
Abstract. Background/Aim: The aim of this study was to 
evaluate the Mayo Adhesive Probability (MAP) score as a 
predictor of split renal function deterioration after robot-
assisted partial nephrectomy (RAPN). Patients and Methods: 
A total of 30 patients who underwent RAPN were identified 
retrospectively. The parameters evaluated included patient 
characteristics, tumor diameter, MAP score, warm ischemic 
time (WIT), and renal function. Split renal function was 
evaluated using Tc-99m DTPA renal scintigraphy before and 
six months after surgery. Univariate and multivariate logistic 
regression analyses were performed. Results: Nine patients 
(30.0%) showed more than 90% preservation of split renal 
function on the operated side. The MAP score (p=0.015), 
cT1b tumor (p=0.0002), and WIT (p=0.044) were associated 
with preservation of split renal function six months after 
surgery on univariate analysis. The MAP score was the 
strongest predictor of preservation of split renal function six 
months after surgery on multivariable analysis (p=0.007). 
On receiver-operating characteristic (ROC) curve analysis, 
the MAP score (cutoff value 3.0; p=0.01) was a significant 
predictor of split renal function six months after surgery. 
Conclusion: The MAP score was significantly associated 

with postoperative split renal function six months after 
RAPN on the operated kidney side. The MAP score is useful 
for predicting split renal function after RAPN. 
 
Partial nephrectomy (PN) is the standard treatment for small 
renal masses (1), and its objectives are to achieve control of 
the cancer and preserve renal function. The procedure 
involved in PN has progressed from open to minimally 
invasive surgery, including laparoscopic partial nephrectomy 
(LPN) and robot-assisted partial nephrectomy (RAPN) (2).  

The Mayo Adhesive Probability (MAP) score is a computed 
tomography (CT) based scoring system that is useful as a 
quantitative and qualitative indicator of perinephric fat (PNF) 
and for predicting surgical time and surgical difficulty prior to 
partial nephrectomy (PN) (3, 4). This scoring system is simple 
and is calculated based on two indices: perinephric fat 
thickness and stranding. Perinephric fat thickness is a type of 
visceral adipose obesity, whereas perinephric stranding may 
indicate fat inflammation and firmness (3). Recently, it has 
been reported that thickness and inflammation of perinephric 
fat may be predictors of decreased renal function in patients 
with chronic kidney disease (CKD) (5, 6).  

Thus, we hypothesized that the MAP score is one of the 
patient-specific metabolic parameters that can predict renal 
deterioration after PN. The literature on the usefulness of the 
MAP score as a predictor of postoperative renal function in 
RAPN is limited and inconclusive. The purpose of this study 
was to evaluate the MAP score as a predictor of renal 
function decline after RAPN. 

 
Patients and Methods 
 
Patients. Our Research Ethics Committee approved the study design 
(approval number H20-09-002) and, because of the retrospective 
design, the need to obtain informed consent from all eligible patients 
for their involvement in the study was waived. Between August 2020 
and June 2022, 30 patients underwent RAPN for the treatment of renal 
cell carcinoma at our institution and were analyzed in the present study. 
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Surgical procedure. All RAPNs in this study were performed by a 
single expert robotic surgeon (N.H.) using a da Vinci Xi robotic 
system. The RAPN approach was selected according to the location 
of the tumor, with a transperitoneal approach for tumors on the 
anterior side of the kidney and a retroperitoneal approach for tumors 
on the posterior side of the kidney. The transperitoneal and 
retroperitoneal approaches were used in 23 and 7 cases, 
respectively. RAPN procedures were carried out using previously 
described techniques (7). The assistant placed two additional trocars 
including the AirSeal iFS (CONMED Japan KK, Tokyo, Japan). The 
ARIETTA 70 (Hitachi Aloka Medical Ltd., Tokyo, Japan) was used 
for intraoperative ultrasound to identify tumor distribution and 
resection margins. After dissecting the gerota fascia from the kidney 
to expose the tumor, the fat around the tumor was minimally 
detached. The main renal arteries on the operated side were clamped 
with a single bulldog clamp, and tumor resection was performed 
with cold scissors, maintaining a margin of approximately 3 mm. 
The collecting system closure was completed using 3-0 V-Loc 
(COVIDIEN Japan, Inc., Tokyo, Japan) as an inner running suture, 
and additional inner sutures were placed to stop bleeding, followed 
by renorrhaphy using 3-0 V-Loc. 

