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Background: Many imaging scoring models have been developed for tumor surgery to provide critical
guidance for the selection of surgical methods. However, little research has been aimed at developing scoring
models for adrenal tumors and retroperitoneal laparoscopic adrenal surgery (RLAS), which has become the
primary technique for treating adrenal tumors. The study set out to establish a computed tomography (CT)-
based adrenal tumor scoring model for predicting perioperative outcomes in patients with adrenal tumors
who have undergone RLAS.

Methods: The retrospective analysis included 306 patients with adrenal tumors diagnosed by preoperative
unenhanced or enhanced CT from January 2014 to August 2018 in the First Affiliated Hospital of Fujian
Medical University. CT images were used to quantify the tumor location and size; the relationships of the
tumors with the surrounding organs and tissues, the large abdominal blood vessels, and the upper poles
of the kidneys and renal hila; the adhesion of periadrenal fat (PF); and the tumor CT enhancement value.
We conducted multivariate ordinal logistic regression analysis to screen variables and performed principal
component analysis to construct a novel scoring model for RLAS. The perioperative outcomes of RLAS
were evaluated according to postoperative length of stay, operative time (OT), intraoperative blood loss (IBL),
and postoperative complications.

Results: The final scoring model included tumor size; the relationships of the tumors with the surrounding
organs and tissues, the large abdominal blood vessels, and the upper poles of the kidneys and renal hila; the
tumor CT enhancement value; the adhesion of the PF; and the functional status of adrenal tumors. The total
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score had positive correlations with the OT (r,=0.431), IBL (r,=0.446), and postoperative length (r,=0.180) (all
P values <0.001). Compared to any single metric, the total score provided better prediction of OT and IBL.

The grading system for RLAS based on the scoring model also performed well in predicting the complexity
and difficulty of RLAS. The coincidence rate for these factors was good (all P values <0.001).

Conclusions: The developed model is feasible and repeatable in the prediction of the perioperative

outcomes, complexity, and difficulty of RLAS.
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Introduction

Laparoscopic adrenal surgery, which can be divided
into transperitoneal and retroperitoneal approaches, is
the standard of treatment for benign adrenal lesions.
Retroperitoneal laparoscopic adrenal surgery (RLAS)
has significant advantages over the transperitoneal
approach, including a shorter operative time (OT), lower
intraoperative blood loss (IBL), reduced recovery period,
and fewer complications, which has led to it becoming the
primary technique for treating adrenal tumors in China
(1-3). However, not every patient may benefit from
RLAS. For instance, the transperitoneal approach may be
preferred in patients with large adrenal lesions due to its
larger operating space. The choice of surgical approach
depends on the tangible conditions of each case. In recent
years, many imaging scoring models have been developed
for tumor surgery (4-7) to provide critical guidance for the
selection of surgical methods by systematically predicting
the difficulty and complexity of tumor surgery. However,
little research has been aimed at developing adrenal tumor
scoring models for RLAS.

In this study, the clinical data of patients undergoing
RLAS were retrospectively analyzed to develop an adrenal
tumor scoring model for assessing surgical risk. CT images
were used to quantify the tumor size; the relationships of
the tumor with the surrounding organs, abdominal large
vessels, and the upper poles of the kidneys and renal hila;
the degree of periadrenal fat (PF) adhesion; the tumor
computed tomography (CT) enhancement value; and
the functional status of adrenal tumors. Following this, a
scoring model was constructed based on these CT data.
We present this article in accordance with the TRIPOD
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-23-764/rc).
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Methods
Study population

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and was
approved by the Ethics Committee of the First Affiliated
Hospital of Fujian Medical University (approval No.
MTCA, ECFAH of FMU [2015]084-1). Written informed
consent for this study was waived due its retrospective
design. The clinical data of 358 patients treated at the
Department of Urology of the First Affiliated Hospital
of Fujian Medical University from January 2014 to
August 2018 were collected consecutively and analyzed
retrospectively. All patients had been diagnosed with adrenal
tumors via unenhanced and enhanced CT which was
conducted within 1 month before RLAS. All surgeries were
performed by the same team. The perioperative outcomes
of RLAS were evaluated according to postoperative length
of stay, OT; IBL, and postoperative complications.

