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Review Article

Risk of Chronic Kidney Disease After Nephrectomy for Renal Cell 
Carcinoma
Seung-Kwon Choi, Cheryn Song
Department of Urology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

The incidence of low-stage renal cell carcinoma is rising and is observed to demonstrate 
excellent prognosis following surgical treatment irrespective of method. However, sev-
eral epidemiologic observational and population-based studies suggest that radical 
nephrectomy is associated with increased adverse renal outcomes such as chronic kid-
ney disease (CKD) compared with partial nephrectomy. This is suggested in turn to 
lead to increased mortality via an increase in cardiovascular complications and 
mortality. Prospective data are scarce, and there are conflicting data as well on whether 
surgically induced CKD is as debilitating as medically induced CKD. Further research 
is needed to assess the presence and the extent of the relationship between neph-
rectomy, CKD, and noncancer mortality.
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INTRODUCTION

Renal cell carcinoma (RCC) is the third most common ma-
lignancy in the genitourinary tract [1]. Its incidence has 
been rising, especially in the past 2 decades, mainly owing 
to advancements in diagnostic radiographic modalities 
and increased utilization of abdominal imaging for un-
related purposes. In Korea in the past decade alone, the in-
cidence rate increased from 3.0 per 100,000 in 1999 to 5.2 
per 100,000 in 2010 in both sexes [2]. In 2010, a total of 3,598 
new cases were diagnosed, and the annual percentage rate 
increase was estimated at 6.1%. As a result of the increase 
in incidentally detected renal tumors, stage at RCC diag-
nosis has decreased, with T1 tumors making up more than 
half of the newly diagnosed cases [3,4]. 

Current guidelines from the American Urological 
Association or the European Association of Urology for the 
management of T1 RCC recommend nephron-sparing sur-
gery for all T1a and amenable T1b cases [5,6]. These recom-
mendations were based on the demonstration of onco-
logical equivalence of partial nephrectomy compared to 
radical nephrectomy for these tumors and the rising recog-
nition of the health significance of chronic kidney disease 
(CKD) following radical nephrectomy. T1 tumors are more 

intensely investigated because they constitute the ma-
jority of cases, are technically amenable for nephron-spar-
ing surgery, and demonstrate excellent prognosis with ad-
equate surgical intervention alone, which thus mandates 
long-term consideration of other competing risks for sur-
vival and quality of life.

In this review, we describe the epidemiology of CKD, dis-
cuss the risks and consequences of CKD following radical 
or partial nephrectomy for RCC, and present controversial 
issues that remain to be elucidated with the aim of better 
understanding the natural history and progression of CKD 
after nephrectomy. 

CKD AS A PUBLIC HEALTH PROBLEM 

The definition of CKD is kidney damage for longer than 3 
months confirmed by pathologic abnormalities in biopsy 
samples or by markers of kidney damage such as protei-
nuria, with or without changes in the glomerular filtration 
rate (GFR), or GFR less than 60 mL/min/1.73 m2 for longer 
than 3 months with or without kidney damage [7]. CKD is 
increasingly being recognized as a significant public health 
problem in Korea as well as worldwide [8]. The incidence 
and prevalence have been steadily and continuously rising, 
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followed by an increase in associated complications and de-
teriorations in general health conditions. In Korea, the 
number of people with newly diagnosed end-stage renal 
disease (ESRD) requiring some form of renal replacement 
therapy was over 10,000 in 2011, totaling 63,000, which 
was more than 0.1% of the entire population. Comparing 
the number to the total of 2,500 patients in 1986, the annual 
rate increase was estimated to be approximately 5%, which 
is higher than in other countries [9]. Extrapolating from 
this data, the number of patients with CKD could be esti-
mated to be over 100,000, approximating 1% of the pop-
ulation, and also increasing. 

