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Background: Laparoscopic partial nephrectomy has proven 
to be an ideal option for tumors in initial stages, preserving 
part of the renal parenchyma and reducing the possible risk 
of glomerular filtration decrease. Objectives: The main ob-
jective of this study is to determine the factors that can influ-
ence, to a greater extent, renal function deterioration after 
surgery. Methods: This is an observational, descriptive and 
longitudinal study. The renal funct ion was calculated using 
the Chronic Kidney Disease Epidemiology Collaboration for-
mula, and patients were divided into 2 groups depending on 
whether or not their renal function had been affected after 
surgery. We studied the correlation between the decrease 
of renal function and other variables. Results: The sample 
comprised 48 patients. In 30 of these cases, renal function 
had deteriorated after surgery. We observed a statistically 
significant relationship between the weight of the patient (p 
= 0.0230), size of the tumor (p = 0.0035), ischemic time (p 
= 0.0287), duration of the surgery (p = 0.0297), the RENAL 
score (p = 0.0230) and renal function deterioration. Conclu-
sions: Partial laparoscopic nephrectomy is associated with 
a deterioration in renal function, where there is a decrease 
in glomerular filtration after surgery. The deterioration will 
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Introduction

Kidney cell cancer accounts for 2–3% of all cancers 
[1], primarily affecting Western countries. The standard-
ized use of imaging scans in the last few years, together 
with technical advances, have led to an increased inci-
dence of kidney tumors being discovered incidentally 
and at earlier stages [2, 3]. Laparoscopic partial nephrec-
tomy (LPN) has become the standardized surgical treat-
ment for T1a (< 4 cm) kidney tumors and some T1b (4–7 
cm) correctly selected tumors [4]. LPN has advantages
over the open nephrectomy, such as a decrease in sur-
gery time, less blood loss and less post-operative pain
medication expenditure, as well as a shorter hospital stay
and recovery time. However, it seems to lead to higher
post-operative complications, requiring longer warm is-
chemic time with the corresponding renal function dete-
rioration. Nonetheless, different studies have shown less
risk of chronic kidney disease and cardiovascular events
after LPN, with a noteworthy improvement in the overall
survival rate [5, 6].
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depend on the weight of the patient, size of the tumour, is-
chemic time and duration of the surgery. The RENAL score 
can be used to predict said deterioration.
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The renal function evaluation can be calculated by 
analyzing the glomerular filtration rate (GFR) and by 
using predictive equations. Consensus documents from 
scientific societies recommend the use of the Chronic 
Kidney Disease Epidemiology Collaboration formula 
(CKD-EPI) for the estimation of the GFR [7]. Using the 
difference between the baseline or pre-operative GFR 
and the post-operative GFR, we can determine whether 
the patient has suffered renal function deterioration 
(RFD) after the LPN. In the case of these patients, the 
GFR will be lower than the baseline GFR.

One of the main purposes should be to limit, where 
possible, the loss of renal function associated with a 
LPN. Although RFD has been connected to the percent-
age of preserved kidney and the warm ischemic time [8–
10], several factors can influence the RFD after a LPN, 
such as pre-operative [weight, height, patient body mass 
index (BMI) and size of the tumor mass], intra-operative 
(length of the surgery, warm ischemic time and bleeding) 
and post-operative factors (tumor histopathology, Furh-
man grade, surgical margin, bleeding and fistula). Cur-
rently, we use different anatomic classifications [radius, 
exophytic/endophytic, nearness, anterior/posterior, lo-
cation (RENAL) and Arterial Based Complexity (ABC) 
scores] [11, 12], which have been developed for the pre-
operative evaluation of the complexity and characteris-
tics of the tumor, in order to provide the best possible 
treatment and approach for RFD after a LPN.

The objective of this study is to determine the factors 
associated with RFD after a LPN in patients with kidney 
tumors.

Materials and Methods

Design
This is a retrospective, observational, descriptive and longitu-

dinal study. We have followed the ethical recommendations of the 
Declaration of Helsinki (Fortaleza, 2013), approved by the Cadiz 
Ethics of Research Committee. All the participants in this study 
have signed an informed consent form.

Patients
Some Caucasian patients with kidney tumors that underwent a 

LPN in the Puerto Real University Hospital between January 2012 
and November 2017 are included in this study.

