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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: The use of beta-blockers in treating resistant
hypertension remains poorly understood. While PATHWAY-2
showed a systolic blood pressure benefit with bisoprolol, further
research is needed to evaluate other beta-blockers in terms of
the effect of systolic blood pressure, assess diastolic blood
pressure effects, and guide management in patients intolerant
to CCBs as well.

Objectives: Our study aimed to evaluate the efficacy of
Carvedilol (non-selective beta-blocker with alpha-1 blocking
function) in the management of resistant hypertension, including
in patients intolerant to calcium channel blockers. The study
compared the efficacy of carvedilol in two groups: patients
newly initiated on carvedilol and patients switched from another
beta-blocker to carvedilol.

Methods: We create two groups: 1. Add Carvedilol group
(when add Carvedilol in beta blocker naive patients with resistant
hypertension, PATHWAY 2 like patients with triple therapy of
CCB, RAAS inhibitor and diuretic) and 2. Switch to Carvedilol
group (CCB intolerant patients with RAAS inhibitor, diuretic
and beta blocker, when beta blocker bisoprolol is replaced with
carvedilol). The primary endpoint was the change in systolic
(SBP) and diastolic (DBP) blood pressure from baseline to the
end of the study. Secondary endpoints included the correlation
between blood pressure reduction and gender, BMI, and age,
also safety parameters (hypotension, bradycardia, new onset
type 2 diabetes mellitus)

Results: The study results demonstrated significant reductions
in both SBP and DBP in both treatment groups, including those
with group 1 - Add Carvedilol (on RAAS inhibitors, CCBs,
and diuretics) and those with group 2 - Switch to Carvedilol
(those with CCB intolerance, on RAAS inhibitor, diuretic, and
beta blocker-Bisolrolol). Carvedilol was well-tolerated, with no
significant adverse events reported.

Conclusions: This study provides evidence supporting the use
of carvedilol in patients with resistant hypertension, including
those intolerant to CCBs.

Key words. Beta-blockers, calcium channel blocker
intolerance, carvedilol, true resistant arterial hypertension,
uncontrolled arterial hypertension.

Introduction.

Hypertension remains a significant global health burden, with
only 21% of patients achieving adequate blood pressure (BP)
control despite widespread treatment availability [1]. Notably,
approximately 30% of this population requires at least three
different classes of antihypertensive medications to manage
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their condition [2]. Current clinical guidelines advocate for
initial dual therapy, escalating to triple therapy if target blood
pressure is not achieved [3]. Approximately 10% of hypertensive
individuals exhibit resistant hypertension (RH), defined as
failure to reach target BP (<130/80 mmHg) despite maximally
tolerated doses of three antihypertensive agents, including a
diuretic [4-6]. In such instances of resistant hypertension, where
blood pressure remains above target despite a standard regimen
of a renin-angiotensin-aldosterone system (RAAS) inhibitor,
a calcium channel blocker (CCB), and a diuretic, guidelines
recommend the addition of a fourth agent. This may include
spironolactone, or beta-blocker, or alpha-blocker, or centrally
acting drug, or a loop diuretic (particularly in patients with
chronic kidney disease and reduced creatinine clearance) [3].
However, it should be recognized that some patients exhibit
intolerance to CCBs, primarily due to lower limb edema [7]. This
intolerance can pose a significant challenge in achieving blood
pressure control and may contribute to an increased prevalence
of uncontrolled hypertension. Evidence supporting beta-blocker
use in resistant hypertension is limited, primarily derived from
the PATHWAY -2 trial [8]. This study demonstrated that adding
bisoprolol to a regimen of RAAS blockers, CCBs, and diuretics
reduced mean systolic blood pressure by 8.4 mmHg. However,
significant knowledge gaps remain, including the lack of data
on other beta-blockers, the absence of diastolic blood pressure
reduction outcomes in PATHWAY-2, and the lack of evidence
for patient’s intolerant to CCBs (e.g., those experiencing
ankle edema, which occurs in up to 19% of patients on CCB
monotherapy and 8% on combination therapy with RAAS
blockers) [9,10]. Patients with resistant hypertension had an
increased risk of cardiovascular events, which supports the need
for greater efforts toward improving hypertension outcomes
in this population [11]. Our study investigated the efficacy
and safety of carvedilol, a non-selective BB, in patients with
resistant arterial hypertension, including those intolerant to
calcium channel blockers (CCBs).

