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Abstract

The consequences of partial nephrectomy (PN) compared to radical nephrectomy (RN) are

less documented in patients with pre-existing chronic kidney disease (CKD) or with solitary

kidney (SK). We assessed renal outcomes, and their determinants, after PN or RN in a ret-

rospective cohort of patients with moderate-to-severe CKD (RN-CKD and PN-CKD) or SK

(PN-SK). All surgical procedures conducted between 2013 and 2018 in our institution in

patients with pre-operative estimated glomerular filtration rate (eGFR)<60 mL/min/1.73m2

or with SK were included. The primary outcome was a composite criterion including CKD

progression or major adverse cardio-vascular events (MACE) or death, assessed one year

after surgery. Predictors of the primary outcome were determined using multivariate analy-

ses. A total of 173 procedures were included (67 RN, and 106 PN including 27 SK patients).

Patients undergoing RN were older, with larger tumors. Preoperative eGFR was not signifi-

cantly different between the groups. One year after surgery, PN-CKD was associated with

lower rate of the primary outcome compared to RN-CKD (43% vs 71% p = 0.007). In multi-

variate analysis, independent risk factors for the primary outcome were postoperative AKI

(stage 1 to stage 3 ranging from OR = 8.68, 95% CI 3.23–23.33, to OR = 28.87, 95% CI

4.77–167.61), larger tumor size (OR = 1.21 per cm, 95% CI 1.02–1.45), while preoperative

eGFR, age, sex, diabetes mellitus, and hypertension were not. Postoperative AKI after PN

or RN was the major independent determinant of worse outcomes (CKD progression,

MACE, or death) one year after surgery.
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Introduction

Nephron sparing strategies (NSS), such as partial nephrectomy (PN), have progressively

replaced historical radical nephrectomy (RN) for treatment of kidney tumor, becoming the

standard procedure for small renal masses, and whenever technically feasible for larger ones

[1–3]. Indeed, retrospective studies have shown that PN, compared to RN, improved overall

and cancer-related mortality, and was associated with fewer cardio-vascular events [4–8].

However, the only randomized controlled trial (EORTC trial) comparing PN and RN reported

that PN resulted in better renal function [9] but did not improve oncological outcomes or

overall survival [9, 10]. It is therefore considered that PN allows to preserve nephron capital,

with at least equivalent oncological outcomes and survival. In parallel, mini-invasive

approaches, including laparoscopic and more recently robot-assisted laparoscopic procedures,

have also been increasingly used. Retrospective studies have shown that mini-invasive NSS

resulted in non-inferior oncological outcomes compared to open NSS, with fewer post-opera-

tive complications [11], with some studies suggesting a benefit of robot-assisted over laparo-

scopic-only procedures [12–14]. NSS and mini-invasive techniques have consequently been

used in patients with chronic kidney disease (CKD) or with solitary kidney (SK) in order to

preserve renal parenchyma. However, the need of temporary vascular clamping during PN has

raised concern about the risk of renal ischemia-reperfusion injuries, potentially leading to

acute kidney injury (AKI) and worsening of CKD. Retrospective studies have reported an inci-

dence of post-operative AKI following PN with renal clamping that ranged from 20 to 40%,

associated with a worse renal function 1 year after surgery [15–17]. Robot-assisted PN seemed

interesting since it was associated in some studies with a shorter ischemia time than open or

laparoscopic PN [18, 19] but studies failed to demonstrate its benefit on renal function preser-

vation [11, 12, 18, 20]. In a recent prospective randomized study, super selective clamping of

tumor-targeted arteries also failed to provide better renal function preservation compared to

conventional robot-assisted PN [21], in addition, achieving zero ischemia during NSS through

“off clamp” procedures has also been proposed to avoid renal ischemia reperfusion injuries,

but it remains technically demanding [22].

Little is known about the effects on renal function of these recent surgical procedures in the

specific population of patients with CKD. Retrospective studies have reported a beneficial

effect of PN on CKD progression in stage 3A CKD patients compared to RN [23], or no effect

[6], and on the requirement of permanent dialysis in severe CKD patients [24]. PN was also

associated with lower renal function deterioration in CKD patients compared to those with

normal kidney function [25]. These studies were limited by short [25] or incomplete [6] fol-

low-up, lack of power [24], or the exclusion of severe CKD [6, 23].

We therefore conducted a retrospective study to assess the renal and clinical outcomes after

a RN or PN in patients with pre-existing moderate-to-severe CKD or with SK. The second aim

was to identify the major determinants of adverse outcomes in this population.

Methods

Patients

The retrospective Outcomes after Nephrectomy in patients with CKD (ON-CKD) cohort

study reported herein included adult patients hospitalized in the Hospices Civils de Lyon,

France. Inclusion criteria were any surgical procedure (RN or PN) for a renal tumor from Jan-

uary 2013 to December 2018, with a baseline estimated glomerular filtration rate (eGFR) < 60

mL/min/1.73m2 prior to surgery (RN-CKD and PN-CKD groups), or a PN for a renal tumor

on a SK regardless of eGFR (PN-SK group). The criteria for choosing PN or RN were based on
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french guidelines at the time, in which PN was the first option whenever feasible [26]. Exclu-

sion criteria were a baseline eGFR< 15 mL/min/1.73m2 or maintenance hemodialysis or peri-

toneal dialysis, kidney transplantation, ablative therapy (cryo- or thermo-ablation), and RN

performed in SK.

Baseline characteristics

Data were collected from electronic medical records, that were accessed for research purpose

from January to June, 2021, with access to information that could potentially identify individ-

ual participants during data collection but then anonymously analyzed. At baseline, demo-

graphic characteristics, previous medical history, known follow-up by a nephrologist, and the

etiology of CKD, were collected. The most recent eGFR according to serum creatinine in the 6

months prior to surgery was considered baseline (using the Chronic Kidney Disease Epidemi-

ology Collaboration [CKD-EPI] equation, or the Modification of Diet in Renal Disease

[MDRD] equation only when the former was not applicable, i.e. with older creatinine mea-

sured without IDMS traceable method).

Tumor, surgery, and hospitalization

Characteristics of the tumor (histopathological report), characteristics of the surgical proce-

dure, and post-operative events during hospitalization were collected. Intra- and post-opera-

tive complications were graded according to the Clavien-Dindo classification [27] and only

severe complications (Clavien-Dindo >2) were considered for the present study.

Post-operative AKI during the first post-operative week was defined according to the creati-

nine elevation criterion of KDIGO 2012 classification (urine output criterion was not used as

it was not recorded) [28].

Outcomes

Clinical outcomes and events were collected one month and one year after surgery, in elec-

tronic medical records. The primary outcome was a composite endpoint at one year including

CKD progression, major adverse cardio-vascular events (MACE), and all-cause mortality.

CKD progression was defined as an increase of at least 1 CKD stage, or initiation of renal

replacement therapy (maintenance hemodialysis or peritoneal dialysis), using the closest

known eGFR to the 1-year post-operative date. MACE included myocardial infarction, unsta-

ble angina, cardiac decompensation, or stroke, and as reported in the medical record. Second-

ary outcomes included all-cause death, cancer-related death, MACE, renal events (CKD

progression, decline of eGFR from baseline, preservation of eGFR>90% of baseline value) at

one month and one year after surgery. Missing data were removed from the corresponding

analyses.