Studied Variables
Dependent variable is renal function after partial nephrectomy. 

The renal function was evaluated by analyzing the GFR. The GFR 
was calculated before (GFRb) and after the operation (GFRp). 
Patients were classified into 2 groups considering renal function 
after the operation: patients who had preserved their renal func-

tion (GFRp ≥ GFRb) and patients with RFD (GFRp < GFRb). The 
GFR was calculated via the Chronic Kidney Disease Epidemiol-
ogy Collaboration formula, using the age, gender and serum crea-
tinine concentration of the patient [1]. The serum creatinine level 
was determined using the Hitachi Modular cobas c 702 (Roche 
Diagnostics) analyser.

Pre-operative independent variables are gender, age, weight, 
height, BMI, radiological size of the tumor mass, ABC Classifica-
tion and RENAL Classification. Intra-operative independent vari-
ables are surgery duration, warm ischemic time, intra-operative 
bleeding and the need of transition to open surgery. Post-operative 
independent variables are histopathology of the tumor, Furhman 
grade, surgical margin, post-operative bleeding and fistula.

Statistical Analysis
Data were processed using the statistical program MedCalc®, 

with a significance level of 0.05. The quantitative variables un-
derwent the D’Agostino-Pearson test to determine whether or 
not they had a normal distribution (Gaussian). For the descriptive 
analysis, we used the qualitative variable frequencies, the arithme-
tic mean and range of the quantitative variables at normal distri-
bution, and the median and range of the quantitative variables at 
non-Gaussian distribution. The comparison within the groups of 
qualitative variables was calculated by the Chi-square test, while 
the one between the quantitative variables with normal distribu-
tion was calculated by Student’s t-test. As for the quantitative vari-
ables with non-Gaussian distribution, we used the Wilcoxon test 
for paired samples and Mann-Whitney’s U test for independent 
samples. We calculated the diagnostic precision for each of the 
independent variables to predict the RFD using the receiver oper-
ating characteristics (ROC) curves, calculating the area under the 
curve (AUC), as well as the optimal cut-off point mapping its cor-
responding sensitivity and specificity. We considered the optimal 
cut-off point to be that of higher sensitivity with high specificity 
(> 80%), in order to reduce the number of false positives.

Results

A total of 48 patients were studied, 10 women and 38 
men, in which 18 patients (37.5%) preserved their renal 
function and 30 (62.5%) presented with post-operative 
deterioration. The follow-up time was between 2 and 78 
months (median: 25 and interquartile range: 33 months). 
All the quantitative variables presented a non-Gaussian 
distribution.

Table 1 shows the evaluation of renal function of the 
patients included in this study. A decrease in the GFR is 
presented after the surgery (median GFRb 65.0 ml/min 
and median GFRp = 49.5 ml/min). Using the Wilcoxon 
test for paired samples within the GFRb and GFRp vari-
ables, statistically significant differences between them 
were obtained (p = 0.0061). RFD patients presented a 
decrease in GFR with a median of -19.3 ml/min.

Table 2 shows the descriptive statistics of the indepen-
dent variables and the differences existing between the 
2 groups of patients. We concluded that 5 independent 
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variables were significantly linked to the RFD associ-
ated with the surgery. Three variables were pre-opera-
tive: weight of the patient (p = 0.0230), tumor size (p = 
0.0035), and the RENAL classification (p = 0.0230). The 
other 2 variables were intra-operative: warm ischemic 
time (p = 0.0287) and the duration of the surgery (p = 
0.0297).

The ROC curves were calculated for the 4 indepen-
dent quantitative variables statistically linked, in a sig-
nificant way, with the RFD (fig. 1). The AUC obtained 
and the optimal cut-off points mapping its corresponding 
sensitivity and specificity were shown in table 3. Using 
very specific cut-off points, we observed that patients 
weighing more than 84 kg, with a tumor size > 4 cm, 
ischemic time higher than 26 minutes or surgery lasting 
longer than 200 minutes, presented a high probability of 
RFD after the surgery.