Methods.

Overall, 71 of 265 patients with resistant hypertension admitted
to four clinical sites (Tbilisi Heart Center [Tbilisi, Georgia];
Chapidze Heart Center [Tbilisi, Georgia]; Vivamedi Clinic
[Tbilisi, Georgia], and Batumi Center of Cardiology [Batumi,
Georgia]) were included in the study between February 2022
and December 2022 according following inclusion criteria:

* Age >18-75 years.

* Average systolic blood pressure by 24-hour ambulatory blood
pressure monitoring (ABPM) >130 mmHg in case of therapeutic
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lifestyle interventions and pharmacotherapy with optimal doses
of three different classes of blood pressure lowering agents
(ACEi/ARB plus CCB plus thiazide/thiazide-like diuretic or
ACEV/ARB plus bisoprolol plus thiazide/thiazide-like diuretic)
at least for 1 month.

* Signed informed consent.

Patients consistent with one or more of the following
criteria were excluded from the study:

» Age <18 or >75 years.

* Severe hypertension (>=180/>110 mmHg).

* Secondary hypertension.

* History of documented acute cardiovascular disease within
six months.

* History of documented valvular heart disease.

* History of documented acute infectious disease within six
months.

* History of asthma and/or severe COPD (GOLD 3 or 4).

* Clinical meaningful arrhythmias (including bradycardia) or
conduction disorders.

* Congestive heart failure of III-IV NYHA functional class.

* Any contraindications of beta-blockers.

* Patients treated with carvedilol prior to enrollment in the
study.

* >G4 categories chronic kidney disease (eGFR <15-29 ml/
min/1.73m2).

* Decompensated chronic liver disease or >2-fold the normal
upper limit (ULN) elevation of liver transaminases.

« Life-threatening co-morbidities or concurrent illnesses.

* History of alcohol/drug dependence within six months.

* Pregnancy and breastfeeding.

« Participation in another clinical trial.

* Inability to give informed consent to participate in the study.

The study population of 71 patients was distributed among two
groups:

* Group 1: 37 patients with resistant hypertension, with the
addition of carvedilol to the current triple therapy: ACEi/ARB,
plus calcium channel blocker (CCB), plus thiazide/thiazide-like
diuretic.

* Group 2: 34 patients with resistant hypertension, with the
replacement of bisoprolol with carvedilol in the current triple
therapy regimen, including ACEi/ARB, thiazide/thiazide-like
diuretic, and bisoprolol, because of intolerance of calcium
channel blockers.

The change of average home systolic blood pressure at week 6
(day 45 + 15) after the introduction of carvedilol in both groups
of patients was defined as a primary endpoint; for the secondary
endpoint, we compared the achievement rate of target home
blood pressure in the comparator groups.

All necessary demographic characteristics and relevant
information were collected, and 24-hour ambulatory blood
pressure monitoring (ABPM) and essential laboratory tests
were performed during the screening visit. Home blood pressure
monitoring was performed during the 6-week follow-up period,
with weekly reporting.

The nonparametric Mann-Whitney U test for independent
samples, descriptive statistics, Pearson correlation, ANOVA
test, Z-scores, and B coefficients were also used for the
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processing study results using IBM SPSS Statistics software
version 26.0 (IBM Corp., Armonk, NY, USA). A statistical
significance was taken as a 2-tailed p<0.05.

The study protocol was reviewed and approved by the LTD
Thbilisi Herat Center's ethical committees (Tbilisi, Georgia).

Results.