Perioperative data. The following parameters were collected: age, 
sex, body mass index, tumor side, tumor size, clinical stage, 
RENAL nephrometry score (RNS), the MAP score, pre- and 
postoperative total renal function, pre- and postoperative split renal 
function, operative time, WIT, estimated blood loss (EBL), clinical 
T stage, histopathological types of the tumor, and perioperative 
complications. Perioperative complications were evaluated using the 
Clavien-Dindo classification. 
 
The MAP score. The MAP score is calculated based on two indices: 
perinephric fat thickness and perinephric stranding. Perinephric fat 
thickness is measured by the distance between the renal capsule and 
the body wall at the level of the renal vein (<1 cm:0 points, 1.1-1.9 
cm:1 point, >2.0 cm:2 points). The perinephric stranding score is 
measured at the same level (no stranding:0 points, mild stranding:1 
point, severe stranding:2 points). The two scores are summed and 
scored from 0 to 5 points (Figure 1). 

An independent reviewer assessed the preoperative CT for each 
patient as described by Davidiuk et al. (3). In previous studies, with 
MAP scores <2, it was considered easier to detach perinephric fat 
and less difficult to perform surgery (8), therefore, patients were 
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Figure 1. Method for determining perinephric fat measurements and grading of perinephric stranding. A) The distance between the renal capsule 
and the body wall at the level of the renal vein is measured (white dotted line). Stranding is evaluated at the perinephric fat of the operated side 
(white dotted circle). B) Patients with a Mayo adhesive probability (MAP) score of 0. Perinephric fat is thin with no stranding. C) Patients with a 
MAP score of 5. Perinephric fat is thick and shows severe stranding with inflammation.



classified into three groups by their MAP scores: easy case group, 
MAP score 0-1; intermediate case group, MAP score 2-3; and 
difficult case group, MAP score 4-5. 

 
Perioperative renal function. The serum creatinine (sCr) 
concentration and estimated glomerular filtration rate (eGFR) were 
used to assess preoperative and postoperative total renal function. 
Split renal function was analyzed using renal scintigraphy with 
technetium-99m diethylene-triamine-pentaacetate (Tc-99m DTPA) 
immediately before and six months after surgery, and the change in 
GFR on the operated side was calculated. According to a previous 
study, preservation of renal function was defined as maintenance of 
postoperative GFR on the operated side ≥90% (8). 

The primary objective was to determine whether the MAP score 
could predict the preservation of postoperative split renal function 
on the operated side kidney. The secondary objective was to 
determine the cutoff value of the MAP score to predict postoperative 
split renal function on the operated side ≥90% after RAPN. 

Statistical analysis. To compare patient characteristics between the 
preserved split renal function (GFR ≥90%) and the non-preserved 
split renal function (GFR <90%) groups, differences between groups 

were evaluated using the Wilcoxon rank-sum test for continuous 
variables, with significance at p<0.05. Continuous data are 
presented as median and interquartile range (IQR) or mean and 
standard deviation (SD) values. Associations of patient and tumor 
characteristics with the preservation of split renal function on the 
operated side (GFR ≥90%) were evaluated using logistic regression 
models, in which odds ratios and 95% confidence intervals (CIs) 
were estimated. The change in GFR on the operated side was 
compared among the three groups (easy case group, intermediate 
case group, and difficult case group) using analysis of variance 
(ANOVA). Receiver-operating characteristic (ROC) curve analysis 
was also performed to determine the value of the MAP score 
determining the risk of GFR reduction on the operated side. All 
analyses were performed using JMP version 11.0 software (SAS, 
Cary, NC, USA). 

