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Outcomes of adrenalectomy in patients with primary hyperaldosteronism  
- a single centre experience

Igor Hartmanna, Michal Grepla, Ales Vidlara, Oldrich Smakala, Jan Vaclavikb, Zdenek Frysakc, Martin Dolezeld,e,f,  
Vladimir Studenta

Introduction. Primary hyperaldosteronism is a common cause of secondary hypertension. In patients with proven 
unilateral overproduction of aldosterone adrenalectomy can cure hyperaldosteronism with high probability and a 
positive effect on hypertension. The aim of the study was to determine the effects of unilateral adrenalectomy on 
blood pressure and laboratory parameters. The secondary objective was to identify parameters that would allow the 
prediction of hypertension cure.
Methods. We performed a cross-sectional analysis of the data of patients who underwent unilateral adrenalectomy for 
primary aldosteronism at the Department of Urology of University Hospital Olomouc in the years 2000-2011. We assesed 
the preoperative clinical conditions of patients, the results of biochemical and radiological examinations, course of the 
surgery and post-operative course including laboratory and clinical parameters during the 12 months postoperatively. 
Results. 62 patients underwent adrenalectomy for primary aldosteronism in this period. Four patients were excluded 
from the study due to surprising histology (myelolipoma in 2, carcinoma in 2), seven patients had incomplete post-
operative data. The statistical analysis therefore included 51 patients, of which 57% were females. CT or MRI was per-
formed in all patients; 63% patients underwent superselective catheterization of adrenal veins (AVS). Adrenalectomy 
was performed in all cases laparoscopically. Histology most often showed adrenal hyperplasia (59%), adenoma was 
detected in 37% and adenoma on the basis of micronodular hyperplasia in 4%. Twelve months after surgery the 
antihypertensive drugs were discontinued in 17/51 (33%) and the number or dose of antihypertensive drugs was 
reduced in 25/51 (49%). Normokalemia and normalisation of the aldosterone-renin ratio (ARR) was detected in 92% 
and 84% of the patients. Performing AVS did not statistically significantly influence the rate of blood pressure control 
or normalization of ARR, which is probably due to small study size. This study demonstrated a better effect of surgery 
on blood pressure in younger patients.
Conclusions. Unilateral adrenalectomy had a positive effect in 82% of the patients operated for primary aldosteronism 
and lead to either blood pressure normalization or reduction of the antihypertensive medication. 
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INTRODUCTION

Primary hyperaldosteronism (PHA) is a disease 
caused by hypersecretion of aldosterone from the adrenal 
cortex. It is one of the most common causes of second-
ary hypertension with an estimated prevalence of 5-10% 
of patients with arterial hypertension, although in some 
populations the proportion of PHA is as high as 11.2% 
(ref.1- 4). 

PHA is most commonly caused by an aldosterone-
producing adenoma (APA), i.e. Conn's syndrome, or bilat-
eral adrenal hyperplasia or idiopathic hyperaldosteronism 

(IAH) which together account for approximately 90% of 
cases. Other conditions are rare. These include unilateral 
adrenal hyperplasia (5-6%), familial hyperaldosteronism 
types I and II (2%) and in rare cases, an aldosterone-
producing carcinoma (1–2%) (ref.5).

The clinical picture of PHA is not very specific. There 
may be symptoms resulting from hypokalemia, such as 
muscle weakness, fatigue, constipation, paraesthesia and 
arrhythmias. According to current knowledge, low serum 
potassium is not a frequent finding today compared to 
reports in the past. Almost all patients with PHA suffer 
from moderate to severe arterial hypertension with rela-
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tively frequent resistance to antihypertensive treatment. 
Cardiovascular events occur more frequently than in other 
patients with hypertension6.

Adrenalectomy is indicated in patients with unilateral 
overproduction of aldosterone. Successful treatment leads 
to a reduction in aldosterone hyperproduction, accompa-
nied by a positive effect on hypertension, even complete 
correction with normalization of hypokalemia7. Patients 
with IAH are treated with mineralocorticoid receptor 
antagonists, because unilateral adrenalectomy does not 
lead to improvement in clinical symptoms and bilateral 
adrenalectomy causes addisonism9.

