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the German Association of Endocrine Surgeons (CAEK), 
both techniques are safe and the surgeon may choose the 
preferred technique depending on expertise for tumor sizes 
≤ 6 cm [8, 9].  If  the adrenal mass exceeds  this cut-off, an 
open approach should be chosen due to risk of malignancy 
[6, 10]. The risk of malignant origin increases exponentially 
from 5% in tumor sizes of 5–8 cm to > 60% in mass sizes 
above 8 cm [6, 8].

The objective of this retrospective study was to evalu-
ate the safety and feasibility of performing adrenalectomy 
with tumor sizes larger than 6 cm in a retroperitoneoscopic 
approach.

Introduction

There are three different techniques to successfully perform 
an adrenalectomy: open via laparoscopic transperitoneal or 
retroperitoneoscopic access [1]. Minimally invasive surgery 
(MIS) has many advantages, also in the endocrine surgical 
field [2–4]. Retroperitoneoscopic adrenalectomy (RPA) has 
proven to be safe and feasible, and shows to be beneficial 
due to direct access to the adrenal gland, leaving the perito-
neal cavity intact and offering an easier operative setting in 
obese patients [5–7]. According to current guidelines from 
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Purpose Retroperitoneoscopic adrenalectomy (RPA) has proven to be safe and feasible with favorable postoperative courses. 
The role of RPA for tumor sizes larger than 6 cm is still controversial. The aim of the study was to evaluate the postoperative 
outcome for removal of larger adrenal tumors via the retroperitoneoscopic route.
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Results From this patient cohort, six (46.15%) were female and seven (53.85%) were male with a mean age of 53.85 ± 7.89 
years and a mean BMI of 28.64 ± 3.61 kg/m2, Cushing’s syndrome being the most common diagnosis (53.85%). Mean lesion 
size was 73.31 ± 10.39 mm, tumor size varied from 60 mm up to 92 mm. Two patients (15.38%) required conversion to open 
laparotomy due to uncontrollable bleeding or an unclear view on the basis of adhesions. Postoperative complications were 
noted for one patient (7.69%), who suffered from a small superficial wound infection. Neither capsule ruptures nor mortality 
were documented. The median hospital stay was 3 days.
Conclusion A re-evaluation of the arbitrarily placed cut-off should be discussed, since even with a slightly higher but never-
theless acceptable risk of conversion rate, RPA offers many advantages.

Keywords  Adrenal tumor · Retroperitoneoscopic adrenalectomy · Large tumor size · RPA · Cut-off · Minimal-invasive 
surgery

Received: 30 July 2024 / Accepted: 30 May 2025
© The Author(s) 2025

Does size still matter? - Feasibility of posterior retroperitoneoscopic 
adrenalectomy for tumors >6cm

Joy Feka1 · Barbara Soliman1 · Melisa Arikan1 · Magdalena Sacher1 · Teresa Binter1 · Lindsay Hargitai1 · 
Christian Scheuba1 · Philipp Riss1

1 3

https://doi.org/10.1007/s00423-025-03769-7
http://crossmark.crossref.org/dialog/?doi=10.1007/s00423-025-03769-7&domain=pdf&date_stamp=2025-6-12


Langenbeck's Archives of Surgery         (2025) 410:189 

Methods

Patient collective

This  retrospective  study  included  13  consecutive  patients 
who had received RPA at a tertiary referral care center from 
January  2017  to  December  2020  for  tumors  larger  than 
6  cm. Clinicopathological  factors,  length  of  hospital  stay, 
operative time and postoperative outcomes were included 
in this analysis.

The  first  intervention  with  RPA was  performed  at  our 
department in 2017. In that year, 33 patients were operated 
with this new procedure, and 105 RPAs in total were car-
ried out from 2017 until the end of 2020. Thirteen patients, 
who showed no clear signs of malignancy (no signs of inva-
sion or tumor necrosis), were selected to be operated via the 
retroperitoneoscopic access route. Since the new technique 
was established, most patients received RPA.

