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Abstract

Despite the recent advances in diagnosis and surgical treatment of hormonally active adrenal tumors
(GAAT), the awareness of medical practitioners about the disease remains insufficient. The results of
examination and treatment of 758 GAAT patients prove that long existing symptomatic (secondary) arterial
hypertension (SHTN) is malignant characterized by the development of vascular complications involving
cardiac and/or cerebral arteries, and drug-resistance and requires pre-surgery correction of metabolic and
endocrine disorders. In GAAT, adrenalectomy is the main method of SHTN treatment. The reasons for
maintaining or recurrence of arterial hypertension (HTN) after surgery in 35.7 % of patients are not associated
with surgery itself, but are due to the long duration of high blood pressure due to a 5.37 + 3.30 years before
the manifestation of the tumor in adult patients (older 44.75 + 3.89 s), and co-existent endocrine, metabolic
and cardiovascular disorders. The predominance of the pressor hormones over depressor ones leads to the
cardiovascular remodeling, causes the development of left ventricular diastolic dysfunction due to impaired
relaxation and the increased role of atrial systole in its filling. If these factors are identified, the selection
and follow-up of the patients after surgery, and the choice of antihypertensive therapy are required. Early
diagnosis of GAAT, adequate preoperative drug therapy, and implementation of timely surgical treatment
contribute to the elimination of adrenal-related SHTN, provide good treatment results and better quality of
life in GAAT patients.
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Pesrome

HecMmotps Ha To 4TO 32 moOcneHUE Ba AECATUIETHS MHOTHE CIIOXKHBIE BOIPOCHI IUArHOCTHKU U XU-
PYPTrAYECKOTO JIeUeHUs! OOJIBLHBIX TOPMOHATBHO-AKTUBHBIMH 00pa3zoBaHusiMu HaanouedyHukoB (FAOH) ne-
TaJIbHO M3y4€HBI, OCBEIOMIICHHOCTB MPAKTUKYIOUINX Bpadeil 00 3TOM MaToJI0ruu OCTAeTCsl HEJOCTATOYHOM.
Ananu3 pesynsraroB oOcienoBanus u geueHust 758 6onbHbIX [AOH cBUIETENBCTBYET, YTO ATUTEIBHO CY-
LIECTBYIOIIAS MPU 3TOM MATOJOTUU CUMITOMarnyeckas aprepuaibHas runeprensus (CAIY) xapakrepusy-
€TCsl 3JI0KQYECTBEHHBIM TEUEHUEM C PAa3BUTHEM COCYIAHMCTBHIX OCIOKHEHUH B OacceiiHe CepleuHbIX H/HIN
MO3TOBBIX apTEePUi, TPYJHO MOIACTCS aHTUTHIIEPTEH3UBHOM Tepanuu 1 TpeOyeT IeJIeHapaBIeHHON Kop-
pEeKIUMN 0OOMEHHO-3HAOKPHUHHBIX HApYIIEHUH Mepe/l XUpypruiyeCKuM BMEIIaTeIbCTBOM. YCTAHOBJICHO, UTO
aapeHamkTomus y 0ombHbIX [AOH siBnsieTcst ocHoBHBIM MeToioM yetpanerus CAIL TIpuanHbr coxpaneHust
WM pelUIMBUPOBaHUs apTepuanbHoil runeprensuu (Al') y 35,7 % onepupoBaHHBIX HE CBS3aHBI C OIEpa-
THUBHBIM BMEIIIATEIHCTBOM, 2 00YCIIOBIICHBI JUTUTELHOCTHIO MOBBIIIIEHHOTO apTEPUAIBHOTO IaBIEeHHs Oojee
5,37 £ 3,30 roga 10 MaHudecTauu OMmyXoJIeBOro Mporiecca y ManreHToB 3pesioro Bo3pacta (crapiie 44,75 +
3,89 roza), SHIOKPUHHO-OOMEHHBIMH M CEPIICYHO-COCYTUCTHIMU HapytiieHnsiME. [Ipeobiaganne mpeccopHbIx
TOPMOHOB Ha/J{ ICPECCOPHBIMU MPUBOAUT K PEMOACTUPOBAHUIO CEPACUHO-COCYAUCTON CUCTEMBI, 00YCIIOB-
JIMBAET Pa3BUTUE TUACTOINYECKON NUCOHYHKIMU JIEBOTO JKEMY/I0YKa BCIICACTBHE HAPYIICHHUS pelaKcaliu
MHUOKap/ia ¥ BO3pacTaHus POJIM CUCTOJIBI PEICEPIU B €ro HallOJTHEeHUU. BhIsiBIIeHUE yKa3aHHBIX (haKTOPOB,
CIOCOOCTBYIOIINX COXpaHEeHUIo WK perunuBy Al TpeOyet nmogbopa u npoBeeHNs y IPOOTEPHPOBAHHBIX
OOJIbHBIX 1IEJICHANIPABICHHON aHTUTUIIEPTEH3UBHOM Tepanuu. CBOEBpEMEHHAs TUArHOCTHKA Y OOJBHBIX
I'AOH, mipoBeieHne maToreHeTHIeCKl 000CHOBaHHOW TIPEAOTIEPAITMOHHON MEIMKAMEHTO3HOM ITOITOTOBKH
1 BBITIOJTHEHHE a/IEKBATHOT'O XUPYPIUYECKOT0 JIedeHUs1 ciocoOCTBYIOT yeTpaneHnio CAI™ HamouyeuHMKOBOTO
reHes3a, 00ecIeurnBaroT XOPOIINE Pe3yNIbTaThl JICYSHUS U BBICOKOE Ka4eCTBO KHM3HU TTAllMCHTOB.

