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Abstract

Objective. To provide a method of differential diagnosis of the main forms of primary hyperaldosteronism
(PHA) based on the high effective liquid chromatography (HELC). Design and methods. We evaluated
98 patients with PHA and with essential hypertension (EHTN). Aldosterone and plasma renin activity
were measured by radioimmunoassay, renin levels by immunoassay. The blood levels of cortisol (F),
cortisone (E), corticosterone (B), 11-deoxycorticosterone (DOC), 11-dehydrocortitocosterone (A),
11-deoxycortisol (S), 18-hydroxycorticosterone (18-OH-B), the urinary excretion of free cortisol (UFF),
free cortisone (UFE), 18-hydroxycorticosterone (U18-OH-B) were measured by HELC. Dexamethasone
test, saline infusion test, postural test, computed tomography of adrenal glands were performed. All
PHA patients underwent adrenal vein sampling (AVS). Results. PHA patients had higher blood levels
of B, DOC, 18-OH-B and urinary excretion of U18-OH-B than EHTN patients. Moreover, patients with
aldosteroma had combined excess of blood B, DOC, 18-OH-B and urinary excretion of U18-OH-B,
patients with idiopathic hyperaldosteronism (IHA) showed a reduction of F/E and B/A blood ratios
and UFF/UFE urine ratio. The blood levels of B, DOC, 18-OH-B and urinary excretion of U18-OH-B
showed the highest sensitivity and specificity for the diagnosis of PHA. Patients with aldosteroma showed
higher levels of B and 18-OH-B, higher ratios B/A, B/F and 18-OH-B/F in the adrenal vein blood at the
tumor side as compared with those in patients with I[HA. Conclusions. B, DOC, 18-OH-B blood levels
and U18-OH-B urinary excretion determined by HELC are informative and reliable indicators for early
diagnosis of PHA. The use of HELC method in a complex examination of PHA patients is necessary in case
of aldosterone-renin ratio between 30 and 50 ng/dl per ng/(ml per hour) and in case of borderline values
of lateralization coefficient at AVS.
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Pesrome

Heab ucciaenoBanus — pazpaborka crnocoda audQepeHnnarbHOl THarHOCTUKA OCHOBHBIX (popm
nepBuyHOrO rumnepanpaocteponn3ma (I1I'A) Ha ocHOBaHUM MeTOa BBICOKOA(P(PEKTHUBHOMN KUIKOCTHOU
xpomarorpadpun (B2XKX). Marepuaansl u Metoanl. B nccinenosanne Bimodens 98 mamumentos ¢ [1TA
U C 3CCEHUUANbHOU apTepuanbHOi runeprensueil (JAIY). YpoBHM anbIocTepoHa U aKTUBHOCTH PEHU-
Ha TUIa3Mbl U3MEPSUTH PAAMOMMMYHOIIOTHYECKAM aHAJIN30M, YPOBEHb PEHHHA — HMMYHO(EpPMEHTHBIM
aHanu3om, ypoBHu koptuszona (F), xoptuzona (E), koptukocrepona (B), 11-ae30kcukopTrkocTepoHa
(DOC), 11-gerunpoxcukopturoctepona (A), 11-ne3okcukopruzona (S), 18-TuaAPOKCHKOPTHKOCTEPOHA
(18-OH-B) B kpoBH, sKcKpernuio ¢ Moyoi cBoboaHoro kopruzona (UFF), ceoboanoro xopruzona (UFE),
18-runpoxcukoprukoctepona (U18-OH-B) metogom BOXKX. [IpoBoamimch GyHKIIMOHAIBHBIE TPOOBI
C IEKCAMETa30HOM, (PH3UOJIOTUYECKIM PACTBOPOM, «MapIIEBO» HArpy3KOl; KOMITbIOTEpHAs ToMOorpadus
HAJTOYEYHNKOB C KOHTpacTHpoBaHueM. BceM 00mbHBIM ¢ oaTBep K IeHHBIM [1['A BBITIOTHSIN CpaBHUTEIb-
HBIW CEJIEKTUBHBIN 3a00p KpoBH u3 HaanmoueuHUKOBBIX BeH (CC3BK). Pesyabrarsl. Y namuentos ¢ [1TA
ycTaHoBieHo nosslmenue yposueid B, DOC, 18-OH-B B kposu u sxkckpenuun U18-OH-B ¢ Mouoii o cpas-
HeHHto ¢ obcnenoBanHbME ¢ DAL mo manHbiM Metoga BOXKX. Kpome Toro, y manueHToB ¢ anbJocTepo-
MO#1 yCTaHOBJIEHO codeTaHHOe nossinieHue yposHeil B, DOC, 18-OH-B B kposu u 3kckpenuun U18-OH-B
C MOYOH, y OOCJIE€JOBaHHBIX C WAMONATHYECKUM runepaipaocrepoHu3MoM (UI'A) BbIsiBIEHO CHMKEHUE
coornomenuii F/E u B/A B xpoBu, UFF/UFE B mo4e. HanGonee BbICOKHE 4yBCTBUTEIHHOCTh U CIICIIH-
¢budHOCTD I MoATBepKIeHUs auarHo3a 1A 0wl BeIsiBIIeHBI pu onpeneicHuu B, DOC, 18-OH-B
B KpoBH 1 3kckpennu U18-OH-B ¢ Mouoii. Y G0JIbHBIX ¢ aibI0CTEPOMOI BBISIBJICHO YBEITHMUEHUE YPOBHEH
B u 18-OH-B, cootnomenuii B/A, B/F u 18-OH-B/F B kpoBH 13 HaINIO4€YHUKOBO BEHBI HA CTOPOHE 00pa-
30BaHUs 110 CPAaBHEHMIO C aHAJIOTMYHBIMU [TOKa3aTessiMU y nanueHTos ¢ MI'A. Beisoasl. Yposuu B, DOC,
18-OH-B B xpoBu u sxckperun U18-OH-B ¢ mouoi, onpexaensiembie MetonoM BOXX, snstrorest uadop-
MaTHBHBIMU U HaJICKHBIMHU [TOKa3aTessIMU Ui panHel nuarnoctuky [ITA. Mcnons3zoBanue merona BOXKX
B KOMILIEKCce 00cinenoBanus nanueHToB ¢ [1I'A HeoOXoauMo Mpy 3HAYSHUH AJTbJOCTEPOH-PEHUHOBOTO CO-
oTHomIeHus B auana3zone ot 30 1o 50 Hr/m1 Ha HIr/Mi1/9ac U IPU IOTPAHUYHBIX 3HAYEHHIX KoddduimenTa
narepanuzanuu 1o gaaasiM CC3BK.
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Background