Preoperative assessment of tumor malignancy was con-
ducted using a combination of imaging modalities, clinical 
evaluation, and biochemical testing. All patients underwent 
contrast-enhanced CT scans or MRI of the abdomen to 
evaluate tumor size, morphology, and specific features sug-
gestive of malignancy, such as irregular borders, heteroge-
neity, or the presence of enlarged lymph nodes and visible 
tumor necrosis. FDG-PET scans were not performed in all 
patients. In cases with a high risk of malignancy, patients 
underwent laparoscopic transabdominal dissection with 
planned conversion to prevent capsule rupture.

For  patients  with  hormonally  active  tumors,  a  specific 
perioperative medical protocol was followed to optimize 
surgical outcomes and minimize potential complications. 
All patients with suspected hormonally active adrenal 
tumors underwent preoperative biochemical testing, includ-
ing measurement of catecholamines and metanephrines for 
suspected pheochromocytoma, as well as serum aldoste-
rone, renin, cortisol, and plasma ACTH levels to assess for 
primary aldosteronism or Cushing’s syndrome.

In the case of pheochromocytomas, alpha-blockade was 
initiated preoperatively to manage hypertension and prevent 
intraoperative hypertensive crises. This was started 7–10 
days before surgery and adjusted according to blood pressure 
and heart rate. This procedure is currently under evaluation, 
as recent studies have questioned the necessity of routine 
perioperative  α-receptor  blockade  in  phaeochromocytoma 
surgery,  showing  only  minimal  differences  in  intraopera-
tive blood pressure and no major differences  in complica-
tion rates between patients with and without blockade [11]. 
In patients with primary aldosteronism, spironolactone was 

administered to correct electrolyte imbalances and control 
blood  pressure.  For  patients  with  Cushing’s  syndrome, 
hydrocortisone was administered to prevent adrenal insuf-
ficiency following resection.

Due to the small number of patients, this is a preliminary 
analysis.

Surgery

The patients were set in a prone jack-knife position for 
the RPA procedures. This can be particularly useful when 
bilateral adrenalectomy is indicated. Omitting intraopera-
tive patient repositioning, which is necessary during laparo-
scopic transperitoneal adrenalectomy (LTA), the operative 
time was immensely reduced. Trocars were placed as fol-
lows: the first 12 mm trocar was placed below the lowest tip 
of the 12 th rib in the medioclavicular line. The capnoperi-
toneum was then applied: CO2 insufflation with a pressure 
peak of at least 20 mmHg was set, which is higher when 
compared to LTA. This is beneficial for a clearer view dur-
ing dissection, since small vessels are compressed due to 
the high pressure. A 12 mm and a 5 mm trocar were then 
both placed below the 12 th rib on the right and left side of 
the already placed trocar. A 30° camera was used. The gland 
and tumor were retrieved in an endobag.

The operating time was defined as skin-to-skin time.
Information on tumor size had been collected from histo-

logical findings. When bilateral adrenalectomies were con-
ducted, both tumor sizes were used for calculations.

Postoperative data

Hospital stay was defined as the time between the days of 
admission and discharge.

Routine check-ups were done two weeks after dis-
charge at the outpatient clinic of the department of general 
surgery and 6 weeks postoperatively  at  the department of 
endocrinology.

Statistical analysis

Continuous variables were presented as the mean values 
± standard  deviation.  Patient  and  tumor  characteristics, 
including age, body mass index and tumor size, were col-
lected. Clinical outcomes, such as operative time, length of 
stay and postoperative complications, were also noted. Due 
to the small patient collective, only descriptive statistics 
could be conducted. All statistical analyses were performed 
using SPSS Statistics ver. 22.0 (IBM, Armonk, NY, USA).
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Ethical statement

The study was conducted in accordance with the declaration 
of Helsinki (as revised in 2013). The study was approved by 
the institutional ethical review board (EK nr. 1170/2023).

