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Choice Between Free Combination

of Antihypertensive Agents

and Fixed Dosed Combinations

in the Treatment of Arterial Hypertension

Pestome

Bo/IbWMHCTBY NaLMeHTOB C apTepuasbHON runepTeHsmnel TpebyeTtca 60/1ee OAHOMO aHTUIMNEPTEH3UBHOMO JIEKAPCTBEHHOrO NpenapaTa Ans Ao-
CTUXKEHWSA LieIeBOro YPOBHSA apTepuanbHOro AaeneHns. HeKOTOpbIM NaLMeHTaM peKOMEHAYT aHTUIMMNepTeH3MBHbIE CXEMbI, COCTOALME U3 He-
CKOJIbKUX TabneToK. [Ipyrum — neveHune C NoMoLblo GUKCMPOBAHHbIX J03MPOBaHHbIX KOMBUHALMI B OAHOW TabneTke. AHaau3 AUTepaTypbl pe-
¢depaTuBHbix 6a3 elibrary n PubMed no ny6aunkauunam B neprog ¢ 2014 no 2024rr, kacatowjeincs BbI6opa ABYXKOMMNOHEHTHbIX KOMEMHUPOBaHHbIX
aHTUIUNEPTEH3UBHBIX CPEACTB, COAEPIKALUMX UHTMBUTOP PEHUH-AHTMOTEH3MH-a/IbA0CTEPOHOBOM cucTeMsbl (PAAC) 1 TMasnAHbIN/ TUa3UAONO0A06-
HbIli ANYPETUK UAKU 6/10KaTOP Ka/NbLMEBbIX KaHA/I0B, MOKa3as, YTO UCMO/Ib30BaHWe GUKCUPOBAHHbIX J03MPOBaHHbIX KOMBUHaUMI (PAK) aHTUrm-
NEepTEH3UBHbIX CPEACTB U MPUEM OZHOIN TabNeTKN OAWH pa3 B AeHb Y/y4LIAEeT MPUBEPKEHHOCTb /IEHEHUIO U YCKOPAET KOHTPOJ/Ib apTepUanbHOro
aasnenus (AZ). Xota croumoctb ®JIK aHTUrMNEepTEH3UBHBIX CPEACTB, COAEPHKALUMX MHTMEUTOP PAAC 1 TUA3MAHBIN/TUA3MA0NOA06HbIN ANYPETUK
Unn 610KaTop KanbLMeBbIX KaHa/I0B, Yallle BbILLEe ITUX e CPeACTB, B3ATbIX MO OTAE/IbHOCTU, NPUMEHeHMe PUKCUPOBAHHBIX KOMOMHALMIA, MOBbILIAs
NPVBEPXXEHHOCTb NaLueHTa Tepanuu, obnagaeT KAMHUYECKUM NPenMyLLeCTBOM Mo KpUTeputo 3¢ PpeKTUBHOCTU cHMKeHua A/l. C Apyroli CTOPOHBI,
MCnosb3oBaHMe CBO60AHON KOMBUHMPOBAHHOW Tepanuuy B ABYX pasHbIxX TabneTKax, Korga ux npueM pasbuT B Te4eHUe CYyTOK, MHOTAa MOXeT Aa-
BaTb 60/1ee YyCTONYMBbLIA aHTUrMNEPTEH3UBHbIN 3GdeKT B TeyeHne 24 vacos. [lokasaTenbcTa apdekTnBHOCTU KOHTpona A/l ana ®/IK 3avacTyro
3KCTPaNoNMNPYIOTCA C AaHHbIX 0 CBO60AHBIX KOMBUHaLMaX. KpoMe Toro, ®/IK xapaKTepur3yoTcs MeHbLUeN BbIABASEMOCTbIO BOSMOXHOMN HeapPeK-
TUBHOCTM OZHOIO U3 KOMMOHeHTOB. AccopTuMeHT ®/IK 1 npeAcTaBNeHHbIX B HUX COOTHOLLEHWIA 03MPOBOK KOMIMOHEHTOB paclUMpSAETCs, HO BbI6GOp
cpeau cBO6OAHBIX KOMBMHALMIA MO-NPEXHEMY LWKpe. B nepeyHe }M3HEHHO HEOBXOAUMBIX M BaXKHEWLLMX JIEKapCTBEHHbIX NpenapaTtos 3a 2024 rog
otcyTcTBYOT P/IK @aHTUrMNepTEeH3NBHBIX CPEACTB, YTO MCK/OYaeT BO3MOXHOCTb UX MO/YYeHUA Ha /IbFOTHOM OCHOBE U CO34aeT BO3MOXHOCTb
ANA NPOV3BOANTENA YCTaHaB/IMBaTb Ha HUX MPOU3BOJIbHbIE LieHbl. HeCMOTpA Ha TO, YTO B NOC/e/Hee BpeMs Hay4HOoe COOb6LeCTBO peKoMeHayeT
B KayecTBe CTapTOBOM Tepanuu ncnosb3osaHne ®/IK aHTUrMNepTEH3UBHBIX CPEACTB B CUAY NYHILErO COBNOAEHUA pEXMMA NMPUMEHEHNS, @ 3Ha-
YUT KAUHUYECKOW 3PPEKTUBHOCTU M SIKOHOMUYECKON Lie1ecO06PasHOCTH, He/b3A CKasaTb, YTO He OCTa/soCh MecTa ANs CBO60AHbIX KOMEMHaLMIA
aHTUIUNepTEH3MBHbBIX CPEACTB B IeYEHUN apTepuasbHOM runepTeHsun. Beibop Bpaya, YacToTa HasHayeHus, Aons 3akynok ®/IK B PO, 0630p ux
noTpebsieHns TpebyeT AasbHENLero aHaAM3a.

Knro4deBbie cnoBa: apmepuansHas 2unepmensus, GUKCUPOBaHHbIe A03UPOBaHHbIE KOMBUHAYUU aHMU2UNEpMEH3UBHbIX CPedCmB, cB0600Has
KOMbUHayus aHmuaunepmeH3uBHbIX cpedcms
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Abstract

Most patients with arterial hypertension require more than one antihypertensive drug for blood pressure target achievement. Some patients are
recommended for a multi-pill antihypertensive regimen, others — treatment with fixed dosed combinations in one tablet. Analysis of elibrary and
PubMed publications in the period mostly from 2014 to 2024 concerning the choice of two-component combined antihypertensive agents containing
renin-angiotensin system inhibitor and diuretic or calcium channel blocker, revealed that fixed-dose combinations (FDC) use and taking one tablet
once a day improves adherence to treatment and facilitates blood pressure control. Although the cost of FDC containing the renin-angiotensin-
aldosterone system inhibitor and a thiazide/thiazide-like diuretic or calcium channel blocker is in most cases higher than the same drugs taken
separately, the use of fixed combinations, increasing patient adherence to therapy, has clinical advantage in terms of the effectiveness of lowering
blood pressure, which confirms their economic feasibility. On the other hand, the use of free combination therapy in two different tablets, when
taken separately during the day, can sometimes provide a more sustained antihypertensive effect over 24 hours. Evidence of the effectiveness of
blood pressure control for FDCs is often extrapolated from data on free combinations. In addition, FDCs are characterized by less detection of possible
ineffectiveness of one of the components. The range of FDCs and the dosage ratios of the components presented in them is gradually expanding,
but the choice among free combinations is still wider. In addition, the list of vital and essential drugs (VED) for 2024 does not contain FDCs for
antihypertensive drugs, which excludes the possibility of free receiving them on a preferential basis and gives the opportunity for the manufacturer to
set prices for them. Despite the fact that recently the scientific community has recommended the use of FDC antihypertensive drugs as initial therapy
due to better compliance with the regimen, and therefore clinical effectiveness and economic feasibility, it cannot be said that there is no space left
for free combinations of antihypertensive drugs in the treatment of arterial hypertension. The choice of doctor, frequency of prescription, share of
purchases of the FDCs in the Russian Federation, review of their consumption requires further analysis.

Key words: arterial hypertension, fixed dosed combinations of antihypertensive agents (two-drug single-pill), free-equivalent combination of
antihypertensive drugs
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Introduction
ventricular hypertrophy, remodelling with myocardium

Control of blood pressure (BP) with achievement
of the target levels and prevention of complications is a
clinical objective of arterial hypertension (AH) manage-
ment in adults. According to the World Health Organ-
isation (WHO), the incidence of AH is very high. Over
the past 30 years, the number of people with AH has
doubled and makes 1.28 billion people [1, 2]. The major-
ity of people with AH are asymptomatic, that is why
this pathology is called a silent killer. Without adequate
medicinal treatment, AH can affect target organs where
BP is elevated: first, it is the heart where the risk of left

fibrosis and dysfunction, angina, and myocardial infarc-
tion exists. Second, the brain with cerebrovascular com-
plications. Third, eye retina with possible retinopathy.
Fourth, kidney with progressing renal insufficiency.
Annually, AH claims the lives of 9.4 million people. BP
is considered elevated if the systolic and diastolic values
exceed 140 and 90 mm Hg, respectively. According to
the 2022 clinical recommendations for the drug ther-
apy of arterial hypertension, the majority of patients
with AH (except for patients with BP < 150/90 mm Hg
and patients over 80 years of age, patients with senile




Apxusb BHyTpeHHE MeAMuMHEL ® No 5 o 2024

OB3OPHBIE CTATbHU

Tablet of RAAS inhibitor
ACEi or ARB

Tablet
Diuretic or CCB

+ )

/

i*\_// - 4

more investigations of pharmacodynamics, pharmacokinetics

Fixed-dose combination

ACEi
or % %
Diuretic
- ARB
or
ccB

convenience, higher adherence to therapy

Figure 1. The choice of combined two-component antihypertensive therapy
Note: RAAS — renin-angiotensin-aldosterone system, ACEi — angiotensin-converting enzyme inhibitor, ARB — angiotensin II receptor blocker, CCB — calcium channel blocker

asthenia) are prescribed a combination of antihyperten-
sive drugs as their initial treatment [1, 2].

Advantages of combined AH therapy include poten-
tiation of component activity, slowing down counterreg-
ulatory mechanisms of BP elevation, better acceptability
of the treatment, and efficient prevention of target organ
damage [3, 4]. All these aspects are typical of sound
combinations of antihypertensive agents, mostly of
angiotensin-converting enzyme inhibitors (ACEi) and
thiazid/thiazid-like diuretics (TD/TLD) or angiotensin
I receptor blockers (ARB) (antagonists) with TD/TLD.
Also, these are combinations of ACE inhibitors with
calcium antagonists — dihydropyridine calcium chan-
nel blockers (CCB) or combinations of ARB and CCB.
Once AH has been diagnosed, the physician has to
choose between these combinations following the cur-
rent recommendations; they are first-line therapy [2].
These antihypertensive agent groups can be combined
in one tablet and are a part of a majority of fixed-dose
combinations (FDC) registered in Russia, or they can be
prescribed as two separate tablets (Fig. 1).

A number of recent studies demonstrate that drug
therapy compliance and BP control are better in patients
taking FDC than in patients taking free combinations
of antihypertensive agents [5-7]. At the same time, in
the real-life clinical practice, physicians sometimes
prefer components of combined antihypertensive drug
therapy in two separate tablets. This study seeks to iden-
tify whether it is justified for the compliant patients and
whether free combinations of antihypertensive agents
are still used as the first-line therapy.

Combined antihypertensive
therapy

Monotherapy instead of a combined therapy is one
of the causes of poor control of BP in the general popu-
lation of AH patients. An important aspect is selection
between fixed (one tablet) and free (two tablets) combi-
nations of antihypertensive agents.

Over the past decades, a number of large-scale ran-
domised studies demonstrated the efficacy of a two-

component combination of RAAS inhibitor and a thia-
zide/thiazide-like diuretic or calcium channel blockers
(CCB) in various populations. This choice is challeng-
ing; it requires justification and is a common example
of the so-called Good Prescribing, when the adequate
combined drug therapy prescribed to a specific patient
ensures the highest efficacy and safety. The ACCOM-
PLISH study compared a combination of ACEi benaz-
epril and CCB amlodipine with a combination of benaz-
epril and hydrochlorothiazide (diuretic) in the reduction
of the primary combined endpoint of cardiovascular
events and cardiovascular mortality. A combination of
RAAS inhibitor and CCB demonstrated higher efficacy
in reduction of the rate of cardiovascular complications,
whereas a combination with a diuretic showed positive
results in patients with cardiovascular insufficiency and
also in African American patients [9].

When a two-component therapy is insufficient to
achieve the target BP values, standard doses of a three-
component antihypertensive therapy are used (with pos-
sible use of FDC, including ACEi/ARB+CCB+diuretic).
According to the State Register of Medicinal Products,
four such FDCs are available on the Russian market: two
combinations with ACE inhibitors (lisinopril/perindo-
pril) plus amlodipine and indapamide, and two com-
binations with ARB (valsartan/telmisartan) plus amlo-
dipine and hydrochlorothiazide. Currently, studies are
ongoing to evaluate three-component FDCs with low
doses of components (telmisartan/amlodipine/inda-
pamide doses (mg): 10/1.25/0.625 and 20/2.5/1.25 vs.
two-component FDC of the above antihypertensive
agents [10].

In refractory (resistant) hypertension, four-compo-
nent therapy is possible: a three-component FDC and
one antihypertensive agent from the list of second-line
drugs. The prospects of using a four-component com-
bination, i. e. very low doses of four antihypertensive
agents in one tablet (doses which are four times lower
than the average doses of each component): irbesartan
37.5 mg, amlodipine 1.25 mg, indapamide 0.625 mg,
and a beta-blocker bisoprolol 2.5 mg [11, 12]) require
further studies, since the eflicacy of this therapy was
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evaluated in the QUARTET study in comparison with
irbesartan 150 mg monotherapy; comparison with a
two-component FDC is required: irbesartan and indap-
amide with irbesartan and amlodipine. The study, where
irbesartan was replaced with candesartan 2 mg and all
other components were the same as in the QUARTET
study (amlodipine 1.25 mg, indapamide 0.625 mg, and
bisoprolol 2.5 mg), did not demonstrate any significant
difference in the clinical efficacy and safety vs. controls
(candesartan 8 mg + amlodipine 5 mg daily starting
from week 6) [13]. In 2013, a four-component FDC
was registered in Russia, which is marketed under the
brand name Hypotef (Syntez LLC), containing enala-
pril 5 mg, vinpocetine 2.5 mg, indapamide 0.75 mg,
and metoprolol 25 mg. This FDC contains the average
doses of the ACE inhibitor and beta-blocker, while inda-
pamide and vinpocetine are in a lower dose compared
to when taken individually. Vinpocetine corrects cere-
brovascular disorders, it is not a classical CCB, but its
mechanism of action involves calcium antagonism. The
FORSAGE study demonstrated comparable efficiency
and tolerability of this combination vs. patients who
were treated with full doses of antihypertensive agents
(ACEi/ARB+diuretic/CCB/beta-blocker), as well as the
promising outlook of its use in patients with AH and
dyscirculatory encephalopathy [14, 15].

Rate of prescription, share
and cost of two-component
antihypertensive FDC

Studies conducted in different countries seek to
evaluate the rate of prescription by doctors of a drug
combination in one tablet as initial combined therapy,
according to the recent recommendation of the Euro-
pean Society of Hypertension. Bryan A.S., et al. (2023)
report that in the USA only one third of adult patients
with AH are treated with FDC [16]. A German study
to analyse the use of the current recommendations on
the drug treatment of hypertensive patients in 2016—
2020 recorded high rates of non-compliance with the
recommendations in Germany regarding prescription of
antihypertensive FDC. Almost two years after the pub-
lication of ESC/ESH 2018 Recommendations on Hyper-
tension Management, in 2020 only 10.9 % of prescribed
antihypertensive drugs were FDC, evidencing poor use
of the current recommendations on drug treatment of
arterial hypertension [17]. At the same time, a cost-
benefit analysis of an initial two-component antihyper-
tensive therapy demonstrated that, taking into account
direct healthcare costs, quality-adjusted life years
(QALY) and 10-year additional economic efficiency
coefficient, in 10 years the use of FDC will yield extra

0.028 quality-adjusted life years without any significant
investments, vs. monotherapy. A two-component FDC
is economically more viable than a free combination of
equivalent doses of individual tablets (additional eco-
nomic efficiency coeflicient $57 000/increase in QALY)
[16]. Therefore, the more active use of FDCs in routine
clinical practice is required in order to improve progno-
sis for patients with AH.

In Russia, an analysis was performed of the data
on antihypertensive agent sales in 2018 in pharma-
cies across 10 districts of the Far East Federal Region.
The study showed that the highest share of FDC was
in the Amur Region (15.3 %) and Zabaikalye Territory
(13.5%). The lowest share was recorded in the Sakhalin
(5.3 %) and Magadan (6.6 %) Regions. The most popular
fixed dose combinations in the Far East Federal Region
are balanced combinations of ACEi and diuretics or
CCB, as well as ARB with diuretics [18]. For sure, the
share of antihypertensive FDC in pharmacies and the
rate of prescription by doctors who regularly deal with
AH, grows with every passing year, including Russia.
A questionnaire survey among primary care providers
in the Voronezh Region demonstrated that medical pro-
tessionals (MP) prefer FDC with ACEi+diuretic (72 % of
MPs) vs. the earlier Russian PIFAGOR IV study (2013),
where this combination was chosen in 33 % of cases.
Compared to the PIFAGOR IV study, healthcare provid-
ers preferred ACEi+CCB (46 %) (PIFAGOR IV study:
24 %), ARB+diuretic (36 % vs. 28 %) [19].

According to literature, one disadvantage of free
combinations in AH management is higher cost of
treatment, since FDC are cheaper than individual
agents [20]. However, the opinion that the reduced cost
of treatment is partially associated with lower cost of
combined products vs. cost of individual components
[21] was not confirmed in the majority of cases when
we compared retail prices of two-component antihy-
pertensive products in pharmacies (data from at least
5 pharmacies) in Smolensk in May 2024 (Table 1). For
instance, the average retail price of FDC containing per-
indopril and indapamide, marketed under the brand
name Noliprel A Forte, is twice as high as the total aver-
age price of its components from the same manufacturer
(Servier). At the same time, there are FDC (e.g., azilsar-
tan medoxomil with chlortalidone (brand name: Edar-
byclor), where the average price is almost the same as
the total price of individual components. The cost of AH
therapy comprises direct and indirect costs; however,
for some patients, the price of drugs in pharmacies can
be a deciding factor.

For reference: the annual cost of FDC therapy for
one patient in Germany was significantly higher than
therapy with the same combinations of two tablet
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Table 1. Comparison of average retail prices for some fixed-dose combinations (FDCs) containing

RAAS inhibitor and diuretic or calcium channel blocker with prices for the same combinations
in different tablets

FDC: component INN, dosage,
N number of dosage units,
brand name (manufacturer),

price per package

ACEi perindopril 5 mg,

Component 1
ACEior ARB:

INN, dosage, number of dosage units,

Component 2
Diuretic or CCB:
INN, dosage, number of dosage units,
brand name (manufacturer),

price per package

brand name (manufacturer),

price per package

diuretic indapamide 1,25 mg, # 30
Noliprel A Forte (Servier)

Average price: 954,4 RUB

ACEi ramipril 5 mg,

perindopril 5 mg, # 30
Prestarium A (Servier)

Average price: 259,9 RUB

indapamide 1,5 mg, # 30
Arifon retard (Servier)
Average price: 211 RUB

Average combination price 470,9 RUB

diuretic indapamide 1,25 mg, # 30
Konsilar-D24 (Vertex)

Average price: 672,4 RUB

ACEi enalapril 10 mg,

ramipril 5 mg, # 28
Ramipril vertex

Average price: 167 RUB

indapamide 1,5 mg, # 30
Indapamide vertex

Average price: 32 RUB

Average combination price 199 RUB

CCB lercanidipine 10 mg, #28
Lerkamen Duo
(Berlin-Chemie/Menarini)

Average price: 666,5 RUB

ACEi lisinopril 10 mg,

enalapril 10 mg, # 30 lercanidipine 10 mg, # 28
Berlinpril

Lerkamen
(Berlin-Chemie/Menarini)

(Berlin-Chemie/Menarini)
Average price: 132,7 RUB

Average price: 463,8 RUB

Average combination price 596,5 RUB

CCB amlodipine 5 mg, # 30
De-kriz (MEDISORB)

Average price: 343,6 RUB

ARB valsartan 80 mg,

lisinopril 10 mg, # 30
Lisinopril medisorb

Average price: 135,5 RUB

amlodipine 5 mg, # 50
Amlodipin medisorb

Average price: 80 RUB

Average combination price 215,5 RUB

diuretic hydrochlorothiazide 12,5 mg, # 28

Co-diovan (Novartis Pharma)

Average price: 2504,8 RUB

valsartan 80 mg, # 28
Diovan (Novartis Pharma)

Average price: 2035,5 RUB

hydrochlorothiazide 25 mg, # 20
Gipotiazid (Sanofi Rossija)
Average price: 94,4 RUB

Average combination price 2129,9 RUB

ARB azilsartan medoxomil 40 mg,
diuretic chlorthalidone 12,5 mg, # 28
Edarbi-Klo (Takeda Island Limited)

Average price: 1225,4 RUB

ARB candesartan 16 mg,

azilsartan medoxomil 40 mg, # 28
Edarbi (Takeda Island Limited)
Average price: 952,2 RUB

chlorthalidone 12,5 mg, # 30
Dikardplus (Ipca Laboratories Limited)
Average price: 227,8 RUB

Average combination price 1183 RUB

CCB amlodipine 10 mg, # 30
Giposart A (Akrikhin)

Average price: 618,8 RUB

ARB telmisartan 40 mg,

candesartan 16 mg, # 30
Giposart (Akrikhin)
Average price: 485,5 RUB

amlodipine 10 mg, # 30
Amlodipine (Vertex)
Average price: 65 RUB

Average combination price 550,5 RUB

CCB amlodipine 5 mg, # 28
Telzap AM (Sanofi Russia)

Average price: 502,8 RUB

telmisartan 40 mg, # 30
Telzap AM (Sanofi Russia)
Average price: 464 RUB

amlodipine 5 mg, # 30
Amlodipine (Vertex)
Average price: 65 RUB

Average combination price 528 RUB
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(ramipril/ amlodipine: EURO 230 vs. EURO 134; can-
desartan/amlodipine: EURO 339 vs. EURO 235) [22].

A higher price of antihypertensive FDCs from the
same manufacturer in Russia in comparison to the total
cost of the same doses of individual components is par-
tially due to a higher demand for FDC, since the doc-
tors are under regulatory pressure to prescribe FDCs.
To a greater extent, this is a result of the absence of these
FDCs in the list of vital and essential medicines. In the
Russian Federation, price control applies only to the
drugs which are included in the list of vital and essential
medicines (Art. 60 of Federal Law No. 61 as amended on
30/01/2024, On Circulation of Medicines, and Decree of
the RF Government No. 865, On State Control of Prices
for Vital and Essential Medicines); only medicines in
this list are subject to the manufacturer’s maximum sale
price, specific wholesale and retail mark-ups. The prices
for medicines, not included in the list of vital and essen-
tial medicines (in this case — antihypertensive FDC),
are determined by the manufacturer.

Selection of the most optimal
two-component combinations
of antihypertensive agents:
FDC or free combinations

1) Combination of an ACEi and a diuretic. A com-
bination of an ACEi and TD/TLD is the most common
in AH management due to its high efficiency, protection
of target organs, adequate safety and tolerability, ability
of ACEi to prevent diuretic-mediated hypopotassaemia
[23].

An earlier large-scale retrospective study in patients
with AH evaluated compliance with ACEi and TD. One
year after initiation of hydrochlorothiazide-only ther-
apy, 70% of patients withdrew from further therapy,
whereas when an FDC of TD and ACEi was prescribed,
the number of patients withdrawing from antihyperten-
sive therapy was twice as low [24]. In the study, fixed
combinations were compared to TD monotherapy; and
no comparisons were made with ACEi monotherapy
and with a free combination of ACEi and TD in various
tablets.

A retrospective cohort study in 13,350 subjects aged
66 years and over in Ontario, with a follow-up period
of up to 5 years, compared patients treated with fixed
combinations of ACEi and TD/TLD with patients
taking individual antihypertensive agents. Comparison
of results before the first case of treatment withdrawal
(when there were no differences in compliance between
groups) did not reveal any significant intergroup dif-

ference in clinical results [25]. The use of FDC was

associated with better compliance (70 % with FDC vs.
42 % with individual tablets) [25].

A randomised, 8-week prospective cross-section
study in two groups, conducted in Nigeria in 2018 in
adult patients with AH who were treated with ACEi
lisinopril and TD hydrochlorothiazide monotherapy or
with FDC, demonstrated that, by the end of week 8, both
regimens achieved significant reduction in BP vs. base-
line values; there were no cases of proteinuria in both
groups; however, compliance was better with the use of
FDC [26].

One of the most popular and common FDCs of ACEi
with a thiazide-like diuretic is a combination of a lipo-
philic prodrug perindopril with indapamide. In Russia,
this combination is distributed just under 19 trade
names, for instance, Noliprel which is presented in
three Noliprel A (perindopril/indapamide
2.5 mg/0.625 mg), Noliprel A Forte (perindopril/inda-
pamide 5 mg/1.25 mg), Noliprel A Bi-Forte (perindo-

doses:

pril/indapamide 10 mg/2.5 mg), thus making it possible
to individually select a dose [27].

In their study, the staff of A. I. Evdokimov Moscow
State University of Medicine and Dentistry discuss
advantages of the Russian combined medicine — Konsi-
lar-D24, which is a fixed combination of ACEi ramipril
5 mg and TLD indapamide 1.25 mg, primarily better
compliance among patients with AH [21]. The study of
this FDC continued with the CONSONANCE 2023 pro-
gram; for the first time, the therapy efficacy was eval-
uated after home-based BP monitoring, taking into
account drug effects for the long-term BP variability and
patient well-being using the EuroQol visual and ana-
logue scale. The target clinical BP levels of < 140/90 mm
Hg after 2 weeks were achieved in 74.9% of patients,
after 6 months — 99.4 % of patients. The target home-
based BP levels of < 135/85 mm Hg after 2 weeks were
achieved in 75.7 % of patients, after 6 months — 91.1%
of patients [28].

2) Combination of an ARB and a diuretic.
An equally important, and also an alternative, combi-
nation with ACE|, especially in case of their individ-
ual intolerance (dry cough, angioedema), is ARB with
TD/TLD [29].

