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Conclusions  PN tended to be selected for patients with 
lower T stage and smaller tumors in the limited cohort of 
stage 4 CKD patients. PN had a significant benefit of pre-
venting dialysis in the multivariable analysis.
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Abbreviations
BMI	� Body mass index
CCI	� Charlson comorbidity index
CKD	� Chronic kidney disease
eGFR	� Estimated glomerular filtration rate
ESRD	� End-stage renal disease
HR	� Hazard ratio
PLOS	� Postoperative length of stay
PN	� Partial nephrectomy
RCC	� Renal cell carcinoma
RN	� Radical nephrectomy

Introduction

The purpose of partial nephrectomy (PN) is to preserve 
kidney function to the extent possible in order to prevent 
cardiovascular events and to prolong life expectancy. This 
purpose is based on results of a previous report showing a 
close relationship between chronic kidney disease (CKD) 
and cardiovascular events [1], as well as on those of ret-
rospective studies analyzing the rates of cardiovascular 
events after kidney surgery for renal tumors [2–5]. How-
ever, according to a previous randomized study, whether 
PN has a superior survival rate to that of radical nephrec-
tomy (RN) in all patients with renal cell carcinoma (RCC) 
is unclear [6]. Long-term outcomes, like survival rate, are 
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not only indicators to evaluate surgical outcomes after sur-
gery for patients with RCC.

Renal replacement therapy, such as dialysis, can damage 
quality of life for patients; therefore, avoiding end-stage 
renal disease (ESRD) and the requirement for dialysis are 
very meaningful if oncological and survival outcomes are 
not damaged. Compared to RN, PN can prevent the dete-
rioration of kidney function by preserving normal kidney 
parenchyma, indicating the potential for avoiding dialy-
sis after surgery for RCC in patients with severe CKD. In 
addition, it is sometimes challenging to select the appropri-
ate surgical method for RCC in patients with severe CKD 
because there are no standard guidelines for determining 
the optimal strategy for such cases. In fact, it is unclear 
whether the normal renal parenchyma is sufficiently pre-
served in PN to avoid ESRD requiring dialysis in patients 
with severe kidney dysfunction due to ischemic insult or 
perioperative complications. In this study, we analyzed 
trends with respect to surgical approach for RCC, including 
PN and RN, in patients with stage 4 CKD and identified the 
predictors for postoperative progression to ESRD requiring 
dialysis using our institute’s database.

Methods

An institutional review board-approved retrospective 
review was conducted on consecutive patients who under-
went PN or RN at our hospital. The cohort consisted of 51 
patients with stage 4 CKD [estimated glomerular filtration 
rate (eGFR) between 15 and 30 ml/min/1.73 m2] and local-
ized RCC who were treated with RN or PN between 1979 
and 2015. All measurements for determining preoperative 
eGFR were performed less than 2 months before surgery. 
Renal function was assessed using eGFR calculated with an 
adjustment for diet according to the renal disease equation 
recently modified for Japanese patients, as regulated by The 
Japanese Society of Nephrology [eGFR =  1.94 ×  serum 
creatinine (in mg/dl)1.094 ×  age0.287 ×  0.739 (if female)] 
[7]. Clinicopathological factors were determined from the 
patients’ medical records. Tumor stage was determined 
according to the 2009 TNM classification [8]. The patho-
logical diagnosis was made according to the 2004 World 
Health Organization classification [9]. The following 
variables were evaluated for each patient: age, sex, body 
mass index (BMI), preoperative eGFR, clinical T stage, 
tumor size, Charlson comorbidity index (CCI) adjusted 
for age, perioperative complications, postoperative length 
of hospital stay (PLOS), and remaining dialysis-free. 
Finally, predictors for the development of ESRD requir-
ing dialysis based on surgical approach were assessed with 

multivariable analysis. Kidney cancerous factors were not 
incorporated into the CCI.

Statistical analysis

All statistical analysis was performed with JMP 11.2.0 
(SAS Institute, Cary NC, USA). Univariate comparisons 
were made using the Chi-square or Mann–Whitney U tests, 
as appropriate. The rate of remaining dialysis-free was cal-
culated using the Kaplan–Meier method, and statistical sig-
nificance was determined by the log-rank test. The predic-
tors for the development of dialysis were determined with 
a multivariable Cox proportional hazards model. Statistical 
significance was set at p < 0.05.

