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Abstract

Backgrounds: This study aimed to determine whether the Mayo adhesive probability score
(MAP), which evaluated adherent perinephric fat (APF), is useful in evaluating the difficulty
of retroperitoneal laparoscopic adrenalectomy (RLA), and to analyse the correlation
between MAP and perioperative parameters.
Methods: Clinical data of 104 patients with adrenal adenoma who underwent RLA were
collected for retrospective analysis. According to the CT images obtained before surgery,
patients were divided into two groups: High MAP group (2–5 points) and Low MAP group
(0–1 points). Comparison of the general clinical characteristics and the perioperative data
between the two groups was made.
Results: There were more male patients (73.7% versus 34.3%), more patients with a
smoking history (24.3% versus 7.5%), higher BMI (25.7 versus 23.2, kg/m2), and bigger
(23.8 versus 18.5, mm) neoplasm in the high MAP group (P < 0.05). Significant difference
was observed in operative time (128.8 versus 102.3, min), estimated blood loss (47.2 versus
25.2, ml) and drainage tube removal time (4.0 versus 3.2, d) between the two groups
(P < 0.05). A high MAP score (P < 0.001) and the size of tumour (P = 0.024) were inde-
pendent risk factors for extended operative time. A higher BMI (OR = 1.525, P < 0.001)
and larger tumour size (OR = 2.862, P = 0.004) were independent risk factors for a high
MAP score.
Conclusions: MAP score was associated with the perioperative outcomes of RLA. BMI
and tumour size were better indicators of MAP score, which can influence the difficulty
of RLA.

Introduction

Retroperitoneal laparoscopic adrenalectomy (RLA) has gradually

become a standard procedure in the treatment of small benign adre-

nal neoplasms in China.1,2 Owing to the advantages of little inter-
ference to the abdominal organs, low risk of intraoperative injury,

and rapid postoperative recovery, it is favoured by urologists. Sur-

gical difficulties associated with RLA include localization of the

adrenal glands, avoidance of peritoneal injury and separation and
exposure of the central adrenal vein. However, this approach is

more complicated in some obese patients. Some factors related to

obesity, including body mass index (BMI) and the perinephric fat
content, contribute to the difficulty of surgery.3–5 It has been
reported that not only the volume but also the features of per-
inephric fat increase the difficulty of dissecting and exposing
tumours.3 Nonetheless, no studies have examined the effects of
adherent perinephric fat (APF) on RLA. It is necessary to evaluate
the difficulty of the operation and choose the appropriate surgical
method before the operation.

Currently, there is lack of scoring systems for adrenal surgery.
Davidiuk et al. established the Mayo adhesive probability (MAP)
scoring system to anticipate the occurrence of APF in nephron
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sparing surgery based on the surrounding environment in 2014.6

Increasing evidence indicates that MAP scores can be a credible

and accurate APF indicator.7–10 RLA also passes through the space

around the kidney, and surgeons must contend with perinephric fat

to reach the adrenal gland. It would be beneficial if APF could be

predicted before RLA. Therefore, we speculate that the MAP scor-

ing system is also suitable for adrenal surgery. To explore the clini-

cal significance of the MAP score in the preoperative evaluation of

RLA, retrospective analysis of 104 patients with adrenal adenoma

who underwent RLA was conducted in this study. The remainder

of this paper is organized as follows.

Methods

Patients

Our study retrospectively collected data from patients with func-
tional or non-functional adrenal adenoma(diagnosed by pathology),
who had complete clinical records and underwent RLA from
September 2015 to October 2020 at our hospital. Preoperatively, all
patients underwent computed tomography and endocrine laboratory
examinations at our hospital. Patients with nonsurgical treatment,
other pathologic types except adenoma, and incomplete medical
records were excluded. All patients signed informed consent. The
surgeries were performed by urologists with years of experience in
our department using the same technique.1 The collected clinical
variables were patients’ age, sex, BMI, history of hypertension, dia-
betes, and smoking, size and side of the tumour, and functional
neoplasm, including hypercortisolism and primary aldosteronism.
Surgical outcomes collected from medical records were operative
time, drainage tube removal time, estimated blood loss, duration of
postoperative hospital stay, complications, and pathological results.
This study was approved by the Ethics Committee of our hospital.

