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Background: Lateral retroperitoneal laparoscopic adrenalectomy (LRLA) is widely performed for the
resection of adrenal disorders, but when larger and more malignant lesions are involved, the difficulty of
LRLA increases. We aimed to develop and evaluate a predictive model for the surgical difficulty of LRLA.
Methods: A retrospective, observational, single-center study was performed involving all consecutive cases
of unilateral RLA for adrenal disease from 2012.01 to 2021.12. Cases were randomly divided into training
and validation cohorts (split ratio =7:3), then the least absolute shrinkage and selection operator (LASSO)
regression was applied to reduce data dimension and select predictors. Multivariate logistic regression
followed to develop the prediction nomogram for the surgical difficulty of LRLA. Finally, receiver operating
characteristic (ROC) curve, calibration curve plot and decision curve analysis (DCA) were used to evaluate
the nomogram’s discrimination, calibration, and clinical usefulness, respectively.

Results: A total of 621 cases were enrolled with a median age of 53 years and a median tumor diameter
of 1.7 ecm. After LASSO regression analysis, surgeon’s experience, tumor diameter, resection procedure,
histological type, patient’s sex and body mass index (BMI) were identified to establish the nomogram. The
model displayed good discrimination with area under the curve (AUC) in both the training cohort (0.754,
95% CI: 0.701-0.806) and validation cohort (0.742, 95% CI: 0.646-0.838). Additionally, excellent calibration
curves were revealed for surgical difficulty evaluation in both the training cohort (P=0.999) and validation
cohort (P=0.444). DCA results indicated the prediction model was clinically useful.

Conclusions: Our novel and effective predictive model can be used to assess the individual surgical
difficulty of LRLA. By stratifying patients at risk of having a difficult LRLA for adrenal disease, the model

could contribute to improvements in perioperative strategy and therapy.
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Introduction

Laparoscopic adrenalectomy (LA) is considered to be
the gold standard surgery for treating most benign and
malignant adrenal lesions (1). Compared with open
surgery, LA is associated with lower complications, faster
operation time and smoother recovery (2). Although several
approaches have been reported for LA, transperitoneal
and retroperitoneal are the most frequently used surgical
approaches for the adrenal glands (3). In contrast to
transperitoneal LA (TLA), retroperitoneal LA (RLA) avoids
intestinal interference and other associated complications,
which is conducive to intestinal recovery (4). However, the
retroperitoneal approach has a relatively small operative
space, as well as unclear anatomical landmarks, which makes
the procedure more technically challenging (5). Therefore,
assessing RLA difficulty is vital in terms of reducing
operative time, intraoperative blood loss and surgical
complications. Although several risk factors have been
reported as associated with operative time and blood loss for
RLA, at present there is no visual predictive model that can
be used to evaluate the surgical difficulty for lateral RLA
(LRLA). The most frequently performed retroperitoneal
surgical approaches are posterior RLA (PRLA) and LRLA,
both which are used in our center. Therefore, we aimed
to develop a predictive model of surgical difficulty based
on a large series of LRLA cases, which should assist in
optimizing the perioperative strategy. We present the
following article in accordance with the TRIPOD reporting
checklist (available at https://tau.amegroups.com/article/
view/10.21037/tau-22-324/rc).

Methods
Patient selection

This single-center, retrospective observational study
included 621 consecutive LRLA cases from Beijing Anzhen
Hospital between January 2012 and December 2021. The
inclusion criteria were: (I) patient diagnosed with adrenal
lesion, with the histological type including adrenal adenoma,
hyperplasia, pheochromocytoma, cyst and myelolipoma; (II)
patient underwent LRLA; (III) patient initially underwent
LRLA, but converted to open surgery. The exclusion
criteria were: (I) patient underwent TLA; (II) patient
underwent robot-assisted RLA; (III) incomplete clinical
data; (IV) prior ipsilateral retroperitoneal surgery. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013) and was approved by the Ethics
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Committee of Beijing Anzhen Hospital (No. 2022172X).
Individual consent for this retrospective analysis was waived.

