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Background: Transperitoneal laparoscopic adrenalectomy (TLA) is the most frequently chosen approach 
in adrenal surgery. At present, impact of obesity on patient outcomes following adrenal surgery is frequently 
under discussion. We intended to offer updated evidence thanks to a comparison between intraoperative 
and perioperative outcomes in non-obese and obese patients, who underwent TLA for benign or malignant 
adrenal diseases.
Methods: Our systematic review made use of Preferred Reporting Items for Systematic Reviews and Meta-
Analyzes (PRISMA) guidelines. Articles of interest turned out from a search with PubMed/MEDLINE, 
Cochrane Library (Cochrane Database of Systematic Reviews, Cochrane Central Register of Controlled 
Trials-CENTRAL), Web of Science (Science and Social Science Citation Index), and Scopus databases. 
We evaluated two groups of outcomes: intraoperative (operative time, intraoperative complications rate, 
estimated blood loss (EBL), transfusion rate, conversion to open surgery rate) and postoperative (overall 
postoperative complications rate, major postoperative complications rate, length of hospital stay). RevMan 
(Computer program) Version 5.4 was used to perform the meta-analysis. The heterogeneity of the included 
studies in the meta-analysis was assessed by using the I2 statist. 
Results: The 8 included comparative studies (1,646 patients: 995 non-obese versus 651 obese) had a 
time frame of approximately 30 years (1994–2020) and an observational nature. Meta-analysis showed no 
differences in terms of operative time, intraoperative complications rate, EBL, transfusion rate, conversion 
to open surgery rate, overall postoperative complications rate, major (Clavien-Dindo ≥ III) postoperative 

	
^ ORCID: 0000-0001-9841-7856.

https://crossmark.crossref.org/dialog/?doi=10.21037/cco-24-55


Zizzo et al. TLA short-term outcomes in obese and non-obese patientsPage 2 of 16

© AME Publishing Company.   Chin Clin Oncol 2024;13(5):67 | https://dx.doi.org/10.21037/cco-24-55

Introduction

Adrenalectomy represents the definitive treatment for 
multiple functional and/or organic adrenal disorders (1,2). 
Major indications for surgery are hormonally inactive/non-
functioning tumors (36.8–39.6%), catecholamine-secreting 
tumors/pheochromocytoma (18.9–27.4%), aldosterone-
producing tumors/a ldosteronoma (11.8–17.9%), 

glucocorticosteroid-secreting tumors/Cushing’s syndrome 
(15.4–25.2%), virilizing/sex hormone-secreting tumors 
(1.1–1.2%), and adrenal gland metastases (4.6%) (1).

Although open adrenalectomy still maintains some 
important indications shared among experts and many 
scientific societies (e.g., adrenocortical carcinoma), 
minimally invasive surgery is considered the gold standard 
for the treatment of most of abovementioned surgical 
adrenal disorders, as stressed by guidelines issued by 
European Society of Endocrinology, European Society 
of Endocrine Surgeons, and American Association of 
Endocrine Surgeons (1,3-11). In 1992, Gagner et al. 
described the first cases of laparoscopic adrenalectomy and 
their encouraging results (12). Since then, many studies 
have been published on this topic, all of them highlighting 
the substantial advantages of minimally invasive surgery, 
if compared to the conventional one; among them, lower 
rates of postoperative morbidity and mortality, less frequent 
occurrences of overall and major complications, milder 
postoperative pain, shorter length of hospitalization, better 
cosmetic results must be borne in mind (1,5-7).

Laparoscopic procedures can be performed through 
either a transperitoneal approach or a retroperitoneal 
one (13-18). At present, transperitoneal laparoscopic 
adrenalectomy (TLA) is the most frequently chosen 
approach, as it allows the best overall view of adrenal 
lodge and surrounding area, thus providing adequate 
working space even for larger lesions (7,19). Exploration 
of abdominal cavity represents an additional advantage 
of transabdominal approach, as it allows the treatment of 
other associated abdominal disorders during surgery (7,19). 
Furthermore, in case of difficult dissection or intraoperative 
hemorrhage, this method allows prompt conversion to open 
surgery (7,19).

67

complications rate, length of hospital stay between non-obese and obese populations.
Conclusions: We can say that obesity does not impact TLA safety and effectiveness. Due to biases among 
meta-analyzed studies (small overall sample size and small number of events analyzed, in particular), careful 
interpretation is needed to interpret our results. Additional randomized, possibly multi-center trials may 
contribute to confirm our results.
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Highlight box

Key findings
•	 Transperitoneal laparoscopic adrenalectomy (TLA) is the most 

frequently chosen approach in adrenal surgery.
•	 At present, impact of obesity on patient intraoperative and 

postoperative outcomes following laparoscopic adrenalectomy is 
frequently under discussion.