Calculation of MAP score and grouping

MAP score was assessed using preoperative enhanced computed
tomography by two urologists who were blinded to patients’ infor-
mation. MAP score was calculated by adding the following two

parameters (0–5 points). The thickness of posterior perinephric fat
was measured at the renal vein level (<1.0 cm, 0 points; 1.0–
2.0 cm, 1 point; ≥2.0 cm, 2 points) (Figure S1). The evaluation of
perinephric fat stranding was: no, 0 points; mild, 2 points; severe,
3 points.6 According to the score, all patients were divided into two
groups (Low MAP group, ≤1 points, High MAP group, ≥2 points)
(Figure S2).

Statistical analysis

Data are shown as mean (� standard deviation). Two-group com-
parisons were performed by the Student’s t-test for continuous vari-
ables and the Fisher’s exact test or Chi-square test for categorical
data. Multiple linear or logistic regression analysis was used to
evaluate the factors which were significant in the univariate analysis
(P < 0.05). All analyses were performed using GraphPad Prism
9. A P-value <0.05 was considered significant. Postoperative com-
plications were classified by Clavien–Dindo grading system.

Results

Patients’ characteristics

A total of 104 patients were enrolled, the clinical characteristics of
them are shown in Table 1. There were 67 patients in Low MAP
group and 37 patients in High MAP group, respectively. There
were more men (73.7% versus 34.3%, p = 0.003) and smoker
(24.3% versus 7.5%, p = 0.016) in the High MAP group. High
MAP patients had higher BMI values (25.7 versus 23.2, kg/m2,
P < 0.001) and larger tumours (23.8 versus 18.5, mm, P = 0.011).
Functional adrenal adenomas occurred in 11 patients with hyper-
cortisolism and 50 patients with primary aldosteronism, but no sta-
tistical difference was found between the two groups.

Impact of MAP on RLA outcomes

The impact of MAP on the RLA outcomes is shown in Table 2.
Operative time (128.8 versus 102.3, min, P < 0.001) was longer in
the High MAP group. High MAP was related to higher estimated
blood loss (EBL) (47.2 versus 25.2, ml, P < 0.001) during the

Table 1 Patients (n = 104) clinical characteristics in different MAP score group

Variable Total Low MAP High MAP P-value

Sex, n (%) 0.003

Male 47 (45.2) 23 (34.3) 24 (73.7)
Female 57 (54.8) 44 (65.7) 13 (26.3)

Age, yr 48.1 � 12.0 48.0 � 12.2 48.3 � 11.9 0.888
BMI, kg/m2 24.3 � 3.2 23.2 � 2.7 25.7 � 3.2 <0.001

Hypertension, n (%) 73 (70.2) 46 (68.7) 27 (73.0) 0.645
Diabetes, n (%) 13 (12.5) 6 (9.0) 7 (19.0) 0.141
History of smoking (%) 16 (16.3) 5 (7.5) 9 (24.3) 0.016

Size of tumour, mm 20.4 � 10.1 18.5 � 8.1 23.8 � 12.4 0.011

Side, n (%) 0.746
Left 57 (54.8) 25 (37.3) 15 (40.5)
Right 47 (45.2) 42 (62.7) 22 (59.5)

Functional tumour, n (%) 61 (58.7) 41 (61.2) 20 (54.1) 0.479
Total 104 67 37

Abbreviations: BMI, body mass index; MAP, Mayo adhesive probability. P < 0.05 was considered significant.
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operation and prolonged drainage tube removal time (4.0 versus
3.2, d, P = 0.001) after the operation, but it did not significantly
influence the postoperative hospital stays of patients (4.5 versus
4.2, d, P = 0.464). No conversion to open operation was occurred.
The incidence of post-operative complications (Clavien grade ≤ 2)
was higher in the High MAP group, but there was no significant
difference (11.4% versus 6%). There were no 3 or greater grade
complications occurred in either groups. In the multivariate linear
regression model, high MAP score (P < 0.001), and tumour size
(P = 0.024) were considered independent risk factors for extended
operative time (Table S1).