Results

During the time period between January 2017 and Decem-
ber 2020, 105 patients were submitted to RPA. Out of these 
patients, thirteen were found to have tumor sizes exceeding 
6 cm (Table 1).

Diagnoses and histological findings

Six patients (46.15%) in our patient cohort were female and 
seven (53.85%) male. The mean age was 53.85 ± 7.89 years 
and mean  BMI  was  28.64  ± 3.61  kg/m2.  The most  com-
mon preoperative diagnoses were Cushing’s syndrome (n = 
7; 53.85%), pheochromocytoma  (n = 2; 15.38%),  inciden-
talioma/adenoma (n = 2;15.38%), Conn’s syndrome (n = 1; 
7.69%) and metastasis to the adrenal gland (n = 1; 7.69%). 
The mean tumor size was 73.31 ± 10.39 mm, ranging from 
60 mm up  to 92 mm. Five  tumors  (38.46%) were  located 
on the left side, three (23.08%) on the right, and 5 patients 
(38.46%) had bilateral adrenal tumors.

Histopathological  findings  showed  that  the majority  of 
patients (n =  7)  had  adrenal  cortical  adenoma  (53.85%), 
followed  by  two  adrenal  cortical  hyperplasia  (15.38%), 
two pheochromocytoma (15.38%), one adrenal  lymphoma 
(7.69%) and one metastasis to the adrenal gland from cancer 
of unknown primary (CUP) (7.69%).

Table 1 Total study cohort
Pat. 
#

Sex Age
(years)

BMI
(kg/m²)

OP 
date

OP 
time 
(min)

Side Conversion Complications Diagnosis Histopathology Tumor 
size 
(mm)

1 Male 50 28.1 2017 235 Bilateral Bleeding No Cushing Adrenal cortical 
adenoma

80/70

2 Female 44 27.2 2018 95 Bilateral No No Cushing Adrenal cortical 
adenoma

80/63

3 Male 69 30.4 2018 80 Left No Wound 
infection

Pheochromocytoma Pheochromocytoma 60

4 Male 47 28.9 2018 50 Left No No Pheochromocytoma Pheochromocytoma 92
5 Male 65 22.9 2018 95 Left No No Conn Adrenal cortical 

adenoma
70

6 Male 77 23.9 2018 100 Bilateral No No Incidentalioma Adrenal lymphoma 60/42
7 Male 56 27.8 2018 50 Right Adhesions No Incidentalioma Adrenal cortical 

adenoma
90

8 Male 63 25.3 2019 145 Left No No Metastasis Metastasis to adre-
nal gland

76

9 Female 63 32.7 2020 50 Left No No Cushing Adrenal cortical 
adenoma

60

10 Female 46 39.0 2020 90 Bilateral No No Cushing Adrenal cortical 
hyperplasia

70/35

11 Female 49 40.5 2020 20 Bilateral No No Cushing Adrenal cortical 
hyperplasia

80/57

12 Female 30 19.4 2020 35 Right No No Cushing Adrenal cortical 
adenoma

70

13 Female 41 26.2 2020 40 Right No No Cushing Adrenal cortical 
adenoma

65

Table 2 Postoperative outcome
Total

Number of cases 13
Sex (female: male) 6: 7 46.2%: 53.8%
Mean age (years) 53.85 ± 7.88
Mean BMI (kg/m2) 28.64 ± 3.61
Operation side
(right: left) 3:5 23.1%: 38.5%
(bilateral) 5 38.5%
Mean tumor size (mm) 73.31 ± 10.39 60–92 range
Median operating time (min) 80 20–235
Median hospital stay (days) 3 1–14
Conversion 2 15.4%
Postoperative complications 1 7.7%
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Discussion