Primary hyperaldosteronism (PHA) was first
described by J. Conn in 1955 [1]. He supposed the
20% prevalence of this syndrome in patients with
arterial hypertension (AH). Therefore he recom-
mended all patients with AH to be screened on PHA
[2]. However, his views found no support among
his contemporaries. Since then, for over 30 years
PHA was considered to be a rare disease, occurring
only in 1% of patients with AH [3]. Nowadays dif-
ferent authors describe the incidence of the disease
ranges from 7 to 15 % among individuals with AH
[4-8] and 20 to 30 % among persons with second-
ary (symptomatic) forms of AH [9, 10].

The Endocrine Society guidelines recommend to
screen for PHA groups with a relatively high preva-
lence [11]: AH IT and III stage; AH resistant to medi-
cal therapy; in case of hypokalemia in a patient with
AH (including those caused by diuretics); with AH
in a patient with adrenal incidentalomas; in the case
of a positive family history of early development of
AH, acute cerebrovascular disorders under the age
of 40 years; the I-degree relatives of patients with
PHA suffering from AH. Japanese Association of
Endocrinologists suggests screening for PHA in
all patients with AH [12]. Researches showed that
patients with PHA had a higher risk of developing
cardiovascular disease compared to the patients with
essential AH (EAH). This fact is the main argument
in the justification for the widespread screening of
PHA[10, 13].

Currently the most reliable screening test is
considered to be aldosterone-renin ratio (ARR) [4,
8, 14]. The Endocrine Society guidelines recom-
mend confirming the diagnosis in patients with an
increased ARR using one of four load tests: with
fludrocortisone, with captopril, saline infusion test
and oral sodium loading [11]. The oral sodium
loading test is difficult to perform in the absence
of preformed drugs because there is the necessity
of consumption of not less than 12.8 grams of so-
dium chloride per day for three days [15]. Frequent
cases of QT interval prolongation according to the
electrocardiography, and left ventricular dysfunc-
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tion were described during a test with fludrocorti-
sone, therefore most of the researchers currently
refused to use it [15, 16]. Several studies have dem-
onstrated the presence of a large number of false
negative and doubtful results obtained by using the
confirmatory test with captopril [11]. The saline
infusion test (“water loading”) is the cheapest and
the easiest [5]. However, there is the risk of acute
volume overload, which limits the use of this test
in patients with cardiac or renal failure, unstable
AH and severe hypokalemia [16].

Two main forms of the disease account for up to
95% of all cases of PHA. They are solitary aldoster-
one-producing adenoma (APA), or Conn syndrome,
and idiopathic hyperaldosteronism (IHA) due to bi-
lateral diffuse or diffuse-nodular hyperplasia of the
adrenal cortex [10, 17]. Differential diagnosis of
major forms of PHA is the determining criterion in
the choice of further tactics: conservative treatment
or surgical intervention. To visualize adrenal gland
computed tomography (CT) or magnetic resonance
imaging (MRI) are used. At the moment, these meth-
ods considered to be insufficiently informative in
detection of small masses in the adrenal gland [18]
and differential diagnosis of bilateral lesions in pa-
tients older than 40 years due to a higher incidence
of hormonally inactive adrenal adenomas [19].

