in vivo 38: 2836-2843 (2024)
doi:10.21873/invivo.13764

Association of Mayo Adhesive Probability Score With
Perioperative Outcomes and Histological Characteristics of
Adherent Perinephric Fat in Laparoscopic Adrenalectomy
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Abstract. Background/Aim: To evaluate the difficulty of
laparoscopic adrenalectomy by investigating the usefulness of
the Mayo Adhesive Probability (MAP) score for assessing
adherent perinephric fat and its correlation with histological
reality. Patients and Methods: We retrospectively evaluated 103
patients who underwent laparoscopic adrenalectomies. Based
on preoperative computed tomography images, the patients
were categorized into two groups: high (3-5 points) and low
MAP (0-2 points). Clinical characteristics and perioperative
data were compared between the two groups. Additionally, we
analyzed the pathological tissue of the tumor and surrounding
fat using hematoxylin-eosin-saffron staining. Results: Compared
with the low MAP group, the high MAP group had younger
patients (59 vs. 62 years, p=0.097), more male patients (93.3%
vs. 44.3%, p<0.001), and higher body mass indices (26.4 vs.
238, kg/mz, p=0.029). The MAP group experienced a
significantly higher estimated blood loss compared to the low
MAP group (10 vs. 52.3, ml, p=0.047). Tumor and adhering
perirenal fat tissues of pheochromocytoma, adrenal carcinoma,
and metastatic adrenal tumors exhibited significantly higher
expression of vascular endothelial growth factor and cluster of
differentiation 204 compared to the low MAP group (p<0.001).
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Additionally, both proteins were highly expressed in the
adhering perirenal fat in the high MAP group (p=0.020,
p=0.015). Conclusion: Patients with a preoperative MAP score
=3, pheochromocytoma, or malignant tumor had a high risk of
increased intraoperative blood loss. Strict perioperative
management should be performed in such cases.

Owing to its notable benefits in terms of reduced
invasiveness compared with open surgery, laparoscopic
adrenalectomy (LA) (1) is recognized as the gold standard
surgical treatment for the management of benign adrenal
tumors and pheochromocytomas requiring surgical resection.
Although there is no definitive upper limit of tumor size for
LA, it is recommended to consider tumors measuring <12
cm owing to technical challenges and the possibility of
malignancy (2).

During LA, there are risks of perioperative complications
of Clavien-Dindo grades =2, with incidence ranging from
4.4% to 8.4%. The most common complication is bleeding,
which requires blood transfusion in approximately 0.8%-1.2%
of cases (3, 4). To reduce such perioperative complications,
it is essential to predict perioperative complications based on
preoperative conditions. Previous studies have reported that
factors predicting perioperative complications are related to
obesity, tumor size, tumor type, and perinephric fat content
(4-7). A previous study reported that a scoring system called
the Mayo Adhesive Probability (MAP) score focusing on the
adhering perirenal fat (APF) was associated with
perioperative results in robot-assisted partial nephrectomy (8).
In LA, the MAP score may be useful as it is necessary to
approach the perinephric fat to remove adrenal tumors
surrounded by the perinephric fat. Since adrenal tumors are
located within the perirenal fat, it would be beneficial if the
MAP score was a predictor of perioperative complications in
LA. In recent years, the usefulness of the MAP score in
predicting surgical outcomes in partial and donor
nephrectomies has been reported (8-10); however, few reports
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Figure 1. Representative computed tomography images used to evaluate the Mayo Adhesive Probability score. The method for measuring the amount
of fat around the kidney at the location of the renal vein is as follows: (A) None: 0 points. The tissue surrounding the kidney appears completely
black on this computed tomography image, with no visible fat stranding. (B) Mild/moderate (type 1): 2 points. The image shows dense areas around
the kidneys, but there are no signs of inflammation. (C) Severe stranding (type 2): 3 points. The image depicts a significant accumulation of tissue
around the kidney, with thick, dense bars indicating inflammation. P: Posterior perinephric fat thickness (cm); RV: renal vein.

on its correlation with LA have yet been published (11, 12).
In addition, APF, which is caused by inflammation (13), may
be histologically associated with adrenal tumors.

