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Abstract 
Introduction: Pheochromocytomas in hereditary syndromes tend to grow multifocal with adrenal involvement on both sides. Surgical 
treatment with bilateral adrenalectomy inevitably leads to life-long hormonal dependence, which significantly affects quality of life. The 
development of minimally invasive adrenal surgery has created a chance to preserve adrenal cortex function in these patients. The aim 
of the present study was to evaluate the safety of laparoscopic cortical-sparing adrenal surgeries and their efficacy in the prevention of 
postoperative adrenal insufficiency in patients with hereditary pheochromocytomas.
Material and methods: We retrospectively analysed the medical histories of 10 patients, who underwent 10 laparoscopic cortical sparing 
adrenal surgeries from January 2015 to January 2019 in our centre. The decision to perform sparing surgery was based on preoperative 
diagnosis of hereditary syndrome in line with the result of DNA analysis or its diagnosis based on the clinical appearance. All surgeries 
were performed laparoscopically from transperitoneal access in the lateral decubitus position, with preserving 1/3–1/4 adrenal tissue. The 
sufficiency of remnant adrenal tissue was assessed in all patients. The median time of follow-up was three years (ranged 0.5–4 years).
Results: No intraoperative complications were observed. One case of acute heart failure was the only early postoperative adverse event. 
There were no late postoperative complications and no local recurrences observed. In one out of three patients undergoing sparing 
surgery as a second procedure after former total adrenalectomy, adrenal cortex failure occurred. In all patients after unilateral surgery 
or after bilateral surgery performed simultaneously (total adrenalectomy at one side and sparing surgery contralaterally), function of 
remnant adrenal tissue was preserved.
Conclusions: In hereditary pheochromocytomas, with minimal risk of malignant process, laparoscopic cortical sparing adrenal surgeries 
are the safe approach and provide the chance to preserve adrenal cortex function. (Endokrynol Pol 2020; 71 (6): 518–523)
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Introduction

Pheochromocytomas originate from the chromaffin 
tissue of the adrenal gland and have the ability to pro-
duce, metabolise, and secrete catecholamines, leading 
to hypertension and its complications. About 20–30% of 
pheochromocytomas are hereditary and develop due to 
the mutation in one of the susceptibility genes [1]. Con-
sidering also paragangliomas — tumours originating 
from ganglia of the autonomic nervous system — the 
percentage of hereditary forms may reach 40%, which 
makes them the most often genetically determined 
tumours in humans [2–4]. 

Due to the increasing amount of clinical and molecu-
lar data from large multicentre trials, we have more and 
more extensive knowledge about genotype-phenotype 
correlations, affecting the extent and periodicity of 
patient monitoring, malignancy risk estimation, and 
therapeutic decisions, including the scope of surgical 
treatment [1, 4–6].

The excision of the tumour with complete removal of 
the surrounding adrenal tissue is the standard method 
of management in the case of unilateral tumours. Cur-
rently, in the case of benign adrenal lesions, laparoscop-
ic techniques are widely accepted, ensuring safe and 
effective treatment [7, 8]. Laparoscopic adrenalectomy 
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of patients, tumours in the contralateral adrenal gland 
may appear. They are usually benign, and the average 
age of disclosure is 40 years. 

The aim of the present study was to evaluate the 
safety of laparoscopic cortical-sparing adrenal surgery 
and its efficacy in the prevention of postoperative 
adrenal insufficiency in patients with hereditary pheo-
chromocytomas.

