
1South African Journal of Surgery 2023;61(1) The page number in the footer is not for bibliographic referencing

S Afr J Surg
ISSN 038-2361    

© 2023 The Author(s)

ENDOCRINE SURGERY 

Introduction
Laparoscopic adrenalectomy (LA), first performed in 1992, 
is safer, more effective and less invasive than traditional 
open posterior and transabdominal approaches. The tech-
nique ensures a rapid return to baseline daily activity, is 
associated with minimal blood loss, less postoperative pain 
and reduced surgical time.1-4 Therefore, the laparoscopic 
approach is superior to the traditional open methods and is 
established as the gold standard for adrenal surgery.1,3 

The anatomical location of the adrenal gland, char-
acteristically situated in the upper retroperitoneal space, 
facilitated the development of alternative laparoscopic 
approaches. Compared to the standard transperitoneal 
(TP) technique, retroperitoneal endoscopic methods have 
gained popularity over the last decade, and posterior 
retroperitoneoscopic adrenalectomy (PRA) has brought 
about a paradigm shift in the surgical treatment of adrenal 
lesions.5,6 This technique facilitates immediate and direct 
access to the adrenal gland (Figure 1A) without traversing 
the abdominal cavity. Therefore, PRA may be superior to the 

anterior and lateral LA methods.7 Barczyński and colleagues 
confirmed decreased intraoperative blood loss, reduced 
postoperative pain, and less shoulder-tip discomfort with 
PRA compared to TP. In addition, the same study group 
reported reduced time to oral intake after surgery, faster and 
improved ambulation, shortened length of hospital stay, and 
ultimately, lower cost.8 

The increased use of PRA globally has also led to 
modifications of the traditional PRA procedure.7 Walz 
and colleagues proposed a PRA technique where access 
is gained posteriorly from below the twelfth rib with the 
patient positioned kneeling in the prone position (Figure 
1B). Three ports (balloon port, 10  mm port, 5 mm port) 
are placed, and the retroperitoneum is inflated with CO2 to 
maintain a pressure of 20–30 mmHg. This is followed by 
surgical mobilisation of the upper pole of the kidney and 
dissection of the adrenal gland from lateral to medial. The 
adrenal gland is subsequently lifted to locate and ligate the 
adrenal vein with the Maryland Ligasure®, considering 
the variation in left and right venous anatomy. Meticulous 
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resection of the rest of the adrenal gland aims to prevent 
capsular injury.7 

Notably, a limitation of the PRA approach is the reduced 
working space. This is accentuated in patients with a high 
body mass index (BMI) and larger lesions. Therefore, the 
TP technique is preferred in adrenal lesions larger than  
6–8 cm maximum dimension, in patients with a BMI 
exceeding 45 kg/m2, and in a suspected adrenocortical 
carcinoma (the latter being a contraindication due to the risk 
of capsular injury and seeding7). 

Despite gaining international recognition, the PRA 
approach has been used infrequently in South Africa. Most 
local surgeons still prefer the TP technique with a familiar 
and wider working space. The PRA technique was introduced 
to the endocrine surgery unit at Tygerberg Hospital (TBH) in 
September 2016 after the local endocrine surgeons obtained 
surgical experience at international centres proficient in the 
PRA technique (Prof. Julie Miller, Melbourne,9 and Prof. 
Martin Walz, Germany7). At TBH, the PRA technique is 
now the standard approach for patients with benign adrenal 
lesions meeting criteria.

We report on the first 22 PRAs performed by two 
surgeons at TBH. The aims were to elucidate this approach’s 
applicability, outcomes and safety, and reflect on the learning 
curve in terms of operative time.

Materials and methods
A retrospective review of 22 consecutive PRAs performed 
in a single centre between 1 September 2016 and 30 
October 2020 is presented. TBH is an academic hospital in 
the Western Cape of South Africa and serves as a tertiary 
referral hospital. Two surgeons, WC and AL, experienced in 
laparoscopic operations, perform all adrenal surgery. 

Patients with functional and non-functional adrenal 
tumours ≤ 6 cm without clinical, biochemical, or radiological 
concern for adrenocortical carcinoma were included. The TP 
approach was selected when there was a high likelihood of 
conversion to laparotomy. The following served as exclusion 
criteria: lesions with marked vascularity, anatomical 
challenges concerning proximity and adherence to vascular 
structures on computed tomography (CT) imaging, patients 

with a high BMI (>  45  kg/m2) and concomitant intra-
abdominal pathology (Figure 2). 