Statistics

Categorical and continuous variables were, respectively, expressed as numbers and percent-

ages or median with interquartile ranges [IQR], and compared with the Chi-squared or Mann-

Whitney test. Univariate analysis of the primary outcome used the Chi-squared test. The cor-

responding multivariate analysis was performed fitting unconditional logistic regression

model. Nested models were compared using likelihood ratio tests. A similar approach was

applied for the analyses to the binary secondary renal outcomes. The RN-CKD and PN-CKD

eGFR mean variations were compared using the Student T-test. The multivariate analysis of

the eGFR determinants (for the total population of all groups) at one year post surgery was
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performed fitting a multivariate linear regression. Nested models were compared using

ANOVA. Covariates of interest and previously identified as risk factors in the literature (age,

sex, diabetes mellitus, hypertension, preoperative eGFR, postoperative AKI and tumor diame-

ter) [15–17, 29] were assessed for collinearity and interaction, included in the multivariate

models and then tested in a backward-stepwise process. In all statistical tests (two-tailed), p-

values smaller than 5% were considered as significant. Statistical analyses were conducted

using SPSS Statistics (IBM, Armonk, NY, US) or GraphPad Prism v6.0 (San Diego, CA, US).

Ethics

The ON-CKD study was conducted in accordance with the Declaration of Helsinki, and it was

approved by the ethics committee/institutional review board of Comité Scientifique et Ethique
des Hospices Civils de Lyon (IRB number 00013204, numéro avis 20_050, numéro registre CNIL

19_388). In accordance with French Law about retrospective studies on observational data,

written consent was waived by the ethics committee/institutional review board of Comité
Scientifique et Ethique des Hospices Civils de Lyon (IRB number 00013204, numéro avis 20_050,

numéro registre CNIL 19_388) but patients were informed of the study and had the right to

oppose the use of their data.

Results

Patient characteristics

Among 1259 surgical procedures conducted for a renal mass, 173 (171 patients) were included:

there were a total of 67 RN in CKD patients (RN-CKD) and 106 PN; among the latter 79 were

in CKD patients (PN-CKD) and 27 were in SK (PN-SK; Fig 1). Patients undergoing RN-CKD

were older (median age 74 [68–79] vs 68 [64–76] years, p = 0.004) and had lower rate of hyper-

tension (60 vs 80%, p = 0.02) compared to PN-CKD (Table 1).

Fig 1. Study flow-chart. eGFR estimated glomerular filtration rate, CKD chronic kidney disease.

https://doi.org/10.1371/journal.pone.0300367.g001
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Preoperative eGFR was assessed a median 12 [5–23] days before surgery, using the

CKD-EPI formula in 82% of cases. The median preoperative eGFR in the RN-CKD and

PN-CKD groups were 50 [41–55] and 49 [42–55] mL/min/1.73m2 respectively, showing no

significant difference, and CKD stages were also not significantly different between the two

groups. PN-SK patients had more frequently a known preoperative referral to a nephrologist

(74%) than patients in the RN-CKD (25%) or PN-CKD (27%) groups (p< 0.001 for both;

Table 1).

Table 1. Baseline patient characteristics.

CKD patients (n = 146) p-value SK patients p-value

RN-CKD (n = 67) PN-CKD (n = 79) PN-SK (n = 27) vs. RN-CKD vs. PN-CKD

Age years 74 [68–79] 68 [64–76] 0.004 68 [58–77] 0.006 NS

Sex male (%) 44 (66) 55 (70) NS 15 (56) NS NS

BMI kg/m2 25.6 [23.9–29] 27.5 [24.3–31.1] NS 27.6 [23.4–31.1] NS NS

ASA score (%):

• ASA 1 5 (7) 4 (5) NS 3 (11) NS NS

• ASA 2 32 (48) 47 (59) NS 13 (48) NS NS

• ASA 3 26 (39) 17 (22) NS 8 (30) NS NS

• Unknown 4 (6) 11 (14) NS 3 (11) NS NS

Previous medical history (%):

• Active smoker 6 (9) 10 (13) NS 4 (15) NS NS

• Alcoholism 1 (1) 1 (1) NS 0 NS NS

• Diabetes mellitus 19 (28) 30 (38) NS 4 (15) NS NS

• Hypertension 40 (60) 63 (80) 0.008 21 (78) NS NS

• Cardiac failure 4 (6) 8 (10) NS 0 NS NS

• Stroke 3 (4) 3 (4) NS 1 (4) NS NS

• Coronary artery disease 8 (12) 9 (11) NS 1 (4) NS NS

• Peripheral artery disease 5 (7) 2 (3) NS 0 NS NS

• Sleep apnea 7 (10) 7 (9) NS 4 (15) NS NS

• Respiratory failure 1 (1) 1 (1) NS 0 NS NS

Baseline SCr μmol/L 117 [102–140] 123 [111–136] NS 104 [89–132] NS NS

eGFR mL/min/1.73m2 50 [41–55] 49 [43–55] NS 54 [47–68] NS NS

CKD stage (%):

• 1–2 0 0 NS 11 (40) <0.001 <0.001

• 3A 44 (66) 57 (72) NS 10 (37) 0.01 0.001

• 3B 16 (24) 17 (22) NS 4 (15) NS NS

• 4 7 (10) 5 (6) NS 2 (7) NS NS

Cause of CKD (%):

• Diabetes 2 (3) 4 (5) NS 2 (7) NS NS

• Hypertension 6 (9) 17 (22) NS 2 (7) NS NS

• Other 4 (6) 7 (9) NS 1 (4) NS NS

• Unknown 56 (84) 54 (68) 0.02 22 (81) NS NS

Known preoperative nephrology referral (%) 17 (25) 21 (27) NS 20 (74) <0.001 <0.001

Data are presented as median with interquartile [IQR] or number and frequencies (%).

CKD and AKI stages are defined according to KDIGO 2012 guidelines.

CKD chronic kidney disease, SK solitary kidney, RN radical nephrectomy, PN partial nephrectomy, BMI body mass index, ASA physical status score of American

Society of Anesthesiology, SCr serum creatinine, eGFR estimated glomerular filtration rate.

https://doi.org/10.1371/journal.pone.0300367.t001
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Surgery and tumor characteristics, surgical and renal complications

Patients in the RN-CKD group had larger tumors than those in the PN-CKD group

(p< 0.001), with fewer T1 lesions and more T3 lesions (p< 0.001 for both), more frequently

positive nodal and metastatic status (p< 0.001 for both), logically more collecting duct or

urothelial carcinomas (p< 0.001), and less oncocytomas (p = 0.04). The RN-CKD group had

more frequently laparoscopic and less frequently robot-assisted procedures than PN-CKD

(p = 0.002 for both), and the median operative time was longer (p = 0.03). PN-SK patients had

a longer median operative time compared to PN-CKD patients but had shorter median ische-

mia time (12 [0–17] vs 18 [11–23] min, p = 0.009; Table 2).

