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Abstract

Background

Preservation of renal function is an important goal in renal cell carcinoma-related surgery.

Although several case-dependent techniques for renal pedicle clamping and hemostasis

have been used, their effects on long-term renal function are controversial.

Methods

The clinical records of 114 patients who underwent off-clamp non-renorrhaphy open partial

nephrectomy at our hospital were retrospectively reviewed. Perioperative estimated glomer-

ular filtration rate (eGFR) preservation was calculated, and predictors of eGFR decline 12

months post-surgery and overtime deterioration of renal function were identified using a

multivariate regression analysis.

Results

The median patient age was 65 years, and the median tumor size was 27 mm. The mean

eGFR preservation at 1, 3, and 12 months post-surgery were 90.1%, 89.0%, and 86.9%,

respectively. eGFR decline at 1 and 3 months were associated with poor eGFR preservation

at 12 months with the odds ratio (95% confidence interval (CI)) of 1.97 and 3.157, respec-

tively. Multivariate regression analyses revealed that tumor size was an independent predic-

tor of eGFR decline at 12 months. Among 65 patients with eGFR preservation over 90% at 1

month post-surgery, eGFR value of 28 patients deteriorated below 90% at 12 months post-

surgery compared with preoperative eGFR. Tumor size and eGFR preservation at 1 month

were independent predictors of long-term renal function deterioration.
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Conclusion

Tumor size predicted eGFR decline 12 months post-surgery. Only a mild decline in eGFR

was observed between 3 and 12 months after open partial nephrectomy. Tumor size and

eGFR preservation at 1 month predicted the deterioration of renal function over time.

Introduction

As the preservation of renal function is one of the important goals in surgery for RCC, partial

nephrectomy (PN) has become the gold standard for renal tumors less than 7 cm in diameter

and the means of hemostasis after tumor resection vary among institutes [1–3]. Although cor-

tical renorrhaphy and soft coagulation are the most popular methods of hemostasis, the effect

of each method on long-term renal function remains a subject of research [4, 5].

Introduced in PN, renorrhaphy aims to achieve hemostasis and close the urinary collecting

system, thereby minimize postoperative complications. However, the pros and cons of renor-

rhaphy in terms of preserving renal parenchima have been widely debated [4, 6–8]. Renorrha-

phy carries the risk of damaging adjacent renal vessels, potentially leading to reduced

functioning renal parenchyma after surgery. Additionally, it may contribute to the develop-

ment of renal artery aneurysms [9].

Techniques such as selective or super-selective clamping at the renal hilum can reduce

renal parenchymal ischemia and better preservation of postoperative renal function [10, 11].

However, parenchymal ischemia and reperfusion resulting from hilar clamping could lead to

acute kidney injury through production of radical oxygen species. Omitting both renal hilar

clamping and renorrhaphy has been reported as an effective approach for preserving renal

function during partial nephrectomy in a relatively short period [2, 12–15].

We have been performing off-clamp and non-renorrhaphy open partial nephrectomies for

years. While most partial nephrectomies are currently performed laparoscopically or roboti-

cally, valuable lessons from open partial nephrectomy can be extrapolated to robotic proce-

dures. In this study, we assessed renal function at 1 year after open off-clamp and non-

renorrhaphy partial nephrectomies and investigated the predictors of renal function decline

over time.

Materials and methods

Patients

Among 220 patients with renal tumors who underwent off-clamp non-renorrhaphy open par-

tial nephrectomy at our institute between 2013 and 2020, those without follow-up until 12

months after surgery were excluded. Finally, the clinical records of the 114 patients were retro-

spectively analyzed. The data were accessed for research purpose on 1st December, 2022. The

authors did not have access to information that could identify individual participants during

or after data collection.

Assessment of renal tumor complexity

The complexity of renal tumors was analyzed according to the R-E-N-A-L nephrometry scor-

ing system. Briefly, (R)adius (tumor size as maximal diameter), (E)xophytic and endophytic

properties, (N)earness of the tumor to the collecting system or sinus, and (L)ocation relative to

the upper and lower polar lines were scored on a 1-, 2-, or 3-point scale. The RENAL score rep-

resents the sum of R, E, N, and L scores [16].
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Surgical techniques

All patients underwent retroperitoneal open partial nephrectomy as described previously [2].

Briefly, a partial nephrectomy was performed by blunt separation and sharp cutting, followed

by hemostasis with monopolar SOFT COAG (VIO300D, ERBE, Germany). To minimize the

blood loss, tumor resection was performed in millimeters. (Fig 1) The renal pedicle was not

secured, and renal pedicle clamping and cortical renorrhaphy were omitted. The resection

beds were sutured with 4–0 VICRYL1 only when the collecting system was opened. Urine

leakage was ruled out by intravenous injection of an indigo carmine solution. TachoSil1 was

placed on the resection surface to ensure hemostasis.