For the successful surgical treatment of PHA, it is cru-
cial to identify the sources of aldosterone overproduction. 
Initial efforts to do so, using imaging methods (CT, MRI) 
produced suboptimal results. Adenomas may in fact, be 
very small with a size below the threshold for resolution, 
they can coexist with hyperplasia, macronodular hyperpla-
sia can mimic adenoma and common is also the presence 
of a hormonally inactive incidentaloma10.

Most clinics treating this condition therefore perform 
selective sampling of blood from the adrenal veins (AVS) 
(see Fig. 1a and 1b). Only properly performed sampling 
can help to distinguish unilateral and bilateral hypersecre-
tion of aldosterone11-14. 

The objective of this study was to evaluate the clini-
cal and laboratory effects of adrenalectomy performed 
for PHA at our hospital. Another aim was to identify the 
parameters that predict a beneficial effect of surgery on 
hypertension. 

PATIENTS AND METHODS

We performed a crosssectional analysis of the data 
on patients who had undergone adrenalectomy at the 
Department of Urology of the University Hospital in 
Olomouc for PHA, between 2001 and 2011. All patients 
were referred for surgery on the basis of endocrinological, 
radiological and urological examination. Postoperatively, 
the patients were followed-up at an institutional or local 
endocrinology clinic. 

Clinical and laboratory examination
We identified patients with a history of hypertensi-

on that had poorly responded to pharmacotherapy and 
who had a confirmed overproduction of aldosterone. 
Hypertension was defined as a systolic blood pressure 
greater than 140 mm Hg and/or diastolic higher than 90 
mm Hg. In each case, we analyzed plasma renin activity 
(PRA), serum aldosterone (ALD), and determined the al-
dosterone-renin ratio (ARR). The normal range of serum 
aldosterone was from 10 to 172 pg/mL and PRA from 
0.5 to 1.9 ng/mL/h. Hyperaldosteronism was defined by 
an ARR higher than 30. Screening laboratory tests were 
performed according to the guidelines with concomitant 
antihypertensive therapy, after withdrawal of drugs that 
markedly affect the ARR for at least 4 weeks (e.g. spirono-
lactone, amiloride or potassium-wasting diuretics) (ref.9). 
As a confirmatory test of autonomous overproduction of 

Fig. 1a. AVS of the left suprarenal vein.

Fig. 1b. AVS of the right suprarenal vein.
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aldosterone, we used a stress test with saline infusion after 
discontinuation of interfering medication (patients only 
took calcium channel blockers and alpha blockers) in all 
patients who tolerated the discontinuation. 

Radiological examination
All patients were examined using computed tomog-

raphy (CT) or magnetic resonance imaging (MRI). In 
2006, tests of separated venous blood from superselec-
tive samplings from suprarenal veins became available. 
Between 2006 and 2007, the examination was carried out 
only in cases where the imaging method failed to identify 
the unilateral adrenal lesions. Since 2008, AVS was per-
formed in all patients.

The criteria of successful catheterization is identifica-
tion of a higher concentration of cortisol in the adrenal 
vein compared to the peripheral vein. A sufficiently selec-
tive sampling at our centre was defined as a sample with 
a ratio of cortisol in the adrenal vein and peripheral vein 
greater than 2:1.

Our criteria of successful lateralization were based 
on valid reccommendations9. Unilateral aldosterone hy-
persecretion is defined as the situation where without 
stimulation with ACTH the aldosterone/cortisol ratio on 
one side was more than 4 times greater than the other 
side, i.e. lateral aldosterone/cortisol ratio was above 4:1. 
An aldosterone/cortisol ratio below 3:1 suggests bilateral 
aldosterone hypersecretion. A ratio between 3:1 and 4:1 
is known as the grey zone, where the correct interpreta-
tion of results should take into account the clinical status, 
imaging findings, or a repeated test is considered.

Urological examination
Patients who were following the endocrinologic and 

radiological examination indicated for unilateral adrenal-
ectomy, were evaluated by a urologist in terms of oper-
ability. The urologist reviewed previous surgeries on the 
abdomen, general condition, BMI and recommended the 
appropriate surgery.