Patients in the RN-CKD group had more frequently a severe (Clavien-Dindo >2) intra-

operative complication than those in the PN-CKD group (p = 0.006), but less frequently a

severe postoperative complication (p = 0.03), and a longer median length of hospital stay

(p = 0.02). There was no significant difference in terms of severe intra- or post-operative com-

plications between patients in the PN-SK or PN-CKD groups (p> 0.05), but PN-SK patients

had a longer median length of hospital stay (p = 0.002; Table 2).

There was no significant difference in the frequency of postoperative AKI between those in

the RN-CKD group (61%) and in the PN-CKD group (51%), which were mainly KDIGO stage

1 in both, but AKI was more frequent in the PN-SK group (81%) than in the PN-CKD group

(p = 0.0498), and more severe (KDGIGO stages 2 and 3), requiring more frequently postopera-

tive temporary dialysis (15% vs 1% in the PN-CKD, p = 0.004; Table 2). There were 12% of

patients who had missing data for the primary outcome or who were lost to follow-up at 1

year.

Primary outcome 1 year after surgery

After a median follow-up of 12.7 [10.3–15.0] months after surgery, patients in the PN-CKD

group presented significantly less frequently the primary composite outcome (CKD progres-

sion, or MACE, or death) compared to those in the RN-CKD group (43% vs 71%; p = 0.007;

Table 3).

Secondary outcomes 1 year after surgery

One-year CKD progression was significantly less frequent (36% vs 63%; p = 0.003), and all-

cause mortality at 1 year was lower (1% vs 12%; p = 0.02) among patients in the PN-CKD

group compared to those in the RN-CKD group. There was no significant difference however

in the frequency of MACE or cancer-related death at 1 year (Table 3).

Patients in the RN-CKD group had a lower median eGFR (p = 0.004), a greater median

decrease in absolute and median relative change of eGFR (p< 0.001 for both), and more fre-

quent eGFR <90% of baseline value at 1 year than those in the PN-CKD group (p< 0.001).

Five patients (8%) in the RN-CKD group and 1 PN-SK patient (4%) started maintenance

hemodialysis during this first year, whereas none did after PN-CKD (p = 0.01 vs RN-CKD).

Rate of nephrologist referral at 1 year was up to 60% after RN-CKD and 61% after PN-CKD

groups (Table 3).

Predictors of the primary and renal outcomes at 1 year

In univariate analysis, variables significantly associated with the main outcome were postoper-

ative AKI, and a larger tumor diameter, whereas sex, age, diabetes mellitus, previous history

hypertension, and preoperative eGFR (as a continuous variable) were not. In multivariate anal-

ysis, postoperative AKI, and a larger tumor diameter remained independent risk factors for
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Table 2. Surgery and tumor characteristics, and postoperative complications.

CKD patients (n = 146) p-value SK patients p-value

RN-CKD (n = 67) PN-CKD (n = 79) PN-SK (n = 27) vs RN-CKD vs PN-CKD

Approach (%):

• Open 38 (57) 42 (53) NS 20 (74) NS NS

• Laparoscopic 19 (28) 7 (8) 0.002 1 (4) 0.008 NS

• Robot-assisted 10 (15) 30 (38) 0.002 6 (22) NS NS

Conversion to open surgery (%) 6 (9) 1 (1) NS 1 (4) NS NS

Operative time min 222 [180–282] 211 [169–230] 0.03 241 [200–275] NS 0.02

Ischemia type (%):

• Warm ischemia NA 69 (87) NA 19 (70) NA 0.04

• Cold ischemia NA 1 (1) NA 1 (4) NA NS

• No ischemia NA 9 (12) NA 7 (26) NA NS

Ischemia time min NA 18 [11–23] NA 12 [0–17] 0.009 NA

Surgical margin (%):

• R0 57 (85) 65 (82) NS 22 (81) NS NS

• R1 or R2 7 (10) 13 (17) NS 4 (15) NS NS

• Rx 3 (4) 1 (1) NS 1 (4) NS NS

Tumor length mm 55 [45–80] 35 [25–55] <0.001 41 [23–50] <0.001 NS

Tumor quantity (%):

• 1 63 (94) 71 (90) NS 22 (81) NS NS

• 2+ 4 (6) 8 (10) NS 5 (19) NS NS

Tumor type (%):

• Clear cell RCC 37 (55) 45 (57) NS 25 (92) <0.001 <0.001

• Papillary RCC 6 (9) 13 (17) NS 1 (4) NS NS

• Chromo. RCC 0 9 (11) 0.004 1 (4) NS NS

• Urothelial 18 (27) 0 <0.001 0 0.003 NS

• Oncocytoma 3 (4) 12 (15) 0.04 0 NS 0.03

• Other 2 (3) 0 NS 0 NS NS

• No data 1 (1) 0 NS 0 NS NS

Fuhrman/ISUP (%):

• 2 6 (9) 18 (22) 0.02 9 (33) 0.003 NS

• 3 21 (31) 32 (41) NS 16 (59) 0.01 NS

• 4 13 (19) 6 (8) 0.03 1 (4) NS NS

• Missing 27 (40) 23 (29) NS 1 (4) <0.001 0.007

pTNM staging (%):

• T1 11 (16) 47 (59) <0.001 18 (66) <0.001 NS

• T2 6 (9) 3 (4) NS 1 (4) NS NS

• T3 41 (61) 13 (16) <0.001 5 (19) <0.001 NS

• T4 2 (3) 0 NS 0 NS NS

• Tx 7 (11) 16 (21) NS 3 (11) NS NS

N+ status (%) 10 (15) 0 <0.001 1 (4) NS NS

M+ status (%) 11 (16) 1 (1) <0.001 5 (19) NS <0.001

Adjuvant chemotherapy (%) 6 (9) 1 (1) NS 1 (4) NS NS

Estimated blood loss, mL 300 [111–725] 300 [100–755] NS 475 [200–981] NS NS

Hypotension requiring norepinephrine (%) 8 (12) 6 (8) NS 3 (11) NS NS

Intraoperative transfusion (%) 23 (34) 9 (11) <0.001 6 (22) NS NS

Severe intraoperative complication (%) 12 (18) 3 (4) 0.006 2 (7) NS NS

• Pleural or intestinal wound 2 (3) 2 (3) 0

(Continued)
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Table 2. (Continued)

CKD patients (n = 146) p-value SK patients p-value

RN-CKD (n = 67) PN-CKD (n = 79) PN-SK (n = 27) vs RN-CKD vs PN-CKD

• Hemorrhage 5 (7) 1 (1) 1 (4)
• Conversion to open surgery 6 (9) 1 (1) 1 (4)

Postoperative transfusion (%) 3 (4) 8 (10) NS 4 (15) NS NS

Severe postoperative complication (%) 4 (6) 14 (18) 0.03 8 (30) 0.002 NS

• Urinary fistula 0 2 (3) 3 (11)
• Intestinal obstruction 0 2 (3) 3 (11)
• Hemorrhage 0 4 (5) 2 (7)
• Surgical site infection 3 (4) 8 (10) 2 (7)
• Aspiration pneumonia 1 (1) 1 (1) 2 (7)

Surgical revision (%) 1 (1) 9 (11) 0.02 5 (19) 0.002 NS

Length of hospital stay, days 6 [4–9] 5 [3–7] 0.02 8 [4–14] NS 0.002

Postoperative AKI (%): 41 (61) 40 (51) NS 22 (81) NS 0.0498

• KDIGO 1 34 (51) 33 (42) NS 7 (26) NS NS

• KDIGO 2 1 (1) 1 (1) NS 5 (19) 0.003 <0.001

• KDIGO 3 6 (9) 6 (8) NS 10 (37) 0.001 <0.001

Postoperative acute dialysis (%) 5 (7) 1 (1) NS 4 (15) NS 0.004

Data are presented as median with interquartile [IQR] or number and frequencies (%).

pTNM staging is defined according to 7th edition UICC 2010.