The inclusion criteria were as follows: (I) all preoperative
clinical data were complete including general data (age, sex,
CT data of the tumor), OT, IBL, surgical complications
(e.g., surgical incision infection, lung infection),
postoperative length of stay, and postoperative drainage
volume; (II) all patients underwent RLAS (8-10), and the
diagnosis of an adrenal tumor was pathologically confirmed
after the surgery; (III) distant metastasis and widespread
intra-abdominal implantation metastasis were not detected
via preoperative imaging examinations (e.g., C'I, magnetic
resonance imaging, positron emission tomography-CT)
or intraoperative exploration; and (IV) intraoperative
conversion to open surgery was possible.

The exclusion criteria were as follows: (I) previous
history of lumbar surgery; (II) need for combined renal
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Parameter Score of 1 Score of 2 Score of 3
Tumor side The left adrenal gland The right adrenal gland -
Tumor size <3 cm >3 but <6 cm >6 cm

Relationships to the upper poles
of the kidneys and the renal hila

Completely above the
kidney

PF No cord-like change
Relationships to the large Clear boundary
abdominal blood vessels

Tumor CT enhancement <30 HU
Relationships to the surrounding Clear boundary

organs and tissues

Crossing the upper pole but not reaching

Reaching the renal hila

the upper polar line of the kidney

Cord-like change with few and fine
textures

Unclear boundary and adhesion

>30 but <80 HU

Unclear boundary and adhesion

More cord-like changes with
coarse texture and adhesion

Compression and displacement

>80 HU

Compression and displacement

CT, computed tomography; PF, periadrenal fat; HU, Hounsfield uni

surgery (e.g., renal tumor, renal cyst); (III) presence of other
abdominal tumors; (IV) preoperative diagnosis of serious
medical diseases (e.g., heart failure, chronic obstructive
pulmonary emphysema); and (V) presence of other
malignant tumor metastasis involving the adrenal glands.

Patients were divided into four groups based on the
OT as follows: group I, <50 minutes; group II, >50 but
<100 minutes; group III, >100 but <150 minutes; and
group IV, >150 minutes. Similarly, patients were grouped
according to IBL as follows: group I, <30 mL; group II,
>30 but <100 mL; group III, >100 but <200 mL; and group
IV, >200 mL.

Quantification of evaluation indicators

Two senior surgeons, each with more than 10 years of
relevant experience, calculated the score according to the
assigned numerical scores of the indicators, as detailed in
Table 1. These indicators included tumor side; tumor size;
the relationships of the tumor with the surrounding organs
and tissues, the upper poles of the kidneys and renal hila,
and the abdominal large vessels; the degree of PF adhesion;
and tumor CT enhancement value. Quantification of these
indicators is described below:

(I) Tumor side: it has been demonstrated that RLAS
via the posterior approach for right adrenal
tumors requires a longer OT (11). Therefore,
quantification was performed according to the
location of the tumor (right or left side).

(II) ‘Tumor size: Fassnacht et /. concluded that adrenal
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tumors less than 3 cm in diameter are essentially
benign (12). Cyranska-Chyrek et a/. found that
the risk of adrenal malignancy increases with
increasing tumor diameter, as demonstrated by
malignancy rates of less than 5% for tumors less
than 6 cm in diameter and 37.7% for tumors
more than 6 cm in diameter (13). In addition,
malignant adrenal tumors are generally more than
6 cm in diameter (14). Consequently, 3 and 6 cm
were chosen as the tumor diameter nodes for the
quantitative scoring of tumor size. In this study,
adrenal tumor size was measured as the longest
diameter of the tumor on the largest transverse
plane of CT imaging.

Relationships between the tumor and the
surrounding organs and tissues: the relationship
between the adrenal tumor and surrounding organs
and tissues, as presented in Figure 14-1C, was
determined according to CT data.

Relationships between the tumor and abdominal
large vessels: when the adrenal tumor enlarges to
approach and adhere to the inferior vena cava or
abdominal aorta, the risks of large vessel injury
and hemorrhage are increased. The relationships
between the tumor and abdominal great vessels,
as presented in Figure 1D-1F, were scored
quantitatively according to CT data.