Discussion

The analysis of this series of patients shows that LPN 
is significantly associated with RFD. LPN has become 
the standard surgical treatment for pT1 renal tumors. Dif-
ferent retrospective works have shown that at this stage 
of tumor development, survival is similar either taking 
the partial nephrectomy approach or the radical nephrec-
tomy one [13]. But it can preserve a better renal function 
when performing a nephron-sparing surgery, which re-
duces the risk of metabolic or cardiovascular disorders 
[14, 15]. Therefore, one of the main objectives of LPN is 
to limit the loss of renal function linked to this technique. 
In the last few years, several studies have focused on the 
analysis of the variables that could alter the GFR. The 
quantity and quality of the preserved renal parenchyma 
are the two fundamental aspects that will determine the 

post-operative renal function, which in turn will depend 
on other factors such as tumor size and warm ischemic 
time. In this series of patients, we observed that RFD de-
pended on tumor size, warm ischemic time, duration of 
the surgery and weight of the patient.

During the nephron-sparing surgery, clamping the re-
nal artery allows for interruption of kidney blood flow 
during the surgery, which enables the surgeon to work 
on an area with less bleeding. However, some authors 
support that blood flow interruption can lead to ischemic 
damage of the preserved tissue; while others state that the 
kidney can support it. Until now, the importance of warm 
ischemia has generated controversy, although studies in-
creasingly show its harmful effect on the kidney. In this 
study we observed that the ischemic time (p = 0.0287) is 
significantly linked to RFD after surgery. In the group of 
patients with RFD, the median ischemic time was longer 
by 2.5 minutes than in the patients without RFD (table 2). 
Using the Volpe et al. [7] meta-analysis, we conducted a 
systematic review which included a total of 96 works, 
with the objective of showing renal function predictive 
factors after the surgical resection of kidney tumors us-
ing LPN. They conclude that a better post-operative re-
nal function is associated with a clamping time below 
25 minutes. Martin et al. [16] carried out a similar study, 
in which they reviewed 94 works in order to determine 
the factors that are linked to a higher RFD after a LPN, 
among which was the prolonged ischemic time. Inside 
study, they state that if the ischemic time is longer than 
25 minutes, approximately every extra minute increases 
the risk of the kidney suffering RFD by about 5–6%. In 
this study, we obtained an optimal cut-off point of ische-
mic time to predict RFD after LPN of 26 minutes, which 
is similar to the meta-analysis published and 89.9% of 
the patients with a longer ischemic time than 26 minutes 
presented with RFD (table 3).

Table 1. Descriptive statistics (median and range) of the serum creatinine concentration levels and of the GFR before and a month after the LPN

All the patients 
(n = 48)

Patients without RFD
(n = 18)

Patients with RFD 
(n = 30)

Baseline creatinine, mg/dl
GFRb, ml/min
Post-operative creatinine, mg/dl
GFRp, ml/min
GFRp – GFRb, ml/min

  1.00 (0.52–6.10)
65.0 (6.7–104.7)
  1.20 (0.40–5.99)
49.5 (6.8–150.7)
 -6.48 (-70.6–73.2)

  1.10 (0.52–6.10)
57.8 (6.7–103.3)
  0.95 (0.40–5.99)
75.3 (6.8–150.7)
  6.88 (0–73.2)

   0.89 (0.67–1.90)
 81.3 (25.8–104.7)
   1.30 (0.72–2.30)
 43.1 (20.0–98.0)
-19.3 (-70.6– -2.1)
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The preserved renal parenchyma volume is another of 
the variables that different analysis have associated with 
RFD. In the study of Martin et al. [16] they support that 
the more renal tissue preserved, the better the renal func-
tion results will be, and the longer the time interval until 
it becomes a chronic condition. Conversely, Marconi et 

al. [17] carried out a review with the same objective, ana-
lyzing the surgical factors that affect renal function. They 
reached the same conclusion, to the point of considering 
that the amount of preserved tissue is the variable with 
the most incidence in RFD. They also stipulate that the 
amount of tissue preserved is mainly dependent on the 

Table 2. Descriptive statistic (frequency or median and range) of the independent variables and the statistical differences between the patients with and 
without RFD after the LPN 

Group without RFD
(n = 18)

Group with RFD
 (n = 30)

p

Gender, n (%)
Female
Male

Age, years
Weight, kg
Height, cm
BMI, kg/m2

Radiological tumor size, cm
ABC Classification, n (%)