Therefore, this study aimed to retrospectively evaluate
MAP score and other predictive factors for APF along with
their association with complications. Additionally, we sought
to establish a correlation between surgical assessment and
histological confirmation of APF.

Patients and Methods

Study cohort and patient selection. The Ethics Committee of Nara
Medical University approved this retrospective study (reference ID:
3273). The study was conducted in accordance with the ethical
principles of the Declaration of Helsinki (2013). Our team at Nara
Medical University pathologically examined 121 patients with
functional or nonfunctional adrenal adenoma, pheochromocytoma,
adrenocortical cancer, or adrenal metastasis who underwent
adrenalectomy between February 2010 and November 2021. Before
surgery, all patients underwent computed tomography (CT) and
endocrine laboratory examinations at our hospital. We excluded 10
patients because of missing data, six because they underwent open
surgery instead of LA, and two because they had bilateral adrenal
tumors. A total of 103 patients (85%) who underwent LA were
included in the analysis.

Surgeries were performed by experienced urologists in our
department, all using the same technique. We collected various
clinical variables including patient age, sex, BMI, approach method,
history of hypertension, diabetes, abdominal surgery, size and side
of the tumor, and diagnostic classifications, such as primary
aldosteronism and pheochromocytoma. Surgical outcomes including
operative time, estimated blood loss, duration of postoperative
hospital stay, complications, and pathological results, were collected
from the medical records.

Definition of MAP score. Before surgery, the MAP score was
determined through CT and a urologist evaluated this score
independently. The MAP score was calculated using two

parameters: thickness of the posterior perinephric fat and
perinephric stranding type on the ipsilateral side (8). We measured
the thickness of the posterior perinephric fat at the renal vein level
and assigned a score of 0 for <1.0 cm, 1 for 1.0-2.0 cm, and 2 for
>2.0 cm. Perinephric fat stranding was scored as 0, 2, or 3 for none,
mild, or severe, respectively (Figure 1). The scores for both
variables were added to obtain the MAP score. The resulting scores
fell within the range of 0-5.

Pathological tissue analysis. Tissues of adrenal tumors and APF
that were operated on were fixed, embedded in paraffin, and sliced
into 5 mm sections. The sections were then stained with
hematoxylin-eosin-saffron (HES) for analysis. Antibodies against
vascular endothelial growth factor (VEGF) and cluster of
differentiation 204 (CD204) were used to analyze macrophage
infiltration due to angiogenesis and inflammation. Slides were
incubated overnight at 4°C with antibodies against VEGF (cat. no.
sc-152; 1:50; Santa Cruz Biotechnology, Inc., Dallas, TX, USA)
and CD204 (cat. no. KT022; 1:2,000; Trans Genic, Kobe, Japan).
HES-stained sections were examined, and at least three views for
each slide were captured at X100 and x400 magnification using a
light microscope (EVOS® FL Auto Cell Imaging System, Thermo
Fisher Scientific). Cytoplasmic and membranous staining of tumor
cells and adipocytes were considered positive. The Histochemical
scoring (H-score) system, which involves multiplying the intensity
score (0-3) by the percentage of stained cells (0-100), was used to
classify the specimens into four categories as follows: negative (0;
H-score 0-14), weakly positive (1+; H-score 15-99), moderately
positive (2+; H-score 100-199), and strongly positive (3+; H-score
200-300) (14).

Statistical analysis. Continuous variables are presented as medians
and interquartile ranges. Categorical variables are presented as
numbers and percentages. Comparisons between groups were made
using the Mann-Whitney U-test, Fisher’s exact test, or the chi-square
test, as appropriate. Logistic regression analysis was performed to
evaluate these factors. Statistical analysis was performed using EZR
statistical software, which is based on the open-source R statistical
software (v. 3.0.2) and Prism software 7.00 (GraphPad Software, Inc.,
San Diego, CA, USA). Statistical significance was set at p<0.05.
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Table 1. Patients and tumor characteristics.