The “gold standard” differential diagnosis of
APA and IHA is considered to be adrenal vein sam-
pling (AVS) which allows to reliably determine the
side of the pathological process [20-22]. Despite
the diagnostic value of this procedure it has many
drawbacks [13, 19, 21]. First, the method is techni-
cally difficult and invasive [13, 20]. The age of the
patient, the presence and severity of comorbidity
should be taken into account [19]. According to the
literature, the complication rate of this diagnostic
manipulation ranges from 0.2 to 13 %, whereas the
success of the AVS varies from 30.5 to 78 % [17,
22]. Difficulties in catheterization can be associated
with the anatomical features of the location of the
adrenal veins, as well as the lack of an experienced
specialist [19]. Secondly, so far there is no single
standardized protocol for performing and interpreting




Original article / OpurusanapHasg cTaTha

the obtained results, which leads to high variability
in the evaluation of the success of obtaining blood
samples [13, 17, 19].

In connection with the restrictions in the use
of AVS the search for new methods of differential
diagnostics of the main forms of PHA continues.
Recently the role of aldosterone precursors in the
differential diagnosis of major forms of PHA has
been discussed actively. In the study by Y. Naka-
mura et al. it was shown that the ratio of 18-oxo-
cortisol and 18-oxocortisol to cortisol in the blood
taken from the adrenal veins is significantly higher
in patients with APA compared to patients with
IHA [23]. R.J. Auchus et al. evaluated the level of
18-hydroxycorticosterone (18-OH-B) in AVS with
stimulation by synthetic analogue of ACTH. It was
suggested to use the odds ratios 18-OH-B to corti-
sol of more than 2 and 18-OH-B to aldosterone of
less than 0.5 in addition to the aldosterone/cortisol
ratio to establish the side of mineralocorticoids hy-
persecretion [24].

Objective: to provide a method of differential
diagnosis of the main forms of primary hyperaldo-
steronism (PHA) based on high performance liquid
chromatography (HPLC).

Design and methods

We evaluated 387 patients with elevated blood
pressure (135 men and 252 women) aged 18 to 65
years who were referred to the department of endo-
crinology of the clinic named after E. E. Eichwald
of North-Western State Medical University named
after I. I. Mechnikov and Leningrad Regional Clin-
ical Hospital. The control group consisted of 30
healthy people.

For evaluation of hormonal secretion before
blood sampling in all patients were cancelled diu-
retics for 4 weeks, for 2-3 weeks the previous an-
tihypertensive therapy was replaced by doxazosin
and/or verapamil. All patients had a normal salt diet.

Aldosterone and plasma renin activity (PRA)
were measured by radioimmunoassay, renin levels by
immunoassay. The blood levels of cortisol (F), corti-
sone (E), corticosterone (B), 11-deoxycorticosterone
(DOC), 11-dehydrocortitocosterone (A), 11-deoxy-
cortisol (S), 18-hydroxycorticosterone (18-OH-B),
the urinary excretion of free cortisol (UFF), free cor-
tisone (UFE), 18-hydroxycorticosterone (U 18-OH-
B) were measured by HPLC. Dexamethasone test
and saline infusion test were performed. All patients

underwent contrasted computed tomography of ad-
renal gland by X-ray computer tomograph “SOMA -
TOMAR?” (Siemens).

All PHA patients underwent AVS. An access
to adrenal veins was performed through the right
femoral vein using the Seldinger method. Catheteri-
zation of both adrenal veins was performed using
diagnostic explorer STORQ), introducer 5F, cathe-
ters SIMMONS, COBRA, HOOK. The position of
the tip of the catheter was verified with a minimum
number of contrast agent. In accordance with the
Endocrine Society guidelines used a selectivity of
3:1. The gradient of lateralization over 2 testified
unilateral overproduction of aldosterone, less than
2 — bilateral lesions of the adrenal gland [11]. In
blood samples from the right and left adrenal veins
obtained at AVS we measured the levels of F, E, B,
DOC, A, S and 18-OH-B by HPLC.

The received clinical results were processed us-
ing the software system STATISTICA for Windows
(version 10). To create data matrix we used the pro-
gram Microsoft Excel (version 7.0). Comparison
of frequency characteristics of the quality indica-
tors was conducted using non-parametric methods
Chi-square (y?), %> with Yates correction (for small
groups), odds ratios (OR). Comparison of quantita-
tive parameters between groups was performed using
Mann-Whitney test. Quantitative performance results
are presented as M+m, where M is the arithmetic
mean value, m— standard error of mean; Me (LQ;
UQ), where Me — median, LQ — lower quartile,
UQ —upper quartile. In the processing of data the
correlation analysis was performed using Spear-
man’s rank correlation. The criterion for statistical
reliability of the findings was considered to be the
value of the confidence probability (p) less than 0.05.