Telmisartan (ARB) possesses high
AT, receptors and more than any other sartans affects

affinity to

peroxisome proliferator-activated receptors y (PPARY),
at a dose recommended for AH therapy, which can be
of importance in case of concomitant insulin resis-
tance, type 2 diabetes mellitus and metabolic syndrome.
PPARYy activation boosts adiponectin production and
facilitates anti-inflammatory, anti-oxidative effects
on vessel walls, thus having angioprotective activ-

ity and reducing the risk of atherosclerotic processes.
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Currently, the following doses of the FDC of telmisar-
tan and hydrochlorothiazide are marketed in Russia:
telmisartan 40 mg+hydrochlorothiazide 12.5 myg,
telmisartan 80 mg+hydrochlorothiazide 12.5 mg,
telmisartan 80 mg+hydrochlorothiazide 25 mg, as well
as the FDC of telmisartan and indapamide: telmis-
artan 40 mg+indapamide 1.5 mg and telmisartan
80 mg+indapamide 1.5 mg [30].

Also, an FDC containing ARB azilsartan medoxomil
with diuretic chlortalidone is of interest [31], which
is available only in two doses: azilsartan 40 mg and
chlortalidone 12.5 or 25 mg. Chlortalidone is a 1st gen-
eration thiazide-like diuretic with a long-lasting effect
(24-48 h vs. 6-12 h for hydrochlorothiazide). That is
why a comparison of the two combinations of azilsar-
tan medoxomil with chlortalidone (FDC Edarbyclor)
and hydrochlorothiazide demonstrated that the com-
bination of azilsartan medoxomil with chlortalidone
possesses higher antihypertensive efficiency and com-
parable safety vs. the combination with hydrochlorothi-
azide [29]. In a comparative study of the FDC azilsartan
medoxomil with chlortalidone (Edarbyclor 40/12.5 mg)
and a free combination of azilsartan medoxomil with
indapamide retard (Edarb 40 mg+indapamide retard
1.5 mg) in patients with AH, after 12 weeks 88 % of
patients in the first group and 72 % of patients in the
second group reached target clinical BP; the first group
demonstrated higher antihypertensive effects on clinical
and 24-hour peripteral BP, as well as normalisation of
24-hour systolic BP [32].

3) Combination of ACEi and CCB. First studies of
the combination of fixed doses of ACEi enalapril and
dihydropyridine calcium channel blocker lercanidip-
ine showed that the FDC is more potent in BP reduc-
tion than enalapril 20 mg monotherapy or lercanidipine
10 mg monotherapy [33].

A comparative analysis of AH management using a
free combination of ACEi perindopril and CCB amlo-
dipine and FDC Prestans during 12 months compared
changes in BP values, including BP variability, target
organ remodelling criteria. By the end of week 4, the
target BP values were observed in 87.5% and 87.1 % of
patients in both groups vs. baseline. Diastolic BP and
nocturnal systolic BP were lower in patients taking
FDC. One year after therapy initiation, the group of
patients treated with a free combination of perindopril
with amlodipine still demonstrated changes in target
organ remodelling parameters: glomerular filtration
rate, microalbuminuria, ankle-brachial index, which
is a result of poorer compliance, more frequent with-
drawals from one of the prescribed antihypertensive
agents for 1-3 days, as well as dose modifications by
patients [34]. The need for a wider dose range has been

satisfied with a fixed dose combination of perindopril
with amlodipine sold under the brand name Dalneva,
which is available in four perindopril/perindopril dose
combinations: 4/5, 8/5, 4/10, and 8/10 mg, which is
very useful for the real-life clinical practice [5]. A study
by Simonyi G., et al. (2017) comparing the stability of a
year-long AH therapy with free combinations and FDC
demonstrated that the actual rate of therapy withdrawal
was approximately two times higher with free doses vs.
FDC [35].

A comparison of the efficacy of FDC and a free com-
bination of ramipril and amlodipine in patients with AH
also demonstrated better compliance and the degree of
the nephroprotective and angioprotective effects in the
FDC group vs. a free combination [36, 37]. A combina-
tion of ACEi and CCB is seen as a promising option
in the therapy of patients with AH and concomitant
COVID-19, it being a result of efficient correction of
endothelial dysfunction. It appears that perindopril
not only increases the bradykinin levels and boosts the
activity of endothelial NO-oxidase, but it also decreases
the rate of endothelial cell apoptosis, while amlodipine
acts as an antioxidant [5, 38].

4) A combination of ARB and CCB is not indicated
in cardiovascular comorbidities with conduction abnor-
malities: bradycardia, atrioventricular blocks, but is a
combination of choice in concomitant ischemic heart
disease, myocardial hypertrophy, migraines.

The VICTORY II study assessed the efficacy and
safety of an FDC containing valsartan and amlodipine
in achievement of target BP levels in newly diagnosed
or uncontrolled AH. During a 3-month period with
monthly valsartan/amlodipine dose titration, the target
AH levels were achieved in a majority of patients with
good tolerability. Also, FDCs reduced albuminuria, vas-
cular endothelium dysfunction and improved erectile
function and quality of life [39]. The use of medical ser-
vices and the costs incurred by the patients in the FDC
group treated with valsartan/amlodipine, as compared
to their free combinations, were 16-20 % lower. In par-
ticular, they had fewer hospital admissions, outpatient
visits and ambulance calls [40].

In astudy conducted at the Kazan Medical University,
patients treated with an FDC of losartan and amlodipine
showed significantly higher reduction in the values of
24-hour BP monitoring vs. losartan and hydrochloro-
thiazide. It is assumed that an FDC containing CCB is
preferable in patients with reduced nocturnal BP [41].

When an FDC of candesartan and amlodipine
and their free combinations were used, the number of
patients who were treated with and withdrew from the
therapy with these drugs within 2 months after therapy
initiation was comparable. However, after 3 months, the
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rate of therapy discontinuation was higher in patients
taking a combination of two tablets vs. FDC; after
12 months, the difference between the groups was even
bigger [42].

A comparison of the comorbidity risk factor (all-
cause mortality and all-cause hospitalisation) showed
that the FDC regimen, in particular combinations of
valsartan/amlodipine, had
advantages vs. free antihypertensive combinations.
Thus, FDC regimens are associated with a lower rate of
cardiovascular events and lower all-cause mortality in

candesartan/amlodipine,

the clinical practice [43].

Market analysis of two-
component antihypertensive
FDCs containing a RAAS
inhibitor and diuretic/calcium
channel blocker

In order to analyse the Russian market of antihyper-
tensive agents, we studied the number of trade names of
two-components FDCs, based on the INN of ACEi/ARB
in the National Register of Medicines. Below are RAAS
inhibitors in descending order of their presence in FDC
(in brackets, the first digit means the number of INN
combinations with various diuretics and calcium chan-
nel blockers; the second digit is the number of their
trade names):

1) enalapril (4/16)> lisinopril (3/15)> ramipril (3/7)>
perindopril (2/25)>

captopril (1/2)> zofenopril (1/1) = trandolapril (1/1) =
fozinopril (1/1) = quinapril (1/1)> spirapril (0/0) =

cilazapril (0/0);

2) telmisartan (3/15)> (3/19)>
(2/22)> candesartan (2/6)>
medoxomil (2/3)> azilsartan medoxomil (2/2) =

valsartan losar-

tan olmesartan

irbesartan (2/2)> eprosartan (1/1).

In general, prolonged-release antihypertensive FDCs
should be preferable in order to ensure a 24-hour effect
after a single administration. Less common are prod-
ucts with such diuretics as indapamide; there is only
one combination with diuretic chlortalidone (azilsar-
tan medoxomil+chlortalidone). More common are
FDCs with a shorter-action diuretic hydrochlorothia-
zide (especially among 2-component FDCs containing
sartans).

The majority of FDCs containing CCB include dihy-
dropyridinederivativeamlodipine. Thereisone FDCcon-
taining lercanidipine: enalapril+lercanidipine, and one
FDC containing nitrendipine: enalapril+nitrendipine.
An FDC with a non-dihydropyridine CCB verapamil
is available only in one drug from a non-Russian
manufacturer.

An analysis of the market depth, i.e. availability of
FDCs with ratios of various component doses, requires
a more thorough study. It should also be taken into
account that the availability of antihypertensive FDCs
mentioned in the National Register of Medicines can
significantly differ from the assortment in pharmacies of
various constituent territories of the Russian Federation.

Discussion and conclusion

Currently, the most common initial drug therapy of
AH is a combination of two products. The recommenda-
tions of the International Society of Hypertension (ISH)
state that the optimal option is a combination of a RAAS
inhibitor (ACEi or ARB) with a CCB in the majority of
patients, while a fixed combination of an ACEi or ARB
with a diuretic is advisable in elderly people with a his-
tory of stroke or transient ischaemic attack, with signs
of chronic cardiac failure, and a history of CCB intoler-
ance [39]. Selection of a specific initial regimen of AH
therapy depending on the clinical picture is presented
in Table 2.

The use of a combined therapy, which is syner-
getic and complementary, increases a share of patients
achieving the recommended target BP values, as well
as ensures protection against target organ damage and
reduces the risk of side effects and cardiovascular events
[46]. An important matter is the selection between a
fixed combination in one tablet and a combined therapy
in two different tablets.

Combined antihypertensive products in the form
of FDCs improve BP control and compliance among
patients with AH. Despite the fact that the FDC assort-
ment is gradually growing, a 2-year study in the USA
showed that three out of five hypertensive adults treated
with 2 classes of antihypertensive agents use a regi-
men, which as of January 2023 was not commercially
available in the form of an equivalent FDC [47]. These
results demonstrate that the available FDC assortment
does not meet the clinical needs of the target popula-
tion [48]. On the one hand, the available FDCs are not
complete; on the other hand, they overlap and dupli-
cate one another due to a wide range of generic prod-
ucts [47]. Besides, FDCs are not often used as a first-
line antihypertensive therapy, despite the increasing
volume of evidence and scientific recommendations
[49]. According to the literature, patients, whose initial
therapy was usually FDCs, were younger and had fewer
comorbidities. A multivariate analysis demonstrated
that in patients with a history of myocardial infarc-
tion or stroke, healthcare providers prefer a more flex-
ible therapy and free combinations of antihypertensive
agents [42].
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Table 2. Choice of fixed-dose combinations (FDC) containing RAAS inhibitor and a diuretic or calcium channel blocker

for arterial hypertension [2, 7, 44, 45]

Comorbidities

Preferred FDC

Alternative

angina pectoris

myocardial infarction

chronic heart failure

left ventricular hypertrophy

atrial fibrillation

coronary and carotid atherosclerosis, dyslipidemia

cerebrovascular disease

metabolic syndrome

type 2 diabetes mellitus

proteinuria / microalbuminuria

chronic kidney disease

peripheral artery disease

intolerance to ACE inhibitors (dry cough, which is more common for
women, patients of the Negroid and Mongoloid races, smokers, patients

with concomitant bronchopulmonary pathology)

patients with multiple drug allergies, bronchial asthma, COPD

ACEi (primarily perindopril
or ramipril) + CCB

ARB + CCB
ACEi + TD/TLD
ARB + CCB
ACEi/ARB + CCB non-
dihydropyridine (non-DHP),
e.g. verapamil
ACEi + CCB
ARB + TLD/ CCB
ACEi/ ARB + CCB

ACEi/ ARB + CCB

ACEi/ ARB + TD/TLD

ARB (primarily valsartan
or candesartan) + CCB

ACEi + CCB/TD

ARB + TD/TLD

ACEi + CCB

ACEi/ARB + CCB
dihydropyridine (DHP)

ARB + CCB

ACEi + TLD

ACEi/ARB + indapamide

ACEi/ARB + indapamide

ACEi/ARB + CCB

ACEi/ ARB + loop diuretic ACEi/ARB + TD/TLD
ARB + CCB ACEi + CCB
ARB + CCB ARB + TD/TLD
ARB + CCB ARB + TD/TLD

Note. CCB — dihydropyridine calcium channel blocker, ARB — angiotensin II receptor blocker, ACEi — angiotensin-converting enzyme inhibitor, TD — thiazide diuretic,

TLD — thiazide-like diuretic

In addition to the patient convenience, better com-
pliance, ease of prescription and better achievement of
target BP values, advantages of a combined antihyper-
tensive drug therapy with FDCs include prevention of
the probability of irrational combinations [27]. At the
same time, advantages of free combinations of antihy-
pertensive agents include more individualised selection
of drug doses (however, the range of FDC doses and
assortment grow from year to year), the possibility to
cancel or replace one component of the combination
with another one, the possibility of taking combination
components at various times during the day, which can
yield a more stable 24-hour antihypertensive effect (for
instance, a RAAS blocker is taken in the morning and a
CCB — before bed) [8, 50].

Going back to the main advantage of FDC, that
is, better compliance, it is worth mentioning that no
therapy will ever be efficient, unless the patient takes
the prescribed medicines in a correct order, correct
dose and required number of times. FDCs once daily
improve compliance. Currently, there are FDCs which
contain not only antihypertensive agents, but also com-
ponents to correct the main risk factors of AH and
its complications. For example, in order to simplify
the drug therapy regimen in concomitant dyslipid-
emia and metabolic syndrome, statins were added to
one tablet with antihypertensive agents. Two ACEi-
containing FDCs are currently available in Russia:
lisinopril/perindopril+amlodipine+statin ~ (rosuvas-
tatin/atorvastatin), and one ARB-based combination:
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losartan+amlodipine+statin ~ (rosuvastatin). In a
study comparing a three-component FDC of olmes-
artan/amlodipine/rosuvastatin in one tablet at a dose
of 20/5/5 mg (group 1) and 20/5/10 mg (group 2) vs.
FDC of olmesartan/amlodipine at a dose of 20/5 mg
(group 3), the primary endpoint was the difference
in the changes in cholesterol and low-density lipo-
protein (LDL) levels 8 weeks after the baseline in
3 groups of patients with AH and a low or moderate
cardiovascular risk. Achievement of LDL cholesterol of
< 5.6 mmol/L after 8 weeks was statistically different
between the groups (65.8 %, 86.7 %, and 6.3 %, respec-
tively). Results for total cholesterol, triglycerides, HDL,
apolipoprotein B, etc. were better in groups treated
with FDCs containing rosuvastatin; no serious adverse
drug reactions (ARD) were reported in any group [51].
A meta-analysis of 18 actual clinical studies with the
total number of 20,463 subjects revealed a statistically
significant correlation between the use of FDCs with
statins and improvement in compliance, lower BP and
total cholesterol in hypertensive patients in the high-
risk group [52].

Generally, an idea of using all required medicines in
one tablet to prevent and correct cardiovascular risk fac-
tors (not only statins, but also antiplatelets for throm-
bosis prevention, folic acid for homocysteinemia cor-
rection, etc.) has been actively developing [53] and is
at the edge of polypharmacy, which brings about sound
scepticism. First, there is a risk of taking unnecessary
drugs and excessive control of very low levels of BP and
LDL cholesterol. Second, there are pharmacokinetic
drug-drug interactions in multi-component (4 and
more components) FDCs, with subsequent changes in
therapy efficacy and unpredictable incidence of ARDs.
Third, some healthcare providers want to emphasise a
non-drug correction of risk factors.

When evaluating the pharmacoeconomic advantages
and reduction in the cost of FDC therapy, it is assumed
that the costs for patients treated with adequate FDC
regimens is lower than with the use of free combina-
tions. In particular, they have fewer hospital admissions,
outpatient visits and ambulance calls [27]. However, in
a meta-analysis by Mallat S.G., et al. (2016), analysing
7 randomised clinical studies comparing efficiency of
BP control with FDCs and free antihypertensive com-
binations, the authors concluded that the designs of
these studies are not adequate in terms of methodology,
that is why their results do not confirm and do not rule
out significant difference between a fixed and free com-
bined therapy of AH [39]. Besides, evidences gathered
in clinical studies of free combinations are often pro-
jected on fixed combined therapy, which is a doubtful
extrapolation.

At the same time, the START study analysed data
from 57,998 AH patients: 15,349 patients were treated
with ramipril/ amlodipine, 10,801 — with valsar-
tan/amlodipine, 1,026 — with candesartan/amlodip-
ine in one tablet or several similar tablets. All groups
treated with FDC had reliably lower all-cause mortality,
reliably higher therapy tolerability, lower incidence of
events with cardiovascular complications vs. a combi-
nation of several tablets [56]. These results confirm the
recommendations of the European Society of Cardiol-
ogy/European Society of Hypertension and Interna-
tional Society of Hypertension, recommending using
combinations in one tablet and more active introduc-
tion of FDC to routine clinical practice.

A systemic review by Parati G., et al. (2016) dis-
cusses a number of potential advantages of FDC vs. free
combinations of equivalent drugs: lower tablet load,
lower healthcare costs and use of resources, reduction
in clinical inactivity by healthcare providers and better
therapy compliance [54]. However, none of the studies
measured compliance through drug monitoring (drug
quantification in blood and urine); instead, indirect
methods to count tablets were used, such as a share of
days covered or drug possession factor, which can over-
estimate compliance, although, in the long-term, these
methods allow for efficient measurements. Also, stud-
ies which demonstrated similar compliance between
DC and free combinations of two tablets were mostly
prospective, and patients were regularly and closely fol-
lowed-up. Because of better compliance, studies of the
positive effect of FDC vs. combinations of two tablets
were retrospective.

The 2024 list of vital and essential medicines con-
tains a combination of ARB valsartan with inhibitor
neprilysin sacubitril (Uperio), used in the management
of chronic cardiac failure. There are no antihyperten-
sive FDCs including a RAAS inhibitor and a diuretic or
CCB; patients cannot get them at a discounted price and
healthcare providers can choose to prescribe free com-
binations of antihypertensive agents.

FDCs are associated with some limitations which
should be assessed in clinical practice: fewer cases of
potential inefficiency of one of the components, a nar-
rower range of component doses, relative limitation of
an increase in the dose of one of the drugs irrespective
of the other one, or adaptation of the dose of one drug
to some circumstances (reduction of the diuretic dose
in case of fever or diarrhoea), a higher risk of complica-
tions in non-compliant patients [49, 55].

Therefore, optimal fixed dose combinations help both
healthcare providers and AH patients to achieve and
maintain the life-long target BP. FDCs should be prefer-
able. At the same time, currently there are a number of




Apxusb BHyTpeHHE MeAMuMHEL ® No 5 o 2024

OB3OPHBIE CTATbHU

circumstances, where combined antihypertensive ther-
apy in two different tablets can be used. Further studies
of pharmacoepidemiological and pharmacoeconomic
aspects of the two-component antihypertensive therapy
in Russia are required.
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Counterpulsation in Clinical Practice

Pesome

XpoHuyeckmne HerHdEKLMOHHbIe 3a60/1eBaHNA NPeACTaBAAIOT BaXHY0 MeANKO-CoLManbHyto NpobaeMy AN cMCTeMbl 34paBooOXpaHeHns. OnTuManb-
Has ¢apMaKoTepanusa He BCerJa OKasblBaeTCs A0CTaTOYHO 3PPEKTUBHON, a MPUMEHEHME XUPYPIrUYECKUX METO/OB leHeHUs BO3MOXKHO He Yy BCex
6OIlebIX‘ Kp0Me TOro, BaXXHbIM 3B€HOM KOMIM/IEKCHOI0 BeAeHUA TaKnX NalnMeHTOB ABAAETCA A03MPOBaHHaH ¢I/I3VI‘-IeCKaF| AKTUBHOCTb, OAHaKOy 60/1b-
LWMHCTBA U3 HUX HW3KasA TONePaHTHOCTb K HarpyskaM He Mo3BO/IAET MX OCYLLEeCTBAATD, 3anycKas MOPOYHbIA KPYr, MPUBOAALLMIA K CHUKEHUIO GYHK-
LMOHa/IbHOro pesepBa opransMa. B AAHHOM cnyqae Mno/1Ie3HbIM MOXeT 6bITb MnCnosb30oBaHNE HEMEANKAMEHTO3HbIX MeTOA0B /1Ie4eHUs, Hanpwmep,
YCUNEHHOW HapYXHOMN KOHTPMy/ibcauumn. HacToAwmin 0630p NocBAlLeH aHan3y NUTepPaTYPHbIX AaHHbIX O BO3MOXHOCTAX UCMO/Ib30BaHWA aHHOro

MeToAa, 4TO UMeeT CyLleCTBEHHOE 3Ha4YeHne B KANHUYECKOMN npaKkTuKe.
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Abstract

Chronic non- infectious diseases represent an important medical and social problem for the healthcare system. Optimal pharmacotherapy is not
always effective enough, and the use of surgical treatment methods is not possible in all patients. In addition, an important link in the comprehensive
management of such patients is dosed physical activity, however, in most of them, low exercise tolerance does not allow them to exercise, starting
a vicious circle that leads to a decrease in the functional reserve of the body. In this case, the use of non-pharmacological treatment methods, for
example, enhanced external counterpulsation, may be useful. This review is devoted to the analysis of literature data on the possibilities of using this

method, which is important in clinical practice.

Key words: chronic non- infectious diseases, enhanced external counterpulsation, non-pharmacological treatment methods
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Introduction

Chronic non-communicable diseases (CNID) are
one of the global problems all over the world due to
their high incidence, poor prognosis (incapacitation and
death) and negative impact on the quality of patients’
lives [1]. Almost a half of the world population have at
least one chronic condition [2]. According to the Russian
Society for the Prevention of Noncommunicable Dis-
eases [3], the most common CNCD are cardiovascular
diseases (CVD), malignancies, chronic respiratory dis-
eases (CRD), and diabetes mellitus (DM). These condi-
tions deplete the functional reserves of the human body
and reduce the intensity of compensatory and regenera-
tive responses.

Currently, pharmacological and surgical treatment
strategies have been actively developing, and they can
improve the well-being of such patients. However, it is
worth mentioning that even the optimal drug therapy
in such patients is not always efficient enough, and sur-
gery is possible not in all patients. Besides, in recent
decades, physical exercises have been widely used for
the management of patients with CNCDs. A systematic
overview [4], comprising results from 85 meta analy-
ses on 22 various chronic conditions, demonstrated
that graduated exercises are a safe way to boost physi-
cal and functional capabilities in patients with CNCDs.
It means aerobic training, strength training, combined
exercises with weight, as well as a majority of other
training protocols, typical for a specific condition of the
body. Still, not all patients can do exercises due to poor
tolerance and long-lasting hospitalisations, thus bring-
ing about a vicious circle of muscle dysfunction result-
ing in body de-training and depletion of its functional
reserves. Such cases require additional non-drug thera-
pies, one of which is enhanced external counterpulsa-
tion (EECP), which allows patients not only to boost
their motor performance, but can also be used together
with physical exercises.

Background of the method

The external counterpulsation (ECP) method has
been used in the clinical practice since recently. The
term “counterpulsation” appeared just in the second half
of the 20th century. It was used in 1962 for the first time
to describe a mechanism of fast reverse movement of the
blood in the aorta. Then the new method was tested in
an experiment in dogs. Cuffs were placed on the lower
extremities of animals, then air was pumped to increase
the diastolic pressure in the aorta. Some time later, these
experiments were used to create the first device for ECP
in humans as an alternative to intra-aortic balloon coun-
terpulsation, which is an invasive and technically sophis-
ticated method. First ECP devices used only two cuffs;
later, the addition of a buttock cuft enhanced the haemo-
dynamic efficacy of the method, hence the name of the
method.

A modern EECP device comprises an electronic con-
trol unit, compressor, air hoses, couches, fitted cuffs for
patient’s shanks, hips and buttocks, electrodes to syn-
chronise the device with the patient's ECG and finger
photoplethysmograph (Fig. 1).

EECP mechanism of action

During the diastolic phase, the air is quickly and
consistently pumped from the cuff from the bottom
up (from shanks to buttocks), which compresses arte-
rial vessels. The resulting reverse arterial blood flow
and increased diastolic pressure in the aorta facilitate
an increase in perfusion pressure in arterial vessels
and better organ perfusion. Before systole, cuffs are
deflated; therefore, blood from the heart is pumped to
partially empty vessels with lower resistance, reducing
the afterload [5].

The EECP mechanism of action includes haemody-
namic, neurohumoral and tissue effects (Table 1).

Haemodynamic effects are associated with increased
diastolic coronary blood flow, increased venous return
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Figure 1. Device for enhanced external counterpulsation
Note: 1 — electronic control unit; 2 — compressor; 3 — air hoses; 4 — couch; 5 — cuffs; 6 — electrodes; 7 — finger photoplethysmography

Table 1. Effects of enhanced external counterpulsation

- Increased diastolic coronary

- Improvement of the elastic
properties of blood vessels (reduction

- Improvement of endothelial

- Improvement of metabolic
activity in tissues;

- Increased tissue resistance to
ischemia;

- Increased insulin sensitivity;

blood flow;

- Improvement of systemic of stiffness);
microcirculation;

- Reduction of postload on the function;

heart; - Formation of collaterals

- Increased venous return; (angiogenesis);

- Slowing down the progression of

atherosclerosis;

to the heart, better system microcirculation, as well
as reduced afterload to the heart. The haemodynamic
effect of EECP is based on an increase in perfusion
pressure in coronary arteries during the diastole and
lower resistance to the cardiac output during left ven-
tricle systole [6].

Vascular effects are due to better elastic properties
of vessels and endothelial function, formation of collat-
erals and slowing down of atherosclerosis progression.
It has been found out that EECP improves athrombo-
genic activity of the vascular wall, increases antitrom-
bin III and plasminogen levels, and reduces antioxidant
tissue-type plasminogen activator inhibitor levels [7].
Also, EECP causes an increase in nitrogen oxide levels
and reduction in endothelin 1 levels [8], as well as con-
tributes to neoangiogenesis activation. This effect is

possible due to shear stress in vessel endothelial cells,
resulting from friction between a blood layer and vessel
wall. Faster blood flow in arteries during compres-
sion of lower limbs increases this value and stimulates
release of various vasoactive substances (a-actin, von
Willebrand factor, basic fibroblast growth factor, hepat-
ocyte growth factor, vascular endothelial growth factor,
and nitrogen oxide) [9-11].

Tissue effects are associated with better metabolic
activity in tissues, better tissue resistance to ischaemia
and insulin sensitivity.

This review presents results of an analysis of the lit-
erature data for 1998-2024 from PubMed, RSCI (Rus-
sian Science Citation Index), Scopus on the use of
EECP in clinical settings. The following keywords were
used: external counterpulsation, non-drug treatment,
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These
the capabilities of this method in various conditions, as
well as discuss possible mechanisms of positive effect

rehabilitation. scientific researches describe

from EECP, which is of importance in clinical practice
and further studies.

Use of the method
in clinical practice

In clinical settings, EECP was used for the first time
in patients with chronic cardiac insufficiency (CCI) [12]
and ischaemic heart disease (IHD) [13]. In the Russian
clinical recommendations on stable IHD, EECP is rec-
ommended for the management of refractory (both to
drug therapy and surgery) angina (grade of recommen-
dation A, level of evidence 2) [13]. In the European clini-
cal recommendations, EECP is suggested for the man-
agement of symptoms in patients with severe angina,
which is refractory to optimal drug therapy and revas-
cularisation (grade of recommendation IIb, level of evi-
dence B) [14]. Currently, EECP is included in the stan-
dards of management of patients with stable IHD [15]
and CCI [16].

