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Abstract 

Objective We aimed to determine factors responsible for chronic kidney disease (CKD) following nephrectomy 
for renal tumours.

Methods A retrospective study was undertaken in patients underwent partial or radical nephrectomy due to kid-
ney tumour between January 2015 and June 2020. Patients with eGFR above 60 ml/min/1.73m2 were included 
in the study. Demographic information, surgical features, eGFR values and some comorbidities of patients 
were recorded. The patients were evaluated for the development of CKD according to the CKD-EPI equation 
postoperatively.

Results One hundred and sixty-six patients who underwent radical (n = 125) or partial (n = 41) nephrectomy were 
included to study. According to the logistic regression analysis, radical nephrectomy (adjusted OR 0.139 (95% CI 
0.038–0.507), p = 0.003), age (adjusted OR 1.037 (95% CI 1.001–1.074), p = 0.045), preoperative proteinuria (adjusted 
OR 0.251 (95% CI 0.084–0.750) p = 0.013) and preoperative lower eGFR (adjusted OR 0.943 (95% CI 0.917–0.969) 
p < 0.001) were determined as independent predictor for development of CKD.

Conclusions CKD is an important disease that causes morbidity and mortality. Age, type of surgery and preoperative 
eGFR and preoperative proteinuria are an independent risk factor for CKD development. Patients should be informed 
about this problem before surgery.

Keywords Chronic kidney disease, Glomerular filtration rate, Renal cell carcinoma, Radical nephrectomy, Partial 
nephrectomy

1  Background
Renal cell carcinoma (RCC) is one of the most fatal dis-
eases in urology. It constitutes 3% of adult cancers and is 
the third most common urological malignancy [1]. The 

incidence of RCC has increased in last 3 decades with 
the widespread availability of imaging modalities such as 
ultrasound and computerised tomography [2]. Approxi-
mately 150.000 new cases are diagnosed each year, and 
patients are predominantly over the age of 60 [3].

Stage of the disease, tumour size and comorbidities are 
the most important factors affecting the choice of treat-
ment. The definitive treatment of non-metastatic RCC is 
radical nephrectomy (RN) or partial nephrectomy (PN). 
Functional results such as residual renal functions are 
also very important after treatment, apart from oncologi-
cal outcomes.
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Chronic kidney disease (CKD) is defined as abnor-
malities of kidney structure or function, present 
for > 3 months, with implications for health according to 
current guidelines, and it was classified based on GFR 
category. CKD situation is accepted as normal when 
eGFR value ≥ 90  ml/min/1.73  m2. Stage 2 means eGFR 
value between 60 and 89, Stage 3 is 30 and 59 and Stage 
4 indicates 15 and 29. Patients with < 15 ml/min/1.73  m2 
eGFR are accepted end-stage kidney disease [4]. CKD 
has a high global prevalence about 11–13%, and stage 3 is 
seen predominantly. The first impaired stage of the esti-
mated glomerular filtration rate (eGFR) is defined as less 
than 90 ml/min/1.73  m2 [5].

Kidney cancers patients generally have elderly pro-
file and comorbidities. In addition to these, if the other 
kidney is not well preserved till that moment, extra 
morbidity and mortality may occur with development 
of postoperative CKD [6]. Nephrons decrease with 
nephrectomy procedure, and it leads a decline at eGFR 
values. eGFR < 60 is associated with increased cardiovas-
cular events, death and hospitalisation [5, 7]. Further-
more, CKD has major complications such as anaemia, 
hypertension, malnutrition and neuropathy [8]. There-
fore, residual kidney functions after RCC treatment are 
considerable problem. We aimed to evaluate predictive 
factors of CKD in patients who underwent surgery for 
RCC.

2  Methods
We retrospectively examined the patients who under-
went RN and PN between January 2015 and June 2020. 
This study protocol was approved by local ethics commit-
tee and carried out in accordance with the Declaration of 
Helsinki. The centre is one of the well-known high-vol-
ume hospitals for oncological surgeries. All operations 
performed only one expert surgeon (AO from authors).

Demographic data, type of surgery, eGFR values and 
comorbidities such as hypertension and diabetes mel-
litus were recorded. Patients with preoperative eGFR 
value of above 60  ml/min/1.73m2 were included in the 
study. Patients with unknown eGFR value preoperatively 
or postoperatively and patients with a history of dialysis 
were excluded to prevent confounding eGFR data.

Preoperative proteinuria was assessed according to uri-
nalysis. At least two urinalyses of the patients from the 
preoperative period were evaluated. Negative and trace 
values were accepted as no proteinuria. Cases with 2+ 
,3+ and 4+ recorded as there is proteinuria.