Results

Twenty-three and 28 patients underwent PN and RN, 
respectively. Table 1 shows a comparison of patient char-
acteristics. The mean age of all patients at surgery was 
67 years, and 84 % were men. The mean BMI was 24 kg/
m2, the mean CCI score was 4.9, and the mean preopera-
tive eGFR was 24  ml/min/1.73  m2. Fourteen percent of 
patients had multifocal tumors. Four patients with solitary 
kidney were included. These variables were not signifi-
cantly different between the PN and RN groups. However, 
differences were significant for the following variables: 
The mean tumor size was smaller in the PN than in the 
RN group (31 vs. 65 mm; p < 0.001). Patients in the PN 
group had higher rates of diabetes mellitus (39 vs. 14 %, 
p  =  0.043) and hypertension (91 vs. 50  %, p  =  0.002) 
before surgery than did those in the RN groups. Patients in 
the PN group had a less advanced tumor stage (T1: 100 %) 
than did those in the RN group (T1: 50 %; T3: 46 %; T4: 
4 %; p = 0.004). Thirteen of 28 patients (46 %) in the RN 
group progressed to ESRD requiring permanent dialysis 
after surgery, whereas 3 of 23 patients (13  %) in the PN 
group did (p = 0.0106). PLOS was shorter in the PN than 
in the RN group (PN 9.8 days; RN 14 days; p = 0.0021).

Figure 1 shows the trends for surgical approach accord-
ing to eGFR distribution. Thirteen of 25 patients (52  %) 
with an eGFR of 25–30  ml/min/1.73  m2 underwent 
PN, whereas 7 of 16 (44 %) with an eGFR of 20–25 ml/
min/1.73 m2 and 3 of 10 (30 %) with an eGFR of 15–20 ml/
min/1.73 m2 underwent PN. Patients with less kidney func-
tion tended to undergo RN more frequently in this cohort.

The dialysis-free rate is shown in Fig. 2. The two-year 
dialysis-free rate was 88 % in the PN group and 63 % in 
the RN group (p = 0.016). Table 2 provides the details of 
patients who progressed to requiring permanent dialysis. 
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As noted above, 3 of 23 (13  %) patients who underwent 
PN ultimately required dialysis. One patient with a preop-
erative eGFR of 16 ml/min/1.73 m2 began dialysis 1 month 
after surgery, and the other two patients with preoperative 
eGFRs of 16–20  ml/min/1.73  m2 progressed to requiring 
dialysis 16 and 48  months after surgery, respectively. On 
the other hand, 13 of 28 (46  %) patients who underwent 
RN progressed to requiring dialysis. Most patients with an 
eGFR of 15–25 ml/min/1.73 m2 began undergoing hemodi-
alysis immediately following surgery. Three patients with 
an eGFR of 25–30 ml/min/1.73 m2 progressed to requiring 
dialysis 23–52 months after surgery.

Table 3 shows the results of the multivariable analysis of 
the predictors for developing ESRD requiring dialysis after 
surgery. RN (vs. PN, odds ratio 5.38, p = 0.030) and lower 
preoperative eGFR were significant risk factors. However, 
significant differences were not observed for tumor size 
and CCI.

Table 1   Characteristics of 
patients

BMI body mass index, CCI Charlson comorbidity index, CRCC clear cell renal cell carcinoma, DM dia-
betes mellitus, eGFR estimated glomerular filtration rate, HT hypertension, PLOS postoperative length of 
hospital stay, PN partial nephrectomy, Pre-op preoperative, RN radical nephrectomy, SD standard deviation

PN (n = 23) RN (n = 28) Total (n = 51) p

Age, years, mean (±SD) 66 (9.6) 69 (10) 67 (10) 0.740

Male sex, n (%) 19 (83 %) 24 (86 %) 43 (84 %) 0.762

BMI, kg/m2, mean (±SD) 25 (3.2) 24 (4.0) 24 (3.7) 0.356

Pre-op eGFR, kg/ml/1.73 m2, mean (±SD) 25 (3.9) 24 (4.9) 24 (4.5) 0.656

Solitary kidney, n (%) 3 (13 %) 1 (4 %) 4 (7.9 %) 0.210

T stage, n (%)