Number of patients (%)

Variables All MAP score <3 MAP score =3 p-Value
Total 103 (100) 88 (85.4) 15 (15.6)
Age
Median (IQR) 58 (50-67) 62 (55-73) 59 (50-67) 0.0972
<50 27 (26.2) 24 (27.3) 3(20.0) 0.754b
=50 76 (73.8) 64 (72.7) 12 (80.0)
Sex
Female 50 (49.5) 49 (55.7) 1(6.7) <0.001b
Male 53 (51.5) 39 (44.3) 14 (93.3)
Body mass index [kg/m?]
Median (IQR) 24.0 (21.7-26.6) 23.8 (21.4-25.9) 26.4 (24.3-27.1) 0.0292
Laterality
Left 54 (52.4) 46 (52.3) 8 (53.3) 1.0000
Right 49 (47.6) 42 (47.7) 7 (46.7)
Hypertension
No 40 (38.8) 38 (43.2) 2(13.3) 0.043b
Yes 63 (61.2) 50 (56.8) 13 (86.7)
Diabetes
No 88 (85.4) 76 (86.4) 12 (80.0) 0.455b
Yes 15 (14.6) 12 (13.6) 3(20.0)
Past abdominal surgery
No 73 (70.9) 58 (65.9) 15 (100.0) 0.005b
Yes 30 (29.1) 30 (34.1) 0 (0.0)
Approach method
Intraperitoneal approach 101 (98.1) 86 (98.1) 15 (100.0) 1.0000
Retroperitoneal approach 2(1.9) 2(1.9) 0 (0.0)
Tumor diameter [cm]
Median (IQR) 3.0 (2.0-50) 3.0 (2.0-4.7) 3.0 (1.8-6.0) 0.6072
Diagnosis classification
Primary hyperaldosteronism 26 (25.3) 22 (25.0) 4(26.7) 0.553b
Cushing's syndrome 23 (22.3) 19 (21.6) 4(26.7)
Pheochromocytoma 30 (29.1) 27 (30.7) 3(20.0)
Adrenocortical carcinoma 2(1.9) 2(2.3) 0 (0)
Metastatic adrenal tumor 8 (7.8) 8 (9.1) 0 (0)
Other 14 (13.6) 10 (11.4) 4(26.7)

IQR: Interquartile range. 2-test; PFisher’s exact test.

Results

Baseline characteristics. In total, 103 patients who
underwent LA were included in the analysis. The clinical
characteristics of the patients are summarized in Table I. The
103 patients were categorized into two groups based on their
MAP score: low MAP (score <3) and high MAP (score =3).
There were 88 (85.4%) and 15 (15.6%) patients in the low
MAP and high MAP groups, respectively.

Compared with the low MAP group, significantly fewer
abdominal surgeries (34.1% vs. 0%, p=0.005) and females
(55.7% vs. 6.7%, p<0.001) were observed in the high MAP
group. The high MAP group had higher BMI values (23.8
vs. 264, kg/mz, p=0.029) and a higher incidence of
hypertension (56.8% vs. 86.7%, p=0.043).

MAP scores and perioperative results. The association
between the MAP score and perioperative outcomes of LA is
shown in Table II. The high MAP group had a significantly
greater estimated blood loss (EBL) than the low MAP group
(10 vs. 52.3 ml, p=0.047). The operation time in the high
MAP group tended to be longer than that in the low MAP
group (173.3 vs. 200.7 min, p=0.081). There was no difference
in Clavien-Dindo grade <3 between the two groups, and no
Clavien-Dindo grade =3 was observed in either group.

Factors affecting intraoperative EBL. Based on EBL, all patients
were divided into two groups: low EBL (<100 ml) and high EBL
(=100 ml). The results of univariate and multivariate logistic
analyses are presented in Table III. In univariate analysis, tumor
diameter =3 cm (OR=2.55, p=0.060), tumor type (OR=2.89,
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Table II. Perioperative outcomes according to the two risk groups based on Mayo Adhesive Probability (MAP) score.