The method is unique since it is cost-effective and can
be used in outpatient settings, therefore, it is available
for a majority of patients. Also, EECP does not require a
high level of body training, that is why the method can
be used to treat patients who are not able to do exercises.
In Russia, EECP has been included into territorial pro-
grams of compulsory health insurance for patients with
IHD. At the same time, poor awareness of this method
among healthcare providers and patients and inadequate
availability of required equipment at the hospitals are
still a problem.

Indications for EECP

Stable IHD (refractory angina) is the main indication
for the use of this method, including cases where surgical
revascularisation is not possible.

Also, EECP has proven to be effective in the manage-
ment of patients with other conditions (including CCI,
acute ischaemic cerebrovascular event, cognitive disor-
ders, central retinal artery occlusion, inner ear diseases,
ischaemic erectile dysfunction, obliterating diseases of
lower limb arteries, chronic obstructive pulmonary dis-
ease), so the use of this method in these conditions is
justified [17].

Contraindications to EECP
Despite the efficiency and safety, EECP has a number
of contraindications [18, 19]:
« a history of thrombophlebitis and/or phlebitis;
« stage 2-3 pulmonary hypertension;

o decompensated cardiac insufficiency;

o myocardial infarction within the last three
months;

« instable angina;

« uncontrolled arterial hypertension;

» haemorrhagic conditions (blood-clotting disorder
with the international normalised ratio of > 2.0 or
prothrombin time > 15 s);

« severe cardiac valve pathology;

o critical ischaemia of lower extremity arteries;

o abdominal and/or thoracic aortic aneurysm;

o irregular and tachysystolic atrial fibrillation,
frequent ventricular extrasystoles, heart rate of
> 135 or < 35 bpm);

o cardiac catheterisation within the last two weeks;

o surgery within the last six weeks;

e pregnancy.

Use of EECP in cardiology

As mentioned earlier, the capabilities of EECP are
widely used in CVD management, and the effects of this
procedure are studied most in this group of patients.
The first large-scale study was MUST-EECP [20], which
demonstrated the positive effect of a course of EECP
in reduction of the number of angina episodes, thus in
reduction in the need for nitroglycerine products, as
well as longer physical exercise tolerance and the time
to segment depression of > 1 mm during the stress test.
According to V. Singh et al. (2018) [21], 163 patients
participating in the study also experienced reduction in
clinical signs of IHD. According to R. Subramanian et
al. (2005) [22], patients with CCI have elevated left ven-
tricle ejection fraction (LV EF) after a course of EECP:
from 46.40 + 15.88 % to 50.05 £ 13.20% (p < 0.001).
Similar results were described in a study by A. Sardari et
al. (2016) [23]: after a course of EECP, LV EF increased
from 42.65 + 11.82% to 44.26 + 11.86% (p < 0.001).
In addition to increased LV EF, EECP improves exercise
tolerance. It was demonstrated in a study by E. Wu et
al. (2013) [24], where exercise tolerance was evalu-
ated using the 6-minute walk test (6MWT). Following
EECP, the distance walked by patients increased by 7 %,
from 410 m to 439 m (p < 0.001). The long-term effects
of EECP on the structural and functional parameters of
heart and vessel condition, exercise tolerance, and qual-
ity of life of patients with stable IHD with CCI, were
studied in the Russian EXCEL study [25]. 120 patients
were randomly divided into three groups of 40 sub-
jects; two groups were treated with an optimal drug
therapy plus EEPC once every six or 12 months, while
the third group had placebo counterpulsation. During
a 12-month follow-up period, groups 1 and 2 demon-
strated better cardiac performance (LV EF increased
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from 40.6 £ 7.5 to 47.5 + 10.2 % and from 41.3 £ 6.8 to
43.9 + 10.3 %, respectively), as well as better exercise
tolerance during 6MWT (distance walked increased
by 44.5 % and 24.9 %, respectively) and improved qual-
ity of life, as evidenced by specialised questionnaires.
These positive changes lasted for the entire study;, i.e.
36 months [26].

Also, patients with THD often have peripteral artery
conditions, which are a relative contraindication to
EECP. However, a study by B. Thakkar et al. (2010) [27]
demonstrated safety of the method in such patients,
provided they do not have signs of critical ischaemia of
lower extremities. In another study [28], a course of ther-
apy (35 EECP sessions) in patients with obliterating ath-
erosclerosis of lower limb arteries resulted in significant
reduction in leg pain, calf muscles myotonia and chills in
feet. Also, this category of patients demonstrated a sig-
nificant increase in the rheographic index of shanks and
feet (by 23.9 % and 23.2 %, respectively), longer distance
of pain-free walking (in controls, an increase in distance
was 64.5 £ 25.1 m (p < 0.05), while in the EECP group
the distance increased by 250 + 31.2 m (p < 0.05)), and a
higher ankle-brachial index in the anterior and posterior
tibial artery (by 31.4 and 35.2 %, respectively (p < 0.05).
In this case, the positive effect of EECP was a result of
endothelial effects.

Often, patients with ITHD have arterial hyperten-
sion, when endothelial cells are damaged. A study by
J. Liang et al. (2021) [29] demonstrated positive effects
of EECP: reduction in systolic (133.2 + 4.9 mm Hg vs.
139.3 £ 6.4 mm Hg, p < 0.05) and diastolic (83.4 £ 4.5 mm
Hg vs 89.5 £ 7.6 mm Hg, p < 0.05) blood pressure and
better reparative capability of endothelial cells.

’ Cardiac effect

|

Use of EECP in pulmonology

As far as the use of EECP in patients with CRDs is
concerned, the studies are scarce and mechanisms of
positive effects are understudied. The largest study is the
study by M. Zhao et al. (2020) [30] to evaluate the effects
of EECP on exercise tolerance of healthy volunteers and
patients with chronic obstructive pulmonary disease
(COPD). This randomised clinical trial enrolled 72 sub-
jects aged 27 to 82 years of age who were randomly
assigned to two groups: EECP group and non-EECP
group. Depending on the highest oxygen consumption,
groups with normal exercise tolerance, low exercise tol-
erance and COPD (symptoms, risk factors and the ratio
of 1 second forced expiratory volume to forced vital
capacity of < 70 %) were assigned as well. To evaluate the
efficiency of a 15-session EECP, cardiopulmonary stress
test (CPST) results obtained before and after the course
were used. The study showed a considerable improve-
ment in the anaerobic threshold of oxygen consumption,
highest oxygen consumption, aerobic pulse threshold,
anaerobic threshold of training load, metabolic equiva-
lent of the anaerobic threshold, and highest metabolic
equivalent in all subgroups of the EECP group vs. non-
EECP group (p < 0.05). It has been demonstrated that
EECP improves exercise tolerance, which is very impor-
tant for patients with COPD. Although this study did
not evaluate the pulmonary function, a small sampling
study showed positive changes in the pulmonary func-
tion of patients with COPD who underwent a course
of EECP. Another US clinical study conducted in 2021
[31] evaluated the efficiency of EECP in the manage-
ment of long COVID-19. The study enrolled 16 patients
with confirmed long COVID. Of note, in addition to
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Figure 2. Mechanism of action of enhanced external counterpulsation in chronic respiratory diseases
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long COVID, these patients had comorbidities, such as
IHD and/or arterial hypertension. All patients had 15 to
35 EECP sessions. After a course of therapy, exercise
tolerance (6MWT) was significantly better (the distance
increased by 200.00 + 180.14 m, p = 0.002) vs. base-
line. Also, 44 % of study subjects noted improvement in
their dyspnoea (Rose scale), 63 % of subjects had better
angina functional status (Canadian Cardiovascular
Society classification). A recent pilot study conducted at
the Sechenov University [32] also showed the efficiency
of EECP in patients with CRDs. The study enrolled
30 subjects aged 35 to 74 years of age with severe and
moderate ventilation disorders without comorbidities.
All patients had a 20-session course of EECP. Unlike
other studies, in addition to CPST and 6MWT, EECP
efficiency was for the first time evaluated using body
plethysmography and a study of diffusing lung capac-
ity. A course of therapy resulted in significant positive
changes in lung capacity: 18 % increase in the total lung
capacity, mostly due to the lung capacity, which grew
by 24 % (p < 0.001). It is worth noting that there were
no significant changes in diffusing lung capacity. CPST
showed a significantly higher anaerobic threshold, ven-
tilation reserve and exercise tolerance (p < 0.001). There
is also a description of EECP use in post-COVID syn-
drome management [33]. In October 2020, a 38-year-
old otherwise healthy woman had COVID-19 infection
without pneumonia. Once a majority of symptoms had
resolved, she was still complaining of dyspnoea during
exercises, weakness and headache. The symptoms per-
sisted for three months, then the patient had one-hour
long EECP sessions three times per week. After 10 days
of the therapy, the patient noted improvement in her
dyspnoea; five weeks later, she reported that she had the
pre-disease physical performance.

The primary points of EECP application in patients
with CRDs can be: impaired lung perfusion and diffusing
capability, reduced muscular strength and endurance,
increased muscular fatigue, and impaired diaphragmatic
mobility. Respiratory muscle dysfunction, together
with limb muscle dysfunction, is a significant problem
in patients with CRDs; it contributes to the develop-
ment and persistence of respiratory insufficiency [34].
Thus, the mechanism of EECP action in CRDs (Fig. 2) is
likely to be a result of better perfusion of the lung tissue
(improperly ventilated alveolar and bronchiolar areas),
diaphragm and other respiratory muscles. M. Melin et
al. (2018) [35] demonstrated that EECP can induce a
response by skeletal muscle cells and increase expression
of their growth factors, thus increasing muscle metabo-
lism and ability to oxygenate muscles. These mechanisms
facilitate better functional reserve of the body, which
decreases in this group of diseases.

Use of EECP in endocrinology

According to study results, EECP has positive effect
on glycaemic control in patients with DM2. Studies
by P. Sardina et al. (2016) [36, 37] confirm that in two
weeks after a course of 35 sessions, fasting glycaemia,
postprandial glycaemia and glycated haemoglobin
levels dropped by 12.0, 13.5, and 19.6 %, respectively.
The positive change in insulin resistance index HOMA-
IR after a course of EECP was -31.1%. Also, a signifi-
cant reduction in pro-inflammatory cytokine levels and
advanced glycation end product lasted up to 6 months
after a course of therapy. Besides, a number of studies
[38, 39, 40] demonstrated positive effect of EECP on
DM complications, such as diabetic retinopathy and
diabetic nephropathy.

Use of EECP in neurology
Studies demonstrate improvement in cerebral
blood flow and artery collateralisation in the ischaemic
area after a stroke following EECP [41], so that this
method can be used for the management of neurologi-
cal patients. Better cerebral perfusion contributes to
better metabolism of neurons and glial cells, as well as
remyelination, and can affect motor function recov-
ery in patients with upper limb palsy [42]. Accord-
ing to G. Kozdag et al. (2013) [43], EECP facilitates
improvements in all cognitive areas, except for verbal
and visual memory tests. Q. Zhou et al. (2004) [44]
were the first to notice that, among 33 patients with
Parkinson’s disease treated with EECP, 87.9 % demon-
strated improvement in symptoms, probably due to
better cerebral blood flow, which, in turn, improved
performance of various neurotransmitters and recep-
tors in dopaminergic neurons in the substantia nigra of
the brain stem. Also, EECP improved insomnia due to
better cerebral blood flow and modulation of respec-

tive neurotransmitters [45].

Use of EECP in ophthalmology

A retrospective analysis by Chinese scientists [46]
showed positive effects of EECP in combination with
drug therapy in patients with ischaemic eye diseases and
stenotic carotid artery. Another study [47] demonstrated
that EECP increased the mean blood velocity, end dia-
stolic and peak systolic blood flow in ophthalmic arter-
ies and central retinal artery in patients with ischaemic
neuropathy of the optic nerve, and improved vision and
haemodynamic parameters.

Use of EECP in otorhinolaryngology

In a study by C. Offergeld et al. (2000) [48], EECP
therapy in patients with acute persistent hearing loss
and tinnitus resulted in better blood flow in carotid
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arteries (by 19 %) and better blood flow in spinal arter-
ies (by 11%). Besides, 47 % of patients reported tinni-
tus improvement, 28 % of patients noted better hearing,
which lasted for a year after the therapy.

Use of EECP in urology

A study by S. Froschermaier et al. (1998) [49]
reported for the first time about significantly increased
peak systolic blood flow in cavernous artery and subse-
quent improvement in erectile function, which lasted
for over 6 months. Another study by W. Lawson et al.
(2007) [50] demonstrated EECP efficiency in ischaemic

Table 2. Characteristics of the EECP research

erectile dysfunction management in patients with
refractory angina. Comparison of the values of the
International Index of Erectile Function before and
after EECP showed improved erectile function (p =
0.003), satisfaction with sexual intercourse (p = 0.009)
and overall satisfaction (p = 0.001). Considering that
currently erectile dysfunction is treated mostly with
phosphodiesterase type 5 inhibitors, which are con-
traindicated in patients with IHD taking nitrates, this
method can be a useful alternative.

The main characteristics of EECP studies are pre-
sented in Table 2.

Research Nosology Research design, n Endpoints Results
MUST- CHD Randomized, blind, The duration of physical activityand ~ An increase in the time to ST segment
EECP (1999) placebo-controlled; the time to ST segment depression depression =1 mm (p=0,01) compared to
[20] n=139; 8 weeks >1 mm, the average daily number the baseline and placebo group. Episodes
of angina attacks and the use of of angina pectoris were less frequent in the
nitroglycerin active EECP group compared with placebo
(p <0.05)
Singh et al. CHD with Non-randomized, Severity of angina pectoris according A decrease in the severity of angina pectoris
(2018) [21] or without uncontrolled; to the CCS classification, severity and the severity of shortness of breath,
diabetes n=163; 12 months. of dyspnea on the MRC scale, a decrease in fasting glycemia and HbAlc
mellitus indicators of glycemic control (p <0.001)
type 2 (fasting glycemia and HbAlc)
Subrama- CHD, CHF Non-randomized, LVEF, CASP, Al An increase in LVEF compared to the
nian et al. uncontrolled; baseline level after the course of EECP
(2005) [22] n=72; 8 weeks (p <0.001). A decrease in CASP, Al with
normal blood pressure, an increase in
CASP, AT with low blood pressure and left
ventricular dysfunction (p <0.05)
Sardarietal. CHD, CHF Non-randomized, LVEF, duration of physical activity, After the course of EECP, LVEF, maximum
2018 [23] uncontrolled; workload workload and duration of physical activity
n=34; 7 weeks increased compared to the baseline level
(p <0.001)
Wu etal. CHD Non-randomized, Exercise tolerance (6MWT), quality After the course of EECP, exercise tolerance
(2013) [24] uncontrolled; of life (SF-36), severity of angina increased compared to the baseline level,
n=34; 6 months pectoris according to the CCS quality of life improved and the severity
classification of angina pectoris decreased (p <0.001)
EXCEL CHD, CHF Randomized, placebo- Exercise tolerance (6MWT), An increase in exercise tolerance, quality
(2024) [25] controlled; quality of life (MLHFQ and SE- of life, functional parameters of the vascular

n=120; 36 months

36), functional parameters of the
vascular bed (capillaroscopy) and
heart (LVEF), adverse cardiovascular

clinical outcomes

bed and heart (p < 0.05) compared with
the baseline and placebo group, as well
as a decrease in the incidence of adverse

outcomes
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Table 2. Continued

Research Nosology Research design, n Endpoints Results
Badtieva et Obliterating ~ Non-randomized, The frequency of characteristic A decrease in the severity of symptoms in
al. (2019) athero- controlled; complaints, the pain-free walking the EECP group, an increase in the pain-
[28] sclerosis of n=68; 7 weeks distance, the state of peripheral free walking distance, an improvement in
the vessels hemodynamics, the ankle-shoulder peripheral hemodynamics and an increase
of the lower index in the ankle-shoulder index
extremities (p <0.05)
Liang et al. Arterial Randomized, Blood pressure, FDV, EPC A decrease in systolic and diastolic blood
(2021) [29] hyperten- controlled; n=40; pressure, an increase in the value of FDV
sion of the 7 weeks and an improvement in EPC function
1st degree (p <0.05)
Zhao et al. COPD Randomized, Physical endurance: Compared with the baseline and the control
(2020) [30] controlled; n=72; anaerobic threshold oxygen uptake, group, indicators of physical endurance
3 months maximum oxygen uptake, anaerobic  increased (p <0.05)
threshold impulse, anaerobic
threshold metabolic equivalent and
maximum metabolic equivalent
(CPST)
Sathy- Long-Covid ~ Non-randomized, Exercise tolerance (6MWT), severity ~ After the course of EECP, exercise tolerance
amoorthy uncontrolled; of shortness of breath on the Rose increased compared to the baseline level
etal. (2021) n=16; 5 months scale, DASI activity index, quality (p=0.002), the severity of shortness of
[31] of life (SAQ and PHQ-9), fatigue breath decreased, the indicators of the DASI
(PROMIS), severity of angina activity index, quality of life improved and
pectoris according to the CCS the severity of angina pectoris decreased
classification (p <0.001)
Nikolaeva Chronic Non-randomized, Pulmonary volumes, lung diffusion After the course of EECP, an increase in
etal. (2023) lung uncontrolled; capacity, exercise tolerance (CPST, total lung capacity was observed, and
[32] diseases n=30; 4 weeks 6MWT) exercise tolerance increased compared to
with the baseline level (p <0.001). There was
ventilation no significant dynamics in the diffusion
disorders capacity of the lungs
Sardina et Diabetes Randomized, Fasting plasma glucose, postprandial A decrease in glycemic control indicators
al. (2016) mellitus controlled; n=30; 3and  glycemia, HbAlc compared to the baseline level and the
[36, 37] type 2 6 months control group (p <0.05)
Yang et al. Ischemic Non-randomized; Visual acuity, visual fields and Improvement of visual acuity, visual fields
(2013) [46] ophthal- controlled; optical hemodynamics and optical hemodynamics compared to
mopathy n=65; 2 months baseline and control group (p <0.05)
Zhu et al. Front Non-randomized, The average blood flow rate, peak An increase in the blood flow rate in the
(2015) [47] ischemic uncontrolled; systolic velocity and final diastolic ocular artery and central retinal artery, a
optic n=16; 2 weeks velocity in the ocular artery and decrease in intraocular pressure, an increase
neuropathy central retinal artery, the value of in visual fields and visual acuity (p <0.05)

intraocular pressure, visual fields

and visual acuity
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Table 2. The end

Research Nosology Research design, n Endpoints Results

Offergeld et Diseases of Non-randomized, The volume of blood flow in the An increase in blood flow in the internal

al. (2000) the inner ear  uncontrolled; internal carotid arteries and in carotid arteries and in the vertebral

[48] n=33; 12 months the vertebral arteries, the intensity arteries, a decrease in the intensity and/or
and/or appearance of noise and appearance of tinnitus, an increase in the
the audibility threshold (audiogram)  hearing threshold (p <0.05)

Froscher- Erectile Non-randomized, Penile rigidity, peak systolic blood Increased penile rigidity, peak systolic blood

maier et al. dysfunction  uncontrolled; flow and erection quality flow and erection quality (p <0.05)

(1998) [49] n=13; 3 weeks

Lawsonetal. CHD, Non-randomized, International Index of Erectile Improvement of erectile function (p < 0.05)

(2007) [50] erectile uncontrolled; Function, DAST activity index and DASI activity index. There were no

dysfunction ~ n=120; 7 weeks significant changes in orgasmic function

and sexual desire

Note: EECP — enhanced external counterpulsation; CHD — coronary heart disease; CHF — chronic heart failure; CASP — central aortic systolic pressure; Al — augmentation
index; FDV — flow-dependent vasodilation; EPC — endothelial progenitor cells; COPD — chronic obstructive pulmonary disease; LVEF — left ventricular ejection fraction;

CPST — cardiopulmonary stress test; SMWT — 6-minute walking test

Conclusion

EECP has been used as a support therapy for dec-
ades, and it has proven its efficiency and safety in
management of various diseases. In recent years, great
achievements have been made in understanding the
physiological mechanisms of its effects for the body in
some CNCDs, including THD, CCI, DM2, COPD, etc.
Nonetheless, a lot of aspects of this method in clini-
cal settings are still unclear and require further stud-
ies in order to assess EECP capabilities and evaluate
long-term effects. Also, a range of indications is grow-
ing. A promising area is the study of EECP efficiency in
CNCDs, such as systemic connective tissue disorders
and kidney diseases.
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B.A. CappoHeHko, A.N. YecHukoBa

®epepanbHOro rocyAapCcTBeHHOro 6104XeTHOro 06pasoBaTeIbHOMO yUpeXAeHNA BbiCLLIEro
obpa3soBaHunA «POCTOBCKUI rocyAapCTBEHHbI MeAULMHCKUIA yHUBEpCUMTeT» MUHUCTEpCTBa
3 paBooxpaHeHus Poccuiickon ®egepaunu, kapespa BHyTpeHHNUX 6one3Hen N2 1,
Poctos-Ha-/loHy, Poccusa

OLEHKA YPOBHS NT-PROBNP V ITALIMEHTOB

C APTEPMAABHOV TUIIEPTEH3UEN B BO3PACTE
80 AET U CTAPIIE B 3ABMCMMOCTHN OT HAANYMS
CEPAEYHOM HEAOCTATOYHOCTU U CMUHAPOMA
CTAPYECKOU ACTEHUUA

V.A. Safronenko, A.l. Chesnikova

Rostov State Medical University of the Ministry of Healthcare of Russia,
Rostov-on-Don, Russia

Assessment of the Level of NT-proBNP
in Patients with Arterial Hypertension
Aged 80 Years and Older, Depending
on the Presence of Heart Failure and
Senile Asthenia Syndrome

Pestome

Lienb. OueHnTb MHGOPMaTUBHOCTL N-KOHLLEBOrO MPOMO3roBoro HaTpuitypetuyeckoro nentuaa (NT-proBNP) Ans AMarHOCTUKU XpOHUYECKO cep-
AeuHoili HegocTaTodHocTh (XCH) B 3aBUCMMOCTM OT Hanuuus CUHAPOMa cTapyeckoit actennn (CCA) y NaumeHTOB C apTepuanbHOM rynepTeHsueit
(AT) 80 net un cTapwe. Matepuan un Metogapl. 320 naymeHTos ¢ AT B 3aBucuMocTy oT Haamumna XCH u CCA 6biam pacnpegenetsl B rpynnbi: 1A rpyn-
na — nauueHTbl ¢ AT, CCA u XCH (n=84), 16 rpynna — nauwmeHnTbl ¢ AT, CCA 6e3 XCH (n=77), 2A rpynna — nayueHtsl ¢ A, XCH 6e3 CCA (n=84),
2B rpynna — nauueHTbl ¢ Al 6e3 XCH 1 6e3 CCA (n=75). CCA BbISBASAM NO ONPOCHUKY «Bo3pacT He nomexa». YposeHb NT-proBNP onpegensau
B CbIBOPOTKE KPOBM MMMYHO(EPMEHTHbIM MeToZ0M. /Ina onpejeneHns NoOporoBoro 3HavyeHWsa Mapkepos npumeHnam ROC-aHanus. PesynbTaTthl.
Y naymeHToB ¢ AT u CCA 6e3 XCH koHueHTpaums NT-proBNP B KpoBw Bbiwe B 2,3 pasa (p=0,003) no cpasHeHuto ¢ nauuenTamm ¢ AT 6e3 CCA v 6e3
XCH, 4yto ceuaeTenbctyeT 0 BanaHUM CCA Ha yposeHb NT-proBNP. Y nauunentos ¢ Al u XCH 6e3 CCA yposeHb NT-proBNP B 4,3 pasa Bbllue B cpaB-
HeHuUu ¢ naumeHTamm ¢ AT 6e3 CCA n 6e3 XCH (p<0,001), y KoTopbix KOHLeHTpaumio NT-proBNP oTMeyanu Huxe noporosoro ypoeHsi (106,2 nr/mn).
Y nauyuenToB ¢ Al u CCA 1 XCH peructpupoBany Hanbosiblume 3HaueHWs KoHUeHTpaumu NT-proBNP, koTopele B 2,9 pasa (p<0,001) Bbiwe, 4eM
Y «XpYNKMx» naumeHTos ¢ Al 6e3 XCH v B 1,5 pasa Bbllwe 4eM y «Kpenkux» nauymeHtos ¢ Al u XCH (p<0,001). PaccumTaH HOBbIV MOPOroBbIii ypoBeHb
NT-proBNP ans anarHoctukmn XCH y naymnentos c Al u CCA B BospacTe 80 nieT v ctapiwe — 365,9 nr/ma. 3akntouenue. [ina gnartoctmkn XCH y na-
uneHToB c Al 80 net u ctapwe 6e3 CCA mapkep NT-proBNP sBnsieTcs MHGOPMATUBHBIM, TaK KaK, COr/IaCHO MOJy4YeHHbIM AaHHbIM, ero YPOBEHb He
3aBucen OT Bo3pacTa naymneHToB. [Mpu npumeHennn NT-proBNP ans BeisneHna XCH y naunentos ¢ Al n CCA 80 net n cTaplie cnegyeTt UCMO/b30-
BaTb PaCCHYUTaHHbIV MOPOroBbIi ypoBeHb MapKepa (365,9 nr/ma), MOCKO/IbKY Y 3TUX MauneHTOB KoHueHTpauus NT-proBNP nosbiweHa, He3aBUCMMO
oT Hananuma XCH.