 1 23 (100 %) 14 (50 %) 37 (73 %) <0.001

 2 0 0 0

 3 0 13 (46 %) 13 (25 %)

 4 0 1 (4 %) 1 (2 %)

Tumor size, mm, mean (±SD) 31 (12) 65 (30) 50 (29) <0.001

Multifocality, n 3 (13 %) 4 (14 %) 7 (14 %) 0.898

Symptomatic, n 3 (13 %) 13 (46 %) 16 (31 %) 0.011

CCI, score, mean (±SD) 4.9 (1.3) 4.9 (1.2) 4.9 (1.2) 0.946

DM, n 9 (39 %) 4 (14 %) 13 (25 %) 0.043

HT, n 21 (91 %) 14 (50 %) 35 (69 %) 0.002

Pathology

 CRCC, n 17 (74 %) 24 (86 %) 41 (80 %) 0.291

Grade, n

 1 3 (13 %) 4 (14 %) 7 (14 %) 0.990

 2 14 (61 %) 17 (61 %) 31 (61 %)

 3 6 (26 %) 7 (25 %) 13 (25 %)

Development to hemodialysis, n 3 (13 %) 13 (46 %) 16 (31 %) 0.011

PLOS, days, mean (±SD) 9.8 (10) 14 (9.1) 12 (10) 0.002

Perioperative complications, n 6 (26 %) 4 (14 %) 10 (20 %) 0.291

Follow-up period, months, mean (±SD) 32 (23) 61 (60) 48 (49) 0.068
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Fig. 1   Trends for surgical approaches according to eGFR dis-
tribution. Thirteen of 25 patients (52  %) with eGFR 25–30  ml/
min/1.73  m2 underwent PN, whereas 7 of 16 (44  %) patients with 
eGFR 20–25 ml/min/1.73 m2 and 3 of 10 (30 %) patients with eGFR 
15–20  ml/min/1.73  m2 underwent PN. eGFR estimated glomerular 
filtration rate, PN partial nephrectomy
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Discussion

PN can preserve more renal parenchyma than can RN, 
which may help to avoid worsening kidney function. 
Although a randomized study from the EORTC study 
group could not show better survival following PN than 

following RN or differences with respect to the develop-
ment of advanced CKD (eGFR  <  30  ml/min/1.73  m2 or 
<15 ml/min/1.73 m2), the population of this study was com-
prised of patients with comparatively good kidney function 
[6, 10]. Dharam and colleagues evaluated the comparative 
overall survival and renal function in patients following PN 

Fig. 2   Dialysis-free rate. The 
2-year dialysis-free rate was 
88 % in patients who underwent 
PN and 63 % in patients who 
underwent RN (p = 0.016). PN 
partial nephrectomy, RN radical 
nephrectomy
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Table 2   Details of patients who progressed to requiring permanent dialysis

HD hemodialysis, eGFR estimated glomerular filtration rate, CCI Charlson comorbidity index, DM diabetes mellitus, HT hypertension, HD 
hemodialysis, RN radical nephrectomy, PN partial nephrectomy
a  Pre-op eGFR = ml/min/1.73 m2

Number Pre-op eGFRa Age (years) Solitary kidney Sex CCI DM HT Tumor size (mm) Approach Duration to HD (months)