PF on imaging: based on Mayo adhesive probability
(MAP) scoring of perirenal fat which was created
for kidney surgeries (15-17), a numerical score
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Figure 1 Schematic diagram of the quantitative indicators of adrenal tumors based on CT. (A-C) Relationship with the surrounding

organs and tissues: (A) clear boundary, (B) unclear boundary and adhesion, and (C) compression and displacement. (D-F) Relationship with

large abdominal blood vessels: (D) clear boundary, (E) unclear boundary and adhesion, and (F) compression and displacement. (G-I) PE:

(G) no cord-like change, (H) cord-like change with a few fine textures, and (I) more cord-like changes with coarse texture and adhesion.

(J-L) Relationship with the upper poles of the kidneys and renal hila: (J) completely above the kidneys, (K) crossing the upper pole without

reaching the upper polar line of the kidneys, and (L) reaching the renal hila. CT, computed tomography; PF, periadrenal fat.

(VD)

was assigned according to the degree of cord-like
presentation of fat in the adrenal space on CT,; as
shown in Figure 1G-11.

Relationships between the tumors and the upper
poles of the kidney and renal hila: downward
growth of adrenal tumors usually pushes the
kidneys downward and even partially across the
renal hilum vein, making surgery difficult. Hence,
the numerical score was based on the relationships
of the tumor with the upper renal poles and renal
hila observed from the axial, sagittal, and coronal

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

planes on CT, as presented in Figure 17-1L.

The degree of CT enhancement of the adrenal tumor
was scored quantitatively according to the tumor CT
enhancement value.

Several studies have reported the functional status
of adrenal tumors to be a risk factor in surgery (18-20).
Therefore, the functional status of adrenal tumors was
classified as nonfunctional (score =1) or functional (score =2)
according to the endocrinological and radiological data.

To use the quantitative scoring model for evaluating

the complexity and difficulty of RLAS, the following
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classification scheme was developed based on the total
score: grade I (low complexity and difficulty), score =1;
grade II (moderate complexity and difficulty), score >1 but
<2; and grade III (high complexity and difficulty), score >2.
The Kruskal-Wallis test was conducted to determine any
statistical differences regarding OT, IBL, and postoperative
length of stay between any two grades.

Statistical methods

Data were analyzed using SPSS 25.0 software (IBM Corp.,
Armonk, NY, USA), and power (1 - B) was calculated by
G*power 3.3.9.7 software. The Shapiro-Wilk test was used
to analyze the normality of data. All normally distributed
numerical data are expressed as the mean + standard
deviation (SD), nonnormally distributed numerical data
are expressed as the median with interquartile range, and
qualitative data are expressed as frequency (percentage).
Multivariate ordinal logistic regression was used to select
the indicators related to OT and IBL. Principal component
analysis was performed to confirm the specific weight of
the indictors, and then the quantitative scoring model was
created. Spearman correlation analysis was conducted to
determine the correlation of the scoring model with OT,
IBL, postoperative complications, and postoperative length
of stay. The Mann-Whitney rank-sum test was performed
for intergroup comparisons of postoperative complications
with the scoring model, and power was calculated using
G*power 3.3.9.7 software. In addition, receiver operating
characteristic (ROC) curves were used to assess the
prediction accuracy of the model in RLAS. Patients were
divided into three groups (I, II, IIT) based on the scoring
model. Statistical differences in OT; IBL, and postoperative
length of stay among these three groups were analyzed
with the Kruskal-Wallis test. Finally, kappa analysis was
conducted to assess the consistency of the model for data
obtained from two experienced surgeons via independent
scoring. A P value <0.05 was considered statistically
significant.

Results
General clinical data

In total, 306 patients were finally included in the
analysis, as shown in Figure S1, and their mean age was
49.25+12.36 years. The cohort included 142 men and 164
women. Additionally, 162 tumors were located in the left

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

adrenal gland, and 144 tumors were located in the right
adrenal gland. The general clinical data of the patients (e.g.,
pathological type of adrenal tumors, Clavien-Dindo grade)
are detailed in Table S1. No patients required intraoperative
conversion to open surgery.