Data were collected from clinical and surgical notes, 
radiology reports from the picture archiving and 
communications system (PACS), and pathology reports 
obtained from the National Health Laboratory Service 
(NHLS). Variables of interest included: patient-related 
variables (i.e., age, gender, and BMI), disease-related 
variables (i.e., morphology and function of tumour based on 
clinical, biochemical, and imaging characteristics, laterality, 
and final histology), and procedure-related variables 
(i.e., operative time, complications, and conversion to 
laparotomy).

Data were analysed using the IBM Statistical Package for 
the Social Sciences (SPSS) version 26. Descriptive statistics 
were computed for demographic and clinical variables 
of interest and presented as mean and standard deviation 
(SD) for continuous variables (or median and interquartile 
range [IQR], where appropriate) and counts and associated 
percentages for categorical variables. The Mann–Whitney U 
test was used to compare operative times between the first 
11 and the last ten cases. Statistical significance was set at 
p < 0.05.

Figure 1A: Diagram depicting the anatomy of the retroperitoneal space with direct posterior access to the adrenal gland 
Figure 1B: Illustration showing the port placement and positioning of the patient; the medial port is placed directly lateral 
to the paraspinal muscles, the middle port on the tip of the twelfth rib, and the lateral port on the tip of the eleventh rib; Note 
the angle of the hip joint
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Figure 2: Flow diagram of the total number of 
adrenalectomies performed at TBH during the study 
period. *One case started as a retroperitoneal laparoscopic 
procedure but was converted to open. 
BMAH – bilateral macronodular adrenal hyperplasia, PRA – posterior 
retroperitoneoscopic adrenalectomy

Total adrenalectomies = 27

Open adrenalectomy = 2 (pheochromocytomas)

Laparoscopic transperitoneal = 3  
(pheochromocytoma = 2, BMAH = 1)

PRA = 22 (one case converted to open)

Total PRA included in this series = 21
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Approval  was obtained from the Health Research Ethics 
Committee  (HREC)  of  the University of Stellenbosch, 
approval number N18/10/115. A waiver of informed consent 
was provided, given the study’s retrospective nature, and all 
data were de-identified. 

Results
Twenty-two PRA procedures were performed between 1 
September 2016 and 30 October 2020. The same surgeons 
who learned the PRA technique in 2016 operated together 
on all patients. 

Patient characteristics, operative outcomes, and final 
histological diagnoses are presented in Tables I and II. The 
mean age of the participants was 45 years (SD 16 years; 
range 23–72 years), and 17 (77%) were female. Weight and 
height were recorded in 21 of the 22 patients. The mean BMI 
was 31.6 kg/m2 (SD 6.7; range 22–44 kg/m2). Based on the 
World Health Organization diagnostic criteria, 16 (76% of 
known BMIs) patients were overweight (BMI > 25), and 11 
(52%) were obese (BMI > 30).10 

Adrenal imaging was performed for 13 patients with 
suspected adrenal endocrinopathy, three as part of staging 
for breast cancer, one as part of surveillance for known 
multiple endocrine neoplasia type 2a (MEN2a) syndrome, 
and four were true incidentalomas. Seventeen (77%) of the 
adrenal lesions in this series were functional adenomas. 
Seven autonomously produced aldosterone, five cortisol, 
and five catecholamines. The patient with MEN2a and one 
case with an incidentaloma had biochemically confirmed 
catecholamine excess. Two patients had subclinical 

Cushing’s syndrome that prompted the need for surgery. 
None of the adrenal lesions identified as part of staging for 
breast cancer were functional (Table I). The indications for 
surgery in the non-functional adenomas were diagnostic in 
four cases and pain in one case. 

The mean lesion size, based on imaging, was 26.5 mm 
(SD 13.6; range 8–52 mm). Eleven tumours were in the 
left adrenal and 11 on the right. Of the 22 patients who 
underwent PRA, only one case (5%) was converted to 
open laparotomy. The conversion was necessitated due to 
excessive intraoperative bleeding. The adrenal lesion was 
an incidentally discovered pheochromocytoma on a CT 
scan following abdominal trauma in a 42-year-old male. 
The tumour was large (i.e., 49 mm in largest diameter), very 
vascular, and closely related to the inferior vena cava (IVC) 
and the right crus of the diaphragm. Postoperatively, one 
patient developed pneumaturia. There were no postoperative 
fatalities or other adverse events. The operative time for the 
21 completed PRAs ranged between 45 and 195 minutes, 
with a median operative time of 80 minutes (IQR 70). 