The severity of intra- and post-operative complications was defined according to Clavien-Dindo classification, with a severe complication defined as Clavien-Dindo > 2.

Detailed causes of the complications are cumulative, i.e. one severe complication of a patient can include more than one etiology.

CKD chronic kidney disease, SK solitary kidney, RN radical nephrectomy, PN partial nephrectomy, RCC renal cell carcinoma, Chromo. chromophobe, Urothelial
collecting duct or urothelial carcinoma, AKI acute kidney injury, KDIGO Kidney Disease: Improving Global Outcomes.

https://doi.org/10.1371/journal.pone.0300367.t002

Table 3. Outcomes one year after surgery.

CKD patients p-value SK patients p-value

RN-CKD PN-CKD PN-SK vs RN-CKD vs PN-CKD

1-year primary outcome (%) 41/58 (71) 30/70 (43) 0.002 14/24 (58) NS NS

1-year CKD progression (%) 35/56 (63) 25/70 (36) 0.003 12/23 (52) NS NS

1-year MACE (%) 5/61 (8) 7/71 (10) NS 2/25 (8) NS NS

1-year all-cause mortality (%) 7/61 (12) 1/71 (1) 0.02 1/25 (4) NS NS

1-year cancer-related mortality (%) 4/60 (7) 1/71 (1) NS 0/25 (0) NS NS

1-year eGFR mL/min/1.73m2 38 [30–46] 44 [38–53] 0.004 50 [40–65] <0.001 0.04

1-year eGFR loss mL/min/1.73m2 11 [8–20] 3 [1–9] <0.001 8 [0–15] NS NS

1-year eGFR loss % of baseline 23 [10–39] 7 [1–20] <0.001 12 [0–23] 0.046 NS

1-year eGFR <90% of baseline (%) 39/51 (77) 29/69 (42) <0.001 12/21 (57) NS NS

1-year on hemodialysis (%) 5 (8) 0 0.01 1 (4) NS NS

1-year known nephrology referral (%) 34 (60) 42 (61) NS 18 (75) NS NS

Data are presented as median with interquartile [IQR] or number and frequencies (%).

The primary outcome was a composite endpoint including CKD progression, major cardio-vascular events, and all-cause mortality. CKD progression was defined as

upgrading of at least 1 stage of CKD (according to KDIGO 2012 guidelines), or initiation of renal replacement therapy, using the closest known eGFR to the 1-year post-

operative date. Major cardio-vascular events (MACE) included myocardial infarction, unstable angina, cardiac decompensation, or stroke, reported in the medical

record within the first post-operative year

CKD chronic kidney disease, SK solitary kidney, RN radical nephrectomy, PN partial nephrectomy, MACE major adverse cardio-vascular events, eGFR estimated

glomerular filtration rate, KDIGO Kidney Disease: Improving Global Outcomes.

https://doi.org/10.1371/journal.pone.0300367.t003
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the main outcome (Table 4). Type of surgery (RN vs PN) could not be included in the model

because it showed a too strong colinear association with tumor diameter.

Similarly, logistic regression analysis of independent predictors for CKD progression or

absolute eGFR loss at 1 year also identified postoperative AKI and larger tumor diameter

(S1 Table).

Outcomes 1 month after surgery

Analyses of the composite and secondary outcomes 1 month after surgery found similar

results, as patients in the PN-CKD group already presented less frequently the composite out-

come compared to those in the RN-CKD group (p = 0.03), had a higher median eGFR value

(p = 0.01) and lower median eGFR loss (p< 0.001; S2 Table and S1 Fig).

Discussion

In this retrospective cohort study of patients with moderate-to-severe CKD, we report that PN

compared to RN led to less frequent adverse outcomes, defined as a composite endpoint

including progression of CKD, MACE or death, 1 year after surgery. This was mostly driven

by a less frequent progression of CKD, and lower mortality. In the total population including

SK patients, we identified postoperative AKI, and larger tumor size as independent risk factors

for the primary outcome, CKD progression, and eGFR loss 1 year after surgery, whereas pre-

operative eGFR was not. However, the influence of type of surgery was not included in the

multivariate analysis owing to a too strong collinearity with tumor size.

The greater benefit of PN compared to RN reported herein is consistent with the accumu-

lated data in patients with normal renal function [1–3]. However, the literature is scarce in

CKD patients; some studies have reported a greater benefit of PN on CKD progression for

patients with stage 3A CKD but not for stage 3B [23] or with stage 4 CKD [24], and no signifi-

cant difference in mortality [23, 24]. Conversely, a study found no significant difference

between RN and PN in the rate of eGFR decrease for patients with moderate CKD, and no sig-

nificant difference in overall mortality [6], but the major limitation of this study was the fre-

quency of missing data that was up to two-thirds at the end of follow-up.

Table 4. Logistic regression analysis for the primary outcome.

Odds ratio 95% CI p-value

Age, for each additional year 1.034 0.981–1.089 0.213

Sex, female (ref) vs male 0.700 0.266–1.842 0.470

Diabetes mellitus, no (ref) vs yes 1.189 0.444–3.186 0.730

Hypertension, no (ref) vs yes 1.915 0.680–5.394 0.219

AKI, no (ref) <0.001

• AKI stage KDIGO 1 8.681 3.230–23.333 <0.001

• AKI stage KDIGO 2 23.495 2.334–236.509 0.007

• AKI stage KDIGO 3 28.874 4.769–167.612 <0.001

Tumor diameter, for each additional cm 1.214 1.017–1.450 0.032

Preoperative eGFR, for each additional mL/min NS

Multivariable logistic regression analysis investigating predictors of the primary outcome (CKD progression, MACE,

and all-cause mortality) 1 year after surgery.

AKI staging was defined according to KDIGO 2012 guidelines.

AKI acute kidney injury, KDIGO Kidney Disease: Improving Global Outcomes, eGFR estimated glomerular filtration

rate.

https://doi.org/10.1371/journal.pone.0300367.t004
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The strength of the study presented herein is that it included patients treated after the

implementation of recent surgical approaches, with few patients with missing data or lost to

follow-up. The present study thus reflects recent surgical approaches, which may notably

explain the shorter ischemic time that we report compared to previous studies on PN [24].

