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Abstract

Background Mayo Adhesive Probability (MAP) score is based on posterior perinephric fat thickness and perinephric
fat stranding and ranges from 0 to 5. We intend to validate the score and identify preoperative factors predictive of
Adherent Perinphric Fat (APF) encountered in robotic-assisted partial nephrectomy.

Methods The retrospective and prospective observational study was done at a single tertiary care hospital after
appropriate ethical clearance. Sixty-two patients with clinical stage cT1 renal mass planned for robotic-assisted partial
nephrectomy were selected over a study period of 3 years after obtaining informed consent. Data that were col-
lected included demographic details and perioperative details including CT renal angiography which was done in

all patients preoperatively. Intraoperative and postoperative data were collected. Associations of patient and tumor
characteristics with the presence of APF during RAPN were evaluated by multivariable logistic regression models and
using Chi-square test to calculate p value.

Results Out of total 62 patients included; 24 patients (38.7%) had intraoperative Adhesive Perinephric Fat (APF).
Three patients required conversion to open surgery and three patients underwent conversion to radical nephrec-
tomy. Thirty-five patients were males. Mean age was 51.27(20-77) years. We noted an increased likelihood of APF with
an increase in age (p=0.003), higher preoperative creatinine (p=0.003), greater posterior perinephric fat thickness
(p=0.002), and perirenal fat stranding (p < 0.001). From these four variables, posterior perinephric fat thickness and fat
stranding were the most predictive. The combined score given to these two highly predictive factors for APF and the
calculated score, termed Mayo Adhesive Probability (MAP) score ranges from 0 to 5. APF was seen in 10.7% of patients
with a MAP score of 0, 25% with a score of 1, 50% with a score of 2, 44.4% with a score of 3, 88.8% with a score of 4,
and 100% of patients with a score of 5 was found. Our study validates the MAP score given by Davidiuk et al. Smoking,
high BMI, Sex of patient, tumor size, lateral perinephric fat thickness do not significantly predict APF in our study.

Conclusion MAP score can be easily calculated from a CT scan. We validate the MAP score in RAPN. Higher MAP
score has higher APF which would be useful to all urologists doing RAPN.
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1 Background

The incidence of RCC in Indian population is 1.3/100,000,
with a mortality of 1.2/100,000 [1]. With the advances
in radiological imaging, easy availability of imaging and
increase awareness, more asymptomatic renal masses are
being detected incidentally to the tune of almost 67% [2].
Recent European Association of Urology Guidelines rec-
ommend Partial Nephrectomy for all T1 tumors and T2
tumors with a solitary kidney, CKD patient, where it is
technically feasible [3].

The acceptance of robotic NSS has rapidly increased
for the treatment of larger, and complicated renal
masses [4]. It provides some advantages, such as 3-D
vision, helps in removing tremors, provides surgeons
with a magnified view and allows delicate movement
of instruments with seven degrees of freedom, and ful-
fills the requirements of effective laparoscopic surgery.
The RAPN is technically easy and is associated with
less chance of conversion to radical nephrectomy, less
blood loss, shorter ischemia times, and early postop-
erative discharge [5, 6].

For anatomical characteristic identification and pre-
operative standard anatomical evaluation of renal
mass RENAL morphometric score and PADUA score
have been developed. This scoring system was based
on CT scan findings and they aid in predicting perio-
perative and postoperative complications of partial
nephrectomy [7-9]. These scoring systems are useful
for selecting the surgical method for a better onco-
logical outcome. The RENAL nephrometry score was
developed for treatment decision-making and included
tumor-specific factors but did not include patient-spe-
cific factors like APF which predict surgical difficulty
[10].

MAP score was created based on individual scores
for posterior perinephric fat thickness and perinephric
fat stranding were then combined to create the MAP
score that ranges from 0 to 5. Scores for posterior
perinephric fat thickness (<1 c¢m assigned 0 points,
1-1.9 cm assigned 1 point,>2 cm assigned 2 points).
Grading of perinephric stranding. None: 0 points. The
fat around the kidney demonstrates no stranding and
computed tomography images show a completely black
color surrounding the kidney. Mild/moderate (type 1):
2 points. The fat around the kidney has some strand-
ing present without thick bars of inflammation. Severe
stranding (type 2): 3 points. Thick bar of fat stranding
around kidney [11].