When comparing operative times between the first 11 
and the last ten cases (excluding the patient who required 
the conversion procedure), the median operative time for 
the previous ten cases was less compared to the initial 11 
cases operated (70 minutes; IQR 46 vs 120 minutes; IQR 
80). However, the difference in operative time was not 
statistically significant between the two groups. This may 
be due to the wide range within groups and the limited 
number of procedures. The length of operation appeared to 
be influenced by the underlying pathology (Table II). The 

Table I: Characteristics of the patients who underwent retroperitoneoscopic adrenalectomy, length of operation, and final histological diagnosis 
(n = 22)

Study 
number

Age 
years

Gender BMI
kg/m2

Indication for 
adrenal imaging

Functionality 
 (morphology)

Laterality Size 
mm

Duration
mins

Adrenal 
histology

1 64 F 35 Incidentaloma Non-functional (ID) Right 45 190 Adenoma

2 58 F 32 Staging Non-functional (ID) Left 11 130 Adenoma

3 25 F 25 Functional Cortisol producing (ID) Right 30 60 Adenoma

4 26 F 38 Functional Hyperaldosteronism (A) Left 14 120 Adenoma

5 54 F 32 Pain Non-functional (A) Right 43 75 Adenoma

6 34 F 29 Functional Cortisol producing (A) Right 52 60 Adenoma

7 23 M 22 MEN2a Catecholamine excess (ID) Right 10 120 Pheo

8 31 F 39 Functional Hyperaldosteronism (A) Right 8 45 Adenoma

9 63 F 24 Functional Catecholamine excess (ID) Left 33 145 Pheo

10 39 F 39 Incidentaloma Cortisol producing (BMAH) Left 21 140 PPNAD

11 29 F 39 Functional Cortisol producing (A) Left 33 85 Adenoma

12 66 F - Staging Non-functional (ID) Left 15 50 Cyst

13 48 F 38 Functional Hyperaldosteronism (ID) Left 10 70 Adenoma

14 35 M 26 Functional Hyperaldosteronism (A) Left 13 45 Adenoma

15 62 M 27 Functional Hyperaldosteronism (A) Left 23 80 Adenoma

16 23 F 29 Functional Catecholamine excess (ID) Right 37 115 Pheo

17 36 F 29 Functional Hyperaldosteronism (A) Left 22 50 Adenoma

18 68 F 44 Staging Non-functional (ID) Right 33 50 Adenoma

19 55 M 25 Functional Catecholamine excess (ID) Right 28 70 Pheo

20 72 F 22 Incidentaloma Cortisol producing (BMAH) Left N 195 BMAH

21 42 F 40 Functional Hyperaldosteronism (A) Right 26 90 Adenoma

22 42 M 31 Incidentaloma Catecholamine excess (ID) Right 49 Converted Pheo
F – female, M – male, BMI – body mass index, N – nodular, A – adenoma, ID – indeterminate morphology based on HU and growth pattern, Pheo – pheochromocytoma, 
BMAH – bilateral macronodular adrenal hyperplasia, PPNAD – primary pigmented nodular adrenocortical disease
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four PRA procedures with the most prolonged duration in 
this study were the first two procedures for non-functional 
adenomas (operation times of 190 and 130 minutes, 
respectively) and two where multicentric pathology was the 
cause of clinical and biochemical Cushing’s syndrome (one 
case with PPNAD, time = 140 minutes and one case with 
bilateral macronodular adrenal hyperplasia (BMAH), time 
= 195 minutes). The annual evolution of operative times is 
illustrated in Figure 3. A modest linear descendant tendency 
was noted for operative times over the study period. 

Histological examination confirmed the clinical and 
biochemical diagnosis of the functional lesions in all but 
one case. Preoperatively, subclinical, biochemical cortisol 
excess was ascribed to bilateral adrenal macronodular 
hyperplasia in two cases but was noted on histology due 
to primary pigmented micronodular hyperplasia in one of 
the patients. Radiologically, indeterminate morphology was 
reported in 11 of the cases; all five pheochromocytomas had 
indeterminate imaging characteristics (100%). The other 
six indeterminate lesions were all confirmed adenomas on 
histology (four non-functional, one cortisol producing and 
one aldosterone producing). 