Survival of patients with ESRD is reported to be lower 
than in the general population by 30%, most importantly 
because of the increase in associated complications. In a re-
cent report, 51% and 47% of Korean patients receiving he-
modialysis and peritoneal dialysis, respectively, had vas-
cular diseases including hypertension and cerebrova-
scular accident [10]. Furthermore, with an additional 17% 
and 18% of patients complicated with cardiac disease, the 
most common cause of death in this population was car-
diovascular disease. 

CKD AND NEPHRECTOMY

Since 1969 and until recently, the standard treatment for 
all renal masses presumed to be RCC was radical neph-
rectomy [11]. Radical nephrectomy results in adequate 
long-term cancer control, and observations from large-scale 
kidney donor studies have suggested that the health effects 
of rendering these patients with a single renal unit were 
not significant [12-14]. However, RCC patients differ from 
kidney donors. Whereas kidney donors are a screen-selec-
ted group of people in good health, of a younger age, and 
with good health habits, patients with RCC are often older 
and frequently have various medico-surgical comorbid-
ities including hereditary disorders and social as well as 
lifestyle risk behaviors. Kidney donors are selected on the 
basis of their good baseline kidney function, whereas kid-
ney function is deteriorated in up to 30% of RCC patients 
(GFR＜60 mL/min/1.73 m2) at diagnosis before surgery 
[15,16]. Furthermore, in contrast to preexisting studies, 
contemporary evidence suggests that not only several do-
nor subgroups [17,18] but the entire donor population itself 
is at higher risk for ESRD compared with matched healthy 
nondonors, as early as at a median of 7.6 years [19]. 

Patients with RCC are especially at higher risk for devel-
opment and progression of CKD after nephrectomy, even 
when other risk factors are accounted for. In a retrospective 
analysis comparing 173 patients who underwent radical 
nephrectomy with 117 patients who underwent partial 
nephrectomy, McKiernan et al. [20] reported that after a 
median follow-up of 25 months postoperatively, 16 pa-
tients (9%) after radical nephrectomy had developed CKD 
(Table 1). No one after partial nephrectomy had developed 
CKD and serum creatinine was significantly higher in pa-
tients who underwent radical nephrectomy (1.5 mg/dL vs. 

1.0 mg/dL, p＜0.001) despite similar preoperative crea-
tinine concentrations (1.0 and 0.98 mg/dL, p=0.4) and risk 
factors for renal insufficiency in the two groups. In this sin-
gle-center analysis, patients in the study differed in terms 
of age (radical vs. partial, 63 years vs. 57 years, p＜0.001) 
and tumor size (2.9 cm vs. 2.3 cm, p＜0.001). Also, use of 
serum creatinine as a marker of renal function in the study 
limits the study results because serum creatinine is influ-
enced substantially by muscle mass, body habitus, and food 
contents. Day-to-day variability is substantial and the val-
ue itself may be inaccurate in the extremes of age [21]. 

Using estimated GFR as a measure of renal function in 
a retrospective cohort of 662 patients who had normal pre-
operative creatinine, Huang et al. [15] compared the im-
pact of partial or radical nephrectomy for T1a RCC on the 
risk of postoperative CKD. Despite a normal serum crea-
tinine level before surgery, CKD was present in 26% of the 
patients. Following surgery, the 3-year probability of free-
dom from new onset CKD was 35% after radical neph-
rectomy compared with 80% after partial nephrectomy. 
Three years after surgery, radical nephrectomy was esti-
mated to increase the risk of developing CKD 3.8 folds com-
pared with partial nephrectomy (95% confidence interval 
[CI], 2.75–5.32). The results were similar after longer fol-
low-up. In another study from a cohort of 328 patients who 
underwent radical or elective partial nephrectomy for T1a 
RCC between 1966 and 1969 and who were followed for 10 
years, patients were matched for pathology, tumor size, 
age, and gender [22]. The 10-year follow-up cumulative in-
cidence of chronic renal insufficiency was 22.4% and 11.6% 
following radical and partial nephrectomy, respectively 
(hazard ratio [HR], 3.7; 95% CI, 1.2–11.2). 