Moreover, in all of these previously published cohorts the study period was over 20 years

(from the 1980s to 2008 [23], 2014 [6] or 2015 [24]) during which surgical procedures were

either open only [24] or open and laparoscopic [23], or were unreported [6], and ischemia

time during PN was relatively long (median 40 min) [24] or unreported [6, 23]. Furthermore,

the cohort herein is one of the largest comparing PN and RN specifically in patients with mod-

erate-to-severe pre-existing CKD, alongside patients with SK. It is noteworthy that we

included SK patients regardless of their CKD staging, including a few patients with stage 1 and

2, i.e. even with eGFR> 60 mL/min/1.73m2. This was motivated by the fact that SK condition

in itself is considered a CKD, even when impairment of eGFR has not occurred yet [30]. Hav-

ing a SK, even with normal renal function, has indeed been proved as an independent risk fac-

tor of renal function deterioration leading to progression of CKD [31]. Likewise, American

Urological Association (AUA) and European Association of Urology (EAU) guidelines also

associate SK patients regardless of renal function along with patients with renal dysfunction

(moderate to severe CKD), as they classify them similarly as having an “imperative” indication

of nephron sparing surgery [2, 3]. In the present study, the high incidence of AKI and of the

primary outcome in SK patients emphasizes their great susceptibility to renal lesions during

and after partial nephrectomy, in the short and long term. Precipitating SK patients from CKD

stages with normal to impaired functions is a particularly concerning event, as this will ulti-

mately exposes them to potential complications due to CKD.

AKI during hospital stay is a known strong independent predictor of incident CKD or

CKD progression [32], and we report it here as a major predictor of progression of CKD,

MACE or death (the primary outcome). Previous studies also identified AKI and tumor size as

predictors of worse renal function after PN [15, 17, 33, 34] or after RN [35], but in patients

with mainly normal renal function. None of the published studies comparing PN and RN in

patients with moderate or severe CKD assessed postoperative AKI [6, 23, 24]. We report herein

a frequency of AKI higher than that reported in previous studies (from 25 to 40%) in partici-

pants with predominantly normal baseline renal function [15–17]. The frequency of AKI was

even higher herein in SK patients, and more severe, whereas it was reported to range from 15

to 30% in previous studies with a comparable population [34, 36, 37]. These studies probably

underdiagnosed AKI due to restrictive and less sensitive non-standardized definitions, while

in our study both baseline eGFR and AKI were appropriately assessed: creatinine assays were

mostly based on enzymatic techniques, and eGFR was estimated using the most recent and

accurate CKD-EPI formula [38]. Furthermore, we defined AKI according to current KDIGO

criteria that better identify subgroups at higher risk of complications. This is also emphasized

by the fact that most of the AKI we detected were mild KDIGO stage 1 but still independently

predicted worse outcomes, confirming a more sensitive diagnosis that yet remains clinically

significant.

We found no association between preoperative eGFR and the primary outcome, CKD pro-

gression, or eGFR loss. This was, however, reported in previous studies as a risk factor for

renal degradation in patients mainly with normal renal function [33, 35, 39] and in one study

with only severe CKD patients [24], but as a categorical variable whereas herein it was consid-

ered as a continuous variable which might have influenced the results. More importantly, post-

operative AKI was not evaluated and not included in the multivariate analysis, contrary to

herein. However, the previously identified risk factors for postoperative AKI after PN (preop-

erative eGFR [15], tumor size [16, 29], ischemia time [16, 17, 29], operative time [15],
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comorbidities [age, sex, body mass index, diabetes mellitus, hypertension] [15–17]), most of

which were included as covariates in the multivariate logistic and linear regressions. Further

studies should therefore investigate predictors of AKI specifically in CKD patients, to identify

possible means of nephroprotection for them.

The duration of follow-up is heterogeneous between previous studies making comparison

difficult. We chose a 1-year endpoint since it has been proposed that eGFR should be evaluated

at least 1 month and 1 year after surgery [40]. Furthermore, it has been previously reported

that no significant degradation of renal function occurs from a median of 47 days [15] to 5

months [41] after PN, until a follow-up of 4 years. This suggests that CKD progression occurs

predominantly during the first postoperative year, and the importance of early evaluation is

supported by the difference in the composite and renal outcomes in the secondary analysis as

early as 1 month after PN or RN.

The present study has limitations. Due to its retrospective nature, we cannot rule out selec-

tion bias, and bias in data collection. Its monocentric setting limits the generalizability of the

results in other different population of CKD patients undergoing nephrectomy. Even though

we conducted multivariate analysis, we could not take into account other unknown confound-

ers, or known but unavailable, such as the presence of proteinuria on the risk of CKD progres-

sion [42] and use of ACEi/ARBs, or post-operative use of contrast or other nephrotoxic agents.

Furthermore, ischemia time could not be analyzed as a potential predictor of the primary or

renal outcomes because it was only applicable in PN, and not in RN. In addition, we included

every renal tumor requiring surgery, some potentially associated with worse prognosis in the

RN group, notably with a higher TNM staging.

In conclusion, we report that in patients with moderate to severe CKD, postoperative AKI

was a major independent predictor of the composite outcome including CKD progression,

MACE, or death, one year after surgery. Further studies are needed to identify early determi-

nants of AKI in this population. PN led to better outcomes compared to RN, but these results

need to be confirmed as the type of surgery could not be integrated in multivariate analysis.

Supporting information

S1 Fig. Evolution of eGFR from pre-operative to 1-month and 1-year post-operative val-

ues. Data are presented as median with interquartiles. * p< 0.05; *** p< 0.001 (paired t-

tests). eGFR estimated glomerular filtration rate, RN radical nephrectomy, PN partial nephrec-

tomy, SK solitary kidney.

(TIF)

S2 Fig. Evolution of eGFR from pre-operative to 1 month and 1 year post-operative values,

in patients who experienced post-operative acute kidney injury regardless of its stage (All

AKI), KDIGO stage 1 (AKI 1), KDIGO stage 2 (AKI 2), KDIGO stage 3 (AKI 3), or in

those who did not (No AKI). Data are presented as median with interquartiles. * p< 0.05; ***
p< 0.001 (paired t-tests). eGFR estimated glomerular filtration rate, AKI acute kidney injury,

KDIGO Kidney Disease: Improving Global Outcomes.

(TIF)

S1 Table. Linear and logistic regression analysis for secondary outcomes. Multivariable

logistic regression and linear regression analysis investigating predictors of respectively CKD

progression or of absolute the eGFR loss 1 year after surgery. AKI staging was defined accord-

ing to KDIGO 2012 guidelines. CKD chronic kidney disease, AKI acute kidney injury, KDIGO
Kidney Disease: Improving Global Outcomes, eGFR estimated glomerular filtration rate.

(PDF)
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S2 Table. One-month postoperative renal outcomes. Data are presented as median with

interquartile [IQR] or number and frequencies (%). CKD chronic kidney disease, SK solitary

kidney, RN radical nephrectomy, PN partial nephrectomy, MACE major adverse cardio-vascu-

lar outcome, eGFR estimated glomerular filtration rate.

(PDF)

S1 Dataset. Minimal anonymized data set.

(XLSX)

Acknowledgments

We thank Dr Philip Robinson (Direction de la Recherche Clinique et de l’Innovation, Hos-

pices Civils de Lyon) for his help in manuscript preparation and proofreading. We thank

Laura Ratenet for her technical support in the process of data collection.

Author Contributions

Conceptualization: Maxime Schleef, Marc Colombel, Lionel Badet, Fitsum Guebre-

Egziabher.

Data curation: Maxime Schleef.