Table II: Summary of pre-, peri- and postoperative  findings and 
outcomes (n = 22)

Preoperative adrenal findings 

Mean tumour size (mm)  26.5 (range: 8–45) 

Laterality   

Left  11 

Right  11 

Perioperative outcomes  

Median operative time for total cohort (minutes)  80 (IQR 70)

Median operative time for first 11 cases 
(minutes) 

120 (IQR 80)

Median operative time for next ten cases 
(minutes)* 

70 (IQR 46)

Conversions (n) 1 

Postoperative outcomes and findings   

Complications  1 

Histology   

Functional 17 

Cushing’s syndrome 5 

Adrenal adenoma  3 

Macronodular adrenal hyperplasia  1 

Primary pigmented adrenal hyperplasia  1 

Conn adenoma  7 

Pheochromocytoma  5 

Non-functional  5 

 Adenoma  4 

 Cyst  1 
*One case amongst the latter 11 who underwent PRA required conversion to open 
laparotomy and operative time thus not included in this calculation 
Operative times reported as median and IQR in brackets

Discussion
This study reports on the first 22 cases that underwent 
PRA in our unit. The same two surgeons with experience 
in laparoscopic surgery operated on all patients. The PRA 
technique was learned at international centres, with training 
provided by surgeons proficient with this technique (Prof. 

Julie Miller, Melbourne9 and Prof. Martin Walz, Germany7). 
The PRA technique proved successful and safe after the 
careful preoperative selection of suitable candidates. Only 
one case required conversion from PRA to TP, one minor 
postoperative complication (pneumaturia) was encountered, 
and the mortality rate in this series was 0%. 

Many surgeons still prefer the TP approach. They feel safer 
traversing the traditional peritoneal space and are generally 
unfamiliar with the retroperitoneal approach and the lack 
of anatomical references at the start of the procedure. Prior 
training in this technique, with direct input and guidance 
from an experienced surgeon, is paramount. Port placement 
is challenging when learning this operation, especially in 
obese cases, and a recalculation of orientation is helpful 
throughout the procedure. 

Given our limited experience with this technique when 
it was introduced at TBH in 2016, patients were carefully 
pre-selected for the PRA technique to ensure safety. It 
is anticipated that more extensive regional exposure is 
required in patients with suspected non-benign adrenal 
pathology, those with large lesions, and where preoperative 
imaging indicates marked vascularity and adherence to 
vascular structures. Given the known reduced workspace 
associated with the PRA technique, these patients were thus 
not considered for inclusion. In addition, although regarded 
as an ideal approach for the obese patient, those with a BMI 
exceeding 45 kg/m2 were excluded as excess visceral fat and 
anticipated obstruction by the abdominal wall may further 
reduce workspace. 

Compared to the transperitoneal route, the PRA approach 
has advantages. The technique facilitates easy and direct 
access to the adrenal gland without entering the intra-
abdominal cavity, thereby preventing intra-abdominal 
visceral injury.11 Only three trocar sites are needed to access 
the retroperitoneal space.12 In addition, the PRA technique is 
regarded as a more practical approach in obese patients (i.e., 
with a BMI between 30 kg/m2 and 45 kg/m2) and in patients 
with previous abdominal surgery.11,13 We encountered 
difficult port placements in some cases with higher BMIs. 
Due to the concern that the abdominal wall cannot ‘fall 
away’ and open the retroperitoneal space, we opted to 
exclude morbidly obese patients with a BMI of more than 

Figure 3: Graph illustrating the annual evolution of median 
operative time (in minutes) of the 21 PRAs performed at 
TBH during the study period (2016–2020); a modest, linear 
descending tendency is evident; the operating time of the 
single case that required conversion was not included in the 
graphic illustration
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45  kg/m2, in accordance with other laparoscopic surgeons 
who utilise this technique.

Although the lateral decubitus retroperitoneoscopic ap-
proach has been well described in the literature, the prone 
kneeling position for PRA may be superior as it not only 
allows for bilateral adrenal access without changing the 
patient’s position, but also permits a clear and sufficient view 
of the renal hilum and adrenal vasculature.11,14 Although 
adrenal vein variations are known to occur, particularly on 
the right side, the adrenal veins in our cases were easily 
identified, exposed, and dissected. Using only vessel sealing 
instruments (e.g., LigaSureTM) when taking the adrenal vein 
is essential, avoiding the use of any clips. The relatively high 
retroperitoneal pressure prevents intraoperative bleeding, 
with a Liga Clip® having a risk of slipping off the thin-walled 
IVC. It is critical to ligate the vein close to the adrenal gland 
(especially on the right) to prevent injury to the IVC. 