Results and discussion

We evaluated 387 patients with hypertension.
The patients with impaired renal function, renal ar-
tery stenosis, syndrome Cushing’s, pheochromocy-
toma, impaired function of the thyroid gland were
excluded from the study. In 197 patients increased
blood pressure was regarded as EAH. 122 of these
people had hormonally inactive adrenal lesion. In
our study the statistical processing and analysis of
the data of 98 patients with PHA and with EAH
without adrenal disease was performed.

Among the studied hypertensive patients the
prevalence of PHA was equal to 11.8 %, which cor-
responds to the literature [4—8]. A 219 of 387 pa-
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tients (56.6 %) had a secondary AH associated with
disorders of the endocrine or urinary systems. The
share of PHA among the symptomatic forms of hy-
pertension was 21.0 %, which corresponds to the
data of other authors [9, 10].

In 27 of 46 (58.7 %) of patients with aldosterone
hypersecretion APA was detected, the remaining 19
(41.3%) were diagnosed IHA. The obtained results
confirm the data of world literature on the number
of patients with different forms of PHA [10]. The
group of patients with EAH included 52 patients
which were divided into two subgroups: 27 with
low-renin EAH and 25 with the form of EAH with
normal renin level.

The average age of patients with PHA and EAH
was comparable (48.4 = 1.7 vs 47.0 = 2.2 years re-
spectively). There were no significant differences
between study groups on sex composition.

In the group of patients with a PHA the potassi-
um blood level was lower (3.35+0.13 and 3.95+0.07
mmol/l, respectively; p<0.001), and the concentra-
tion of aldosterone in plasma (CAP) was signifi-
cantly higher (392.1 + of 75.4 and 76.2 + 4.7 ng/ml,
respectively, p<0.001) compared with the group of
patients with EAH. In a subgroup with IHA the po-
tassium blood level was higher compared with the
patients with APA (3.81 =£0.21 vs of 3.03 + 0.14
mmol/l respectively, p < 0.05), CAP in both sub-
groups was comparable. This data matches with the
data of other authors [5, 6, 16].

ARR was increased in all patients (100.0 %)
with PHA and in 18 EAH patients (34.6 %). Thus,
the sensitivity of the measurement of ARR (thresh-
old differential diagnostic value of the index was
chosen equal to 30 ng/dl to ng/ml/h as the test for
establishing PHA) was 100.0 %, whereas specific-
ity was only of 65.4 %. When choosing a threshold
of ARR 50 ng/dl to ng/ml/h, the sensitivity was
of 60.9 % and specificity was of 88.5%. It can be
difficult to compare these data with those of other
authors, as in the works of different authors, there
are significant differences in the study design. Over-
all, our results do not contradict the data of other
authors [6, 14]. At the same time, several studies
have indicated the worst performance of sensitivity
and specificity when using ARR for the diagnosis
of PHA [26]. According to the literature the ARR
is higher in APA than in [HA [14]. In our study, dif-
ferences in the values of ARR in these subgroups
have been identified. The average value of the ARR
in low-renin EAH patients was significantly higher
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than that in the group of EAH with normal renin
level (42.1 £4.9 vs. 10.5 = 1.2 ng/dl to ng/ml/h,
respectively; p < 0.001).

All patients underwent a night test with 1 mg of
dexamethasone to exclude glucocorticoid-suppressed
hyperaldosteronism. The disease was not detected
in any of the patients.

After the saline infusion test in the PHA group
the CAP was 314.8 £ 31.3 pg/ml, but 6 patients with
hypersecretion of aldosterone had the CAP of 91.5 +
2.3 pg/ml (less than 100 pg/ml) that required an ad-
ditional confirmatory test. After the saline infusion
test in the EAH group the CAP was 40.5 + 5.2 pg/ml,
but in 9 patients the decrease of the hormone level
less than 50 pg/ml was not reached, that fact does
not allow to exclude the presence of PHA in these
patients. Thus, the election threshold CAP equal to
100 pg/ml in saline infusion test for the diagnose of
PHA makes the sensitivity of the test to be 87.0 %,
whereas the specificity of 100.0%. When the thresh-
old is equal to 50 pg/ml the sensitivity of the test
was 100.0 %, while specificity was 82.7 %. It can
be stated that the method was highly specific at a
threshold level of aldosterone in the blood equal to
100 pg/ml and highly sensitive at a threshold of 50
pg/ml. In clinical practice that means that the CAP
is less than 50 pg/ml after the saline infusion the di-
agnosis of PHA is extremely unlikely; if the level of
aldosterone is higher than 100 pg/ml the diagnosis of
PHA can be considered confirmed. The disadvantage
of the test is that up to 1/3 of cases are accompanied
by a reduction in the CAP to intermediate values
(from 50 to 100 pg/ml), in this case it is impossible
to establish any diagnosis. This lack of the test was
observed by other authors. Thus, our findings in re-
spect of the saline infusion test consistent with the
literature [11, 16]. However, it is worth mentioning
that 100 % sensitivity or specificity of this test were
not described by any of these researchers. Summary
data on sensitivity and specificity of the tests for the
diagnosis of PHA are presented in the table 1.