Number of patients (%)

Outcomes All MAP score <3 MAP score =3 p-Value
Total 103 (100) 88 (85.4) 15 (15.6)
Operative time [min]
Median (IQR) 180.0 (146.0-223.5) 173.3 (146.0-215.3) 200.7 (158.0-270.5) 0.0812
Estimated blood loss [ml]
Median (IQR) 10.0 (10.0-63.5) 10 (10.0-55.0) 52.3 (10.0-167.5) 0.0472
Hospital stay [day]
Median (IQR) 9.0 (7.0-10.0) 9.0 (7.0-10.0) 10 (8.5-10.5) 0.7082
Clavien-Dindo grade <2, n (%)
No 98 (95.1) 85 (96.5) 13 (86.7) 0.171b
Yes 5(4.9) 3(3.5) 2(13.3)
Clavien-Dindo grade =3, n (%)
No 103 (100) 88 (100) 15 (100) 1.000b
Yes 0 (0) 0 (0) 0 (0)
ar-test; PFisher’s exact test.
Table IlI. Univariable and multivariable analysis evaluating the correlation of clinical parameters with estimated blood loss.
Blood >100 ml Univariable analyses Multivariable analyses
Risk factors OR 95%CI1 p-Value OR 95%CI1 p-Value
Age (=50) 1.78 0.55-5.84 0.339
Sex (male) 1.17 0.455-3.01 0.744
Body mass index 225 kg/m? 1.79 0.69-4.64 0.229
location (right) 043 0.16-1.17 0.100
Hypertension 0.9 0.34-2.34 0.822
Diabetes 091 0.23-3.55 0.890
Past abdominal surgery 047 0.15-1.53 0.210
Tumor diameter =3 cm 2.55 0.96-6.75 0.060 1.79 0.61-5.23 0.287
Diagnosis classification 2.89 1.10-7.60 0.032 3.16 1.02-9.80 0.046
(Pheochromocytoma, Adrenocortical
carcinoma, Metastatic adrenal tumor)
MAP score =3 3 0.93-9.63 0.065 443 1.20-16.4 0.026

MAP: Mayo Adhesive Probability.

p=0.032), and MAP score =3 (OR=3.00, p=0.065) tended to be
correlated with bleeding amount =100 ml. In multivariate
analysis, there were significant differences in tumor type
(OR=3.16, p=0.046) and MAP score =3 (OR=4.43, p=0.026) in
terms of bleeding amount =100 ml.

Histological analysis. Tumors pathologically diagnosed as
pheochromocytoma, adrenal carcinoma, or metastatic adrenal
tumors were classified as the PAM group, whereas the others
were classified as the non-PAM group. Based on the tissue
analysis of the tumors and APF of the 103 enrolled patients,
40 and 63 patients were categorized into the PAM and non-
PAM groups, respectively. In the HES staining, VEGF and
CD204 expression in the tumor and APF tissues were

compared between the PAM and non-PAM groups or the low-
and high-MAP groups using the H-score (Figure 2). The tumor
and APF tissues of the PAM group showed significantly
higher expression of VEGF and CD204 than the non-PAM
group (p<0.001). Furthermore, the high MAP group showed
significantly higher expression of VEGF and CD204 in APF
tissues than the low MAP group (p=0.020, p=0.015, Figure 3).

Discussion

As LA for adrenal tumors becomes more common, the
predictive factors influencing surgical outcomes play an
important role. In this study, we showed that MAP score
was related to intraoperative bleeding in LA. Additionally,
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Figure 2. Representative images of immunohistochemistry. Pathological images (x100 and x400) of VEGF or CD204 antibodies in adrenal tumors
and adhering perirenal fat were obtained using a light microscope. (A) VEGF antibody negativity in the adrenal tumors. (B) VEGF antibody
positivity in adrenal tumors. (C) VEGF antibody-negativity in adhering perirenal fat. (D) VEGF antibody positivity in adhering perirenal fat. (E)
CD204 antibody negativity in the adrenal tumors. (F) CD204 antibody positivity in adrenal tumors. (G) CD204 antibody-negativity in adhering

perirenal fat. (H) CD204 antibody positivity in adhering perirenal fat.

we identified pathological differences within the APF,
which are risk factors for intraoperative bleeding,
depending on the tumor type and MAP score. These results
may serve as predictive tools for intraoperative bleeding
in LA.