The only patient in our cohort who underwent conversion 
to open surgery was a case in which pheochromocytoma 
was incidentally discovered on abdominal CT performed 
for trauma. This tumour was large (49 mm), very vascular, 
and closely related to the renal vessels, IVC, and the right 
diaphragmatic crus. Excessive bleeding necessitated the 
conversion of the surgical approach. The patient was 
repositioned onto his back to allow for the laparotomy, the 
retroperitoneal space was packed with Raytec gauze, and the 
‘closed’ space of the retroperitoneum limited the bleeding 
and prevented the need for blood transfusion. 

Another case with a pheochromocytoma had a difficult 
PRA dissection due to a low-lying left adrenal tumour 
and proximity to the renal vessels. An intraoperative bleed 
complicated the procedure. Following compression of the 
bleeding, a minor arterial bleed was identified and ligated 
with two Liga Clip®’s without needing a blood transfusion. 
The process was challenging and emphasised the importance 
of knowing and accurately identifying arterial anatomy, 
especially in patients with pheochromocytomas. Based on 
our experience, pheochromocytomas that are classically 
vascular tumours should be carefully assessed preoperatively 
in terms of vascularity, size, and location, and a low 
threshold for an anterior approach should be maintained in 
this subgroup of patients with adrenal pathology.

Significant variation in operative time amongst the 21 
patients who had complete PRAs was encountered in our 
study. The median operative time was 80 minutes. The 
median operative time for the first half of the cohort was 
120 minutes which was reduced to 70 minutes for the latter 
half, indicative of a modest learning curve. Operative times 
documented in the literature vary and are expressed as either 
mean or median operative times. Our median times are 
comparable to many reported case series (Table III).7,8,15-20 
In the 560 cases initially reported by Walz et al. in 2006, 
the mean operating time was 67 minutes. This declined 
significantly from the earlier procedures (106 minutes for 
the first 112 operations) to the more recently performed (40 
minutes for the last 112 cases). The authors noted longer 
operating times in male patients with pheochromocytomas, 
right-sided tumours and in tumours exceeding 3 cm.7 A 
learning curve with reduced operative times is reported in 
most of the mentioned case series of PRAs.

Interestingly, PRAs for single functional cortical adenomas 
(n  =  10) took a median time of 60 minutes to complete, 
compared to 118 minutes for the pheochromocytomas 

and 75 minutes for the non-functional adenomas. The two 
operations where multicentric pathology was the cause of 
clinical and biochemical Cushing’s syndrome (PPNAD, 
BMAH) took 140 and 195 minutes, respectively. Given the 
limited numbers, care must be taken when interpreting these 
findings. 

The operative times for the first two cases, both non-
functional cortical adenomas, were two of the longest 
noted in our cohort and may reflect surgeon caution and 
inexperience rather than implying an influence of specific 
pathology on the duration of surgery. That said, our findings 
suggest that pheochromocytoma surgery and operations for 
multinodular adrenal pathology are more time-consuming 
and possibly more technically challenging than surgery for 
cortical adenomas. 

According to a study by Baba and colleagues, the operating 
time associated with a PRA is 50 minutes shorter on average 
when compared to the lateral retroperitoneoscopic and 
open adrenalectomy approaches.12,21 We did not formally 
compare the operating time of PRAs with other techniques 
used within our department. In doing so, one must be careful 
not to introduce bias. The PRA technique is confined to a 
specific subset of patients and not necessarily comparable to 
the cohort selected to undergo lateral retroperitoneoscopic 
and open adrenalectomy.

After performing 22 cases of PRA, the authors docu-
mented safety, technical feasibility, minimal morbidity, 
and no mortality with the newly introduced technique in a 
preselected patient group. The study’s findings should not be 
extrapolated to include all patients presenting with adrenal 
pathology. PRA is now the standard of care at TBH but 
only utilised in the absence of the abovementioned contra-
indications. 

Conclusion
The PRA procedures performed at TBH have been shown 
to be safe and reproducible in a select group of cases with 
benign adrenal pathology. Endocrine surgeons proficient 
with laparoscopic techniques should be encouraged to use 
the PRA approach when encountering adrenal neoplasms 
that fit the criteria. 
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Table III: Operative times for retroperitoneal adrenalectomies 
published in worldwide literature. Case series all-inclusive of 
varying benign adrenal pathologies. 

Case 
series n

Operative time in 
minutes (mean/median*)

Walz et al.7 560 67

Lee et al.17 17 87.2

Porpiglia et al.18 50 90*

Barczyński et al.8 65 50.8

Cabalag et al.15 50 70.5*

Van Uitert et al.16 113 81*

Kozłowski et al.19 44 65*

Costa Almeida et al.20 20 38.9

Conradie et al. 21 80*
Operative times expressed as mean or median* as indicated
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