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Introduction

Conn’s syndrome (CS), the primary hyperaldos-
teronism caused by adrenal adenoma, is one of the 
most common causes of secondary hypertension [1]. 
Nowadays, the primary surgical treatment of CS is 
laparoscopic or retroperitoneoscopic adrenalectomy. 

It is performed by a standard multiport or single in-
cision approach and aims to normalize arterial blood 
pressure and biochemical parameters. It is considered 
a safe procedure with low mortality and significant-
ly lower incidence of postoperative complications in 
comparison to the open approach [2–4]. While there 
are numerous studies analysing short-term outcomes, 
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A b s t r a c t

Introduction: The primary treatment of Conn’s syndrome (CS) is laparoscopic adrenalectomy and aims to normalize 
arterial blood pressure and biochemical parameters.
Aim: To analyse short- and long-term results of laparoscopic adrenalectomy for Conn’s syndrome (CS).
Material and methods: The analysis included 44 consecutive patients, who underwent laparoscopic adrenalectomy 
between 2004 and 2015 for CS. We analysed short- and long-terms results of operations. All patients were followed 
up 6 and 24 months after surgery to determine changes in the biochemical parameters, and clinical regression  
of arterial hypertension. We also evaluated the aldosteronoma resolution score (ARS) in predicting the resolution of 
hypertension.
Results: No conversions were needed. Complications occurred in 5 (11.4%) patients. Preoperative hypokalaemia and  
hypernatraemia were present in 83.4% and 15.8% of patients, respectively. After surgery, both hypokalaemia  
and hypernatraemia resolved in all patients. At the follow-up 6 months after the surgery, only 11.3% of patients had 
complete remission (CR) of hypertension. In 43.2% of cases we observed partial remission (PR). After 24 months CR 
was found in 13.6% of patients, 45.5% patients fulfilled criteria for PR, and 29.5% of patients changed the group 
of remission comparison to the first follow-up visit. Only 50% of patients with an ARS of 4 or 5 points achieved CR  
6 months after surgery.
Conclusions: Laparoscopic adrenalectomy is a safe method of treatment for CS. Although it effectively eliminates 
electrolyte imbalance, it does not allow for the CR of hypertension in the majority of patients, especially in the elderly 
group. We did not find ARS to be an effective tool in predicting postoperative resolution of hypertension.
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the data on long-term results are relatively sparse and 
usually comprise small cohort studies [5–7].

Aim

The aim of the study was to analyse short- and 
long-term results of laparoscopic adrenalectomy for CS.

Material and methods

The study used a prospectively collected da-
tabase, covering patients operated on for Conn’s 
syndrome in the years 2004–2015 at the 2nd De-
partment of General Surgery, Jagiellonian University 
Medical College. All patients underwent laparoscop-
ic lateral transperitoneal approach adrenalectomy 
(LTA) and, in selected cases, single incision surgery 
(SILS). Inclusion criteria were: (1) age ≥ 18 years,  
(2) the presence of tumour in diagnostic imaging 
(computed tomography or magnetic resonance 
imaging), (3) confirmed hormonal activity of the 
tumour (excessive secretion of mineralocorticoste-
roids). Patients were excluded from the study when: 
(1) full follow-up was not possible, (2) there was sus-
picion of malignancy in diagnostic imaging, (3) post-
operative histopathology was different than adrenal 
adenoma or nodular adrenal hyperplasia.

Prior to surgery, all patients underwent a routine 
panel of laboratory tests to determine the hormon-
al activity of the tumour. The following parameters 
were measured: cortisol plasma level, free cortisol in 
urine, ACTH, DHEAS, 17-OH-progesterone, testoster-
one, plasma renin activity (PRA), aldosterone plasma 
level, daily secretion of methoxycatecholamines and 
vanillylmandelic acid (VMA) in urine. All patients un-
derwent preoperative imaging (ultrasound, computed 
tomography, magnetic resonance imaging) or, if neces-
sary, adrenal venous sampling was used to differenti-
ate between unilateral and bilateral types of primary 
hyperaldosteronism (PA). Patients with clinical diagno-
sis of PA were referred to the Department of Endocri-
nology. Criteria used for PA diagnosis were described 
in “The Management of Primary Aldosteronism: Case 
Detection, Diagnosis, and Treatment: An Endocrine So-
ciety Clinical Practice Guideline” [8]. Apart from stan-
dard demographic and biochemical parameters, we 
additionally analysed the number of antihypertensive 
drugs and the duration of antihypertensive treatment 
prior to surgery. 