HPLC method allows to determine the content
of corticosteroids in biological fluids. It is impor-
tant for the diagnosis of diseases of the pituitary—
adrenal axis and the renin—angiotensin—aldosterone
system when traditional research methods perform
the questionable data.

We found an increase of B level in blood in pa-
tients with APA and with IHA in comparison with the
level of this indicator in patients with EAH (6.5 £ 0.8
vs 3.0 £ 0.6 ng/ml, respectively; p<0.001). A positive
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correlation between the B blood level and the CAP
was noted (r = 0.75; p = 0.031). We evaluated the
diagnostic value of the B level (as the threshold was
set the level of 5 ng/ml) for the diagnosis of PHA.
The sensitivity was equal to 71.7 %, the specificity
was 67.3 %. These rates are quite low for the use of
B in order to validate PHA, but they can be used as
an additional diagnostic criterion in the examination
of the patient with hypersecretion of aldosterone. In
the literature we have not found information about
the level of B in the blood of patients with PHA,
however, N. M. Kaplan et al. found a significant in-
crease of this hormone in aldosteromas’ tissue [27].

HPLC analysis recorded an increase of DOC
levels in the blood of patients with PHA compared
with the rest of the patients (7.8 = 1.4 vs. 2.0+0.8
ng/ml, respectively; p<0.01), mainly due to the pa-
tients with APA. This fact is consistent with the data
of other authors revealed the hypersecretion of this
hormone in PHA [28] and didn’t find that in EAH
[29]. The sensitivity of the measurement of the DOC
blood level for diagnosis of APA (if the diagnostic
threshold is 4 ng/ml) in our study amounted to only
51.9% and specificity of 74.6 %. These indicators
characterize the parameter as insufficiently accurate.

A number of researchers studied the blood lev-
els of 18-OH-B and found its elevation in patients
with PHA [30]. Given the multiple (6-fold) increase
in the value of this indicator in APA in comparison
with IHA, it was proposed to use it for differential
diagnosis of different forms of PHA [30]. The results
of our study obtained the data on the elevated level
of 18-OH-B in patients with PHA compared with
patients with EAH (2.1 £ 0.5 vs 4.8 + 0.5 ng/ml, re-
spectively; p <0.001). This indicator was higher in

APA than in IHA (5.7+0.6 versus 3.4 + 0.4 ng/ml,
respectively; p = 0.02).

Similar patterns were found in relation to excre-
tion U 18-OH-B with urine. We observed an increase
excretion of U 18-OH-B with urine in patients with
PHA compared with patients with EAH (44.3 + 3.0
vs 17.4 + 2.0 mg/24h, respectively; p < 0.001). The
average value of the daily excretion of U 18-OH-
B in the subgroup of patients with the established
aldosteroma exceeded the average rate of this indi-
cator in the patients with THA (47.1 £2.0 vs 40.5 +
3.9 mg/24h, respectively; p = 0.02).

The correlation analysis revealed a positive lin-
ear relationship between 18-OH-B and U 18-OH-B
(r=0.62; p<0.03).

The sensitivity of the 18-OH-B level in blood
samples to the exclusion of PHA (diagnostic thresh-
old of 3 ng/ml) was 82.7 % and specificity of 80.9 %.
The use of this indicator for the confirmation of PHA
(diagnostic threshold is 5 ng/ml) showed a sensitiv-
ity of 70.4% and a specificity of 94.4 %. Thus, as-
sessment of blood levels of 18-OH-B can be used
as a fairly reliable method of confirmation of PHA
and as an additional way of exclusion of the disease.

The use of U 18-OH-B (a diagnostic threshold
of 30 mg/24h) to confirm PHA is characterized by
similar sensitivity and specificity (71.7 and 96.2 %,
respectively). Thus, the results of our work show the
informativeness of determination of the content of
18-OH-B in blood and excretion U 18-OH-B with
urine for diagnosis of PHA.

We evaluated the diagnostic significance of blood
levels of 18-OH-B in the range of 3—5 ng/ml for the
detection of IHA: the sensitivity amounted to 63.2%
and the specificity was 84.8 %. Low sensitivity index

Table 1
SENSITIVITY AND SPECIFICITY OF THE SCREENING IMMUNOQOASSAY
AND RADIOIMMUNE TESTS FOR PRIMARY ALDOSTERONISM
Parameter Threshold level Sensitivity Specificity
) ] 30 ng/dl : ng/(ml/hour) 100.0% 65.4%
Aldosterone-renin ratio
50 ng/dl : ng/(ml/hour) 60.9 % 88.5%
Plasma aldosterone 100 pg/ml 87.0% 100.0%
Intravenous saline test
Plasma aldosterone 50 pg/ml 100.0% 82.7%
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does not recommend evaluating the blood content
of the investigated hormone for the differential di-
agnosis of different forms of PHA.