Some equations based on serum creatinine were devel-
oped to calculate eGFR value. Other methods have been 
abandoned recently, and the CKD-EPI equation is fre-
quently used in current guidelines. Therefore, we used 
Chronic Kidney Disease Epidemiology Collaboration 

(CKD-EPI) equation. Patients were evaluated at postop-
erative end of first year, and CKD patients were deter-
mined according to abnormal GFR values. CKD was 
defined as eGFR of less than 60  ml/min/1.73  m2 (Stage 
3) in the present study. The Kidney Disease Improv-
ing Global Outcomes (KDIGO) classification was used 
for CKD staging [4]. The patients were divided into two 
groups according to postoperative eGFR as eGFR ≥ 60 
and eGFR < 60.

The data were analysed with the Statistical Package for 
Social Sciences (SPSS) version 22.0™ (IBM Corporation, 
Los Angeles, CA, USA). The Chi-square and Student t 
tests were used for comparative analyses between groups. 
Multivariate logistic regression analysis was performed 
to explore parameters associated with postoperative 
CKD. All p values were two-tailed, and a p value of < 0.05 
was noted statistically significant.

3  Results
A total of 166 RCC patients underwent surgery were 
included in the study. Patient characteristics accord-
ing to the CKD development are presented in Table  1. 
CKD developed in 68 patients (eGFR < 60) and eGFR was 
above 60 in 98 patients. Among these, 41 patients under-
went PN, and 125 patients underwent RN. Our CKD 
rates were 4/41 (9.7%) in PN and 64/125 (51.2%) in RN 
according to the type of surgery. CKD rate was statisti-
cally significantly lower in patients with PN (p = 0.001). 
The mean age of CKD group was 65.4 ± 12.3, and non-
CKD was 55.2 ± 11.7 (p < 0.001). Male/female rates were 
48/20 in the CKD group and 59/39 in non-CKD group. 
There is no statistically significant difference between the 
groups according to gender (p = 0.169).

The mean preoperative eGFR value was 71.3 ± 14.9 ml/
min/1.73m2 in CKD group and 91 ± 17.9 ml/min/1.73m2 
in non-CKD group. Preoperative eGFR value was statis-
tically significantly lower in CKD group (p < 0.001). The 
mean tumour size was 6.9 ± 3  cm and 5.2 ± 3.1, respec-
tively, in CKD and non-CKD group and statistically sig-
nificantly lower in non-CKD group (p = 0.001). There was 
no significant difference with respect to diabetes mellitus 
and hypertension between groups (p = 0.558, p = 0.133, 
respectively).

Multivariate logistic regression analysis for predicting 
CKD is presented in Table  2. In the logistic regression 
analysis, type of surgery (RN), age, preoperative pro-
teinuria and preoperative lower eGFR were found inde-
pendent predictor for development of CKD. On the other 
hand, according to regression analysis, gender, diabetes, 
hypertension, BMI were not found a predictor for CKD 
development. In particular, although tumour size dif-
fered statistically between groups in Table  1, regression 
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analysis showed that it was not an independent predictor 
of CKD development.

4  Discussion
According to current urological guidelines, the surgi-
cal treatment of non-metastatic resectable renal tumour 
is either radical or partial nephrectomy. Cardiovascular 
problems, hospitalization and death have been related to 
the development of CKD [8]. Therefore, it is important 
to analyse risk factors responsible for CKD following 
nephrectomy.

Surgical treatment is the most effective curative option 
in suitable patients with RCC. Some adaptation mecha-
nisms occur such as hyperfiltration and hypertrophy 
after unilateral radical nephrectomy. Nevertheless, renal 
failure may develop in some patients. Partial nephrec-
tomy has replaced radical nephrectomy in the treatment 
of small renal masses due to similar oncological results 
[9, 10]. The main superiority of partial nephrectomy 
over radical nephrectomy is preservation of the renal 
function [11]. In our study, it was found that patients 
who underwent partial nephrectomy had lower CKD 
rates consistent with the literature [12]. And also, radi-
cal nephrectomy was found an independent risk factor 
for CKD development. Many studies demonstrate that 
partial nephrectomy reduces CKD rates, postoperative 
complications in comparison with radical nephrectomy 
[8, 12]. It should be considered that the type of surgery 
affects the probability of CKD independently of other 
factors and the preservation of a maximum renal reserve 
should be pursued. In addition, recent studies show that 
partial nephrectomy is superior to radical nephrectomy 
in terms of kidney function [13].

Proteinuria may be also one of the indicators of renal 
dysfunction. A recent study showed that proteinuria is a 
risk factor for acute kidney injury even after non-urolog-
ical surgical [14]. Takagi et al. found there is no relation-
ship proteinuria with postoperative poor renal function 
[15]. However, their study relatively had small number 
of patients. A larger recent study showed that worse pre-
operative proteinuria is related poor postoperative renal 
function [16]. They evaluated proteinuria in daily urine, 
unlike our spot urine evaluation. Similarly, our study 
showed that preoperative proteinuria is an independ-
ent risk factor for CKD development. Preoperative pro-
teinuria may be related with lower eGFR although we did 
not evaluate, because both of them may be considered 
reflecting the poor renal function.