What is known and what is new? 
•	 According to some studies, obesity is suggested to play a 

detrimental role on patient outcomes following adrenal surgery. 
However, other studies underlined lack of association between 
obesity and onset of postoperative complications (obesity paradox).

•	 By including just comparative studies of non-obese and obese 
adult patients undergoing TLA for benign or malignant adrenal 
disorders, our meta-analysis showed that TLA did not record 
any statistically different short-term outcomes (operative time, 
intraoperative complications, estimated blood loss, transfusions, 
conversion to open surgery, overall postoperative complications, 
major postoperative complications, length of hospital stay) between 
the two populations.

What is the implication, and what should change now? 
•	 We can say that obesity does not impact TLA safety and 

effectiveness. Given the significant biases among meta-analyzed 
studies, elucidation of results is strongly needed.

•	 Confirmation of our results must go through additional 
randomized, possibly multi-center trials.
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At present, impact of obesity on patient outcomes 
following general abdominal (20-31) and adrenal surgery 
(32-36) is frequently under discussion. According to some 
studies, obesity is suggested to play a detrimental role on 
patient outcomes following abdominal surgery, as obese (Ob) 
patients usually record higher postoperative morbidity rates, 
if compared to non-obese (NOb) ones (20,23,24,30,32,35). 
However, other studies underlined lack of association 
between obesity and onset of postoperative complications 
(21,26-28,31,33,36) .  They even acknowledged a 
preservative impact of obesity on postoperative mortality 
after digestive surgery, the so called “obesity paradox” 
(21,25,26). Unfortunately, most studies focused on surgery 
of intraperitoneal organs or peculiar types of surgery 
(i.e., bariatric surgery), ruling out surgical procedures of 
retroperitoneal structures such as adrenal glands (34).

Therefore, we intended to offer updated evidence thanks 
to a comparison between intraoperative and perioperative 
outcomes in non-obese and obese patients, who underwent 
TLA for benign or malignant adrenal diseases. We present 
this article in accordance with the PRISMA reporting 
checklist (37) (available at https://cco.amegroups.com/
article/view/10.21037/cco-24-55/rc).

Methods

Our meta-analysis was based on previously published studies 
with no additional data other than those related to original 
patient population. Thus, approval by Ethics committee 
and informed patient consent were not required.

Search strategy

PubMed/MEDLINE, Cochrane Library (Cochrane 
Database of Systematic Reviews, Cochrane Central Register 
of Controlled Trials-CENTRAL), Web of Science (Science 
and Social Science Citation Index), and Scopus databases 
were used to identify articles of interest.

Combination of non-MeSH/MeSH terms was as follows:
	 PubMed/MEDLINE
((obese[Title/abstract]) AND (adrenalectomy[Title/

a b s t r a c t ] ) )  O R  ( ( o b e s i t y [ Ti t l e / a b s t r a c t ] )  A N D 
(adrenalectomy[Title/abstract])). Filters applied: English
	 Cochrane Library
obese in Title Abstract Keyword AND adrenalectomy 

in Title Abstract Keyword OR obesity in Title Abstract 
Keyword AND adrenalectomy in Title Abstract Keyword—

(word variations have been searched). Language: English
	 Web of Science
Obese (Topic) AND adrenalectomy (Topic) OR 

obesity (Topic) AND adrenalectomy (Topic) and English 
(Languages)
	 Scopus
(TITLE-ABS-KEY (obese) AND TITLE-ABS-KEY 

(adrenalectomy) OR TITLE-ABS-KEY (obesity) AND 
TITLE-ABS-KEY (adrenalectomy)) AND (LIMIT-TO 
(LANGUAGE, “English”))

Final analysis was carried out on 21st of March 2024.
Additionally, the reference lists of relevant studies were 

manually reviewed to identify any articles that may have 
been missed during the electronic search.

Inclusion and exclusion criteria

We enclosed comparative population studies (case series, 
case-control studies, cohort studies, controlled clinical 
trials and randomized clinical trials) concerning non-obese 
and obese adult patient populations (over 18 years of age) 
undergoing TLA for benign or malignant adrenal diseases.

Furthermore, studies comparing patient populations 
having mixed transperitoneal robotic/open adrenalectomy + 
TLA or TLA + retroperitoneal laparoscopic adrenalectomy 
(RLA) data were ruled out, as well as studies analyzing 
fewer than 3 outcomes of interest (see “Outcomes” section).

We determined to rule out abstracts, posters, letters to 
the Editor, editorials, case reports and previously published 
systematic reviews and/or meta-analyses, although 
previously published systematic reviews or meta-analyses 
were taken into account in order to detect comparative 
studies left out through our systematic search.