Material and methods

We retrospectively analysed the medical histories of patients who 
underwent laparoscopic adrenal-sparing surgery due to the diag-
nosis of hereditary pheochromocytoma in our centre. 
The main qualification criterion for the sparing procedure was 
confirmation of a hereditary tumour with high risk of bilateral 
occurrence and low risk of malignancy. 
In all patients, molecular testing regarding predisposing germi-
nal mutations was performed. The DNA analysis included nine 
predisposing genes: RET, VHL, SDHB, SDHC, SDHD, SDHA, SD-
HAF2, MAX, and TMEM 127. All patients provided signed written 
informed consent for genetic testing. 
Management before surgery comprised the use of the selective post-
synaptic alpha-1 blocker (doxazosin) at least two weeks before the 
operation and, if necessary, supplementation of circulating fluids 
and application of beta blocker in the pre- or perioperative period.
The technical feasibility of the laparoscopic sparing procedure was 
assessed individually by the operating surgeon.
All surgeries were performed laparoscopically from transperitoneal 
access in the lateral decubitus position. Pneumoperitoneum was 
generated by Hasson’s method. In the right-side adrenalectomies 
four ports were used in all cases, while on the left side three or four 
ports were used. The procedures were performed using monopolar 
coagulation and a harmonic knife. The adrenal gland, in the case of 
sparing surgery, was incised with the harmonic knife, followed by 
the use of a local haemostatic agent. One third to one quarter of the 
adrenal cortex parenchyma was preserved, depending on tumour 
size and local conditions according to individual surgeon’s assess-
ment. The surgical area was drained, and the drain was removed 
after 1–3 days. Postoperative complications were evaluated on the 
Clavien-Dildo scale.
In patients after unilateral surgery, with preserved opposite adrenal 
gland, hormonal substitution was not implemented and laboratory 
evaluation of corticotropic axis was performed  in the first week 
after surgery.
In patients after sparing surgery of only one remaining adrenal 
gland, hydrocortisone was routinely recommended in adequate 
doses. 1–3 months after surgery, the sufficiency of remnant adrenal 
tissue was assessed. The patients were qualified for further hor-
monal substitution if the morning serum cortisol concentration was 
below 5 mcg/dL, 24 hours after the last dose of hydrocortisone. In 
patients with morning cortisol concentration above 14 mcg/dl, the 
normal function of adrenal cortex was assumed. In patients with 
serum cortisol concentration between 5 and 14 mcg/dL, a test with 
250 ug of synthetic adrenocorticotropin (Synacthen, Alfasigma) 
was performed. Serum cortisol concentration was measured 0, 
30, and 60 minutes after administration of Synacthen. Cortisol 
values above 16 mcg/dL at 30 or 60 minutes after stimulation were 
assumed to be normal. 
Follow-up after surgery encompassed arterial pressure monitor-
ing, and annual measurements of 24-hour urine metanephrines 
with imaging (CT or MRI) carried out once every 12–24 months. In 
patients with a preserved part of the adrenal cortex after sparing 
surgery of only one remnant adrenal gland, clinical evaluation of 
hormonal substitution with exploration of possible adrenal insuf-
ficiency symptoms was periodically performed.

usually provides complete recovery on the one hand, 
while providing sufficient hormonal supply from the 
unchanged contralateral adrenal gland on the other [9]. 
Patients after surgery do not require hormonal substi-
tution, and further management includes monitoring 
for local recurrence and metastases, which affect about 
10–20% of all patients and may occur even decades after 
surgery of the primary tumour. It should be stressed 
that the postoperative histopathological analysis does 
not provide a clear distinction between benign and ma-
lignant tumours. The existing histopathological scales 
based on the morphological appearance of tumour 
cells and elements of immunohistochemical testing are 
inefficient [10].

Regarding bilateral tumours (developing syn-
chronously or metachronously), this classic approach 
definitely will lead to the development of adrenal 
insufficiency and the necessity of long-term hormonal 
substitution with implications for health and survival. 
This is associated with both drug overdose and hor-
mone deficiency with the most dangerous complication 
— adrenal crisis [11, 12].

Therefore, with growing experience in minimally 
invasive surgery, adrenal sparing surgery has started 
to be implemented in clinical practice. For this pro-
cedure, the tumour is excised with a 3–5 mm margin 
of healthy tissue while preserving one quarter to one 
third of the adrenal cortex, which ensures proper 
hormonal function. However, the oncological safety 
of such procedures requires preoperative information 
concerning low risk of malignant processes [13]. At pres-
ent, adrenal-sparing surgeries (one-sided or bilateral) 
are performed in patients at high risk of developing 
a second tumour in the opposite adrenal gland with 
a predicted mild course of the disease. These criteria are 
met in RET, VHL, and NF1 mutation carriers [11, 14, 15]. 

In patients with multiple endocrine neoplasia syn-
dromes type 2A and 2B (MEN2A/MEN2B) developing 
due to RET mutation, the risk of pheochromocytoma 
depends on the type of mutation and is the highest in 
the case of DNA point lesions located in codon 634 and 
918, where it can be as high as 50%. The risk of bilateral 
disease is equally high (50%), but the metastatic disease 
develops very rarely, and according to the existing data 
it affects less than 5% of patients [2, 3, 5, 16].