In this study, we intended to validate MAP (Mayo
Adhesive Probability) score and preoperative fac-
tors to predict adherent perinephric fat in robotic-
assisted partial nephrectomy with reference to Indian
population.
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2 Methods

This retrospective and prospective observational study
was conducted in a single center after achieving appro-
priate ethical clearance from the institutional ethi-
cal committee (Ref No. EC/635/2020). The study was
done in accordance with the Declaration of Helsinki
and as per Good Clinical Practice guidelines. Written
informed consents were obtained from the patients
undergoing the procedure in the study. A total of 62
patients with a diagnosis of a renal mass planned for
a RAPN was selected for the study. The study period
was 3 years from March 2018 to February 2021. All the
patients above 18 years of age who were diagnosed with
renal mass and amenable to undergo partial resection
on preoperative evaluation, irrespective of sex were
included in the study. Patient who are unwilling or una-
ble to give informed consent and patients who had not
undergone CT scan of Abdomen were excluded from
the study.

2.1 Variables

After having obtained informed consent from the
patient, detailed demographic data were obtained in the
form of patient name, age, sex, and BMI. A detailed past
and present history of the patient was sought including
a history of comorbidities if any history of smoking, and
any family history of renal malignancy. Physical examina-
tion of the patient was for any palpable renal mass. All
the patients presenting with renal mass had to undergo
all the baseline preoperative investigations such as serum
creatinine, complete blood count, viral markers, coagula-
tion profile, urine routine and microscopy. Radiological
investigations such as CT renal angiography were done to
determine the location and size of the mass. Posterior fat
thickness, lateral fat thickness, perinephric fat stranding
of all patients were calculated from the CT scans. From
the CT scan images, the posterior and lateral perinephric
fat thickness was measured at the level of the renal vein
as similarly described by Eisner et al. [12]. Lateral per-
inephric fat thickness was measured from the renal cap-
sule to the sidewall of the patient in parallel to the renal
vein at the level of a renal vein; posterior fat thickness
was measured as a direct vertical line posteriorly from
the renal capsule to the posterior abdominal wall (Fig. 1).
The perinephric fat stranding was defined as a linear area
of soft-tissue attenuation in the perinephric space. If per-
inephric fat stranding was found on a CT scan, it was
graded according to severity. The stranding was graded
as 0 (no stranding; Fig. 2A), type 1 (thin rim like mild
stranding; Fig. 2B), or type 2 (diffuse, thick-banded severe
stranding; Fig. 2C), as described by Kim et al. [13]. All the
tumors were scored preoperatively using the MAP score.
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Fig. 1 Method of measuring posterior and lateral perinephric fat
thickness at the level of renal vein. P=posterior, L =lateral, RV=Renal
vein

2.2 Surgical technique
The surgery was performed by three surgeons with a
minimum experience of 50 cases each of RNSS.

The main steps are as follows. Placement of a ureteric
catheter. Patient positioning in modified lateral decu-
bitus position. Creation of pneumoperitoneum. Trocar
placement as standard. Docking of Robot.

Medial mobilization of the bowel. Hilar identifica-
tion and dissection. Tumor identification. Hilar clamp-
ing. Tumor excision. Renal reconstruction. Specimen
extraction and closure.

Intraoperative we have observed whether perinephric
fat was adhesive or nonadhesive. We have defined as
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adhesive perinephric fat if one or more of the following
things observed during RAPN.

1. Difficulty in peeling of perinephric fat from the kid-
ney.

2. Oozing of blood during dissection of perinephric fat
from kidney.

3. Subcapsular dissection to separate perinephric fat.

4. Remaining of fat globules over kidney after dissection
of perinephric fat from kidney.

5. Surgeon’s difficulty during dissection to isolate the
renal tumor or open conversion due to adhesion

(Fig. 3).

2.3 Statistical analysis

Statistical analysis was done as per the established guide-
lines [14]. It consisted of following two steps. First,
evaluation of data distribution was done by using Shap-
iro—Wilk test. Then medians and interquartile ranges or
frequencies and proportions were reported for continu-
ous or categorical variables, respectively. Secondly, asso-
ciations of patient and tumor characteristics with the
presence of APF during RAPN were evaluated by multi-
variable logistic regression models, where odds ratios and
95% CI were estimated. For easy interpretation of results,
continuous variables were categorized like (age, preoper-
ative creatinine, size of renal mass, posterior perinephric
fat thickness, and lateral perinephric fat thickness) or
predefined cutoffs of interest (in BMI and RENAL score).
We have used Chi-square test to calculate p value. All
the statistical analysis was performed using SPSS v20
software (IBM SPSS statistics, Armonk, NY: IBM Corp.,
USA) and statistical significance was set at p value less
than or equal to 0.05.

