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Abstract

Purpose: To evaluate the effect of partial nephrectomy on renal function and to identify predictors of estimated glomerular
filtration rate (eGFR) at six months after partial nephrectomy. Methods: Medical data of 154 consecutive patients who
underwent partial nephrectomy for a renal mass between January 2015 and March 2020 were retrospectively analyzed. The
primary outcome measure was eGFR at six months postoperatively. A non-linear regression analysis was performed to examine
the association between primary outcome measure and candidate predictors. Results: Of the patients, 66 (42.9%) were females
and 88 (57.1%) were males with a median age of 60 (range, 50 to 67) years. The median baseline eGFR was 90.40 (range,
74.96 to 102.97) mL/min/1.73 m2, while the median eGFR at six months was 77.12 (range, 61.06 to 91.93) mL/min/1.73 m2
(p<0.001). Baseline eGFR (?=22.691, 95%CI: 18.821 to 26.460, when baseline eGFR levels change from 74.97 ml/min/1.73 m2
to 102.68 ml/min/1.73 m2, p<0.001) was found to be directly associated with the postoperative eGFR levels at six months.
In contrary, advanced tumor size (?=-3.168, 95%CI: -5.332 to -1.005, when tumor size levels change from 3 to 6 cm, p<0.001)
and presence of hypertension (? = -3.479, 95%CI: -6.956 to -0.0031, p=0.049) were also found to be inversely associated with
the postoperative eGFR levels at six months. Conclusion: Baseline eGFR values, tumor size, and presence of hypertension are
significant predictors of eGFR values in the mid-term in patients undergoing partial nephrectomy.
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What’s already known about this topic?

• Partial nephrectomy is the gold standart treatment of small renal masses.
• The estimated glomerular filtration rate (eGFR) is a valuable marker of renal function in clinical

practice.
• Even though partial nephrectomy protects kidney function better than radical nephrectomy, the factors

affecting postoperative eGFR levels are worth to discuss.

What does this article add?

• We created a new model to predict mid-term renal function after partial nepfrectomy.
• This study shows that baseline eGFR, tumor size and hypertension are the strongest predictors for

mid-term renal functions.
• This study would provide urologists an insight into the effect of partial nephrectomy on renal function

and might be a useful guide for urologists to inform patients about mid-term renal function.

Identifying the predictors of estimated glomerular filtration rate after partial nephrectomy
with a nonlinear regression model

Purpose: To evaluate the effect of partial nephrectomy on renal function and to identify predictors of
estimated glomerular filtration rate (eGFR) at six months after partial nephrectomy.

Methods: Medical data of 154 consecutive patients who underwent partial nephrectomy for a renal mass
between January 2015 and March 2020 were retrospectively analyzed. The primary outcome measure was eG-
FR at six months postoperatively. A non-linear regression analysis was performed to examine the association
between primary outcome measure and candidate predictors.

Results: Of the patients, 66 (42.9%) were females and 88 (57.1%) were males with a median age of 60 (range,
50 to 67) years. The median baseline eGFR was 90.40 (range, 74.96 to 102.97) mL/min/1.73 m2, while the
median eGFR at six months was 77.12 (range, 61.06 to 91.93) mL/min/1.73 m2(p<0.001). Baseline eGFR (β
=22.691, 95%CI: 18.821 to 26.460, when baseline eGFR levels change from 74.97 ml/min/1.73 m2 to 102.68
ml/min/1.73 m2, p<0.001) was found to be directly associated with the postoperative eGFR levels at six
months. In contrary, advanced tumor size (β =-3.168, 95%CI: -5.332 to -1.005, when tumor size levels change
from 3 to 6 cm, p<0.001) and presence of hypertension (β = -3.479, 95%CI: -6.956 to -0.0031, p=0.049) were
also found to be inversely associated with the postoperative eGFR levels at six months.

Conclusion: Baseline eGFR values, tumor size, and presence of hypertension are significant predictors of
eGFR values in the mid-term in patients undergoing partial nephrectomy.

