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Abstract

Background The superiority of laparoscopic transperitoneal (TP) versus retroperitoneal (RP) adrenalectomy is an ongoing
debate.

Methods Data from 163 patients (TP: n=135; RP: n=28) undergoing minimally invasive adrenalectomy were analyzed.
Both operative [intraoperative blood loss, previous abdominal surgery, conversion rate, operative time and tumor size] and
perioperative [BMI (body mass index), ASA (American Society of Anesthesiologists) score, time of hospitalization, time
of oral intake, histology and postoperative complications] parameters were compared. Both the learning curve (LC) and
tumor size were analyzed.

Results We found significant differences in the mean operative time (p=0.019) and rate of previous abdominal surgery
(»p=0.038) in favor of TP. Significantly larger tumors were removed with TP (p =0.018). Conversion rates showed no sig-
nificant difference (p =0.257). Also, no significant differences were noted for time of hospitalization, intraoperative blood
loss and postoperative complications. In terms of the LC, we saw significant differences in previous abdominal surgery
(»p=0.015), conversion rate (p =0.011) and operative time (p =0.023) in favor of TP. Large (LT) and extra-large tumors
(ELT) were involved in 47 lesions (LT: 40 vs. ELT: 7), with a mean tumor size of 71.85 and 141.57 mm, respectively. Mean
intraoperative blood loss was 64.47 ml vs. 71.85 ml, time of hospitalization was 5.10 vs. 4.57 days and mean operative time
was 76.52 vs. 79.28 min for LT and ELT, respectively.

Conclusion A shorter operative time and lower conversion rate in favor of TP were noted during the learning curve. TP
proved to be more effective in the removal of large-, extra-large and malignant lesions. The RP approach was feasible for
smaller, benign lesions, with a more prolonged learning curve.

Keywords Minimally invasive - Adrenalectomy - Retroperitoneal - Transperitoneal - Learning curve - Extra-large tumor

Since the introduction of laparoscopic transperitoneal
adrenalectomy by Gagner et al. in 1992, several studies
have confirmed the advantages of the minimally invasive
approach over open adrenalectomy [1]. Minimally invasive
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adrenalectomy results in a shorter hospital stay and reduced
operative time with a decreased rate of perioperative mor-
bidity and mortality. Shortly after the first laparoscopic
transperitoneal adrenalectomy, Mercan et al. performed the
first endoscopic retroperitoneal adrenalectomy [2] using the
posterior approach. The posterior approach has been widely
used by Walz et al. and the approach was described as having
the main advantage of a direct access to the adrenal glands
without interfering with the intraperitoneal organs [3, 4].
In a joint publication by Walz and a South Korean working
group, they concluded that the two methods show similari-
ties in some parameters [intraoperative blood loss, tumor
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size and body mass index (BMI)], although in terms of time
of oral intake and operative time, they prefer the posterior
retroperitoneal (RP) approach [5, 6]. The greatest among
many advantages of the TP method are the safe and sim-
ple manipulation during intraoperative laparoscopy and the
rapid ligation of the adrenal veins to block catecholamine
release. According to some authors, the disadvantages of
TP include prolonged operative times even after the learn-
ing curve (LC) [7]. When it was first used, the minimally
invasive method was reserved for benign, small or moderate-
sized adrenal lesions; however, with improved laparoscopic
techniques and instrumentation, large (6—10 cm), giant
(> 10 cm) and even malignant lesions have been removed
with accurate oncological radicality [8, 9]. There is an ongo-
ing debate on the superiority of either TP or RP, which is
considerably influenced by the surgeon’s preference. The TP
approach may be more feasible for laparoscopic surgeons
with its familiar anatomy and wider surgical space [10-13],
even though possible adhesions after multiple abdominal
procedures may lead to difficulties during laparoscopic
manipulation, possibly resulting in an increased rate of con-
versions. According to a recent work by Chen et al., in terms
of perioperative factors, ASA (American Society of Anes-
thesiologists) scores of 3 or 4 and diabetes were indepen-
dently associated with perioperative complications, while
the presence of pheochromocytomas and tumors over 6 cm
in size resulted in the highest rate of complications [14].
In the RP approach, the adrenals are directly accessible,
without the incursion of intraperitoneal organs, possibly
leading to a lower occurrence of postoperative ileus [5]. In
recent years, several meta-analyses have compared the two
approaches [10, 11] with mixed results. Our aim was to com-
pare the two methods performed during a 20-year period
at the same institution, taking operative and perioperative
factors into account, with special consideration for learning
curves and tumor size.