Data collection

The following clinical data were collected: sex, age,
operative time (measured from trocar insertion to
abdominal closure), estimated intraoperative blood loss,
body mass index (BMI), surgeon’s experience (30 first
cases), tumor side (left or right), resection procedure (partial
or total adrenalectomy), prior abdominal surgery, tumor
diameter (expressed in cm and measured in the major
axis), and histological type (adrenal adenoma, hyperplasia,
pheochromocytoma, cyst and myelolipoma).

Surgical protocol

All patients underwent LRLA. Briefly, the operating table
was flexed to expand the working space between the iliac
crest and the 12th rib whiles the patient was in the lateral
decubitus position. A 1.5-cm incision was made in the
midaxillary line, followed by a 2-cm incision above the
iliac crest. The retroperitoneal space was expanded using
the surgeon’s index finger. Through a 10-mm trocar, an
observation mirror was used through a 30° laparoscope,
and the two other trocars were located in the anterior
axillary line and posterior axillary line of the subcostal space
with a diameter of 5 and 10 mm, respectively. Following
the placement of the trocar, the upper pole of the renal
was mobilized so the adrenal gland could be exposed. In
this procedure, the edge of the adrenal gland was divided
using ultrasound, and the central vein in the adrenal gland
was ligated through hem-o-lock clips. The specimen was
retrieved as a partial or total adrenalectomy.

Outcome definition and predictor selection

The media operation time of these 621 LRLA cases were
105 min, and the operation time above the 75th percentile
(>140 min) was chosen as the cut-off. An operation that was
>140 min, converted to open surgery or had an intraoperative
blood loss >100 mL was considered as a high-difficultly
surgery. Otherwise, it was defined as a low-difficulty surgery.
The 621 cases were randomly divided into two groups:
the training dataset (n=435) and the validation dataset
(n=186). The training dataset was used to develop the
predictive model, and the validation dataset was used to
evaluate the model’s performance (Figure 1). Secondly,
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Figure 1 Numbers of cases enrolled and outcomes in the training and validation cohorts. LRLA, lateral retroperitoneal laparoscopic

adrenalectomy.

least absolute shrinkage and selection operator (LASSO)
regression analysis, which minimizes the impact of factors
on feature selection, was used to identify the predictive
factors of surgical difficulty in the training cohort. In the
LASSO regression model, the optimal A was selected with
a 10-fold cross-validation process and one standard error
(1-SE) of the minimum criteria, while retaining the non-
zero coefficients.

Statistical analysis

For normally distributed data, continuous variables are
presented as mean = standard deviation, and Student’s 7-test
was conducted for difference comparison between high-
and low-difficulty surgery groups. Continuous variables
with a non-normal distribution are presented as median
plus interquartile range (IQR), and the Wilcoxon rank sum
test was used for comparison. For comparisons between
groups among the categorical variables, Chi-square test or
Fisher’s exact test were used as appropriate. The “glmnet”
package of R was applied for LASSO feature selection, and
the “rms” package was used to establish a predictive model
and nomogram based on multivariate logistic regression. To
assess the accuracy of the predict model, the area under the
curve (AUC) of receiver operating characteristic (ROC) and
calibration curve plots were created by the “rms” package.
An evaluation of the calibration of this nomogram was
conducted using calibration plots, along with both Hosmer-
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Lemeshow and unreliability tests. In addition, decision
curve analysis (DCA) was applied to evaluate the clinical
value of the nomogram by assessing net benefits at different
threshold probabilities in both the training and validation
datasets. All the analyses were conducted with R language
(version 4.1.0 for Mac) and STATA (version 16.0 for Mac).
A P value <0.05 was considered statistically significant.

Results

Patients’ demographics and clinical characteristics

We analyzed the clinical data for 621 LRLA cases
comprising 321 men and 300 women; median age was
53 years (range, 17-80 years), median BMI was 25.2 kg/m’
(range, 15.8-43.2 kg/m’), and median lesion diameter was
1.74 cm (range, 0.4-10.2 cm). A summary of the patients’
characteristics in the training and validation cohorts is given
in Table 1. In terms of their baseline characteristics, there
were no significant differences between the training and
validation datasets. In the training dataset, the proportion
of cases of high-difficulty surgery was 24.8% versus 21.0%
in the validation dataset.