KuroueBble ci10Ba: cuMntomarnyeckas aprepuaibHasi TMICPTEH3MUS, TOPMOHATIBHO-aKTUBHBIE OITYXOJIH
HAJMOYEYHHUKOB, aIPEHAIIKTOMUS
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Arterial hypertension (HTN) is one of the most
common chronic disease, affecting almost a quar-
ter of the adult population and represents one of the
main medical and social problems of the modern
society on the prevalence and material loss caused
to society [1-3].

Higher levels of blood pressure (BP) are asso-
ciated with the direct increase in the risk of such
diseases as atherosclerosis, ischemic heart disease
(IHD), congestive heart failure (CHF) and acute
cerebrovascular events (CVE) [4]. The monitor-
ing Commission of the World Health Organization
(who) established that the HTN-related complica-
tions lead to approximately 7.1 million deaths per
year [3]. The main causes of symptomatic arterial
hypertension (SHTN) include endocrine metabolic
disorders which manifest in patients with adrenal
tumors [5—-10]. According to the epidemiological
studies, they account for 5% to 13 % of all HTN
cases [3, 11].

Tumors of the cortex (aldosteronoma, corticos-
teroma) and medulla (pheochromocytoma) of the ad-
renal glands lead, respectively, to the overproduction
of aldosterone, cortisol, adrenaline and noradrena-
line. They are the most common endocrine causes
of SHTN. Primary hyperaldosteronism (PHA), en-
dogenous hypercortisolism, hypercatecholaminemia
are the common clinical syndromes which primarily
manifest as resistant hypertension and its complica-
tions [12-16].

When associated by HTN, the diagnosis of ad-
renal disease is not difficult; however, interpretation
might be still complicated. This is due to the gradual
development of clinical symptoms as a result of the
overproduction of adrenal hormones, which lead to
the BP elevation as the only manifestation. Further-
more, due to the lack of the medical vigilance and
the ignorance of clinical symptoms these patients
are considered to suffer from hypertensive disease
(HD). However, ongoing antihypertensive therapy
commonly is not efficient. Therefore, timely diag-
nostics of adrenal tumors and surgical treatment,
in the majority of cases, contribute to the normali-
zation of BP and/or a more favorable outcomes of
HTN [17-23].

The purpose of the study was to evaluate the
effectiveness of the diagnostic procedures, the peri-
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operative treatment and the results of operative in-
terventions in patients with adrenal disease-related
HTN.

Design and methods

In the clinic of surgery n.a.S.P. Fedorov of the
Military Medical Academy n.a.S.M. Kirov, 1035 pa-
tients with surgical diseases of the adrenal glands
were diagnosed and treated. Depending on the no-
sology, the ratio was the following: 758 patients
had hormonally active adrenal tumors (HAAT), 283
(37.4%) patients were operated for aldosteronoma,
228 (30.1 %) received corticosterone, chromaffinoma
was diagnosed in 247 (32.5 %) patients.