Surgery
The preferred surgery was laparoscopic transperitone-

al adrenalectomy. Retroperitoneal adrenalectomy was not 
primarily considered, since this is not a preferred method 
at our department. In cases that we considered would 
preclude the laparoscopic transperitoneal approach, we 
indicated open surgery.

Postoperative follow-up
Patients underwent clinical and laboratory examina-

tion 3 and 12 months after surgery. We evaluated the 
overall health status, blood pressure, potassium levels, 
PRA, ALD and ARR (with concomitant use of interfer-
ing medication unless the drugs were discontinued due to 
hypertension cure or improvement). 

Statistical analysis
Statistical analysis provides a baseline characteristics 

of patients before surgery. For descriptive statistics we 
used absolute and relative frequencies for categorical 

variables and means with range and median with 5-95% 
percentiles for continuous variables. We also statistically 
evaluated clinical and laboratory values in patients 3 and 
12 months after surgery. 

Change in the ratio of ARR was assessed using the 
paired Wilcoxon test which compared values in the post-
operative month 3 and 12. Univariate logistic regression 
model was used to assess the relations between baseline 
clinical and laboratory parameters (gender, age, BMI, co-
morbidities, duration of hypertension, number of antihy-
pertensive drugs used, ARR, performing AVS, the ratio of 
aldosterone hypersecretion, the results of the histopatho-
logical analysis) and the effect of surgery on outcomes. 

To determine the effect of surgery depending on imple-
mentation or non-implementation of the AVS test and the 
result of histological analysis, we used p-value of Fisher's 
exact test comparing patients with a given therapeutic 
effect versus the reference category.

RESULTS

Between 2000 and 2011 we performed adrenalectomy 
for hyperaldosteronism on 62 patients at our department. 
Seven patients had incomplete postoperative data. Four 
were excluded due to surprising results of the histology 
(myelolipoma in 2/62, carcinoma in 2/62). Therefore, 51 
patients were included in the analysis, of whom 29 (57%) 
were women and 22 (43%) were men. The mean age of 
the operated patients was 57 years (34-72 years).

Patients were treated for hypertension before a diagno-
sis of hyperaldosteronism for an average of 143 (12-600) 
months. Before indication for adrenalectomy, they had 
used a mean of 4.2 (2-7) classes of antihypertensive drugs. 
Their mean BMI was 30.7 (20-42). 18 (35%) patients did 
not suffer at the time of diagnosis from any other serious 
internal disease except for hypertension. Inother patients 
we noted coronary heart disease (CHD) and/or diabetes 
mellitus (DM). The average ARR was 267.9 (32-1484). 
47 (92%) patients had hypokalemia found during the di-
agnostic process. 

Preoperative imaging method
In 48 patients (94%) CT scan was performed and in 

the remaining 3 (6%) MRI. All findings of the imaging 
techniques were evaluated by one expert. In 29 patients 
(56%) the radiologist described a picture of unilateral 
adenoma, in 8 (16%) unilateral hyperplasia (diffuse en-
largement of the gland), in 5 (10%) bilateral adenomas, 
in 3 (6%) bilateral hyperplasia and in 6 (12%) the imaging 
finding on the adrenals was negative. 

AVS was performed in 32 (63%) patients. The mean 
lateral ratio of aldosterone/cortisol secretion was 6.5 (3.0-
31). In 15/32 (47%) cases the results of AVS corresponded 
to the morphological findings on imaging. In 14/32 (44%) 
cases where the findings on the imaging method were 
bilateral or negative, the AVS adecided on the lateral indi-
cation. In 3/32 (9%) cases the result of AVS changed the 
lateral indication which was suggested only on the basis 
of imaging methods.
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Surgery
Laparoscopic adrenalectomy was performed in all 

cases. In no was it necessary to proceed to open surgery. 
There were no major intraoperative or postoperative com-
plications. In 3 (6%) surgeries there was intraoperative 
blood loss greater than 400 ml. There was no need for 
blood transfusions. Other complications included surgical 
site infection - 1 (2%) and pneumonia - 1 (2%). No com-
plications of grade 3 or higher according to the Clavien’s 
scale were reported. The mean postoperative hospitaliza-
tion time was 3.6 (2-8) days.