Category 1
Category 2
Category 3S
Category 3H

RENAL Classification, n (%)
Low complexity
Medium complexity
High complexity

Surgery duration, minutes
Warm ischemic time, minutes
Bleeding during surgery, ml
Change to open surgery, n (%)

No
Yes
Hand-assisted

Tumor histopathology, n (%)
Malignant
Benign

Furhman grade, n (%)
Grade 1
Grade 2
Grade 3

Surgical margin, n (%)
+
-

Post-operative bleeding, n (%)
Yes
No

Fistula, n (%)
Yes
No

    6 (33.33%)
  12 (66.67%)
  58.5 (39–78)
  78.5 (60–100)
167.5 (150–182)
  27.31 (23.36–33.43)
    2.90 (1.30–6.30)

    5 (27%)
    9 (50%)
    3 (16.67%)
    4 (22.23%)

  12 (66.67%)
    4 (22%)
    2 (11.11%)
157.5 (80–240)
  21.0 (0–27.0)
150 (50–400)

  13 (72.22%)
    1 (6.66%)
    4 (26.66%)

  16 (88.89%)
    2 (11.11%)

    7 (38.89%)
    5 (27.78%)
    4 (22.22%)

    4 (22.22%)
  14 (78.88%)

    5 (27.77%)
  13 (72.23%)

    3 (16.66%)
  15 (83.33%)

    4 (13.33%)
  26 (86.67%)
  62.5 (40–78)
  85 (62–117)
173 (156–192)
  27.51 (22.50–36.98)
    4.00 (1.50–7.20)

    6 (20%)
    2: 8 (26.67%)
  13 (43.33%)
    3 (10%)

    9 (30%)
  13 (43.33%)
    8 (26.66%)
187.5 (110–310) 
  23.5 (0–31.0)
200 (100–450)

  17 (56.67%)
    6 (20%)
    7 (23.33%)

  28 (93.33%)
    2 (6.67%)

    9 (30%)
  11 (36.67%)
    7 (23.33%)

    8 (26.66%)
  22 (73.33%)

  11 (36.67%)
  19 (63.33%)

    5 (16.66%)
  25 (83.33%)

> 0.05*

> 0.05*

0.0230*

> 0.05*

> 0.05*

0.0035*

> 0.05**

0.0230**

0.0297*

0.0287*

> 0.05*

> 0.05**

> 0.05**

> 0.05**

> 0.05**

> 0.05**

> 0.05**

*Mann-Whitney’s U test; **Chi-square test.
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size of the tumor, as well as on other surgical factors. 
Similarly, within our study, we confirm that the size of 
the tumor, and therefore the amount of resected renal tis-
sue, correlates with the RFD after the LPN (p = 0.0035). 
The median size of the tumors in deteriorative patients 
was 1.10 cm larger than in patients without RFD (table 2).

The weight (overweight and obese) (p = 0.0230) is 
the third variable within our series, which has a signifi-
cant incidence on RFD. The median weight in patients 
with RFD was 85 kg, versus 78.5 kg in the group with-
out RFD. Although it is not a factor with as much solid 
evidence as the previous ones, this association has been 

Table 3. AUC, optimal cut-off points, sensitivity and specificity of the quantitative independent variables to predict RFD after a LPN

AUC (95% CI) Cut-off Specificity (95% CI)

Body weight
Radiological tumor size
Ischemic time
Surgery time

0.677 (0.526–0.804)
0.716 (0.567–0.836)
0.671 (0.521–0.800)
0.670 (0.520–0.799)

> 84 kg
> 4 cm
> 26 minutes
> 200 minutes

83.3% (58.6–96.2)
83.3% (58.6–96.2)
88.9% (65.2–98.3)
83.3% (58.6–96.2)

Sensitivity (95% CI)

53.3% (34.3–71.6)
46.7% (28.4–65.7)
23.3% (10.0–42.3)
30.0% (14.8–49.4)

 CI = Confidence interval.