Establisbment of a quantitative scoring model for RLAS

The six indicators displayed in Table I (i.e., tumor side;
tumor size; the relationships of the tumor with the
surrounding organs and tissues, the upper poles of the
kidneys and renal hila, and abdominal large vessels; the
degree of PF adhesion; and tumor CT enhancement
value) and functional status of the adrenal tumor were
included and analyzed with multivariate ordinal logistic
regression to select the factors of the quantitative scoring
model for RLAS (Table 2). Six indicators (adrenal tumor
size; relationships of the tumor with the upper poles of the
kidneys and renal hila, the abdominal large blood vessels,
and the surrounding organs and tissues; adhesion of PF;
and functional status of adrenal tumors) were found to be
correlated with the OT or IBL (all P values <0.05); thus,
they were included into the scoring model for RLAS. The
CT enhancement value likely exhibited an association with
the diagnostic process of adrenal tumors; for example, the
change of the value before and after CT enhancement was
<20 Hounsfield units (HU) for benign tumors and >20 HU
for malignant tumors (21-24). Therefore, in addition to the
six indictors mentioned above, tumor CT enhancement was
included in the scoring model for RLAS.

Principal component analysis was used to determine
the specific weight of the seven indicators in the scoring
model. The formula for the quantitative score for RLAS
was as follows: total score = 0.1473 x tumor size + 0.1264
x relationship of the tumor with the upper poles of the
kidneys and renal hila + 0.1379 x the adhesion of PF +
0.1662 x relationship of the tumor with abdominal large
blood vessels + 0.0291 x tumor CT enhancement + 0.2147
x relationship of the tumor with surrounding organs and
tissues + 0.1784 x functional status of adrenal tumors.

Adrenal tumor growth was scored according to the
scheme presented in Figure 2. The positional relationships
were all derived from the CT data, which was followed by
the calculation of the total score using the scoring models.
For example, in Figure 2C, the total score was calculated as
follows: total score = 0.1473 x 3 + 0.1264 x 3 + 0.1379 x PF
+0.1662 x 1 + 0.0291x tumor CT enhancement + 0.2147 x
3 +0.1784 x functional status of adrenal tumors = (1.6314
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Table 2 Multivariate ordinal logistic regression of the indicators for the OT and IBL

oT IBL
Parameters 95% Wald CI 95% Wald ClI
B value P value B value P value

Lower Upper Lower Upper
Tumor side 0.248 0.313 -0.265 0.761 -0.072 0.801 -0.629 0.486
Tumor size 0.582 0.030 0.056 1.108 0.457 0.086 -0.065 0.980
Relationships to the upper poles of the  0.808 0.001 0.383 1.234 0.278 0.198 -0.146 0.702
kidneys and the renal hila
PF 0.966 0.001 0.549 1.384 0.441 0.038 0.025 0.857
Relationships to the large abdominal 0.519 0.026 0.063 0.976 0.433 0.058 -0.015 0.880
blood vessels
Tumor CT enhancement 0.214 0.206 -0.118 0.547 0.271 0.132 —-0.081 0.623
Relationships to the surrounding -0.503 0.034 -0.968 —-0.039 0.196 0.404 -0.265 0.658
organs and tissues
Functional status of adrenal tumors 0.376 0.303 -0.340 1.092 1.144 0.001 0.457 1.831

OT, operative time; IBL, intraoperative blood loss; B, regression coefficient; Cl, confidence interval; PF, periadrenal fat; CT, computed

tomography.

+ 0.1379 x PF + 0.0291 x CT enhancement + 0.1784 x
functional status of adrenal tumors) = 1.9768 scores (here
the scores for PE, CT enhancement, and functional status of
adrenal tumors are all assumed to be 1).

In Figures 3,4, two typical examples (Figure 3 patient
score =1.1379; Figure 4 score =2.7925) illustrate
the association between the scores and the CT scan
characteristics of the tumor as well as the association

between the scores and IBL (or OT).

Validation of the quantitative scoring model in predicting
the OT, IBL, postoperative complications, and postoperative

length of stay

The total scores were calculated using the aforementioned
quantitative scoring models. Postoperative complications
were graded using the Clavien-Dindo classification. Patients
with Clavien-Dindo grade I complications were then assigned
to the first group and those with Clavien-Dindo grade 1I-V
into the second group. The correlation between the scores
and OT, IBL, postoperative complications, and postoperative
length were determined using Spearman correlation analysis.
The total score had positive correlations with OT, IBL,
and postoperative length of stay (all P values <0.001) but
not with postoperative complications (P>0.05). The results
of this analysis are presented in 7Table 3. As postoperative

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

complications is a critical outcome in surgery, we calculated
power (1 - B) to be 7.48% using G*Power 3.1.9.7 software;
that is, there was only a 7.48% probability that a difference
would detected if the difference indeed existed.