Materials and methods

Perioperative and mid-term results of minimally invasive
adrenalectomy were analyzed between January 1998 and
April 2018 at the University of Szeged, Department of Sur-
gery. The retrospective investigation, collection of patient
data and ethical approval were granted by the Human Inves-
tigation Review Board of the University of Szeged (No.
4485). Minimally invasive procedures were carried out in
163 patients (135 TP and 28 RP procedures). Baseline char-
acteristics (male—female ratio, mean age and BMI) showed
no significant difference; thus, the two patient groups were
considered homogenous with regard to these characteris-
tics (Table 1). The two approaches were compared in terms
of previous abdominal surgery, conversion rate, operative
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Table 1 Baseline characteristics for TP and RP

TP (n=135) mean+SD  RP (n=28) mean+SD

Males/females  40/95 9/19
Age (years) 57.15+16.7 47.05+27.8
ASA
1 3(2.22%) 0 (0%)
2 51 (37.77%) 6 (23%)
3 57 (42.22%) 17 (58%)
4 24 (17.77%) 5 (19%)
BMI (kg/m?)
Mean 26.09+2.57 25.19+1.3
<25 35 (25.92%) 5 (17.85%)
25-30 62 (45.92%) 13 (46.42%)
30< 38 (28.14%) 10 (35.71%)

TP transperitoneal, RP retroperitoneal, ASA American Society of
Anesthesiologists, BMI body mass index

time, intraoperative blood loss, tumor size, histology, time
of hospitalization, and early and late postoperative complica-
tions. The early postoperative period was defined as the in-
patient stay, while the late postoperative period lasted from
Month 12 to Month 24 (12 +9 months). Resected lesions
were grouped by size as large tumors (LT: 6-10 cm) or extra-
large tumors (ELT: > 10 cm). The two groups were analyzed
according to tumor size, histology, complete (RO) resection
rate in malignant cases, previous abdominal surgery, conver-
sion rate, intraoperative blood loss, time of hospitalization,
operative time, BMI and ASA.

Taking into consideration that significantly fewer proce-
dures were performed using the RP approach, the periopera-
tive parameters of a learning curve (28 procedures for each
method) were also compared.

Both TP and RP procedures were carried out by two
senior endocrine surgeons with several years of experi-
ence in both open and minimally invasive adrenalectomies;
thus, operative- and perioperative results were reasonably
comparable.

Operative techniques
Laparoscopic transperitoneal adrenalectomy

Surgeries were carried out under general anesthesia. A semi-
lateral positioning (on the left or right side) of the patient
was used. By angulating the operating table, the highest
level of distance was maintained between the iliac crest and
the lower ribs. Three or four utility ports were used during
the procedure. After dissection of the adrenal gland using
either LigaSure or a Harmonic Scalpel and clipping of the
vasculature, the specimen was retrieved in an Endobag.
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Three extra-large lesions (> 10 cm) were retrieved en bloc
through an additional Pfannenstiel incision.

Laparoscopic retroperitoneal adrenalectomy

Surgeries were carried out under general anesthesia. Patients
were placed in prone position. 3 ports were inserted during
the procedure. After blunt dissection of the lumbar muscula-
ture and Gerota’s fascia, the retroperitoneum was insufflated.
Additional trocars were placed under finger supervision. Tis-
sue dissection and handling of vessels were carried out by
Ultracision and clipping. The fully dissected adrenal was
then separated from the upper pole of the kidney. The speci-
men was retrieved in an Endobag [15].