Patients with PHA had higher levels of A in the
blood compared with patients with hypertension
(6.5£0.8 vs 2.5+0.3 ng/ml, respectively; p<0.001).
In group with APA this hormone level was lower
than in patients with THA (5.0+0.5 vs 8.6+0.9 ng/ml,
respectively; p<0.05). In the literature we have not
found sources, evaluating the content of A in pa-
tients with PHA.

Interesting data was obtained when analyzing the
ratios of various steroids. Despite the fact that blood
levels of F and E had no statistically significant dif-
ferences in PHA and EAH groups, in the subgroup
of patients with IHA the increase in the content of E
(25.8+2.8 vs 15.6 + 1.7 respectively; p < 0.05) and
the decrease of F/E (3.6 = 0.2 vs 5.8 £ 0.4 respec-
tively; p < 0.05) was detected when compared with
all other subgroups. These data were confirmed by
the results of urine analysis. In the subgroup with
IHA a decrease in the ratio UFF/UFE was detected
(when compared to the same ratio in the subgroups
with APA, normo-renin and low-renin forms of
EAH: 0.41 £0.12 vs 0.86 + 0.09; 0.70 + 0.24 and
0.64 £ 0.19, respectively; p <0.05). The revealed dif-
ferences in patients with IHA show a decrease in the
activity of 113-HSDH type 1, carrying out the con-
version of E to F. In the proof of this fact we found
a statistically significant decrease in B/A ratio in the
subgroup of patients IHA (1.3 £ 0.2 vs 4.6 = 0.6,
respectively; p < 0.05), as it is known on the par-
ticipation of 113-HSDH type 1 in the conversion of
A to B. In the literature we have not found the data
with analysis of these indexes or with study of the
activity of 11B-HSDH type 1 in patients with PHA.

The results of our study revealed the informa-
tive value of determination of corticosteroids in
blood and excretion of their metabolites in urine by
HPLC method for early diagnosis of PHA (tab. 2).
This method is useful when the data of the classical
diagnostic tests is questionable, such as ARR in the
range of 30 and 50 ng/dl per ng/(ml per hour), the
intermediate values of the samples with saline (CAP
from 50 to 100 pg/ml after test), and in the presence
of contraindications to the stress tests. Summary
data on sensitivity and specificity of studies of the
various steroids to confirm the diagnosis of PHA is
presented in table 3.

All patients with laboratory-confirmed PHA un-
derwent AVS. On the basis of AVS the subgroups of
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the research were established: APA when revealed
unilateral overproduction of aldosterone and IHA in
a bilateral form (tab. 4). The coefficient of selectivity
of AVS in our study amounted to 3.7 £ 0.3.

The results of AVS allowed to establish the diag-
nosis of APA in 27 patients. The blood samples from
the dominant side naturally revealed increased levels
of aldosterone (3541.9 + 76.9 against 1139.3 £35.3
pg/ml, respectively; p < 0.05) and aldosterone cor-
rected by cortisol (3.3 £ 0.5 from the overproduc-
tion vs 0.8 + 0.1 at the side of the normal secre-
tion; p < 0.05). The coefficient of lateralization was
2.3 + 0.2 and the ratio CAP/cortisol in different ad-
renal veins exceed 4. ARP, renin level and cortisol
level were not significantly different on both sides.
Of the 27 patients with APA the left hyperproduction
of aldosterone was detected in 15 people (55.6 %),
and right-sided in 12 (44,4 %).

19 patients with the lateralization ratio of less
than 2 were classified in the subgroup with IHA. The
level of aldosterone in serum from the adrenal veins
in these patients was 1344.8 = 76.1 pg/ml, whereas
CAP corrected by the level of cortisol was 1.5+ 0.3.

A linear relationship between aldosterone and
its level corrected by the level of cortisol was es-
tablished in both groups of patients with PHA (r =
0.76; p <0.05). Thus, the results obtained in AVS
meet the commonly used criteria of differential di-
agnostics of different forms of PHA [11, 21].

The main criterion of differential diagnosis of
different forms of PHA in AVS is the coefficient
of lateralization. If the value of this indicator is
significantly more than 2, the diagnosis of APA is
not in doubt. Unilateral form of PHA is an indica-
tion for surgical treatment. When the coefficient of
lateralization is much less than 2 the existence of
a bilateral form is considered to be proven, which
requires the prolonged conservative therapy. When
questionable data of AVS with a gradient of later-
alization of around 2 the use of additional methods
of establishing the side of the hyperproduction of
aldosterone is necessary. In our study we evaluated
the additional coefficients of lateralization using
data from the HPLC (tab. 5).