Studies on Korean data are scarce and current reports 
are limited in sample size and retrospective design. 
However, the results are similar to what has been pub-
lished previously. In 89 Korean patients who underwent 
radical nephrectomy and were followed for longer than 5 
years, CKD was observed in 43 patients (48.3%) at the end 
of follow-up [23]. In 561 patients with T1a RCC, the mean 
GFR decreased from 83.0 mL/min/1.73 m2 before surgery 
to 58.4 mL/min/1.73 m2 at 1 year after radical nephrectomy 
[24]. In 76 patients who underwent radical nephrectomy 
and inferior vena cava thrombectomy, the incidence of 
postoperative CKD was 32.9% with a mean follow-up of 
22.9 months [25]. In a retrospective comparative study of 
79 and 29 Korean patients who underwent radical and par-
tial nephrectomy with normal baseline renal function, 
36.1% and 3.8%, respectively, were found to have new onset 
CKD after surgery (p＜0.001) [26]. In a recent analysis of 
1676 patients with T1a RCC who underwent radical or par-
tial nephrectomy, Kim et al. [27] reported a CKD incidence 
of 34.8% for radical nephrectomy and 5.4% for partial neph-
rectomy and that radical nephrectomy was associated with 
an increased risk of CKD (odds ratio [OR], 11.89; 95% CI, 
7.98–17.69; p＜0.001).
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TABLE 1. Summary of comparative studies assessing CKD after radical and partial nephrectomy

Source Period Design Patient sample Patients Variable Results of CKD Follow-up (mo)

McKiernan et 
al. [20]

Huang et al. 
[15]

Lau et al. [22]

Kim et al. [27]

Kong et al. 
[26]

Sun et al. [28]

Klarenbach 
et al. [32]

Mariusdottir 
et al. [33]

Van Poppel et 
al. [35]

1989–2000

1989–2005

1966–1999

2001–2011

2003–2010

1988–2005

2002–2007

2000–2010

1992–2003

Retrospective

Retrospective

Retrospective, 
matched

Retrospective

Retrospective

Retrospective, 
matched

Retrospective

Retrospective, 
matched

Prospective, 
randomized

Single institution

Single institution

Single institution

Single institution

Single institution

Population based

Population based

Population based

EORTC-GU trial 
30904

RN 173
PN 117

RN 204
PN 287

RN 164
PN 164

RN 605
PN 1071

RN 79
PN 29

RN 840
PN 840

Total 1,151
RN 80%
PN 20%

RN 44
PN 44

RN 273
PN 268

Serum 
creatinine

eGFR

Serum 
creatinine

eGFR

eGFR

eGFR

eGFR

eGFR

eGFR

Sixteen patients (9%) after RN had 
developed CKD.

No one after PN had developed CKD.
The 3-year probability of freedom from 

new onset CKD was 35% after RN 
compared to 80% after PN. 

RN was estimated to increase the risk of 
developing CKD 3.8 folds compared to 
PN, 3 years after surgery.

The cumulative incidence of CKD was 
22.4% and 11.6% following RN and PN, 
respectively.

Surgical type (PN or RN; OR, 11.89) was 
significant as postoperative risk factor 
for CKD.

Patients who underwent RN and PN 
with normal baseline renal function, 
36.1% and 3.8% respectively were 
found to have new onset CKD after 
surgery.

CKD was observed in 20.1% of patients 
after RN and 11.4% of patients after 
PN.

RN increased the risk of CKD 1.9 fold 
compared to PN.

RN (vs. PN) was associated with 
increased risk of developing composite 
adverse renal outcomes with a hazard 
ratio of 1.75.

RN was associated with increased risk of 
CKD development, at 6 months 
postoperatively.