Baseline characteristics of study population:

Table 1 demonstrates the equality of the comparator groups
in terms of baseline systolic and diastolic blood pressure and
heart rate. There were also no significant differences in age,
male gender, current smoking status, body mass index (BMI),
serum level of low-density lipoprotein cholesterol (LDL-C),
hemoglobin Alc (HbAlc), and high-sensitivity C-reactive
protein (hs-CRP); estimated glomerular filtration rate (eGFR),
left ventricular ejection fraction (LVEF); comorbidities such as
chronic pulmonary obstructive disease (COPD), history of atrial
fibrillation (AF), and stroke; and baseline pharmacotherapy
(except calcium channel blockers in group 1 and bisoprolol in
group 2), demonstrating the equality of the comparator groups
(Table 1).

Blood pressure and heart rate lowering effects of carvedilol:

Table 2 depicts the average home systolic blood pressure
change at week 6 after the introduction of carvedilol in both
groups of patients with resistant hypertension. Mean decrease of
systolic blood pressure and diastolic blood pressure after adding
carvedilol on triple therapy with renin-angiotensin system-
blocking (RAS-blocking) agent, calcium channel blocker
(CCB), and thiazide/thiazide-like diuretic (Group 1) were 13.8
+ 6.96 mmHg and 7.49 + 5.31 mmHg, respectively. The mean
decrease in heart rate in the same group of patients was 5.59 +
8.02 beats per min.

Mean decrease of systolic and diastolic blood pressure and
heart rate after switching from bisoprolol to carvedilol in a
Group 2 patients on triple therapy with renin-angiotensin
system-blocking (RAS-blocking) agent, bisoprolol, and
thiazide/thiazide-like diuretic were 14.7 + 9.26 mmHg, 7.79
+ 5.36 mmHg, and 8.68 £+ 7.74 beat per min, respectively.
Hypotensive and heart rate-lowering effects of carvedilol were
equal in both groups (p=0.63 for ASBP, p=0.809 for ADBP, and
p=0.104 for AHR).

Table 3 shows the equal effects of carvedilol on systolic and
diastolic blood pressure and heart rate in the subgroups by sex
and by impairment of the glycemic profile. The hypotensive
and heart rate-lowering effects of carvedilol were statistically
significant in all subgroups except for the decrease of heart
rate in patients of Group 1 without DM and male patients and
patients without DM of Group 2.

There was no correlation between baseline variables and
hypotensive and heart rate-lowering effects of carvedilol by
regression analysis (Table 4).

Discussion.

This is the first clinical observational study to evaluate the
efficacy and safety of carvedilol in patients with resistant
and uncontrolled hypertension. Carvedilol is a vasodilating
noncardioselective third-generation pB-blocker. Compared with



Table 1. Baseline systolic/diastolic blood pressure, heart rate, and demographic and medical characteristics of study population.

Group 1 (add carvedilol) Group 2 (swith to carvedilol)
N=37 N=34 p-value
Baseline SBP (mmHg), M+SD 144.4 +£9.44 146.6 = 11.4 0.377
Baseline DBP (mmHg), M+SD 82.5+£9.62 83.4+£9.04 0.687
Baseline HR (beat per min), M+SD 73.6 +7.61 77.4 +8.99 0.059
Age (years), M£SD 595+11.4 60.9+13.3 0.643
Male gender, n (%) 17 (45.9) 16 (47.1) 0.926
BMI, M=+ SD 32.7£6.57 30.5+5.36 0.141
LDL-C (mg/dL), M£SD 110.6 £ 16.2 105.7 £16.2 0.211
HbAlc (%), M+SD 6.27+1.28 6.46 +1.60 0.567
Smoking, n (%) 10 (27) 12 (35) 0.455
eGFR (ml/min/1.73m?), M£SD 83.1+9.57 83.2+11.1 0.959
LVEF (%), M£SD 51.7+5.34 52.2+5.19 0.628
hs-CRP (mg/L), M£SD 1.92 +£0.52 1.79 £ 0.64 0.354
History of AF, n (%) 4(11) 2(6) 0.459
History of stroke, n (%) 2(5) 3(9) 0.577
COPD GOLD 1 or 2, n (%) 1(2.7) 1(2.9) 0.952
ACEis, n (%) 19 (51.4) 18 (52.9) 0.894
ARBs, n (%) 18 (48.6) 16 (47.1) 0.894
Thiazide/Thiazide-like diuretics, n (%) 37 (100) 34 (100) 1.000
CCBs, n (%) 37 (100) 0 (0) 0.000
Bisoprolol, n (%) 0(0) 34 (100) 0.000