1 16 73 No Male 5 No Yes 32 RN 0

2 16 58 No Male 5 No Yes 23 PN 1

3 17 65 No Male 6 Yes Yes 100 RN 0

4 17 62 No Male 6 Yes Yes 55 RN 0

5 17 67 No Male 4 No No 49 RN 36

6 17 57 No Male 3 No Yes 17 RN 0

7 19 69 No Male 6 No Yes 45 RN 0

8 21 63 No Male 4 No No 35 RN 0

9 22 63 No Male 4 No Yes 90 RN 0

10 22 71 No Male 5 No Yes 30 PN 48

11 23 75 Yes Male 5 No No 42 RN 0

12 23 79 No Female 6 No Yes 60 RN 0

13 23 57 No Male 3 No Yes 47 PN 16

14 25 55 No Male 4 Yes No 61 RN 52

15 26 85 No Male 7 No No 40 RN 51

16 29 74 No Male 5 No No 68 RN 23
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and RN for benign renal tumors [11]. Their study included 
patients with comparatively poor kidney function, such as 
those with stage 3a CKD (30 %) and stage 3b CKD (4 %). 
A multivariate analysis showed that patients treated with 
RN were significantly more likely to die from any cause 
[hazard ratio (HR) 1.73, p < 0.001] or to develop stage 4 
CKD (HR 4.23, p  <  0.001) compared with patients who 
underwent PN, suggesting that even patients with compara-
tively poor kidney function can receive more kidney func-
tional benefits from PN than from RN.

CKD progression is thought to increase the prevalence 
of cardiovascular events and mortality rates in the general 
population [1]. Based on this theory, PN is recommended 
for patients with small RCCs to preserve renal function, 
which means that the ultimate target for preserving kidney 
function is to prolong survival. However, preventing the 
progression to ESRD requiring renal replacement therapy, 
such as dialysis, is also an important function for PN in 
patients with severe CKD. Under the conditions of a kid-
ney donor shortage, dialysis is inevitable for patients with 
ESRD, which damages their quality of life and increases 
medical expenditures. Some population-based cohort stud-
ies assessed the correlation of progression to ESRD after 
surgery between PN and RN [12, 13]. Yap and colleagues 
demonstrated that PN was associated with less ESRD 
requiring renal replacement therapy than was RN in a mod-
ern cohort (2003–2010) of patients with RCC [12]. On the 
other hand, Lin and colleagues reported that patients with 
RCC undergoing RN do not have a significantly higher risk 

of developing ESRD compared to those undergoing PN 
[13]. Needless to say, patient backgrounds between these 
two studies were different, suggesting that this controver-
sial result was dependent on various limitations such as 
patient background or era. These large cohort studies did 
not incorporate preoperative kidney function into the multi-
variate analysis, possibly due to study limitations.

In patients with severe kidney dysfunction, such as 
stage 4 CKD (eGFR 15–30 ml/min/1.73 m2), it is unclear 
whether PN can preserve sufficient kidney function to 
avoid renal replacement therapy even if normal renal 
parenchyma is preserved, possibly influenced by ischemic 
insult or perioperative complications. Although surgical 
approaches, including PN or RN, are determined according 
to tumor size, patient age, or comorbidities, there is cur-
rently no evidence, such as a guideline, for managing these 
patients. In addition, there are no reports on treatment strat-
egies for RCC in patients with severe CKD. As shown in 
Fig. 1, patients with less kidney function tended to undergo 
RN in this cohort. Although other important factors for 
determining surgical approach, such as tumor size, tumor 
stage, or patient comorbidities, were not incorporated into 
this analysis, we might choose RN for patients with exten-
sive severe CKD because such patients could not avoid 
ESRD requiring dialysis using PN due to ischemic insults 
or other factors.

In our cohort, 3 of 23 patients (13  %) who under-
went PN progressed to ESRD requiring dialysis. This 
included one patient with a preoperative eGFR 15–20 ml/
min/1.73 m2 and a 23-mm tumor who underwent PN and 
who began hemodialysis 1 month after surgery. However, 
this patient had been affected by nephrosis syndrome and 
had a solitary kidney. The other two patients have remained 
hemodialysis-free for over 12 and 60  months. Two of 7 
(29  %) patients with a preoperative eGFR of 20–25  ml/
min/1.73  m2 who underwent PN commenced hemodi-
alysis 16 and 48  months after surgery, with a tumor size 
of 47  mm and 30  mm, respectively. The other 5 patients 
have remained hemodialysis-free over a follow-up period 
between 1 and 48  months (mean 21  months, median 
12  months). All 13 patients with preoperative eGFRs of 
25–30  ml/min/1.73  m2 have remained hemodialysis-free 
over a follow-up period between 3 and 72  months (mean 
17 months, median 24 months). In summary, most patients 
with severe CKD who underwent PN avoided ESRD 
requiring dialysis for a comparatively long period, except 
for a patient who had nephrosis syndrome.