Histology 
The most common finding in the histology was ad-

renal hyperplasia in 30 (59%); adenoma was detected in 
19 (37%), 2 (4%) patients had adenoma on the basis of 
micronodular hyperplasia.

Clinical outcome
Three months after surgery, antihypertensive medica-

tion was discontinued and there was normalization of BP 
in 7 (14%) patients and in 29 (57%) there was a reduced 
dose of antihypertensive drugs. After twelve months, an-

tihypertensive drugs were discontinued in 17 (33%). The 
reduction in dose of antihypertensive drugs compared to 
baseline in 25 (49%). Clinical and laboratory data for 
months 3 and 12 after surgery are summarized in Table 1. 

The effect of performing AVS on the resolution of hy-
pertension 12 months potoperatively is shown in Table 2.

We found no statistically significant benefit of AVS 
in this small subset of patients in terms of a diagnosis of 
PHA which would lead to improved hypertension control 
compared to patients referred on the basis of CT/MRI. 
Control of hypertension was the most important clinical 
consequence of the surgery but this was dependent on 
several factors. In Table 3 we therefore show the effect 
of AVS on the normalization of ARR 12 months after 
surgery. Even here, we found no statistical significance 
but there was a trend in favour of using AVS.

In 19 patients with a histological diagnosis of adenoma 
blood pressur normalized after 12 months of follow-up, 
in 9 (47%) and in another 8 (42%) the dose of antihy-
pertensive therapy was reduced; and a positive effect on 
hypertension was demonstrated in a total of 17 (89%) 
patients. Among 30 patients with histologically confirmed 
adrenal hyperplasia BP normalized in 8 (27%), therapy 

Table 1. Patients’ clinical and laboratory data at 3 and 12 months postoperatively.

  3 months postoperatively 12 months postoperatively

Kalemia (mmol/L) ≤3.6 5 (9.8%) 4 (7.8%)
>3.6 46 (90.2%) 47 (92.2%)

Mean (min-max) 4.5 (3.1-5.6) 4.5 (3.2-5.6)
 Median (5-95%) 4.5 (3.3-5.3) 4.5 (3.4-5.3)
ARR >30 11 (21.6%) 8 (15.7%)

≤30 40 (78.4%) 43 (84.3%)
Mean (min-max) 23.0 (5.4-104.2) 20.5 (5.4-104.2)

 Median (5-95%) 15.0 (5.5-66.7) 15.0 (5.5-51.8)
Number of antihypertensive 
drug classes used

0 7 (13.7%) 17 (33.3%)
1 6 (11.8%) 4 (7.8%)
2 14 (27.5%) 17 (33.3%)
3 12 (23.5%) 7 (13.7%)
4 4 (7.8%) 3 (5.9%)
5 3 (5.9%) 2 (3.9%)
6 4 (7.8%) 1 (2.0%)
8 1 (2.0%) 0 (0.0%)

Mean (min-max) 2.6 (0.0-8.0) 1.7 (0.0-6.0)
Median (5-95%) 2.0 (0.0-6.0) 2.0 (0.0-5.0)

Table 2. The proportions of patients based on the effect of therapy on hypertension at 12 months postoperatively out of the 
total patient count in whom AVS was / was not performed.

Treatment effect at 12 months postoperatively
AVS

Not performed 
(N=19)

Performed (N=32) P1

No effect 5 (26.3%) 4 (12.5%) Reference category
Resolved hypertension 6 (31.6%) 11 (34.4%) 0.419
Reduced medication use 8 (42.1%) 17 (53.1%) 0.254
Resolved hypertension or reduced medication use 14 (73.7%) 28 (87.5%) 0.266

1Fisher’s exact test P-value expressing the association between the proportion of patients who experience a therapeutic effect and the reference 
category in AVS
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Table 3. Association of normalisation of the ARR after  
12 months in relation to AVS.

Normalisation 
of ARR

AVS
P1

no yes

N=19 N=32

no N=5 (26.3%) N=3 (9.4%)
0.131

yes N=14 (73.7%) N=29 (90.6%)

1Fisher’s exact test

Table 4. Prediction of normalization or improvement in blood pressure values at 12 months postoperatively  
based on baseline data.