Abbreviations: ACSEis: Angiotensin-Converting Enzyme Inhibitors; AF: Atrial Fibrillation; Arbs: Angiotensin Receptor Blockers; BMI: Body
Mass Index; CCB: Calcium Channel Blockers; COPD: Chronic Obstructive Pulmonary Disease; DBP: Diastolic Blood Pressure; Egfi: Estimated
Glomerular Filtration Rate; GOLD: Global Imitative For Chronic Obstructive Lung Disease; Hb1Ac: Hemoglobin A1C; Hs-CRP: High Sensitivity
C Reactive Protein; HR: Heart Rate; LDL-C: Low-Density Lipoprotein Cholesterol; LVEF: Left Ventricular Ejection Fraction;, M+SD: Mean +
Standard Deviation; SBP: Systolic Blood Pressure.

Table 2. Average home systolic blood pressure at week 6 after the introduction of carvedilol in both groups.

Group 1 p-value Group 2 p-value
(add carvedilol) N=37 for difference (swith to carvedilol) N=34 for difference
Baseli BP Hg), M£SD 1444 £9.44 146.6 £ 11.4
aseline SBP (mmHg), M+S 9 <0.0001 6.6 <0.0001
SBP at week 6 (mmHg), M£SD 131.3 +8.15 131.9 + 8.56
. N o +
Baseline DBP (mmHg), M+SD 82.5+9.62 <0.0001 83.4+9.04 <0.0001
DBP at week 6 (mmHg), M£SD 753+7.10 75.6 £7.04
B ine HR in), M£SD .6+7.61 4 +£8.
aseline (beat per mllil), S 73.6£7.6 <0.0001 77 8.99 <0.0001
HR at week 6 (beat per min), M+SD 68.4 £ 6.69 68.7 £8.76

Abbreviations: DBP: Diastolic Blood Pressure; HR: Heart Rate; M£SD: Mean =+ Standard Deviation; SBP: Systolic Blood Pressure.

Table 3. Average home systolic blood pressure at week 6 after the introduction of carvedilol in both groups.

Baseline SBP SBP at 12w Baseline SBP SBP at 12w Baseline HR 'HR at 12w
mmHg, mmHg, p mmHg, mmHg, p beat per min, beat per min, p
M=+SD M+SD M=+SD M+SD M=+SD M+SD

Group 1 (add carvedilol)

Male patients, n (%) 145.1 £9.65 132.1+6.90 <0.0001 86.9+9.65 78.7+7.76 0.01 79.6+7.34 |70.9+6.39 0.001
Female patients, n (%) 147.7+£129 131.8+10.0 <0.0001 80.3+8.07 72.9+5.12 0.002 754+10.0 66.8+5.11 0.003
Patients without DM 149.1£12.0 1353+13.2 0.045 80.6+9.36 (72.4+447 0.041 76.1+11.8 70.4+5.45 0.231
Patients with prediabetes 1453 £ 11.4 131.6 +4.85 <0.0001 83.8+9.36 76.0+7.58 0.009 77.6+9.01 68.6+6.64 0.002
Patients with T2DM 148.6 £12.2 130.6+9.80 0.01 87.4+627 |794+6.73 0.04 79.1+6.49 67.4+5.83 0.004
Group 2 (switch to carvedilol)