Due to paucity of data retrieved in the course of first 
unsystematic search, we ruled out limitations connected to 
date of issue.

Outcomes

We evaluated two groups of outcomes: intraoperative and 
postoperative ones.

Intraoperative outcomes included operative time, 
intraoperative complications rate, estimated blood loss 
(EBL), transfusion rate, and conversion to open surgery rate.

Postoperative outcomes included overall postoperative 
complications rate, major (Clavien-Dindo or CD ≥ III) 
postoperative complications rate, and length of hospital stay.

https://cco.amegroups.com/article/view/10.21037/cco-24-55/rc
https://cco.amegroups.com/article/view/10.21037/cco-24-55/rc
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Data extraction

Two independent reviewers (M.Zi. and A.M.) selected 
papers based on title, abstracts, keywords, and full-texts. All 
collected results were then reviewed by a third independent 
reviewer (C.G.).

Following data were collected from included papers:
	Demographic data [author’s surname and year of 

publication, study period, study country, study type, 
population size, gender and age, American Society 
of Anaesthesiologists (ASA) score, body mass index 
(BMI), adrenal side, adrenal size, adrenal disease, 
follow-up duration];

	Intraoperative outcomes data (operative time, 
intraoperative complications rate, EBL, transfusion 
rate, conversion to open surgery rate);

	Postoperative outcomes data [overall postoperative 
complications rate, major (CD ≥ III) postoperative 
complications rate, length of hospital stay].

Quality assessment

Two independent reviewers made use of RoB 2 and 
ROBINS-I tools for a proper quality assessment of the 
different included studies (38,39).

Version 2 Cochrane Risk-of-Bias tool for randomized 
trials (RoB 2) helped in assessing the risk of bias in 
randomized trials (38). It included a fixed set of bias 
domains that were focused on different aspects of study 
design, conduct and reporting (38). Each set included 
a series of questions (“reporting questions”) aimed at 
collecting data on study characteristics, that contributed to 
the risk of bias (38). An algorithm suggested bias risk from 
each domain, based on answers to reporting questions (38). 
Risk of bias was classified as “Low”, “High”, or “Some 
Concerns” (38).

ROBINS-I tool assessed the risk of bias in non-
randomized studies comparing health outcomes in two 
or more interventions (39). In risk assessment, reporting 
questions having a substantial factual nature aimed at easing 
judgment on the risk of bias (39). Answers to reporting 
questions gave a framework for domain-level judgments on 
the risk of bias, which then served as a basis for an overall 
judgment in a particular outcome (39). Ratings were “Low 
Risk”, “Moderate Risk”, “Severe Risk” and “Critical Risk”, 
where “Low risk” meant the risk of bias in a high-quality 
randomized study (39). Only in outstanding cases, a non-

randomized study may be given rating of low risk, due to 
confounding variables (39).

Statistical analysis

We used “Review Manager (RevMan) [Computer program] 
Version 5.4. The Cochrane Collaboration, 2020” to 
perform our meta-analysis (40). In case of dichotomous 
outcomes, odds ratios (ORs) and corresponding 95% 
confidence intervals (CIs) followed Mantel-Haenszel (MH) 
method. In case of continuous outcomes, weighted mean 
differences (WMDs) and corresponding 95% CIs followed 
inverse variance method. In the lack of mean and standard 
deviation (SD) for an end-point, we used reported median 
range and interquartile range (IQR), if provided, according 
to Hozo formulas (41). Moreover, if a study had sample 
sizes, means, and SDs separately for two or more subgroups 
in each of the intervention groups, the Cochrane’s formula 
was used to combine the numbers into a single sample size, 
mean, and SD for each group of intervention (42).

I2 statistics were used to assess statistical heterogeneity. 
<25%, 25–50% and >50% I2 values were classified as 
follows: low, moderate, and high. Due to heterogeneous 
discrepancies in general population characteristics, in 
addition to discrepancies in minimally invasive surgical 
approaches, a random-effects model served as default in all 
statistical analyses with P<0.05 statistical significance.

Results

Search results

According to 21st of March 2024 final literature search, 
1,265 potentially interesting studies were found (Figure 1). 
After removing duplicate publications and excluding those 
irrelevant for title and abstract, 62 full-texts were considered 
eligible. Finally, just 8 comparative studies underwent 
qualitative and quantitative synthesis, as they complied with 
inclusion criteria (43-50). No additional records were found 
through other sources (references list).