PN reduced risk of CKD by 21% at 6.7 
years. However, at 9.3 years after 
surgery, 25% of patients after PN and 
18.3% of patients after RN died, both 
most commonly due to cardiovascular 
disease. 

Median, 25 

Median, 19 

10 yr after surgery

Mean, 37–47

-

60 after surgery

Median, 32

Median, 44

Median, 9.3 yr

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; PN, partial nephrectomy; RN, radical nephrectomy; OR, 
odss ratio. 

POPULATION-BASED STUDIES OF CKD AFTER 
NEPHRECTOMY

Risk of CKD after nephrectomy for RCC was confirmed in 
several retrospective population-based studies. Using the 
data of 4633 T1a RCC patients from the United States (US) 
Surveillance Epidemiology and End Results (SEER)- 
Medicare-linked cohort, Sun et al. [28] demonstrated that 
radical nephrectomy increased the risk of CKD 1.9 folds 
compared to partial nephrectomy. In the analytic cohort, 
which included 840 patients carefully matched on propen-
sity scores, CKD was observed in 20.1% of patients after 
radical nephrectomy and 11.4% of patients after partial 
nephrectomy, and the difference in CKD development be-
tween the surgical methods was observed as soon as 36 
months after surgery and increased thereafter. Additional 
population-based studies from the US have shown similar 
results. However, all of the study populations were derived 
from the SEER registry at different but overlapping time 

periods. Whereas all of the SEER-linked cohort studies 
point to radical nephrectomy as an independent risk factor 
for postoperative CKD and increased mortality by approx-
imately 30% [29-31], caution needs to be taken in interpret-
ing these studies because they all came from the same data 
source. 

On the other hand, in a retrospective study using the pop-
ulation-based data of 1,151 Canadian patients treated be-
tween 2002 and 2007, Klarenbach et al. [32] demonstrated 
that radical nephrectomy was associated with increased 
risk of developing composite adverse renal outcomes, 
which included acute dialysis, CKD, rapidly progressive 
CKD, and ESRD (radical vs. partial; HR, 1.75; 95% CI, 1.02
–2.99). Adverse renal outcomes were observed in 10.5% of 
the entire study cohort at less than 3 years after surgery 
and patients with lower baseline GFR or proteinuria were 
shown to be at higher risk. Another retrospective study 
from Iceland that included all Icelandic patients who un-
derwent partial nephrectomy for RCC between 2000 and 
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2010, and corresponding radical nephrectomy patients 
matched for tumor size, TNM stage, and time of operation, 
also reported that radical nephrectomy was associated 
with increased risk of CKD development at 6 months post-
operatively (GFR＜60 mL/min/1.73 m2; HR, 3.07; 95% CI, 
1.03–9.79). The study population was small with a total of 
88 patients but it included every member of the population 
who was operated on during the designated time period, 
and postoperative creatinine was uniformly measured at 
6 months after surgery [33]. Six months after nephrectomy 
may not be sufficient, but as the investigators suggested, 
it has been reported that patients who develop CKD 6 
months after surgery are unlikely to improve with further 
follow-up [34]. Further change may be difficult to attribute 
to one risk factor, especially when the patients are fre-
quently complicated by various other medico-surgical 
comorbidities.