Pheochromocytomas developing in von Hippel 
Lindau syndrome (VHL) usually appear in fourth or 
fifth decade of life, but as the first manifestation of the 
disease may also occur in children. In 40–50% of patients 
the tumours are bilateral. Malignant disease develops 
at a rate as low as in MEN2 syndromes [1–3].

In neurofibromatosis type 1 syndrome (NF1), 
pheochromocytomas occur rarely, in about 0.1–6% of 
patients, and are usually unilateral; however, in 11–25% 
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Statistical analysis
Due to limited data, only the age of patients, size of the resected 
tumour, and time of follow-up were statistically analysed.

Results

From January 2010 to January 2019, 57 patients un-
derwent 68 laparoscopic adrenalectomies due to the 
diagnosis of a pheochromocytoma. The present analysis 
involves 10 of these patients (7 females and 3 males), 
who underwent 10 laparoscopic adrenal sparing surger-
ies, introduced in 2015 (Tab. 1, Fig. 1). 

Based on the medical history, clinical picture, 
and DNA analysis, MEN2A was diagnosed in four 
patients, MEN2B in two patients, and VHL syndrome 
in three. In one patient the diagnosis of hereditary 
syndrome was based on NF1 phenotypic features 
(without DNA confirmation). Demographic data of 

patients and DNA analysis results are presented in 
Table 2.

Four patients were operated on, for the first time in 
their life, due to a pheochromocytoma located in one 
adrenal gland, and they underwent unilateral sparing 
surgery. 

In three consecutive patients with synchronous 
bilateral tumours, also operated on for the first time, 
the surgical approach included total adrenalectomy 
on one side and sparing adrenalectomy at the contra-
lateral gland.

The remaining three patients had already under-
gone laparoscopic unilateral adrenalectomy, and the 
sparing surgery was the second procedure carried out 
in their life. 

Thus, among patients undergoing bilateral surgery 
at the same time and among patients undergoing 
bilateral surgery at time intervals, one of the adrenal 
glands was completely removed and the second one 
was partly preserved. 

The median age at first operation was 31 years (range 
18–54); the median age at second operation was 35 years 
(range 23–58).

No intraoperative complications were observed. The 
mean blood loss was 30 ml. 

Early postoperative adverse events concerned one 
case of acute heart failure with pulmonary oedema 
(grade 4A on the Clavien-Dindo scale) requiring sup-
port of intensive care unit.

Histopathological analysis confirmed preoperative 
suspicion of pheochromocytoma in all patients, with 
free microscopic margins 1–5 mm wide. The median 
size of lesions was 15 mm (range 10–28 mm), which was 
consistent with preoperative CT. No multiple tumours 
were observed in the investigated material.

In none of the patients, after unilateral surgery,with 
the second adrenal gland left intact or after bilateral sur-
gery performed simultaneously (total adrenalectomy at 

Table 1. Types of surgery in 10 analysed patients

Inherited syndrome MEN2 VHL NF1 Total

Su
rg

er
y

Unilateral 3 1 0 4

Bilateral 3 2 1 6

   Synchronous 1 2 0 3

   Metachronous 2 0 1 3

Total 6 3 1 10

MEN 2 — multiple endocrine neoplasia type 2; VHL — von Hippel-Lindau 
syndrome; NF1 — neurofibromatosis type 1

Total

adrenalectomies

MEN 2

VHL
NF1 Other

Figure 1. Proportion of laparoscopic adrenal sparing 
surgeries according to genetic background compared with total 
adrenalectomies. MEN 2 — multiple endocrine neoplasia type 2; 
VHL — von Hippel-Lindau syndrome; NF1 — neurofibromatosis 
type 1; other — without confirmation of hereditary syndrome (not 
included in this analysis)

Table 2. Patient characteristics

Sex

Male 3

Female 7

Median age at first surgery (years) 31 (range 18–54)

Median age at last surgery (years) 35 (range 23–58)

Type of inherited syndrome 

MEN2A 4

MEN2B 2

VHL 3

NF1 1

MEN 2 — multiple endocrine neoplasia type 2; VHL — von Hippel-Lindau 
syndrome; NF1 — neurofibromatosis type 1



521

Endokrynologia Polska 2020; 71 (6)

O
R

IG
IN

A
L 

PA
PE

R

one side and sparing surgery contralaterally), as well 
as in two out of three patients undergoing bilateral 
surgery in two consecutive steps, no adrenal insuf-
ficiency was observed and no hormonal substitution 
was necessary (Fig. 2).