Fig. 2 Grading of perinephric fat stranding. A None =0 points. The fat around the kidney demonstrates no stranding in the CT scan. On this CT
image, the tissue around the kidney is completely black. B Mild/moderate (Type 1)=2 points. The perinephric fat around the kidney has some
image-dense stranding present, but thick bars of inflammation were absent. C Severe stranding (Type 2) =3 points. Image shows severe stranding
around the kidney with thick image-dense bars of inflammation
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Fig. 3 Intraoperative images. A Clear kidney surface after dissection=No APF. B Remaining fat globules over kidney after dissection = APF. C Easily
peeling of perinephric fat from the kidney =No APF. D Oozing of blood during dissection of perinephric fat=APF

3 Results

There was a total of 62 patients (n=62) included in the
study. Twenty-four patient (38.7%) had intraoperative
APE. Three patients converted to open NSS (two due to
adhesion and one due to endophytic tumor) and three
patients converted to radical nephrectomy (two due to
adhesion and one due to bleeding).

The mean age of all the patients in the study was
51.27 years with a minimum of 20 years and a maximum
of 77 years. The median age was 51.50 years. Table 1 sug-
gests an increase in age was significantly associated with
intraoperative adhesive perinephric fat. As shown in
Table 2, increase in creatinine was significantly associ-
ated with intraoperative adhesive perinephric fat.

The mean posterior perinephric fat thickness of all the
patients in our study was 1.07 cm with a minimum of
0.12 cm and a maximum of 3.60 cm. The median thick-
ness was 0.84 cm. Table 2 suggests that an increase in
perinephric fat thickness was significantly associated
with intraoperative adhesive perinephric fat. Also, as
can be seen, perinephric fat stranding was significantly

associated with intraoperative adhesive perinephric fat.
In our study perinephric fat stranding and posterior per-
inephric fat thickness were most significantly associated
to predict intraoperative adherent perinephric fat. We
give score 0 to posterior perinephric fat thickness<1 cm,
score 1 to posterior perinephric fat thickness 1-1.9 cm,
score 2 to posterior perinephric fat thickness>2 cm,
score 0 to no perinephric fat stranding, score 2 to
type-1 perinephric fat stranding, score 3 to type-2 per-
inephric fat stranding. We combined the score of these
two parameters to calculate Mayo Adhesive Probability
(MAP) score and ranging from 0 to 5. We observed APF
in 10.71% of patients with a MAP score of 0, 25% with a
score of 1, 50% with a score of 2, 44.44% with a score of
3, 88.88% with a score of 4, and 100% of patients with a
score of 5 as shown in Table 3.

4 Discussion

APF is non-surgeon-friendly fat and it can cause diffi-
culty during RAPN during dissection surrounding the
tumor and may result in tear of the renal capsule [15].
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Table 1 Demographics
Variable Total number of patients (n=62) (%) Fraction (%) with intraoperative adherent p-value
perinephric fat
Age (years) 0.010
a.<40 6 2/6 (33.3%)
b. 40-50 14 6/14 (42.8%)
c. 50-60 25 15/25 (60%)
d.60-70 9 6/9 (66.7%)
e.>7/0 8 7/8 (87.5%)
Gender 0.07
a. Female 27(43.5) 7/27 (25.9%)
b. Male 35(56.5) 17/35 (48.6%)
BMI (kg/m2) 0816
a.<25 17 (27.4) 6/17 (35.3%)
b.25.01-30 39 (62.9) 15/39 (38.5%)
c.>30 6(9.7) 3/6 (50%)
Smoking 0.208
a.No 49 (79) 17/49 (34.7%)
b.Yes 13 (21) 7/13 (53.8%)
Hypertension 0.626
a.No 39 (62.9) 16/39 (41%)
b. Yes 23(37.1) 8/23 (34.8%)
Diabetes mellitus 0.094
a.No 46 (74.2) 15/46 (32.6%)
b.Yes 16 (25.8) 9/16 (56.2%)

