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Abstract: Study aim: To characterize the associated factors of postoperative renal global functional deterioration after partial 

nephrectomy (PN), comprehensive analyses were performed using multiple factors categorized as data from pre, intra and 

postoperative periods. Methods: Ninety-three patients underwent PN. Estimated glomerular filtration rate (eGFR) and computed 

tomography (CT) scans were examined pre- and 6 months postoperatively. Renal global functional deterioration after PN was 

assessed by postoperative percent of eGFR decline. Pre- and postoperative renal parenchymal volume (RPV) was measured by 

the Synapse Vincent volumetric analyzer which creates a reconstructed image from a CT scan. Additional factors that were 

analyzed included patient demographics, comorbidities, surgical factors and tumor pathology. All factors demonstrating 

statistical tendencies (P < 0.1) in univariate analyses were subjected to multivariate logistic regression analysis. Two groups were 

categorized according to the degree of eGFR decline. Groups A and B were categorized as less than 15% and greater than 15% 

declines, respectively. Results: The case distributions of hypertension (HTN) and male gender were significantly shifted in group 

B. Significant compensatory renal hypertrophy of the contralateral side occurred postoperatively. The percent increment of RPV 

in the contralateral side in group B was significantly lower than that in group A. In multivariate analysis, HTN was the sole 

independent associated factor in group B. Conclusions: Host factors, rather than surgical factors, may be associated with 

postoperative renal global functional deterioration in PN. Surgeons should consider medical problems in addition to surgical 

skills especially in HTN patients. 
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1. Introduction 

Renal cell carcinoma (RCC) accounts for 3% of all cancers 

in adults. Over the past decade, the diagnosis of RCC 

increased; there are 270,000 cases worldwide each year [1, 2]. 

This increase in diagnoses partly results from an increase in 

incidental detection of RCC from the development of 

radiological imaging and might also be related to an increased 

incidence of renal cancer in the general population secondary 

to cigarettes smoking and obesity [3]. For decades, radical 

nephrectomy (RN) has been considered to be the most reliable 

treatment for renal masses. Because the post-RN percentage 

for estimated glomerular filtration rate (eGFR) decline was 

previously demonstrated to be approximately 30% [4-6], the 

majority of cases treated with RN are categorized as chronic 

kidney disease postoperatively. If technically feasible, partial 

nephrectomy (PN) is the reference standard for the treatment 
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of small renal masses including clinical stage T1a RCC. 

Numerous studies have confirmed the benefits of PN in terms 

of improved renal function and overall survival [7]. The 

objective of PN is to preserve as much renal function as 

possible while achieving negative surgical margins, all within 

the context of a low perioperative complication rate [8, 9]. 

Achieving the best PN outcomes requires the use of open, 

laparoscopic or robot-assisted approaches that are appropriate 

for individual tumor characteristics, surgeon experience or 

institution-related factors. However no effective report has 

shown the predictors of renal functional damage after PN that 

enables choosing the appropriate operation. Although sparing 

non-neoplastic renal tissue can be accomplished, the 

preservation of renal function in any PN case is difficult. It is 

important to predict which patients may experience significant 

impairment after PN because they may benefit from more 

rigorous follow-up, aggressive reno-protective measures and 

more accurate postoperative counseling. 

In the postoperative management of patients treated by PN, 

renal global function is a practical and crucial factor in clinical 

practice. Although numerous studies in searching 

intraoperative-associated factors such as ischemic time with 

postoperative renal global function have been performed, no 

study has aimed to perform comprehensive analyses with 

regard to postoperative renal global function. In fact, multiple 

factors that are categorized as pre-, intra- and postoperative 

periods are thought to be associated with postoperative renal 

global function (Figure 1). The aim of the study was to 

characterize the associated factors of postoperative renal 

global functional deterioration after PN. Therefore, 

comprehensive analyses were performed using multiple 

factors that were categorized as pre-, intra- and postoperative 

periods. Moreover, postoperative renal parenchymal volume 

(RPV) change calculated by sophisticated film technology 

was added to the analyzed factor as the novel approach in this 

study.  

 

Figure 1. Associations of multiple factors that are categorized as data from pre-, intra- and postoperative periods with postoperative renal global function in PN. 

Kidney schemas are reconstructed from one of the actual cases using the Synapse Vincent system. 