Quality of studies

According to ROBINS-I, all non-randomized studies 
recorded moderate overall bias (43-50) (see Table S1). Due 
to lack of identification of randomized trials, RoB 2 tool was 
not used.

https://cdn.amegroups.cn/static/public/CCO-24-55-Supplementary.pdf
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Figure 1 PRISMA flow chart of literature search.
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Records identified from:
•	PubMed/MEDLINE (n=438)
•	Scopus (n=301)
•	Web of Science (n=513)
•	Cochrane Library (n=13)

Records screened
(n=713)

Reports assessed for eligibility
(n=62)

Studies included in qualitative 
synthesis (n=8)
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synthesis (n=8)

Records removed before screening:
•	Duplicate records removed 

(n=552)

Records excluded:
•	Articles irrelevant for title and 

abstract (n=651)

Reports excluded (n=54):
•	Abstracts, posters, letters 

to the editor, editorials, case 
reports, previously published 
systematic reviews and/or 
meta-analyses

•	No human studies
•	No comparative studies
•	Mixed populations
•	<3 outcomes of interest

Records identified from:
•	References list (n=0)

Study and population features

Table 1 shows study and population features. The eight 
studies retrieved through the systematic search had 
all observational nature. In particular, 7 studies had a 
retrospective design and 1 had a prospective one. They 
came from Western and Eastern countries and recorded an 
observational period of a nearly 30 years (1994–2020). 

Pooled population included 1,646 patients with samples 
size ranged between 65 and 520. Most patients had female 
sex (1,040; 63.2%), while the mean age and the mean BMI 
of the individual populations analyzed ranged between 37 
and 59.2 years old and between 20.65 and 35.68 kg/m2, 
respectively.

Non-obese population included 995 patients (60.5%) 
with samples size ranged between 30 and 346. Most patients 
had female sex (634; 63.7%), while the mean age and the 
mean BMI of the individual populations analyzed ranged 
between 47.6 and 56.1 years old and between 20.65 and 
27.28 kg/m2, respectively.

Obese population included 651 patients (39.5%) with 
samples size ranged between 28 and 174. Most patients had 
female sex (406; 62.4%), while the mean age and the mean 
BMI of the individual populations analyzed ranged between 
37 and 59.2 years old and between 28.08 and 35.68 kg/m2, 
respectively.

Table 2 shows the surgical and histopathological 
characteristics of adrenal pathology. The lesions involved 
the left adrenal gland in a slightly larger portion than the 
right one with a mean diameter between 2.63 and 5 cm. 
Non-functioning/hormonally inactive tumors and Cushing’s 
syndrome/glucocorticosteroid-secreting tumors were the 
most frequently treated adrenal diseases.

Meta-analyses results

Operative time
All 8 included studies (1,646 patients: NOb 995, Ob 651) 
recorded operative time (Figure 2) (43-50). Meta-analysis of 
pooled results showed that operative time [mean difference 
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Figure 2 Forest plot comparing operative time between the NOb and Ob groups. SD, standard deviation; IV, inverse variance; CI, 
confidence interval; df, data frame; NOb, non-obese; Ob, obese.

(MD): −4.15, 95% confidence interval (CI): −10.68, 2.38, 
P=0.21] did not have statistically significant discrepancies 
between the two groups. The recorded heterogeneity was 
high and significant from a statistical point of view (I2=76%, 
P<0.001).

Intraoperative complications
Three out of 8 included studies (317 patients: NOb 194, Ob 
123) reported intraoperative complications rate (Figure 3)  
(43,44,49). Meta-analysis of pooled results showed that 
intraoperative complications rate [odds ratio (OR): 0.86, 
95% CI: 0.29, 2.59, P=0.79] recorded statistically non-

significant discrepancies between the two groups. The 
recorded heterogeneity was low, although negligible from a 
statistical perspective (I2=0%, P=0.42).

EBL
Five out of 8 included studies (1,086 patients: NOb 666, Ob 
420) recorded EBL (Figure 4) (44,46-48,50). Meta-analysis 
of pooled results showed that EBL (MD: −16.35, 95% CI: 
−42.48, 9.79, P=0.22) recorded statistically non-significant 
discrepancies between the two groups. The recorded 
heterogeneity was high and significant from a statistical 
point of view (I2=91%, P<0.001).

Figure 4 Forest plot comparing estimated blood loss between the NOb and Ob groups. SD, standard deviation; IV, inverse variance; CI, 
confidence interval; df, data frame; NOb, non-obese; Ob, obese.

Figure 3 Forest plot comparing reported intraoperative complications between the NOb and Ob groups. M-H, Mantel-Haenszel; CI, 
confidence interval; df, data frame; NOb, non-obese; Ob, obese.
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Figure 5 Forest plot comparing reported transfusion rate between the NOb and Ob groups. M-H, Mantel-Haenszel; CI, confidence 
interval; df, data frame; NOb, non-obese; Ob, obese.