KnroyeBble cnoBa: xpoHuyeckas cepdeyras HedocmamoyHoCcms, cuHdpom cmapyeckoll acmeruu, Bo3pacm 80 aem u cmapwe, NT- proBNP

KoH)AMKT nHTepecos

CoasTop cTaTbh YecHnkoBa A.W. ABNA€TCA Y1€HOM Pe/laKLIMOHHOM KOMNErnm ypHana « ApXuBb BHYTPeHHeR MeauLmHbl». CTaTba NPoLUAa NPUHATYIO
B XKYpHasie npoLeaypy peLieH3npoBaHua. YecHukosa A./. He yyacTBoBana B MPUHATUM pelleHns o nybankaumm 3Tol ctaTbu. O6 MHbIX KOHGAMKTaX
WHTEepecoB aBTOPbl He 3aAB/IAIN
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[na unTupoBaHua: Cadpporenko B.A., Yechukosa A.N. OLEEHKA YPOBHSA NT-PROBNP Y MALMEHTOB C APTEPUA/IbHOW TMMNEPTEH3UEN
B BO3PACTE 80 JIET 1 CTAPLLE B 3ABUCVMMOCTU OT HAZIMYMA CEPLEYHOW HEAOCTATOYHOCTW U CUHAPOMA CTAPYECKOM ACTEHWN.
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Abstract

Objectives. To evaluate the informativeness of the N-terminal brain-promoting natriuretic peptide (NT-proBNP) for the diagnosis of chronic heart failure
(CHF), depending on the presence of senile asthenia syndrome (SSA) in patients with arterial hypertension (AH) 80 years and older. Materials and
Methods. 320 patients with hypertension, depending on the presence of CHF and SSA, were divided into groups: group 1A — patients with hypertension,
SSA and CHF (n=84), group 1B — patients with hypertension, SSA without CHF (n=77), group 2A — patients with hypertension, CHF without SSA (n=84),
group 2B — patients with hypertension without CHF and without SSA (n=75). The CSA was identified by the questionnaire “Age is not a hindrance”.
The level of NT-proBNP was determined in blood serum by enzyme immunoassay. ROC analysis was used to determine the threshold value of markers.
Results. In patients with hypertension and SSA without CHF, the concentration of NT-proBNP in the blood is 2.3 times higher (p=0.003) compared with
patients with hypertension without SSA and without CHF, which indicates the effect of SSA on the level of NT-proBNP. In patients with hypertension
and CHF without SSA, the level of NT-proBNP is 4.3 times higher compared with patients with hypertension without SSA and without CHF (p<0.001),
in whom the concentration of NT-proBNP was noted below the threshold level (106.2 pg/ml). In patients with hypertension and SSA and CHF, the
highest concentrations of NT-proBNP were recorded, which are 2.9 times (p<0.001) higher than in “fragile” patients with hypertension without CHF
and 1.5 times higher than in “strong” patients with hypertension and CHF (p<0.001). A new threshold level of NT-proBNP has been calculated for the
diagnosis of CHF in patients with hypertension and SSA aged 80 years and older — 365.9 pg/ml. Conclusion. For the diagnosis of CHF in patients with
hypertension 80 years and older without CSA, the NT-proBNP marker is informative, since, according to the data obtained, its level did not depend on
the age of the patients. When using NT-proBNP to detect CHF in patients with hypertension and SSA 80 years and older, the calculated threshold marker
level (365.9 pg/ml) should be used, since in these patients the concentration of NT-proBNP is increased, regardless of the presence of CHF.

Key words: chronic heart failure, senile asthenia syndrome, age 80 years and older, NT-proBNP
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Introduction d . . ) .
ecompensation, is essential. However, diagnosis of car-

Chronic cardiac failure (CCF) is one of the most rel-
evant problems of the modern healthcare. It is worth
mentioning that the incidence of CCF increases with
age. Elderly people (65 years old and over) make 80 %
of patients with CF [1]. CCF in elderly people worsens
prognosis significantly, and 1-year and 5-year mortality
rates in people over 80 years old are 19.5% and 24.4 %,
respectively [2]. Early identification of adverse events in
patients with CVDs, including CCF development and

diac insufficiency in elderly patients can be challenging
due to low specificity of symptoms, and special attention
should be paid to ECG results and blood cardiac mark-
ers [3]. Currently, measurement of natriuretic peptide
(NUP) levels in included into the diagnostic algorithms
for CCF and is an essential test method to make a diag-
nosis; and their high value in prognosis and risk classifi-
cation in patients with CF has been repeatedly proven in
numerous clinical trials [4,5]. Of note, besides a number
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of advantages (easy and accessible tests, high prognostic
significance), NUPs have drawbacks, such as highly vari-
able values, which depend on sex, age and comorbidities
[6]. Also, the use of NUP in elderly people with CCF is
challenging because of higher biomarker levels due to
comorbidities and ageing with a number of geriatric syn-
dromes. Patients with CCF are more susceptible to senile
asthenia (SA) than the general population; SA is an
independent predictor of re-hospitalisations and mor-
tality in this category of patients. Approximately 20 % of
patients with CCF have senile asthenia syndrome, while
50 % have pre-asthenia [7]. SA diagnosis can become an
integral component of the management plan for elderly
and old patients with CCE. Strategies of CCF diagnosis
and prognosis, clinical symptoms, as well as structural
and functional heart re-modelling in patients with AH
depending on the presence or absence of FS, remain
understudied.

The objective of this study was to evaluate the infor-
mative value of N-terminal pro brain natriuretic peptide
(NT-proBNP) in diagnosis of CCF depending on the
presence of frailty syndrome (FS) in patients with arte-
rial hypertension (AH), who are 80 years old and over.

Materials and Methods

This study was a cross-sectional study. The study meets
the standards and principles of the Declaration of Hel-
sinki. The study was approved by the Ethics Committee
at the Federal State Budgetary Educational Institution of
Higher Education Rostov State Medical University of the
Ministry of Health of Russia (minutes No. 13/19 dated
05/09/2019). The patients were enrolled in the study after
they signed a written voluntary informed consent form.
Patients were recruited in outpatient settings in Rostov-
on-Don. The total number of subjects was 320 patients
with AH aged at least 80 years old (56.9 % were women
and 43.1 % were men); the mean age was 85.8 + 4.5 years.

Inclusion criteria: age of at least 80 years old; AH,
grade ITA-IIB CCF and FC II-IV. Exclusion criteria:
haemodynamically significant heart diseases, implanted
electrocardiostimulator, a history of ischaemic heart dis-
ease (absence of typical clinical presentation, past medi-
cal history, ST segment depression or elevation on ECG
and Holter ECG, area of hypo- and akinesia on Echo
CGQG), acute cerebrovascular accident or transient isch-
aemic attack within past 6 months, malignancies, severe
liver condition (transaminase levels 3xUNL or more) or
severe kidney condition (GFR < 30 mL/min).

Depending on the presence of CCF and FS, all
patients were divided into four clinical groups:
group 1A — patients with AH, FS and CCF (n = 84),
group 1B — patients with AH, FS and without CCF
(n = 77), group 2A — patients with AH, CCF and with-
out FS (n = 84), group 2B — patients with AH and with-
out CCF and FS (n = 75).

AH was diagnosed on the basis of the past medical
history and results of office blood pressure (BP) mea-
sured under the method developed by S. N. Korotkov.

CCF was diagnosed on the basis of symptoms and
clinical signs, cardiac failure marker (NT-proBNP) levels
and ECG findings in accordance with the national clini-
cal guidelines for CCF diagnosis and management [4]

FS was diagnosed with the help of the “Age is no
disqualification” questionnaire; patients who scored
> 3 points underwent a brief battery of physical function
tests [8].

Serum NTproBNP levels in study subjects were mea-
sured with ELISA test.

A form was filled out for each patient, specifying risk
factors, comorbidity, current therapy, physical examina-
tion results, laboratory and instrumental test results, as
well as scale and questionnaire scores.

Study results were statistically processed using STA-
TISTICA 12.0 (StatSoft Inc., USA), SPSS 21.0, MedCalc
(version 9.3.5.0).

The representative sample size, characterising the
general population in terms of FS rates, was calculated
as follows:

n= (z2 p+q)/A’, where

n is the number of observations in the sample; z_is type I
error (at a = 0.05); p is the incidence of the attribute
in the population; q is the reverse event rate; D is the
margin of sampling error

The incidence of all test parameters was checked for
normality using Shapiro — Wilk test. Since the incidence
of test parameters in the sample was both normal and
other than normal, then the data were presented using
both mean selective value, error of mean (M+0) and
median and interquartile range (Me [Q1; Q3]). Quali-
tative variables are presented as absolute (n) and rela-
tive (%) values. Groups were compared using Yates cor-
rected x2 for qualitative attributes and Mann — Whitney
U test for quantitative attributes for two independent
groups. The four groups of patients were compared using
Kruskal — Wallis ANOVA. The critical significance level
of the zero statistical hypothesis was p,_ < 0.05. Evalu-
ations of the diagnostic efficiency of the methods and
identification of the diagnostic cut-off were performed
using ROC-analysis with calculation of sensitivity and
specificity, odds ratio, as well as ROC-curve plotting and
area under ROC-curve evaluation.

Results

Clinical characteristics of subjects are presented in
Table 1. All patients in the clinical groups had a very high
cardiovascular risk; AH duration exceeded 20 years.

A comparative analysis of CCF stage distribution
demonstrated the lack of any statistically significant dif-
ference between patients, irrespective of FS (p> 0.05).
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Table 1. Clinical characteristics of the patients included in the study

Group

Indicator

1A group
(AH + CHF + SAS,
n=84)

1B group
(AH + SAS
without CHF,
n=84)

2A group
(AH + CHF
without SAS,
n=77)

2B group
(AH without SAS
and without CHF,
n=75)

Pairwise
comparison
of groups

Pu/ Pug

Age, years

Gender (f/m), n (%)

HTN stage II, n (%)

HTN stage III, n (%)

Left ventricular ejection
fraction, %

CHEF stage ITA, n (%)

CHEF stage IIB, n (%)

CHF I FC, n (%)

CHF III FC, n (%)

CHF IV FC, n (%)

Anemia, n (%)

Atrial fibrillation, n (%)

Chronic kidney disease, n (%)

Type 2 diabetes mellitus, n (%)

BMI, kg/m?

Obesity, n (%)

Dyslipidemia, n (%)

Hemoglobin, g/L

84,9+4,8

44/40 (52,4/47,6)

84 (100)

44,0
[42,4:47,3]

73 (86,9)

11 (13,1)

24 (28,6)

52 (61,9)

8(9,5)

20 (23,8)

42 (50,0)

56 (66,67)

26 (31)

23,4+2,1

8(9,88)

47 (55,95)

110+14%

84,2+4,1

41/43
(48,8/51,2)

6(7,1)

78 (92,9)

52,8
[50,6;55,4]

9 (10,7)

25(29,8)

48 (57,14)

15 (17,9)

28,2+0,4

14 (16,67)

58 (69,05)

123+6

85,7+5,9

38/39 (49,4/50,6)

77 (100)

59,2
(57,8:60,5]

71(92,2)

6(7,8)

32 (41,6)

35 (45,5)

10 (12,9)

12 (15,6)

19 (24,7)

31 (40,26)

19 (24,7)

32,1 £2,0

18 (23,37)

46 (59,74)

122+9

p,=0,937
p,=0.,848
p,=0,839
p,=0,962

86,4+5,7 0,852

p,=0, 953

38/37 p,=0,871
(50,7/49,3) p,=0, 639
p,=0,597

0,872

4(5,3) p,=0,861 -

p,=0,634
p,=0,739 0,945
p,=0,906

71 (94,7)

p,<0,001
p,=0,813
p,=0,002 0,004
p,=0,009
p.=0,092

62,2
(60,6;63,9]

- p,=0,314 -
- p,=0,428 -
- p,=0,041 -
- p,=0,036 -
- p,=0,382 -

p,=0,033
p,=0,172
p,=0,237
p,=0,341

10 (13,3) 0,193

p,=0,003
p,=0,313
p,<0,001
p,=0,082

13 (17,3) <0,001

p,=0,203
p,=0,293
p,<0,001
p,=0,001

24 (32) <0,001

p,=0,042
p,=0,199
p,=0,386
p,=0.778

12 (16) 0,089

p,=0,062
p,=0,319
p,=0,029
p,=0,823

30,3+0,4 0,481

p,=0,236
p,=0.563
p,=0,032
p,=0,206

11 (14,66) 0,582

p,=0,076
p,=0,079
p,=0,614
p,=0,571

55(73,33) 0,080

p,=0,020
p,=0,452
p,=0,034
p,=0,547

12548 0,013




356

ORIGINAL ARTICLE

The Russian Archives of Internal Medicine ® Ne 5 e 2024

Table 1. (The end)

Group

1A group

1B group
(AH + SAS

(AH + CHF + SAS,

n=84) without CHF,

=84
Indicator n=84)

2A group
(AH + CHF
without SAS,

2B group
(AH without SAS
and without CHF,

Pairwise
comparison

Puuyy Pug

of groups

n=77) n=75)

Red blood cells, x102/ L 4,1+0,8 4,240,6

Glycemia, mmol/L 5,2%0,31 5,1£0,26

Urea, mmol/L 5,7+0,21 6,1+0,37

Creatinine, umol/L 126+0,79 110+0,83

Estimated glomerular filtration

4,4+2,13%
rate, ml/min/1.73m? > 3

72,3%2,37

Uric acid, pmol/L 393,2+4,39* 370,3+4,67

ALT, U/L 22+2,7 23+ 3,3

AST, U/L 27+3,2 24+2.,8

Total bilirubin, mmol/L 13+1,5 15+1,8

p,=0,620
p,=0,492
p,=0,716
p,=0,937

4,0+0,5 4,5+0,7 0,482

p,=0,784
p,=0,592
p,=0,847
p,=0,286

5,3+0,28 5,0+0,35 0,981

p,=0,482
p,=0,291
p,=0,582
p,=0,637

5,9+0,42 6,0+0,36 0,934

p,=0,691
p,=0,482
p,=0,593
p,=0,791

104+0,94 101+0,77 0,158

p,=0,027
p,=0,491
p,=0,041
p,=0,285

75,7+2,08 73,6+2,68 0,031

p,=0,015
p,=0,782
p,=0,451
p,=0,991

380,5+4,0 369,6+4,63 0,113

p,=0,835
p,=0,621
p,=0,423
p,=0.,815

21+ 2,1 22+ 1,9 0,729

p,=0,581
p,=0,371
p,=0,514
p,=0,148

25+3,1 23%2,5 0,725

p,=0,571
p,=0,491
p,=0,281
p,=0,623

15+1,4 14+1,7 0,381

Note: AH — arterial hypertension, HTN — hypertension, BMI — body mass index, SAS — senile asthenia syndrome, CHF — chronic heart failure;
p, — differences between groups 1A and 1B; p, — differences between groups 2A and 2B; p, — differences between groups 1A and 2A; p, — differences between groups 1B and 2B;
p,— differences between groups 1B and 2A; Prg — multi-group comparison; * — p — differences between groups 1A and 1B, p <0,05; « — p — differences between groups 1A and 24,

p <0,05; the differences are statistically significant when p <0,05.

The evaluation of CCF FC in the study groups showed
a higher incidence of FC III CCF with FS (by 16.4 %,
p = 0.036) and FC II CCF in patients without FS (by
13%, p = 0.041). The lowest LV EF was observed in frail
patients with AH and CCF; the values were statistically
different from the same parameter in frail patients with
AH without CCF (p < 0.001) and non-frail patients
with AH and CCF (p = 0.002). CCF duration was
8.4 *+ 3.6 years.

An analysis of the clinical characteristics demon-
strated that frail patients with AH and CCF had concom-
itant AFib (by 29.3%, p = 0.003), anaemia (by 13.1 %,
p = 0.033) and type 2 DM (by 17.6 %, p = 0.042) more
often that frail patients with AH and without CCE

It is worth noting that patients with AH, CCF and FS
had twice as high rates of AFib (p < 0.001) and 26.4 %
more CCF (p < 0.001) as compared to patients with AH
and CCF and without FS. Non-frail patients with AH
and CCE, on the other hand, had a higher BMI vs. frail
patients with AH and CCF (p = 0.029), and 2.4-fold
number of obese patients (p = 0.032). Also, frail patients
without CCF had more cases of CKD (by 25.14 %)
(p =0.001) vs. non-frail patients without CCE.

An analysis of laboratory values showed that frail
patients with AH and CCF (subgroup 1A) had higher
levels of uric acid (p = 0.015) vs. frail patients with
AH and without CCF (subgroup 1B) and statistically
lower levels of GFR and Hb vs. frail patients without
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CCF (p = 0.027, p = 0.020) and non-frail patients with
CCF (subgroup 2A) (p = 0.034, p = 0.041), respectively
(Table 1). It can be a result of a comorbidity, particu-
larly CCE and the effect of FS, which is associated with
reduced active muscle body weight and reduced intensity
of metabolic processes. There were no intergroup differ-
ences in biochemistry parameters (p > 0.05). Mean bio-
chemistry values were within reference ranges, indicat-
ing compensated somatic functions.

Statistically ~significant differences (p, < 0.001)
(Table 2) were demonstrated by an intergroup compari-
son of NT-proBNP concentrations in the study groups.

Of note, non-frail patients with AH and without
CCF had lower serum NT-proBNP concentrations,
with the mean values being below the threshold level of
125 pg/mL (Fig. 1).

When non-frail patients with AH (group 2A) had
CCE they also had expectedly higher NT-proBNP levels
(4.3-fold, p < 0.001) vs. non-frail patients with AH and
without CCF (group 2B).

An evaluation of FS effects on NT-proBNP levels
included an intergroup comparison of values of patients
with AH in groups 1B and 2B, i.e. with or without FS,

respectively. It has been established that in patients with
AH and FS and without CCF (group 1B), blood NT-
proBNP concentrations were 2.3 times higher (p = 0.003)
than in patients with AH and without CCF and FS
(group 2B), making it possible to see the FS effects on the
levels of this marker.

Results of an intergroup analysis of NT-proBNP con-
centrations in patients with AH and CCEF, but without
FS (group 2A) and AH and FS, but without CCF (group
1B) indicate statistically higher effects of CCF on NT-
proBNP levels (460.2 pg/mL vs. 244.5 pg/mL, p < 0.001)
as compared to effects of FS.

It is worth noting that a combination of FS and CCF
in patients with AH (group 1A) was associated with the
highest NT-proBNP concentrations, which were 2.9 times
higher (p < 0.001) than the same parameter in the group
of patients with AH and FS, but without CCF (group 1B),
and 1.5 times higher than the marker levels in patients
with AH and CCEF, but without FS (group 2A) (p < 0.001).

A gender analysis of serum NT-proBNP concentra-
tions demonstrated no statistically significant differ-
ences between men and women in each group (p > 0.05)
(Table 3).

Table 2. Analysis of NT-proBNP serum levels in patients included in the study

Group
1A group 1B group 2A group 2B group Pairwise
(AH + CHF + SAS, (AH + SAS (AH + CHF (AH without SAS and | comparison | p, p,,
n=84) without CHF, n=84) without SAS, n=77) without CHF, n=75) of groups
Marker
p,<0,001
p,<0,001
697,9 244,5 460,2 106,2 2
NT-proBNP. pg/ml 1606 5 837,3] [187,2- 300,2] [341,2-531,7] [55,7-173,8 ] p,<0,001  <0,001
p,=0,003
p.<0,001

Note: AH — arterial hypertension, SAS — senile asthenia syndrome, CHF — chronic heart failure; NT-proBNP N-terminal propeptide of B-type natriuretic hormone;
p, — differences between groups 1A and 1B; p, — differences between groups 2A and 2B; p, — differences between groups 1A and 2A; p, — differences between groups 1B and 2B;
p,— differences between groups 1B and 2A; p,  — multi-group comparison; the differences are statistically significant when p <0,05.
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Figure 1. Median, interquartile range and range of NT-proBNP concentration in blood serum in patients

of the studied groups

Note: NT-proBNP — N-terminal propeptide of the B-type natriuretic hormone
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Table 3. Analysis of NT-proBNP serum levels in patients included in the study, depending on gender

1A group (n=84)

Gender/Marker Women (n=44) Men (n=40) Pra wom 1A men
NT-proBNP, pg/ml 793,0 [643,0 — 988,2] 658,3 [539,4 — 792,1] 0,92

1B group (n=84) |
Gender/Marker Women (n=43) Men (n=41) P15 wom 1B men
NT-proBNP, pg/ml 281,4 [216,1 — 320,2] 215,7 [161,5 — 267,3] 0,90

2A group (n=77) |
Gender/Marker Women (n=38) Men (n=39) Par wom 24 men
NT-proBNP, pg/ml 474,1 [416,2 — 554,5] 428,6 [264,1 — 511,4] 0,91

2B group (n=75) |
Gender/Marker Women (n=37) Men (n=38) Pab wom 28 men
NT-proBNP, pg/ml 71,2 [51,4 — 191,3] 126,4 [83,9 — 163,3] 0,89

plA ‘wom -1B wom <0,001
plA wom -2A wom <0,001
plB wom -2B wom <0,001
pZA wom -2B wom <0,001

PIA wom -2B wom <0,001

Py Py

p mg wom <0,001

plA men -1B men <0,001
plA men -2A men <0,001
plE men -2B men =0,004
pZA men -2B men =0,002

plA men -25 men <0,001

P g men <0,001

Note: NT-proBNP — N-terminal propeptide of natriuretic hormone B-type; p — differences between women and men of groups 1A, 1B, 2A, 2B; Py — multi-group comparison;

P of women, P,
Kraskell-Walis criterion
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Figure 2. ROC-curve of compliance of diagnostic sensitivity and
specificity of NT-proBNP concentration for the diagnosis of CHF

in patients with hypertension and senile asthenia syndrome

Note: AH — arterial hypertension, SAS — senile asthenia syndrome, CHF — chronic heart failure;
NT-proBNP N-terminal propeptide of B-type natriuretic hormone

of men — confidence probability of multiple comparison of groups 1A, 1B, 2A, 2B among women and men, accordingly, using the analysis of variance and the

However, both frail women with CCF
and frail men with CCF had highest NT-
proBNP values vs. both frail women and frail
men without CCF and non-frail women and
non-frail men with CCF (p < 0.001,
P g men < 0-001).

ROC-analysis was used to identify the
threshold value. Diagnostic sensitivity and
diagnostic specificity values were used to
plot a performance curve (ROC-curve).
An important aspect of the ROC-analysis was
identification of the cut-off point. In addition
to visual assessment of ROC-curve location
of the plot, the area under ROC-curve (AUC)
was calculated for the unbiased identification
of the diagnostic efficiency of the method. The
closer the AUC value to one, the higher the
diagnostic test ability to identify a disease [9].

Given that frail patients with AH and
without CCF had higher NT-proBNP levels,
the focus of the study was on the determina-
tion of the threshold value of NT-proBNP
for CCF diagnosis in patients with AH and
FS. Its blood concentration, corresponding
to the highest values of diagnostic sensitivity
and specificity (cut-off point) in the diagno-
sis of CCF with presence/absence of FS, was
365.9 pg/mL. When this level is achieved and
exceeded, a diagnostic decision on CCF is
taken with 97.5 % sensitivity and 96.2 % speci-
ficity (p < 0.001).

mg women
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AUC value for NT-proBNP in patients with AH and
FS for CCF diagnosis was 0.993 + 0.004 (CI: 0.965-1.0)
(p < 0.001), indicating the excellent quality of the model
(Fig. 2).

Discussion

It is well known that NTproBNP concentrations
increase with age, both in men and women. At the same
time, the level of this hormone in elderly people over
75 years of age (especially in women) can be 4 times
higher than in younger patients [10]. It is associated both
with comorbidities (diabetes mellitus, arterial hyperten-
sion, chronic obstructive pulmonary disease, atrial fibril-
lation) and impaired renal function [11].

In some patients, no adequate increase in NUP values
is observed, despite increased filling pressure in the left
heart. To the contrary, obese patients have significantly
lower blood NT-proBNP concentrations vs. patients
with lower body weight [12].

It has been reported that, in patients with CCF and
preserved LF EF, NTproBNP levels can remain within
the normal range, and it is observed approximately in
three—four patients with verified CCF and preserved LF
EF out of ten [13].

Of note, in this study, non-frail old patients with AH
had the mean NT-proBNP level within the normal range
(< 125 pg/mL), irrespective of sex and age. A higher
level of this marker in elderly and old patients with CCF
in works by other researchers can be explained by the
fact that no evaluation of FS presence was performed.
In this study, this is FS that impacts NT-proBNP levels
in patients over 80 years old with AH and without CCE.

Available data coincide with the results of the study
by Yao S et al, which demonstrated the association
between higher plasma NUP levels and a higher risk of
FS and pre-asthenia in elderly people [14].

This study shows that in frail patients over 80 years
of age with AH, but without CCF, the mean NT-proBNP
concentration was above 125 pg/mL, and it enabled us to
see FS effects on the marker concentration.

Inflammation is known to play an essential part in
the development not only of cardiovascular diseases,
but it also contributes to pathogenesis of senile asthenia.
Patients with senile asthenia have higher levels of such
markers of inflammation as WBC, interleukin 6, C-reac-
tive protein, blood coagulation factor VIII, fibrinogen,
D-dimer, and tumour necrosis factor-a [15]. The inflam-
matory nature of senile asthenia has also been proven
in Women’s Health and Ageing I and II study, where
a higher risk of senile asthenia with an increase in the
number of inflammatory diseases [16] was reported.
It should also be noted that the rate of increase in proin-
flammatory mediator concentrations correlates with N'T-
proBNP levels [4].

Another connecting mechanism between senile
asthenia and a higher NT-proBNP concentration can

be endothelial dysfunction. Results of Toledo Study
for Healthy Ageing showed that patients with FS had
impaired endothelial function when evaluated on the
basis of asymmetric dimethyl arginine [17]. Also, the
results correlate with results from the study by Y. Wang
et al., where endothelial dysfunction was associated with
higher NT-proBNP levels, larger left atrium (myocar-
dium remodelling) and fibrosis [18].

A higher NT-proBNP concentration (> 125 pg/mL)
was reported both in non-frail patients with CCF and
frail patients without CCE However, a comparative anal-
ysis demonstrated statistically higher effect of CCF on
increased NT-proBNP levels vs. effects of FS.

Non-frail patients with CCF had higher NT-proBNP
concentrations (> 125 pg/mL), similar to younger patients.

A combination of CCF and FS in old patients with
AH was associated with the highest NT-proBNP con-
centration among the groups, indicating potentiation of
CCF and FS effects.

Given higher NUP concentrations in patients with
ES, the NT-proBNP level was calculated, which reliably
shows the presence of CCF in patients over 80 years of
age with AH and FS. In patients with AH and FS, higher
NT-proBNP levels of over 365.9 pg/mL enable confirm-
ing CCE.

A gender analysis of serum NT-proBNP concentra-
tions in the study groups demonstrated the lack of statis-
tically significant differences between men and women.