2. Materials and Methods 

2.1. Postoperative Renal Global Functional Evaluation 

A total of 93 patients who underwent PN were identified in 

between April 2010 and March 2015. The patient’s eGFR was 

calculated using the following equation: eGFR = 194 × serum 

creatinine
-1.094

 × age
-0.287

 (for females, × 0.739) [10]. This 

formula is currently recommended by the Japanese Society of 

Nephrology. The percent eGFR decline was defined as 

(preoperative eGFR - postoperative eGFR) / preoperative 

eGFR × 100. Group A was defined as percent eGFR decline < 

15, whereas Group B was defined as percent eGFR decline 

≧15.  
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2.2. Patient Clinical Data Collection 

Patients’ demographic and clinical data were collected and 

categorized from the preoperative period. The collected data 

included age, gender, body mass index (BMI), Eastern 

Cooperative Oncology Group performance status (ECOG PS), 

Age-adjusted Charlson Comorbidity Index (CCI), American 

Society of Anesthesiologists (ASA) score, history of smoking, 

patient’s comorbidities, tumor characteristics, the RENAL 

nephrometry score [11], preoperative eGFR and 

hematological laboratory data of hemoglobin (Hgb), white 

blood cell (WBC) count, lactate dehydrogenase (LDH) and 

C-reacted protein (CRP). With regard to comorbidities, 

hypertension (HTN), diabetes mellitus (DM), proteinuria, 

dyslipidemia, hyperuricemia and past history of 

cardiovascular disease (CVD), all of which can affect renal 

function, were evaluated. Analysis of surgical factors included 

surgery type, surgical approach method, renal vessel clamp 

pattern and ischemic method and time, all of which were 

categorized as data from the intraoperative period. In terms of 

postoperative complications that were categorized as data 

from the postoperative period, the events of more than a grade 

2 Clavien-Dindo classification were evaluated. An additional 

analyzed factor was tumor pathology which was determined 

postoperatively. All of the backgrounds of 93 patients are 

summarized in table 1. Informed consent was obtained from 

all individual participants included in the study. The study was 

approved by the Ethics Committee of Tottori University 

Faculty of Medicine (approval number 2692). 

Table 1. Patient, laboratory, tumor, surgical and renal parenchymal volume (RPV) background of all cases. 

Category Factors  Mean (range) or No. of patient 

Pre Age (yrs)   63.5 (41 – 85) 

-operative Gender Male / Female 60 / 33 

 BMI (kg/m2)   24.0 (17.8 – 33.2) 

 ECOG PS 0 / 1 / 2 55 / 34 / 4 

 Age-adjusted CCI 0 / 1 / 2 / 3 / 4 / 5 5 / 12 / 24 / 26 / 22 / 4 

 ASA score ClassⅠ / Ⅱ / Ⅲ / Ⅳ 14 / 71 / 6 / 2 

 History of smoking Yse / No 44 / 49 

 Comorbidities CVD Yse / No 17 / 76 

  HTN Yse / No 45 / 48 

  Dyslipidemia Yse / No 21 / 72 

  Hyperuricemia Yse / No 10 / 83 

  Proteinuria Yse / No 14 / 79 

  DM Yse / No 14 / 79 

 Tumor side Right / Left Yse / No 52 / 41 

 Tumor diameter (cm)   2.5 (0.9 – 4.7) 

 RENAL score  5.7 (4 – 10) 

 eGFR (mL/min/1.73m2)   79.2 (49.7 – 117.5) 

 Blood examination Hgb (g/dL)  13.5 (9.1 – 16.8) 

  WBC (/µl)  5650 (2900 – 9600) 

  LDH (IU/l)  205 (101 – 356) 

  CRP (mg/dl)  0.14 (0.1 – 1.92) 

 RPV (mL)  Contralateral side 158.8 (88.2 – 239.2) 

  Diseased side 159.0 (92.3 – 231.4) 

  Bilateral sides 317.8 (195.3 – 442.3) 

Intra Surgery type Open / Lapro / Robot 44 / 23 / 26 

-operative Approach method Retro- / Intraperitoneal 53 / 40 

 Vessel clamp Vein and artery / Artery 22 / 71 

 Ischemic method Warm / Cold 48 / 45 

 Ischemia time (minute)   27.2 (8.1 – 60.2) 