Figure 6 Forest plot comparing reported conversion to open surgery rate between the NOb and Ob groups. M-H, Mantel-Haenszel; CI, 
confidence interval; df, data frame; NOb, non-obese; Ob, obese.

Transfusion
Four out of 8 included studies (625 patients: NOb 382, Ob 
243) reported transfusion rate (Figure 5) (43,48-50). Meta-
analysis of pooled results showed that transfusion rate (OR: 
0.56, 95% CI: 0.11, 2.78, P=0.48) recorded statistically 
non-significant discrepancies between the two groups. The 
recorded heterogeneity was low, although negligible from a 
statistical perspective (I2=0%, P=0.76).

Conversion to open surgery
All 8 included studies (1,646 patients: NOb 995, Ob 651) 
reported conversion to open surgery rate (Figure 6) (43-50). 
Meta-analysis of pooled results showed that conversion to 
open surgery rate (OR: 0.74, 95% CI: 0.34, 1.60, P=0.44) 
recorded statistically non-significant discrepancies between 
the two groups. The recorded heterogeneity was low, 
although negligible from a statistical point of view (I2=0%, 
P=0.83).

Overall postoperative complications
All 8 included studies (1,646 patients: NOb 995, Ob 651) 
recorded overall postoperative complications rate (Figure 7)  

(43-50). Meta-analysis of pooled results showed that overall 
postoperative complications rate (OR: 0.72, 95% CI: 
0.44, 1.17, P=0.18) recorded statistically non-significant 
discrepancies between the two groups. The recorded 
heterogeneity was low, although negligible from a statistical 
perspective (I2=17%, P=0.30).

Major (Clavien-Dindo or CD ≥ III) postoperative 
complications
Six out of 8 included studies (1,246 patients: NOb 713, Ob 
533) recorded major (CD ≥ III) postoperative complications 
rate (Figure 8) (44-47,49,50). Meta-analysis of pooled results 
showed that major (CD ≥ III) postoperative complications 
rate (OR: 0.79, 95% CI: 0.23, 2.77, P=0.72) recorded 
statistically non-significant discrepancies between the two 
groups. The recorded heterogeneity was moderate, although 
negligible from a statistical point of view (I2=27%, P=0.23).

Length of hospital stay
All 8 included studies (1,646 patients: NOb 995, Ob 651) 
recorded length of hospital stay (Figure 9) (43-50). Meta-
analysis of pooled results showed that length of hospital 
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Figure 9 Forest plot comparing length of hospital stay between the NOb and Ob groups. SD, standard deviation; IV, inverse variance; CI, 
confidence interval; df, data frame; NOb, non-obese; Ob, obese.

Figure 8 Forest plot comparing reported major postoperative complications (CD ≥ III) rate between the NOb and Ob groups. M-H, 
Mantel-Haenszel; CI, confidence interval; df, data frame; CD, Clavien-Dindo; NOb, non-obese; Ob, obese.

Figure 7 Forest plot comparing reported overall postoperative complications rate between the NOb and Ob groups. M-H, Mantel-
Haenszel; CI, confidence interval; df, data frame; NOb, non-obese; Ob, obese.

stay (OR: 0.06, 95% CI: −0.29, 0.41, P=0.75) recorded 
statistically non-significant discrepancies between the two 
groups. The recorded heterogeneity was high and significant 
from a statistical perspective (I2=88%, P<0.001).

Subgroup analysis
Subgroup analysis was carried out as a consequence of 

discrepancies in study designs. We investigated different 
outcomes, just taking into account studies with ≥30 kg/m2 
obesity criteria. Our subgroup analysis confirmed 7 out of 
8 outcomes of pooled analysis (see Figures S1-S8). Just the 
operative time, which in the pooled analysis was close to 
statistical significance, was statistically significantly lower 
in the NOb group (MD: −6.18, 95% CI: −12.15, −0.20, 

https://cdn.amegroups.cn/static/public/CCO-24-55-Supplementary.pdf
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P=0.04) (I2=72%, P=0.001).

Publication bias
As we included 8 studies, we did not carry out an analysis 
of publication bias. Indeed, in compliance with Cochrane 
Handbook for Systematic Reviews of Interventions (Version 
5.1.0), tests for funnel plot asymmetry should be carried out 
just in meta-analyses including at least 10 studies, as fewer 
studies prevent tests from identifying the case from real 
asymmetry (51).

Discussion

Our meta-ana lys i s  examined severa l  short- term 
intraoperative and postoperative outcomes of comparative 
studies in non-obese and obese patient populations 
undergoing TLA for benign or malignant adrenal disorders. 
We found just 2 meta-analyses dealing with the same 
topic, one including 5 comparative studies and the other 8 
comparative ones (34,52). However, they both comprised 
comparative studies of patients undergoing TLA and 
the less common RLA (34,52). No distinction was made 
between the two approaches, although such distinction 
is mandatory, given significant anatomical and surgical 
discrepancies that many Authors pointed out in recent 
years. Furthermore, significantly fewer outcomes were 
analyzed in both meta-analyses (34,52).