Conclusions

The results allow drawing a conclusion that, in diag-
nosing CCF in patients over 80 years of age with AH, but
without FS, NT-proBNP is an informative marker, because
the results show that its concentrations were independent
of the patient age. When using NT-proBNP for identifica-
tion of CCF in patients over 80 years of age with AH and
ES, the calculated threshold level (365.9 pg/mL) should
be used, since these patients have an elevated NT-proBNP
concentration, with or without CCE.
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Sonographic Verification and Clinical
Significance of the Features of Surrounding
Structures in Knee Osteoarthritis

Pesome

AkTyanbHocTb. OcTeoapTpuT (OA) KOSIEHHOrO CyCTaBa — OAHO U3 CaMbIX PACMPOCTPaHEHHBIX 3a60/1eBaHWIA, HaMbo/1ee 3HAYUMbIM KIMHUYECKIM MPOSB-
NleHVeM KOTOPOro ABNAETCA XPOHNYECKNIA 60/1eBO CUHAPOM. VI3BECTHO O HU3KOI KOppenaLum Mexy peHTreHonornyeckon ctagmnein OA n MHTeHcus-
HoCTbIo 60n1eii. [pex e Bcero, 3To 06bACHATCA pa3HOO6pa3neM NCTOYHMKOB 60/1€BOro CUHAPOMA, CPe/i KOTOPbIX BaXKHOE 3Ha4eHVe MMeeT NaTo/Iorus
MHOrOUMC/IEHHBIX OKO/IOCYCTaBHbIX CTPYKTYp (OC). Ha cerogHslHmii AeHb BKAJ 3TOrO BUAA MAaTONOMMMN B KIMHUYECKYIO KapTuHy OA n3yueH Hego-
CTaTOYHO, B NePBYIO O4epe/ib B CBA3M C TeM, 4TO NepeyeHb 1 4acToTa 3TUX NOPaXKeHWIA 10 CVX NOp He onucaHsl. Liesib — onncaHye NaTonorim OCHOBHBIX
OKO/I0CYCTaBHbIX CTPYKTYP Y NaLMEHTOB C Pa3sNINYHbIMU PEHTIeHONOrMYECKUMU CTaanaMn nepenyHoro OA KONeHHOro CycTaBa No AaHHbIM KAUHUYe-
CKOTO 1 yNbTPasByKOBOro UccieoBaHnA. MaTepuanbl n MeToabl. B HabtoaaTenbHoe nonepeyHoe MCCNe0BaHNE B HACTOALMIA MOMEHT BK/IOYEHO
88 nauueHToB, 06paTUBLUMXCA Ha aMbynaTOPHbIV NpMeM peBMaTo/lora No NoBoAY OCTeoapTpUTa KOIeHHOro cycTaBa B nepuog ¢ 2021-2023 rr. B xoge
nccneoBaHua oleHeHo 110 KOMeHHbIX CyCTaBOB C MCMO/Ib30BaHMEM KAVHUYECKOrO U y/bTPa3ByKOBOIO MeTO/0B. Pe3ynbTaTbl: Hanbosiee HacTbiMu
OKO/IOCYCTaBHBIMU Y3-U3MEHEHWAMM HE3aBUCMMO OT PEHTFEHO/IONMYECKON CTagnM BbiIn TeHAOMATUA CYXOKMANI «ryCUHOI nanku» (57,3 %), kucra
Beiikepa (45,5 %), dpn6po3 wuposoro Tena Nodpda (40 %) n iMraMmeHTONATMA MEANA/ILHOM KO/IIATEPasIbHOM CBA3KM (36.4 %). BoisiBNieHa 3HauMMasn Kop-
penALMA MeXAy KOIMYECTBOM U3MEHeHUI Mo AaHHbIM Y3W v peHTreHosornyeckoit cragueit (p=0,45 [95% AN: 0,28; 0,59], p <0,001), a TakKe Mexay
BALLI 1 KOIM4eCTBOM BbisiB/IEHHBIX Y3-m3MeHeHwii (p=0,29 [95 % AW: 0,11; 0,46], p=0,002). KpoMe TOro, NpoAeMOHCTPUPOBAHO, YTO MO3AHME CTagNUM
OA accoummpoBaHbl ¢ 6G1bLIMM KOIMYECTBOM M3MeHeHwi (p <0,001). 3akatoueHune. M3aMeHeHWs OKOIOCYCTaBHbIX CTPYKTYP MMEKTCA Y 60/bIUMHCTBA
NaLMeHTOB C OCTE0apTPUTOM KOJIEHHOTO CyCTaBa; UX KOIMYECTBO KOppenupyeT ¢ BennunHoii BALLL, peHTreHonornyeckon craguenn OA. [letanunsaums
3TUX M3MEHEHWIA, NX KIMHNYECKas 3Ha4YMMOCTb M NaToreHeTUYeCkni BKaag, B nporpeccupoBaHiie OA KC TpebytoT Aa/nbHelilero nsy4eHus.

Knro4deBbie cnoBa: ocmeoapmpum, KoneHHbiil Cycmas, OKOA0CYCMaBHas Namono2us
KoH$paukT nHTepecos
ABTOPpbI 3aAB/IAOT, YTO AaHHas paboTa, eé TeMa, NPeAMET U COAEPIKaHMe He 3aTPar1BaloT KOHKYPUPYHOLLUX MHTEPECOB

McToYHMKM PpUHAHCUMpOBaHUA
ABTOpr 3aABNSAIOT 06 OTCYyTCTBUU ¢MHaHCMpOBaHVIﬂ npu nposejeHUnN nccnejoBaHnA
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Abstract

Background: Osteoarthritis (OA) of the knee joint is one of the most dangerous diseases, the most significant manifestation of which is chronic
pain syndrome. There is a low correlation between the radiographic stage of OA and pain progression. First of all, this is a variety of pain syndromes,
among which is the pathology of periarticular structures (AS). To date, the contribution of this type to the clinical picture of OA has been sufficiently
studied, primarily due to the fact that the list and frequency of these lesions have not yet been described. Aim: to describe the basis of the
main periarticular structures in patients with different radiographic stages of knee OA according to ultrasound data. Materials and methods:
The observational study has currently included 88 patients who had an outpatient appointment with a rheumatologist for knee osteoarthritis
between 2021 and 2023. The study assessed 110 knee joints using clinical and ultrasound techniques. Results: The most common periarticular
ultrasound changes, regardless of radiographic stage, were pes anserine tendinopathy (57.3 %), Baker's cyst (45.5 %), fibrosis of the severe Hoffa
body (40 %) and ligamentopathy of the medial collateral ligament (36). ,4). %). A significant correlation was found between the number of changes
according to ultrasound and the radiological stage (p=0.45 [95% Cl: 0.28, 0.59], p <0.001), as well as between the VAS and the definition of
identified ultrasound changes (p= 0.29 [95% Cl: 0.11, p=0.002); In addition, it was shown that late stages of OA are associated with a greater
content of changes (p <0.001). Conclusion: Changes in periarticular structures are present in most patients with knee osteoarthritis; their number
correlates with the VAS value and radiographic stage of OA. Details of these changes, their clinical significance and pathogenetic contribution to
the progression of knee OA require further study.

Key words: osteoarthritis, knee joint, knee pain
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Introduction

According to the WHO, at least 1.71 billion people
all over the world have musculoskeletal diseases, which

Periarticular structures in the KJ are numerous and
versatile. Given no clear anatomic boundaries and a
strict listing of periarticular structures in the KJ, they

are a significant cause of disability.[1] The most common
joint condition is osteoarthritis (OA). In 2017 in Russia,
the incidence of OA exceeded 4.3 mln people,[2] and
the primary disease incidence grows annually. [34]
About 73 % of patients with osteoarthritis are aged over
55 years old.[5] The most common location is the knee
joint (KJ).[5]

It is currently believed that KJ OA is associated not
only with progressive degeneration of the articular car-
tilage and subchondral bone, but also with significant
changes in other structures, including components of the
periarticular soft skeleton.[6] Therefore, K] OA involves
the joint as a whole and not its individual tissues.

include at least 5 ligaments, 9 tendons, 1 fascia structure
and a variable amount of bursa (8 to 13), as well as fatty
pads.[7, 8] Thus, there are a number of organs near the
KJ, which are expected to be a part of the pathological
processes in OA and can be a source of pain. Obviously,
verification of a pain source in a specific patient is a nec-
essary condition for efficient therapy.

However, involvement of periarticular structures
(PAS) in KJ OA is still understudied. Recent studies
have been focusing mainly on the study of processes
in intraarticular tissues. At the same time, there are a
very few studies of periarticular pathologies, which are
based on small samples and take into account changes
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in individual PAS.[9-12] The currently available data do
not allow getting an idea of which PAS, how and how
often are damaged in patients with KJ OA.

OA diagnostics is based on clinical parameters or
their combinations with X-ray observations.[13] The
existing criteria allow making a diagnosis, but they do
not provide for a possibility to find out the source of pain
in a specific patient, i.e. they do not create conditions for
patient-specific therapy. In particular, the role of PAS
pathology in the clinical presentation of OA is not dis-
cussed in any version of the current CRs. At the same
time, being the main diagnostic method, X-ray examina-
tions do not visualise PAS.

By contrast, ultrasound is a highly informative
method of PAS evaluation.[14-16] Besides, ultrasound
is popular due to its swiftness, accessibility, no radiation
exposure, possibility to performed targeted examination
in the place of pain, and stress tests. The examination can
be repeated, also for the evaluation of therapy efficiency.

Therefore, the objective of this study is to describe
PAS pathology in patients with primary KJ OA depend-
ing on the X-rate stage, using clinical and ultrasound
methods.

Materials and Methods

The study enrolled patients over 50 years old, diag-
nosed with primary KJ OA in accordance with the clas-
sification criteria of the American College of Rheumatol-
ogy.[17] OA was staged using the Kellgren — Lawrence
X-ray classification.[18] Pain syndrome intensity was
evaluated using VAS. To study PAS pathology, knee
ultrasound was performed using Alpinion Ecube 8 with
multifrequent linear 3-12 MHz sensors. Evaluation
included all RASs which could be visualised, in the ante-
rior, medial, lateral, and posterior knee joint areas: patel-
lar tendon, kneecap ligament, Hoffa’s fat pad in the ante-
rior section of the joint; medial collateral ligament, pes
anserinus tendons — in the medial section; lateral col-
lateral ligament, biceps femoris tendon, distal iliotibial
tract, popliteal muscle tendons — in the lateral section;
semimembranosus muscle tendons — in the posterior
section of KJ. Also, all sections of the joint were assessed
for cysts and bursitis.

Identification of key
ultrasound changes

Ultrasound results demonstrated that patients
had signs of tendon pathology, ligament pathology,

bursitis, as well as changes in Hoffa’s fat pad. Changes
were evaluated on a grey scale, with axial and trans-
verse scanning, and were compared to a reference
area. All ultrasound examinations were performed
using same equipment, same method by same experi-
enced specialist.

Following an ultrasound examination, a tendon
pathology is diagnosed on the basis of the following
changes:[16, 19] homogeneously or focally hypoecho-
genic signal in tendon, tendon thickening, loss of the
normal fibrillar drawing pattern, signs of peritendinitis
(swelling, oedema and hyperaemia of soft tissue sur-
rounding the tendon). Also, possible presence of vascu-
larisation, hyperechoic inclusions, and signs of partial
rupture was taken into account.

A ligament pathology was a change in the ligament:
thickening, hypoechogenic signal, loss of normal pat-
tern, presence of inclusions and vascularisation, signs of
partial rupture.[16 19]

Baker’s cyst is an anechogenic, non-vascular lump
with liquid contents, clear contour, variable size, located
between the inner head of the calf muscle and semimem-
branosus muscle.[20]

Bursitis is an abnormal anechogenic or hypoecho-
genic extraarticular mass between tissue layers. On ultra-
sound, the mass can be squeezed, depending on loca-
tion [21]. Knee bursas are observed in all sections and
located between various structures (between bone and
tendon, between tendon and ligament, etc.) [22]

Hoffa’s fat pad is located below the kneecap, pos-
teriorly to the kneecap ligament and anteriorly to
femoral condyles. This is an intracapsular, but extra-
synovial structure.[23] The most common conditions
in patients were Hoffa’s fat pad fibrosis, which mani-
fested as changes in the normal structure of the fatty
tissue and appearance of diffuse areas with increased
echogenicity.

Statistical Analysis

Statistical analysis and visualisation of the obtained
data were performed in R 4.3.2 (R Foundation for Statis-
tical Computing, Vienna, Austria).

Descriptive statistics for categorial variables is pre-
sented as an absolute and relative frequencies; while for
quantitative variables — as a mean (+ standard devia-
tion) and median (1st-3rd quartiles) values.

Associations of quantitative variables were analysed
with the help of Spearman rank correlation (p) with a
respective 95% confidence interval (95% CI). Correla-
tion was statistically significant at p < 0.05.
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Results

The study included 88 patients: 71 (80.7%) women
and 17 (19.3 %) men aged 50 to 83 years old (mean age
was 66.9 (£7.7) years). 110 knee joints were examined,
of which 22 (20 %) cases of X-ray stage 1, 41 (37.3%) —
stage 2,45 (40.9 %) — stage 3,and 2 (1.8 %) cases of stage 4.

Table 1 shows that the most common periarticular
ultrasound changes (irrespective of X-ray stage) were
pathologies of pes anserinus structures (tendon pathology,
enthesopathy, pes anserinus bursitis) — 59.1 %, Baker’s
cyst (45.5%), Hoffa’s fat pad fibrosis (40 %) and ligament
pathology in the medial collateral ligament (36.4 %), while
the most uncommon changes were observed in infrapa-
tellar bursa, biceps tendon and kneecap ligament (Fig. 1).
Besides, changes in some PAS were not observed at all. For
instance, there were no cases of prepatellar bursitis and
tendon pathology of semimembranosus muscle tendon.

Thus, the most common changes were observed
in anterior, medial and posterior section of the joint,

irrespective of OA stage. Changes were reported in all
PAS types: in tendons, ligaments, bursa, as well as in
Hoffa’s fat pad. Quite common was a combination of
several changes in one knee joint (up to 6 changes).
The overall number of changes grew statistically with a
higher OA stage (p < 0.001). Currently, the small sample
size prevents from identifying the correlation between
OA stage and individual changes in PAS. Available data
show that the list of involved structures remains constant
irrespective of the stage, and there were no stage-specific
changes.

Statistical data processing showed a significant corre-
lation between the number of changes on ultrasound and
X-ray stage (p = 0.45 [95% CI: 0.28; 0.59], p < 0.001),
between VAS score and the number of identified ultra-
sound changes (p = 0.29 [95% CI: 0.11; 0.46], p = 0.002).
Also, comparative analysis revealed that stage 3-4 OA is
associated with a larger number of changes (p < 0.001,
Fig. 2,3).

Table 1. General characteristics of the list, frequency and number of ultrasound changes depending on

the radiological stage (n=110).

Characteristics A:ll =J (;;r(;ts l—ifgde 3—:11:g;;de P
Number of changes in one knee joint according 2 (1-3) 2 (1-3) 3 (2-4) 0,001
to ultrasound* 2 (0-6) 2 (0-5) 3(0-6)
0 (n, %) 9 (8,2%) 6(9,5%) 3 (6,4 %)
1 29 (26,4 %) 25 (39,7 %) 4(8,5%)
2 26 (23,6 %) 15 (23,8 %) 11 (23,4 %)
3 31 (28,2%) 14 (22,2 %) 17 (36,2 %)
4 8(7,3%) 2(3,2%) 6 (12,8 %)
5 5 (4,5%) 1(1,6%) 4(8,5%)
6 2 (1,8%) 0 (0%) 2(4,3%)
Pes anserine tendons tendopathy/enthesopathy 55 (50 %) 28 (44,4 %) 27 (57,4 %) 0,189
Pes anserine bursitis 10 (9,1 %) 4 (6,3 %) 6 (12,8%) 0,286
Baker’s cyst 50 (45,5%) 26 (41,3 %) 24 (51,1 %) 0,325
Hoffa’s fat pad fibrosis 44 (40 %) 18 (28,6 %) 26 (55,3 %) 0,005
Hoffa’s fat pad inflammation 2 (1,8%) 0 (0%) 2 (4,3%) <0,001
Medial collateral ligament ligamentopathy 40 (36,4 %) 15 (23,8 %) 25 (53,2 %) 0,002
Lateral collateral ligament ligamentopathy 3(2,7%) 2(3,2%) 1(2,1%) 0,741
Popliteus tendinopathy 20 (18,2 %) 9 (14,3 %) 11 (23,4 %) 0,288
Iliotibial band changes 7 (6,4 %) 3 (4,8%) 4 (8,5%) 0,421
Quadriceps tendinopathy 7 (6,4 %) 2 (3,2 %) 5 (10,6 %) 0,157
Patellar ligament ligamentopathy 3(2,7%) 2(3,2%) 1(2,1%) 0,573
Biceps femoris tendinopathy 2 (1,8 %) 0 (0%) 2 (4,3 %) 0,18
Infrapatellar bursitis 1 (0,9 %) 1 (1,6 %) 0 (0%) 0,7

*Comments: the number of changes in one knee joint is presented as median (Q1-Q3), median (minimum-maximum), respectively.
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Figure 1.
Frequency of ultrasound changes regardless of the osteoarthritis grade
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Figure 2.
Number of ultrasound changes depending on the radiographic stage.

Comments: No changes — more often at 1-2 grades, one change — much more often at 1-2 grades, 3 or more changes were present more often at 3-4 grades

Distal illiotibial band changes 8,50%
4,80%
Medial collateral ligament ligamentopathy 53,20%
23,80%
Hoffa’s fat pad fibrosis 55,30%
28,60%
Baker’s cyst 51,10%
41,30%
Pes anserinus pathology 70,20%
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Figure 3.

Frequency of main ultrosound changes depending on the radiographic stage.
Comments: all changes were significantly more often detected at more progressive OA stages
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Discussion

It is well known that changes in various PAS are
often found in patients with KJ OA, and recently it
had been confirmed, also due to the wide-spread use
of musculoskeletal ultrasound. Nevertheless, the prob-
lem of periarticular involvement in KJ OA is under-
mined both in routine clinical practice and scientific
research. Inadequate state of exploration of the problem
of periarticular involvement is seen in clinical recom-
mendations for OA: none of the versions describe this
pathology; it means it is beyond the list of diagnostic
and therapeutic objectives.

The current articles on the ultrasound verification
of PAS pathology discuss just selected changes, which,
according to the authors, are the most important: usu-
ally, these are pes anserinus bursitis, Baker’s cyst and
certain tendon pathologies.[9-12] In this article, we
examined all PASs, which are suitable for ultrasound
imaging; in other words, we have conducted the most
comprehensive examination. The absolute majority of
our patients had a pathology of this or that PAS, where
all PASs were involved; and the list of such problems is
quite typical.

The most common problems identified were pes
anserinus conditions. According to our data, pes anser-
inus bursitis is quite a rare condition (9.1 % of cases),
unlike other articles, where the incidence of this con-
dition is significantly higher (20-46 %).[24, 25] How-
ever, we noted that pes anserinus tendon pathology and
enthesopathy were more common than bursitis (50 %
of cases); and they did not always coincide with bursi-
tis. It is interesting to note that, despite the abundance
of sources dedicated to ultrasound verification of bur-
sitis, pes anserinus tendon pathology and enthesopa-
thy are outside the research interest. Nonetheless, our
data show that pes anserinus tendon pathologies and
enthesopathies are the most commonly identified PAS
changes, and this fact requires additional studies and
interpretation.

Another common abnormality in our patients was
changes in Hoffa’s fat pad — fibrosis (40 %) — and,
less common, signs of inflammation (2 %). Currently,
Hoffa’s fat pad is being actively studied, because it has
been shown that this organ greatly influences KJ OA
progression. On the other hand, Hoffa’s fat pad under-
goes pathological changes as well: patients with K] OA
are known to have inflammation and fibrosis of Hof-
fa’s fat pad tissue.[26, 27] These changes can be visu-
alised on ultrasound;[28] however, we could not find

any studies where sonographic changes in Hoffa’s fat

pad of patients with K] OA were taken into account.
Nevertheless, in our patients, these changes were very
common, indicating the need for evaluating their clini-
cal significance.

According to the modern idea, KJ OA is thought to
primarily affect the medial part of the joint,[29] where
major morphological and clinical events indeed take
place. In this context, it was surprising to see a rela-
tively considerable involvement of the structure lying
in the lateral and posterior sections: in the examined
patients, tendopathy of popliteal muscle tendon was
diagnosed in 18.2 %, taking the fifth place in the fre-
quency of PAS changes.

A tendon pathology is usually a result of a long-
term tendon overload[30] and, in addition to its clini-
cal significance, it indicates persistent dysfunction of
the respective muscle. Muscle dysfunctions in patients
with KJ OA have been actively discussed; however,
in a majority of cases, they related to femoral mus-
cles,[31-33] while the shank muscle conditions (more
specifically, popliteal muscle) are mentioned just in a
few studies.[34, 35] The interest to the state of tendons
in patients with KJ OA has been recently stimulated by
the growing amount of sonographic examination data;
however, the subject of research in this case is usually
tendons of the musculus quadriceps femoris,[36] while
popliteal muscle tendons are left unstudied. In this con-
text, the results of our research imply that changes in
popliteal muscle and its tendons in patients with K] OA
require through evaluation.

The study has limitations. The absence of a control

group could have limited our conclusions.

Conclusions

PAS damages are the least studied area of patho-
logical changes in KJ OA. At the same time, PAS is
a potential source of pain and an area of therapeutic
intervention in OA. Our study demonstrates the high
incidence and versatility of PAS changes and confirms
that they contribute greatly to the clinical presentation
of OA, being an important source of pain. The corre-
lation between the pain syndrome intensity, OA stage
and the number of periarticular changes indicates that
this pathology is a significant component of the clini-
cal presentation and pathologic response in OA and
should be treated as a sign and not as a set of concomi-
tant conditions. Detailed examination of these changes,
their clinical significance and pathogenic contribution
to KJ OA progression are a perspective area of further

studies.
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Bknap aBTOpOB:

Bce aBTOpbI BHEC/IM CYILLECTBEHHBIV BK/1aZ, B NOATOTOBKY paboTkl, NPoy/n
1 0406puUnV GrHaNbHYIO BEPCUIO CTaTbk Nepes nybnKaumvei
CkpunHuyeHko 3.A.: KOHLENUWA 1 An3aiiH cTaTbi, 0630p ny6ankauui
no TeMe, HanMMcaHVe NepBOro BapuaHTa CTaTbM, Hay4HOe pesaKTUpOBa-
Hue 1 nepepaboTKa, yTBepxeHne GpUHaNbHOIO BapuaHTa
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Difficulties in Diagnosing a Patient with Fever
of Unknown Origin

Pestome

Jlnxopazika HeAACHOTO reHesa npe/CcTaBaAAeT cO60M CNOXKHBIN A1 AnddepeHLNanbHON AMarHoCTUKM CUHAPOM. Mpu OTCYTCTBUM KOYEBOrO Npu-
3HaKa, KOTOPbIi MOT 6bl yKa3aTb Ha MPUYMHY COCTOAHWSA JaNbHENLNIA ANArHOCTUYECKMIA MOUCK CTAHOBUTCA 3aTPYAHUTE/IbHBIM. OC/IOXKHSAET AMarHo-
CTVKY MHOroo6pasue NpuyMH 1 OTCYTCTBME eAVHOTO aropuTMa o6cneoBaHNA. B NpescTaBNeHHOM KMHUYECKOM Clyyae OnMCbiBaeTCA NaLMeHTKa
53 neT, ¢ gnvTenbHol imxopagKoii 6osee 1.5 Mecsaues, 601eBbIM CUHAPOMOM B 061acTu vua. [Npu aMmbynaTopHOM HabloAeHUM NPUYMHA BbIACHEHA
He 6bia. Ha cTalMoHapHOM 3Tane NpoBe/eHO KOMMIEKCHOe 06C/1el0BaHMe MO BCEM KaccaM MPUYMH. BbifABIEHHbIE U3MEHEHVA WUTOBUAHO xene-
3bl M HA/IMYME TUPEOTOKCMKO3a NO3BO/IMAM MOCTABUTb MarHo3 NoAoCTporo TupeonanTa. CornacHo AaHHbIM UTepaTypbl, NOAOCTPbIA TUPEOUANT
AIBNACTCA OAHON N3 PeAKNX MPUYMH IMXOPAAKM HEACHOTO reHesa. HasHauyeHWe rNoKOKOPTUKOCTEPOMA0B NO3BO/INAO OCTUMHYTb MOJIHOMO perpecca
KNMHUYECKMX CUMMTOMOB K 4 CyTKaM. Yepes 5 MecsALieB JOCTUrHYT Cy6KAMHUYECKNMIA rMNoTUpeo3. Ho30/10rMYeckuil MoAXo4 U MeXANCLUNIMHApHO.
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Abstract

Fever of unknown origin is a difficult syndrome for differential diagnosis. Absence of a key feature, variety of causes and the lack of single examination
algorithm makes difficult further diagnosis. The presented clinical case describes a 53-year-old patient with a prolonged fever of more than 1.5 months,
pain syndrome in the facial area. During outpatient monitoring, the cause was not clarified. At the inpatient stage, a comprehensive examination was
conducted for all classes of causes. The revealed changes in the thyroid gland and thyrotoxicosis made it possible to diagnose subacute thyroiditis.
According to the literature, subacute thyroiditis is one of the rare causes of fever of unknown origin. Prescription of glucocorticosteroid made it
possible to achieve complete regression of clinical symptoms in 4 days. After 5 months, subclinical hypothyroidism was achieved. The nosological

approach and multidisciplinary interaction contributed to the correct tactics and a favorable outcome of the disease.

Key words: fever of unknown origin, subacute thyroiditis
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FUO — fever of unknown origin, GCS — glucocorticosteroids, CRP — C-reactive protein, ESD — erythrocyte sedimentation rate, CT — computer
tomography, TTH — thyrotropic hormone, free T3 — free triiodothyronine, free T4 — free thyroxine, GCA — giant cell arteritis

For the first time, fever of unknown origin (FUO) was
mentioned in 1930 in a report by a US hospital. Scien-
tists described a follow-up of 173 patients starting from
1913, who were discharged with the diagnosis “fever of
unknown origin”

In 1961, R.G. Petersdorf and P.B. Beeson proposed
the first official definition of fever of unknown origin: “A
fever of over 100.9 F (38.3 °C) in some cases, persisting
without a diagnosis for three weeks, despite one week of
inpatient examinations” [1].

30 years later, Durack D.T. and Street A.C. modified
this definition: undefined diagnosis after three visits to
the doctor or a 3-day inpatient examination [2].

It is important to note that the body temperature can
vary by 0.7 °C depending on the place of measurement.
In Europe and the USA, temperature is usually measured
in the oral cavity or rectum, while in Russia, the most
common is axillary crease. Therefore, criteria of FUO
can be temperature less than 38.3 °C.

The aetiology of FUO includes five groups of the
most common causes: infections (40 %), tumours (20 %),
inflammatory connective tissue diseases (20 %), returned
traveller diseases, and other (10 %). Statistically, 10 % of
patients remain undiagnosed (Table 1).

The diagnostic search includes four steps (Fig. 1):
identification of an additional sign, provisional hypoth-

“The true knowledge is the knowledge of causes”
Galileo Galilei

esis, additional diagnostic investigations, data interpre-
tation, and comparison with the clinical case [4].