Statistical analysis

Taking the normal distribution of the population into con-
sideration, the ¢ test and ANOVA were used. The X2 test
and Fischer’s test were employed for categorical variables.
A value of p <0.05 was considered significant. Statistical
analysis was carried out using SPSS 25.

Results

During the study period, 135 TP and 28 RP adrenalecto-
mies were performed. Baseline characteristics are shown
in Table 1. Even though the rate of previous abdominal
surgery was significantly higher for TP [TP: 61 (45.18%)
vs. RP: 4 (14%); p=0.038], the conversion rate was con-
siderably (however, not significantly) higher for RP [TP: 6
(4.44%) vs. RP: 5 (18%); p=0.257] (Table 2). In terms of
operative time, the TP approach proved to be significantly
shorter [TP: 78.51 +£12.38 min vs. RP: 134.5 + 12.4 min,;
p=0.019] with the removal of significantly larger tumors
[TP: 56.29+9.02 mm vs. RP: 34.8+11.2 mm; p=0.018].
40 large and 7 extra-large tumors were resected during the
study. Mean tumor size was 71.85 mm and 141.57 mm for
large and extra-large tumors, respectively. There were 25
adenomas, 4 metastases, 4 myelolipomas, 2 hyperplasias, 2

Table 2 Operative factors for TP and RP

TP (n=135) RP(n=28) pvalue
Previous abdominal surgery 61 (45.18%) 4 (14%) 0.038
Conversion rate 6 (4.44%) 5 (18%) 0.257
Intraoperative blood loss (ml) 65.7+8.45 50.2+10.78 0.147
Tumor size (mean) (mm) 56.29+9.02 34.8+11.2 0.018
Time of hospitalization (days) 4.25+1.58 4.61+224 0.237

Operative time (minutes) 78.51+12.38 134.5+12.4 0.019

TP transperitoneal, RP retroperitoneal

pheochromocytomas, 1 vascular malformation, 1 pseudocyst
and 1 adrenocortical carcinoma in the large tumor group.
Complete (RO) resections were successfully carried out in
all malignant lesion cases (4 metastases and 1 adrenocor-
tical carcinoma). Histology in cases involving extra-large
tumors confirmed 3 adrenocortical carcinomas, 1 pheo-
chromocytoma, 1 myelolipoma, 1 neurofibroma and 1 cyst.
All three adrenocortical carcinomas proved to be RO resec-
tions. Among the 47 patients, previous abdominal surgery
occurred in 12 (30.0%) and 5 (71.42%) cases, laparoscopy
was performed in 36 (90.0%) and 7 (100%) patients, mean
intraoperative blood loss was 64.47 and 71.85 ml, mean time
of hospitalization was 5.10 and 4.57 days, operative time
was 76.52 and 79.28 min, mean BMI was 23.45 and 27.87,
and mean ASA was 2.62 and 2.42 for large- and extra-large
tumors, respectively. There was no significant correlation
between removed large tumors/extra-large tumors and dura-
tion of surgery.

Considering all cases (n=163), time of hospitalization
[TP: 4.25+1.58 vs. RP: 4.61 +£2.24; p=0.237] and intraop-
erative blood loss [65.7 +8.45 vs. 50.2+10.78; p=0.147]
showed no significant difference between the two methods
(Table 2).

In terms of perioperative analgesia, the administration of
NSAIDs (Nonsteroidal Anti-inflammatory Drugs), such as
paracetamol, diclofenac and metamizole sodium, proved to
be sufficient. Oral intake was started on Postoperative Day 1
in both groups.