Assessment of renal function and perioperative reduction in renal function

The estimated glomerular filtration rate (eGFR) was calculated using the equation 186 × (Cre-

atinine/88.4)-1.154 × (age)-0.203 × (0.742, if female). The perioperative eGFR preservation at 5

days, 1 month, 3 months, and 12 months after surgery was calculated as postoperative eGFR/

preoperative eGFR × 100 (%). According to the pentafecta definition after partial nephrec-

tomy, we set the eGFR preservation threshold to 90% [3].

Ethics approval and consent to participate

This study was approved by the Ethics Committee of NTT Medical Center, Tokyo (ID: 21–3).

Informed consent was obtained in the form of opt-out on the website. Those who were

Fig 1. Surgical technique of partial nephrectomy. (A) Shema of a renal tumor. (B) Blunt separation and sharp cutting of the renal parenchyma with scissors.

(C) Hemostasis using soft coagulation system. (D) Thorough hemostasis of the tumor bed with soft coagulation system.

https://doi.org/10.1371/journal.pone.0303104.g001
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rejected were excluded. This study was conducted in accordance with the Declaration of Hel-

sinki (revised in 2013).

Statistical analysis

The chi-square test was used to analyze categorical variables. Univariate and multivariate

regression analyses were performed to identify the predictors of postoperative eGFR preserva-

tion 12 months after surgery and overtime eGFR deterioration. The statistical significance was

set at p< 0.05. All statistical analyses were performed using SPSS version 24 (IBM co. ltd.,

Tokyo, Japan).

Results

The patient characteristics are described in Table 1. The median age and tumor size were 65

years (interquartile range (IQR), 54–69) and 27 mm (IQR, 19.5–40.5), respectively. Among the

tumors, 35 tumors (30.7%) were >50% exophytic, 49 tumors (43.0%) were<50% exophytic,

and 30 tumors (26.3%) were entirely endophytic. The median RENAL nephrometry score was

7 (IQR, 6–8). The surgical results are presented in Table 2. The median operative time and esti-

mated blood loss were 124 min (IQR, 101–143) and 160 mL (IQR, 68–355), respectively. No

major complications (Clavien–Dindo classification grade� 3) occurred perioperatively. The

mean eGFR value gradually decreased from 94.3% (standard deviation (SD), 14.0) at 5 days to

86.9% (SD, 12.9) at 12 months after operation.

The tumor size and estimated blood loss were identified as predictors of eGFR preservation

12 months postoperatively. Multivariate analyses revealed only tumor size was an independent

predictor of eGFR preservation at 12 months, with unstandardized regression coefficient B

(95% confidence interval (CI)) of -0.183 (-0.316, -0.005) (P = 0007). (Table 3)

Table 1. Patient and tumor characteristics.

No. patients 114

Sex (%)

Male 80 (70.2)

Female 34 (29.8)

Median age (IQR) 65 (54–69)

Median BMI (IQR) 23. (21–26)

Median tumor size, mm (IQR) 27.0 (19.5–

40.5)

Median RENAL nephrometry score (IQR) 7 (6–8)

Exophytic/Endophytic properties (%)

> 50% exophytic 35 (30.7)

< 50% exophytic 49 (43.0)

Entirely endophytic 30 (26.3)

Location relative to the polar lines (%)

Entirely above the upper or below the lower polar line 39 (34.2)

Lesion crosses polar line 56 (49.1)

> 50% of mass is across polar line or mass crosses the axial renal midline or mass is entirely

between the polar lines

19 (16.7)

Comorbidity, n (%)

Hypertension 43 (37.7)

Diabetes mellitus 16 (14.0)

Dyslipidemia 12 (10.5)

https://doi.org/10.1371/journal.pone.0303104.t001
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The eGFR preservation at 1 and 3 months was associated with poor eGFR preservation at

12 months. The calculated odds ratios (95%CI) were 1.97 (1.43, 2.71) and 3.157 (2.03, 4.90),

respectively (Table 4). Among 65 patients with eGFR preservation over 90% at 1 month after

surgery, the eGFR preservation of 28 patients deteriorated below 90% at 12 months after

Table 2. Surgical results and complications.