Currently, there isn't any universal diagnostic algo-
rithm of FUO. During the past two decades, several diag-
nostic search designs were proposed; all of them have dif-
ferent structure and content. For instance, the algorithm
by Roth A. and Basello G. (Fig. 2), which was presented
in 2003, is more structured, more branched; unlike other
variants, it provides for separate sets of examinations
depending on the estimated ICD code. According to
the algorithm proposed by Varghese et al. [6] in 2010,
the first step includes a general medical examination,
which is available in a majority of medical institutions;
if no cause is found, then the second step follows, which
is hi-tech examinations. Despite differences, these algo-
rithms follow the principle of accessibility, stage-by-stage
approach and cost-effectiveness. However, all algorithms
are based on the personal experience of their authors and
are not evidence-based.

During the diagnostic search, it is recommended
to use symptomatic therapy only, namely antipyretics.
Antibacterial therapy is indicated only in severe intoxica-
tion, haemodynamic disorders, signs of DIC-syndrome,
neutropenia, and positive procalcitonin test. If system
connective tissue disorders are suspected, test therapy
with glucocorticosteroids (GCS) can be initiated, with
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Table 1. Causes of fever of unknown origin (adapted from Wright WE, Auwaerter PG.
Fever and Fever of Unknown Origin: Review, Recent Advances, and Lingering Dogma.
Open Forum Infect Dis. 2020 May 2;7(5):0faal32. doi: 10.1093/ofid/ofaal32.

PMID: 32462043; PMCID: PMC7237822.) [3]

Category Common Uncommon
Infectious Mycobacterium tuberculosis (mainly extrapulmonary), Bartonellosis (mainly Bartonella henselae), brucellosis, occult abscesses,
diseases endocarditis, culture-negative Epstein-Barr virus salmonellosis, urinary tract infections, acute HIV, Hepatitis A, B, and E,
infections, cytomegalovirus infections Human herpesvirus-6, Human herpesvirus-7, bone and joint infections
Neoplastic Lymphoma (Hodgkin and non-Hodgkin), leukemia, Myelodysplastic syndrom, colonic adenocarcinoma, multiple myeloma,
diseases solid-organ tumors (renal cell carcinoma and gastric carcinomas, mesothelioma, Castleman’s disease
melanoma)
Inflammatory Adult-onset Still’s disease, systemic lupus Rheumatoid arthritis, polyarteritis nodosa, sarcoidosis, granulomatosis
diseases erythematosus, polymyalgia rheumatica, temporal with polyangiitis, Kawasaki’s disease
arteritis, inflammatory bowel disease
Returnes Malaria, Dengue virus Pulmonary infection, urinary tract infectoins, hepatitis A,B, and E,
travelers rickettsial deseases, leptospirosis, schistosomiasis, gnathostomiasis,
cysticercosis, typhoid, acute HIV, tuberculosis
Miscellaneous Medication / drug fever, chronic pulmonary embolism, Subacute thyroiditis, hypoadrenalism, necrotizinf lymphadenitis,
hyperthyroidism, hematoma periodic fevers (genetic), hemophagocytic lymphohistiocytosis,
factitious fever.
I stage Clinical
> Identify an additional sign Anamnestic
Laboratory
o Circle
II stage > State a .prehmlnary. diagnostic
diagnostic hypothesis search
) Confirmation of
I1I stage > Orfifer appropriare anq the diagnostic
specific diagnostic testing hypothesis
Interpret findings and relate Nosologic
IV stage them to the clinical situation diagnosis

Figure 1. Diagnostic search scheme of FUO (adapted from Dvoreckij L.I. Fever of unknown origin: an eternal clinical
intrigue. Moscow, MEDpress-inform. 2019; 138 p. [In Russian]) [4]
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Complete history and physical assesment

+ Order appropriare
Positive findings —>»> Yes —» and specific
¢ diagnostic testing

No

v

CDC, electrolytes, LFT, Blood culture, urinalysis, urine culture, ESR,
PPD skin test, chest radiograph

v

Order appropriate
Positive results ———»  Yes —» follow-up
¢ diagnostic testing
No

v

CT of abdomen/pelvis with contrast

v

Assign to most likely category
]

v v v v
Infection MallglnanCIes Auto(;?[l.mun Miscellaneous
conditions
v v
Hematologic Nonhematologic
Urine and sputum
cultures for AFB, Mammograhy, chest Order appropriate
VDRL, HIV test, Peripheral smear CT with contrast, ; diagnostic tests
7 /1 Rheumatiod based or
serology for CMV, serum protein UPPErAOWET Rl ©
EBV, ASO titer elecrophoresis endoscopy, bone LSO, AN inflomation from
(geographica]ly scan, 7Ga scan the hystory
stecific testing) l l l
No No No No

!

TTE/TEE, lumbar
puncture, “’Ga
scun, sinus films
(radiography or
CT)

'

Bone marrow
biopsy

v

Temporal artery biopsy,
lymph node biopsy

MRI of the brain, biopsy of suspicious skin lesions or lymph nodes, liver

biopsy, diagnostic laparoscopy

Figure 2. Algorithm for the diagnosis of fever of unknown orogin Roth A., Basello G., 2003 (adapted from us Roth AR,
Basello GM. Approach to the adult patient with fever of unknown origin. Am Fam Physician. 2003 Dec 1; 68(11): 2223-8.

PMID: 14677667) [5]

Note: CBC — complete blood count; LFT — liver function test; ESR — erythrocyte sedimentation rate; PPD — purified protein derivative; CT — computed tomography;
AFB — acis-fast bacilli; HIV — human immunodeficiency virus; CMV — cytomegalovirus; EBV — Epstein-Barr virus; ASO — antistreptolysin-O antibodies; TTE — transthoracic
echocardiography; TTE — transesophageal echocardiography; MRI — magnetic resonance imaging
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efficiency assessment in 48-72 hours; if the therapy is
inefficient, GCS should be discontinued.

If the cause of FUO is still unknown despite a com-
prehensive examination, case follow-up and laboratory
monitoring are recommended, provided the patient is
stable.

CASE STUDY

Patient M., 53 years old. On 17 April, she was admit-
ted to the Department of Internal Medicine at the hos-
pital of the Central Union of Consumer Cooperatives of
the Russian Federation. The patient was complaining of
a fever of 37.2-37.5 °C rising to 39.0 *C every 4-5 days
for 1.5 months; pain on the left side of her face, increased
fatigue, weakness, atony, apathy, irritability, poor con-
centration and attentiveness.

Medical history. The patient considers herself ill for
four months, when psychoemotional stress caused exac-
erbation of recurrent neuritis of her left fifth cranial
nerve, a condition, which the patient has had for the
last five years, with annual recurrences; the condition is
managed with pregabalin. The present episode of exac-
erbation manifests with headaches and pain on the left
side of her face; the patient took pregabalin 600 mg and
acyclovir, with no effect.

Early in February, the pain spread to the left temporal
region and left eye area (Table 2).

Late in February, the patient had a high fever (39.5-
39.9 °C) for three days; then it was a moderate fever
(38.0-38.9 °C) for two weeks. Later, the patient had a
subfebrile fever (37.2-37.5 °C) for 1.5 month, with rises

Table 2. Dynamics of clinical symptoms

in the body temperatures to 39.0 "C every 4-5 days
(Fig. 3).

Over a period of two months, the patient repeatedly
sought medical help. Outpatient examinations: ultra-
sound examination of neck, supraclavicular, subclav-
icular, axillary, and groin lymph nodes; paranasal sinus
X-ray; consultation by a dentist — no pathologies.

22 March: ultrasound examination of the thyroid
gland, salivary glands, neck and submandibular lymph
nodes. Echo signs of palpable abnormalities of the thy-
roid gland (13x10x7 mm, 15x13x9 mm, 12x10x9 mm)
Thi-RADS 3-4 and diffuse changes in the right thyroid
lobe, hyperplasia of the right paratracheal lymph node
(6x5x4 mm) and moderate hyperplasia of two right sub-
mandibular lymph nodes (12x11x8 mm, 20x18x8 mm).

23 March: complete blood count — unremarkable;
elevated ESR up to 38 mm/h; CRP (hsCRP) — up to
7.1 mg/L, TTH: 1.55 IU/L (normal range: 0.4-4.0 IU/L).

Biopsy of thyroid gland lumps: areas of colloid goitre
with proliferated thyroid epithelial cells (Bethesda Cat-
egory II — benign).

Past history. Type 2 diabetes mellitus from 2013;
continuously takes insulin glargine 14 units once daily,
metformin 1,000 mg twice daily. Recurrent neuritis of
the left fifth cranial nerve from 2017. Positive family his-
tory for type 2 diabetes mellitus on her mother’s side; her
mother is followed-up to thyroid nodule. No bad habits.
No history of allergies. Continuously takes atenolol
25 mg. The patient denies any trips outside the Moscow
Region during the last six months. Any contact with
contagious patients: denies. Any contact with animals,
rodents, birds, animal raw materials: denies.

Hystory of disease

headache

left facial pain

temporal pain

pain in the left eye
area

fever

weakness, fatigue,
drowsiness, apathy,
irritability, decreased
attention span

January

February

March

April
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Figure 3. Dynamics of the patient’s body temperature outside the hospital

Initial examination results dated 17 April: moderately
severe condition; body temperature: 37.5 © C. The oro-
pharynx is not hyperaemic. Palpable enlarged subman-
dibular lymph nodes on the left side. Respiratory rate:
19/min, vesicular respiration, without rales, SpO2: 98 %.
Clear, rhythmic heart tones without any murmur; HR:
105 bpm; BP: 130/80 mm Hg; the thyroid gland is not
enlarged, slightly painful. The patient is lucid, sensible,
cooperative, emotionally labile. Other organs and sys-
tems: no abnormal changes.

Medical history and physical examination did not
reveal any additional diagnostic sign. Examinations of
the first-line diagnostic search: general clinical examina-
tions, taking into account available outpatient examina-
tion and tests.

ECG dated 17 April: regular sinus rhythm. HR:
109 bpm. Sinus tachycardia. Horizontal CEA (cardiac
electrical axis).

Complete blood count dated 17 April: HB — 112 g/L,
EBC — 3.98 mln/uL, platelets — 372 ths/uL, WBC —
7.88 ths/uL, NEU — 60.3% (4.75 ths/uL), LYMPH —
29.2% (2.30 ths/puL), MONO — 7.7% (0.61 ths/pL),
EOS — 2.3% (0.18 ths/uL), BAS — 0.5% (0.04 ths/uL),
HCT — 33.9%, ESR — 105 mm/h.

Blood biochemistry dated 17 April: ALT — 10 U/L,
AST — 10 U/L, albumin — 40 g/L, glucose — 7.7 mmol/L,
creatinine — 64 pumol/L, urea — 5.7 mmol/L, total pro-
tein — 72 g/L, hsCRP — 69.8 mg/L, glycated Hb — 8.7 %,
calcitonin — 1.8 pg/mL.

Urinalysis, ultrasound examination of abdomen, kid-
neys, pelvis, EcoCG: no abnormal changes.

At this stage, no clinically significant changes were
observed, which would help to identify the key sign It
was concluded that chest, abdominal, retroperitoneal
and pelvic CT (with IV contrast) was required. The
examination did not identify any meaningful patholo-
gies of the chest, abdomen, or pelvis. However, structure
inhomogeneity and contrast accumulation by thyroid
parenchyma were reported.

Given the available information, changes in the thy-
roid gland revealed by the biopsy (taking into account
normal hormone levels) were interpreted as signs of
multinodal colloid goitre.

At this stage, examination results did not make it
possible to choose a certain group of diseases. Initial
examinations for all categories of diseases have been
performed.

Blood test for autoimmune markers dated 18 April:
rheumatoid factor — < 20.0 IU/mL, antinuclear antibod-
ies (ANA IIFT, HEp-2) — <1:160 titer.

Blood test for infections dated 18 April: EBV virus
DNA — negative; type 6 herpes simplex virus — negative.

In order to rule out a septic process, blood test for
procalcitonin (0.03 ng/mL) and blood culture for steril-
ity (no microflora growth) were performed.

Examinations: paranasal sinus CT, mammography,
esophagogastroduodenoscopy, fibrocolonoscopy — no
clinically significant changes.
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Repeated blood tests dated 24 April showed the fol-
lowing abnormalities: Hb — 109 g/L, HCT — 32.9 %,
ESR — 99 mm/h, albumin — 34.5 g/L, CRP — 60.4 mg/L.

Since there was no key sign, and CT changes in the
thyroid gland were reported, TTH levels were measured:
<0.0083 TU/L (23 March: 1.55 TU/L).

The key sign was identified — thyrotoxicosis, which
was not observed one month earlier. Follow-up examina-
tions of the thyroid gland were performed.

Blood test dated 25 April: TTH receptor antibod-
ies — 1.0 IU/L (negative); free T3 — 5.5 pmol/L (3.0-
5.6 pmol/L); free T4 — 33.05 pmol/L (9.00-19.05 pmol/L).

Thyroid ultrasound (Fig. 4) as compared to
22 March demonstrated an enlarged thyroid gland:
right lobe — 19x18x47 mm->23x20x55 mm, left
lobe — 18x16x43 mm->18x18x50 mm, isthmus —
3 mm-5 mm, volume: 12 cm®$20.1 cm?®. Parenchyma:
mixed echogenicity, marked diffuse heterogeneity,

Figure 4. Thyroid ultrasound 25.04
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Figure 5. Dinamics ESR and CRP over the observation period

more in the right lobe, with large areas of decreased
echogenicity in the whole lobe. The lower body of the
right lobe: the above-mentioned hypoechoic node with
even, unclear edges cannot be differentiated due to
the overall lobe heterogeneity. The above-mentioned
areas of reduced echogenicity along the posterior sur-
face with uneven, unclear edges and without enhanced
blood flow, which were interpreted as Thi-RADS 4,
have now amalgamated with the large areas. In the
central segment there is an isoechoic node with even,
unclear edges, 15x13x9 mm.

The patient was consulted by an endocrinologist; the
following diagnosis was made on the basis of laboratory
and instrumental test results: severe subacute thyroiditis.

Laboratory tests showed thyrotoxicosis syndrome,
pain syndrome, accelerated ESR syndrome, typical ultra-
sound changes in the thyroid gland.

According to the clinical recommendations for the
management of acute and chronic thyroiditis [7], the
patient had a prednisolone challenge test, i.e. test ther-
apy: prednisolone 20 mg once daily. On day 2 of therapy,
the body temperature normalised; on day 3, weakness,
apathy, irritability resolved; and on day 4, the pain syn-
drome resolved completely.

An analysis of the clinical, laboratory and instrumen-
tal data as well as medical history confirm the diagnosis
of severe subacute thyroiditis:

o Palpatory tenderness of the thyroid gland
o Fever
o Thyrotoxicosis syndrome

Accelerated ESR syndrome without leukocytosis

Enlarged thyroid gland, areas of decreased echo-
genicity, migration of these areas on ultrasound
« Positive prednisolone challenge test.

Final  diagnosis:  Severe subacute thyroiditis.
Type 2 diabetes mellitus, target HbAlc of less than 7.0 %
has not been achieved. Mild normocytic, normochromic
anaemia.

CPBb, mr/n (CRP, mg/L)

69,8
¢ ® 604
- ® 309
°
23.03 1704 2404  11.05

TTI, MmEa/n (TSH, mU/L)

5,57

1,55
0,0083

23.03 17.04 19.09

Figure 6. Dynamics of thyroid-stimulating hormone
levels during the observation period

The patient was discharged with improvements and
was given the following recommendations:

o Prednisolone 20 mg once daily, weekly follow-
up complete blood counts (including ESR); once
ESR has normalised, prednisolone dose should be
reduced by 2.5 mg (1/2 tablet) every week until
complete withdrawal

o Atenolol 25 mg once daily (in the morning)

o Insulin glargine 14 units once daily

o Metformin 1,000 mg twice daily (in the morning
and before bed)

» Empagliflozin 10 mg once daily

o Omeprazole 20 mg twice daily.

1.5 months later, the patient started reducing
prednisolone dose, and by the end of August, she
withdrew from it completely. According to labora-
tory blood tests, in mid-September the patient had
asymptomatic hypothyroidism, which corresponds to
the hypothyroid phase of destructive (subacute) thy-
roiditis: TTH — 5.57 TU/L (0.4-4.0 IU/L), free T3 —
5.14 pmol/L (3.0-5.6 pmol/L), free T4 — 10.81 pmol/L
(9.0-19.05 pmol/L).
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Discussion

The peculiarities of this clinical case are the rare inci-
dence of this pathology, lack of unified management
recommendations and long diagnostic search due to
uncharacteristic clinical manifestations.

There is literature evidence of FUO caused by sub-
acute thyroiditis, where local symptoms and signs of
impaired thyroid function are not primary aspects.
In FUO, pain syndrome can be mild or can be absent;
in some cases, patients recalled short-term pain or dis-
comfort in the neck area, which is not typical of the tra-
ditional course of subacute thyroiditis.

In this case, pain syndrome has an atypical location.

Symptoms of thyrotoxicosis were unclear, which can
be a result of beta-blockers inhibiting manifestation of
thyrotoxicosis (non-selective beta-blockers have a more
pronounced effect).

Also, the diagnostic process was challenging due to
the available outpatient data of thyroid data examina-
tions and absence of any clinical signs for a follow-up
examination. According to the clinical recommenda-
tions on thyroid disorders, TTH levels are monitored
every eight to 12 weeks. An examination performed
in March showed euthyroid state; however, the thyro-
toxic phase of destructive thyroiditis set in within one
month. Ultrasound results made it possible to monitor
changes in the thyroid gland, including signs typical of
subacute thyroiditis (migration of hypoechoic cloud-
shaped areas).

s

Destructive
thyrotoxicosis
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Thyrotoxicosis
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Of note, available data of thyroid gland examinations
hindered diagnostic search; pain syndrome and initial
examination results were misinterpreted. It is likely that
outpatient blood tests and thyroid ultrasound were per-
formed at the early stage of disease, i.e. at the beginning
of destructive thyrotoxicosis (Fig. 7), when the thyroid
function had not yet responded to the existing inflamma-
tion and starting thyrocyte destruction. Also, ultrasound
results were not pathognomonic for subacute thyroiditis;
and they could be interpreted only during the follow-up
(migration of hypoechoic cloud-shaped areas).

In this case, differential diagnosis with giant cell arte-
ritis (GCA) was required. The patient had typical pain
location. However, upon examination the patient did not
present with typical changes in her temporal areas (tem-
poral artery bulging and a clearer contour, palpatory ten-
derness of skin of the head and temporal region); also,
there were no symptoms of muscle involvement (myo-
dynia, alternating mandibular claudication), etc.

A positive effect of GCS is typical for both diseases;
however, in GCA, higher doses of GCS are used for
approximately 24 months; any attempts to reduce the
dose or discontinue GCS can cause a relapse. In this case,
1.5 months after therapy initiation, laboratory values
normalised, and two months later, the therapy was dis-
continued completely. The patient’s condition did not
deteriorate, while thyroid hormone levels corresponded
to subclinical hypothyroidism, which correlates with
stage 3 subacute thyroiditis (transient thyroiditis).
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Conclusion

This clinical case demonstrates challenges of manage-
ment of patients with fever of unknown origin. Versatile
causes, belonging to various areas of medicine, usually
an atypical clinical presentation of the disease disguised
by FUQ, poor awareness among healthcare providers of
the causes (including rare cases, such as subacute thy-
roiditis) and diagnosis of this condition, lack of clinical
recommendations on the management of such patients,
hinder diagnostic search and extend the time needed to
make a diagnosis.

Bknapg aBTOpOB:

Bce aBTOPbI BHEC/IM CYILLeCTBEHHBIN BKAAZ, B NOArOTOBKY paboThl, MPoYm
1 006pun GpUHaNbHYIO BepCUIo CTaTbk Nepes nybankaLvei

domuHa E.W.: BegeHne naumeHTa, paspaboTka AusaitHa ny6anKaumm,
HanucaHue TeKcTa pykonucu, o63op nybankauuii no Teme cTatbu, yT-
BEPX/EHNE OKOHYaTe/NIbHOro BapuaHTa, NPUHATME OTBETCTBEHHOCTM 3a
BCe acneKTbl paboTbl, LLe/IOCTHOCTb BCEX YAaCTel CTaTby 1 ee OKOHYaTe/b-
HbIli BapuaHT, B3aMMOAENCTBME C peAaKLMeli B MpoLecce NoAroToBKM
ny6AuKaLmm 1 neyaTu

F'y6epHaToposa E.E.: BegeHve nauueHTa, JopaboTka TeKcTa, 0630p ny-
6/MKaumMit Mo TeMe CTaTbW, YTBEPXK/EHWE OKOHYaTe/NbHOTrO BapuaHTa,
npeAocTaB/ieHne UIIOCTPAaTUBHONO MaTepuana

Apawesa T.B.: Hay4yHOe pyKOBOACTBO, paspaboTka KoHLenuuu, c6op
AaHHbIX U 06paboTka MaTepuana, MOArOTOBKa U pejaKTUpOBaHMe TeK-
CTa, YTBEPX/EHNe OKOHYaTe/IbHOro BapuaHTa

BaTtypuHa T.B.: BegeHue naumneHTa, 0630p ny6amnKaLmit no TemMe cTaTby,
fopaboTka TeKkcTa, c6op AaHHbIX U 0bpaboTka MaTepuana

CamoxxeHosa I1.C.: 0630p ny6amKaumii no TeMe cTaTby, paspaboTka Au-
3aiiHa ny6auKaummM, NpejocTaBaeHe WAMKOCTPALIMOHHOrO MaTepuana,
odopmneHve rpapurkos 1 TabauL,

Tumodeesa H.H0.: 0630p ny6amkauwmii no Teme ctaTbk, AOopaboTKa Tek-

cTa, cbop AaHHbIX M 06paboTka MaTepuana
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LMNA-Cardiomyopathy in Emery-Dreifuss
Muscular Dystrophy

Pesiome

MbiweyHasn guctpodua IMepu-/peiidyca — pegkoe 3aboneBaHue, BO3HMKaloLLee BCeCTBUE FreHeTMYecKoro AedekTa 6enKoB AAepHO 060/104KH,
yale sMepuHa 1 namMmnHa A/C. 3aboneBaHve NPOAB/AAETCA MeAIEHHO NpOrpeccupytolleit cNabocTblo 10NaTOYHO-MNNeYeBO 1 Ta30BO-MNepoHeabHOM
rpynn MbiliL, MMOANCTPOdUEN, MEPBUYHON KOHTPAKTYPOW CyCTaBOB, a TaKXKe KapAMoMMUonaTuneit C HapyLeHUaM1 putMa u nposogmmoctu. Cepaey-
HO-COCYAUNCTbIE OC/IOKHEHUA N XU3HEYrpoXarlime aputMMU — OCHOBHAaA NpUYNHA CMEpPTU TaKMX NaumMeHTOB B MOZ1I04,0M BO3pacTe. B 3aBMcnmMocTun
OT BeAyLMX CUMNTOMOB U Hac/1eACTBEHHOrO aHaMHe3a 60/bHble MoNajaloT B Mo/e 3peHUA PasHbIX KAMHULMCTOB — HEBPO/IOrOB, KapAMo/oros,
apuTMO/IOrOB, OPTOME/0B, — YacTO HeJ0CTaTOYHO MHGOPMUPOBAHHbIX O AaHHOM 3ab0/1eBaHNM, YTO NPEnATCTBYET AMAarHOCTUKe, CBOEBPEMEHHO
NpodUNaKTUKE 1 NIeHEHNIO OC/I0XKHEHWI. B AaHHON CcTaTbe pacCMOTPeHbI aHHble SMNUAEMMONOT M, NaTOPU3NOOrMUN, OCOBEHHOCTY TeYeHNs, Ana-
FHOCTUKW, MOAXOAb! K BeeHUI0 CepAe4HO-COCYAUCTON NaToNor UM NpU NPOrpeccupyoLlein Mbllle4yHow Anctpodun dMepu-/lperidyca c pasBuTmem
LMNA-kapavomMyonaTun. A Takxe npeAcTaB/ieH KAMHUYECKWIA ClyYall AaHHOro 3a60s1eBaHmA.

Knro4deBbie cnoBa: Smepu-/ipeligyca, kapduomuonamus, namuronamus, LMNA, mbiweyHas ducmpodus
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Abstract

Emery-Dreifuss muscular dystrophy is a rare disease resulting from a genetic defect in nuclear envelope proteins, most commonly in emerin and lamin
A/C. The disease is characterized by slowly progressing weakness of the scapular-brachial and pelvic-peroneal muscle groups, myodystrophy, primary
joint contracture and cardiomyopathy with rhythm disorders and conduction abnormalities. Cardiovascular complications and life-threatening ar-
rhythmias are the main cause of death in such patients at a young age. Depending on the leading symptoms and family history, patients are under the
care of different specialists. Unfortunately, neurologists, cardiologists, cardio surgeons and orthopedics are not well informed about this rare condi-
tion and thus the disease tends to be not diagnosed in time. This article examines the data of epidemiology, pathophysiology, features of the course,
diagnosis, approaches to the management of cardiovascular pathology in progressive Emery-Dreyfus muscular dystrophy with the development of
LMNA cardiomyopathy. A clinical case of this disease is also given.

Key worlds: Emery-Dreifuss, cardiomyopathy, laminopathy, LMNA, muscular dystrophy
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AV — atrioventricular, SCD — sudden cardiac death, DCMP — dilated cardiomyopathy, LTVT — life-threatening ventricular tachyarrhythmia, ICD —
implantable cardioverter defibrillator, CMP — cardiomyopathy, MAPK — mitogenic-activated protein kinase, MRI — magnetic resonance imaging,
ACVA — acute cerebrovascular accident, CF — cardiac failure, CVC — cardiovascular complications, CRT- cardiac resynchronisation therapy, AF —
auricular fluttering, TEC — thromboembolic complication, LV EF — left ventricle ejection fraction, AFib — atrial fibrillation, Holter ECG — Holter
electrocardiography monitoring, CCF — chronic cardiac failure, EDMD — Emery — Dreifuss muscular dystrophy, ECG — electrocardiography, ECS —
electrocardiostimulator, EchoCG — echocardiography

Introduction tachyarrhythmia, conduction abnormalities, cardio-

In the 1960s, two neurologists — E. E. Emery and E
Dreifuss — identified a unique group of patients with
a hereditary muscular-cardiac-articular  syndrome.
When compared to the previously described Duch-
enne — Becker muscular dystrophies, the clinical course
of this condition was more benign [1]. The syndrome was
called Emery — Dreifuss muscular dystrophy (EDMD).
The following symptom triad is typical for this dystrophy:
1. Slowly progressing dystrophies and weakness of

scapular, shoulder and fibular muscles, which usually

manifest at the age of 3 to 15 years old. The ability to

walk independently is lost in extreme cases [2].

2. Early contractures in elbow flexors, Achilles tendon
flexors and neck extensors. The latter are often
observed during the first decade of life, but get worse
and cause discomfort in adolescence [3].