Adenoma was found in 65.92% (n=289) and 64.3%
(n=18) of the TP and RP cases, respectively. Other lesions
showed the following pattern in TP cases: metastasis: 8.14%
(n=11); cyst: 5.18% (n="7); adrenocortical carcinoma:
4.44% (n=06); myelolipoma: 3.7% (n=>5); hyperplasia: 3.7%
(n=5); vascular malformation: 0.74% (n=1); neurofibroma:
0.74% (n=1) and leiomyosarcoma: 0.74% (n=1). Similar
findings were not noted for RP (Table 3). Pheochromocy-
toma occurred in 6.66% (n=9) and 17.8% (n=5) of TP and
RP cases, respectively. Altogether, 18 malignant lesions
were confirmed in TP cases (11 metastases, 6 adrenocor-
tical carcinomas and 1 leiomyosarcoma). Complete (RO)
resection was confirmed in all cases. Early complications
occurred in 5 TP cases (splenic injury, fever, postoperative
bleeding, severe hypokalemia and ventricular fibrillation)
and 4 RP cases (2 cases of postoperative bleeding and 2
cases of severe wound infection) (Table 4). In terms of late
onset complications, only one case (1/135; 0.74%) of post-
operative abdominal hernia occurred following TP (Table 4).

Considering the notable difference between the number of
patients in both groups, outcomes for the first 28 procedures
in each group were also analyzed. During the LC, a signifi-
cant difference was noted in terms of previous abdominal
surgery [TP: 10 (35.7%) vs. RP: 4 (14%); p=0.015], conver-
sion rate [TP: O vs. RP: 5 (18%); p=0.011] and operative
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Table 3 Histology patterns for TP and RP

TP (n=135) RP (n=28)
Adenomas 89 (65.92%) 18 (64.3%)
Adrenocortical cc 6 (4.44%) -
Leiomyosarcoma 1 (0.74%) -
Metastasis 11 (8.14%) -
Pheochromocytomas 9 (6.66%) 5(17.8%)
Cysts 7 (5.18%) 3(10.7%)
Hyperplasia 53.7%) 2(71%)
Vascular malformation 1 (0.74%) -
Neurofibromas 1 (0.74%) -
Myelolipomas 5@3.7%) -
TP transperitoneal, RP retroperitoneal
Table 4 Rate of early and late onset complications
TP n=135 RP n=28
Early complications 1-2 days
Splenic injury 1 0
Fever 1 0
Intraoperative bleeding 1 2
Severe hyperkalemia 1 0
Ventricular fibrillation (death) 1 0
Severe wound infection 0 2
Late complications 12-21 months
Postoperative abdominal hernia 1 0

TP transperitoneal, RP retroperitoneal

time [TP: 110+ 8.1 min vs. RP: 134.5+12.4 min; p =0.023],
both in favor of the TP approach. In terms of operative time,
a similar balance was observed during both LCs (Fig. 1),
with significantly shorter operative time and significantly
larger tumors removed in the TP group (TP: 52.2 +4.8 mm
vs. RP: 34.8+ 11.2 mm; p=0.068). There was no significant
difference in terms of intraoperative blood loss or time of
hospitalization during the LC (Table 5).

The learning curve was analyzed during the first 28 cases
in both groups, during which a decreasing trend was con-
firmed with each method (Fig. 1). In the first 10 procedures,
both methods showed a considerable decrease and similar
patterns of operative time, with notably longer operative
times in RP cases (Fig. 1).

Discussion
In recent years, surgery for adrenal lesions has gradually

evolved from the open technique toward the minimally inva-
sive method [16—18]. Laparoscopy carries many advantages
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compared to the traditional approach, such as shorter oper-
ative times, reduced postoperative pain, decreased rate of
perioperative and long-term complications, and a reduced
hospital stay [1, 19]. After it was introduced by Gagner
et al., laparoscopic adrenalectomy became the gold standard
for the surgical management of adrenal lesions [1]. Lapa-
roscopic transperitoneal and retroperitoneal approaches are
undoubtedly the two most popular methods. In the past dec-
ade, both have been in the focus of numerous retrospective
studies and meta-analyses, which reported no significant dif-
ference in terms of operative outcomes (intraoperative blood
loss and operative time) [7, 19, 20].

The results of our retrospective study indicate a shorter
operative time and removal of larger tumors for TP. In terms
of other parameters, such as time of hospitalization, intra-
operative blood loss and perioperative complications, no
significant difference occurred between the two approaches.