Tumour size is one of the important factors when 
deciding on the type of surgery. Current guidelines 
say that partial nephrectomy is a standard treatment in 
selected patients with 4 cm or less mass [17, 18]. There 
are conflicting studies in the literature that associate 

CKD development with tumour size. Lane et al. showed 
that tumour size predicts lower eGFR after surgery [19]. 
Conversely, Kong et al. demonstrated tumour size is not 
a clinical factor for CKD development [20]. We found 
statistically significant difference in tumour size between 
groups in the present study. However, tumour size was 
not an independent risk factor for CKD development. In 
fact, the main problem is not only tumour size, but also 
location. Resection of same size exophytic tumour and 
intraparenchymal tumour does not have the same degree 
of nephron damage when considering residual renal 
reserve. The heterogeneity in the data may be related to 
this.

Serum creatinine levels are used in many centres to 
determine kidney function. However, approximately 25% 
of patients with normal serum creatinine levels have at 
least moderate level CKD (eGFR < 60). Therefore, eGFR 
values reflect kidney function better [21, 22]. On the 
other hand, in a recent study, it was shown that renal 
functions are not stable for a while after kidney surgery 
and poor eGFR values in early time were recovered later 
on [23]. Therefore, we evaluated the eGFR values of the 
patients at the end of first year to stabilize acute changes 
on kidney function after surgery [24]. Kidney tissue does 
not have a regeneration property. Therefore, every nega-
tive effect on kidney shows a cumulation and adapta-
tion mechanisms may not improve it all time. Although 
patients with preoperative eGFR > 60 included in the 
study, we showed that lower preoperative eGFR is a pre-
dictor for CKD in the present study. Similarly, other stud-
ies including partial and/or radical nephrectomy have 
also shown that lower preoperative eGFR is a predictor 
for CKD [19, 25]. According to recent interesting study, 
surgically induced kidney deficiency has lower progres-
sion and mortality rates than medical chronic kidney 
disease [26]. This may suggest that preoperative GFR, 
reflecting non-surgical kidney function, is important for 
postoperative kidney function. In order to reduce the 
effects other than surgery, we may recommend patients 
to consume adequate fluids and avoid nephrotoxic agents 
in the preoperative period.

The world is aging and expecting age is being over 
60  years old by time [27]. Comorbidities are common 
with increasing age, and they are close relation. Most 
elderly oncological patients have at least one comorbidity 
requiring treatment [28]. Kidney cancer is seen in elderly 
patients and commonly associated with diabetes mellitus, 
hypertension and obesity [9]. According to transplanta-
tion data, CKD development is not common in donor 
patients with bilateral normal functioning kidneys after 
nephrectomy [29, 30]. It may be related to the fact that 
donor patients are generally younger and do not have 
comorbidities. We found older age to be an independent 
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prognostic factor for CKD development in the present 
study. In parallel, there are studies in the literature show-
ing that age is an important determinant for the devel-
opment of CKD [20, 31]. We think that major reason 
is as age increases, nephron atrophy occurs and eGFR 
decreases.

There are conflicting studies regarding relationship 
between CKD development and diabetes mellitus, hyper-
tension and BMI in the literature. Kong et  al. reported 
that diabetes mellitus, BMI and hypertension are not 
important clinical factor in CKD patients [20]. On the 
other hand, Jeon et  al. showed that diabetes mellitus 
is an independent prognostic factor for CKD develop-
ment [25]. Reinstatler et  al. found that BMI was related 
postoperative decline in kidney function unlike Wang 
et  al.’s study [23, 32]. According to our study, BMI, dia-
betes mellitus and hypertension are not prognostic fac-
tors for CKD. Diabetes mellitus and hypertension effect 
on all body and have a scale in themselves. Uncontrolled 
or mild diseases may have different effects on the body. 
Data may show variability due to stage of comorbidities 
of included patients in the studies.

Repetitive surgical intervention may be needed due to 
recurrence of disease in herediter kidney tumours [33, 
34]. Residual kidney function is very important problem 
in patients with solitary kidney, hereditary kidney tumour, 
bilateral or multifocal tumours. Therefore, partial nephrec-
tomy should be forced in particularly these patients.

There are some limitations in our study. Firstly, we did 
not evaluate warm ischaemia time in partial nephrec-
tomy cases. It may affect postoperative eGFR values. 
Secondarily, one of the factors of blocking homogeniza-
tion in the study is excluding patients below eGFR 60 ml/
min/1.73m2. Grouping the patients according to the type 
of surgery rather than the development of CKD would 
also give us valuable data. Retrospective design of study 
and relatively small number of patients are other limita-
tions of the current study.

5  Conclusions
Preoperative renal functions, advanced age and type of 
surgery are most important factors affecting CKD devel-
opment after surgery. Renoprotective preventions should 
be considered, and patients who have irreversible risk 
factors should be informed for possible CKD develop-
ment-related surgery.
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