Generally, the adrenal gland is surrounded by perinephric
fat on the medial side. Consequently, in LA, it is necessary
to approach the perinephric fat to remove adrenal tumors.
Therefore, it is crucial to preoperatively assess surgical
difficulty and risk and systematically evaluate surgical
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Figure 3. A, E) VEGF antibody expression in adrenal tumor tissues. B, F) VEGF antibody expression in adhering perirenal fat tissues. C, G) CD204
antibody expression in adrenal tumor tissues. D, H) Comparison of CD204 antibody expression in adhering perirenal fat between MAP <2 and
MAP =3 groups or PAM and non-PAM groups using Mann-Whitney U-test. ¥*p<0.05, **p<0.001 vs. two groups.

complexity. Abundant visceral fat and obesity are recognized
as adverse conditions for LA and have been reported to lead
to increased surgical time and complications (15, 16).
However, the APF reflects the complexity of surgery more
accurately than measures of overall body fat, such as obesity
or abdominal fat (11, 12). APF may make it difficult to
remove the perinephric fat from the kidneys, resulting in
poor surgical field exposure; increased surgical difficulty,
potentially increased operative time; and complications.

The biological role of VEGF has been implicated in
neovascularization and angiogenesis. Many studies have
suggested that VEGF is a central mediator of wound repair
associated with tissue damage, inflammation, and immune
responses (17). Additionally, CD204-expressing tumor-
associated macrophages may promote angiogenesis,
contributing to the composition of a specific microenvironment
for tumor progression by interacting with cancer cells and other
stromal cells (18). CD204 and VEGEF are factors that contribute
to angiogenesis and may be involved in bleeding in LA. In this
study, we performed immunostaining for VEGF and CD204
expressed in tumor and APF tissues and found that both were
expressed at significantly higher levels in the PAM group than
in the non-PAM groups (p<0.001). Additionally, APF tissues
of the high MAP group showed significantly higher expression
of VEGF and CD204 than those of the low MAP group
(»=0.020, p=0.015, Figure 3). Changes in the tumor
microenvironment and APF may cause intraoperative bleeding
depending on the tumor type and MAP score.

The results of this study showed that intraoperative EBL was
higher in patients with a MAP score =3, pheochromocytoma,
adrenal carcinoma, or metastatic adrenal tumor. In their study,
Wei et al. reported that the higher the MAP score, the greater
the amount of intraoperative EBL and the greater the difference
in hemoglobin levels before and after surgery (11). Based on
the findings of these studies, patients with high MAP scores
might exhibit a correlation with increased EBL. In Japan, robot-
assisted adrenalectomy (RAA) has been covered by insurance
since 2022. RAA offers several advantages including improved
vision and mobility and has been linked to reduced blood loss
and shorter surgical times (19). However, the higher cost of
RAA is a disadvantage; Bruneau pointed out that the cost of
RAA was 2.3 times higher than that of LA at their center and
that it was difficult to perform RAA in all patients (20, 21).
Provided that LA is a relatively safe procedure with few
complications, its lower cost compared to RAA makes it a more
practical choice for patients, despite the advantages of RAA.
The selection of patients eligible for RAA should be compared
with those eligible for LA. However, based on the results of our
study, patients with high MAP scores and pheochromocytoma
with high intraoperative blood loss may be candidates for RAA.

Our study had several limitations including its retrospective
nature, relatively small cohort size, and single-institutional
design. For example, more patients had a MAP score of 0 and
only a few had a score of 5, possibly due to limited sample
volume or individual interpretation errors in the imaging data.
Most of the patients in our study underwent the intraperitoneal
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approach; therefore, we were unable to discuss differences
between surgical approaches. Immunostaining was performed
to assess the risk of complications. However, due to the small
number of pathological types, we can only present results for
each group individually. Therefore, further verification using
expanded data and more patients is necessary to validate the
results of this study.

Conclusion

We demonstrated that patients with a preoperative MAP
score =3, pheochromocytoma, adrenal carcinoma, or
metastatic adrenal tumor had a high risk of increased
intraoperative blood loss. Additionally, we pathologically
demonstrated that VEGF and CD204 were highly expressed
in the APF tissues of these patients. Strict perioperative
management should be performed in such cases.
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