The average age of patients at the time of the ex-
amination and treatment ranged from 15 to 79 years
(mean age 41.09 + 3.10 years, in women — 40.75 +
2.90 years, in men — 41.47 £ 3.1 years).

All patients underwent a comprehensive exami-
nation, including clinical, biochemical, hormonal,
radiological methods, according to the common clini-
cal algorithm [18, 20, 21, 24].

We studied the hormones in the blood plasma
(ACTH, cortisol, metanephrine, normetanephrine,
plasma renin activity), including the precursors of
corticosteroids using the method of high performance
liquid chromatography (HPLC) [25, 26,12].

To verify the clinical forms of PGA we conducted
functional studies (marching and verospiron tests)
to identify the autonomous secretion of aldosterone
[5,27].

Specialized instrumental methods included ultra-
sonography (USG) (including intraoperative proce-
dure), computed tomography (CT), magnetic reso-
nance imaging (MRI), angiography, selective venog-
raphy with separate blood sampling from the adrenal
glands [9, 28, 29].

Cardiovascular parameters and central hemody-
namics before surgery were studied using the daily
BP monitoring, Holter ECG monitoring, echocar-
diography, integral body rheography (IBRH), res-
piratory function (ERF), intraoperative monitoring
of the cardiovascular and respiratory systems [30].
These ivestigations allowed to evaluate the functional
reserves beore surgery and to perform preventive
procedures [18, 20, 24].

This approach in the assessment of the cardio-
vascular and respiratory systems in HAAT patients




Original article / OpuruaajapHas CTaTha

provided reliable prevention of complications at all
stages of the perioperative period.

Morphological examination of the removed ad-
renal gland with the tumor was the final stage of di-
agnostics. Histological examination of deleted saples
was guided by the current International histological
classification of endocrine tumors [31]. We studied
the histology of both the tumor tissue and changes in
the structure of the adrenal gland outside the tumors.
Histological and electron-microscopic studies were
performed according to standard techniques pub-
lished elsewhere [32].

Results and discussion

HTN of varying severity before the operation was
diagnosed in 678 (89.4 %) patients with hormonally
active tumors of the adrenal glands. In 36.4 % of pa-
tients it led to the development of severe hemody-
namic disturbances and complications (Table 1).

Primary hyperaldosteronism due to aldosterone
secreted aldosteronoma (ASA) of the adrenal cortex
was diagnosed in 283 patients. Our studies showed
that significant (p < 0.05) ASA signs (sensitivity
97.5%) are: low-renin HTN with blood level of al-
dosteron of more than 500 PG/ml, positive marching

test and the presence of a rounded tumor in one adre-
nal gland with a diameter from 0.6 to 4.0 cm (2.46 +
1.41 cm) with a density of 11.5 + 3.4 HU, which in-
creased to 30.0 = 2.8 HU after intravenous contrast
enhancement during CT scanning [20, 21].

Typical clinical manifestations of ASA, charac-
terized by the presence of HTN, dysuric disorders and
neuromuscular syndrome were observed in 49.4%
of patients. Atypical variant implying the presence
of one or two syndromes is diagnosed in 50.6 % of
the patients (including 6.6 % asymptomatic patients
and those with rare episodes of moderate blood pres-
sure elevation). Therefore, our results do not confirm
that only typical clinical manifestation of ASA is
PHA [13].

The average duration of HTN in patients with
ASA was up to 7.02 = 3.15 years and was character-
ized by hypertensive crisis in more than 60.3 % cases.
Long-existing HTN in 20.6 % of PHA patients led to
the development 1-3 vascular complications by the
time of diagnosis (Table 1).