Establishment of the nomogram for predicting surgical
difficulty in the training cobort

LASSO regression was used first to identify the effective
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Table 1 Summary of study variables grouped by training and validation datasets

Zhao et al. Nomogram for surgical difficulty of LRLA

Factor Training group Validation group P value
Sample size (n) 435 186 NA
Age (years), median (IQR) 53.0 (44.0, 61.0) 52.0 (41.0, 61.0) 0.096
Size (cm), median (IQR) 1.8(1.3,2.3) 1.6(1.3,2.3) 0.41
BMI (kg/m?), median (IQR) 25.1(28.2, 27.5) 25.3 (23.5, 27.6) 0.58
Operative time (min), median (IQR) 105.0 (85.0, 140.0) 100.0 (80.0, 130.0) 0.27
Blood loss (mL), median (IQR) 20.0 (10.0, 50.0) 20.0 (10.0, 50.0) 0.23
Sex, n (%) 0.051
Male 236 (54.3%) 85 (45.7%)
Female 199 (45.7%) 101 (54.3%)
Surgeon’s experience, n (%) 0.89
<30 124 (28.5%) 52 (28.0%)
>30 311 (71.5%) 134 (72.0%)
Location, n (%) 0.089
Left 244 (56.1%) 118 (63.4%)
Right 191 (43.9%) 68 (36.6%)
Histological type, n (%) 0.40
Adenoma 302 (69.4%) 131 (70.4%)
Hyperplasia 98 (22.5%) 38 (20.4%)
Pheochromocytoma 15 (3.4%) 7 (3.8%)
Cyst 15 (3.4%) 4 (2.2%)
Myelolipoma 5(1.1%) 6 (3.2%)
Prior abdominal surgery, n (%) 0.82
No 326 (74.9%) 141 (75.8%)
Yes 109 (25.1%) 45 (24.2%)
Resection procedure, n (%) 0.60
Partial 329 (75.6%) 137 (73.7%)
Total 106 (24.4%) 49 (26.3%)

Data presented as median (IQR) or number and percentage in parentheses. NA, not applicable; IQR, interquartile range; BMI, body mass

index.

predictors related to surgical difficulty in the training
cohort. As shown in Figure 2, if log(A) increased, most
of the coefficients decreased toward zero. Consequently,
based on 10-fold cross-validation and the 1-SE criterion,
the optimal A was selected in the LASSO regression model:
log(A)=-3.56, and the remaining non-zero coefficients were
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finally selected. As a result, surgeon’s experience, tumor
diameter, resection procedure, histological type of adrenal
hyperplasia/pheochromocytoma, patient’s sex and BMI
were identified as predictors of surgical difficulty. From this,
a predictive model was constructed, and presented in the
form of a nomogram (Figure 3, Table 2).
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Figure 2 Selection of predictors of surgical difficulty using the LASSO regression model. (A) Tuning parameter (1) selection in the LASSO

model using 10-fold cross-validation. (B) Coefficient profile plot generated against the log () sequence. Vertical line set at the value selected

using 10-fold cross-validation, where optimal values using the minimum criteria and the 1 standard error of the minimum criterion (1-SE).

LASSO, absolute shrinkage and selection operator.
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Figure 3 Nomogram to estimate surgical difficulty of LRLA. The nomogram was developed in the training cohort, with the patient’s sex,

histological type, BMI, tumor diameter, and surgeon’s experience incorporated. To estimate the likely difficulty (high or low), locate the

predictor points on the uppermost point scale that correspond to each patient variable and add them up. The total points projected to the

bottom scale indicate the % probability of high difficulty. BMI, body mass index; LRLA, lateral retroperitoneal laparoscopic adrenalectomy.
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Evaluation of the nomogram in the training and
validation coborts

The nomogram was validated in both the training and
validation cohorts. As illustrated in Figure 4, the AUC was
0.754 (95% CI: 0.701-0.806), and 0.742 (95% CI: 0.646—
0.838) in the training and validation datasets, respectively,
which implied favorable discrimination of the model.
Furthermore, calibration curves were used to determine
predictive accuracy. As illustrated in Figure 5, in the training

Table 2 Multivariate binary logistic regression of surgical difficulty
for LRLA in the training cohort