 
Results 
 
Patients’ characteristics. The baseline clinical features and 
perioperative results for the 30 participants in the study are 
presented in Table I. The median age was 68 [interquartile range 
(IQR)=52-74] years, the median BMI was 24.4 (IQR=22.6-
25.9) kg/m2, and most patients were men (73.3%). The 
percentage of patients with hypertension (HT) was 50.0%. 
Overall, 83.3% (n=25) of the tumors were renal cell carcinomas 
(RCCs) with no positive resection margins. The median 
preoperative and postoperative total eGFRs were 66.5 
(IQR=61.7-76.0) and 59.5 (IQR=52.5-69.6) ml/min/1.73 m2, 
respectively, and the percentage of patients who maintained 
postoperative total eGFR ≥90% was 56.7% (n=17). The median 
preoperative and postoperative split GFRs on the operated side 
were 38.9 (IQR=14.4-48.9) and 29.2 (IQR=23.9-38.5) 
ml/min/1.73 m2, respectively, and the percentage of patients 
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Table I. Patients’ characteristics. 
 
Variable                                                                            Median (IQR),  
                                                                                         percentage or n 
 
n                                                                                                  30 
Male : Female                                                                           22:8 
Age (y)                                                                                68 (52-74) 
BMI (kg/m2)                                                                   24.4 (22.6-25.9) 
Tumor diameter (mm)                                                    25.5 (17.0-35.3) 
Patients with HT (%)                                                         50.0 (n=15) 
Transperitoneal approach:                                                       23:7 
 Retroperitoneal approach 
Preoperative total eGFR                                                66.5 (61.7-76.0) 
 (ml/min/1.73 m2) 
Postoperative total eGFR                                              59.5 (52.5-69.6) 
 (ml/min/1.73 m2) 
Patients with preservation                                                 56.7 (n=17) 
 of postoperative eGFR (%)*                                                       
Preoperative split GFR                                                  38.9 (33.2-42.4) 
 on the operated side (ml/min) 
Postoperative split GFR                                                29.2 (23.9-38.5) 
 on the operated side (ml/min) 
Patients with preservation of split GFR                            30.0 (n=9) 
 on the operated side (%)*                                                           
Patients with MAP score 0 (%)                                          16.7 (n=5) 
Patients with MAP score 1 (%)                                          13.3 (n=4) 
Patients with MAP score 2 (%)                                            0 (n=0) 
Patients with MAP score 3 (%)                                          16.7 (n=5) 
Patients with MAP score 4 (%)                                         36.7 (n=11) 
Patients with MAP score 5 (%)                                          16.7 (n=5) 
 
IQR: Interquartile range; BMI: body mass index; HT: hypertension; 
eGFR: estimated glomerular filtration rate; MAP: Mayo adhesive 
probability. *Postoperative preservation of renal function was defined 
as ≥90% of eGFR after surgery and ≥90% of postoperative split GFR 
on the operated side. 

Table II. Surgical outcomes. 
 
Variable                                                                             Median (IQR)  
                                                                                          or percentage 
 
Operative time (m)                                                           277 (234-320) 
Console time (m)                                                             155 (146-228) 
WIT (m)                                                                               20 (14-25) 
EBL (ml)                                                                               35 (0-79) 
Overall complications (%)                                                  13.3 (n=4) 
Grade IV or V complications (%)*                                      0 (n=0) 
cT1a (%)                                                                             83.3 (n=25) 
cT1b (%)                                                                              16.7 (n=5) 
Positive surgical margin (%)                                                 0 (n=0) 
Renal cell carcinoma (%)                                                  83.3 (n=25) 
   Clear cell carcinoma (%)                                               66.7 (n=20) 
   Chromophobe RCC (%)                                                  10.0 (n=3) 
   Papillary RCC (%)                                                           6.7 (n=2) 
   AML, Oncocytoma (%)                                                  16.6 (n=5) 
 
IQR: Interquartile range; WIT: warm ischemic time; EBL: estimated 
blood loss; RCC: renal cell carcinoma; AML: angiomyolipoma. 
*Clavien-Dindo classification.



who maintained split GFR on the operated side ≥90% was 30% 
(n=9). The number of patients in each MAP score group was as 
follows: easy case group (MAP score: 0-1), 9; intermediate case 
group (MAP score: 2-3), 5; and difficult case group (MAP 
score: 4-5), 16. The mean perinephric fat thickness points were 
1.17±0.67 (0 points:5, 1 point: 15, 2 points: 10), and the mean 
stranding points were 1.73±1.19 (0 points: 9, 2 points: 11, 3 
points: 10). The most common RNS value was 9, and two of 
the participants had highly complex tumors (≥10 points). 