Patients were operated on using the transperi-
toneal lateral laparoscopic access technique, simi-

lar to that described in other articles [9, 10]. After 
surgery, all patients followed regular surgical and 
endocrinological follow-up (1 month, 6 months and  
24 months after surgery) to determine changes in 
the prevalence of symptoms and normalization of 
laboratory parameters.

Analysed short-term outcomes included: oper-
ative time, conversion rate, intraoperative blood 
loss and postoperative complications. Long-term 
outcomes analysis included: changes in the arte-
rial blood pressure, plasma aldosterone level, PRA, 
normalization of electrolytes, changes in body mass 
index (BMI) and the amount of received antihyper-
tensive drugs.

In subsequent analysis, all patients were divided 
into 3 groups according to the level of hypertension 
remission 6 months after the operation. Group 1 
comprised patients with complete remission (mean 
systolic blood pressure < 140 mm Hg and diastolic 
blood pressure < 90 mm Hg without the need for any 
antihypertensive drugs; normalization of sodium and 
potassium levels). Group 2 comprised patients with  
a partial response (reduction in the number or doses 
of antihypertensive drugs > 50%). Group 3 comprised 
patients with a lack of response (persistent hyper-
tension or reduction in the number or doses of pre-
operative antihypertensive drugs < 50%).

Groups were compared in terms of demographic 
parameters, tumour size and histopathological re-
sults. 

We also analysed the severity and duration of 
arterial hypertension prior to surgery, as well as the 
aldosteronoma resolution score (ARS) to assess the 
predictors for complete remission of hypertension 
after surgery [11].

Statistical analysis

Data were analysed using Statistica version 12.0 
PL (StatSoft Inc., Tulsa, Oklahoma, USA).

Comparison of baseline data of patients was 
carried out using Student’s t-test for normal distri-
bution and the Wilcoxon rank test where the distri-
bution was not normal. The ANOVA test was used 
to compare groups 1, 2 and 3. A general regression 
model was used to determine potential correlations.

Quantitative data are expressed as means or me-
dians as appropriate. All procedures performed in 
studies involving human participants were in accor-
dance with the ethical standards of the institutional 
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and national research committee and with the 1964 
Helsinki declaration and its later amendments or com-
parable ethical standards. The study was approved by 
the Ethics Committee of the Jagiellonian University.

Results

Five hundred and ten laparoscopic adrenalecto-
mies were performed in our unit in the years 2004–

2015. In 56 (10.9%) cases patients were diagnosed 
with Conn’s syndrome. The final analysis included 
44 patients (Figure 1). Two patients were excluded 
from the analysis because of incomplete preopera-
tive data. One patient died 18 months after surgery. 
The cause of death was not related to underlying 
disease or performed surgery. Nine patients were 
excluded from further analysis because of incom-
plete follow-up data. Demographic characteristics 
of the analysed population are presented in Table I. 
Preoperative diagnostic imaging confirmed the type 
of benign adenomas in all patients, with the mean 
size of 24 mm (12–90 mm).

There were no incidents of conversion. The mean 
operative time was 83 ±31 min. Mean intraoperative 
blood loss was 52 ±87 ml. None of the patients re-
quired postoperative blood transfusions. During the 
postoperative period, 3 patients had postoperative 
nausea or vomiting. There was 1 case of deep surgi-
cal site infection in the 30-day postoperative period 
and 1 case of ischemic stroke on the 14th postoper-
ative day. 

The mean follow-up period was 76 ±27 months. 
During the follow-up after 6 and 24 months sodi-
um and potassium levels normalized in all patients. 
Similarly, the aldosterone and PRA were normal in 
all cases.