Keywords: renal cell carcinoma; glomerular filtration rate; partial nephrectomy; predictor; renal failure

Introduction

Renal cell carcinoma (RCC) is one of the most common neoplasms of the genitourinary system which
accounts for about 3% of all neoplasms in adults [1]. In parallel with the widespread use of abdominal

2
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imaging modalities, the incidence of small renal masses (SRMs) which are diagnosed incidentally has been
increasing recently [2]. Currently, surgery is the gold-standard treatment of SRMs and partial nephrectomy
(PN) is the recommended procedure, if technically possible [3]. It has similar oncological outcomes as
radical nephrectomy, and observational studies have demonstrated that PN offers better preservation of
kidney function and increased overall survival in selected patients [4-6].

Partial nephrectomy, also known as nephron-sparing surgery (NSS), has been increasingly used in clinical
practice as a standard procedure in patients with localized SRMs; however, it has been shown to be associated
with postoperative renal failure [7,8]. Although several studies have examined the effect of PN on renal
function including tumor characteristics, surgical techniques, and comorbidities of patients, there is still an
unmet need for further studies identifying predictors of postoperative renal function [8-11].

The estimated glomerular filtration rate (eGFR) is a valuable marker of renal function in clinical practice.
Decreased eGFR has been shown to be associated with increased overall mortality, need for hospitalization,
and cardiovascular disease [12]. In the present study, we aimed to evaluate the effect of PN on renal function
and to identify predictors of eGFR at mid-term in patients with a renal mass.

Materials and Methods

Study design and study population

This longitudinal, retrospective study was conducted at University of Health Sciences, XXX, Urology out-
patient clinic between January 2015 and March 2020. The study protocol was approved by the institutional
Ethics Committee. The study was conducted in accordance with the principles of the Declaration of Helsinki.
Medical data of 201 consecutive patients who underwent PN for a renal mass were retrospectively reviewed.
All data were retrieved from the hospital database. Those having a bilateral renal mass (n=5), multiple
tumors in the same kidney (n=3), tumors in solitary kidney (n=5), missing data in the hospital database
(n=26), and not attending to their scheduled follow-up visit at six months (n=8) were excluded from the
study. Finally, a total of 154 consecutive patients who were treated with open or laparoscopic PN were
included.

Surgical procedure

All surgical procedures were performed by four urologists experienced in uro-oncology under general anes-
thesia. As a standard procedure, the renal artery and vein were secured with vascular clips after renal
pedicle dissection. The surrounding adipose tissue and Gerota’s fascia of the renal mass were dissected and
the parenchymal margins were well demarcated. The decision of warm ischemia was made at this stage,
depending on the localization and size of the tumor. In all cases, tumors were excised, instead of the enucle-
ation procedure, and a base suture layer was placed followed by a horizontal mattress cortical renorrhaphy.
Pathological specimens were evaluated by two experienced uropathologists.

Measurements and definitions of variables

Data including demographic and clinical characteristics of the patients were obtained from the hospital
database. Patients with diabetes mellitus (DM) and hypertension (HT) were defined as those treated with
medical anti-diabetic and antihypertensive treatments at the time of enrollment, respectively.

Anatomical features of the tumors were examined using the preoperative contrast-enhanced computed to-
mography (CT) or magnetic resonance imaging (MRI) scans. The tumor volume was calculated using the
following formula: π/6 x the longest axial diameter x the longest coronal diameter x the longest sagittal di-
ameter. The Preoperative Aspects and Dimensions Used for an Anatomical (PADUA) score was determined
from CT or MRI scans by two urologists, as described by Ficarra et al. [13]. Duration of warm ischemia
was defined as the time from clamping of the renal artery alone or in combination with the renal vein during
surgery.

The eGFR values were calculated using the Modification of Diet in Renal Disease (MDRD) formula as
previously described: 186 x (Creatinine/88.4)-1.154 x (Age)-0.203 x (0.742 if female) x (1.210 if black)

3
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and chronic kidney disease (CKD) stages were defined according to the definition of the National Kidney
Foundation (NKF) [14]. Baseline eGFR values were calculated using the creatinine values at the final
preoperative visit. In the outpatient follow-up visit at six months, creatinine values were re-calculated and
the eGFR values were determined and documented in detail.