The number of newly diagnosed adrenal tumors has risen 
due to an increased number of completed abdominal imag-
ing studies. When an adrenal tumor is detected, a thorough 
evaluation  is  necessary  to  differentiate  between  hormone 
active and inactive tumors as well as benign and malignant 
origins [12]. If surgical resection is indicated, there are three 
different  techniques  to  choose  from:  open  adrenalectomy, 
LTA or RPA [1]. Apart from the open approach, LTA was a 
new accomplishment in MIS in the field of surgical endo-
crinology,  first  described  by  Gagner  and  Higashihara  in 
1992 [2–4]. Shortly thereafter, Brunt et al. started to experi-
ment with retroperitoneoscopic access on animal models 
as another possible MIS procedure [13]. The advantages of 
MIS can generally also be found in adrenalectomies: better 
quality of life, less intraoperative blood loss and postopera-
tive pain, quicker return to everyday life, shorter hospital 
stay and reduced mortality [5–7].

The RPA procedure was revised by Walz et al. in 1995, 
who  performed  RPA  in  a  prone  jack-knife  position  [14]. 
Walz et al. described many advantages of RPA, including 
shorter operative time, hospital stay and return to everyday 
life  [1, 15, 16]. Intraoperatively, the peritoneal sack need 
not be opened, hence no mobilization of abdominal organs 
is necessary. Especially in previously operated or obese 
patients, this procedure can be performed more easily and 
risk-free  [17].  Nevertheless,  the  RPA  technique  does  not 
receive high recognition due to more complicated anatomy 
and less expertise in this particular field [18, 19]. According 
to Walz, at least 30 cases are to be operated in order to for 
high-volume surgeons to gain the required experience for 
RPA, which is a high number only a few centers are able to 
fulfill [16].

Both techniques have proven to be safe and feasible, and 
due to their equality, both have been included in current 
guidelines  [6, 20–22]. When comparing LTA with RPA, a 
slight superiority for RPA is noted, particularly in male or 
obese patients, as well as those with bilateral tumors [1].

However, the gold standard for adrenalectomies remains 
to be LTA, which can be attributed to the absence of suf-
ficient experience, limited case numbers, and unfamiliarity 
with anatomical landmarks in this new access route.

Most surgeons feel safer in the transperitoneal laparo-
scopic setting, because the lack of anatomical landmarks in 
the retroperitoneum can be viewed as difficult, hence guid-
ance by experienced surgeons at the beginning of the learn-
ing curve is crucial [23].

Complications

Eleven  patients  (84.62%)  received  an  uncomplicated  pro-
cedure, whereas two patients (15.38%) needed conversion 
to open laparotomy: one patient (7.69%) due to uncontrol-
lable bleeding and another (7.69%) due to unclear view on 
the basis of adhesions. The mean operation time was 83.46 
± 34.44 min including all patients, but when excluding the 
two conversion cases,  the mean operative  time was 72.73 
± 24.79 min. In comparison with all patients undergoing uni-
lateral RPA at our department, the mean operative time was 
61.68 ± 8.22 min. The longer operative time can be deduced 
as a consequence of larger tumor size, hence leading to more 
difficult operating conditions (Table 2). Estimated intraop-
erative blood loss was minimal in the majority of cases and 
was not systematically recorded for every procedure due to 
the retrospective nature of the study. Systematic postopera-
tive pain scores (e.g., using a visual analog scale) were not 
routinely collected during the study period. In general, all 
patients received standardized pain management protocols, 
which included non-opioid analgesics (such as intravenous 
or oral metamizol and/or NSAIDs) as first-line therapy. Opi-
oids were reserved for breakthrough pain if necessary, but 
were only infrequently required in cases where conversion 
was necessary.

Postoperative complications were noted for one patient 
(7.69%), who suffered from a small superficial wound infec-
tion. No capsule ruptures nor mortality were documented. 
The median hospital stay was 3 days. The prolonged hos-
pital stay of 14 days occurred in a patient who experi-
enced significant postoperative blood loss, which required 
extended monitoring and supportive care. Additionally, this 
patient underwent conversion from RPA to an open proce-
dure, which was associated with increased postoperative 
pain and a slower recovery, contributing to the longer hos-
pitalization period.