 
Surgical outcomes. The median operative time was 277 
(IQR=234-320) min, console time was 155 (IQR=146-228) 
min, WIT was 20 (IQR=14-25) min, and EBL was 35 
(IQR=0-79) ml. RAPN was not converted to other surgical 
procedures. According to the Clavien-Dindo classification, 
overall complications were observed in 4 (13.3%) RAPN 
patients. These included two cases of drug-induced liver 
dysfunction, one case of fever, and one case of urinary 
retention. No grade IV or V complications of the Clavien-
Dindo classification were observed during the entire 
postoperative course. All postoperative complications were 
evaluated within 30 days after surgery. On histopathological 
evaluation, 83.3% (n=25) were renal cell carcinoma cases, 
and 16.7% (n=5) were angiomyolipoma or oncocytoma. 
Tumors were classified as cT1a in 25 patients and cT1b in 
5 patients according to the 2010 TNM classification (Table 
II) (9).  

 
Preservation of split renal function. In 43.3% (n=13) of 
patients, eGFR, as the indicator of total renal function, at six 
months after RAPN was less than 90% of the preoperative 
eGFR, whereas, in 70.0% (n=21) of patients, the split GFR 
on the operated side was less than 90% of the preoperative 
split GFR at six months after RAPN. The changes in GFR 
on the operated side for the three groups stratified by the 
MAP score are shown in Figure 2. The mean changes in 
GFR on the operated side were -4.09±5.85 ml/min for the 
easy case group (MAP score 0-1), -5.15±4.53 ml/min for the 
intermediate case group (MAP score 2-3), and -9.91±4.58 
ml/min for the difficult case group (MAP score 4-5). On 
univariable analysis, the MAP score (p=0.015), cT1b tumor 
(p=0.0002), and WIT (p=0.044) were associated with 
preservation of split renal function six months after surgery 
(Table III). On multivariable analysis, tumor diameter, MAP 
score, and WIT were identified as independent variables. The 
MAP score (p=0.007) and WIT (p=0.029) were significant 
independent predictors of split renal function after surgery 
(Table IV). On ROC curve analysis, the MAP score (cutoff 
value 3.0; p=0.01) significantly predicted split renal function 
on the operated side six months after surgery (Figure 3). 
 
Discussion 
 
To date, RAPN has been reported to result in significantly 
better preservation of renal function than LPN (10). 
However, previous reports have mainly identified tumor 
factors, such as WIT, tumor diameter, residual renal volume, 
and renal hilar tumor as factors affecting postoperative renal 
function (8, 11, 12). Though these are of course important 
factors in preserving renal function, in practice, the thickness 
and firmness of PNF may compromise feasibility and 
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Figure 2. Comparison of the amount of change in the GFR on the 
operated side among the three groups on analysis of variance. Easy 
case group: Mayo adhesive probability (MAP) score 0-1, intermediate 
case group: MAP score 2-3, difficult case group: MAP score 4-5.

Table III. Association between preservation of split renal function six 
months after surgery and surgical variables.  
 