Intercept and variable Coef. 95% ClI P value
Female -1.180 -1.712, -0649 <0.001
Experience (>30) -0.723  -1.243,-0.204 0.006
Histological type

Hyperplasia 0.756 0.214,1.297 0.006

Pheochromocytoma 2.532 1.106, 3.957 <0.001

Cyst -1.387 -3.347,0.572 0.165
Myelolipoma -0.081 -2.232,2.070 0.941
Size (cm) 0.343 0.102, 0.585 0.005
BMI (kg/m?) 0.098 0.026, 0.17 0.008
Intercept -3.647 -5.592, -1.702  <0.001

LRLA, lateral retroperitoneal laparoscopic adrenalectomy; Coef.,
coefficient; BMI, body mass index.
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cohort, the calibration’s unreliability test statistic was —0.005
with a P value of 0.999, whereas the validation cohort was
-0.006 with a P value of 0.444. DCA is a novel method for
evaluating diagnostic tests, predictive models and molecular
markers. It combines the mathematical simplicity of
accuracy measures, such as sensitivity and specificity, with
the clinical applicability of decision analytic approaches.
In this study, DCA was also applied to assess the clinical
use of the nomogram. As shown in Figure 6, when the
threshold probability increased from 10% to 90%, using the
nomogram to predict surgical difficulty was more beneficial
than either treating all patients or treating none.

Discussion

We developed and validated a predictive model for the
surgical difficulty of LRLA, which was well discriminated
and calibrated for individualized prediction. To our
knowledge, we are the first to evaluate a surgical difficulty
nomogram for LRLA in a large cohort. Similar to other
studies (6-8), the operative time, conversion to open surgery
and blood loss were used to evaluate surgical difficulty. Our
nomogram was based on six predictive factors: patient’s
sex and BMI, histological type, tumor diameter, surgeon’s
experience, and resection procedure.

Among these predictive factors, pheochromocytoma
was the strongest predictor of surgical difficulty. It is a
rare neuro-endocrine, catecholamine-secreting tumor
that originates in adrenal cortex chromaffin cells (9). In
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Figure 4 ROC curves of the predictive model in the training cohort (A) and validation cohort (B). The nomogram had good discriminative
power with area under the ROC curve (95% CI) of 0.754 (95% CI: 0.701-0.806) and 0.742 (95% CI: 0.646-0.838) in the training and

validation datasets, respectively. AUC, area under the curve; ROC, receiver operating characteristic.

© Translational Andrology and Urology. All rights reserved.

Transl Androl Urol 2023;12(1):9-18 | https://dx.doi.org/10.21037/tau-22-324



Translational Andrology and Urology, Vol 12, No 1 January 2023 15
A B
1.0 4 g 0.246 104 g 0.213
U -0.005 U -0.006
P value 0.999 Pvalue 0.444
0.8 A 0.8 A
= =
% 0.6 '-5 0.6
Q Q
< <
Q Q
S 04 S 04
Q |5}
< <
Ideal g Ideal
0.2 — Logistic calibration 0.2 ! — Logistic calibration
e 7 Nonparametric o Nonparametric
0.0 4 A | ”H‘h”h\\\H|||I||||||I||.m Wadtdandor 1 0.0 b b
T T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Predicted probability

Predicted probability

Figure 5 Calibration curve of the nomogram for predicting surgical difficulty in the training (A) and testing (B) datasets. Calibration focused
on the accuracy of the absolute risk prediction of the model, that is, the consistency between the probability of high difficulty predicted
by the model and the actual operation. The y-axis represents the actual rating of surgical difficulty. The x-axis represents the predicted

probability of surgical difficulty. P>0.05 means no significant difference, and the calibration of the model is good. R’, R-squared index; U,
unreliability index.

A 034 B 020
02 4 0.15 -
g T 0.10
S 014 8

3 3 0051

001 0.00 A \
~0.1 1 ~0.05

T T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Threshold probability Threshold probability

Net benefit: treat all Net benefit: treat all

Net benefit: treat none

Net benefit: treat none
Net benefit: prob

Net benefit: prob
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probability increased from 10% to 90%, using the nomogram to predict surgical difficulty was more beneficial than either treating all
patients or treating none.

general, LA for pheochromocytoma is considered a high- are composed of fragile, necrotic and highly vascularized

risk procedure due to the hemodynamic changes that occur
during and after the procedure (10). It has been reported
that resection of pheochromocytoma correlates with longer
operative time, greater blood loss, and longer hospital
stay (11,12). Similar results were obtained in our current
study, explained by the fact that pheochromocytomas

© Translational Andrology and Urology. All rights reserved.

tissues, making surgery more difficult.