CONFLICTING VIEWS 

While the results of most existing studies evaluating and 
comparing outcomes between radical and partial neph-
rectomy consistently agree that partial nephrectomy is as-
sociated with a decreased risk of CKD development and im-
proved overall survival, all of these studies are limited in 
that they were single-center, retrospective analyses. To 
date, only one prospective, randomized clinical trial has 
compared long-term nononcological morbidity and mortal-
ity between radical and partial nephrectomy: the Euro-
pean Organisation for Research and Treatment of Cancer 
(EORTC) trial. A total of 541 patients with solitary renal 
tumors ≤5 cm were randomized to radical or partial neph-
rectomy and followed for a median of 9.3 years post-
operatively [35]. The trial was closed prematurely because 
of poor accrual, and there was high crossover between the 
treatment groups. Notwithstanding the limitations, the 
results from EORTC trial were in clear contrast to previous 
studies and suggested more favorable outcomes after radi-
cal nephrectomy than partial nephrectomy. The in-
tention-to-treat analysis showed that 10-year overall sur-
vival was 81% in the radical nephrectomy patients com-
pared with 75% in the partial nephrectomy patients (HR, 
1.5; 95% CI, 1.03–2.16). In a subgroup analysis, risk of CKD 
development was observed to be 85.7% following radical 
nephrectomy and 64.7% following partial nephrectomy, 
demonstrating that partial nephrectomy reduced the risk 
of CKD by 21% (95% CI, 13.8–28.3) at 6.7 years. Advanced 
CKD defined as GFR＜30 mL/min/1.73 m2 was observed in 
10% of radical nephrectomy patients and 6.3% of partial 
nephrectomy patients (95% CI, –1.0 to 8.5). At 9.3 years af-
ter surgery, 25% of patients after partial nephrectomy and 
18.3% of patients after radical nephrectomy died, both 
most commonly due to cardiovascular disease. The discrep-
ant finding of the EORTC trial that partial nephrectomy 
is associated with decreased risk of CKD development but 
increased all-cause mortality is in contrast to preexisting 
studies. 

In all of the preexisting retrospective studies examining 
the impact of declining renal function on cardiovascular 
events, CKD was consistently demonstrated to be an in-
dependent risk factor for cardiovascular disease [36-38]. 
Nephrectomy and sudden reduction in renal unit could ad-
versely impact patient’s survival outcomes. However, cur-
rent evidence suggests that these effects may be selective. 
In a single-center cohort of 648 patients with normal base-
line renal function who underwent radical or partial neph-
rectomy for T1a RCC, radical nephrectomy was demon-
strated to be associated with higher overall mortality (risk 
ratio, 2.02–2.34, with adjustment for variables that in-
cluded year of operation, preoperative creatinine, Charl-
son-Romano index, sex, symptoms at presentation, con-
stitutional symptoms at presentation, and malignant his-
tology). But the association was observed only in the subset 
of patients less than 65 years of age and not in older patients 
or the entire cohort [39]. On the other hand, Huang et al. 
[29] analyzed SEER-Medicare linked data of 2991 patients 
older than 66 years treated for T1a renal tumors between 
1995 and 2002 demonstrating that radical nephrectomy 
was associated with increased risk of overall mortality 
(HR, 1.38; 95% CI, 1.13–1.69) after adjustment for demo-
graphic and comorbid variables. In this study, radical 
nephrectomy was associated with increased risks of car-
diovascular events after surgery; probabilities of 3- and 
5-year freedom from events were 86% and 82% after partial 
nephrectomy and 82% and 75% after radical nephrectomy, 
respectively. However, with respect to time to first car-
diovascular event or cardiovascular death, no association 
was found. Hence, the association between nephrec-
tomy-induced CKD and cardiovascular outcomes or overall 
survival may be weak if present and the differences in study 
population characteristics, especially the presence of co-
morbidities, which have a direct influence on renal func-
tion or follow-up duration in currently available literature 
limit generalization. 

While the association between nephrectomy, CKD, and 
mortality remains controversial, a study reported from 
Cleveland Clinic may help to provide insight. Analyzing 
data from 4,180 patients who underwent renal surgery be-
tween 1999 and 2008, Lane et al. [16] compared the impact 
of nephrectomy on annual renal functional change and 
overall survival between patients with preexisting CKD 
(medical CKD) and postoperatively developed CKD 
(surgical CKD). Similar to what was previously suggested, 
medical CKD was present in 28% of the patients before 
surgery. Among patients with normal preoperative renal 
function, 22% developed de novo CKD after surgery. 
However, on subsequent follow-up, annual renal func-
tional decline was 4.7% for patients with medical CKD but 
0.7% for patients with surgical CKD. Furthermore, surgi-
cal CKD was not a significant predictor of overall survival 
in those without medical CKD before surgery, and survival 
of surgical CKD patients was observed to be similar to those 
without postoperative CKD. While radical nephrectomy 
was a predictor of increased all-cause mortality in both 
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medical CKD patients and those with normal preoperative 
renal function (OR, 2.89; 95% CI, 2.49–3.37), for patients 
with normal preoperative renal function, neither post-
operative GFR nor the development of surgical CKD was 
associated with reduced survival [40]. 