Fig. 1. ROC curves of the quantitative independent variables linked to renal function deteri-
oration after laparoscopic partial nephrectomy (P = Body weight; TRx = radiological kidney 
tumor size; TI = ischemic time; TIQ = surgery time).
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described in other studies. Praga et al. [18] carried out a 
cross-sectional study with the objective of analyzing the 
risk factors related to the development of renal deficiency 
and proteinuria after a nephrectomy. They included a to-
tal of 73 patients without proteinuria and with preserved 
renal function at the time of surgery. They found that the 
patients who suffered RFD and proteinuria development, 
on average, weighed 17 kg more than those who suffered 
no such alteration. Malcom et al. [19] retrospectively 
analyzed the weight prognostic factor and the BMI in 
388 patients who had undergone surgery due to kidney 
cancer. They also concluded that obesity is a risk factor 
which contributes to the development of renal deficiency 
in patients who have undergone a LPN, especially within 
the first 10 years after the surgery. Additionally, this fac-
tor considerably increased morbidity.

Lastly, the duration of the surgery is another factor 
that seems to significantly influence RFD. Within our 
study, the group of patients with RFD had a surgery that 
was more than 30 minutes on average (p = 0.0230). We 
have found no scientific research studies in which this as-
sociation has been described. The duration of the surgery 
is greatly linked to the previously described variables, as 
the excess of fatty tissue presented in obese patients and 
larger tumors are factors that can increase the complexity 
of the surgery, which in turn, requires a longer surgery 
time.

During the last few years, several score systems used 
before carrying out a LPN have been developed, with the 
objective of providing tools that may allow us to predict 
the complexity of the surgery, the risk of peri-operative 
complications, and oncological results in some cases. 
More specifically, the RENAL system [20] allows for 
classification of renal mass complexity into 3 levels, 
grouping the 5 characteristics obtained though imaging 
studies (radius of the tumor, exophytic or endophytic 
properties of the tumor, proximity to the collecting sys-
tem, anterior/posterior location and location relative to 
the polar line). In 2015 the Memorial Sloan Kettering 
Cancer Center [11] developed the ABC scoring system. 
An intuitive and practical system which takes into con-
sideration the relationship between the depth of the tumor 
and the vascular anatomy of the renal artery, particularly, 
the arterial branches will be dissected. Thus, 4 categories 
are established in relation to tumor complexity, from low 
to high complexity: category 1 (interlobular arteries that 
arch), category 2 (interlobular arteries), category 3S (seg-
mental arteries), and category 3H (hilar vessels).

After analyzing the RFD prognostic ability of both 
systems within our series, we found that the RENAL 

scale could significantly predict RFD (p = 0.0230); 
yet we did not find any association between this dete-
rioration and the scores of the ABC classification (p = 
0.1957). Kriegmair et al. [21] carried out a retrospective 
study with a series of 305 patients, with the objective of 
comparing 4 renal mass classification systems: the RE-
NAL system, the PADUA system, the NePhRO system 
and the C-Index system. They observed that the RENAL 
system can be used to significantly predict not only the 
complexity and complications of the surgery, but also the 
ischemic time and the RFD. When Spaliviero et al. [20] 
developed the ABC system and published the results, 
they highlighted its highly accurate capacity to predict 
surgical complications (hemorrhage and fistulas), as well 
as the necessary ischemic time. Yet, as the case in our 
study, the different classification degrees were not linked 
to RFD after surgery. Hence, it seems that the RENAL 
scale is better than the ABC scale when it comes to pre-
dicting post-operative RFD.

Naturally, our study has its limitations. Besides those 
derived from the type of study itself, we have analyzed a 
series of cases, some of which were operated on quite re-
cently. Thus, not all the subjects had the same follow-up 
time: some of them had years and some were months. 
That is why we analyze how surgery affected renal func-
tion, only bearing in mind the GFR a month after sur-
gery, a determined variable in all subjects included in this 
study. One month after surgery, in 11 of the 30 patients in 
whom there was RFD, we observed a slow and progres-
sive improvement of the RFD as months went by, with 
an average increase of GFR of 9.7 ml/min after a year, 
although they did not recover the renal function existing 
before surgery.

Conclusion

We conclude that LPN is linked to RFD, causing a 
decreasing glomerular filtration after surgery. The RFD 
will depend on the patient’s weight, the radiological size 
of the tumor, the ischemic time during surgery and the 
length of said surgery. The RENAL score can predict 
RFD after LPN.
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