
Hormonally Active Adrenal tumors; Challenges and 
Outcomes for Different Surgical Approaches

Objective: The aim of this study is to compare the intraoperative and short-term outcomes of different surgical approaches for 
hormone active and non-functional adrenal masses. 
Methods: The data of 206 patients who underwent adrenal gland surgery in our clinic between 2012 and 2020 were retrospec-
tively analyzed. Pre-operative outpatient clinic records of the patients, imaging methods, laboratory results and surgery records, 
operation time (OT), amount of bleeding, duration of hospital stay, and complications were evaluated. Patients were divided into 
two groups as those with non-functional mass (n=80) and those with hormoneactive mass (n=126).
Results: The median age of the patients was 52 (range 19–83) and 77.2% of them were female. Tumor size was larger in hormone 
active group (p=0.311), and the difference was more pronounced in the pheochromocytoma subgroup (p=0.088). The rate of 
transition to open surgery was similar in both groups (0.959), and no conversion to laparoscopy or conventional open surgery 
was performed in robotic cases. The duration of surgery (p=0.669), mean amount of blood loss (p=0.834), and mean hospital stay 
(p=0.195) were also similar between the two groups. Intraoperative and post-operative complications were similar between two 
groups (p=0.573 and p=0.415, respectively). Considering the subgroup analysis of the patients in hormone active group; the dura-
tion of hospital stay was longer in patients with Cushing syndrome (p=0.001), while there was no difference in OT and estimated 
blood loss between patients who were operated for Conn, Cushing, and pheochromocytoma (p=0.086 and p=0.099; respectively).
Conclusion: Surgical results of hormone active adrenal masses were found to be similar to non-functional masses. Although the 
hormonal condition of the mass does not change the difficulty level of the surgical procedure, it may be recommended that the 
robotic approach be preferred to facilitate manipulation in these masses.
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Introduction
In recent years, advances in imaging technologies and 
easier access to health-care services have enabled adrenal 
gland masses to be detected more frequently. Although 
adrenal tumors are among the most common tumors in 
humans, they are often adenomas that do not require any 
treatment.[1]

One of the operation criteria is hormonal status the patient 
and the current guidelines recommend surgical removal 
of all hormonally active tumors regardless of the size.[1,2] 
Majority of hormone active (functional) adrenal masses 
present with glucocorticoid (Cushing’s syndrome), miner-
alocorticoid (Conn’s syndrome), or catecholamine (pheo-
chromocytoma) hypersecretion.[3] In different series, the 
probability of adrenal masses to be functional varies 
between 6% and 30%.[4,5]

The main indication for surgery for non-secretary 
(non-functional) adrenal tumors is suspicion of malig-
nancy. In pre-operative imaging examinations, invasion 
to surrounding tissues or metastasis is the most import-
ant marker for malignancy. In addition, surgical resection 
is recommended for tumors larger than 4 cm due to the 
increased risk of malignancy.[2,3,6]

Although surgical resection of adrenal tumors can be per-
formed with minimally invasive methods (laparoscopic 
or robotic), laparotomy may also be the first choice for 
patients with a large tumor size or suspicion of malig-
nancy. Conversion to laparotomy due to unmanageable 
situations during laparoscopic or robotic surgery is also a 
possibility.[6]

In recent years, advances in anesthesia and surgical tech-
niques have contributed to the reduction of morbidity of 
adrenalectomy operations. However, functional adrenal 
tumors are associated with higher operational risk due to 
both hormone-related comorbidities of the patients and 
hemodynamic effects of hormone excess during surgery.[7]

This study aimed to compare functional and non- functional 
adrenal tumors, which we operated with minimal invasive 
methods orlaparotomy, the operative challenges regard-
ing intraoperative parameters and short-term outcomes.

Methods
Study Design
Between 2009 and 2020, 208 adrenalectomy procedures 
were performed at our department. Two patients were 
excluded from the study due to the dearth of precise 
determination of the hormonal status preoperatively. The 
remaining 206 patients were divided into two groups as 

patients with functional tumors (Group 1, n=126) and 
non-functional tumors (Group 2, n=80).

Adrenal masses were evaluated in terms of size and hor-
monal activity with laboratory results and radiological 
evaluation according to the current guidelines.[2,6] The 
indication for adrenalectomy was made by the multidis-
ciplinary endocrine board, which includes specialists in 
general surgery, endocrinology, pathology, radiology, and 
nuclear medicine.

Patients’ demographic findings, body mass indexes, 
American Society of Anesthesiologists scores, Charlson 
comorbidity index scores, imaging results, laboratory find-
ings, and medical history were evaluated retrospectively. 
Surgical findings, duration of surgery, the rate of conver-
sion to laparoscopic or open surgery, perioperative blood 
loss, intraoperative complications, and length of hospital 
stay (LOS) were also investigated.