3. Clinically, heart involvement manifests during the
2nd or 3rd decade of the patient’s life. The most
often manifestations are atrial and ventricular

myopathy (CMP) with developing cardiac failure
(CF). The incidence of CF can exceed 60 % in patients
over 50 years of age with LMNA gene mutations [4].
Cardiac manifestations can precede skeletal muscle
weakness. If compared to the general population,
female EDMD carriers have a higher risk of cardio-
vascular complications (CVC) even in the absence of
marked neural and muscular symptoms [1].

Pathogenesis

The pathogenesis of EDMD is associated with pro-
tein-coding genes: emerin — gene EMD, lamin —
LMNA, nesprin 1 — SYNEI, nesprin 2 — SYNE2, H-like
protein 1 factor — FHLI, transmembrane protein 43 —
TMEMH43. They correspond to the specific EDMD
subtypes: EDMD 1 (gene EMD), EDMD 2 (LMNA),
EDMD 3 (LMNA), EDMD 4 (SYNEI), EDMD 5 (SYNE2),
EDMD 6 (FHL1), EDMD 7 (TMEM43) (Fig. 1) [5,6].
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EDMD

X-linked recessive

P

EDMD 1 (EMD)

61%
of XIr EDMDs

19%
of all EDMDS

EDMD 6 (FHL 1)

™ 10%
of XIr EDMDs

3%
of all EDMDs

Autosomail dominant
EDMD 2 (LMNA)

Au‘tosomal recessive
EDMD 3 (LMNA)
(single descriptions)

22% of all EDMDS 45% of AD EDMDs

EDMD 4 (SYNEZ)|
* EDMDS5 (SYNE2)
EDMD 7 (TMEM43) is unknown

Figure 1. 7 genetic variants of Emery-Dreifuss muscular dystrophy.

Note: EDMD — Emery-Dreifuss muscular dystrophy, EMD — emerin protein genes, LMNA — lamin protein gene, SYNEL, SYNE2 — genes of proteins nesprin-1, nesprin-2,
respectively, FHL1 — gene factor H-like protein 1, TMEM43 — transmembrane protein 43. XIr — X-linked recessive, AD — autosomal dominant

According to the Online Mendelian Inheritance in Man
(OMIM) database, genes SUNI, SUN2, which encode
homonymous proteins of the internal nuclear membrane,
and TTN (titin-encoding gene) are also potentially asso-
ciated with EDMD phenotype [7]. Mutations in genes
LMNA and EMD are the most common causes of EDMD;
they account for approximately 40 % of EDMD cases [2].

In 1986, when the first gene EMD responsible for
the disease development was discovered, the molecular
era of EDMD diagnostics began. Mutation in this gene
causes impaired production of emerin, with the X-linked
mode of inheritance [6,8].

In 1999, it was discovered that EDMD 2 is related to
gene LMNA, localised on the long arm of chromosome 1
(q11-q230. Mutations in this gene cause defects in the
structure and function of lamin A/C and clinical mani-
festations of EDMD; usually, the mode of inheritance is
autosomal dominant [6,9].

Lamins A/C and emerin are nuclear membrane
proteins and components of the nuclear lamina, which
participates in the maintenance of the cellular architec-
ture and is a frame for other factors, which participate
in deoxyribonucleic acid replication, chromatin organi-
sation and transcription [10]. Atrioventricular (AV)
node cells, which do not contain lamin A, demonstrate
increased nuclear deformity and apoptosis [11]. A cas-
cade to destroy pacemaker cells and cardiac cells is trig-
gered, resulting in gradual replacement of the myocar-
dium with fibrous and fatty tissue. The process usually
starts in atria, then involves AV node and, finally, ventri-
cles (Fig. 2) [2].

Lamin A/C defect is characterised with a wide clini-
cal variability, genetic heterogeneity, variety of pheno-
types. In addition to EDMD2, mutations in gene LMNA

are responsible for the development of over a dozen of
diseases — laminopathies, involving various tissues
(skeletal muscles, myocardium, fatty tissue, peripheral
nerves), both individually and systemically (premature
ageing syndrome) [12]. Cardiac manifestations of lami-
nopathies are versatile: dilated CMP (DCMP), restrictive
CMP, conduction abnormalities, atrial fibrillation/flut-
tering (AFib/AF), malignant ventricular arrhythmias
[13,14].

Potential mechanisms of LMNA-CMP pathogenesis:

» Haploinsufficiency (one gene copy is not enough

for normal protein function, where inactivation
of even one of the two alleles can cause disease),
which results in early death of AV node cardiac
cells.
Abnormal chromatic organisation.
o Abnormal activation of mTOR path (rapamycin

target in mammals — serine/threonine kinase,
participating in control of cell growth and prolif-
eration).

o Abnormal activation of the platelet growth factor
path, which results in impaired calcium metabo-
lism [15-17].

Very often, the degree of cardiac involvement in
EDMD does not correlate with the muscle weakness pro-
gression. Patients with a mild skeletal muscle damage
can have severe conduction abnormalities, requiring an
implantable electrocardiostimulator (ECS). Individuals
with gene LMNA mutations often have severe DCMP
and life-threatening rhythm and conduction abnormali-
ties [18].

EPIDEMIOLOGY

This disease is rare; it affects 0.39 per 100,000 (1 per
250,000) people (Table 1) [19,20].
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Rare fibrosis and steatosis

g Miocardium \E;.s Fibrous tissue

Progressive fibrosis and steatosis

Adipocite

Figure 2. Replacement of atrial myocardium by fibrosis and adipose, which can eventually affect atrioventricular node and

ventricle [2]

Table 1. The prevalence of various types of EDMD [5,20].

Types Frequency of occurrence
0.13 — 0.2 per 100 thousand

EDMD 1

19% of all EDMD
EDMD 2 22% of all EDMD
EDMD 3 10 registered cases
EDMD 4

2% of all EDMD
EDMD 5
EDMD 6 3% of all EDMD
EDMD 7 is unknown

Note: EDMD — Emery-Dreifuss Muscular Dystrophy

Diagnosis

EDMD diagnosis can be challenging due to the low
incidence of this condition and similarity with other
muscle dystrophies and laminopathies [13, 21].

If a muscle dystrophy is suspected, electroneuromy-
ography and muscle biopsy are indicated; however, in
EDMD and other laminopathies, results of these exami-
nations are usually non-specific [14, 22].

An important marker of muscle dystrophies is high
creatine phosphokinase levels, which can vary from
normal values to 5-15-fold increase over the upper limit
of normal. In patients with mostly heart involvement,
creatine phosphokinase levels are within the normal
range. In other words, increased creatine phosphokinase
levels can be useful for the diagnosis, but normal levels
do not rule out EDMD [2].

Skeletal muscle imaging can be a useful additional
diagnostic tool. EDMD is characterised with scapular,
shoulder and fibular muscle hypotrophy, while compen-
satory hypertrophy of muscles in other locations is not
typical. Muscle imaging observations can contribute to
the diagnosis of various muscle dystrophies [23-25].

All patients with EDMD should undergo a thorough
examination of their cardiovascular system, including
physical examination, ECG and Echo-CG, as well as
Holter ECG monitoring [2, 14, 26-28].

ECG abnormalities in EDMD patients include atrial
arrhythmias, AV arrhythmias, AV blocks. Common
events are tachyarrhythmias: AFi, AF, other supraven-
tricular and ventricular arrythmias [2]. Progressive con-
duction abnormalities up to complete transverse block
are a common observation [29, 30].

Lazarte J., et al. (2022), who analysed the data from
the UK Genetic Biobank using whole-genome sequenc-
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ing (n = 185,990), found out 1,167 (0.63%) patients
with various gene LMNA mutations. The demonstrated
the correlation between defects in lamin A/C protein
and arrhythmias (AFib, bradyarrhythmias, ventricu-
lar arrhythmias, DCMP and CF (risk ratio (RR) = 2.21;
p < 0.001). The incidence of arrhythmias or CMP was
43 per 1,000 person-years among carriers of defective
gene LMNA, and 6.38 per 1,000 person-years among
other, p < 0.001 [31].

EchoCG in EDMD can show DCMP. Signs of ventric-
ular dystrophy from fibrosis can be observed. A common
observation is enlarged atria as compared to ventricles,
especially at early stages of diagnosis [26, 32].

Very often, magnetic resonance imaging (MRI) of the
heart in patients with EDMD is not possible due to the
presence of ECS.

Myocardium biopsy can show advanced atrial fibro-
sis, which causes EDMD. A study involving 8 patients
with EDMD 2 showed the absence of any marked dis-
placing fibrosis at Gd-enhanced MRI [32]. Heart MRI is
usually used to visualise ventricles and is not widely used
for atrial visualisation because adequate image resolu-
tion in thin-wall atria is impossible. In Duchenne mus-
cular dystrophy, MRI is recommended for identification
of ventricle myocardial fibrosis, which is an early sign of
myocardial involvement preceding systolic dysfunction
[33].

The gold standard in the diagnosis of EDMD is
genetic testing, although currently it is not included in
mandatory medical insurance programs. The majority of
genetic tests are a sequencing analysis of a set of EDMD-
associated genes, using NGS (next-generation sequenc-
ing) [34, 35].

Risk of sudden cardiac death

There are no specific scales to calculate the risk of
sudden cardiac death (SCA) in patients with LNMA-
CMP. In 2019, a validated scale to assess a 5-year risk
of life-threatening ventricular tachyarrhythmia (LTVT)
in laminopathies was developed (https://lmna-risk-vta.
fr) [36]. Predictors are independent risk factors: male
sex, gene LMNA mutation, AV block of grade 1 or above,
unstable ventricular tachycardia and left ventricle ejec-
tion fraction (LV EF) of < 45% [37]. In this scale, the
5-year estimated risk threshold of > 7% can predict
96.2% of LTVT [36].

Wahbi K., et al. (2019) demonstrated that in patients
with laminopathies (n = 444, of which 65 had EDMD),
19.3% (n = 86) had LTVT (3.9% of the annual mor-
bidity; 95% confidence interval (CI): 3.03-4.69) over a
mean follow-up period of 3.6 years. Among patients with
LTVT, 36% (n = 31) had an implantable cardioverter
defibrillator (ICD), 16 % (n = 14) had SCD [36,38].

Nakajima K., et al. (2018) showed that among
110 patients with gene LMNA mutations (60 families
with laminopathies), 20 % were diagnosed with chronic

CF (CCF) with LV EF of < 50 % during the first visit and
in 52% over a period of 5 years. Malignant ventricular
arrhythmias (persistent ventricular tachycardia, ven-
tricular fibrillation, SCD, ICD activation were diagnosed
in 18 % during the first visit and in 42 % over a period
of 5 years. 26 families (43 % of patients with laminopa-
thies) had SCD events. Over the 5-year follow-up period,
17 deaths were recorded (19% of patients with lami-
nopathies), including SCD — in 4 (4 %), death caused
by CF progression — in 13 (14 %), acute cerebrovascular
accident (ACVA) — 1 (1% of patients with laminopa-
thies). It demonstrates a very unfavourable prognosis in
LMNA-CMP [35,37,39].

Management

Management of patients with LMNA-CMP and
EDMD 1 includes:

o Prevention and therapy of CVC.

« Prevention of skeletal myopathy progression, in-
cluding rehabilitation exercises, mobility support
and rehabilitation.

 Contracture surgery [13].

Management of patients with heart damage depends
on the clinical presentation and complications.

Patients with CCF

In 2017, information appeared on the drug therapy
of CF in EDMD and other neuromuscular conditions;
it was concluded that the use of angiotensin-converting
enzyme inhibitors or angiotensin II receptor blockers are
justified. Restricted use of beta blockers due to a high
rate of AV blocks was mentioned [25,27].

In 2023, data were published on the efficacy of angio-
tensin II receptor antagonists and neprilysin inhibitors,
sodium-glucose linked transporter 2 (SGLT-2) inhibitors
in CCF in patients with LMNA-CMP. Reverse remodel-
ling of left ventricle with the use of these products has
been demonstrated in patients with isolated LMNA-
DCMP [14].

Risks of TEC

One study in patients with laminopathies (n = 76)
demonstrated a high incidence of atrial arrhythmias,
especially AFib, which often precede ventricular dysfunc-
tion. The risk of thromboembolic complications (TEC) in
patients with various abnormal variants of gene LMNA,
including EDMD 2, is higher than in other DCMP
(n=224) (RR =4.8,95% CI: 2.2-10.6; p < 0.05) [40].

Tremblay-Gravel M., et al. concluded that the high
rate of AFib and higher risks of TEC in patients with
LMNA gene mutations are a result of internal atrial
myopathy [41]. Therefore, it is essential to follow the
recommendations for AFib and AT in such patients. The
efficiency of antithrombotic prevention in EDMD has
not been studied; however, a high risk of cardioembolic
strokes requires adequate prevention [42,43].
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Heart rlyythm and conduction

abnormalities: ICD, ECS, CRT

According to the recommendations of the Ameri-
can Heart Association, ECS implantation is indicated in
patients with EDMD with any grade of AV block, includ-
ing grade one block, because of progression to complete
AV block [44].

Currently, there are no clear recommendations on
the use of antiarrhythmic drugs and ablation for ven-
tricular arrhythmia in patients with LMNA-CMP. Given
the location of substrate and a high risk of arrhythmia
recurrence, no ablation for ventricular arrhythmia
is indicated in these patients [45]. Sidhu K., et al. fol-
lowed up patients with LMNA-CMP with implantable
cardioverter defibrillators for primary (n = 27) or sec-
ondary (n = 16) prevention for two years. The incidence
of ventricular tachycardias was significantly higher in
patients with ICDs implanted for secondary prevention
(28 + 40.9 vs. 3.6 + 7.3 episodes per 100 patient-years;
p < 0.001) [46].

In patients with LMNA-EDMD, cardiac resynchro-
nisation therapy (CRT) is also used, although due to its
rareness the efficacy and safety in EDMD is understudied
[44]. Sidhu K., et al. conducted a retrospective analysis
of CRT results in patients with LMNA-CMP (n = 105,
mean age: 51 + 10 years). The factor, indicating positive
response to CRT, was an increase in LV EF of > 5% in
six months after implantation. Six months after CRT, the
mean change in LV EF was 4 £ 9 %. Positive effects of
CRT were observed in 38 % and were associated with a
lower baseline LV EF (< 45%) or high pre-CRT pacing
rates (= 50 %) of the right ventricle in patients with an
implanted ECS. In patients, who underwent CRT in strict
compliance with the recommendations of the European
Society of Cardiology (class I), the rate of response was
61%. Median expected difference in survival without
cardiovascular events in SRT responders was 1.3 year
(p =0.04). Thus, it has been demonstrated that in patients
with LMNA-CMP CRT contributes to improved systolic
function of LV, provided there are clear indications for
implantation and survival rates [47].

Heart transplantation

Heart transplantation was described in patients with
EDMD with terminal CF [48, 49]. However, heart trans-
plantation or implantation of devices, which support LV
function, in LMNA-CMP usually is not performed due
to arrhythmogenic complications [48].

Promising pathogenetic methods of LM NA-

CMP therapy

Currently, new promising treatment methods for
patients with laminopathies have been investigated,
which is possible to better diagnosis of this pathology
[50]. Animal models are used to study a possible impact
on mitogenic-activated protein kinase (MAPK), the path-
ological potential of which has been proven to increases

in LMNA gene mutations. MAPK inhibitors have dem-
onstrated favourable effects in mice models. In 2023,
phase 2 clinical trial of low-molecular selective inhibi-
tor of MAPK p38a — ARRY-371797 (PF-07265803) —
was completed. The study evaluated the impact of the
medicinal product on the functional performance of the
patient and cardiac function in patients with LMNA-
associated DCMP. Patients (n = 36) with NYHA class
II-IIT CF were treated with ARRY-371797 100 or 400 mg
twice daily for 48 weeks. The investigational medicinal
product demonstrated positive results: increased func-
tional performance of the patients and reduced concen-
trations of natriuretic peptide. In other words, MAPK
p38a inhibition with this medicinal product can bring
about a new therapeutic approach in the management
of LMNA-CMP. Currently, a double-blind randomised
placebo-controlled phase 3 study (REAL-DCM) is ongo-
ing, which evaluates the impact of ARRY-371797 therapy
on the functional performance, cardiac biomarkers and
quality of life of patients with LMNA-DCMP [51].

Case Study

Until the age of 3 years old, the patient had been
developing according to her age. Since the age of 3 years
old, the patient had progressing gait disorder, shank and
foot muscle weakness (Fig. 3). Spinal muscular atro-
phy was diagnosed. Then myopathy symptoms slowly
progressed. Since the age of 8 years old, the patient had
elbow contractures. At 11 years old, the patient started
using a wheel-chair. At 14 years old, she also started
having ankle joint contractures, at 20 years — knee and
hip contractures, mostly on her right side.

In 2008, when the patient was 24 years old, she was
diagnosed with paroxysmal AFib (150-160 bpm) for the
first time. Initially, the patient had occasional paroxysm
episodes once every half-year, which were treated with
amiodarone. After a while, AFib episodes were more
frequent; in 2015 to 2016, she was treated with corda-
rone, which resulted in thyrotoxicosis; for two years, she
was treated with tyrosol. Since 2018, the patient has had
permanent AFib. Due to a villus rectal polyp and poten-
tial haemorrhagic complications, the patient decided
to withdraw from anticoagulants. Since she had acute
essential oedema as a reaction to metoprolol succinate,
the patient refused to take other beta blockers and was
treated with ivabradine 5 mg.

At the age of 27 years old, in 2011, the patient under-
went a clinical genealogical examination and DNA test-
ing: ¢.745C> T mutation in gene LMNA was diagnosed.
Hereditary history: her father had had similar symptoms
since the age of two years old, and died at 27 years old
from an acute cerebrovascular accident. Taking into
account phenotype data, a hereditary history and DNA
testing results, the following diagnosis was made: Pro-
gressing Emery — Dreifuss muscular dystrophy, autoso-
mal dominant mode of inheritance.
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In 2016, ECG showed grade 1 AV block. Holter ECG
showed periods of asystole of over 3 5. SA node weakness
(tachybradycardia syndrome) was diagnosed. An ECS
was implanted.

In 2017, the patient had elevated BP (up to
200/110 mm Hg); losartan 25 mg daily was prescribed
(the patient does not tolerate angiotensin converting
enzyme inhibitors due to cough). June 2018: dizziness,
speech disorder (dysarthria), progressing neurological
symptoms — motor aphasia and moderate right-side
hemiparesis. Brain CT did not show any focal lesions in
the brain substance; an area of bilateral ischaemia was
observed during follow-up; an ischaemic stroke was
diagnosed in the vertebrobasilar system and left medial
cerebral artery system. Brain CT in 2020 showed cys-
togliotic changes in cerebellar hemispheres and left
fronto-temporal lobe. Anticoagulant therapy was
recommended.

In June 2023, emergency ECS operation was reported:
flat battery, broken atrial electrode. A two-chamber ECS
BIOTRONIK in DDD-60 mode was re-implanted.

In September 2023, when the patient was 40 years
old, she visited a cardiologist, complaining of irregular
heart beat, burning pain on the left side of her chest
when BP elevates to 150/100 mm Hg without any
exercise stress; the episodes were managed with nitro-
glycerine or resolved on their own within 5 minutes.
On physical examination, the overall condition was sat-
isfactory. She is a wheel-chair user, can transfer herself
to the bedside toilet and eat without assistance (Fig. 5).

Figure 3. Patient’s photo to 4 years old: she is able to walk
independently, the beginning of manifestations of muscle
weakness (All materials are posted with the patient’s

consent) Skin and visible mucosa: pale, physiologically wet.
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Figure 4. Patient’s anamnesis
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Body mass index: 11 kg/m?* Neurologically: mildly flat-
tened nasolabial fold on the right side, loss of hearing on
the right, moderate dysarthria with tongue muscle atro-
phy. Quadriparesis with marked hypotrophy of pelvic
and peroneal muscles, shoulder girdle muscles (winged
shoulder blades) and muscles of proximal section of the
upper and lower limbs. Diminished strength in proxi-
mal sections of her arms to 3 points, right hand — to
3 points, left hand — to 4 points, proximal and distal
muscles of legs — to 3 points, with abnormal talipes
varus. Elbow flexion contractures — to 110, right knee
contractures — to 90, left knee contractures — to 140.
Tendon reflexes are triggered by biceps on both sides,
all other — by torpid. Rankin scale: 4 points. Breath-
ing is unaided, clear, auscultatory weaker in the lower
sections of the lungs on both sides. Oxygen saturation
is 98%. Region of the heart: visually unremarkable.
Auscultation findings: muffled heart tones, irregular
rhythm, systolic murmur in the tricuspid valve plane
extending to the right axillary space and aggravating on
inhalation. HR is 69 bpm, without pulse deficit. Blood
pressure: 115/65 mm Hg. Abdomen is soft, painless,
symmetric and engaged in respiration. Bowel move-
ments are regular, unremarkable. Urination is unaided.
No dysuria

Figure 5. Patient’s photo 40 years old (All materials are
posted with the patient’s consent)

Blood biochemistry is remarkable for low-den-
sity lipoprotein levels of 2.3 mmol/L, which is outside
the target range with a very high risk of CVCs in this
patient (< 1.4 mmol/L). Total creatine phosphokinase
level of 27 U/L is within the reference range, which is
not exceptional for patients with EDMD (normal range:
< 165 U/L). NTproBNP: 145 pg/mL (normal range:
< 125 pg/mlL, in CCF: < 300 pg/mL).

ECG shows AV rhythm, from 3rd complex — ECS
rhythm; HR: 69 bpm, changes in the myocardium in the
lower wall of left ventricle (Fig. 6).

EchoCG results for the period from 2017 to 2023
(Table 2) show reduced left ventricle volume, enlarged
atria, higher systolic pressure in pulmonary artery,
progressing tricuspid regurgitation as a result of
impaired coaptation of the leaflets because of ECS
(Fig. 7a, 7b).

Taking into account the complaints, past history, clin-
ical presentation, instrumental and clinical test results,
the following diagnosis can be made in this patient:

Primary disease: Progressing Emery — Dreifuss mus-
cular dystrophy, autosomal dominant mode of inheri-
tance; genetic testing dated 2011: mutated ¢.745C> T in
gene LMNA, associated with LMNA-CMP.

Comorbidity: Controlled grade 3 arterial hyperten-
sion, very high risk of CVCs. Type IIB dyslipidaemia.

Complications: 1. SA node weakness (tachybradycar-
dia syndrome). Grade 1 AV block. Permanent ECS from
2016, ECS BIOTRONIK reimplanted in June 2023 in
DDD-60 mode.

2. Steady atrial fibrillation. EHRA IIA. CHA2DS2-
VASC 4 points. HAS-BLED: 3 points.

3. Sequellae of past ischaemic ACVA in the vertebro-
basilar system and left medial cerebral artery system in
2018; cardioembolic pathogenetic variant.

Using MOGES classification, this LMNA-CMP vari-
ant can be presented as follows [26]:

M 101G nE S

ND[AF, AVB HM 7AD"~ G LMNAc.745C<T/N ™ A-1.
MORAL-STAGE classification [52]:
M O. R

ND[AVB, AF] ~ H+M™ "LVTA(SCD) — 11,9 %, HF — 3.9 %-1 y.0.; 10.2% — 3 y.0.

A LS T A G, E

2771 T1-1 7 S[AF+PM] * "TAF+AVB — AD" G LMNAc"745C<T/N

This patient faces a high risk of CCF: 3.9% within
1 year, 10.2 % within 3 years. A 5-year risk of life-threat-
ening ventricular tachyarrhythmias is 12.6 %.

The patient is recommended to continue antihy-
pertensive therapy (losartan 50 mg daily), anticoagu-
lant therapy (apixaban 2.5 mg twice daily). Ivabradine
5 mg was replaced with nebivolol 2.5 mg daily. Cho-
lesterol-lowering therapy (pitavastatin 4 mg daily) was
added.

Thus, the patient has the symptom triad typical for
EDMD. A thorough past history evaluation and physi-
cal examination showed slowly progressing symptoms
of muscle weakness and hypotrophy, early joint contrac-
tures, as well as rhythm and conduction abnormalities.
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Figure 6. ECG from September 2023

Table 2. Echocardiography parameters from 2017 to 2023

Echo
2017 2020 2023
parameter

IVSTd, cm 0.7 0.8 0.55
LV PWTd, cm 1.0 0.8 0.55
LV EDV, ml 79 - 46
LV ESV, ml 32 - 15
LV EF, % 60 69 66
LV ESD, cm 3.8 2.1 2.51
LV EDD, cm 4.2 3.6 4.59
RA,cm 3.9x3.6 4.0x3.5 4.54x4.79
RAV, ml 33 44 59
LA, cm 3.3 3.6 3.75
LAV, ml 38 40 57
RV EDD, cm 2.5 2.5 2.37
PASP, mm Hg 28 33 39

MR1 MR1 MR1
Doppler ECHO TRII TRII TRIII

PRI PRI PRI

Note: IVSTd — thickness of the interventricular septum in the diastole; LV — left
ventricle, PWTd — thickness of the posterior wall in the diastole; EDV — end-diastolic
volume; ESV — end-systolic volume ; EF — ejection fraction; ESD — end-systolic
dimension; EDD — end-diastolic dimension; RA — right atrium; LA — left atrium; V —
volume; RV — right ventricle; PASP — systolic pressure of the pulmonary artery; MR —
mitral regurgitation, TR — tricuspid regurgitation, PR — pulmonary regurgitation

Figure 7a. Parasternal short axis view. Color Doppler
mapping mode. Tricuspid regurgitation (Blue flow)

Figure 7b. Apical four-chamber view. Color Doppler
mapping mode. Tricuspid regurgitation (Blue flow)
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Therefore, a genetical cardioneurological disease was
suspected; genetical testing was performed, the results of
which enabled us to make the final diagnosis of EDMD
with resulting LMNA-CMP.

Conclusion

Type 2 Emery — Dreifuss muscular dystrophy and
other laminopathies are rare conditions; their common
sign is LMNA gene mutation with similar phenotypes of
cardiac involvement — LMNA-CMP.

A case study is described, and the clinical course
of the disease is presented; CMP is defined and clas-
sified according to the latest recommendations of the
European Society of Cardiology, MOGES, MORAL-
STAGE; risks of CCF and SCD for this patient were
calculated.