Post Complication Yse / No 9 / 84 

-operative Tumor pathology Benign / Malignancy 13 / 80 

 eGFR (mL/min/1.73m2)   68.2 (40.2 – 104.3) 

 % change of RPV Contralateral side +6.6 (+1.1 – +12.4) 

  Diseased side -12.8 (-21.1 – -4.2) 

  Bilateral sides -3.2 (-8.7 – +2.2) 

 

2.3. The Indication, Degree of Difficulty and Procedure of 

PN 

Basically, the indication of PN was unilateral renal small 

mass (≤ 4cm) with possibility of malignancy without 

metastasis which was diagnosed by enhanced computed 

tomography (CT) scan. However, four cases deviated from the 

indication. The tumor maximal diameter of these cases was 

4.2, 4.4, 4.5 and 4.7 cm, respectively. These cases were treated 

by PN because of the concern for future renal insufficiency 

due to intrinsic medical problems such as DM. All cases in the 

study had contralateral kidney without major problems. The 

degree of difficulty of PN was assessed by the RENAL 

nephrometry score preoperatively. The mean score was 5.7 

(range from 4 to 10) (Table 1). The number of cases of score 4, 

5, 6, 7, 8, 9 and 10 were 8, 33, 30, 10, 7, 3 and 2, respectively. 
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Renal vessel clamp (both of artery and vein or artery only) 

procedure was adopted in all cases. All PN were performed by 

four certificated doctors of Japanese Urological Association 

who had been familiar with PN over the past five years. 

2.4. Renal Parenchymal Volumetry 

Renal tumor and remnant RPV were calculated by 

multi-detector CT scanners using the standard clinical 

abdomen-pelvis imaging protocol. CT scan examinations 

were performed pre- and 6 months postoperatively. The 

volume analysis of RPV was performed using Synapse 

Vincent system version 4. (Fujifilm corporation, Tokyo, 

Japan), an image-processing software package dedicated to 

digital imaging and communications in medicine (DICOM) 

images. After the observer had manually rendered the tumor 

area, the software calculated 3D tumor and RPV volume 

automatically. Pre- and postoperative RPV of contralateral, 

diseased side and bilateral sides were analyzed, and 

postoperative RPV changes that were categorized as data from 

the postoperative period were calculated (Table 1). The 

percent change of RPV was defined as (postoperative RPV - 

preoperative RPV) / preoperative RPV × 100. 

2.5. Statistical Analyses 

In the analysis to determine associated factors for 

postoperative severe renal global functional deterioration 

(groups B), the comparisons of all factors between groups A 

and B were performed in the first step. Continuous variables 

were evaluated to determine whether the data fit a Gaussian 

distribution. If the data fit a Gaussian distribution, then 

Student’s t-test was used. If not, the Mann-Whitney U test was 

used. Case distributions were compared using the chi-square 

test. Potent factors (P < 0.1 in univariate analyses) were 

subjected to multivariate logistic regression analysis in the 

second step. Statistical analysis was performed with SPSS 

version 8 (SPSS Inc., Chicago, IL, USA).  

3. Results 

3.1. Univariate Comparison of Factors Between Groups A 

and B 

Fifty-nine and thirty-four cases were categorized as group A 

and B, respectively. Comparing the preoperative patient 

characteristics between the two groups, the case distributions 

of male gender and HTN were significantly shifted in group B 

(Table 2). Preoperative hematological factors were not 

different between the two groups. Although statistical 

significance was not determined, lower preoperative eGFR, 

longer ischemic time and malignant tumor pathology tended 

to be associated with group B (Table 2).  

Table 2. Comparison of factors between group A and B. 