Male patients, n (%) 146.6 = 11.1 |131.2+8.54 <0.0001 83.2+8.82 79.4+6.60 0.002 769+854 71.6+8.54 0.138
Female patients, n (%) 142.7+7.60 130.3+7.34 <0.0001 77.7+7.53 714+£564 0.005 71.6+6.24 65.0+4.90 0.001
Patients without DM 1443 +582 [129.9+6.32 <0.0001 82.3+9.00 742+6.18 0.023 73.5+698 68.6+9.80 0.191
Patients with prediabetes 145.7+10.8 132.1 +8.51 |<0.0001 84.1+10.2 76.1+7.84 0.015 747+729 68.1+5.86 0.006
Patients with T2DM 148.6 +£12.2 130.6+9.80 0.01 87.4+627 |794+6.73 0.04 79.1+6.49 67.4+5.83 0.004

Abbreviations: DBP: Diastolic Blood Pressure; DM: Diabetes Mellitus; HR: Heart Rate; MESD: Mean + Standard Deviation; SBP: Systolic
Blood Pressure; T2DM: Type 2 Diabetes Mellitus.
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Table 4. Regression analysis for hypotensive and heart rate-lowering effects of carvedilol.

Model df Mean square F Sig
Regression analysis of SBP-lowering effect 12 0.675 0.633 0.806
Regression analysis of DBP-lowering effect 12 1.086 1.105 0.374
Regression analysis of HR-lowering effect 12 1.059 1.073 0.399
Abbreviations: DBP: Diastolic Blood Pressure; HR: Heart Rate; SBP: Systolic Blood Pressure.
Groups
RARS 24 H- Amb.BP e 24 H - Amb.BP
n CCB monitoring = dequal:lhﬁ monitoring
. . Add Carvedilol Aoce *(>1month)
Diuretic
s 24 H- Amb.BP
cce 24 H- Amb.BP Switch to =
n Dimitio monitoring Carvedilol S
BB (w/c Carvedilol)

Figure 1. HBOT Treatment table for Long COVID.
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71 pts

N=34
N1/ Add Carvedilol group
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N2 / switch Carvedilol group

iyl it
Visit-2 (D1443) ——— | Assessment of AE/SAE, HR |
I

24 H ambulatory BP monitoring
*(end of the study)
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Visit-4 (D60+10) ————— Data Analysis

Figure 2. Neuropraxic test average scores.
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Figure 3. Chalder Fatigue Scale results.
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conventional B-blockers, carvedilol maintains cardiac output,
has a reduced prolonged effect on heart rate, and reduces blood
pressure by decreasing vascularresistance [15]. Carvedilol blocks
norepinephrine binding to al-adrenergic receptors in addition to
both Bl-adrenergic and B2-adrenergic receptors [16-18]. This
results in a reduction in arterial BP by maintaining cardiac
output and decreasing total B-adrenoreceptor vasoconstrictor
tone [19,20]. In contrast to the PATHWAY-2 study, which
focused solely on bisoprolol and its impact on systolic blood
pressure alone, our study encompassed not only systolic, but
diastolic blood pressure assessments. In PATHWAY-2 study
bisoprolol did lower blood pressure (-8.4 mmHg) compared to
placebo (-3.4 mmHg), but the reduction was smaller than that
observed with spironolactone [8]. Specifically, spironolactone
reduced home systolic blood pressure by 6.48 mmHg more
than bisoprolol [10]. Unlike the PATHWAY-2 study, which
relied on home blood pressure measurements, our study utilized
24-hour ambulatory blood pressure monitoring to collect
data throughout the study period, including pre-screening
measurement after one month of treatment with carvedilol,
providing a more comprehensive assessment of blood pressure
control. Furthermore, our study uniquely included a cohort of
patients with uncontrolled hypertension due to calcium channel
blocker (CCB) intolerance [12], a population often excluded
from resistant hypertension trials.