The two groups were compared regarding the demo-
graphic data, clinical features, and perioperative outcomes.

Surgical resection indications for non-secretary (non- 
functional) adrenal tumors were suspicion of malignancy 
and tumor size. In imaging examinations, invasion to sur-
rounding tissues or metastasis was considered as malig-
nancy suspicion, and surgical resection was performed. 
Furthermore, tumors were resected which larger than 4 cm 
due to the increased risk of malignancy.

Plasma and urine tests were performed to determine 
hormonal activity in all patients whose adrenal mass 
was detected in a computerized tomography scan or 
magnetic resonance imaging. For this purpose; plasma 
cortisol, dehydroepiandrosterone sulfate, and adrenocor-
ticotrophic hormone were examined for Cushing’s syn-
drome. In addition; a 1 mg dexamethasone suppression 
test (DST) was applied. While values above 5 mcg/dL were 
considered Cushing’s syndrome, 4 mg DST (2-day 2 mg) 
was administered to patients with values between 1.8 and 
5 mcg/dL. Plasma renin activity and serum aldosterone val-
ues   were measured for Conn’s syndrome. A ratio of aldo-
sterone/renin over 20 was considered positive for Conn’s. 
Catecholamine metabolites in 24h urine sample were ana-
lyzed for pheochromocytoma in all patients. For the diag-
nosis of pheochromocytoma, values 3–4 times higher than 
the upper limit were expected. If pheochromocytoma was 
diagnosed, thyroid and neck ultrasound was performed to 
exclude multiple endocrine neoplasia syndrome. In addi-
tion, serum calcium, parathormone, and calcitonin levels 
were also measured.

Patients with hypercortisolism findings underwent sur-
gery on an appropriate steroid treatment protocol. Alpha 
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and beta-blockers were administered to patients diag-
nosed with pheochromocytoma in the 10–14 days before 
the operation. The patients were followed up after dis-
charge in endocrinology and general surgery outpatient 
clinics.

Operative Technique
Standard lateral transperitoneal adrenalectomy operation 
was performed under general anesthesiain all patients, as 
we have described in details in our previous studies.[8-10]

All procedures have been performed by experienced endo-
crine surgeons who had completed their learning curve. 
Our general surgery department and the endocrine sur-
gery division are established with four surgeons who have 
completed their learning curve and provide specific ser-
vices with a high volume (approximately 20 adrenalectomy 
surgery/year).

The decision to laparoscopic or robotic procedure was 
determined by surgeon’s preference. In laparoscopic and 
robotic methods, patient preparation, position, and defined 
trocar insertion sites were similar, but an additional trocar 
was used for irrigation or clip application in the robotic pro-
cedure. The placement of these trocars, which were used 
to facilitate surgical manipulation, was determined accord-
ing to the patient’s weight and anatomical structure. Three 
ports were used in the left adrenalectomy, and four ports 
(for one port liver retractor) were used in the right adre-
nalectomy. Laparotomy was performed in two patients in 
the functional group and one patient in the non-functional 
group due to the mass size.

The subcostal incision was used for laparotomy. Hook cau-
tery and vessel sealing devices were used for adrenal gland 
dissection. Operation time (OT) was recorded from skin 
incision to skin closure.

Ethics
Informed consent was obtained from all patients regarding 
the procedure and possible complications of adrenal gland 
surgery. All procedures were carried out by the ethical stan-
dards and subsequent amendments of the 1964 Helsinki 
Declaration. Ethics committee approval was received from 
the local ethics committee (No: 2020-5-10 Date: March 2, 
2020).

Statistical Analysis
Statistical analyses were conducted on JMP® software 
version 9.0.1 (SAS®, Cary, NC). Continuous variables were 
expressed as mean±SD and median (IQR). Categorical 
variables were expressed as frequencies and percent-
ages. Student’s t-test was used to compare parametric 

continuous variables, and the Mann–Whitney U-test was 
used to compare non-parametric continuous variables. 
Categorical variables were compared with the Chi-square 
test. p<0.05 was considered statistically significant.

Results
The median age of the patients was 52 (range 19–83) and 
77.2% of them were female (n=159). Demographic find-
ings and tumor sizes were similar between the two groups 
(Table 1). In non-functional group, 72 patients were oper-
ated laparoscopically, 7 robotically, and 1 by laparotomy. 
In hormone active group, 92 patients were operated lap-
aroscopically, 32 patients robotically, and 2 patients by 
laparotomy (p=0.011). The rates of conversion to open 
surgery were similar in both groups (0.959), and no con-
version to laparoscopy or conventional open surgery was 
performed in robotic cases. The reason for conversion from 
laparoscopic to open method in both groups was explora-
tion difficulty and bleeding. The mean duration of surgery 
(p=0.669), mean amount of blood loss (p=0.834), and mean 
LOS were also similar between the two groups (p=0.195) 
(Table 1).