Statistical Analysis

The primary outcome measure was the postoperative eGFR at six months. Variables included in the statis-
tical analysis according to prior evidence of clinical and/or biological association with eGFR were identified.
Candidate predictors included age, baseline eGFR, DM, HT, body mass index (BMI), surgery type, tumor
size, tumor volume, PADUA score, warm ischemia time (WIT), sex, tumor localization, and the American
Society of Anesthesiologists (ASA) class.

Statistical analysis was performed using the R software version 3.5.1 (Institute for Statistics and Mathemat-
ics, Vienna, Austria). Continuous variables were expressed in median and interquartile range (IQR), while
categorical variables were expressed in number and percentage. A non-linear regression analysis was used
to examine the correlation between the primary outcome measure and candidate predictors. The number
of predictors for creating a regression model was determined by at least 1:10 rule of thumb due to overfit-
ting risk. The correlation between candidate predictors and study outcomes were described as regression
coefficient (β ) and standard error (SE). The likelihood ratio and chi-square tests were used to assess the
goodness-of-fit of the model and the R2 was used to examine the predictive ability of the model. A two-sided
p value of <0.05 was considered statistically significant.

Results

Of a total of 154 patients, 66 (42.9%) were females and 88 (57.1%) were males with a median age of 60
(range, 50 to 67) years. Demographic and clinical characteristics and pathological results and stages of the
tumor are summarized in Table 1. A total of 87 (56.5%) patients underwent open PN, while 67 (43.5%)
patients underwent laparoscopic PN. The median duration of surgery, WIT, and length of hospital stay
were 150 (range, 120 to 180) min, 16 (range, 10 to 18) min, and 4 (range, 3 to 5) days, respectively. In
total, 13 (8.4%) patients required blood transfusion, while a double J stent (4.8-Ch/Fr, 28 cm, Coloplast©,
Humlebæk, Denmark) was deployed in seven (4.5%) patients due to urine leak.

The median baseline eGFR was 90.40 (range, 74.96 to 102.97) mL/min/1.73 m2, while the median eGFR
at six months was 77.12 (range, 61.06 to 91.93) mL/min/1.73 m2(p<0.001). The change from baseline at
six months for each patient (Figure 1a) and for overall study population(Figure 1b) are schematized in
Figure 1 . According to baseline eGFR values, 23 (14.9%) patients had Grade [?]IIIa CKD (eGFR [?]60
mL/min/1.73 m2), while the number of these patients increased to 37 (24%) at the postoperative sixth
month.

The tumor volume was statistically significantly lower and duration of surgery was statistically significantly
shorter in the patients undergoing laparoscopic PN than open surgery (p=0.028 and p=0.003, respectively).
The tumor volume was statistically significantly higher and duration of surgery was statistically significantly
longer in patients receiving warm ischemia than those without (p=0.02 and p=0.021, respectively). No
significant difference in the surgical margin positivity rate between the patients undergoing open (n=4,
4.6%) and laparoscopic (n=4, 6.0%) PN (p=0.705 for both).

The non-linear regression model was used to identify the correlation between eGFR values at six months and
candidate predictors. The goodness of fit of the model according to observed and expected eGFR values was
evaluated using the calibration plot. Accordingly, the model was found to be highly consistent in predicting
eGFR values at the postoperative sixth month (likelihood ratio-χ2=347.52,R2 =0.895) (Figure 2 ). Baseline
eGFR (β =22.691, 95%CI: 18.821 to 26.460, when baseline eGFR levels change from 74.97 ml/min/1.73 m2

to 102.68 ml/min/1.73 m2, p<0.001) was found to be directly associated with the postoperative eGFR levels
at six months. In contrary, advanced tumor size (β = -3.168, 95%CI: -5.332 to -1.005, when tumor size
levels change from 3 to 6 cm, p<0.001) and presence of hypertension (β = -3.479, 95%CI: -6.956 to -0.0031,
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p=0.049) were also found to be inversely associated with the postoperatif eGFR levels at six months (Table
2 and Figure 3 ). The partial effect plots of significant predictors are shown inFigure 4 .