Median operative time, min (IQR) 124 (101–143)

Median volume of estimated blood loss, mL (IQR) 160 (68.8 − 355)

No. additional resections 0

No. conversion to nephrectomy 0

Intraoperative blood transfusion 0

Postoperative blood transfusion 0

Pathology (%)

Clear cell RCC 79 (69.3)

Papillary RCC 11 (9.6)

Chromophobe RCC 9 (7.9)

Angiomyolipoma 11 (9.6)

Others 4 (3.5)

Mean eGFR preservation, % (SD)

Five days after surgery 94.3 (14.0)

One month after surgery 90.1 (11.5)

Three months after surgery 89.0 (13.7)

Twelve months after surgery 86.9 (12.9)

eGFR estimated glomerular filtration ratio, RCC renal cell carcinoma, IQR interquartile range, SD standard deviation

https://doi.org/10.1371/journal.pone.0303104.t002

Table 3. Predictors of perioperative decline in eGFR at 12 months after surgery. Univariate and multivariate analysis.

Univariate analysis Multivariate analysis

Unstandardized regression

coefficient B (95% CI)

Standardized regression

coefficient β
p

-value

Unstandardized regression

coefficient B (95% CI)

Standardized regression

coefficient β
p

-value

Age† -0.123 (-0.323, 0.077) -0.114 0.225 -0.174 (-0.364, 0.016) -0.162 0.072

BMI -0.157 (-0.753, 0.439) -0.05 0.602

Tumour size† -0.213 (-0.335, -0.091) -0.31 0.01* -0.183 (-0.316, -0.05) -0.267 0.007*
Preoperative

eGFR

-0.070 (-0.217, 0.077) -0.089 0.345

R -6.827 (-11.068, -2.585) -0.289 0.002*
E 1.761 (-1.405, 4.927) 0.104 0.273

N -1.635 (-4.398, 1.128) -0.11 0.224

L -2.073 (-5.522, 1.376) -0.112 0.236

RENAL score -1.113 (-2.511, -0.284) -0.148 0.117

eBlood loss† -0.014 (-0.023, -0.005) -0.269 0.004* -0.009 (-0.018, -0.001) -0.165 0.091

HTN -0.053 (-5.004, 4.898) -0.002 0.983

DM -4.051 (-10.917, 2.816) -0.11 0.245

DL -2.122 (-9.931, 5.687) -0.051 0.591

eGFR estimated glomerular filtration rate, BMI body mass index, eBlood loss estimated blood loss, R Radius, E exophytic and endophytic properties, N Nearness of the

tumor to the collecting system or sinus, L location relative to the upper and lower polar lines, (R,E,N, and L were scored according to RENAL nephrometry scoring

system), HTN hypertension, DM diabetes mellitus, DL dyslypidemia, CI confidence interval, † These factors were put in multivariate regression analysis, * p-

value < 0.05 was considered statistically significant.

https://doi.org/10.1371/journal.pone.0303104.t003

PLOS ONE Renal function after partial nephrectomy

PLOS ONE | https://doi.org/10.1371/journal.pone.0303104 May 13, 2024 5 / 9

https://doi.org/10.1371/journal.pone.0303104.t002
https://doi.org/10.1371/journal.pone.0303104.t003
https://doi.org/10.1371/journal.pone.0303104


surgery. To further clarify the predictor of overtime eGFR deterioration from 1 month to 12

months, we performed univariate and multivariate analyses on patients with an eGFR

preservation > 90% at one month after surgery. Tumor size and eGFR preservation at 1

month were the independent predictors of further deterioration in renal function, with

unstandardized regression coefficients B (95% CI) of -0.189 (-0.378, -0.001) and 0.425 (0.096,

0.755), respectively (P-value, 0.048 and 0.012, respectively) (Table 5).

Discussion

In our previous report, we examined perioperative renal function within 3 months after off-

clamp, non-renorrhaphy open partial nephrectomy [12]. Notably, the renal function at 1 year

in the current follow-up study remained nearly comparable to that at 3 months after surgery.

Specifically, the eGFR decreased 2.4%, from 89.0% at 3 months to 86.9% at 12 months after

surgery. Considering the spontaneous eGFR decline of 0.89–1.49 ml/min/1.73 m2/year associ-

ated with aging, the impact of surgery on the eGFR decline during this period appears to be

mild [17–20]. Understandably, an eGFR preservation less than 90% at 1 month and 3 months

was associated with eGFR preservation less than 90% at 12 months after surgery. Several

groups reported predictive factors of decline in renal function after partial nephrectomy,

including patient age, preoperative eGFR, tumor size and depth, warm ischemia time, and

BMI [21–23]. In the current study, we also identified tumor size as a predictor for postopera-

tive renal function decline.