Intraoperative complications were observed in five 
patients as diaphragm injury, left colon serosal hematoma, 
pancreatic injury, small bowel injury, and bleeding in the 
functional group and in one patient as bleeding in the 
non-functional group (p=0.207) (Table 1).

Post-operative complications were observed in six patients 
in the functional group. These were pancreatic fistula, atel-
ectasis, wound infection (n=2), urinary tract infection, and 
ileus. In the non-functional group, one patient had ileus, 
and two patients had atelectasis (p=0.415) (Table 1).

In hormone active group, 53% of the patients had Cushing’s 
syndrome (n=67), 27% had pheochromocytoma (n=34), 
16% had Conn’s syndrome (n=20), and 4% (n=5) had other 
diagnoses (metastatic mass, congenital adrenal hyperpla-
sia, etc.). Considering the subgroup analyses of the patients 
in hormone active group; while there was no difference in 
OT and estimated blood loss (EBL) between patients who 
were operated for Conn, Cushing, and pheochromocytoma 
(p=0.086 and p=0.099; respectively), the LOS was longer in 
patients with Cushing (p=0.001) (Table 2).

According to the final post-operative his to pathology 
results, the most frequently detected pathology in both 
the functional and non-functional groups was adrenocor-
tical adenoma (73.8% and 48.75%, respectively). The sec-
ond most common pathology was pheochromocytoma 
in the functional group with a rate of 18.25% and adre-
nal cyst in the non-functional group with a rate of 27.5% 
(Table 3).
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Table 1. Demographic findings and intraoperative outcomes of functional and non-functional tumors

Parameter Non-functional (n=80) Functional (n=126) p value

Age(years), median (IQR) 53 (45–61) 52 (43–58) 0.07

Gender, n (%) 0.105

Female 57 (71) 102 (81)

Male 23 (29) 24 (19)

BMI (kg/m2), mean±SD 31±6.6 29.6±5.5 0.122

ASA score, n(%) 0.184

1 8 (10) 5 (4)

2 49 (61) 71 (56)

3 21 (26) 47 (37)

4 2 (3) 3 (3)

CCIscore, n(%) 0.852

2–3 42 (52) 68 (54)

4–5 27 (34) 44 (35)

6–7 11 (14) 14 (11)

Previous abdominal surgery 0.292

Yes 30 (37.5) 38 (30)

No 50 (62.5) 88 (70)

Localization 0.152

Right 45 (56) 58 (46)

Left 35 (44) 68 (54)

Tumor size (mm), mean±SD 58.2±25.8 62.1±27.8 0.311

Operation time (min), mean±SD 131±49 134±46.5 0.669

Intraoperative complication, n (%) 1 (1.3) 5 (4) 0.573

EBL(ml), mean±SD 60±24 61±34 0.834

Post-operative complication, n (%) 2 (2.5) 6 (4.8) 0.415

Length of hospital stay (days), mean±SD 2.4±2 2.8±1.7 0.195

Approach, n (%) 0.011

Open 1 (1) 2 (2)

Laparoscopic 72 (90) 92 (73)

Robotic 7 (9) 31 (25)

Conversion to open, n (%) 0.959

Laparoscopic 2 (1) 2 (1)

Robotic 0 0 (0)  

SD: Standard deviation; ASA: American Society of Anesthesiologists; BMI:Body mass index; CCI:Charlson comorbidity index; EBL: Estimated blood loss.

Discussion
This article showed that the perioperative outcomes of hor-
mone active adrenal tumors are similar to non-functional 
tumors. In addition, subgroup analysis of patients with func-
tional tumors (Conn, Cushing, and pheochromocytoma) 

showed that the perioperative outcomes were similar 
among these tumors.

Functional adrenal tumor surgery possesses challenges 
due to both direct and indirect effects of the secreted hor-
mones.[7]
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Excessive manipulation during surgical dissection of pheo-
chromocytoma can cause catecholamine secretion and 
unexpected hemodynamic instability, leading to serious 
cardiovascular events. In addition, a capsule rupture that 
may occur during surgical dissection may have disrup-
tive consequences for the patient due to its malignant 
 potential.[7]

Patients with Cushing’s syndrome, comorbidities caused 
by cortisol hypersecretion may also cause troubles in 
the perioperative period. Electrolyte abnormalities and 
increased blood pressure can be seen during surgery. In 
addition, potential thromboembolic events can lead to 
life-threatening risks. The increased risk of infection should 
also be taken into account.[4,7]

In primary hyperaldosteronism, where surgical resection 
is curative in unilateral disease, the tumor size is usually 