In one of the three patients undergoing sparing 
surgery as a second procedure after former total adrenal-
ectomy, adrenal cortex failure requiring continuous glu-
cocorticoid and mineralocorticoid substitution appeared.

The efficacy of sparing surgery in the prevention of 
adrenal insufficiency according to the type of surgical 
procedure is illustrated in Figure 2.

The results of the Synacthen test are shown in Table 3.
The median time of follow-up after surgery was 

three years, ranging from 0.5 to 4 years.
There were no late postoperative complications and 

no local recurrences observed.

Among the patients with preserved adrenal function 
after surgery, no late failure occurred. 

Discussion

Despite the lack of randomised clinical trials, sparing 
adrenalectomies are becoming a routine practice in 
departments experienced in adrenal surgery [17–19]. 
This procedure is often technically more demanding 
than total adrenalectomy, mainly due to haemostasis 
aspects. However, the frequency of complications after 
adrenal sparing surgeries is not higher than for total 
adrenalectomies [5]. This is confirmed by our results, 
because no intraoperative complications were observed. 
The only one severe postoperative complication was 
noticed, which was pulmonary oedema in a 20-year-old 
female patient, resulting from hormonal activity of the 
tumour rather than strictly from surgical causes. 

The option of sparing surgery is limited by several 
factors. The main limitation is the size of the tumour and 
accordingly the volume of the gland that can be pre-
served. Therefore, in sporadic tumours, being disclosed 
late and thus of a greater dimensions, such a surgical 
approach may be impossible. The sparing procedure is 
more often recommended in hereditary tumours, usu-
ally detected earlier due to active surveillance of muta-
tion carriers, and thereby of a smaller size at the time 
of diagnosis [2, 3]. In our analysis, in all of our patients, 
the hereditary syndrome had already been diagnosed 
prior the surgery and pheochromocytoma was revealed 
due to annual monitoring. Thus, the size of the tumour 

Table 3. Synacthen test results in six patients after bilateral 
adrenalectomy 

Patient Serum 
cortisol 0’ 
[mcg/dL]

Serum 
cortisol 30’ 
[mcg/dL]

Serum 
cortisol 60’ 
[mcg/dL]

Steroid 
dependency

1 10.7 11 10 Yes

2 10 17.8 21.3 No

3 8.2 12.8 16.3 No

4 6.4 16.7 17.8 No

5 9 20.7 21.2 No

6 12 18 19.4 No

10 patients with hereditary pheochromocytoma

4 patients 
unilateral surgery 

(LASS) 

3 patients
bilateral surgery 
(one side LASS, 
oposite side TA) 

3 patients
unilateral surgery 

of only one remaining 
gland (LASS)

6 patients at risk of adrenal insufciency 

3 patients
preserved adrenal function 

2 patients
preserved adrenal function 

Figure 2. Prevention of adrenal insufficiency according to type of surgery. LASS — laparoscopic adrenal sparing surgery; 
TA — laparoscopic total adrenalectomy



522

O
R

IG
IN

A
L 

PA
PE

R

Adrenal-sparing surgery in hereditary pheochromocytoma Kornelia Hasse-Lazar et al.

ranged from 10 to 28 mm (median 15 mm), yielded the 
possibility of sparing surgery. 

Another issue is the localisation of the tumour, which 
often determines the possibility of preserving sufficient 
vascularisation of remnant adrenal tissue. Providing 
at least one active adrenal artery and adrenal vein is 
considered optimal. However, even in cases when it 
seems to be impossible, one may consider an attempt of 
a sparing procedure due to a well-developed network 
of additional vessels, which is particularly noticeable 
in pheochromocytomas [5]. 

Moreover, the impossibility to save the fragment of 
the gland may result from multiplicity of lesions, which 
is characteristic for hereditary syndromes. Furthermore, 
it raises another question about the possibility of new 
tumours occurring in the remnant adrenal tissue. How-
ever, as demonstrated in a large retrospective study by 
Castinetti et al. [5], the risk of local recurrence is low 
(3%) and does not differ significantly from such a risk 
due to complete gland removal. In our material, noting 
relatively short follow-up (median three years), we did 
not observe any recurrences. Nonetheless, the constant 
monitoring for subsequent pheochromocytoma is para-
mount, not only in the opposite adrenal gland but also 
in the operated area. Even in patients after bilateral total 
adrenalectomy, such risk exists, and in the analysis by 
Castinetti et al. it was estimated at 2% [5].