Formal analysis: Maxime Schleef, Pascal Roy.

Funding acquisition: Sandrine Lemoine.

Investigation: Maxime Schleef.

Methodology: Maxime Schleef, Pascal Roy, Marc Colombel, Fitsum Guebre-Egziabher.

Project administration: Fitsum Guebre-Egziabher.

Resources: Sandrine Lemoine, Philippe Paparel, Marc Colombel, Lionel Badet.

Software: Pascal Roy, Marc Colombel.

Supervision: Marc Colombel, Fitsum Guebre-Egziabher.

Validation: Fitsum Guebre-Egziabher.

Visualization: Maxime Schleef.

Writing – original draft: Maxime Schleef.

Writing – review & editing: Pascal Roy, Sandrine Lemoine, Lionel Badet, Fitsum Guebre-

Egziabher.

References
1. Bensalah K, Albiges L, Bernhard JC, Bigot P, Bodin T, Boissier R, et al. [French ccAFU guidelines -

Update 2018–2020: Management of kidney cancer]. Prog Urol. 2018 Nov; 28 Suppl 1:R5–33.

2. Ljungberg B, Albiges L, Abu-Ghanem Y, Bensalah K, Dabestani S, Fernández-Pello S, et al. European

Association of Urology Guidelines on Renal Cell Carcinoma: The 2019 Update. European Urology.

2019 May 1; 75(5):799–810. https://doi.org/10.1016/j.eururo.2019.02.011 PMID: 30803729

3. Campbell S, Uzzo RG, Allaf ME, Bass EB, Cadeddu JA, Chang A, et al. Renal Mass and Localized

Renal Cancer: AUA Guideline. J Urol. 2017 Sep; 198(3):520–9. https://doi.org/10.1016/j.juro.2017.04.

100 PMID: 28479239

4. Streja E, Kalantar-Zadeh K, Molnar MZ, Landman J, Arah OA, Kovesdy CP. Radical versus partial

nephrectomy, chronic kidney disease progression and mortality in US veterans. Nephrol Dial Trans-

plant. 2018 01; 33(1):95–101. https://doi.org/10.1093/ndt/gfw358 PMID: 27798198

PLOS ONE Outcomes after nephrectomy in chronic kidney disease patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0300367 May 2, 2024 12 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0300367.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0300367.s005
https://doi.org/10.1016/j.eururo.2019.02.011
http://www.ncbi.nlm.nih.gov/pubmed/30803729
https://doi.org/10.1016/j.juro.2017.04.100
https://doi.org/10.1016/j.juro.2017.04.100
http://www.ncbi.nlm.nih.gov/pubmed/28479239
https://doi.org/10.1093/ndt/gfw358
http://www.ncbi.nlm.nih.gov/pubmed/27798198
https://doi.org/10.1371/journal.pone.0300367


5. Mir MC, Derweesh I, Porpiglia F, Zargar H, Mottrie A, Autorino R. Partial Nephrectomy Versus Radical

Nephrectomy for Clinical T1b and T2 Renal Tumors: A Systematic Review and Meta-analysis of Com-

parative Studies. European Urology. 2017 Apr 1; 71(4):606–17. https://doi.org/10.1016/j.eururo.2016.

08.060 PMID: 27614693

6. Chung JS, Son NH, Lee SE, Hong SK, Jeong CW, Kwak C, et al. Partial versus Radical Nephrectomy

for T1-T2 Renal Cell Carcinoma in Patients with Chronic Kidney Disease Stage III: a Multiinstitutional

Analysis of Kidney Function and Survival Rate. J Korean Med Sci. 2018 Oct 22; 33(43):e277. https://

doi.org/10.3346/jkms.2018.33.e277 PMID: 30344463

7. Capitanio U, Terrone C, Antonelli A, Minervini A, Volpe A, Furlan M, et al. Nephron-sparing techniques

independently decrease the risk of cardiovascular events relative to radical nephrectomy in patients

with a T1a-T1b renal mass and normal preoperative renal function. Eur Urol. 2015 Apr; 67(4):683–9.

https://doi.org/10.1016/j.eururo.2014.09.027 PMID: 25282367

8. Capitanio U, Larcher A, Terrone C, Antonelli A, Volpe A, Fiori C, et al. End-Stage Renal Disease After

Renal Surgery in Patients with Normal Preoperative Kidney Function: Balancing Surgical Strategy and

Individual Disorders at Baseline. European Urology. 2016 Oct 1; 70(4):558–61. https://doi.org/10.1016/

j.eururo.2016.03.023 PMID: 27021797

9. Scosyrev E, Messing EM, Sylvester R, Campbell S, Van Poppel H. Renal function after nephron-spar-

ing surgery versus radical nephrectomy: results from EORTC randomized trial 30904. Eur Urol. 2014

Feb; 65(2):372–7. https://doi.org/10.1016/j.eururo.2013.06.044 PMID: 23850254

10. Van Poppel H, Da Pozzo L, Albrecht W, Matveev V, Bono A, Borkowski A, et al. A Prospective, Rando-

mised EORTC Intergroup Phase 3 Study Comparing the Oncologic Outcome of Elective Nephron-Spar-

ing Surgery and Radical Nephrectomy for Low-Stage Renal Cell Carcinoma. European Urology. 2011

Apr 1; 59(4):543–52. https://doi.org/10.1016/j.eururo.2010.12.013 PMID: 21186077

11. Xia L, Wang X, Xu T, Guzzo TJ. Systematic Review and Meta-Analysis of Comparative Studies Report-

ing Perioperative Outcomes of Robot-Assisted Partial Nephrectomy Versus Open Partial Nephrectomy.

J Endourol. 2017; 31(9):893–909. https://doi.org/10.1089/end.2016.0351 PMID: 27305835

12. Zargar H, Allaf ME, Bhayani S, Stifelman M, Rogers C, Ball MW, et al. Trifecta and optimal perioperative

outcomes of robotic and laparoscopic partial nephrectomy in surgical treatment of small renal masses:

a multi-institutional study. BJU International. 2015; 116(3):407–14. https://doi.org/10.1111/bju.12933

PMID: 25220543

13. Gu L, Ma X, Wang B, Xie Y, Li X, Gao Y, et al. Laparoscopic vs robot-assisted partial nephrectomy for

renal tumours of >4 cm: a propensity score-based analysis. BJU Int. 2018 Sep; 122(3):449–55.

14. Minervini A, Mari A, Borghesi M, Antonelli A, Bertolo R, Bianchi G, et al. The occurrence of intraopera-

tive complications during partial nephrectomy and their impact on postoperative outcome: results from

the RECORd1 project. Minerva Urol Nefrol. 2019 Feb; 71(1):47–54. https://doi.org/10.23736/S0393-

2249.18.03202-2 PMID: 30203939

15. Ebbing J, Menzel F, Frumento P, Miller K, Ralla B, Fuller TF, et al. Outcome of kidney function after

ischaemic and zero-ischaemic laparoscopic and open nephron-sparing surgery for renal cell cancer.

BMC Nephrol. 2019 Feb 4; 20(1):40. https://doi.org/10.1186/s12882-019-1215-3 PMID: 30717692

16. Rosen DC, Kannappan M, Paulucci DJ, Beksac AT, Attalla K, Abaza R, et al. Reevaluating Warm

Ischemia Time as a Predictor of Renal Function Outcomes After Robotic Partial Nephrectomy. Urology.