Table 2. Intraoperative outcomes of functional tumors

Parameter Conn (n=20) Cushing (n=67) Pheochromocytoma (n=34) p value

Tumor size (mm) 50.1±23.3 56±19.7 63.2±23.1 0.088

Approach, n (%) 0.354

Laparoscopic 13 (65) 49 (73.1) 28 (82.4)

Robotic 7 (35) 18 (26.9) 6 (17.6)

Operation time, mean (min) 141±45.9 125.1±45 142.8±7.6 0.086

Estimated blood loss (ml) 59±17 56.6±27.5 69±43.7 0.099

Length of hospital stay (days) 1.9±1.3 3.1±1.9 2.4±1.2 0.001

Table 3. Final histopathology results of patients

Final pathology results, n (%) Non-functional

(n=80)

Functional

(n=126)

Adrenal cortical adenoma 39 (48.75) 93 (73.8)

Pheochromocytoma 1 (1.25) 23 (18.25)

Adrenal cyst 22 (27.5) 1 (0.79)

Adrenal cortical nodular 
hyperplasia

5 (6.25) 4 (3.17)

Myelolipoma 3 (3.75) 2 (1.59)

Adrenal cortical carcinoma 5 (6.25) -

Extra-adrenal metastasis 2*(2.5) 1** (0.79)

Other 3† (3.75) 2‡ (1.59)

*Renal cell carcinoma and invasive ductal carcinoma; **Lung carcinoma, 
†Ganglioneuroma, schwannoma, and hibernoma, ‡Hemangiomaand 
inflammatory pseudotumor.

Figure 1. A serious contrast enhancement is observed in the solid areas of the well-circumscribed lesion measuring 
approximately 75 × 75 × 71 mm, in a heterogeneous structure containing fluid and solid areas suggesting pheochromo-
cytoma. (a) Tumor extension to liver and kidney in T2 coronal series on magnetic resonance imaging. (b) Appearance of 
the tumor in T1 transverse series.
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Figure 2. (a) Intraoperative photo demonstrating the 4-arm robotic transabdominal lateral adrenalectomy technique, 
position of robotic arms after docking. (b) Intraoperative photo showing adrenal vein dissection during laparoscopic left 
lateral adrenalectomy for Cushing’s syndrome.(c) Dissection of the adrenal gland laparoscopic right lateral adrenalectomy 
for non-functioning adrenal mass. (d) Adrenalectomy specimen approximately 10 cm in size.

smaller than other functional tumors. However, hyperten-
sion, associated end-organ damage, and cardiac diseases 
(such as increased left ventricular thickness and impaired 
ventricular diastolic function) require caution during the 
operation.[7,11]

For the past two decades, laparoscopic approach is 
accepted as the gold standard in the surgical treatment 
of adrenal tumors. Furthermore, there are many publica-
tions reporting that the robotic approach can be applied 
safely, hence, there are some conflict sin terms of cost and 
appropriate indication.[11] Although the robotic approach 
has some features such as a more stable camera with 3D 
view, articulated instruments, and a tremor filtration; the 

lack of tactile feedback mechanism may appear to be a 
disadvantage for hormone active adrenal tumors, espe-
cially pheochromocytoma. However, especially with artic-
ulated instruments, adrenalectomy was facilitated with 
the robotic technique.[12] In our study, regarding the sur-
gical method, the rate of functional tumors was higher in 
robotic surgery.

The results between the two groups were similar in terms 
of tumor size, OT, EBL, and LOS. In subgroup analysis of the 
functional group, LOS was longer patients with Cushing’s 
syndrome because of the required intravenous steroid 
treatment protocol in post-operative period.
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Although intraoperative and post-operative complications 
were higher in the functional group, the difference was not 
statistically significant. In the literature, complication rates 
of 2.9%–15.5% have been reported in different studies for 
adrenalectomy operation, with an average rate of <9%.[13-16] 
Since the evaluation of adrenal masses, surgical indication, 
and the management of complications require a certain 
experience and a multidisciplinary approach, we think that 
the treatment of adrenal masses should be done in tertiary 
reference hospitals.[17,18]

The high rates of previous abdominal surgeries in both 
our groups (30% in Group 1 and 37.5% in Group 2) did not 
constitute a difficulty for the minimally invasive approach. 
Many studies have demonstrated that previous abdominal 
surgeries no longer are a contraindication for minimally 
invasive surgery.[12,13,19]

One of the limitations of our study isthe retrospective 
design. In addition, the heterogeneity of the groups of the 
operated patients in terms of operative approach should 
also be considered as a limitation.

Conclusion
Surgery of functional adrenal tumors involves different 
perioperative risks depending on the hormone secreted 
by the tumor. Although randomized controlled stud-
ies are needed, it may be recommended to prefer the 
robotic approach to facilitate manipulation in these 
masses. Management should be done with a multidisci-
plinary approach in tertiary care centers with sufficient 
experience.
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