Risk factors of MAP

In order to estimate the cut-off value of BMI (AUC = 0.773,
P < 0.001) and tumour size (AUC = 0.655, P = 0.009) associated
with a high MAP score, the ROC curve was used. The results
showed that patients with BMI>25.6 kg/m2 or tumour
size>21.5 mm will probably represent APF during the operation.
The results of the multivariate logistic analyses are listed in
Tables 3. In the univariate analysis, male sex (OR = 3.532,
P = 0.003), BMI>25.6 kg/m2 (OR = 1.478, P < 0.001), history of
smoking (OR = 4.593, P = 0.010), and tumour size>21.5 mm
(OR = 2.972, P = 0.011) were all associated with a high MAP
score. In the multivariate analysis, BMI>25.6 kg/m2 (OR = 5.933,
P < 0.001) and tumour size>21.5 mm (OR = 3.064, P = 0.032)
remained independent risk factors for a high MAP score.

Discussion

As surgical techniques become more mature, it is increasingly
important to preoperatively assess the surgical difficulty and risk,
and how to systematically evaluate surgical complexity and select
the appropriate approach has been the focus of surgeons’ attention.
In the past 10 years, the surgical evaluation system for the renal
aspect has gradually improved, but that for the adrenal is still lac-
king. Most renal scoring systems in the past ignored the ‘environ-
ment’, such as the APF, where the tumour was located. APF
increases the difficulty of stripping perirenal fat from the kidney,
resulting in unclear exposure of the surgical field, and makes it hard
to distinguish fat from normal tissue, making it difficult to separate
the tumour. It is also easy to cause damage to the peritoneal mem-
brane, blood vessels, and even the kidney, which increases the diffi-
culty of surgical operation.11 Many studies have shown that APF
negatively impacts surgical outcomes.12 The MAP scoring system,
which consist of posterior perinephric fat thickness and perinephric
fat stranding, can predict the occurrence of APF. There is increas-
ing evidence that the MAP score can be used as a reliable and accu-
rate indicator of APF,8,10 as well as for the prediction of longer
operative times, longer dissection time, and greater estimated blood
loss.9,13,14

Generally speaking, adrenal glands are located above the kid-
neys, surrounded by the perirenal fat in all populations, regardless
of obesity. Considering that RLA also needs to pass through the
surrounding renal environment and separate part of the perinephric
fat, APF should also affect RLA. The MAP score should also be
applied to preliminarily judge the difficulty of RLA owing to the
features of APF, including thickness and stickiness. Because APF
is too subjective and the MAP score can reflect surgical difficulty
by predicting the presence of APF, we directly investigated the
association of MAP score with indicators of RLA to explore the
potential application value of the MAP score in RLA. Previous
research demonstrated that a MAP score > 0 was associated with a
prolonged operative time in laparoscopic adrenalectomy.15 How-
ever, it only involved in the patients who underwent the trans-
abdominal approach operation with functional tumours, including
hypercortisolism and primary aldosteronism. Additionally, the pro-
portion of APF increased as the MAP score increased. The present
study compared the patient characteristics and perioperative param-
eters in patients whose MAP score was ≥2 with those in patients
whose MAP score was ≤1, and more indicators were analysed. Our

Table 2 Impact of MAP on perioperative outcomes

Variable Low MAP High MAP P-value

Operative time, min 102.3 � 25.4 128.8 � 35.4 <0.001

Estimated blood loss, ml 25.2 � 12.9 47.2 � 34.1 <0.001

Drainage tube removal
time, d

3.2 � 1.2 4.0 � 1.4 0.001

Postoperative hospital
stays, d

4.2 � 1.6 4.5 � 2.0 0.464

Clavien grade of
Complications, n (%)

0.441

≤2 4(6.0) 4(11.4)
≥3 0 0

Total 67 37

P < 0.05 was considered significant.

