurred within

3 months in both groups and did not change significantly

after 12 months.

This study has some limitations, including the number

of patients involved and the duration of follow-up. Nev-

ertheless, it should be noted that this study has one of the

largest data series and longest follow-up periods currently

available for prospectively studied patients with renal

scintigraphy. Finally, we arbitrarily fixed the ERPF

decrease (20%) to define significant LRF. We acknowledge

the limitations of this choice; however, this value reflects

previously reported experiences and is close to the mean

renal function decrease reported in many papers comparing

pre- and postoperative renal function after LPN [8, 19,

28–30].

Conclusions

There is a strong correlation between WIT and ERPF

estimated with renal scintigraphy in patients with a normal

contralateral kidney who underwent LPN. LRF occurred

within 3 months and remained stable until the twelfth

month after LPN. Every minute of warm ischaemia can

decrease postoperative renal function, and surgeons should

minimise warm ischaemic intervals and make every effort

to not exceed the 25-minute limit.

Other studies are needed to further evaluate LRF after a

longer follow-up.
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