According to relevant literature data, the three key factors
impacting operative time and the rate of conversions include
obesity (BMI: > 24 kg/m?), tumors larger than 5 cm and the
presence of pheochromocytomas [5, 21]. The retroperitoneal
approach seems to be less effective in patients with increased
BMI due to the relatively thick lumbar subcutaneous layer,
which leads to less effective port placement and, thus, ham-
pered and unsafe retroperitoneal manipulation. Although
Zonca et al. claimed that RP is safe and effective even for
patients with BMI values over 40 [22], most publications
recommend TP for obese (BMI: > 30) patients [5].

Obesity may increase operative times as an independ-
ent predictive factor; however, in terms of BMI, similar
results were obtained between the two groups. Among the
163 patients, 38 (28.14%) and 10 (35.71%) had a BMI > 30
in cases of TP and RP, respectively (BMI: <25—TP vs. RP:
n=35vs.n=5; BMI: 25-30—TP vs. RP: n=62 vs. n=13;
BMI: >30—TP vs. RP: n=38 vs. n=10) (Table 1.). Thus,
no significant difference was noted, although high BMI val-
ues may have contributed to the prolonged LC in RP.

Malignant, hormonally active and large (6—10 cm) tumors
were previously reserved for open surgery [7]. Conversely,
our results confirmed that TP was indeed successful for
large lesions (mean tumor size: 56.29 +9.02 mm), probably

Table 5 Comparison of the learning curve for TP and RP

TP (n=28) RP (n=28) p value
Previous abdominal surgery 10 (35.7%) 4 (14%) 0.015
Conversion rate 0 (0%) 5(18%) 0.011
Intraoperative blood loss (ml) 582+73 50.2+10.78 0.235
Tumor size (mean) (mm) 522+48 348+11.2 0.068
Time of hospitalization 4.12 4.61 0.215

Operative time (mean) (minutes) 110+8.1 134.5+12.4 0.023

TP transperitoneal, RP retroperitoneal



Surgical Endoscopy (2020) 34:5421-5427

5425

300

250

200

150

OT (MINUTE)

100

50

Number of cases

——TP =

L T T AL T

15 20 28

RP

Fig.1 Learning curves (LC) for transperitoneal (TP) and retroperitoneal (RP) procedures for the first 28 cases. OT operative time

due to the wider operative working field and improved
visualization.

The incidence of large, 6-10 cm adrenal tumors is
8.6-38.6%, showing malignancy in a quarter of the cases
[23]. Tumor size shows direct correlation with chances of
malignancy, although size is not always a reliable predic-
tive factor. Even the most frequently occurring adenomas
are often larger than 6 cm; hence, preoperative diagnostics
[contrast-enhanced computed tomography (CT) and mag-
netic resonance imaging (MRI)] have a major impact on
minimally invasive adrenalectomy and may suggest local
or regional tumor involvement, thus influencing the surgi-
cal approach [24]. The laparoscopic approach was first pro-
posed by Henry et al. for benign tumors under 4 cm and for
non-invasive ones which do not exceed 12 cm [25]. This
recommendation has greatly changed in recent decades, and,
according to current ESES (European Society of Endocrine
Surgeons) guidelines, the TP approach has been proven safe
and oncologically sufficient for adrenocortical carcinomas
not exceeding 10 cm [26]. Indeed, literature data reports
successful removals of giant (> 10 cm), malignant lesions
with the transperitoneal approach, which underlines the
need for the expansion of indications [9]. In the surgical
management of large, malignant adrenal tumors, oncologi-
cal radicality, which maintains complete RO resection, is of
pivotal importance. Numerous studies support the choice of
minimally invasive adrenalectomies in these cases, and, in
terms of operative time and intraoperative blood loss, these
studies report results that are at least comparable with the
open method [9, 27]. The most time-consuming part in both
methods is the dissection of tumor borders [28]. Analysis
of the operative time-dependent efficacy showed that tumor
size prolonged the operative time in TP cases, while this was
true for tumor size and high BMI in RP cases [28]. In this

respect, location and method of specimen removal may have
affected the duration of surgery.