Category Factors  
Mean (range) ± SD or No. of patient  

Group A; n = 59  Group B; n = 34  P value 

Pre Age (yrs)   63.1 ± 14.3  64.2 ± 12.2  0.727 

-operative Gender Male / Female 33 / 26  27 / 7  0.023 

 BMI (kg/m2)   23.7 ± 3.4  24.4 ± 3.4  0.329 

 ECOG PS 0 / ≥ 1 33 / 26  22 / 12  0.407 

 Age-adjusted CCI < 3/ ≥ 3 27 / 32  14 / 20  0.668 

 ASA score ClassⅠ / Ⅱ - Ⅳ 10 / 49 4 / 30 0.501 

 History of smoking Yse / No 27 / 32  17 / 17  0.694 

 Comorbidities CVD Yse / No 12 / 47  5 / 29  0.499 

  HTN Yse / No 23 / 36  22 / 12  0.017 

  Dyslipidemia Yse / No 12 / 47  9 / 25  0.496 

  Hyperuricemia Yse / No 6 / 53  4 / 30  0.811 

  Proteinuria Yse / No 7 / 52  7 / 27  0.257 

  DM Yse / No 8 / 51 6 / 28 0.596 

 Tumor side Right / Left 34 / 25  18 / 16  0.661 

 Tumor diameter (cm)   2.4 ± 0.8  2.6 ± 0.8  0.181 

 RENAL score  5.6 (4 – 10)  5.9 (4 – 10)  0.125 

 eGFR (mL/min/1.73m2)   83.0 ± 15.2  73.7 ± 9.8  0.077 

 Blood examination Hgb (g/dL)  13.4 ± 1.8  13.6 ± 1.3  0.726 

  WBC (/µl)  5640 ± 1130  5680 ± 1510  0.9017 

  LDH (IU/l)  195 ± 50  208 ± 43  0.221 

  CRP (mg/dl)  0.16 ± 0.56  0.10 ± 0.11  0.567 

 RPV (mL)  Contralateral side 156.2 ± 45.4  161.2 ± 38.3  0.532 

  Diseased side 157.8 ± 45.1  162.2 ± 40.1  0.551 

  Bilateral sides 316.4 ± 79.8  321.2 ± 81.4  0.673 

Intra Surgery type Open / Lapro / Robot 31 / 10 / 18 13 / 13 / 8 0.183 

-operative Approach method Retro- / Intraperitoneal 32 / 27 21 / 13 0.48 

 Vessel clamp Vein and artery / Artery 15 / 44 7 / 27 0.597 

 Ischemic method Warm / Cold 30 / 29  18 / 16  0.846 

 Ischemia time (minute)   24.3 ± 12.4  31.2 ± 17.5  0.082 

Post Complication Yse / No 4 / 55  5 / 29  0.213 

-operative Tumor pathology Benign / Malignancy 11 / 48 2 / 32  0.087 

 *eGFR (mL/min/1.73m2)   74.8 ± 10.6 61.0 ± 9.3 0.004 
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Category Factors  
Mean (range) ± SD or No. of patient  

Group A; n = 59  Group B; n = 34  P value 

 % change of RPV Contralateral side +7.4 ± 2.8  +5.8 ± 3.2  0.048 

  Diseased side -13.2 ± 4.6  -12.3 ± 4.9  0.123 

  Bilateral sides -3.1 ± 2.6  -3.4 ± 1.9  0.186 

*Postoperative eGFR was not included in comparative analyses because group A and B were defined as % eGFR decline < 15 and ≧15, respectively. 

3.2. Analyses of Renal Parenchymal Volumetry and 

Univariate Comparisons of RPV Changes Between 

Groups A and B  

The mean and standard deviation (SD) RPV values of the 

contralateral, diseased side and bilateral sides were analyzed. 

The mean (SD) preoperative RPV values of the contralateral, 

diseased side and bilateral sides were 158.8 (42.6), 159 (43.9) 

and 317.8 (81.2) mL, respectively (Table 1). The mean (SD) 

postoperative RPV values of the contralateral, diseased side 

and bilateral sides were 169.2 (45.7), 138.6 (43.4) and 307.8 

(80.7) mL, respectively. Postoperative RPV of diseased and 

bilateral sides both significantly decreased, whereas that of the 

contralateral side significantly increased compared with the 

preoperative RPV (Figure 2). The percent increment of RPV 

in the contralateral side in group B was significantly lower 

than that in group A (Table 2). 

 

Figure 2. Comparisons of contralateral, diseased side and bilateral sides RPV between pre- and postoperative periods. White and black bars indicate pre- and 

postoperative RPV, respectively. Longitudinal lines at the top of each bar indicate SD. 

3.3. Multivariate Analysis of Independent Associated Factors with Group B 

Finally, gender, HTN, preoperative eGFR, ischemia time, tumor pathology and percent change of RPV in the contralateral side 

were forwarded to multivariate logistic regression analysis. HTN was the sole independent associated factor in group B (Table 3).  