Our study on pooled population of 1,646 patients (995 
non-obese patients and 651 obese ones), who underwent 
TLA for benign or malignant adrenal diseases, recorded 
absence of statistically significant discrepancies in all 
short-term outcomes taken into account. Therefore, lack 
of a significant impact of obesity on intraoperative and 
postoperative TLA-related outcomes emerged from our 
study. Although the subgroup analysis detected a statistically 
shorter operative time in the NOb group compared to the 
Ob group, none of the intraoperative and postoperative 
morbidity outcomes as well as the length of hospital stay 
showed differences between the two groups.

Many factors could more or less significantly have 
affected aforementioned meta-analyzed results, among 
them: (I) laterality and size of adrenal lesion; (II) surgically 
treated adrenal pathology; (III) learning curve (LC) 
of surgeons, thus making a discussion about this topic 
mandatory.

Adrenal glands are retroperitoneally located bilateral 
organs (19). They are marked by anatomical relationship 
with prominent structures that could complicate surgical 

dissection (19,53). Connections between right adrenal 
gland and inferior vena cava and associations between left 
adrenal gland and spleen, pancreatic tail, splenic vessels 
and left renal vein play a paramount role (19,53). As right 
adrenal gland is a partly retrocaval one and it drains directly 
into inferior vena cava through a short central vein, right 
adrenalectomy is supposed to be more challenging than 
left adrenalectomy (19,53). Recently, few studies have 
compared right and left adrenalectomies, all laparoscopic 
ones and almost all TLAs (5/6) (53). Resulting data were 
integrated into a recent meta-analysis by Wang et al., 
where Authors found that right adrenalectomy group (361 
patients) underwent higher EBL and higher conversion 
rate to open surgery, if compared to left adrenalectomy 
group (419 patients), with no significant discrepancies 
in terms of operative time, overall complications, major 
(CD ≥ III) complications, length of hospitalization (53). 
Authors concluded that, despite significant limitations in 
meta-analyzed studies, greater attention should be given to 
laparoscopic right adrenalectomy, due to its greater risk of 
bleeding (53).

Size of adrenal lesion represents a further important 
variable. In case of large lesions (e.g., >6 cm) many 
guidelines choose open adrenalectomy, rather than 
laparoscopic adrenalectomy, given the greater risk of 
capsule rupture through minimally invasive surgery. It 
should be noted that 6 cm cut-off was assumed by panel 
members on a mainly discretionary basis and not on good 
evidence from clinical studies. However, same guidelines 
report that this cut-off does not prove every <6 cm tumor 
should undergo laparoscopic adrenalectomy and every  
>6 cm tumor should undergo open adrenalectomy. Of the 
two Gan et al.’s recently published meta-analyses, the 2022 
one analyzed both safety and effectiveness of minimally 
invasive adrenalectomy (laparoscopic and robotic ones) 
versus open adrenalectomy in patients with ≥5 cm adrenal 
lesions (10 observational studies; 898 patients) (54). 
Authors concluded that minimally invasive adrenalectomy 
gave advantages over open adrenalectomy, in terms of 
treating large adrenal lesions (including shorter length of 
hospitalization, drainage time, fasting time, less EBL and 
transfusions), whereas operative time and complications 
were similar (54). The 2023 published meta-analysis 
investigated the role of laparoscopic adrenalectomy in 
patients with ≥6 cm pheochromocytomas (55). Studying a 
600-patient total population from 8 observational studies, 
Authors identified statistically significant discrepancies 
in the Large group (longer operative time and length of 
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hospitalization, greater EBL, episodes of hypertension and/
or hypotension and conversion to open surgery) compared 
to the Small group, in the absence of significant differences 
in overall complication rates (55).

Unfortunately, studies included in our meta-analysis did 
not investigate the impact of laterality and lesion size on 
surgical outcomes.

In addition to the two above-described factors (laterality 
and size of adrenal lesion), the role of adrenal pathology to 
be surgically treated cannot be overlooked. In the presence 
of prospective malignant lesions (e.g., adrenocortical 
carcinoma or adrenal gland metastases) risk of lesion rupture 
should be avoided and/or a simultaneous lymphadenectomy 
(in selected cases) performed in compliance with oncological 
radicality. Careful handling of lesion must also be carried 
out in case of pheochromocytoma, whose management can 
trigger the release of catecholamines and subsequent risk of 
intraoperative hemodynamic instability.

Comparative studies included in our meta-analysis 
considered multiple types of adrenal disorders, although 
no one was singly analyzed, in order to assess its impact on 
possible outcomes.