To further test the value of the quantitative scoring
model for RLAS in predicting OT and IBL (two
quantifiable major surgical outcomes), we performed
ROC curve analysis. As presented in Table 4, ROC curve
analysis demonstrated that the total score was better than
any single metric for predicting the OT when it came to
comparing an OT of >50 but <100 minutes with an OT
of >100 but <150 minutes [area under the time-dependent
ROC curve (AUC) =0.727; P<0.05]. In predicting an OT of
>50 but <100 minutes or an OT of >100 but <150 minutes,
total score (AUC =0.729; P<0.05) performed similarly to
the relationship to large abdominal blood vessels (AUC
=0.731; P<0.05), which performed better than did any other
single metric for predicting the OT. Similarly, for IBL,
the total score was better at predicting between group I
(IBL <30 mL) and group II (IBL >30 but <100 mL) IBL.
(AUC =0.667; P<0.05) than any single metric (Tuable 4).
For predicting between group II (IBL >30 but <100 mL)
and group III (IBL >100 but <200 mL), the total score
demonstrated adequate prediction ability (AUC =0.780;
P<0.05) although it was inferior to the tumor size indicator
(AUC =0.818; P<0.05).
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B

Figure 2 Adrenal tumor growth and scoring. Here, the score of the adhesion of PF, tumor CT enhancement, and functional status of
adrenal tumors is each assumed to be 1. (A) TS =1. (B) TS =1.4884. (C) TS =1.9768. (D) TS =1. (E) TS =1.4399. (F) TS =2.3092. (G) TS =1.
(H) TS =1.4210. I) TS =1.5474. J) TS =1. (K) TS =1.2737. (L) TS =1.9283. PF, periadrenal fat; CT, computed tomography; TS, total score.

A grading system for RLAS complexity based on the
quantitative scoring model

Indeed, it was found that both OT and IBL differed
significantly across all three grades (all P values <0.05;
Table 5). The difference in postoperative length of stay
significantly differed between grade I and grade III and
between grade II and grade III (all P values <0.05) but not
between grade I and grade II (P>0.05).

Consistency evaluation

Kappa analysis revealed that the scores of selected indicators

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

(adrenal tumor size; relationships of the tumor with the
upper poles of the kidneys and renal hila, abdominal large
blood vessels, and the surrounding organs and tissues;
tumor CT enhancement value; adhesion of PF) determined
by the two surgeons had a high coincidence rate, indicating
a high degree of consistency and repeatability between the
two surgeons’ scores (P<0.001; Table 6).

Discussion

Minimally invasive surgical treatment of adrenal tumors

including laparoscopic surgery and robotic surgery has
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Figure 3 An example of a patient with right-sided nonfunctional adenoma. The scores of each indicator were as follows: tumor size, 1;

relationship of the tumor with the upper poles of the kidney and the renal hila, 1; the adhesion of P, 2; relationship of the tumor with

abdominal large blood vessels, 1; tumor CT enhancement value, 1; relationship of the tumor with surrounding organs and tissues, 1; and
functional status of adrenal tumors, 1. This patient’s score was calculated as follows: 0.1473 x 1 + 0.1264 x 1 + 0.1379 x 2 + 0.1662 x 1 + 0.0291
x1 +0.2147 x 1 + 0.1784 x 1 = 1.1379. The values of the indicators were as follows: OT, 30 minutes; IBL, 30 mL; and grade II (moderate
complexity and difficulty). PE, periadrenal fat; CT, computed tomography; OT, operative time; IBL, intraoperative blood loss.

become the standard surgical treatment for most small-
to medium-sized adrenal tumors (25). Recent studies have
indicated that the difficulty and risk of minimally invasive
surgeries, such as posterior RLAS, are affected by factors
including the complexity of the relationship between
the tumor and the surrounding organs, the richness of
the blood supply to the tumor, the distribution of blood
vessels, and the endocrine function of the tumor itself
(26-28). Therefore, it is important to develop an efficient
and effective scoring model to assess the difficulty and risk
of RLAS to efficiently guide clinical decision-making.