The advantages of the off-clamp procedure for long-term renal function remain a topic of

debate. Over a short period, no clear advantages of the off-clamp surgery were observed

Table 4. The comparison of eGFR preservation ratio between 1, 3, and 12 months after operation.

eGFR at 12 months� 90% eGFR at 12 months < 90% OR 95% CI *p value

eGFR at 1 month� 90% 36 28 ref

eGFR at 1 month < 90% 9 41 1.971 1.431–2.717 < 0.001

eGFR at 3 months� 90% 35 17 ref

eGFR at 3 months < 90% 10 52 3.157 2.031–4.908 < 0.001

CI confidence interval, eGFR estimated glomerular filtration ratio, OR odds ratio, * pearson’s chi-square test

https://doi.org/10.1371/journal.pone.0303104.t004

Table 5. Predictors of overtime decline in eGFR (from 1 month to 12 months after surgery). Univariate and multivariate analysis.

Univariate analysis Multivariate analysis

Unstandardized regression

coefficient B (95% CI)

Standardized regression

coefficient β
p

-value

Unstandardized regression

coefficient B (95% CI)

Standardized regression

coefficient β
p

-value

Age† -0. 006 (-0.171, 0.184) 0.009 0.945 -0.053(-0.233, 0.127) -0.076 0.558

Tumour size† -0.173 (-0.327, -0.02) -0.276 0.027* -0.189 (-0.378, -0.001) -0.303 0.048*
Preoperative eGFR 0.052 (-0.106, 0.209) 0.083 0.514

RENAL score -0.793(-2.104, -0.518) -0.152 0.231

eBlood loss† -0.005 (-0.016, -0.007) -0.098 0.441 0.004 (-0.009, 0.017) 0.085 0.547

HTN -0.053 (-5.004, 4.898) -0.002 0.983

eGFR preservation at

one month†
0.482 (0.155, 0.808) 0.353 0.005* 0.425 (0.096, 0.755) 0.312 0.012*

eGFR estimated glomerular filtration rate, BMI body mass index, eBlood loss estimated blood loss, R Radius, E exophytic and endophytic properties, N Nearness of the

tumor to the collecting system or sinus, L location relative to the upper and lower polar lines, (R,E,N, and L were scored according to RENAL nephrometry scoring

system), HTN hypertension, CI confidence interval, † These factors were put in multivariate regression analysis, * p-value < 0.05 was considered statistically significant.

https://doi.org/10.1371/journal.pone.0303104.t005
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compared to on-clamp surgery in the robot-assisted setting [5, 24]. One meta-analysis indi-

cated no difference in the eGFR preservation between both procedures within 6 months. How-

ever, it is essential to consider the selection bias as tumor size was significantly smaller in the

off-clamp group [25]. Conversely, another meta-analysis demonstrated less decline in both

short- and long-term (6 months) renal function in the off-clamp group [26]. Furthermore, off-

clamp surgery was associated with a 7.3-fold decreased risk of developing stage�3b chronic

kidney disease during a follow-up period of 2–8 years after surgery [27].

Regarding renorrhaphy, omitting cortical renorrhaphy led to eGFR preservation during the

early postoperative period [7, 8, 28]. Renorrhaphy may damage the intraparenchymal vessels

or cause renal artery pseudoaneurysms, both of which contribute to a reduction in vascular-

ized renal volume. In a propensity score-matched analysis of open partial nephrectomy, renal

artery pseudoaneurysms tended to be more frequent in the renorrhaphy group [9]. These find-

ings underscore the importance of considering surgical techniques and their impact on long-

term renal function when managing renal tumors.

Hemostasis using soft coagulation may also negatively impact renal function. In our previ-

ous study, the estimated blood loss served as a predictor for perioperative decline in renal func-

tion within the first three months after surgery. We hypothesized that intense use of soft

coagulation to control bleeding might damage the renal parenchyma, leading to the loss of

renal function [12]. Over the long term, estimated blood loss remained a predictor of renal

function. However, tumor size and low eGFR preservation at 1 month emerged as notable

independent predictors of renal function deterioration of renal function from 1 to 12 months.

Although compensation by the contralateral kidney cannot be ignored one year after surgery,

the broad use of soft coagulation may cause persistent damage to the renal parenchyma. Fur-

ther studies, including assessment of divided kidney function, may clarify the effect of soft

coagulation on the affected kidney.

The retrospective nature of this study and its relatively small number size are limitations of

this study. In the current follow-up study, only a mild decline in eGFR was observed between

three and 12 months after open partial nephrectomy. Tumor size and eGFR preservation at

one month could be predictors of long-term renal function deterioration.
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