These studies underscore the significance of medical re-
nal disease, which could accelerate progression of CKD af-
ter renal surgery. Several others have suggested that in the 
noncancerous parenchyma of the kidneys adjacent to the 
RCC, only about 10% had completely normal histology. In 
more than 60% of the specimens, significant histologic ab-
normality could be identified, which included glomerular 
hypertrophy, mesangial expansion, and diffuse glomerulo-
sclerosis, even in the specimens of patients without a 
known medical comorbidity [41-44]. The presence of histo-
logic change in the noncancerous parenchyma was directly 
related to greater decline in postoperative renal function, 
especially after radical nephrectomy. Such prevalent renal 
parenchymal abnormality explains de novo CKD occurring 
after an uncomplicated partial nephrectomy. Similarly, it 
has also been suggested that compared with patients with 
lower GFR preoperatively or medical CKD, patients with 
normal preoperative GFR exhibited significantly better 
postoperative renal function recovery and less perioper-
ative GFR decline, thus demonstrating an essentially dif-
ferent renal functional outcome [45]. Amount of renal pa-
renchyma spared during partial nephrectomy is increas-
ingly recognized as the most important determinant of 
postoperative renal functional outcome [46,47]. It seems 
that not only the quantity but also the quality of the pre-
served parenchymal volume matters, especially in the long 
term. 

Contemporary people generally live longer and more fre-
quently acquire various degenerative medical conditions 
that influence renal function. Many such conditions re-
quire long-term medical or surgical intervention, which al-
so has the potential for additional renal functional decline. 
Whether the occurrence of RCC in the kidney is associated 
with additional histologic change in the entire renal paren-
chyma is unclear, but the presence of RCC is associated 
with deteriorated renal function. Surgical intervention for 
the renal tumor results in additional functional decline. 
Patients with RCC are at increased risk of CKD develop-
ment and progression, especially after treatment. Thus, fu-
ture research should be extended to evaluate not only the 
long-term impact of nephrectomy on CKD, but also the po-
tential bidirectional and causal relationship between RCC 
and CKD [40]. CKD itself is a health hazard that may influ-
ence various systemic conditions downstream and accord-
ingly quality of life. Also, it is probable that another pro-
spective randomized clinical trial comparing radical ver-
sus partial nephrectomy for T1 renal tumors to compare re-
nal functional outcomes and subsequent all-cause mortal-
ity will be extremely difficult to conduct. In light of these 
findings, even in the absence of a stronger level of evidence 
or the demonstration of a solid association between surgi-
cal CKD and all-cause mortality, partial nephrectomy 

should be considered with priority for all surgical candi-
dates with T1 tumors. 

CONCLUSIONS

Patients with RCC are at increased risk for CKD develop-
ment and progression especially after treatment. At the 
same time, these patients are more likely to have medical 
as well as social risk factors for renal functional decline. 
Nephron-sparing surgery is associated with a significantly 
reduced risk of developing CKD compared to radical neph-
rectomy for patients with T1 RCC. Hence, a nephron-spar-
ing approach should be the primary consideration for all 
amenable T1 tumors. The relationship between surgically 
induced CKD and increased all-cause mortality or the ben-
eficial effect of nephron-sparing surgery on reducing over-
all survival needs to be demonstrated further. 
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