The adrenal glands and kidneys are located in the same
perinephric space, and the adrenal glands partially overlap
with the upper poles of the kidneys. Therefore, it is feasible
to establish and validate a novel CT-based scoring model
for adrenal tumors by referring to CT findings.

The findings of several studies highlight an
issue regarding the maximal tumor diameter of
retroperitoneoscopic adrenal tumor excision (29-32).
As tumors increase in size, their contact surface with
surrounding fat, surrounding organs, and other tissues

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

likewise increases; that is, the area to be dissected and
operative space increase accordingly, thereby increasing
the operating time and difficulty of the operation. Prior
studies have noted a significant correlation between the
malignancy and diameter of adrenal tumors (33,34), and
as malignant tumors tend to invade and adhere to the
surrounding tissues, this also increases the difficulty of
intraoperative separation and blood loss. Naya et al. (35)
found that tumor size was an independent risk factor for
longer OT and increased IBL. In our study, the tumor
diameter nodes of 3 and 6 cm were selected, which is in line
with previous reports, and tumor size was quantitatively
scored. Our results indicated that increased tumor size was
associated with an increase in OT. One of the advantages
of this scoring model is that it provides a good indication of
the progressive complexity of adrenal tumors by quantifying
the relative location and characteristics of the tumor. In
addition, the variable factors include the relationships of
adrenal tumors with the surrounding organs and tissues and
with large abdominal blood vessels. If adrenal tumors grow
in the direction of the lateral extremity of the adrenal gland,
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Figure 4 An example of a patient with left-sided aldosteronoma. The scores of each indicator were as follows, tumor size, 3; relationship of
the tumor with the upper poles of the kidney and the renal hila, 3; the adhesion of PE, 3; the relationship of the tumor with abdominal large
blood vessels, 3; tumor CT enhancement value, 2; the relationship of the tumor with the surrounding organs and tissues, 3; and functional
status of adrenal tumors, 2. This male patient’s score was calculated as follows: 0.1473 x 3 + 0.1264 x 3 + 0.1379 x 3 + 0.1662 x 3 + 0.0291
x 2 +0.2147 x 3 + 0.1784 x 2 = 2.7925. The values of the indicators were as follows: OT, 120 minutes; IBL, 400 ml; and grade III (high

complexity and difficulty). PE, periadrenal fat; CT, computed tomography; OT, operative time; IBL, intraoperative blood loss.

Table 3 Correlation of total score with the OT, IBL, postoperative complications, and postoperative length of stay

oT IBL Postoperative complications Postoperative length of stay
Parameters
ry P value re P value ry P value zZ P'value ry P value
Total score 0.431 0.001 0.446 0.001 0.165 0.392 -0.240 0.811 0.180 0.002

T Mann-Whitney rank-sum test. OT, operative time; IBL, intraoperative blood loss; r,, Spearman rank correlation coefficient.

the tumors will not compress the large vessels. Conversely,
if the tumors grow in the direction of the medial extremity,
they tend to compress the large vessels, kidneys, and
surrounding organs and tissues due to the limited space.
Fouche er al. (36) found that an increase in body mass
index (BMI) was associated with a longer duration of
laparoscopic adrenal tumor surgery, while Manno et 4l. (37)
reported that obesity is positively correlated with visceral
fat including periadrenal and perirenal fat. According to
the literature, PF volume appears to be a better predictor
of OT in RLAS than is BMI (11,38). Davidiuk et /. created
the MAP score, an image-based scoring system for kidney
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surgery, which is based on adherent PF (4). Overall, it is
more intuitive and accurate to use CT imaging of PF than
it is to use BMI. In this study, whether cord-like changes
occurred in PF and the degree of these changes were
assigned numerical scores. Surprisingly, we found that PF
had the greatest impact on OT.