Variable                                Median (IQR) or percentage 
 
                                      Split GFR ≥90%     Split GFR <90%     p-Value 
 
Age (y)                             52 (51-66.5)            71 (53.5-75)            0.12 
BMI (kg/m2)                  25.4 (22.5-26.5)      23.6 (22.6-25.4)         0.18 
Patients with HT (%)         13.3 (n=4)              36.7 (n=11)            0.11 
cT1b (%)                             3.3 (n=1)                13.3 (n=4)          0.0002* 
MAP score                           1 (0-3.5)                    4 (3-5)              0.015* 
Console time (m)            153 (124-229)         168 (144-226)          0.63 
WIT (m)                          16 (12.5-18.5)         23 (14.5-25.5)        0.044* 
Transperitoneal                 26.7 (n=8)                50 (n=15)              0.39 
 approach 
 
IQR: Interquartile range; BMI: body mass index; HT: hypertension; 
MAP: Mayo adhesive probability; WIT: warm ischemic time; GFR: 
glomerular filtration rate. *p<0.05.



surgical outcomes. In the present study, whether the MAP 
score could predict renal function deterioration after RAPN 
was evaluated. The MAP score is a simple system to score 
PNF status, and the results showed that the MAP score was 
significantly associated with deterioration of GFR on the 
operated renal side at six months postoperatively.  

In recent years, several studies have shown that increased 
PNF is associated with the progression and development of 
CKD (5, 6, 13). The presence of excess PNF was related to 
a 2.3-fold increased risk of CKD, after adjustments for BMI 
and the presence of excess visceral adipose tissue (14). 
Metabolic syndrome and CKD share common risk factors, 
which include obesity, hypertension, hyperglycemia, and 
high cholesterol, and the combined presence of these risk 
factors may increase the burden on the kidneys and increase 
the risk of CKD. Therefore, since the MAP score suggests 
visceral fat and fat inflammation, the present study showed 
that perinephric fat status, a factor other than tumor, was an 
indicator of deterioration in postoperative split renal function 
on the operated side. 

Hata et al. reported that in laparoscopic partial nephrectomy, 
the MAP score was a significant predictor of worsening split 
renal function at three months postoperatively, with a cutoff 
value of 1.5 (15). However, there have been no studies of 
relatively long-term postoperative split-renal function in 
RAPN. The present study showed that the MAP score was a 
significant discriminative tool for predicting split renal function 
on the operated side six months after RAPN with a cutoff value 
of 3.0 (p=0.01). This score was higher than that reported for 
LPN, indicating that RAPN is more useful in patients with 
thicker and stiffer PNF. In the present study, the previously 
reported tumor size was not significantly associated with 
preserving postoperative split renal function on multivariate 
analysis. However, the MAP score was the most relevant. This 
may be due to the fact that RAPN has made resection of the 
tumor easier, even for relatively large tumors. However, it may 
be due to the patient’s metabolic factors that affect 
postoperative split renal function. These results suggest that 
RAPN may be more advantageous than LPN in preserving split 
renal function, especially in difficult cases with high MAP 
scores.  

The present study is the first to demonstrate the utility of 
the MAP score for predicting split renal function after RAPN. 
There were, however, some limitations. First, this was a 
retrospective study, and second, it was a study of a relatively 
small number of patients at a single institution. A future study 
with a larger sample size at multiple institutions is needed. 

 
Conclusion 
 
An increased MAP score was significantly associated with 
deterioration of postoperative split renal function six months 
after surgery on the operated kidney side. The MAP score is 
useful for predicting postoperative split renal function after 
RAPN. In addition, the present results suggest that RAPN 
may be able to better preserve split renal function on the 
operated kidney side even in complex cases as evaluated by 
the MAP score than LPN.  
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Figure 3. Receiver-operating characteristic analysis for the Mayo 
adhesive probability (MAP) score as a predictor of deterioration of 
operated side renal function after RAPN. A MAP score cutoff value of 
3.0 (arrow) offers optimal accuracy (area under the ROC curve 0.778). 

Table IV. Multivariate analysis of various factors affecting preservation 
of split renal function six months after surgery. 
 
                                                     OR (95%CI)                          p-Value 
 
Tumor diameter                        0.92 (0.77-1.05)                        0.259 
WIT (m)                                    1.31 (1.07-1.79)                        0.029* 
MAP score                                2.75 (1.45-6.81)                        0.007* 
 
WIT: Warm ischemic time; MAP: Mayo adhesive probability; OR: odds 
ratio; CI: confidence interval. *p<0.05.
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