The analysis of blood samples obtained at AVS
by HPLC revealed higher levels of B (64.7 = 9.8
vs 38.4 £ 4.9 ng/ml, respectively; p < 0.05), DOC
(20.6 £ 3.7 vs 7.9 £ 2.8 ng/ml, respectively; p < 0.05)
and 18-OH-B (62.1 + 7.1 vs 31.9 £+ 5.3 ng/ml, re-
spectively; p <0.05) in the blood from adrenal vein
from the side of hypersecretion of aldosterone.



Table 2

BLOOD CORTICOSTEROIDS IN PATIENTS WITH PRIMARY HYPERALDOSTERONISM
AND HYPERTENSION ASSESSED BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY
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In addition, a similar pattern continued when com-
£ < _ paring the levels of these indicators, corrected for
é % goo § o g the level of F (also measured by HPLC). This phe-
Z 5 Hv | Hd nomenon confirms once again discovered and previ-
S % Ve RBEES ously documented patterns in relation to the blood
=% levels of intermediate products of steroidogenesis
in the patients with PHA.
£ . - B The correlation analysis revealed a linear rela-
2 E ; "8 2z tionship of the level of aldosterone with the levels
5 £0 3 7 o of B (r=10.93; p<0.05), DOC (r=0.83; p <0.05), S
238 |F 2 = (r=0.96; p<0.05) and 18-OH-B (r=0.81; p <0.05)
= in the blood from the suppressed side. Such correla-
tions were not detected in the blood from the domi-
£ _ S R nant side, which may be due to increased produc-
E) < < i S tion of various mineralcorticoids depending on the
~ _ﬂg § < | © | presence and type of the defect of steroidogenesis
%ﬁ = - T in aldosterone.
2 Thus, our results show that the lateralization of
E e the source of the overproduction of aldosterone in
= % 8 25| o |~ AVS can be confirmed by an estimation of blood
g E E : ‘\:; il v levels of B, DOC and 18-OH-B. A method proposed
= < £ & C;: S S R.J. Auchus et al. involving further assessment of the
£ =% levels of 18-OH-B in the adrenal veins for a more
A ° accurate differential diagnosis of PHA [24], can be
@ significantly extended by means of HPLC.
g 53] e |= In patients with APA there was established the
2 ) < 3’ 213 increase of B more than 4 times, DOC more than
;E vl S |a 2-fold and 18-OH-B more than 3 times in the blood
S = of the adrenal vein with the hypersecretion of hor-
mones compared to the levels of the same indica-
@ | o o tors in the blood of the opposite adrenal vein. Also
E = " il v in patients with aldosteroma there was an elevation
57 Z &2 in the ratio B/A in more than 3 times, B/F in more
© N R A than 2-fold, 18-OH-B /F in more than 1.5 times in
_ blood from adrenal vein with pathological hyperse-
é« NI I cretion of hormones compared to the data obtained
,g A B from the adrenal vein on the other side. For patients
S P I RS with THA there were established the ratios between
= the B levels in the adrenal veins of less than 2.5,
% DOC —less than 1.4, 18-OH-B — less than 0.4 (tab.
£ g i 6). In addition, the analysis of the data revealed an
g % £ increase of the ratios of the blood levels of B and
2 |3 8 18-OH-B, ratios B/A, B/F and 18-OH-B /F in the
'T% E \g/ adrenal veins in patients with aldosteroma compared
g‘ & = g = to similar indicators in patients with [HA. Thus, the
3 E 5 i,':/ 3 revealed regularities allow to perform differential
E- ::3 gl = diagnostics of different forms of PHA with the de-
s |E § *| termination of corticosteroids in the blood of adrenal
% S é & iE % vein using AVS.
FE|EHE 7
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Table 3
SENSITIVITY AND SPECIFICITY OF HIGH PERFORMANCE LIQUID
CHROMATOGRAPHY RESULTS FOR SCREENING OF PRIMARY ALDOSTERONISM
Parameter Diagnostic Sensitivit Specificit
threshold level y P y

Corticosterone (B), ng/ml 5 71.7% 67.3%
11-deoxycorticosterone (DOC), ng/ml 4 51.9% 74.6 %
18-hydroxycorticosterone (18-OH-B), ng/ml 5 70.4% 94.4%
Urine 18-hydroxycorticosterone (U18-OH-B), 30 71.7% 96.2%
mcg/24 hours

Table 4

BLOOD SERUM HORMONES IN PATIENTS WITH ALDOSTERONE-SECRETING ADRENAL TUMOR
(ASSESSED BY SELECTIVE ADRENAL VEIN BLOOD SAMPLING)