We were especially interested in the atypical
ASA manifestations found in 6.6 % patients (sub-
clinical form) with no clinical manifestations of
PHA or rare episodes of moderate blood pressure in-

COMPLICATIONS OF ARTERIAL HYPERTENSION IN PATIENTS fuble
WITH HORMONALLY ACTIVE ADRENAL TUMORS
The number of patients (%)
Complications
Aldosteronoma | Corticosteroma | Chromaffinoma
Heart failure class IT (NYHA) - 16.4 22.6
Heart failure class III (NYHA) - 9.3 51.7
Heart failure class IV (NYHA) - - 14.6
Acute cerebrovascular event 9.8 7.1 10.2
Acute myocardial infarction 0.8 3.2 5.1
Acute heart failure with pulmonary edema - 2.8 1.5
Angioretinopathy 33 6.7 11.7
Catecholamine myocardiodystrophy - — 8.0
Epistaxis - - 2.9
Nephropathy 5.1 25.9 5.1
Type 2 diabetes mellitus or impaired glucose tolerance - 29.6 5.1
Encephalopathy 1.6 8.2 1.5
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crease. Regrading hormonal status, the plasma al-
dosterone was normal or at its upper reference limit,
the plasma renin activity was within normal range
or at its lower limit. However, detailed investigation
of the endocrine profile by HPLC showed statisti-
cally significant (p < 0.05) increase in the secretion
of hormones precursors of corticosteroids (11-des-
oxycortisol to 7.46 + of 4.02 (normal: 1-3 ng/ml)
and 11-deoxycorticosterone to 7.3 + 4,8 (normal:
<2 ng/ml), indicating the initial stages of ASA. The
corticosterone was not significantly elevated (p >
0.05) [21].

The clinical manifestations of the endogenous
hypercortisolism syndrome in 228 (of 30.1 %) pa-
tients are characterzed by multiplicity and specifici-
ty. Changes in the appearance of these patients were
the first symptoms to call attention of the out-patient
doctors. By the severity of clinical symptoms, pa-
tients are divided into two groups. The first group
(71.1%) consisted of patients with typical clini-
cal manifestations. Beside the specific changes in
appearance, all these patients had HTN, among
them 22.2 % of patients showed hypertensive cri-
ses with the increased of systolic blood pressure
up to 200-220 mmHg. Heart rhythm disturbances
occurred in 28.9 % patients. At the same time, no
relation was found between the HTN degree and
the duration of the disease. The vast majority of
patients (94.7 %) demonstrated myocardial chang-
es (according to ECG), signs of heart failure were
found in 44.4 %.

The second group (28.9 %) included patients
with subclinical signs of endogenous hypercortiso-
lism. All of them lacked specific manifestations of
the disease.

The level of adrenocorticotropic hormone (ACTH)
was normal and amounted to 2.5 + 1.1 pmol/l (p <
0.001), while the concentration of cortisol in blood
plasma was increased up to 987 + 248 nmol/l (p <
0.001). Free cortisol and daily 17-OKS urine excre-
tion were also increased — 46.2 = 12.4 umol/l/s
and 645 £ 174.3 nmol/l (p < 0.001), respectively.
A large dexametasone test showed that on the 3rd
day these parameters decreased by less than 50 %,
which confirms the autonomous overproduction of
corticosteroids by the adrenal tumor (p <0.001). The
patients with subclinical endogenous hypercorticism
with the moderate increase of plasma cortisol are
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characterized by statistically significant (p < 0.05)
increase in the corticosteroids precursors: 11-des-
oxycortisol to 11.3 + 3.1 (normal level: 1-3 ng/ml),
11-deoxycorticosterone to 12.3 + 2.3 (normal level:
< 2 ng/ml), of corticosterone to 9.1 + 2.3 (normal
level: < 3 ng/ml).

CT scans identified corticosteron-secreting tu-
mors as a rounded neoplasm with clear and smooth
contours, diameter of 20—30 mm, and native density
of 19.3 £ 2.2 HU with uniform contrast accumula-
tion of the drug in the parenchymal phase scan to
46.0 += 3.4 HU at delayed scan up to 18.0 + 3.4 HU
[32].

Based on the examination of 247 (32.5%) patients
with chromaffinoma, hypertension was diagnosed in
90.1% patients. Three groups were formed based on BP
characteristics: 1) paroxysmal form of HTN was diag-
nosed in 53.3%; 2) mixed HTN — 36.8%; 3) normal
blood pressure — 9.9 %.