Table 3. Multivariate logistic regression analysis for factors associated with global estimated glomerular filtration rate (eGFR) decline rate ≥15%. 

Factors   Odds ratio (95% CI)  P value 

Gender  Male vs. Female  4.082 (0.159–105.075)  0.3959 

HTN  Yes vs. No  8.149 (1.281–62.324)  0.0482 

Preoperative eGFR   0.975 (0.928–1.024)  0.3125 

Ischemia time   1.028 (0.982–1.126)  0.2782 

Tumor pathology  Malignant vs. Benign  2.699 (0.395–18.442)  0.3112 

% change of RPV (Contralateral side)   0.893 (0.785–1.003)  0.0838 
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3.4. The Comparative Analysis of Pre- and Postoperative 

eGFR, and Percent Change of Contralateral Side RPV 

Between the Patients with and Without HTN 

Because the factors of top two P values in multivariate 

analysis were HTN and percent change of contralateral side 

RPV, it was suggested that renal hypertrophy in contralateral 

side compensated postoperative renal global functional 

decline in patients without HTN. Therefore, comparative 

analysis of pre- and postoperative eGFR, and percent change 

of contralateral side RPV between the patients with and 

without HTN was performed for the further confirmation of 

multivariate regression analysis. Postoperative eGFR and 

percent change of RPV in contralateral side were significantly 

higher in patients without HTN than in patients with HTN 

(Table 4). 

Table 4. Comparison of pre-, postoperative estimated glomerular filtration rate (eGFR) and percent change of contralateral side renal parenchymal volume 

(RPV) between patients with and without hypertension (HTN). 

Factors  

Patients with HTN Patients without HTN 

P value (n = 45) (n = 48) 

Mean ± SD 

eGFR (mL/min/1.73m2)  Preoperative  73.9 ± 9.6  81.5± 13.8 0.062 

 Postoperative  60.5 ± 9.8 75.8 ± 10.2  0.004 

% change of RPV Contralateral side +6.0 ± 3.3 +7.3 ± 2.7 0.038 

 

4. Discussion 

Postoperative renal global function is the crucial outcome in 

addition to oncological control in PN. Mir et al. reviewed 19 

articles evaluating post-PN renal global function in patients 

with bilateral kidneys and indicated that most series support 

the preservation of approximately 88% to 91% of renal global 

function after PN [12]. On the basis of the values, groups A 

and B were identified. Therefore, group B (the percent eGFR 

decline was greater than 15) should be categorized as 

unfavorable renal functional outcome cases. Although 

multiple factors are thought to affect postoperative renal 

global function in PN, comprehensive analyses identifying the 

factors that are associated with postoperative renal global 

function are very limited. Ischemic time from renal arterial 

clamping is the most important surgical factor [13]. 

Additionally, baseline preoperative renal function and patient 

comorbidities are critical [14, 15]. In the analyses of 

preoperative factors in this study, male gender and HTN were 

significantly associated with postoperative renal global 

functional deterioration. Moreover, HTN was the sole 

independent associated factor in multivariate analysis. HTN, 

DM and proteinuria, which are known to generally affect renal 

function, have been well documented [16, 17]. The 

comorbidities chosen to be analyzed in the present study were 

similar to those in their study and can be obtained easily by 

preoperative medical examination. Several studies showed 

that the renal functional decline in females is associated with 

increased vascular stiffness [18, 19]. Vascular stiffness was 

reported to be associated with HTN and renal functional 

decline.
17

 Specifically, arterial stiffness, independent of mean 

arterial pressure, results in end organ damage by imposing 

hemodynamic stress on vascular beds. Facilitated 

transmission of excessive pressure, flow pulsatility into the 

micro-vascular beds of the kidneys and a high-flow organ will 

lead to endothelial dysfunction, micro-vascular ischemia and 

tissue damage. Other possible mechanisms include chronic 

inflammation, oxidative stress, and renin-angiotensin system 

activation. The statistically significant association of male 

gender with postoperative renal global functional 

deterioration might be reflected by the high ratio of male 

patients in all HTN patients. Although the male patient percent 

ratio in the patient cohort was 64.5 (60 out of 93), that in HTN 

patients was 84.4 (38 out of 45). The influence of gender 

difference on postoperative renal global functional decline 

should be investigated in a larger patient cohort without a 

comorbidity bias. The present study revealed that HTN might 

be useful information for the prediction of postoperative renal 

global functional deterioration after PN.  