Although this study demonstrated a clinically relevant
reduction in blood pressure in both the add carvedilol and
switch to carvedilol groups, several limitations warrant
consideration. First, the small sample size, due to the limitations
of conducting research during the COVID-19 pandemic, may
limit the generalizability of these findings. Second, within the
"switch to carvedilol" group, patients were using bisoprolol, so
the comparison of carvedilol with other beta-blockers besides
bisoprolol and their relative efficacy remains unknown. Third,
our study lacked a placebo group for direct comparison, the
observed blood pressure reduction with carvedilol (-13.8 mmHg)
in the resistant hypertension (add carvedilol group-1) suggests a
potentially superior effect compared to bisoprolol (-8.4 mmHg)
reported in the PATHWAY-2 study [10]. However, the lack of a
placebo arm in our study limits definitive conclusions regarding
the comparative efficacy of these two beta-blockers. It should be
noted that when switching to carvedilol in group 2 (with CCB
intolerance), we obtained the same powerful effect on reducing
systolic and diastolic blood pressure (the average decrease in
systolic pressure was -14.7 + 9.26 mmHg, and diastolic pressure
was -7.79 + 5.36 mmHg) as in group 1, and perhaps because of
the effect of carvedilol on alpha-1 blockade, and its vasodilatory
effect was the main factor contributing to these results.
Fourthly, it is acknowledged that the present study design did
not include an assessment of dipping status at baseline, so we
could not determine the effect of carvedilol on patients with
nocturnal hypertension (non-dippers), a population known to
have a less favourable prognosis with respect to major adverse
cardiovascular events [13,14]. Fifth, the non-randomised, open-
label design of our study introduces potential bias, and the
limited number of patients may affect the generalisability of our
findings.
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Conclusion.

In conclusion, our study has shown that carvedilol is effective
and safe in patients with resistant and uncontrolled hypertension.
Furthermore, it is important to note its advantage over the effect
of bisoprolol (seen in the PATHWAY II study). Carvedilol
showed a clinically and statistically significant reduction in
blood pressure in both groups (add carvedilol and switch
carvedilol groups) and subgroups (resistant and uncontrolled
subgroups) represented in our study. Future research using a
larger randomised controlled design is needed to definitively
assess the comparative efficacy of carvedilol versus individual
beta-blockers in reducing blood pressure.
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Kapeeanion y mnanMeHTOB ¢ HEKOHTPOJHMPYeMOl H
Pe3MCTEeHTHON apTepHAJILHON rHNepTeH3uei

3Buax Kepecenmuaze!, Jlena KonmanenmmsBuin?,
Hapnapas®, Kaxa6ep Yennaze!, Baxranr Uymoypunze’.

A0cTpakT

BBenenue:
PE3UCTEHTHOM

Kaxa

ITpumenenne OGera-0OKaTOpOB B JICUCHUH
apTepHaIbHOW  THIIEPTEH3MH  OCTaeTCs
HEIOCTaTOYHO  H3ydeHHbIM. HecmoTps Ha TO, dTO
uccinenoBanue PATHWAY-2 nokazano mnpeuMyliecTBO
Oucomnposona B CHIKEHHH CHCTOJIMYECKOTO apTepHAIBHOTO
JIaBJICHUS,, HEOOXOAWMBI JalbHEHIINE WCCIeNOBAHUS JUIS
OLICHKH JIpyTUX OeTa-OJIOKaTOpOB C TOYKM 3PEHHS WX BIMSHUSA
Ha CHCTOJIMYECKOE W IMACTOINYECKOE apTepHANIbHOE JIaBJICHHME,
a TaxKe JUTs pa3pabOTKH PEKOMEHIAIMI 10 BEACHHUIO MTAllIEHTOB
C HENEPEeHOCHMOCTBIO OJIOKaTopoB KablueBbIX kKaHanoB (BKK).
Heaun: Hame nccnenoBanue ObUIO HANpaBlICHO HA OLEHKY
3¢ (QeKTUBHOCTH  KapBemwiona (HECENeKTHBHOTO  OeTa-
Omokaropa ¢ anbda-1-0mokupyrome (QyHKIUCH) B JICYCHUU
PE3UCTEHTHOI apTepuanbHOM THIIEPTEH3WH, B TOM YHCIE Yy
nauueHToB ¢ HemepeHocumocThio BKK. B wuccnepoBanun
CpaBHHMBaNACh dPPEKTUBHOCTH KapBeAWIONa B JBYX IpyMIax:
MIAIMEHTHI, BIIEPBBIC HAUYaBIIME NPUHAMATH KAapPBEAWJION, U
TIAIMEHTHI, TIEPEeBEICHHBIE HAa KapBEAWION ¢ Apyroro Oera-
Omokaropa.