It is assumed that properly performed adrenal 
sparing surgery involves excision of the tumour with 
a 3–7 mm margin of healthy tissue, but in the absence of 
obvious preoperative evaluation, such an approach may 
be risky in the case of tumours suspected of a malignant 
process. Therefore, sparing surgery may be not optimal 
in patients with sporadic tumours of large size (> 5 cm) 
and contraindicated in tumours infiltrating adjacent 
tissues or in SDHB mutation carriers with high risk of 
malignant process. In such cases, complete adrenalec-
tomies or adrenalectomies with lymphadenectomy are 
recommended, preferably performed through open ap-
proach. Sparing surgeries are reserved for patients with 
low risk of malignant tumours, such as in RET, VHL, and 
NF1 gene mutation carriers [1, 6, 14, 19]. This indicates 
the necessity of DNA tests prior to the surgery to re-
solve the above doubts. If possible, obtaining a detailed 
medical history of the patient (presence of hereditary 
syndrome attributes) and family members may direct 
further therapeutic decisions [10, 15, 20]. In our study 
preoperative DNA analysis and clinical assessment 
allowed us to exclude the possibility of tumours with 
high risk of malignancy in all patients.

When performing bilateral surgery, it is possible 
to preserve the adrenal gland tissue on both sides or 
only on one side. In our material, all sparing operations 
were performed on one side. It is questionable whether 

to perform a sparing procedure in cases of one-side 
tumour [10]. However, it seems that such management 
may increase the chance of saving the function of the 
adrenal cortex if the adrenalectomy on the opposite side 
is necessary in the future. There is always some risk that 
if the subsequent tumour appears in the contralateral 
gland, the sparing surgery may not be feasible or the 
preserved part of adrenal cortex may not maintain its 
function (as was observed in one of our patients). 

Preventing steroid dependence and its consequenc-
es, in patients with high risk of bilateral pheochromo-
cytoma, was the main reason for introducing partial 
adrenalectomy [5, 19]. Neumann et al. [20], in a large 
multicentre study involving patients with hereditary 
pheochromocytomas after bilateral total adrenalectomy, 
demonstrated increased risk of adrenal crisis and/or 
iatrogenic Cushing syndrome in as many as one third 
of patients, pointing out that the retrospective nature 
of the study might underestimate the rate of reported 
complications. The issue is of particular importance 
because it concerns the group of patients in whom the 
pheochromocytoma is diagnosed and its treatment is 
carried out significantly earlier than in the group of 
patients with sporadic tumours [1, 21]. In our mate-
rial, the average age at the first operation was 35 years, 
whereas the youngest patient operated on bilaterally 
was 18 years old. While pheochromocytoma disclosure 
in MEN2A syndrome usually occurs during teenage 
years, in VHL syndrome it may also affect younger chil-
dren [12, 21]. Taking into account the medical progress 
in the prevention and treatment of other components 
of the aforementioned hereditary syndromes (e.g. 
prophylactic surgery of medullary thyroid carcinoma), 
the decrease in quality of life due to steroid substitu-
tion, becomes essential in the surveillance of these 
patients. In Neumann et al. study the risk of adrenal 
insufficiency in patients after sparing adrenal surgery 
was estimated at 23.5%, and in Castinetti et al. analysis 
it was 43% [5, 19]. In our study, we managed to maintain 
normal adrenal function in five out of six patients who 
were operated on both sides (83%), and no functional 
deterioration of remnant adrenal tissue was observed 
during the subsequent years of observation. However, 
in the interpretation of the study results, the small size 
of the examined group and the short time of follow-up 
should be taken into account.

Conclusions

Laparoscopic cortical-sparing adrenal surgeries are 
a safe approach and involve little risk of postoperative 
complications. In the majority of cases, their perfor-
mance allows the preservation of the hormonally effi-
cient part of adrenal cortex. Currently, they are carried 
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out in patients at risk of bilateral pheochromocytomas 
development, with minimal risk of malignancy. The 
type of surgery approach should be decided by both 
surgeon and endocrinologist.
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