Besides the histological type of lesions, tumor size was
another important factor for predicting difficulty of LRLA.
Our results indicated that surgery becomes more difficult as
the tumor increases in size. In fact, the limitation of tumor
size for LRLA is still controversial. It has been reported
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that retroperitoneal laparoscopy is only appropriate for
small to medium-sized lesions (13,14). Nevertheless, with
increasing surgical experience and the improvements
in laparoscopic instruments, tumor size is no longer an
absolute contraindication to LRLA (15). Despite this, the
retroperitoneum is a limited operative space, especially
if the adrenal mass is large, making the procedure more
challenging (16). Additionally, the limited retroperitoneal
space can cause interference and collision of surgical
instruments, increasing the difficulty of exposing and
isolating the adrenal lesion (15). Hence, surgeons prefer the
transperitoneal approach for large adrenal masses because
there is more working space (17).

Obesity is related to the difficulty of any operation,
and there is controversy regarding whether BMI makes
laparoscopic adrenal surgery more difficult. Consistent
with our study results, a recent study involving 353 patients
undergoing RLA suggested that the overweight group
with BMI >30 kg/m’ had a prolonged operative time
compared with the normal BMI group, but no difference
was found in postoperative length of stay, estimated blood
loss, or postoperative complications (18). There is more
extraperitoneal and suprarenal fat in overweight individuals,
which makes it more difficult to detect and isolate the
adrenal glands. Interestingly, the effect of BMI on the
surgical difficulty of TLA is not consistent with the effect
when using the retroperitoneal approach. In a retrospective
study, Rodriguez-Hermosa ez al. (19) reported that BMI
itself does not increase the surgical difficulty of TLA.
Furthermore, it was reported that there were no differences
in intraoperative blood loss or operative time between obese
and non-obese patients undergoing LA via a transabdominal
approach (20). Therefore, the transabdominal approach for
LA might be a potentially useful surgical option for high
BMI and obese patients.

There is currently limited data on the effect of sex on
the surgical difficulty of LRLA. Oh e 4/. (21) summarized
their surgical outcomes between the posterior and lateral
approaches for RLA. In their results males were significantly
associated with >90 min operative time for both lateral
and posterior RLA (P=0.019). The effect of sex on surgical
difficulty might be explained by the difference in fat
distribution between males and females at the same BMI (22).
In addition, compared with females, males are more muscular,
and have greater thickness and density of retroperitoneal fat,
thus leading more difficult surgery (23,24).

In addition, our results indicated that prior abdominal
surgery did not influence the surgical difficulty of
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LRLA, which might be attributed to the fact that the
transabdominal approach was chosen for LA in patients
with a history of ipsilateral retroperitoneal surgery.
Therefore, these patients were not enrolled in the present
study. The prior abdominal surgery involved in this study
was transperitoneal rather than retroperitoneal operation.

However, there are several limitations to the present
study. Firstly, it is important to note that this was a
retrospective study from one center, which led to some bias.
Secondly, the cases of adrenal pheochromocytoma, cyst and
myelolipoma in this study were relatively limited, reducing
the reliability of the final results to some extent. Moreover,
several anatomic factors including perinephric fat tissue,
location of adrenal gland and skin-to-adrenal distance were
not considered for inclusion in the analysis.

Conclusions

We have presented a surgical difficulty predictive
nomogram that incorporates patient’s sex, histological type,
tumor diameter, surgeon’s experience, BMI and resection
procedure, which may be used to facilitate the preoperative
prediction of surgical difficulty in LRLA, contributing to
more efficient preoperative management for adrenal gland
lesions and providing patients with information during the
consent process. If a patient seems to be at high risk for
LRLA, a transabdominal approach is a potential option for
the surgical treatment of adrenal disease.
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