Metoapl: B wuccnenoBaHue OBIIM BKJIIOYEHBI HalMEHTHI
C PE3UCTEHTHOH apTepuanbHOM TUNEPTeH3HEH, KOTOpbIe
ObUTH pa3lielieHbl Ha JiBe Tpynmbl: rpyma-1: «JloGaBnenne
KapBeauiIonay (TIalMeHThl, paHee He TOJTyYaBIIie KapBeauiol
B COCTaBE aHTHTMIIEPTEH3NBHOM TEPAITUK) U TpyHa-2: «Iepexon
Ha KapBeAWION» (3aMeHa CyIecTBYIOIIero Oera-Oiokaropa
Ha kapBeawnon). Kaxknas rpynma Obla pasjiesneHa Ha JBe
MOJATPYTIBL: NOATPYMa-1 MalueHTsl ¢ ICTUHHON Pe3UCTEHTHOU
TUIEepTEeH3uEeN (manueHTsl, noJ00HbIE y4acTHHKaM
uccnenoBanust PATHWAY II, nony4atomiye TpoiHyo Tepanuto
BKK, unruburopamu PAAC u nuypetnkamu) M moArpyma-2
MAIMEHTHI ¢ HEKOHTPOJIMPYEMOH THIIEpTEeH3UeH (ToTyJaromye
JBOIHYIO Tepanuio nHruonropamMu PAAC u quypeTukamu u3-
3a HenepeHocuMocTH BKK). IlepBuuHOii KOHEUHOI TOUKON
0buT0 M3MeHeHne cuctonmmdeckoro (CAJl) v TMacToNINIecKOro
(JAJl) aprepuanbHOrO NaBiCHHS OT MCXOIHOTO YPOBHS 10
KOHIIa UCCIIeI0BaHMs. BTOpHUHBIE KOHEUHbIE TOUKU BKIIOUAIN
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KOPPEJSALUI0 MEXIy CHUKEHUEM apTepUabHOTO JABJICHUS U
rosiom, uHjekcoM maccel Tena (MMT) u Bozpactom.

PesysbTaThl: PesynbraTs! UCCIIeI0BaHUS
MIPOAEMOHCTPUPOBAIM 3HAuUTeNbHOE CcHIDKeHHe kak CAJl,
tak 1 JJAJl B o0eux Tpymmax JiedeHHs, BKIIOYasl MalMeHTOB
C WCTUHHOW pE3NCTEHTHOH TuHepTeH3uel (MOydaromux
narudutopel PAAC, BKK wu nuypernkn) W mnanmeHToB c
HEKOHTPOJIMPYEMOH THIEPTEeH3UeH U3-3a HEeNepeHOCHUMOCTU
BKK. Kapsenuion XOopollo HEpeHOCHICS, O 3HAYUTEIbHBIX
MOOOYHBIX AP PeKTax He COOOIAIOCH.

BriBoabI: OTO0 Hccnen0BaHKE IPEOCTABIIAET JOKA3aTENbCTBA,
MOJTBEPKAAIOIINE HCIIONb30BaHUE KapBeAUIOaa y MallueHTOB
C PE3UCTEHTHOHN apTepUalbHON TUNEPTEH3UEH, B TOM YHCIe Y
MaIeHToB ¢ HenepeHocuMocThio BKK.

KaioueBble cioBa: Oera-010KaTopsl, HENEPEHOCHMOCTH
0JIOKaTOPOB KAJIBIIMEBBIX KaHAJOB, KapBEAWION, WCTHHHAS
PE3UCTEHTHasI apTepUallbHas THIIEPTEH3Us, HEKOHTPOJIUpyeMast
apTepuanbHas TUIEPTEH3HS.
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