Many studies analyzed LC in adrenal surgery, dealing 
with both laparoscopic adrenal surgery per se and, more 
significantly, individual different laparoscopic approaches 
such as TLA. Reports regarding TLA LC examined 
different parameters. This variable is related to lack of 
standard definition of appropriate evaluation parameters.

Many studies suggested stabilization of operative time 
as a measure of LC. In 2002, both Valeri et al. and Pillinger 
et al. first described how stabilization of operative time can 
be considered a fundamental step in achieving LC (56,57). 
Valeri et al. came to the conclusion that 25 interventions 
were necessary to complete LC, while Pillinger et al. stated 
that 40 interventions were needed (56,57). Subsequently, 
some Authors included other evaluation parameters to 
operative time. Goitein et al. highlighted a reduction in 
operative time and rate of intraoperative complications by 
gaining experience, leading to localization of flattening 
LC after performing approximately 30 cases (58). Thirty 
surgical interventions were suggested as LC point leading 
to TLA (58). Ali et al. and Frizer et al. demonstrated 
a significant reduction in conversion to open surgery 
rate, as well as operative time during LC after the first 
40 and 40–50 procedures, respectively (59,60). Finally, 
Maccabee et al. established flatten LC in 20 performed  
interventions (61). However, Authors did not find a 
significant impact of operative time on LC, in contrast to 

complication rate and blood losses (61). 
As far as laparoscopic adrenalectomy is concerned, LC 

is estimated to be between 20–40 cases for experienced 
laparoscopic surgeons. LC impact on laparoscopic adrenal 
surgery outcomes seems to be highly important, although 
no included study analyzed this issue.

As  a lready stated,  TLA represents  one of  two 
laparoscopic approaches to adrenalectomy (13-18). 
Retroperitoneal approach bears different advantages over 
TLA (62). Among them, we underline possible avoidance 
of intraabdominal cavity and an easier approach to adrenal 
gland, thus avoiding both manipulation of intraabdominal 
structures and patient repositioning during bilateral 
procedures (62). Different studies underline how RLA 
means shorter operative time, lower EBL and a shorter 
length of hospital stay, with no significant discrepancies 
in terms of conversion to open surgery and postoperative 
complications (13-18). However, in a surgical perspective, 
RLA is a more challenging method, due to its narrower 
working space and less familiar anatomical view available to 
surgeons (13-18).

At present, scientific literature shows how RLA and 
TLA are similar, as far as histology of treated lesion is 
concerned (13-18,63). As a matter of fact, non-functioning 
and functioning benign lesions as well as metastases are 
effectively treated in both procedures (13-18,63-65). 
Although open approach is highly advisable, disagreement 
arouses in terms of clear or suspected primary adrenal 
malignancies (10,11,66-69). In such cases, some (few) 
Authors suggest both laparoscopic methods, although in 
very selected cases and in high-volume centers (66-69).

On the other hand, neither lesion size (>6 cm) nor 
patient obesity seem to restrict safety and effectiveness 
related to both procedures (13,34,52,54,55,63,70). Some 
Authors treated even 12 cm diameter benign lesions (63,64) 
or severely obese patients (43-46,48-50,71-73).

Eventually, TLA shows a significant advantage in 
allowing concurring surgery on other organs, while RLA 
shows its advantage in the treatment of patients with a 
significant history of previous abdominal surgery.

From a surgical point of view, obesity has long 
been considered as detrimental factor in postoperative 
outcomes (22). Furthermore, obesity is associated with 
deep metabolic disorders (74). At present, adipose tissue 
is acknowledged not only as a reserve of lipids but as a 
deeply active metabolic organ showing endocrine, paracrine 
and immunological features (74). Metabolic syndrome is 
an additional consequence of exceeding adipose tissue, in 
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particular of intraabdominal or visceral ones (74). In this 
occurrence, prothrombotic and proinflammatory states are 
associated with insulin resistance (74).

We might question whether obesity is harmful or helpful 
in patients undergoing elective or emergency surgery (22). 
Obesity paradox shows that moderate obesity provides 
metabolic reserve and an altered immune state, that may be 
beneficial (21).

Although our meta-analysis underlines the lack of 
significant discrepancies in terms of overall and major 
postoperative complications between the two groups in 
both pooled and subgroup analyses, studies on postoperative 
morbidity and mortality in obese patients led to different 
outcomes. In particular, obese patient undergoing 
bariatric and non-bariatric surgery seemed to be more 
prone to develop pulmonary disorders (hypoventilation 
s y n d r o m e ,  p n e u m o n i a ,  a t e l e c t a s i s ,  p u l m o n a r y 
embolism), cardiovascular disorders (atrial arrhythmias, 
thromboembolic accidents), surgical site infections, 
wound healing complications, systemic infections (urinary 
tract infections, in particular), renal failure (74). Risk of 
cholelithiasis is also peculiar to patients who undergo 
bariatric surgery (75).