Senior Urologists, experts in RAPN have felt the neces-
sity of models or scores to predict intraoperative APF
and the complexity of the surgery, preoperatively [10].
Davidiuk et al. [11] did a study to know the relationship
between the patient-related factors and intraoperative
APF and give MAP score. This score was on the image
(CT scan) based. Although the MAP score appears
promising, because of the small sample size its validation
in other centers and in the Asian population is required.
Recent studies suggest a higher MAP score associated
with an increase in intraoperative adhesive perinephric
fat and difficulty in performing dissection and adverse
intraoperative outcomes like increased estimated blood
loss, operation time. Most of the urologists use RENAL,
PADUA scores to decide RAPN based on tumor fac-
tor and do not include patient factors. Urologist do not
use MAP scores nowadays routinely to predict surgi-
cal difficulty during RAPN. Thus, we decided to study
to validate MAP (Mayo Adhesive Probability) score and
preoperative factors to predict intraoperative adherent
perinephric fat in robotic-assisted partial nephrectomy.
In our study, we found four factors include increased
perirenal fat stranding, posterior perinephric fat thick-
ness, increase in age, and increased creatinine was sig-
nificantly associated with APF. Smoking, high BMI, Sex

of patient, tumor size, and lateral perinephric fat thick-
ness do not significantly predict APF in our study. From
four significant factor, perinephric fat stranding and pos-
terior perinephric fat stranding were most significantly
predicted APF. We combined the score of these two fac-
tors to create a MAP score. Our study validates the MAP
score given by Davidiuk et al. [11], who had done a study
of 100 patient from which 30 patient (30%) had APN.

We included patients above 18 years of age. The mean
age of this patient in our study was 51.2 +14.1 years with
a maximum of 77 years and a minimum of 20 years. The
median age was 51.5 years. The median age in study by
Davidiuk et al. [11] was 63 years. In our study age is less
in comparison. In our study increase in age is associated
with significant intraoperative adhesive perinephric fat,
but in the study by Davidiuk et al. [11], there was no sig-
nificant intraoperative adhesive perinephric fat with an
increase in age.

Our study suggests a significant correlation between
intraoperative adherent perinephric fat and an increase in
creatinine (p =0.003). In the study by Davidiuk et al. [11],
they did not suggest a significant correlation between
intraoperative adherent perinephric fat and creatinine.
The reasons could be due to ascertainment bias or bias
due to small sample population. A theoretical probable
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Table 2 Tumor characteristics

Renal mass size (cm) 0.509
a.<2 2(32)  0/2(0%)
b.2.01-35 24 (38.7) 10/24 (41.7%)
c>35 36 (58.1) 14/36 (38.9%)

RENAL Nephrometry score 0.812
a.4-6 35(56.5) 14/35 (40%)

b.7-9 27 (43.5) 10/27 (37%)
Posterior perinephric fat thickness 0.002
(cm)

a.<1 37(59.7) 8/37 (21.6%)

b.1-19 16 (25.8) 9/16 (56.2%)

c>2 9(14.5) 7/9(77.8%)

Lateral perinephric fat thickness (cm) 0.059
a<15 43(69.4) 13/43(30.2%)
b.15-24 14 (22.6) 7/14 (50%)
c>25 5(8.1)  4/5(80%)

Perinephric fat stranding <0.001
a.No 34 (54.8) 5/34(14.7%)
b.Type 1 15(24.2) 7/15 (46.7%)

c. Type 2 13(21)  12/13(92.3%)
Tumor type 0.776

a. Benign 6(9.7) 2/6 (33.3%)

b. RCC 56 (90.3) 22/56 (39.3%)

Preop Creatinine (mg/dl) 0.003
a.<0.8 33(53.2) 7/33(21.2%)
b.0.81-1 19 (30.6) 10/19 (52.6%)
c>1 10 (16.1) 8/10 (80%)

Table 3 MAP score and perinephric fat adhesion

MAP score Patient with adhesive % of patient with

perinephric fat adhesive perinephric
fat

0 3/28 10.71

1 1/4 25

2 4/8 50

3 4/9 444

4 8/9 88.8

5 4/4 100

explanation is that increased serum creatinine levels due
to chronic pyelonephritis may have resulted in APF.