Despite an inadequate level of knowledge of rare
genetic conditions, patient management should take
into account generally accepted strategies of CVC pre-
vention, i.e. timely anticoagulant therapy in AFib to pre-
vent TEC, taking into account high risks of conduction
abnormalities, LTVT, SCD; early use of ECS/ICD/CRT
should be considered to preserve the quality of life
and improve prognosis. Management of patients with
EDMD and LMNA-CMP requires a multidisciplinary
team of specialists: neurologist, cardiologist, arrhyth-
mia and rehabilitation specialists, GP, orthopaedist,
genetic specialist, etc.
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ABTOp, OTBETCTBEHHbIN 3a nepenucky / Corresponding author

Comments from the patient

| was born in Penza; | moved to Moscow when | was 23 years old and have been living there for 15 years. | attended the Penza Branch of the
International Independent University of Environmental and Political Sciences to become a psychologist, but then | did not pursue my profession.
At one point, | realised that | did not want to hear complaints of absolutely healthy and successful people. | moved beyond and in 2016 was qualified
as a stylist. This year, I've learnt the basics of a profession, which gains popularity day by day — SMM specialist. | also organised concerts in child

care homes on my own. Later it became my profession, and | was a project manager in a charitable trust for 15 years.
I've been a wheel-chair user since the age of 11. | have a genetic condition — muscle dystrophy, but it has never prevented me from communicating
with people. When a child, | was on friendly terms with all children around me. We used to play together, sneak to nursery to get apples, and ride on

a merry-go-rounds. We had a happy childhood!

I could not accept the wheel-chair and myself in it for over a year, although my transition to the wheel-chair was gradual. Some time later,
I realised that | had no choice. Even those in a wheel-chair can have an interesting and happy life.

To those who have never been in a wheel-chair, | would like to remind: we are not different! We just need more comfort. We are happy when
you do not take our parking spaces, when you do not step on the toilet seats in accessible toilets.

If you see someone in a wheel-chair, do not be afraid to ask if they need help. Do not stop children when they take interest in disabled people.
Just be ready to explain to your child that we move around differently. Be more sensitive and do not be afraid to show your love.
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Severe Combined Kidney Injury
in an Hiv-Infected Patient Receiving
Antiretroviral Therapy (Clinical Observation)

Pestome

CreKTp NoYeyHo NaTonorum y Anu, MHGULMPOBAHHBIX BUPYCOM UMMYyHOZedMumMTa Yenoseka (BUY), MHOroo6paseH. YcnelwHoe npuMeHeHme aHTu-
peTposupycHol Tepanuu (APBT) conpsixeHO ¢ HeppOTOKCUYECKMM 3GPEKTOM HEKOTOPbIX MpenapaTtos. MpescTaBaseM KAMHUYeCKoe HabogeHne
TAXKE/I0r0 COYETAHHOTO MOPAXKEHMUS MOYEK — XPOHUYECKOW U OCTPOI 60/1e3HM noyek (XBIM, OBM) — y nauneHTku ¢ BUY-undperumen ctagus 3 (cy6-
KNMHUYECKas), A/IMTENbHO NPUHUMABLLEN TPEXKOMIMOHEHTHYH cxeMy APBT (KOM6MHMPOBaHHbIN npenapar ¢ GUKCUPOBaHHO A0301 pUANUBUPUHA
TUAPOX/IOPUA, TEHODOBMPA AN3OMPOKCUA dyMapaT, SMTPULUTAGUHA (3BMTIEP)) M MMEBLUEN HA MOMEHT Hayasa NeYeHns HOPMaJibHYIO MOYEYHYIo
byHKUWMIO (pacyeTHas CKOpPOCTb KNy604KoBOM GuabTpaummu 69 Ma/MuH/1,73M?). Y NaumeHTKM perucTpMpoBanock NocTeneHHoe HapacTaHue KpeaTu-
HWMHa KPOBM, OHa He Habsitoganack HedposoroM, eli He npoBoaunack koppekuua APBT. Yepes aBa roga 3apermctpMpoBaHbl apTepuasbHas runep-
TeH3WA U runepasoTeMus (KpeaTuHUH KpoBu 718 MKkMob/n). C y4eTOM NOCTENeHHOro HapacTaHus KpeaTuHUHA KPOBY M A/IMTENBHOTO NPOBeAeHUs
APBT AnarHoctupoBaH XpOHUYECKUiA TybyoMHTepcTULManbHbii HedppuT, XBI 5 €T., HayaTa 3aMecTVTeIbHasA NoYeYHas Tepanusa NepuUTOHea lbHbIM
AnanvzoM. Yepes 9 Mec. OTMeYeHO CTOMKOE CHUKEHMe U cTabunmnsauus KpeaTVHMHA KpoBU B AvanasoHe 210-190 MKMOAb/A, 4TO CBUAETE/IbCTBOBAIO
o nepeHeceHHol OBI. MpeacTaBieHHOe HabAeHME AEMOHCTPUPYET BO3MOXHOCTb Pa3BUTUS TAMKENOrO COYETAHHOrO nopaxkeHus novek — XbI
1 OBl npu nposegeHnun APBT y BUY-nHULMPOBaHHOM NauneHTKU. PerynapHbiii MOHUTOPUHE GYHKLIMM NMOYeK U AUHaMUYecKoe HabtogeHne He-
¢$pos10roM Heob6x0AMMbI A/1A NPEAOTBPALLEHNSA 1 CBOEBPEMEHHOI O BbifiIBJIEHUA NOBpeXAeHUA noyeK y BUY-nHMLMpOBaHHbIX NaLMeHTOB U KOppeK-
umn APBT.

KnroueBbie cnoBa: BuUpyc uMMyHodeduyuma yenoseka (BM1Y), anmupemposupycHas mepanus, XxpoHu4ecKas 60/1€3Hb N04eK, 0CMpoe Nospexde-
Hue novek/ocmpas 601e3Hb NoYeK
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Abstract

Kidney injury in patients infected with the human immunodeficiency virus (HIV) has a diverse spectrum. Some antiretroviral therapy (ART) drugs have
nephrotoxic effects. We present a clinical case of severe combined kidney injury — chronic kidney disease (CKD) and acute kidney disease (AKD) —
in a patient with HIV infection. She was on long-term treatment with a fixed-dose combination of rilpivirine, tenofovir, and emtricitabine and had
normal pre-treatment renal function (estimated glomerular filtration rate 69 mL/min/1.73m?). There was gradual increase in blood creatinine, but the
patient did not visit a nephrologist and the ART was not changed. The patient was admitted to the nephrology department two years later because
she had arterial hypertension and hyperazotemia (blood creatinine 718 pmol/l). Diagnosis: chronic tubulointerstitial nephritis, CKD G5 taking into
account the gradual increase in blood creatinine during long-term ART. The patient was treated with peritoneal dialysis. There was persistent decrease
and stabilization of blood creatinine (210-190 pmol/l was) which indicated in AKD. The presented observation demonstrates that ART in an HIV-
infected patient can lead to the development of severe combined chronic and acute kidney injury. HIV-infected patients receiving ART require regular
monitoring of renal function and follow-up by a nephrologist

Key words: Human immunodeficiency virus (HIV), antiretroviral therapy, chronic kidney disease, acute kidney injury/acute kidney disease
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Introduction

The incidence of kidney damage in patients with
human immunodeficiency virus (HIV), depending on a
geographic region, varies a lot, while kidney diseases are
versatile. These include glomerular renal pathologies: less
common classic HIV-associated nephropathy and more
common immunocomplex renal pathologies, manifest-
ing as polymorphous morphological changes in renal
tissue, as well as tubulointerstitial and vascular kidney
damage. A renal pathology can be primary, caused by
direct cytopathic effects of HIV on renal tissue, or medi-
ated by continuous antigen challenge, production of
anti-HIV antibodies, and formation of immune complex
deposits in kidneys. Secondary renal pathologies are
associated with a comorbid pathology, concurrent infec-
tious and non-infectious diseases, antiretroviral therapy
(ART), and therapy with other categories of nephrotoxic
drugs. Clinical manifestations of a primary and second-
ary kidney pathology in HIV are similar and include
acute nephritic and/or nephrotic syndrome, impaired
renal function, arterial hypertension [1, 2].

So far, the large scale use of ART has secured sig-
nificant success in HIV management. Development of
a variety of antiretroviral agents has changed both the

course of HIV infection (which is now chronic) and dis-
ease prognosis. At the same time, successful use of ART
in HIV patients brought about new nephrological prob-
lems, related mostly to nephrotoxic effects of some anti-
retroviral agents and an increase in the incidence of non-
infectious pathologies associated with chronic kidney
disease (CKD): arterial hypertension, diabetes mellitus,
other vascular diseases. ART can cause various kidney
conditions: acute kidney injury (AKI), acute and chronic
tubulointerstitial nephritis, crystal-induced intrarenal
obstruction, tubulopathy; less common — Fanconi’s
anemia, renal diabetes insipidus, stone disease [3-6].

A serious renal pathology, the incidence of which in
HIV patients is growing due to the active use of ART,
is AKI. According to recently published meta-analyses
and systematic reviews, the incidence of AKI in HIV
patients in China was 12.5 %, while in Africa the figure
was twice as high (23.35%) [7, 8]. In a number of cases,
signs of AKI are persistent for a long time, evidencing
the development of acute kidney disease (AKD). AKI,
AKD and CKD often go hand-in-hand: CKD can pre-
cede acute kidney injury or can develop after AKI/AKD.
The relative risk of AKI/AKD in CKD patients with HIV
is high. AKI/AKD in HIV patients is associated with
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life-threatening complications and is the most significant
cause of hospitalisation and mortality. The development
paths of an acute renal pathology have been understud-
ied; however, studies in this area demonstrate that the
predisposing factors include HIV, poor control of HIV
infection, elderly age, low Hb levels, side effects of ART,
and comorbidities.

One of AKI/AKD variants in HIV patients under-
going ART is acute tubulointerstitial nephritis. It is
caused by an immune-mediated reaction to an antiviral
drug. The diagnostic criterion of acute tubulointerstitial
nephritis is high blood creatinine levels, either isolated
or together with clinical symptoms — fever, abdominal
or lower back pain, eosonophilia and eosinophiluria,
sometimes persistent aseptic leukocyturia. In some cases,
acute tubulointerstitial nephritis can be complicated by
concomitant acute tubular necrosis (ATN). Morphologi-
cal examination of a renal biopsy material shows signs
of interstitial inflammation and tubulitis [9, 10]. Usu-
ally, symptoms of renal injury regress after drug discon-
tinuation, and blood creatinine levels normalise within
several weeks. Some patients, however, had irreversible
changes — gradual reduction in kidney function, prob-
ably due to transformation of acute tubulointerstitial
nephritis to chronic tubulointerstitial nephritis.

The close connection between HIV infection and
ART with renal pathology indicates the need for strict
nephrological control and regular monitoring of the renal
function in HIV positive patients. However, the real-life
clinical practice shows that not all HIV patients, includ-
ing those undergoing ART, are referred to a kidney spe-
cialist or regular nephrological check-ups. The following
case study of a female HIV patient undergoing combined
ART, which resulted in a complex kidney damage —
CKD and AKI/AKD — confirms the narrative.

Case Study

Patient S., born in 1963. No family history of kidney
diseases. Previous diseases: tonsillectomy, acute infec-
tious hepatitis, left axillary lipoma excision, tooth
implants. Pregnancies: 2 (delivery — 1, abortion — 1).
Bad habits: occasional smoker (1-2 cigarettes/day).
Allergies: denies. COVID-19 vaccinated.

The patient has a long history of moderate arterial
hypertension, with elevations in blood pressure (BP) up
to 140-150/90-100 mm Hg; she occasionally takes anti-
hypertensive drugs (losartan, nifedipine). She has been
followed up by an endocrinologist due to hypothyroid-
ism, which was diagnosed several years ago, and takes
levothyroxine sodium 75 pg daily.

According to the patient, at the age of 56 years old,
she was diagnosed with HIV, stage 3 (subclinical stage),
when she was undergoing examination for a surgery
(lipoma excision). She was prescribed a three-com-
ponent ART: two nucleoside/nucleotide reverse tran-
scriptase inhibitors (emtricitabine 200 mg, tenofovir

disoproxil fumarate 300 mg) in combination with a non-
nucleoside reverse transcriptase inhibitor (rilpivirine
hydrochloride 27.5 mg) (Eviplera, 1 tablet daily). Two
weeks after ART initiation, the patient experienced
oedema and joint pain in her upper and lower extremi-
ties. She underwent inpatient treatment in a hospital
at the place of her residence for primary generalised
osteoarthritis. Complete blood count: Hb 151 g/L, WBC
5.5x10°/L, ESR 25 mm/h. Urinalysis: unremarkable. Bio-
chemical blood count: creatinine 82 pumol/L, estimated
glomerular filtration rate (eGFR) using the CKD-EPI
(Chronic Kidney Disease Epidemiology Collaboration)
formula 69 mL/min/1.73 m? urea 5.0 mmol/L, uric acid
435 umol/L, total protein 81 g/L, cholesterol 4.7 mmol/L,
glucose 4.9 mmol/L, bilirubin 10 pmol/L, AST 28 U/L,
ALT 43 U/L, CRP 196 mg/L. Liver and kidney ultra-
sound: hepatomegalia, fatty hepatosis, diffuse changes in
pancreas and kidneys. Hand X-ray: signs of small joint
arthrosis. The patient was treated with dexamethasone
(1 mg daily per os), prednisolone (25 mg daily with dose
tapering until complete discontinuation), non-steroidal
anti-inflammatory drugs, with positive changes: oedema
and arthralgia resolved.

The patient is followed up by the specialists from the
AIDS and Infectious Diseases Center. Continued ART
with Eviplera; a routine laboratory examination was
performed: CD4+ T lymphocytes are consistently over
200 cells/pL, HIV RNA is below 4,000 copies/mL. The
patient noted a gradual increase in creatinine levels to
90-150-200 pmol/L (eGFR 61-33-24 mL/min/1.73 m?);
no changes in ART regimen; the patient failed to come to
an appointment to the kidney specialist.

Significant deterioration in condition was observed
2 years after ART initiation: rising weakness, epigastrium
and mesogastrium pain, nausea, repeated episodes of
vomiting, persistently elevated BP up to 170/100 mm Hg.
The patient was examined by GP, who diagnosed exacer-
bation of chronic pancreatitis; minor increase in blood
alpha-amilase to 127 U/L (normal range: 28-100 U/L).
Consultation by an infection disease doctor and labo-
ratory tests. Complete blood count: Hb 132 g/L; WBC
6.7x10°/L; platelets 235x10°/L; biochemical blood count:
creatinine 718 umol/L, urea 18 mmol/L. Eviplera was
replaced with dolutegravir 50 mg daily and doravirine
100 mg daily. The patient was consulted by a kidney spe-
cialist and referred to hospitalisation to the dialysis ward.

Upon admission, her condition was moderately
severe. Height 167 cm, weight 70 kg (body mass index
27.3 kg/m?). BP 150/90 mm Hg. Clear rhythmic heart
tones; 76 bpm. Diuresis 1.5 L/day. Complete blood
count: moderate anaemia, normal white blood cell dif-
ferential; urinalysis: specific gravity: 1,008, protein:
0.5 g/L; WBC, RBC: 1 per HPF. Biochemical blood count
confirmed hyperazotaemia; metabolic acidosis was diag-
nosed: pH 7.23, bicarbonate 17.6 mmol/L, lactic acid
0.7 mmol/L. Kidney ultrasound: kidney position and
shape are normal, the size is within the normal range
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(length 198 mm, width 51 mm), with even, clear mar-
gins; parenchyma is moderately echogenic, up to 16 mm
thick, the layer differentiation is preserved; the vascular
pattern is moderately depleted and traceable up to the
capsule; the collecting system is not dilated; no stones
were observed. Doppler sonography of renal vessels: no
signs of stenosis.

Taking into account gradually increasing serum cre-
atinine levels after long-lasting ART with nephrotoxic
drugs, it was established that the condition had dete-
riorated because of chronic tubulointerstitial nephritis,
stage 5 CKD. A peritoneal catheter was installed, and the
patient was included in the automated peritoneal dialy-
sis (PD) program: 20 L daily with low-osmolarity and
medium-osmolarity solution. A peritoneal equilibration
test using the ratio between creatinine concentration in
dialysate and plasma (dialysate creatinine/plasma creati-
nine = 0.53) established moderately low transport prop-
erties of the peritoneum. The PD program was consis-
tently adequate for the clearance of nitric metabolites and
liquids: total urea clearance 2.3-2.5/week, total creatinine
clearance 63-83 mL/week, ultrafiltration 0.5-0.7 L/day,
residual diuresis 1.0-1.2 L/day. Changes in laboratory test
results of patient S. are presented in the table.

Patient’s condition during PD remained satisfac-
tory. Weight: 70 kg, stable. BP 130-135/80-85 mm Hg
on combined antihypertensive therapy (losartan 50 mg
daily, amlodipine 5 mg daily, bisoprolol 5 mg daily).

Three months after PD initiation, the patient experienced
elevation of serum cholesterol levels to 8.1 mmol/L, low
density lipoprotein cholesterol to 4.6 mmol/L, triglyc-
erides to 5.0 mmol/L, reduction in high density lipo-
protein cholesterol to 0.83 mmol/L. Rosuvastatin 5 mg
daily was prescribed (safety of rosuvastatin was evalu-
ated in the AURORA study in patients undergoing hae-
modialysis [11] and in a study of PK profile in patients
undergoing PD [12]). ART remained the same accord-
ing to the infection disease doctor’s recommendations.
After nine months of PD therapy, the following results
were observed: reduction in blood creatinine and urea
levels, regression of anaemia, normalised serum phos-
phorus, low density lipoprotein cholesterol and triglyc-
erides reduced to 3.5 mmol/L and 4.1 mmol/L, respec-
tively; high density lipoprotein cholesterol levels reached
1.1 mmol/L. Hydrodiuresis, proteinuria of 320 mg daily,
normal urinary sediments were observed. The PD pro-
gram was terminated. The patient was discharged from
the dialysis ward with the following diagnosis: Primary
disease. Drug-induced chronic tubulointerstitial nephri-
tis. Chronic kidney disease, C4, A3. Hypertensive dis-
ease, stage 3, uncontrolled arterial hypertension. Dyslip-
idemia. Proteinuria. Cardiovascular risk 4 (very high).
Target BP: below 130/80 mm Hg. Comorbidities: HIV
infection, stage 3 (subclinical). Condition after acute
kidney disease and peritoneal dialysis. Primary hypothy-
roidism, medicated compensation.

Table. Dynamics of laboratory examination results of patient S.

Peritoneal dialysis treatment, After peritoneal dialysis treatment,
Blood parameter B(.efore star.ting. months months
peritoneal dialysis

1 6 9 1 3 6 12 18
Hemoglobin, g/L 114 95 105 121 125 123 141 146 145 136
Leucocytes, x109/L 59 6,6 7,6 9,2 8,7 8,1 8,7 7,8 8,8 7,2
Platelets, x109/L 347 355 336 459 278 394 327 326 304 300
Potassium, mmol/L 4,0 3,8 4,0 4,5 4,4 4,4 4,5 4,7 4.4 5,1
Total protein, g/L 77 70 76 81 73 73 77 84 76 82
Albumin, g/L 39 38 41 41 40 39 47 49 45 47
Creatinine, umol/L 570 481 455 359 233 186 180 186 167 201
Urea, mmol/L 18,8 18,4 19,1 8,9 8,1 5,0 6,0 6,3 7,2 9,3
Uric acid, pmol/L 284 389 300 323 334 335 376 409 347 354
Alanineaminotransferase, U/L 19 10 15 11 13 17 15 14 15 31
Aspartateaminotransferase, U/L 8 6 9 7 8 10 9 11 9 20
Cholesterol, mmol/L 5,2 5,8 8,1 8,3 8,7 7,6 6,0 4,9 4,6 4.8
Calcium total, mmol/L 2,45 2,2 2,62 2,61 2,51 2,46 2,47 2,59 2,57 2,35
Phosphorus, mmol/L 1,38 1,65 1,53 1,62 1,23 1,27 1,19 1,27 1,15 1,32
Glucose, mmol/L 5,3 4.4 53 6,0 6,1 5,8 5,2 6,1 5,4 5,1
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The patient was provided with recommendations
on renoprotective therapy to eliminate/mitigate pri-
mary modifiable risk factors associated with progressive
kidney dysfunction:

« Reduction of protein intake to 0.5-0.6 g/kg/day;
replacement of some animal proteins with veg-
etable protein; sodium chloride intake of max.
5 g/day, potassium — max. 2-3 g/day, phospho-
rus — max. 800-1000 mg/day due to intake of
animal proteins with the phosphorus/protein ra-
tio of max. 12-14 mg/kg, and elimination of prod-
ucts with phosphate-containing additives, as well
as purine-rich products.

o Strict BP monitoring with the target BP of
125/75 mm Hg: intake of antihypertensives (losar-
tan 50-100 mg daily, bisoprolol 5 mg daily).

o Dyslipidemia correction: atorvastatin 20 mg daily
(monitoring of changes in fats, ALT and AST, cre-
atine phosphokinase activity).

Dispensary observation by a kidney specialist and
at the dialysis centre was recommended as well, with
quarterly complete and biochemical blood counts (Hb,
creatinine, urea, uric acid, blood electrolytes, albumin,
ferritin/transferrin saturation, parathyroid hormone).

During the first year after PD discontinuation, blood
creatinine stabilised; however, it remained persistently
high — 186-167 umol/L (eGFR: 24-28 mL/min/1.73 m?);
remaining biochemical blood parameters normalised;
diuresis: 3.1 L/day; urinalysis: specific gravity: 1,006,
protein: 0.1 g/L, WBC, RBC: 1 per HPE One and a half
years (May 2024) after PD discontinuation, further
reduction in kidney function was observed (creatinine:
201 pmol/L, eGFR: 23 mL/min/1.73 m?); dyslipidemia:
low density lipoprotein cholesterol: 2.4 mmol/L, high
density lipoprotein cholesterol: 1.05 mmol/L, triglycer-
ides: 3.3 mmol/L. Renoprotective therapy and follow-up
by a kidney specialist continued.

The patient is being followed up by an infection dis-
ease doctor. Recent examination results (May 2024):
CD4+ T-lymphocytes: 1,116 cells/uL (42 %), viral load:
less than 40 copies/mL; ART regime remains the same:
doravirine 100 mg daily and dolutegravir 50 mg daily.

Discussion

Currently, CKD is one of the most common non-
infectious comorbidity in chronically ill HIV patients who
undergo combined ART. This situation necessitates regu-
lar monitoring and examination of HIV positive patients
by a kidney specialist; however, this patient came onto the
radar of a specialist two years after ART initiation when
she already had severe hyperazotaemia. Did the patient
have CDK caused by arterial hypertension when she
was diagnosed with HIV infection? Likely not, since two
weeks after inpatient ART initiation she had normal uri-
nalysis results and eGFR of > 60 mL/min/1.73 m? how-
ever, she did not undergo any albuminuria examinations.

CKD development and progression in HIV patients is
associated with a combination of factors, including: (1)
socio-demographic factors, (2) factors directly related to
HIV, (3) non-infectious comorbidity, (4) coinfections,
and (5) side effects from drugs [13]. Patient observation
shows that ART has the primary role in the development
of renal insufficiency. Susceptibility to kidney damage
during ART increases (1) with a certain physical status:
in this case, this is female sex, presence of arterial hyper-
tension and, later, a history of AKD; (2) clinical charac-
teristics of HIV infection: progression with a reduction
in CD4+ T lymphocytes and increased viral load, not
observed in this patient; and (3) the use of some therapy
regimens: concomitant use of several nephrotoxic drugs
for a long period of time. This is the latter factor (the use
of a combined product containing tenofovir disoproxil
fumarate, which is very nephrotoxic due to its renal
elimination and weak ability to bind with plasma pro-
teins, and rilpivirine, which causes tubular dysfunctions)
led to renal insufficiency in this patient [4, 14].

Studies show that inclusion of tenofovir disoproxil
fumarate in ART regimens can cause serious nephro-
toxic side effects: chronic tubulointerstitial nephritis
with reduced eGFR, toxic damage to proximal tubules
and ATN, Fanconis anaemia, nephrogenic diabe-
tes insipidus. The probability of renal dysfunction in
patients treated with tenofovir increases in elderly people
with anaemia, lower baseline eGFT and higher viral load
[6, 10, 15, 16]. Although the patient did not have these
risk factors except for the age of over 50 years old, she
developed a complex kidney injury. Gradual increase in
creatinine levels and high azotaemia levels at admission
were highly indicative of the development of chronic
tubulointerstitial nephritis and CKD. Patient follow-up
and partially recovered renal function with long-lasting
peritoneal dialysis give reasons to assume concomitant
severe ATN and development of AKD. It is highly prob-
able that kidney biopsy would have made it possible to
diagnose a combination of CKD and AKD; however, due
to the patient’s serious condition, the need for urgent
dialysis and no clinical justification of the procedure in
tenofovir-associated kidney injury, no biopsy was per-
formed [17]. Thus, long-lasting ART with nephrotoxic
drugs in this HIV positive patient resulted in CKD,
which caused AKD. CKD is confirmed by persistent loss
of kidney function after AKD resolved. It is highly likely
that early detection of an increase in blood creatinine
and ART regimen adjustments would have resulted in
complete regression of kidney injury or would have pre-
vented AKD and further progression of CKD.

The years-long real-life clinical experience and study
results are convincing: HIV infection, ART and kidney
pathologies are closely related [1, 2, 5, 13, 17]. During
primary diagnosis of HIV infection and ART planning,
patients have their kidney injury markers (urinary sedi-
ment, albuminuria/proteinuria), baseline kidney func-
tion (eGFR) and risk factors of a kidney disease assessed.
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In normal kidney function and no risk factors, nephro-
logical examinations are performed on a yearly basis; in
impaired kidney function, presence of risk factors, as
well as ART with tenofovir or atazanavir, assessments are
performed two to four times a year. In addition to exami-
nation of kidney function and kidney damage markers,
BP, carbohydrate and lipid metabolism are monitored
[13, 17].

HIV patients with diagnosed CKD require joint fol-
low-up by an infection disease doctor and kidney spe-
cialist. The infection-related component of joint follow-
up of such patients includes correction and adequate
selection of an ART regimen taking into account kidney
function. In patients with significantly decreased eGFR,
combined nephrotoxic antiviral agents with a fixed
active ingredient dose are inadvisable. The nephrological
strategy depends on the cause of CKD, degree and rate of
kidney function impairment, and the nature of concomi-
tant complications typical of CKD. The renoprotective
therapy has an important role to play; it is designed to
slow down CKD progression and prevent development
of cardiovascular pathologies and other complications.
In addition to general recommendations (diet), the reno-
protective therapy in HIV patients is somehow different.
It requires maintaining a target BP of 125/75 mm Hg,
angiotensin-converting enzyme inhibitors or angioten-
sin II receptor blockers, irrespective of BP values, as
well as statins in patients with a high cardiovascular risk
[17-19].

Conclusion

HIV patients undergoing ART with nephrotoxic
agents are at a higher risk of kidney damage — CKD and
AKI/AKD. Regular laboratory monitoring and follow-
up by a kidney specialist will facilitate early detection of
kidney dysfunction and timely ART adjustments, thus
ensuring recovery of kidney function, prevention of
AKI/AKD, as well as prevention of progression and CKD
complications.
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