The average BMI before surgery was 28.3 kg/m2.  
There were no significant changes during the fol-
low-up 6 months after surgery – 28.0 kg/m2. Full 
analysis of biochemical parameters before the treat-
ment, and 6 and 24 months after treatment, is pre-
sented in Table II.

Figure 1. Patients’ flow through the study

510 adrenalectomies

56 cases of Conn’s syndrome

44 cases included in the analysis

Reasons for exclusion:  
Incomplete data  

or follow-up – 11; death – 1

Table I. Baseline characteristics

Parameter Value

Adrenalectomy side right/left 12/32 

Gender (F/M) 30/14

Age, mean ± SD [years] 55.2 ±12.5 

Size of the tumour – diameter, mean ± SD [mm] 24 ±17

BMI before surgery, mean ± SD [kg/m2] 28.3 ±5.2 

Mean duration of hypertension before surgery, 
mean ± SD [years] 

9.5 ±7.8

Table II. Biochemical parameters prior to surgery and 6 and 24 months after

Parameter Prior to surgery, mean ± SD 6 months after, mean ± SD P-value

Aldosterone level [pg/ml] 661.9 ± 420.6 119.5 ±49.8 < 0.001

Plasma renin activity [mg/ml/h] < 0.2 (median) 0.865 (median) < 0.05

Sodium level [mmol/l] 143.6 ±2.2 141.1 ±2.0 < 0.001

Potassium level [mmol/l] 2.84 ±0.6 4.22 ±0.3 < 0.001

Parameter Prior to surgery, mean ± SD 24 months after, mean ± SD  P-value

Aldosterone level [pg/ml] 661.9 ±420.6 112.5 ±56.4 < 0.001

Plasma renin activity [mg/ml/h] < 0.2 (median) 0.718 (median) < 0.05

Sodium level [mmol/l] 143.6 ±2.2 140.2 ±1.9 < 0.001

Potassium level [mmol/l] 2.84 ±0.6 4.36 ±0.4 < 0.001

In the case of plasma renin activity, the distribution of features was not normal; therefore the rank test was used for statistical calculations.
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Complete remission of arterial hypertension 
(group 1) was achieved in 5 (11.3%) patients,  
19 (43.2%) had a partial improvement (group 2), and 
in 20 (45.5%) the response to the surgery was unsat-
isfactory (group 3). 

The comparison of three groups showed sta-
tistically significant differences in age, duration of 
hypertension and ARS. The remaining analysed pa-

rameters were not statistically significant at 6 and  
24 months after surgery. 

General regression model analysis showed a sta-
tistically significant correlation between the age of 
patients and postoperative recurrence of hyperten-
sion (Table III). Only 50% of patients with preoper-
ative ARS 4 or 5 had complete remission of hyper-
tension 6 months after surgery. 37.5% of them were 

Table III. Results after 6 and 24 months

Parameter Results after 6 months in groups Results after 24 months in groups

Group 1 – 
complete 
remission

Group 2 –  
partial 

remission

Group 3 –  
lack of 

response

P-value Group 1 – 
complete 
remission

Group 2 –  
partial 

remission

Group 3 –  
lack of 

response

P-value

Number of 
patients (%)

5 (11.3) 19 (43.2) 20 (45.5) 6 (13.6) 20 (45.4) 18 (40.9)

Histology type 
(adenoma/
hyperplasia)

4/1 14/5 13/7 0.74 5/1 14/6 13/5 0.81

Median ARS 
before surgery 
(IQR)

4 (4–5) 2 (1–3) 1 (1–2) 0.03 4 (3–5) 1 (1–2) 1 (1–3) 0.02

Median duration 
of arterial 
hypertension 
(IQR) [years]

1 (1–3) 6 (4–10) 10 (5–15) 0.04 2.5 (1–5) 6 (4–10) 10 (5–15) 0.09

Median lesion 
size in CT (IQR) 
[cm]

2 (1.9–2.5) 1.8 (1.4–2.6) 2 (1.65–2.9) 0.64 1.75 (1.5–2) 1.8 (1.45–2.75) 2.1 (1.6–2.9) 0.41

Male/female 0.25 0.36 0.67 1.00 0.20 0.41 0.67 1.00

Mean BMI 
before surgery 
(SD) [kg/m2]