The dissected tumor may be retrieved through numerous
locations, such as extended incisions of working ports (peri-
umbilical, lateral), or through auxiliary incisions (pararectal,
horizontal) and even a mini-Pfannenstiel incision. For TP,
in cases involving large (6—10 cm) or extra-large (> 10 cm)
adrenal lesions, we preferred the latter incision due to its
excellent cosmesis and low rate of hernia development.

With regard to the presence of pheochromocytomas, min-
imally invasive removal of such lesions is often challenging.
Numerous reports confirm that laparoscopic removal of phe-
ochromocytomas can be carried out safely with a low mor-
bidity rate [29-31]. However, in terms of the RP approach,
the surgical indications for large pheochromocytomas should
be further investigated [32, 33].

Among the patients analyzed, pheochromocytomas
occurred in 9 TP cases (6.66%) and 5 RP cases (17.85%),
possibly influencing the rate of conversion, resulting in
6 (4.44%) and 5 (18%) converted patients for TP and RP,
respectively. Regarding the removal of pheochromocytomas
and the frequency of conversions, no conversion to open
surgery was necessary in the TP group, while 2 conversions
(40%) occurred during RP resections. The mean size of phe-
ochromocytomas was 63.85 mm and 39.8 mm for TP and
RP, respectively. Increased conversion rates in RP may have
occurred due to the surgically more challenging and thus
prolonged L.C, a high proportion of patients (n=10; 35.71%)
with a BMI > 30 kg/m?, and a high number of lesions that
turned out to be hormonally active pheochromocytomas
(n=5;17.8%).

Although previous abdominal surgery was significantly
higher for TP [n=61 (45.18%); p =0.038], interestingly,
our study found a conversion rate of 4.44% and 18% for
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TP and RP, respectively, which indicates no disadvantage
for TP in terms of conversions. A similar phenomenon
has been confirmed by other work groups as well; i.e.,
there is no evident and direct connection between previ-
ous abdominal surgery/adhesion formation and increased
number of conversions [34, 35].

Direct access to the adrenals without incursion into
intraabdominal organs ranks as the most important advan-
tage of RP adrenalectomies, although a strong possibility
of injuries may arise during blind dissection of the lesion
and vasculature, leading to potentially severe collateral
damage. According to Munch et al., when the opening
of the abdominal cavity is avoided, the rate of postop-
erative ileus, bacterial infection and intestine-related
complications may be decreased in RP [36]. In our case,
no postoperative ileus occurred after 135 TP adrenalec-
tomies. In terms of perioperative complications, the two
groups showed no significant difference. In terms of early
complications (1-2 days after surgery), splenic injury,
fever, severe hyperkalemia, intraoperative bleeding and
death due to ventricular fibrillation occurred with TP,
while severe wound infection and intraoperative bleeding
occurred in 2-2 RP cases. As a late onset complication
(12-21 months after surgery), postoperative abdominal
hernia developed in one TP patient (Table 4).

Following the initial dominance of the RP approach, we
have gradually switched to the TP technique in recent years,
as indicated by the significantly higher number of TP cases.
Our goal was to compare both methods, and TP proved to
be superior in terms of previous abdominal surgery, mean
tumor size and mean operative time.

The present analysis has certain limitations, which is
mainly due to its retrospective nature and low number of
patients; however, the relatively high patient accrual and the
analysis of the learning curve may increase the scientific
value of these results. In terms of the LC, we noted results
that significantly favored the TP approach (previous abdomi-
nal surgery, conversion rate and operative time). Based on
these, we conclude that the learning time for TP is much
shorter, especially for surgeons familiar with laparoscopy.

Conclusion

Both laparoscopic TP and RP adrenalectomies are safe and
feasible, minimally invasive methods. According to our
own results, RP adrenalectomy proved to be effective in the
removal of smaller lesions, while TP adrenalectomy was
shown to be more effective in the resection of large, extra-
large and malignant lesions with a significantly shorter oper-
ative time. The analysis of the learning curve confirmed that
TP can be carried out more rapidly, regardless of possible

@ Springer

previous abdominal adhesions, thus resulting in lower con-
version rates.
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