All patients who underwent PN in our cohort underwent 
open surgery with no ischemia (2 cases) or cold ischemia 
(21 cases). In addition, mean and median cold ischemia 
time were 37 and 40  min (range 7–82  min), respectively, 
suggesting that kidney function may be preserved even with 
relatively long ischemia times, even in patients with severe 

Table 3   Multivariable analysis of the predictive factors for the devel-
opment of dialysis

HR hazards ratio, CI confidence interval, PN partial nephrectomy, RN 
radical nephrectomy, Pre-op preoperative, eGFR estimated glomeru-
lar filtration rate, CCI Charlson comorbidity index

Factor HR (95 % CI) p

Approach

 PN Reference

 RN 5.38 (1.17–31.5) 0.030

Pre-op eGFR (ml/min/1.73 m2)

 25–30 Reference

 20–25 8.98 (1.98–65.0) 0.004

 15–20 12.4 (2.70–90.4) 0.001

Tumor size (cm)

 ≤4 Reference

 4–7 0.89 (0.25–3.24) 0.861

 >7 0.55 (0.07–3.28) 0.524

CCI

 <5 Reference

 5 1.43 (0.32–6.06) 0.629

 >5 1.23 (0.32–4.76) 0.758
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CKD. We have sometimes noted that ischemic damage in 
the kidney seemed to be influenced to a greater degree by 
poorer kidney function than by stronger kidney function, 
which may lead to avoiding PN in patients with severe kid-
ney dysfunction. Mir and colleagues addressed the ability 
of different functional strata of kidneys to recover from 
ischemic insults during PN [14]. They measured preser-
vation rates of split renal function and renal parenchymal 
mass in the operated kidney in patients who underwent PN 
and compared recovery from ischemia, defined as percent 
GFR saved/percent volume saved, according to ischemia 
type or ischemia time. Median recovery from ischemia for 
poorly functioning kidneys (GFR  <  30  ml/min/1.73  m2) 
was 99  %. Corresponding values in kidneys with GFRs 
of 31–45, 46–60, and >60  m/min/1.73  m2 were 93, 95, 
and 97 %, respectively (p =  0.24). Their study suggested 
that even poorly functioning kidneys recover well from 
the ischemic insult proportionate to the amount of paren-
chyma preserved, as long as hypothermia or limited-warm 
ischemia were used.

The present study had some limitations including its ret-
rospective, single-center design and the tertiary care patient 
population that was evaluated. In addition, the small sam-
ple size might have limited our statistical power in the mul-
tivariate analysis for determining the predictors of progres-
sion to ESRD requiring dialysis. Moreover, we could not 
incorporate risk factors for CKD, such as family history of 
CKD, presence of hyperlipidemia, hypertension, or BMI, 
into the multivariate analysis to maintain statistical power 
with the small sample size. There was a strong selection 
bias for the surgical method, as patients in the PN group 
had a less advanced tumor stage (T1: 100 %) than did those 
in the RN group (T1: 50 %; T3: 46 %; T4: 4 %; p = 0.004). 
The strength of this study is that it is possibly the first to 
focus on patients with severe kidney dysfunction when 
comparing kidney functional outcomes between PN and 
RN. In addition, we showed that PN can avoid permanent 
dialysis, even in patients with severe kidney dysfunction. 
Although the surgical approach is usually decided based on 
tumor size, stage, or patient background, PN may be rec-
ommended for patients with severe CKD in order to avoid 
renal replacement therapy as long as possible.

Conclusions

We showed that PN was better at preventing the progres-
sion to ESRD requiring dialysis than was RN in patients 
with stage 4 CKD. Although surgeons debate whether to 
select PN or RN for patients with severe kidney dysfunc-
tion based on the consideration of damage to the preserved 
renal parenchyma due to ischemic insult or other factors in 
PN, PN for RCC in such patients should be considered to 

prolong duration to the requirement for renal replacement 
therapy.
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