Previous studies reported a sensitivity and specificity of
adrenal tumor diagnosis of 71% and 98% at <10 HU on
unenhanced CT, respectively; however, this method could
not clarify whether the adrenal tumors had endocrine
function (21,22). A CT wvalue of 11-30 HU can indicate
that the lesion is an adenoma with some lipid content,
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Table 4 The results of ROC curve analysis for OT and IBL

oT IBL
Parameters Group | vs. |l Group Il vs. lll Group Il vs. IV Group | vs. |l Group llvs. Il Group lll vs. IV
AUC Pvalue AUC Pvalue AUC Pvalue AUC Pvalue AUC Pvalue AUC P value
Total score 0.588 0.132 0.727 0.001 0.729 0.003 0.667 0.001 0.780 0.004 0.531 0.762
Tumor size 0.574 0.208 0.641 0.001 0.671 0.024 0.551 0.251 0.818 0.001 0.483 0.868

Relationships to the upper poles 0.539  0.501 0.639 0.001 0.696 0.010 0.541 0.356 0.719 0.023 0.467 0.750
of the kidneys and the renal hila

PF 0.562 0.292 0.717  0.001 0.627 0.095 0.611 0.012 0.646 0.128 0.528 0.785
Relationships to the large 0.507 0.906 0.610 0.009 0.731 0.002 0.534 0.446 0.718 0.023 0.566 0.525
abdominal blood vessels

Tumor CT enhancement 0.474 0.658 0.582 0.049 0.617 0.124 0.587 0.048 0.502 0.986 0.589 0.388

Relationships to the surrounding 0.554  0.359 0.619 0.005 0579 0.296 0.619 0.007 0.594 0.005 0.547 0.650
organs and tissues

Functional status of adrenal 0.536 0.541 0.589 0.033 0594 0.216 0573 0.096 0.616 0.227 0.549 0.639
tumors

OT of group |, <50 min; OT of group Il, >50 but <100 min; OT of group Ill, >100 but <150 min; OT of group IV, >150 min. IBL of group |,
<30 mL; IBL of group Il, >30 mL but <100 mL; IBL of group lll, >100 mL but <200 mL; IBL of group IV, >200 mL. ROC, receiver operating
characteristic; OT, operative time; IBL, intraoperative blood loss; AUC, area under the time-dependent ROC curve; PF, periadrenal fat; CT,
computed tomography.

Table 5 The correlation of the grading system based on the quantitative scoring model with OT, IBL, and postoperative length of stay according
to the Kruskal-Wallis test

oT IBL Postoperative length of stay
Parameters
H value P value H value P value H value P value
Grade | vs. grade |l 61.360 0.001 44.471 0.046 14.157 1.000
Grade | vs. grade Ill 0.001 0.001 0.007
Grade Il vs. grade llI 0.001 0.001 0.001

OT, operative time; IBL, intraoperative blood loss.

Table 6 The results of kappa analysis for the two observers

Parameters Consistency rate (%) K value P value
Tumor size 96.1 0.915 0.001
Relationships to the upper poles of the kidneys and the renal hila 94.4 0.880 0.001
PF 86.0 0.751 0.001
Tumor CT enhancement 87.9 0.811 0.001
Relationships to the large abdominal blood vessels 95.8 0.892 0.001
Relationships to the surrounding organs and tissues 93.8 0.892 0.001

PF, periadrenal fat; CT, computed tomography.
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whereas with a CT value of 230 HU, the lesion may be a
pheochromocytoma or malignant tumor (21). The change
of the CT value before and after CT enhancement is
<20 HU for benign tumors and >20 HU for malignant
tumors (23,24). In other words, CT values can likely be
used to diagnosis adrenal tumors. Therefore, in this study,
the indicators in the model were quantified according to CT
data, and the tumor CT enhancement value was included in
the scoring model.

In this study, after certain factors, including PF and the
relationship of the tumor with surrounding organs and
tissues, were incorporated into the multivariate ordinal
logistic regression model and after confounders were
controlled for, the relationship between adrenal tumors and
surrounding organs and tissues was found to be a predictor
of shorter OT (Table 2). A possible explanation for this
might be related to the operative space. Several studies have
reported that a relatively small operating space increases
the difficulty of posterior laparoscopic adrenalectomy
(11,38,39). Adrenal tumors compress and displace
surrounding organs and tissues when they grow without fat
saponification or adhesions, which increases the operative
space and makes it relatively easier to find and excise the
tumors.