Many 3-D simulation software packages enable researchers 

to estimate renal preservation by a detailed surgical process 

with computational methods [20, 21]. In this study, 

sophisticated film technology, Synapse Vincent, was used for 

the soft volumetric analysis. The employment of Synapse 

Vincent demonstrated that it had a significant correlation 

between percent eGFR alteration and percent RPV 

preservation in 60 cases treated with RN [22]. The finding in 

this study that postoperative contralateral RPV was 

significantly larger than preoperative RPV suggests that 

compensatory renal hypertrophy (CRH) of the contralateral 

side likely occurs 6 month postoperatively. The CRH of the 

contralateral side could cover the renal global functional 

decline after an operation gradually over 1 year [23]. However, 

our findings suggest that a postoperative duration of 6 months 

is adequate to cover the renal global functional decline after 

PN. Considering our results of the significance of higher 

postoperative eGFR and percent change of contralateral side 

RPV in patients without HTN than in patients with HTN, it is 

suggested that the compensation of postoperative renal global 

functional decline is prominent in patients without HTN. 

Postoperative CRH of the contralateral side is a well-known 

influential factor for renal function after RN. Although the 

renal functional outcome of the diseased side kidney plays a 

vital role in post-PN renal global function, CRH of the 

contralateral side also influences post-PN renal global 

function. Few studies demonstrate the CRH of the 
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contralateral side in a PN patient cohort [23, 24]. Kim et al. 

demonstrated that the tumor and resected parenchymal 

volume were independent predictive factors of CRH after 

robot-assisted PN [23].
 

Large tumors (>7cm) were 

significantly associated with CRH in a mixed cohort of RN 

and PN [25]. The resected parenchymal volume was also 

significantly associated with CRH in a mixed cohort of RN 

and PN [20]. The findings in this study indicated that CRH of 

group B was statistically inferior to group A. The ischemic 

time of group B was somewhat longer than that of group A. 

Considering the universal evidence of the correlation between 

ischemic time and post-PN renal function [13], it might be 

possible that ischemic time affects the CRH of the 

contralateral side, consequently leading to postoperative renal 

global functional deterioration in this study. Another 

characteristic factor associated with postoperative renal global 

functional deterioration was tumor pathology. The 

distribution of malignancy was somewhat higher in group B 

(32 out of 34; 94.1%) than in group A (48 out of 59; 81.4%). 

Although detailed evaluation of the resected normal 

parenchymal margin occurs during the operation, surgeons 

might be influenced by the preoperative CT diagnosis of the 

tumor and decide the margin thickness in each case. Therefore, 

margin thickness might be thinner in preoperative suspected 

benign tumor cases, consequently leading to the preservation 

of a large amount of normal parenchyma. Another 

interpretation is the coexistence of renal malignancy and 

systemic disease which can be predicted by histopathological 

evaluation of resected renal specimens. HTN, smoking, 

obesity, DM and increasing age are risk factors for renal 

malignancy, and independently, they all have a strong impact 

on renal function [26-29]. Bijol et al. also showed the presence 

of pathological arteriosclerosis and DM as frequent findings in 

nephrectomized normal renal parenchyma in a cohort of 110 

consecutive renal tumor patients [30]. 

The study has certain limitations. First, multiple operators 

performed PN. Although the surgical concept was 

standardized in all cases of our study, technical differences 

among surgeons might influence the outcome. Therefore, our 

study does not have enough power to deny the effect of 

surgical factors to postoperative renal global function in 

patients treated by PN. External validation in a large sample 

size of patients who are operated by a single expert surgeon 

will help to further characterize the potent factors. Second, 

although the volumetric software was easy to use, and the 

results were accurate, there might be some inter-observer 

variability in measuring volumes. Third, the retrospective 

nature and the small sample size of patients was an additional 

limitation. 

5. Conclusion 

This study suggested that host factors, rather than surgical 

factors, may be associated with postoperative renal global 

functional deterioration in PN. In the presence of HTN, 

patients may benefit from more rigorous follow-up and 

aggressive reno-protective measures throughout surgical 

treatment.  
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