. . . Aldosterone
Site of blood sampling Aldosterone, pg/ P!aFma renin | Renin, pg/ Cortisol, corrected
ml activity, ng/ml/h ml nmol/l .
by cortisol level
Adrenal vein on the site
of aldosterone hyper- 3541.9 + 76.9* 0.7+0.2 9.6+3.5 | 1423.9+63.7 33+0.5*
production
Adrenal vein on the site
of normal aldosterone 1139.3 + 35.3* 0.7+0.2 10.7+£4.2 | 1249.3+42.2 0.8+0.1*
production
Femoral vein 418.6 +25.1 0.4+£0.1 31+£04 379.2+£29.4
Note: * — p < 0.05 for comparison of the samples from left and right adrenal veins.
Table 5

BLOOD SERUM CORTICOSTEROIDS IN ADRENAL VEINS

IN PATIENTS WITH ALDOSTERONE-SECRETING ADRENAL TUMOR
(ASSESSED BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY)

Parameter, M+m (ng/ml)
Site of blood sampling Corticos- | 11COXYCOr- |y ooxy- | 18-hydroxycor- |, 4 b vdrocorti-
terone(B) | UCOSITONE | o fisol (S) | Uicosterone costerone (A)
(DOC) (18-OH-B)

Adrenal vein on the site of 64.7+98% | 206+37% | 33.8+4.1 62.1+7.1% 6.7+2.7
aldosterone hyper-production

Adrenal vein on 384+£4.9% | 79+28% | 253+72 31.9 £ 5.3% 12.8+3.4

the contralateral site

Note: * — p < 0.05 for comparison between left and right adrenal vein blood samples.
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Table 6

CRITERIA OF LATERALIZATION IN SELECTIVE ADRENAL VEIN BLOOD SAMPLING
(ASSESSED BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY)

Me (LQ; UQ)
Patients with Patients with
Parameter aldosterone-producing idiopathic
tumor aldosteronism
(n=16) n=9)
18-hydroxycorticosterone on the site of hyper-production ) sk .
(18-OHB,) 15,2 (9,1; 22,2) 2,1(1,0;2,5)
18- hydroxycorticosterone-1 / 18- hydroxycorticosterone-2 3,8 (3,0; 4,8)** 0,2 (0,1;0,4)
(18-OHB, /18-OHB,) >3.0 <04
. * .
Corticosterone-1 / corticosterone-2 (B, / B)) 7.8 (4>’2‘; (1)8’8) 2.0 (<1’26’52’5)
11-deoxycorticosterone-1 / 4,5(2,0; 8,5) 1,2 (0,8; 1,4)
11- deoxycorticosterone-2 (DOC, / DOC,) >2.,0 <14
Ratio of corticosterone / 11-dehydrocorticosterone-1 to 8,4 (3.4; 12,5)* 1,4 (0,9; 2,3)
corticosterone / 11-dehydrocorticosterone-2 (ratio B/A, : B/A,) >3.0 <23
Corticosterone-1 corrected by the cortisol level / 3.6 (2.0: 5.2)*
corticosterone-2 corrected by the cortisol level ’ >’ 2’ 0 ’ 1,2 (1,05 1,4)
(ratio B/F, : B/F)) ’
18- hydroxycorticosterone-1 corrected by the cortisol level / 18- ) % .
hydroxycorticosterone-2 corrected by the cortisol level (ratio 1.8 (1>’51’ 52’7) 0.3 (<0’01 ’40’4)
18-OHB/F, : 18-OHB/F)) ’ ’

Note: * p < 0,05, ** p <0,01 (vs. patients with idiopathic hyperaldosteronism).
1 — adrenal vein on the site of the higher aldosterone level corrected by the cortisol level, 2 — adrenal vein on the site

of the lower aldosterone level corrected by the cortisol level.

Conclusion

1. PHA patients had higher blood levels of B,
DOC, 18-OH-B and urinary excretion of U 18-OH-
B that EAH patients.

2. Patients with aldosteroma had combined
excess of blood B, DOC, 18-OH-B and urinary ex-
cretion of U 18-OH-B, patients with IHA showed
a reduction of F/E and B/A blood ratios and UFF/
UFE urine ratio measured by HPLC.

3. The blood levels of B, DOC, 18-OH-B and
urinary excretion of U 18-OH-B showed the highest
sensitivity and specificity for the diagnosis of PHA.

4. Patients with aldosteroma showed higher
levels of B and 18-OH-B, higher ratios B/A, B/F and
18-OH-B/F in the adrenal vein blood at the tumor
side as compared with those in patients with I[HA.

5. B, DOC, 18-OH-B blood levels and
U 18-OH-B urinary excretion determined by HPLC
are informative and reliable indicators for early di-
agnosis of PHA. The use of HPLC method in a com-
plex examination of PHA patients is useful in case
of ARR in the range of 30 to 50 ng/dl per ng/(ml per

hour) and in case of borderline values of lateraliza-
tion coefficient in AVS.
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