In paroxysmal form, hypertensive crises are
characterized by the blood pressure elevation up to
260/140-300/180 mm Hg and above. BP remains
normal between crises. The attacks are accompa-
nied by the neuro-vegetative manifestations: head-
ache (90.1 %), palpitations (83.9%) and sweating
(79.0%), blanching (19.7 %) or redness (59.2 %) of
the skin, fear of the death, paresthesia (24.7 %), im-
paired vision (41.9 %) [24].

Mixed form of HTN is observed in 36.8 % of pa-
tients with chromaffinoma. It is characterized by con-
stantly high BP up to 150-200/100—120 mmHg and
hypertensive crises. During the crisis BP increases
up to 240-260/150-170 mmHg. The average systo-
lic blood pressure (out of crisis) is 178.0 = 8.4 and
108.0 £ 7.6 mmHg. Catecholamine crises are less
typical than in patients with the paroxysmal form.
Mixed form of HTN appeared to be more difficult
to be diagnosed due to the not clear neuro-vegetative
manifestations.

Moreover, headache and heart pain, weakness,
palpitations, swelling of the lower extremities in pa-
tients with mixed HTN can be also seen in essential
HTN, especially in elderly patients. Clinically chro-
maffinoma could masquerade as IHD with acute or
chronic heart failure. Often, the complete regression
of the ECG signs of extensive ischemia or myocardial
“pseudoinfarction” led to the more detailed search
of a tumor.
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Among modern radiology studies, ultrasound and
CT (when combined the sensitivity increases up to
97.8 %) are compulsory diagnostic procedures, com-
parable with MRI. CT demonstrates 100 % specifi-
city in identifying chromaffinoma when the density
of the tumor is 38.78 + 3.46 units Hu and it increases
to 50.62 + 2.50 units Hu when contrast agents.

A comprehensive cardiovascular assessment in
patients with HAAT showed that most of them had
a decrease of cardiac output and the resting minute
blood volume [19, 21]. Moreover, at standard physi-
cal activity no incresase was observed, unlike healthy
people. Heart failure and reduced reserve myocardial
capacity were confirmed in all patients at admission
to the clinic (Table 2).

High systemic vascular tone in almost all patients
reflected peripheral vasoconstriction, reduced circu-
lation capacity and circulation centralization.

Preoperative preparation
very important. Drug therapy included antihyper-
tensive medications, correction of hypokalemia,
hypernatremia and metabolic alkalosis. The treat-
ment included aldosterone receptor antagonists
(spironolactone), angiotensin-converting enzyme in-
hibitors (ACEi), angiotensin receptor blockers.
After 1.5-2 weeks the combination therapy led to
the BP reduction or normalization, elimination of
extensive fluid and electrolyte and hormone imbal-
ances, which is consistent with the other studies [1,
8, 20].

The main objective of preoperative preparation in
patients with corticosteroma was to obtain normal
plasma levels of cortisol. For this purpose, we used
orimeten with a gradual dosage increase: 1% week —
250 mg/day; 2" week — 500 mg/day; 3" week —
750 mg/day. With the maximum dosage the cortisol
plasma levels were normalized, systolic BP reduced
and the main hemodynamic parameters improved,
according to the IRHB [18].

Preoperative medical support was carried
out in all patients with chromaffinoma and did
not differ from the schemes published elsewhere
[1, 4, 19]. Alpha-blockers (phenoxybenzamine,
prazosin, agents, pirroksan) were essential and
were prescribed to 98 % patients. Also beta-
blockers (atenolol, metoprolol, propranolol) were
prescribed to 68 % and angiotensin-converting
enzyme inhibitors (captopril, enalapril) or cal-

was
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cium channel blockers (diltiazem, nifedipine) —
to 34%. In patients with chromaffinoma cardiac
output is maintained by tachycardia due to low
stroke volume, so early prescription of B-blockers
(before a-blockers), which reduce heart rate, can
provoke heart failure. Normotensive patients with-
out hypertensive crises and normal plasma and
urine catecholamine levels do not require specific
preoperative preparation.