2018 Oct 1; 120:156–61. https://doi.org/10.1016/j.urology.2018.06.019 PMID: 29960003

17. Bravi CA, Vertosick E, Benfante N, Tin A, Sjoberg D, Hakimi AA, et al. Impact of Acute Kidney Injury

and Its Duration on Long-term Renal Function After Partial Nephrectomy. Eur Urol. 2019 Sep; 76

(3):398–403. https://doi.org/10.1016/j.eururo.2019.04.040 PMID: 31080127

18. Nelson RJ, Dagenais J, Maurice MJ, Chavalia JSS, Ramirez D, Caputo PA, et al. Robotic cold ischemia

achieves comparable functional outcomes to open cold ischemia during partial nephrectomy for com-

plex kidney tumors. Urol Ann. 2018 Dec; 10(4):386–90. https://doi.org/10.4103/UA.UA_91_17 PMID:

30386091

19. Zhang X, Shen Z, Zhong S, Zhu Z, Wang X, Xu T. Comparison of peri-operative outcomes of robot-

assisted vs laparoscopic partial nephrectomy: a meta-analysis. BJU Int. 2013 Dec; 112(8):1133–42.

https://doi.org/10.1111/bju.12255 PMID: 23937770

20. Yerram NK, Dagenais J, Bryk DJ, Nandanan N, Maurice MJ, Mouracade P, et al. Trifecta Outcomes in

Multifocal Tumors: A Comparison Between Robotic and Open Partial Nephrectomy. J Endourol. 2018

Jul; 32(7):615–20. https://doi.org/10.1089/end.2018.0134 PMID: 29790375

21. Long JA, Fiard G, Giai J, Teyssier Y, Fontanell A, Overs C, et al. Superselective Ischemia in Robotic

Partial Nephrectomy Does Not Provide Better Long-term Renal Function than Renal Artery Clamping in

a Randomized Controlled Trial (EMERALD): Should We Take the Risk? Eur Urol Focus. 2021 Apr 27;

S2405-4569(21)00115-2.

PLOS ONE Outcomes after nephrectomy in chronic kidney disease patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0300367 May 2, 2024 13 / 15

https://doi.org/10.1016/j.eururo.2016.08.060
https://doi.org/10.1016/j.eururo.2016.08.060
http://www.ncbi.nlm.nih.gov/pubmed/27614693
https://doi.org/10.3346/jkms.2018.33.e277
https://doi.org/10.3346/jkms.2018.33.e277
http://www.ncbi.nlm.nih.gov/pubmed/30344463
https://doi.org/10.1016/j.eururo.2014.09.027
http://www.ncbi.nlm.nih.gov/pubmed/25282367
https://doi.org/10.1016/j.eururo.2016.03.023
https://doi.org/10.1016/j.eururo.2016.03.023
http://www.ncbi.nlm.nih.gov/pubmed/27021797
https://doi.org/10.1016/j.eururo.2013.06.044
http://www.ncbi.nlm.nih.gov/pubmed/23850254
https://doi.org/10.1016/j.eururo.2010.12.013
http://www.ncbi.nlm.nih.gov/pubmed/21186077
https://doi.org/10.1089/end.2016.0351
http://www.ncbi.nlm.nih.gov/pubmed/27305835
https://doi.org/10.1111/bju.12933
http://www.ncbi.nlm.nih.gov/pubmed/25220543
https://doi.org/10.23736/S0393-2249.18.03202-2
https://doi.org/10.23736/S0393-2249.18.03202-2
http://www.ncbi.nlm.nih.gov/pubmed/30203939
https://doi.org/10.1186/s12882-019-1215-3
http://www.ncbi.nlm.nih.gov/pubmed/30717692
https://doi.org/10.1016/j.urology.2018.06.019
http://www.ncbi.nlm.nih.gov/pubmed/29960003
https://doi.org/10.1016/j.eururo.2019.04.040
http://www.ncbi.nlm.nih.gov/pubmed/31080127
https://doi.org/10.4103/UA.UA%5F91%5F17
http://www.ncbi.nlm.nih.gov/pubmed/30386091
https://doi.org/10.1111/bju.12255
http://www.ncbi.nlm.nih.gov/pubmed/23937770
https://doi.org/10.1089/end.2018.0134
http://www.ncbi.nlm.nih.gov/pubmed/29790375
https://doi.org/10.1371/journal.pone.0300367


22. Simone G, Gill IS, Mottrie A, Kutikov A, Patard JJ, Alcaraz A, et al. Indications, Techniques, Outcomes,

and Limitations for Minimally Ischemic and Off-clamp Partial Nephrectomy: A Systematic Review of the

Literature. European Urology. 2015 Oct 1; 68(4):632–40. https://doi.org/10.1016/j.eururo.2015.04.020

PMID: 25922273

23. Takagi T, Kondo T, Iizuka J, Kobayashi H, Hashimoto Y, Nakazawa H, et al. Postoperative renal func-

tion after partial nephrectomy for renal cell carcinoma in patients with pre-existing chronic kidney dis-

ease: A comparison with radical nephrectomy. International Journal of Urology. 2011; 18(6):472–6.

https://doi.org/10.1111/j.1442-2042.2011.02765.x PMID: 21481013

24. Takagi T, Kondo T, Omae K, Iizuka J, Kobayashi H, Yoshida K, et al. Comparison of progression to

end-stage renal disease requiring dialysis after partial or radical nephrectomy for renal cell carcinoma in

patients with severe chronic kidney disease. Int Urol Nephrol. 2016 Sep; 48(9):1421–7. https://doi.org/

10.1007/s11255-016-1317-9 PMID: 27193433

25. Guillotreau J, Yakoubi R, Long JA, Klink J, Autorino R, Hillyer S, et al. Robotic partial nephrectomy for

small renal masses in patients with pre-existing chronic kidney disease. Urology. 2012 Oct; 80(4):845–

51. https://doi.org/10.1016/j.urology.2012.05.038 PMID: 23021665

26. Patard JJ, Baumert H, Bensalah K, Bernhard JC, Bigot P, Escudier B, et al. [CCAFU Recommendations

2013: Renal cancer]. Prog Urol. 2013 Nov; 23 Suppl 2:S177–204.

27. Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a new proposal with evalu-

ation in a cohort of 6336 patients and results of a survey. Ann Surg. 2004 Aug; 240(2):205–13. https://

doi.org/10.1097/01.sla.0000133083.54934.ae PMID: 15273542

28. Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney Injury Work Group. KDIGO Clini-

cal Practice Guideline for Acute Kidney Injury. Kidney Int Suppl. 2012 Mar; 2(1):1–138.