In our study, we found a significantly increased likeli-
hood of APF in patients who had a greater posterior
perinephric fat thickness (<1.0 cm: 21.6%; 1.0-1.9 cm:
56.25%;> =2.0 cm: 77.7%; p=0.002), and patients who
had greater perinephric stranding (no stranding: 14.7%,
type 1: 46.7%, type 2: 92.3%; p<0.001). We could not
find any significant correlation between APF and lateral
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perinephric fat thickness. The study by Davidiuk et al.
[11] showed that there was a significantly increased APF
in patients who had a greater posterior perirenal fat
thickness (< 1.0 cm: 5%; 1.0-1.9 cm: 23%; > =2.0 cm: 66%;
p<0.001), patients who had a greater lateral perirenal fat
thickness (< 1.5 cm: 5%; 1.5-2.4 cm: 30%; > =2.5 cm: 64%;
p<0.001), and patients who had greater perirenal strand-
ing on CT scan (no stranding: 14%, type 1: 80%, type 2:
92%; p <0.001).

From the four significant factors associated with APF
in our study, perinephric fat stranding and posterior
perinephric fat thickness were the most significant pre-
dictors. We combined the score of these two factors to
create a Mayo Adhesive Probability (MAP) score that
ranges from 0 to 5, to predict the presence of APF. We
observed APF in 10.71% of patients with a MAP score
of 0, 25% with a score of 1, 50% with a score of 2, 67%
with a score of 3—4, and 100% of patients with a score of
5 in our study (n=62) Davidiuk et al. [11], also calculated
MAP score by a combination of score given to the two
most significant factors (posterior perirenal fat thickness
and perirenal fat stranding). He observed APF in 6% of
patients with a MAP score of 0, 16% with a score of 1,
31% with a score of 2, 73% with a score of 3—4, and 100%
of patients with a score of 5. MAP score of both studies
was comparable in percentage of the patients having APF
with same MAP score and thus our study validate the
MAP score given by Davidiuk et al. [11].

Kawamura et al. [16] did a study in the Asian popula-
tion that underwent partial nephrectomy (n=237). He
observed APF in forty patients (17%). He found male
patient has a significantly increase in APF. His result
show MAP score was valid to predict intraoperative APF.
Ji et al. [17], in their study showed posterolateral and
medial perirenal fat thickness and DM associated with
MAP score. Tumor type (malignant vs. benign) was not
statistically different. Haehn et al. [18], in their study,
involved 100 open partial nephrectomy by single surgeon
and found 43 patients had intraoperative APF and his
result validated MAP score for open partial nephrectomy
The MAP score had the ability to predict APF in open
partial nephrectomy (95% CI). APF was found in 6% of
patients with a MAP score of 0-1, 27% with score 2, 52%
with score 3, 75% with score 4, and 90% with score 5.

The literature shows with an increase in visceral obesity
surgery become difficult. In 2010 Morris et al. [19], noted
intraabdominal fat (IAF) better predicted intraopera-
tive complication and dissection difficulty as compared
to higher BMI and outer abdominal fat thickness. One
study by House et al. [20], also suggests that retro renal
fat more than 2 cm was associated with higher complica-
tions in pancreaticoduodenectomy. Anderson et al. [21]
noted longer operation duration in laparoscopic donor
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nephrectomy inpatients having increased posterior renal
fat thickness and in men. Intraabdominal fat-like per-
inephric fat thickness was better than BMI in the pre-
diction of dissection difficulty, OT time, postoperative
complications, and blood loss in patients undergoing PN
in two studies [22, 23]. It was thought that non-surgeon-
friendly fat may complicate surgery on patients with
increased visceral fat. Bylund et al. [23] first sought to
conclude that increased thickness of perinephric fat,
male sex, and stranding was associated with the find-
ing of APF intraoperatively during PN in a cohort of 29
patients.

From our study, we can conclude that perinephric fat
stranding and more fat thickness were responsible for
intraoperative APF and difficulty in dissection in RAPN.
We validate the MAP score in RAPN. So, based on the
MAP score, we can know the APF or the hostile fat pre-
operatively and anticipate surgical difficulty and decide
the best surgical option. This is based on CT scan only
which is done routinely preoperatively and no other
imaging is required to derive on this score. This helps the
novice surgeon with less laparoscopic or robotic expe-
rience to choose alternative options like open partial
nephrectomy. While at the same time, we cannot com-
ment based on our study whether MAP score can be
applied to open partial nephrectomy or not.

Limitations of the study include the relatively small
population under study. We did not study the postopera-
tive outcomes in relation to APF.

5 Conclusions

MAP score can be easily calculated preoperatively from a
CT scan. We validate the MAP score in RAPN. With an
increase in MAP score, adhesive perinephric fat or hos-
tile fat increases and this increases the surgical difficulty.
This helps in deciding surgical difficulty for all Urologists
doing this surgery.
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