We found heart failure signs in 88.9 % patients
with chromaffinoma. Among them 66.4 % patients
had IV anaesthetic-related risk (ASA classifica-
tion), so the planned surgery was contraindicated.
Preoperative preparation was implied to prevent
cardiopulmonary decompensation by increasing re-
serve myocardial capacity, correction of metabolic
and hormonal disorders. As a result, all patients with
chronic heart failure after the preoperative prepara-
tion leading to the reduction in anaesthetic-related
risk (to III ASA score) were operated [24].

Assessment of the cardiovascular and respira-
tory reserve in HAAT patients showed an adequate
response to the standard physical activity after
2-week preoperative preparation (Table 2). Minute
blood circulation volume increased and was 24 %
more than before the training. Both heart rate and
cardiac output (approximately in equal proportion)
increased.

Surgical intervention nowadays is considered the
main approach to treat adrenal-related hypertension.
In the majority of cases it allows to achieve clinical
recovery in the short-term and late postoperative pe-
riod [1, 19, 21, 23, 34].

All patients underwent surgery in the clinic and
endovideosurgical methods.were applied in the ma-
jority of cases (92 %). Laparoscopic and retroperi-
toneoscopic adrenalectomy allowed us to determine
personalized optimal approach for each patient
which helped to minimize intra- and postoperative
complications and to avoid lethal cases. After en-
dovideosurgical adrenalectomy all patients reported
mild pain, which stoped after non-opioid analgesics.
Early mobilization was applied in the first days after
the operation in all patients. Rapid recovery of the
gastrointestinal motility on the second day, social
and labor rehabilitation, and the high quality of life
at long—term follow-up were observed in all patients
[19, 21].
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At the remote follow-up, persistent BP normali-
zation was achieved in 64.3 % patients with HAAT,
35.7% demonstrated hypertension, which was pre-
served immediately after surgery or recurred sub-
sequently (within 4.3 £+ 3.4 years). In all cases, the
course of HTN was much more favourbale than
before the operation, and BP was well-controlled
by conventional drugs (bisoprolol, fosinopril, enal-
april, metoprolol, etc.). Targeted clinical, laboratory
and instrumental examination showed no signs of
adrenal tumor recurrence. The persistence or recur-
rence of HTN was observed in patients who were in
adulthood at the time of surgical intervention. Per-
sistent postoperative HTN (20 %) was found in the
elderly patients (aged 58.80 + 2.07 years) compared
to younger patients with transient HTN (15.7 %)
(aged 44.75 + 3.89 years). The mean age of normo-
tensive patients in postoperative period, at the time
of tumor removal was 34.75 + 3.27 years. Therefore,
the groups differed significantly by age at the time
of surgery (p < 0.05), which might explain the rea-
sons for the persistence or recurrence of HTN in the
remote postoperative period. Our findings suggest
that hormone-active tumors developed in patients
aged 44.75 + 3.89 years, who commonly had essen-
tial HTN. In addition, persistent HTN had preceded
tumor manifestation for 13.60 + 3.27 years (p <
0.05) and emerged after the operation. On the other
hand, in patients with transient and permanent HTN
and BP normalization after surgery, hypertension
history amounted up to 5.37+3.30 years. Therefore,
we suggest that the reasons for HTN persistence or
occurrence after tumor removal are not associated
with inadequate surgical intervention or recurrence
of the disease [19, 21].

The long-existing hyperproduction of corti-
cal or medullar hormones is an important factor in
maintaining HTN after HAAT removal and leads to
btoh pro-hypertensive endocrine (activity of renin,
aldosterone, deoxycorticosterone), and depressor in-
hibition — decreased secretion of prostaglandin E2.
These changes significantly affect the BP increase
during physical exertion and in stressful situations.
The predominance of pressor hormones over the de-
pressor seem to result in cardiovascular remodeling.
Ultimately, this contributed to the development of
left ventricular diastolic disfunction due to impaired
myocardial relaxation and the increasing role of the

atrial systolic filling, which is consistent with other
authors [2, 30, 35, 36].

Thus, the symptomatic adrenal disease-related
HTN is an interdisciplinary issue, since HTN is con-
sidered a significant factor of coronary heart disease,
kidney failure, stroke, heart failure and, consequently,
a cause of disability and mortality. Close collabora-
tion between surgeons, physicians and endocrinolo-
gists allows to obtain satisfactory results in all HAAT
patients in case of timely diagnosis and adequate in-
tervention.
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