27.92 (5.87) 27.96 (4.75) 28.43 (5.47) 0.89 25.68 (6.35) 29.59 (5.64) 27.73 (3.84) 0.22

Median systolic 
pressure before 
surgery (IQR)  
[mm Hg]

140 (130–160) 140 (140–150) 140 (140–150) 0.66 145 (140–155) 145 (140–150) 150 (140–150) 0.87

Median diastolic 
pressure before 
surgery (IQR)  
[mm Hg]

90 (90–100) 90 (90–100) 90 (80–90) 0.18 90 (90–95) 90 (80–95) 90 (90–100) 0.99

Mean blood 
pressure before 
surgery (SD)  
[mm Hg]

110 (8.8) 110.8 (5.9) 106.8 (6.8) 0.24 110.8 (6.3) 107.8 (6.8) 110.0 (6.8) 0.55

Mean age (SD) 
[years]

42.4 (18.8) 53.68 (10.7) 59.9 (10.0) 0.01 42.2 (16.8) 53.5 (9.9) 69.5 (9.6) 0.01

Mean amount of 
antihypertensive 
drugs prior to 
surgery (SD)

1.0 (1.2) 2.7 (1.2) 2.5 (0.9) 0.01 1.2 (1.5) 2.9 (1.0) 2.3 (0.9) 0.01
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assigned to group 2 (Table IV). In 8 cases hyperten-
sion control improved (upgrade to groups with bet-
ter hypertension control) whereas 5 other patients 
were downgraded to groups with worse hyperten-
sion control. In total, there were changes in 29.5% of 
the patients (Table V). 

Discussion

Historically, primary aldosteronism, most com-
monly being Conn’s syndrome, has been considered 
a rare cause of hypertension, responsible for about 
1% of cases [12]. However, recent data, based on 
the results of population studies from Central Eu-
rope, revised this opinion. Studies have shown that 
increased aldosterone levels and decreased plasma 
renin activity are present in up to 10% of cases of 
hypertension and up to 20% of patients suffering 
from treatment-resistant hypertension [13, 14].

Generally, it is considered that adrenalectomy 
is the only treatment leading to complete recovery  
[15, 16]. When compared to drug treatment, it al-
lows for better management of hypertension, hypo-
kalaemia and left ventricle hypertrophy [5, 17]. Our 
analysis showed that adrenalectomy provided effec-
tive normalization of biochemical parameters. How-
ever, in the case of hypertension the normalization 
is not as satisfactory.

Postoperative complications were observed in  
5 (11.3%) patients in total. When analysing our 
results of LTA operations, we found only 1 patient 
suffering from a major postoperative complication 
(ischaemic stroke 2 weeks after surgery). The mor-
tality rate in the postoperative period (6 months 

after surgery) in our material was 0%. None of the 
patients required blood transfusions. Our observa-
tions are in agreement with results of other authors  
[5, 18, 19]. Therefore, we can confirm that laparo-
scopic adrenalectomy with transperitoneal access 
for CS is a safe procedure with low risk of complica-
tions and should be the gold standard for treatment 
of this disease [2, 8, 20]. We observed a different 
number of lesions localized in left and right adrenal 
glands. Although we cannot find an explanation for 
this observation, it is clinically irrelevant since usual-
ly there are no differences in perioperative outcomes 
between left and right adrenalectomy, which is sim-
ilar to other studies [3, 20, 21]. 

In this study we observed normalisation of bio-
chemical parameters (sodium, potassium, aldoste-
rone and ARO) in all patients 6 months after surgery. 
Similar results were presented in other publications 
[18, 22, 23]. Moreover, biochemical parameters re-
mained normal 24 months after surgery. Therefore, 
we can conclude that there is no need for routine 
long-term monitoring of these parameters postop-
eratively in all patients in whom normalisation was 
observed.