A scoring model should be evaluated from several aspects.
First, the score should be easy to measure and calculate,
and the indicators of the model should not be complex;
otherwise, the measurements will be time-consuming
for raters (5,7,40). Fortunately, in this study, only the
tumor size needed to be calculated, and other indicator
scores could be quickly and accurately obtained from CT
data. The functional status of adrenal tumors could be
scored based on the clinical diagnosis derived from the
endocrinological and radiological data. Second, the model
should be consistent; that is, different evaluators should
produce similar results (41,42). Finally, the model should
be stable and repeatable (6,7,41). The results of the kappa
test in this study indicated that the model scores had good
consistency and repeatability when independently calculated
by two surgeons. The results revealed that seven indicators
were associated with both OT and IBL. These indicators
were incorporated to establish the quantitative scoring
model for RLAS. The model had a high degree of fit with
both OT and IBL. Moreover, both the scoring model and
its scoring model-based grading system for complexity and
difficulty of RLAS had positive correlations with OT, IBL,
and postoperative length of stay. Therefore, this scoring
model based on CT image data can be applied to predict
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the perioperative outcomes of RLAS and help surgeons
more precisely understand the complexity and difficulty of
RLAS. Hence, in those patients who likely require highly
complex and challenging RLAS, better emergencies plans
and preoperative measures could be made, for example,
preoperative blood preparation, preoperative reminder
to anesthetists of risk, more elaborate intraoperative
manipulation, and targeted postoperative management for
preventing severe complications. Furthermore, the scoring
model could potentially function as a reliable assessment
system in the development of a risk-stratified adrenalectomy
training project aimed at training young surgeons and as a
tool for assisting in the efficient communication between
doctors and patients.

"This study had several limitations. First, the clinical data
were analyzed retrospectively. Second, the results assessing
the relationships between adrenal tumors and surrounding
organs and tissues were susceptible to variability. For
instance, the degree of adhesion and compression of the
liver by right adrenal tumors and those of the peritoneum
by left adrenal tumors are difficult to determine. Third,
the repeatability of the scores between urologists and
radiologists was not always acceptable for the classical renal
tumor scoring system (42). The developed scoring model
is similar to the classical renal tumor scoring system based
on CT data. Although both raters were experienced in
reading CT images, deviation was inevitable. For instance,
the judgment of PF adhesion and saponification and the
calculation of CT enhancement for partially necrotic
tumors inevitably involves some subjectivity. Fourth, in
determining whether this model could perform well in
predicting the risk of RLAS, the scoring model was not
validated in circumstances where young or inexperienced
surgeons were calculating the scores. When this scoring
model is used in clinical practice by an inexperienced
surgeon, the ability to identify the valuable CT imaging data
is critical to implementing this model properly. If applied
in the correct manner, the quantitative scoring model based
on CT images should be more useful for inexperienced
surgeons in preoperatively assessing the RLAS difficulty.
Moreover, the scoring model could potentially function as
a reliable assessment system in developing a risk-stratified
RLAS training program for inexperienced surgeons, for
whom guidance by experienced surgeons is particularly
needed. Fifth, this study only examined the application
of this scoring model in RLAS for adrenal tumors, and
its utility for open surgery or laparoscopic surgery via
the transperitoneal approach was not assessed, thereby
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limiting the universality of this scoring system. Finally, the
sample size of postoperative complications was too small
to further analyze the relationship between postoperative
complications and the scoring system. In this study, the
scoring model did not differ significantly according to the
presence of postoperative complications (P>0.05; Table 3).
However, the power was only 7.48%; thus, there is only
a 7.48% probability that a difference would be detected
if it indeed existed. Thus, further prospective multicenter
studies with larger sample sizes should be conducted
to validate our findings of the relationship between
postoperative complications and the scoring system.

Conclusions

We developed a scoring model that incorporated indicators
of the adrenal tumor size; the relationships of the tumor
with the upper poles of the kidneys and renal hila, the
surrounding organs and tissues, and the large abdominal
vessels; the adhesion of PF; the tumor CT enhancement
value; and the functional status of adrenal tumors. Under
specific weighting of these indicators, the scoring model for
RLAS demonstrated consistency, stability, and repeatability
in predicting the difficulty and complexity of surgery and
thus has valuable clinical utility.
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