  

No effect  
on hypertension  

(N=9)

Cured hypertension 
or reduced medica-

tion use (N=42)
OR (95% CI) P2

Gender Female 6 (20.7%) 23 (79.3%) Reference category
 Male 3 (13.6%) 19 (86.4%) 1.652 (0.364-7.503) 0.515

Age Mean (min-max) 62.6 (53.0-71.0) 55.9 (34.0-72.0) 0.892 (0.796-0.999) 0.048
 Median (5-95%) 63.0 (53.0-71.0) 57.5 (42.0-67.0)   

Number of antihypertensives  
used on baseline

2-3 5 (27.8%) 13 (72.2%) Reference category
4-5 3 (13.0%) 20 (87.0%) 2.564 (0.522-12.606) 0.247
6-7 1 (10.0%) 9 (90.0%) 3.462 (0.344-34.843) 0.292

Mean (min-max) 3.7 (2.0-6.0) 4.3 (2.0-7.0) 1.420 (0.826-2.443) 0.205
 Median (5-95%) 3.0 (2.0-6.0) 4.5 (2.0-6.0)   

Duration of hypertension 
(months)

Mean (min-max) 133.0 (45.0-280.0) 145.7 (12.0-600.0) 1.001 (0.994-1.008) 0.748
Median (5-95%) 120.0 (45.0-280.0) 120.0 (17.0-300.0)   

BMI Mean (min-max) 31.9 (26.0-35.0) 30.4 (20.0-42.0) 0.926 (0.784-1.093) 0.363
 Median (5-95%) 31.0 (26.0-35.0) 31.0 (23.0-38.0)   

ARR Mean (min-max) 143.1 (42.0-562.0) 294.8 (34.9-1484.0) 1.005 (0.998-1.013) 0.157
 Median (5-95%) 69.0 (42.0-562.0) 195.5 (56.0-1000.0)   

AVS Performed 5 (26.3%) 14 (73.7%) Reference category
 Not performed 4 (12.5%) 28 (87.5%) 2.500 (0.579-10.797) 0.220

Side-to-side ratio  
of ALD/cortisol1 

Mean (min-max) 3.3 (3.0-4.1) 7.1 (3.1-31.0) 1.913 (0.702-5.212) 0.205
Median (5-95%) 3.4 (3.1-4.1) 4.2 (3.4-27.0)   

DM+IHD no DM/IHD 2 (11.1%) 16 (88.9%) Reference category
DM or IHD 5 (16.7%) 25 (83.3%) 0.625 (0.108-3.617) 0.600

 DM and IHD 2 (66.7%) 1 (33.3%) 0.063 (0.004-1.043) 0.054

Surgical histological findings Adenoma 2 (10.5%) 17 (89.5%) Reference category
Hyperplasia 6 (20.0%) 24 (80.0%) 0.471 (0.085-2.619) 0.389

1For patients undergoing AVS
2P-value for the OR (P-value for the ML chi-squared test if the OR is not stated)

was reduced in 16 (53%) after 12 months. Hence an over-
all positive effect was demonstrated in 24 (80%) patients.

Of the 32 patients who were indicated on the basis of 
AVS and were therefore clearly diagnosed with unilateral 
overproduction of aldosterone, histologically confirmed 
adenoma was reported in 9 (28%) and hyperplasia in 
23 (72%) cases.

Prediction of normalization and/or improvement of 
hypertension at 12 months postoperatively are shown in 
Table 4 and 5.

DISCUSSION

This study shows that adrenalectomy is a highly ef-
fective mode of treatment for unilateral forms of PHA. 
In our cohort of patients, 33% were normotensive and 
in another 49% antihypertensive medication had been 
reduced 12 months after the surgery. A positive effect on 
blood pressure was demonstrated in 82% patients, which 
corresponds to published studies15-21. 

Previous studies have shown that independent factors 
for the persistence of hypertension after adrenalectomy 
are female sex, advanced age, increased BMI, duration 
of hypertension of over 6 years, more than 3 types of 
antihypertensive drugs used preoperatively and maxi-
mum size of the adrenal gland15,16,18-22. Zarnegar et al. pro-
posed a scoring system predicting the benefit to patients 
of adrenalectomy combining four independent factors: 
the number of antihypertensive medications used, BMI, 



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2014 Dec; 158(4):583-590.