Table 3 Examining the risk factors associated with high MAP score in a multivariate logistic regression model

Variable OR Univariate 95%CI P-value OR Multivariate 95%CI P-value

Age 1.002 0.969–1.037 0.886
Sex (Male) 3.532 1.544–8.397 0.003 2.385 0.780–7.495 0.128
BMI (>25.6 kg/m2) 9.399 3.801–24.89 <0.001 5.933 2.236–16.83 <0.001

HBP (Yes) 1.233 0.514–3.090 0.645
Diabetes (Yes) 2.372 0.728–7.971 0.149
Smoker(Yes) 4.593 1.486–15.95 0.010 1.859 0.433–8.522 0.408
Size (>21.5 mm) 2.972 1.298–6.967 0.011 3.064 1.116–8.879 0.032

Side(Right) 0.873 0.384–2.004 0.746
Functional(Yes) 0.746 0.330–1.687 0.707

Abbreviations: CI, confidence interval; OR, odds ratios. P < 0.05 was considered significant.
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results showed that an increased MAP score was associated with
prolonged operative time, drainage tube removal time, and
increased EBL. We also found that there were more male patients,
more patients with smoking history, higher BMI, and larger
tumours in the high MAP group (P < 0.05). Multivariate analysis
demonstrated that BMI and size of tumour were independent pre-
dictors of MAP score.

It is revealed that men are more prone to possessing APF than
women.7,8,16 These differences were due to the body fat distri-
bution in the different sexes. Although women were thought to
have more subcutaneous fat, men had more visceral fat.17,18 In
this study, a high MAP score was more common in men than in
women, which is similar to previous studies. A history of
smoking, mostly among males, was another risk factor for a
high MAP score. Unfortunately, neither factor was meaningful
in the multivariate analysis.

In our study, tumour size was one of the independent risk fac-
tors for MAP and operative time. The size of adrenal mass is an
important factor in determining surgical protocols. In the past,
the vast majority of urologists believed that RLA was only
applied to small adrenal tumours, and whether RLA could be
used for tumours with a max diameter greater than 6 cm was
controversial. With improvements in experience and technologi-
cal advancement, the successful excision of large adrenal
tumours (>6 cm) using RLA in recent years has been increas-
ingly reported.19–21 In general, as the adrenal tumour is larger in
diameter, it is more likely to adheres to the surrounding tissues,
making separation and removal more difficult. The operative
time may also be prolonged, and the complication rate may
increase. According to our research, tumour size is associated
with MAP score, increasing the difficulty of surgery.

Although BMI may indicate the composition of body fat, the dis-
tribution of perirenal fat may differ in patients with the same BMI.
It was proved that High BMI was related to APF,12,13 but it is con-
troversial whether BMI can indirectly reflect perirenal fat status by
predicting MAP score. Our results showed that BMI was correlated
with the MAP score, and higher BMI was an independent predictor
of a high MAP score, which indicated a high probability of APF.
This is the same as Davidiuk’s research.6 Further analysis revealed
that BMI > 25.6 kg/m2 was a predictor of high MAP score.
Although RLA is safe and effective even for patients with
BMI > 40 kg/m2,22,23 most studies suggested the transperitoneal
approach for obese patients (BMI > 30 kg/m2).24 Based on the
above two independent parameters, transperitoneal laparoscopic
adrenalectomy or open operation should be considered instead of
RLA when obese patients have large adrenal tumours.

As a preliminary study, this study has limitations. For exam-
ple, there were more MAP scores of 0, and a few MAP scores of
5, which may attribute to lack of sample volume or the error of
individual interpretation of imaging data. We only enrolled
patients that used the retroperitoneal approach and excluded
those used the transperitoneal approach. Furthermore, we did not
include patients with other pathological type, such as adrenal
cyst, myelolipoma, pheochromocytomas, and so on. Therefore,
the results of this study need to be verified further using
expanded data and more cases.

Conclusion

The MAP score was associated with the perioperative outcomes of
RLA, and it was correlated with BMI, sex, history of smoking, and
tumour size. BMI and tumour size were independent risk factors of
MAP score, which may influence the difficulty of RLA.
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Supporting information

Additional Supporting Information may be found in the online ver-
sion of this article at the publisher’s web-site:

Table S1. Examining the risk factors associated with Operative
time in a multivariate linear regression model
Figure S1. Method of determining perinephric fat measurements at
the level of the renal vein. P = posterior, RV = renal vein.
Figure S2. Grading of perinephric fat stranding. (a) No stranding:
0 points. (b) Mild stranding: 2 points. The fat around the kidney
presents slight stranding. (c) Severe stranding: 3 points. There are
thick image-dense bars around the kidney.
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