29. Thompson RH, Frank I, Lohse CM, Saad IR, Fergany A, Zincke H, et al. The impact of ischemia time

during open nephron sparing surgery on solitary kidneys: a multi-institutional study. J Urol. 2007 Feb;

177(2):471–6. https://doi.org/10.1016/j.juro.2006.09.036 PMID: 17222613

30. Summary of Recommendation Statements. Kidney Int Suppl (2011). 2013 Jan; 3(1):5–14. https://doi.

org/10.1038/kisup.2012.77 PMID: 25598998

31. Kim S, Chang Y, Lee YR, Jung HS, Hyun YY, Lee KB, et al. Solitary kidney and risk of chronic kidney

disease. Eur J Epidemiol. 2019 Sep; 34(9):879–88. https://doi.org/10.1007/s10654-019-00520-7 PMID:

31025238

32. Ikizler TA, Parikh CR, Himmelfarb J, Chinchilli VM, Liu KD, Coca SG, et al. A prospective cohort study

of acute kidney injury and kidney outcomes, cardiovascular events, and death. Kidney Int. 2021 Feb; 99

(2):456–65.

33. Lane BR, Babineau DC, Poggio ED, Weight CJ, Larson BT, Gill IS, et al. Factors predicting renal func-

tional outcome after partial nephrectomy. J Urol. 2008 Dec; 180(6):2363–8; discussion 2368–2369.

https://doi.org/10.1016/j.juro.2008.08.036 PMID: 18930264

34. Thompson RH, Lane BR, Lohse CM, Leibovich BC, Fergany A, Frank I, et al. Renal function after partial

nephrectomy: effect of warm ischemia relative to quantity and quality of preserved kidney. Urology.

2012 Feb; 79(2):356–60. https://doi.org/10.1016/j.urology.2011.10.031 PMID: 22310752

35. Bhindi B, Lohse CM, Schulte PJ, Mason RJ, Cheville JC, Boorjian SA, et al. Predicting Renal Function

Outcomes After Partial and Radical Nephrectomy. Eur Urol. 2019 May; 75(5):766–72. https://doi.org/

10.1016/j.eururo.2018.11.021 PMID: 30477983

36. Thompson RH, Lane BR, Lohse CM, Leibovich BC, Fergany A, Frank I, et al. Every Minute Counts

When the Renal Hilum Is Clamped During Partial Nephrectomy. European Urology. 2010 Sep 1; 58

(3):340–5. https://doi.org/10.1016/j.eururo.2010.05.047 PMID: 20825756

37. Lane BR, Russo P, Uzzo RG, Hernandez AV, Boorjian SA, Thompson RH, et al. Comparison of cold

and warm ischemia during partial nephrectomy in 660 solitary kidneys reveals predominant role of non-

modifiable factors in determining ultimate renal function. J Urol. 2011 Feb; 185(2):421–7. https://doi.

org/10.1016/j.juro.2010.09.131 PMID: 21167524

38. Levey AS, Becker C, Inker LA. Glomerular filtration rate and albuminuria for detection and staging of

acute and chronic kidney disease in adults: a systematic review. JAMA. 2015 Feb 24; 313(8):837–46.

https://doi.org/10.1001/jama.2015.0602 PMID: 25710660

39. Chae D, Kim NY, Kim KJ, Park K, Oh C, Kim SY. Predictive models for chronic kidney disease after rad-

ical or partial nephrectomy in renal cell cancer using early postoperative serum creatinine levels. J

Transl Med. 2021 Jul 16; 19(1):307. https://doi.org/10.1186/s12967-021-02976-2 PMID: 34271916

40. Patel HD, Iyoha E, Pierorazio PM, Sozio SM, Johnson MH, Sharma R, et al. A Systematic Review of

Research Gaps in the Evaluation and Management of Localized Renal Masses. Urology. 2016 Dec;

98:14–20. https://doi.org/10.1016/j.urology.2016.08.013 PMID: 27542860

PLOS ONE Outcomes after nephrectomy in chronic kidney disease patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0300367 May 2, 2024 14 / 15

https://doi.org/10.1016/j.eururo.2015.04.020
http://www.ncbi.nlm.nih.gov/pubmed/25922273
https://doi.org/10.1111/j.1442-2042.2011.02765.x
http://www.ncbi.nlm.nih.gov/pubmed/21481013
https://doi.org/10.1007/s11255-016-1317-9
https://doi.org/10.1007/s11255-016-1317-9
http://www.ncbi.nlm.nih.gov/pubmed/27193433
https://doi.org/10.1016/j.urology.2012.05.038
http://www.ncbi.nlm.nih.gov/pubmed/23021665
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1097/01.sla.0000133083.54934.ae
http://www.ncbi.nlm.nih.gov/pubmed/15273542
https://doi.org/10.1016/j.juro.2006.09.036
http://www.ncbi.nlm.nih.gov/pubmed/17222613
https://doi.org/10.1038/kisup.2012.77
https://doi.org/10.1038/kisup.2012.77
http://www.ncbi.nlm.nih.gov/pubmed/25598998
https://doi.org/10.1007/s10654-019-00520-7
http://www.ncbi.nlm.nih.gov/pubmed/31025238
https://doi.org/10.1016/j.juro.2008.08.036
http://www.ncbi.nlm.nih.gov/pubmed/18930264
https://doi.org/10.1016/j.urology.2011.10.031
http://www.ncbi.nlm.nih.gov/pubmed/22310752
https://doi.org/10.1016/j.eururo.2018.11.021
https://doi.org/10.1016/j.eururo.2018.11.021
http://www.ncbi.nlm.nih.gov/pubmed/30477983
https://doi.org/10.1016/j.eururo.2010.05.047
http://www.ncbi.nlm.nih.gov/pubmed/20825756
https://doi.org/10.1016/j.juro.2010.09.131
https://doi.org/10.1016/j.juro.2010.09.131
http://www.ncbi.nlm.nih.gov/pubmed/21167524
https://doi.org/10.1001/jama.2015.0602
http://www.ncbi.nlm.nih.gov/pubmed/25710660
https://doi.org/10.1186/s12967-021-02976-2
http://www.ncbi.nlm.nih.gov/pubmed/34271916
https://doi.org/10.1016/j.urology.2016.08.013
http://www.ncbi.nlm.nih.gov/pubmed/27542860
https://doi.org/10.1371/journal.pone.0300367


41. Leppert JT, Lamberts RW, Thomas IC, Chung BI, Sonn GA, Skinner EC, et al. Incident CKD after Radi-

cal or Partial Nephrectomy. J Am Soc Nephrol. 2018 Jan; 29(1):207–16. https://doi.org/10.1681/ASN.

2017020136 PMID: 29018140

42. Flammia RS, Tufano A, Proietti F, Gerolimetto C, DE Nunzio C, Franco G, et al. Renal surgery for kid-

ney cancer: is preoperative proteinuria a predictor of functional and survival outcomes after surgery? A

systematic review of the literature. Minerva Urol Nephrol. 2021 Jun 22; https://doi.org/10.23736/S2724-

6051.21.04308-1 PMID: 34156198

PLOS ONE Outcomes after nephrectomy in chronic kidney disease patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0300367 May 2, 2024 15 / 15

https://doi.org/10.1681/ASN.2017020136
https://doi.org/10.1681/ASN.2017020136
http://www.ncbi.nlm.nih.gov/pubmed/29018140
https://doi.org/10.23736/S2724-6051.21.04308-1
https://doi.org/10.23736/S2724-6051.21.04308-1
http://www.ncbi.nlm.nih.gov/pubmed/34156198
https://doi.org/10.1371/journal.pone.0300367