588

Table 5. Prediction of improvement in blood pressure values at 12 months postoperatively based on baseline data.

  No effect on 
hypertension (N=9)

Reduced medication 
use (N=25)

OR (95% IS) P2

Gender female 6 (28.6%) 15 (71.4%) Reference category
 male 3 (23.1%) 10 (76.9%) 1.333 (0.269-6.606) 0.725

Age Mean (min-max) 62.6 (53.0-71.0) 58.6 (43.0-67.0) 0.914 (0.806-1.037) 0.164
 Median (5-95%) 63.0 (53.0-71.0) 60.0 (47.0-67.0)   

Number of antihypertensives 2-3 5 (50.0%) 5 (50.0%) Reference category
4-5 3 (18.8%) 13 (81.3%) 4.333 (0.742-25.294) 0.103
6-7 1 (12.5%) 7 (87.5%) 7.000 (0.613-79.871) 0.117

Mean (min-max) 3.7 (2.0-6.0) 4.8 (3.0-7.0) 2.046 (1.032-4.057) 0.040
 Median (5-95%) 3.0 (2.0-6.0) 5.0 (3.0-7.0)   

Duration of hypertension 
(months) 

Mean (min-max) 133.0 (45.0-280.0) 182.6 (36.0-600.0) 1.005 (0.996-1.015) 0.259
Median (5-95%) 120.0 (45.0-280.0) 180.0 (60.0-350.0)   

BMI Mean (min-max) 31.9 (26.0-35.0) 31.0 (24.0-42.0) 0.941 (0.770-1.149) 0.550
 Median (5-95%) 31.0 (26.0-35.0) 31.0 (25.0-37.0)   

ARR Mean (min-max) 143.1 (42.0-562.0) 282.1 (40.0-1297.0) 1.005 (0.997-1.013) 0.193
 Median (5-95%) 69.0 (42.0-562.0) 198.0 (59.0-1000.0)   

AVS Performed 5 (38.5%) 8 (61.5%) Reference category
 Not performed 4 (19.0%) 17 (81.0%) 2.656 (0.558-12.646) 0.220

Side-to-side ratio of ALD/
cortisol1  

Mean (min-max) 3.3 (3.0-4.1) 6,9 (3.5-31.0) 2.026 (0.741-5.538) 0.169
Median (5-95%) 3.4 (3.1-4.1) 4,3 (3.7-31.0)   

DM+IHD no DM/IHD 2 (22.2%) 7 (77.8%) Reference category
DM or IHD 5 (22.7%) 17 (77.3%) 0.971 (0.151-6.247) 0.976

 DM and IHD 2 (66.7%) 1 (33.3%) 0.143 (0.008-2.517) 0.184

Surgical histological findings  Hyperplasia 2 (20.0%) 8 (80.0%) Reference category
Adenoma 6 (27.3%) 16 (72.7%) 0.667 (0.109-4.079) 0.661

1In patients who underwent AVS
2P-value for OR (if OR is not stated, P-value of ML Ch-quadrate test is stated)

duration of hypertension, female sex23. The results show 
greater positive effects on hypertension in younger pa-
tients (Table 4).

It should be emphasized that the resolution or im-
provement in the hypertension is the most important 
clinical outcome of the surgery. However, hypertension 
is influenced by many other factors. The most accurate 
indicator of the effect of treatment is the change in ARR, 
which normalized in 84% patients in our study.

An interesting group was patients with blood pressure 
decrease post-operatively, but the ARR did not normalize. 
In our group, we had 2 patients whose ARR decreased 
from 210 and 140 to 45.7 respectively 43.9. In both pa-
tients there was a reduction in dose of antihypertensive 
drugs from 4 to 1 respectively 2 drugs. In these patients, 
we can assume a certain autonomous aldosterone secre-
tion in the solitary adrenal gland. In both cases, however, 
their blood pressure remains stable for the following 38 
respectively 24 months postoperatively and the ARR did 
not deteriorate.