Present meta-analysis showed several non-negligible 
limitations: (I) we did not detect any randomized controlled 
study, except for observational studies, all lacking in 
propensity-score matching analysis; (II) numbers of included 
studies and of enrolled patients were small; (III) the study 
time frame witnessed variation of diagnostic methods, 
surgical techniques and skills; (IV) general population and 
surgically treated adrenal disease (adrenal histology, adrenal 
side, adrenal size) characteristics had heterogeneous nature.

Despite drawbacks, our study has significant strong 
points, which previous meta-analyses missed. In the 
lack of randomized controlled trials or propensity score 
matching observational studies, our meta-analysis offered 
the highest level of evidence, as we included higher number 
of comparative (double-arm) studies on TLA in both 
non-obese and obese populations than previous studies. 
Eventually, our meta-analysis included a significantly higher 
number of outcomes, if compared to those that others 
discussed.

Conclusions

By including comparative studies of non-obese and obese 
adult patients undergoing TLA for benign or malignant 
adrenal disorders, our meta-analysis showed that TLA did 

not record any statistically different short-term outcomes 
between the two populations. Therefore, we can say that 
obesity does not impact TLA safety and effectiveness.

Our results need deep analysis because of significant 
biases among meta-analyzed studies, slight overall sample 
size and paucity of analyzed events. Thus, well-designed 
randomized controlled trials, possibly multicentre ones, 
are of paramount importance, if we want to endorse meta-
analysis’s outcomes and structure an appropriate and 
uniform patient selection.
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Tables S1 Retrospective studies evaluated using ROBINS-I

Kazaryan et al., 
2011 (43)

Dancea et al., 
2012 (44)

Economopoulos 
et al., 2016 (45)

Pęzdziwiatr et al., 
2017 (46)

Inaishi et al., 
2018 (47)

Ortenzi et al., 
2019 (48)

Altın et al., 2021 
(49)

Rodríguez-Hermosa 
et al., 2021 (50)

Pre-intervention Confounding Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate

  Selection bias No information No information No information No information No information Low No information No information

Intraintervention Classification of 
interventions

Low Low Low Low Low Low Low Low

Post-intervention Intended 
interventions

Low Low Low Low Low Low Low Low

  Missing data Low Low Low Low Low Low Low Low

  Measurement of 
outcomes

Low Low Low Low Low Low Low Low

  Reported results Low Low Low Low Low Low Low Low

Overall bias   Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate
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Figure S3 Forest plot comparing estimated blood loss between the NOb and Ob groups (obesity ≥30 kg/m2 subgroups) (44,46,48,50). SD, 
standard deviation; IV, inverse variance; CI, confidence interval; df, data frame.

Figure S2 Forest plot comparing reported intraoperative complications rate between the NOb and Ob groups (obesity ≥30 kg/m2 
subgroups) (43,44,49). CI, confidence interval; M-H, Mantel-Haenszel; df, data frame.

Figure S1 Forest plot comparing operative time between the NOb and Ob groups (obesity ≥30 kg/m2 subgroups) (43-46,48-50). SD, 
standard deviation; IV, inverse variance; CI, confidence interval; df, data frame.

Subgroup analysis with ≥30 kg/m2 obesity criteria studies.
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Figure S6 Forest plot comparing reported overall postoperative complications rate between the NOb and Ob groups (obesity ≥30 kg/m2 
subgroups) (43-46,48-50). CI, confidence interval; M-H, Mantel-Haenszel; df, data frame.

Figure S5 Forest plot comparing reported conversion to open surgery rate between the NOb and Ob groups (obesity ≥30 kg/m2 subgroups) 
(43-46,48-50). CI, confidence interval; M-H, Mantel-Haenszel; df, data frame.

Figure S4 Forest plot comparing reported transfusion rate between the NOb and Ob groups (obesity ≥30 kg/m2 subgroups) (43,48-50). CI, 
confidence interval; M-H, Mantel-Haenszel; df, data frame.
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Figure S8 Forest plot comparing length of hospital stay between the NOb and Ob groups (obesity ≥30 kg/m2 subgroups) (43-46,48-50). 
SD, standard deviation; IV, inverse variance; CI, confidence interval; df, data frame.

Figure S7 Forest plot comparing reported major (CD ≥ III) postoperative complications rate between the NOb and Ob groups (obesity ≥30 
kg/m2 subgroups) (44-46,49,50). CI, confidence interval; M-H, Mantel-Haenszel; df, data frame.