Follow up

All patients underwent clinical evaluations at 2 weeks and 
6 weeks postoperatively, followed by annual follow-up vis-
its  thereafter. At  the  30-day  postoperative  assessment,  no 
complications of Clavien-Dindo grade II or higher were 
observed, and the early postoperative course was unevent-
ful across the cohort. In patients with hormone-secreting 
tumors, clinical symptoms resolved entirely following adre-
nalectomy. Biochemical follow-up confirmed normalization 
of hormonal levels in all cases, indicating successful symp-
tomatic and biochemical control.
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reporting. Although definitive conclusions cannot be drawn, 
the  study  offers  valuable  clinical  insights  into  a  rare  and 
specific patient population. Future prospective, multi-center 
studies with larger patient cohorts are needed to validate and 
expand upon these preliminary observations.

Conclusion

Retroperitoneoscopic adrenalectomy has proven to be safe 
and  feasible, while  offering  advantages  in  operative  time, 
faster recovery time and an acceptable rate of complica-
tions, when performed by experienced endocrine surgeons. 
In contrast to current guidelines, this study indicates that 
retroperitoneoscopic adrenalectomy (RPA) is a feasible and 
safe technique for adrenal tumors larger than 6 cm. Although 
conversion rates were slightly higher in larger tumors, they 
remained within an acceptable range, and postoperative 
outcomes were favorable. Future prospective studies with 
larger patient cohorts are needed to confirm these findings 
and further define the role of RPA in adrenal surgery.
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Current guidelines

As one of the first recommendations in current guidelines of 
the CAEK, it is stated that the surgeon may choose the pre-
ferred MIS technique depending on expertise in tumor sizes 
≤ 6 cm [8]. If the adrenal mass exceeds this cut-off, an open 
approach should be chosen due  to risk of malignancy [6]. 
The risk of malignant origin exponentially increases from 
5% in tumor sizes of 5–8 cm to > 60% in mass sizes above 
8 cm [8]. But size alone is not an absolute criterion for a 
malignant origin [8, 22, 24, 25]. The American Association 
of Endocrine Surgeons guidelines do not specify tumor size, 
as this decision should be made by each surgeon according 
to experience and skill, while the British guidelines do not 
give any statement at all [25].

In 2021, a systematic review and meta-analysis by Meng 
et al. included nine studies with a total of 800 patients, 
where operative time, blood loss, postoperative pain, length 
of hospital stay were in favor to the RPA [24]. Here, tumors 
with larger than 8 cm were excluded from RPA treatment 
[24].

Our study shows that adrenalectomies for large tumors 
can be successfully performed via the retroperitoneal access. 
The thirteen patients, who had a bigger tumor size than 6 cm 
with no signs of malignancy, were operated by one of three 
experienced endocrine surgeons at our department. This 
new technique was introduced in 2017, initially in the pres-
ence of Prof. Martin Walz from Essen. In total, 105 patients 
were operated from January 2017 until the end of December 
2020 [26]. This technique has shown to be advantageous for 
many reasons, also in our patient cohort. The conversion 
rate for all patients receiving RPA was approx. 3.81% [26]. 
Due to larger tumor sizes in our study, a more difficult sur-
gical setting, the conversion rate was 15.38%. This higher 
number can be explained by the lack of experience at the 
beginning of the establishment for RPA in terms of larger 
tumor sizes. In 2019 and 2020, no conversions were neces-
sary [26].

Although the data presently suggest that the clear cut-off 
of 6 cm should be intensively discussed, the need for more 
studies is crucial to further evaluate the definite superiority 
of RPA in comparison to LTA.

Limitations

This study has several limitations that should be acknowl-
edged. First, its retrospective design inherently carries 
a risk of selection bias. Second, the small sample size of 
only 13 patients  limits  the generalizability of  the findings 
and precludes robust statistical analysis beyond descriptive 
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