Discussion

In the current study, we evaluated the effect of PN on renal function and identified predictors of eGFR at
six months in patients with a renal mass. Our study results showed a statistically significant decrease in the
eGFR values at six months compared to baseline in PN patients. The non-linear regression analysis model
also revealed a linear relationship between the baseline eGFR and six-month eGFR values, while there was
an inverse relationship between the tumor size and presence of HT and six-month eGFR values.

In the literature, there is an abundant number of studies investigating the factors affecting CKD development
following PN. In the majority of studies, the primary endpoint for the evaluation of renal function is the
development of CKD according to the NKF’s CKD stages based on eGFR values [15,16]. However, NSS
provides preservation of the renal function in most patients with a renal mass and disease progression ratio
is about 10 to 20% in Grade [?]IIIa CKD [17,18]. In addition, Turin et al. [19] reported that patients with
a decline of [?]5 mL/min/1.73 m2 per year had two-fold increased risk for mortality (adjusted HR 1.52;
95% CI: 1.46 to 1.57). In another study, Matsushita et al. [20] found that an annual decline of [?]5.65% in
eGFR values increased the risk of chronic heart disease by 1.3 folds and all-cause mortality by 1.22 folds.
Therefore, the number of studies evaluating longitudinal change in eGFR values rather than binary cut points
and investigating predictors of eGFR in patients undergoing PN has been increasing in recent years [21-24].
In our study, 14 (9%) patients developed Grade [?]IIIa CKD following PN and the median postoperative
eGFR values decreased by 10.98 mL/min/1.73 m2. Although the number of patients in whom Grade [?]IIIa
CKD developed seems to be consistent with the existing literature, it is more realistic to speculate that the
risk of chronic heart disease and all-cause mortality increases in these patients based on the eGFR decline
postoperatively.

In their study including 1,379 RCC patients treated with radical nephrectomy or PN, Mason et al. [7]
reported that the decline in eGFR values after three months remained stable in the PN arm. In addition,
preoperative decreased renal function, advanced age, and increased tumor length were found to be associated
with decreased eGFR values at the postoperative third month. In another study, Shum et al. [22] constructed
two nomograms which could predict eGFR at one year after PN and found the preoperative serum creatinine
level to be the only strong determinant of postoperative renal function. Similarly, in a recent study, Ficarra
et al. [25] evaluated the ability of original tumor contact surface area to predict postoperative complications
and renal function impairment in patients undergoing PN for renal masses and showed that preoperative
eGFR was the independent predictor of absolute change ([?]10%) in postoperative eGFR. Based on these
findings, it is not unexpected that patients with decreased renal function have poor eGFR values during
follow-up and that preoperative renal function is the most significant predictor of renal failure or eGFR
decline. It is well-known that PN has no ability to restore renal function, although it preserves nephrons.
Consistent with previous studies, we also found that preoperative eGFR value was the most significant
predictor of postoperative eGFR values at six months.

Furthermore, Cha et al. [26] evaluated the effects of radiographic parameters of renal tumors on long-term
renal function after PN and reported that the increased tumor volume was significantly associated with poor
renal function in the long-term. In addition, Nisen et al. [27] compared anatomical classification systems to
predict changes in postoperative renal function. The authors found that the PADUA predicted at least a
20% decline in GFR (OR: 1.55, p=0.021) at the postoperative third month in patients with a renal mass of
[?]3 cm. Similarly, we used PADUA score and tumor volume as candidate predictors in our study. Unlike
previous studies, however, neither candidate predictors increased the explanatory power of the model. As
the tumor size is more practical than PADUA score and tumor volume in clinical practice, we included the
tumor size in the model. The majority of renal masses were exophytic and SRMs in our study and, therefore,
the PADUA score and tumor volume may not have increased the explanatory power of the model. Of note,
consistent with our findings, there are reports in the literature suggesting that advanced tumor size is an
independent risk factor of decreased renal function after PN [12,21]. As shown in the partial effect plots, the

5



P
os

te
d

on
A

u
th

or
ea

22
J
u
n

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

28
52

58
.8

19
09

93
8

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

determinant effect of the tumor size increases, when the tumor size exceeds 4 cm corresponding to clinical
Stage T1b.