In the case of arterial hypertension, complete re-
mission was obtained in 11.3% of patients and in 
a further 43.2% of patients partial remission was 
achieved. The results are significantly worse than 
the data presented by other authors where up to 
30–60% of patients met the criteria of complete hy-
pertension remission [6, 22, 24]. When comparing 
this relatively low rate of complete remission of hy-
pertension with the rate of complications one can 
get the impression that they are similar and for this 

Table IV. Preoperative ARS and remissions after 6 months

Preoperative ARS Group 1 – complete remission Group 2 – partial remission Group 3 – lack of response

0–1 4.40% 39.10% 56.50%

2–3 0.00% 53.85% 46.15%

4–5 50.00% 37.50% 12.50%

Table V. Changes in arterial hypertension remission 6 and 24 months after surgery

Changes 24 months after surgery in comparison to 6 months after

Number (%) Number (%)

Group 1 to group 2 1 (20) Group 2 to group 1 2 (11)

Group 2 to group 3 4 (21) Group 3 to group 2 6 (30)
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reason a question arises whether adrenalectomy is 
indeed a good treatment. However, one has to bear 
in mind that practically all complications were minor 
and short-term. This, together with very good bio-
chemical improvements, speaks for the clear bene-
fits of LTA. However, a careful assessment of patients 
might help to select patients who would not benefit 
from surgery in terms of hypertension, and such pa-
tients must be informed prior to surgery that it prob-
ably will not lead to clinical improvement. 

Compared with other studies, we only found dif-
ferences in two parameters: mean age of the cohort 
and duration of hypertension prior to the surgery – our 
patients were in general older with longer history of 
hypertension. We observed that both of these param-
eters, in addition to ARS score and the number of an-
tihypertensive drugs, are independent risk factors for 
persistent hypertension after surgical treatment. In our 
opinion, that duration of hypertension and hyperaldo-
steronism prior to surgery may lead to remodelling of 
the left ventricle and smooth muscle tissue of arteries 
and can be the cause of persistent hypertension, de-
spite the removal of the cause of hyperaldosteronism 
[25]. In addition, patients’ age is an independent risk 
factor for hypertension after adrenalectomy, as has 
been confirmed in our and other studies [24, 26]. We 
assume that some patients in our cohort might have 
had pre-existing, undiagnosed primary hypertension, 
imposed with concomitant secondary hypertension 
associated with CS. In these cases, only a partial re-
mission associated with the removal of the cause of 
secondary hypertension occurred.

Interestingly, our study did not confirm the pre-
dictive value of the ARS. Only 50% of patients with 
an ARS of 4 or 5 achieved total normalisation of hy-
pertension. This is different from previous results 
showing hypertension remission rates of over 75% 
[11, 24, 27]. Although our analysis showed a signif-
icant difference between the ARS score in groups 
of hypertension remission after surgery, only 2 of  
4 parameters included in the ARS were independent 
factors of normalization of arterial blood pressure in 
our population. Similar findings were recently pub-
lished by other authors [28].

In our opinion, it seems reasonable to search for 
more effective tools allowing one to predict resolu-
tion of hypertension after surgery caused by CS, as 
proposed by Utsumi et al. [29].

Finally, we would like to highlight the variabili-
ty of hypertension remission during long-term fol-

low-up. Almost 30% of our patients changed their 
status during 24 months of follow-up (either im-
proved or deteriorated). We did not find any statis-
tically significant differences between these groups, 
but this observation suggests that all patients after 
surgery, even those with complete remission of hy-
pertension, require long-term regular blood pressure 
control [30].

A limitation of our study is the relatively small 
size of the cohort, as well as the wide time span of 
patient enrolment in the study (almost 12 years), 
during which trends of hypertension treatment 
changed, and this may have had an impact on our 
results. However, we were still able to achieve an 
appropriate long-term observation, and the ana-
lysed cohort allowed us to perform reliable statis-
tical measurements. Finally, since the management 
of hypertension changes rapidly, we are not able to 
select a large enough number of patients with only 
one type of treatment. 

Conclusions

Laparoscopic adrenalectomy is a safe method of 
treatment for CS. Although it effectively eliminates 
electrolyte imbalance, it does not allow for the com-
plete remission of hypertension in the majority of 
patients, especially in the elderly group. We did not 
find the ARS to be an effective tool in predicting 
postoperative resolution of hypertension.
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