Adrenalectomy in hyperaldosteronism may be indi-
cated only in cases with clearly demonstrated unilateral 
aldosterone hypersecretion. If the preoperative algorithm 

for hypersecretion localisation uses only an imaging meth-
od, up to 25% of patients will be identified incorrectly9,13. 
AVS is the only method able to distinguish unilateral from 
bilateral aldosterone hypersecretion. Most authors regard 
the AVS as necessary before indication for adrenalectomy 
in all patients with PHA, independently of the results of 
CT or MRI (ref.9,12). The importance of AVS increases 
especially in elderly patients, where the incidence of non-
functional adenomas increases. In our group, a positive 
effect of surgery on hypertension in patients indicated 
on the basis of on the CT/MRI was 73.7%, and based on 
AVS was 87.5% (P = 0.266). Our results do not demon-
strate significant benefits of AVS on hypertension con-
trol, very likely because of the small sample size that may 
have diminished the statistical significance. In cases of 
confirmed unilateral adrenal tumours larger than 4 cm, 
which are indicated for adrenalectomy, given the risk of 
its malignant nature, we consider the indication for AVS 
as questionable.

Microscopically, it is not always easy to differentiate 
between adenoma and adrenal hyperplasia. Adrenal ad-
enoma is usually solitary and is circumscribed by a cap-
sule. In the case of nodular hyperplasia more nodules are 
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often found and the area of the adrenal cortex outside 
the nodules is hyperplastic, unlike the case of adenomas, 
which generally present with extranodular atrophy24,25. 
Several histopathologists carried out the histology, thus 
it is not possible to clearly distinguish various forms of 
hyperplasia.

Traditionally, the most common cause of unilateral al-
dosterone hypersecretion is adrenal adenoma. This should 
have been reflected in the histological examination of the 
removed adrenal glands in our sample. However the most 
common finding was adrenal hyperplasia (59%). In pa-
tients with accurately diagnosed unilateral hypersecretion 
the basis of the AVS, the proportion of adrenal hyperpla-
sia was higher (72%). Clinical outcomes of patients with 
histological evidence of hyperplasia are virtually identical 
to those in patients with evidence of adenoma. This fact is 
consistent with studies that consider unilateral adrenal hy-
perplasia as far more frequent than previously thought26-30. 
In recent years, new histological forms causing unilateral 
aldosterone hypersecretion (nodular adrenal hyperplasia, 
unilateral multiple adrenocortical mikronodules, primary 
unilateral hyperplasia) have been described9,26,27,30,31.

The diagnosis of myelolipoma we found in our sample 
was suprising. Myelolipomas alone do not produce aldo-
sterone. Both patients were indicated for adrenalectomy 
without AVS. In one patient, there was no improvement 
in laboratory or clinical results after adrenalectomy. The 
second patient did not undergo post-operative monitoring. 
A patient with confirmed 8 cm large adrenal carcinoma 
developed metastases during the monitoring.

When the preoperative scans confirm solitary adre-
nal adenoma, some authors consider as a possible treat-
ment partial resection of the adrenal gland in order to 
preserve the remaining functional adrenal gland tissue28. 
It is problematic to macroscopically identify exact tissues 
causing overproduction of aldosterone during surgery. 
Histological examination of the adrenal glands removed 
for APA demonstrated a multifocal character in 27% 
(ref.32). In these cases, only enucleating or partial resec-
tion of adrenal gland does not have the expected thera-
peutic effect. Chen et al. indicate the same laboratory and 
clinical results during a 12-month follow-up in patients 
after total and partial adrenalectomy33. A large, prospec-
tive study to demonstrate the effectiveness of this surgical 
method is needed. At our department, partial resection of 
adrenal gland with solitary adrenal adenoma diagnosed 
using imaging methods and confirmed by ipsilateral hy-
perproduction is not unequivocally recommended and 
this is confirmed by other authors9,12. 

ABBREVIATIONS

ALD, Aldosterone; ARR, Aldosterone-renin ratio; 
AVS, Adrenal venous sampling; BMI, Body mass index; 
CT, Computed tomography; IAH, Idiopathic hyperal-
dosteronism; MRI, Magnetic resonance imaging; PHA, 
Primary hyperaldosteronism; PRA, Plasma renin activity.
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