The WIT is one of the most discussed topics in the literature. Although some authors have proposed that
prolonged ischemia duration (>25 min) adversely affects the postoperative renal function [28-30], there is
no evidence showing that short ischemia duration significantly decreases renal function compared to zero
ischemia [31]. Consistent with previous findings, WIT was not found to be a significant determinant in
our model. This can be attributed to the fact that 24% of our patients received non-ischemic PN and the
WIT was within acceptable ranges. In their study, Marszalek et al. [32] compared laparoscopic PN and
open PN and found no significant difference in the oncological and functional outcomes between the surgery
groups. However, the duration of surgery, duration of ischemia, and length of hospital stay were shorter in
the laparoscopic PN patients. In our study, although the duration of surgery was shorter in the laparoscopic
PN group, the WIT and length of hospital stay were comparable between the groups.

Review of the literature reveals controversial results regarding the effect of HT on renal function after
PN. Consistent with our findings, in a retrospective study evaluating renal function after PN and radical
nephrectomy, multivariate analysis showed that the presence of HT was associated with decreased renal
function in the long-term in PN patients [21]. In another study, perioperative risk factors related to acute
kidney injury after PN were included in a linear model which demonstrated that the presence of preoperative
HT was associated with postoperative acute kidney injury [33]. On the contrary, Beksac et al. [34] found
that HT and DM were not associated with poor renal functional outcome following robotic PN in patients
with cT1 disease and normal preoperative renal function (eGFR [?]60 mL/min/1.73 m2). Similarly, another
study investigating progression to CKD in patients undergoing PN for renal tumors showed that the presence
of comorbidities such as coronary artery disease, DM, or HT was not a significant independent predictor of
an increased risk of higher CKD stage in the long-term (ranging 3 to 18 months) [15]. The discrepancy in
the results of the studies can be attributed to the utilization of different surgical methods, heterogeneous
demographic and clinical characteristics of the study populations, statistical methods and models used, and
the inclusion of different primary outcome measures or endpoints in the evaluation of CKD. Irrespective of
the cause of difference, several factors play a role in renal function following PN, as evidenced by previous
studies and our study. Currently, it has been well established that even slight changes in the eGFR values
may increase the risk of cardiovascular disease and all-cause mortality. Therefore, we believe that further
studies using prediction models would be useful to obtain a more accurate and holistic understanding of
postoperative renal function in patients with renal masses.

Nonetheless, there are some limitations to this study. First, retrospective design of the study may have
precluded the elimination of unknown confounders. Second, we included the eGFR values at six months
postoperatively as the outcome measure in the model and used baseline eGFR as the only variable and we
were unable to further evaluate albuminuria or eGFR using 24-h urine collection or scintigraphy. However,
the main strengths of the present study are that it is one of the rare studies using a prognostic model for
eGFR values following PN and it can identify predictors of eGFR. Owing to the strength of the prediction
model used in our study, we believe that the results of this study are valuable and clinically relevant.

Conclusion

In conclusion, our study results suggest that low baseline eGFR values, advanced tumor size, and presence
of HT are significant predictors of decreased eGFR values at the postoperative sixth month in patients
undergoing PN for a renal mass. Despite the strength of the model used in our study, further multi-center,
large-scale, and prospective studies are needed to confirm and to measure the external validity of the results.
Nevertheless, we believe that these results would provide urologists an insight into the effect of PN on renal
function and be a useful guide for urologists to inform patients about mid-term renal function before surgery
and to decide the surgical approach for renal masses.

Figure Legends

Figure 1a. The box plot of change from baseline in eGFR values at Month 6 for each patient
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Figure 1b. Density plot of baseline eGFR and eGFR at Month 6 (overall population)

Figure 2. Calibration plot of the model for predict to eGFR at Month 6

Figure 3 . Forest plot of all candidate predictors in full model (Adjusted eGFR = 60, male, age = 60)

Figure 4. Partial effect plots of strongest predictors for predict to eGFR at Month 6 (Adjusted according
to median values)
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