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urpose. To demonstrate the capabilities of contrast enhanced cardiac MRI in the diagnosis

of myocardial infarction (MI) in a patient with a combined pathology (obstructive hyper-

trophic cardiomyopathy), using the example of clinical observation.

Materials and methods. A clinical observation of a patient M., 61 years old is presented,
who was diagnosed with myocardial infarction on the basis of complaints of pressing chest pains and
ECG changes. However, during echocardiography, signs of obstructive hypertrophic cardiomyopathy
were revealed for the first time, the areas of local contractility reduction (as signs of acute myocardial
infarction) were not determined. To clarify the changes in the myocardium of the left ventricle, the
patient underwent cardiac MRI, the results of which confirmed the presence of acute infarction and
clarified the degree and form of myocardial hypertrophy. To confirm the diagnosis of hypertrophic
cardiomyopathy, a genetic study was performed.

Results. During the ECG, indirect signs of myocardial infarction and signs of combined ven-
tricular hypertrophy were revealed, according to echocardiography - there were asymmetrical left
ventricular myocardial hypertrophy with the development of left ventricular outflow tract obstruction
and left ventricular diastolic disfunction. Contrast-enhanced cardiac MRI revealed asymmetric left
ventricular myocardial hypertrophy, left ventricular outflow tract obstruction, as well as pathological
accumulation of gadolinium: characteristic of ischemic lesion (acute myocardium infarction), as well
as fibrosis in hypertrophied myocardium. A genetic study revealed mutations confirming hyper-
trophic cardiomyopathy.

Discussion. Diagnosis of heart diseases, including acute myocardial infarction, against the
background of severe myocardial hypertrophy is significantly difficult. In the presented case, classi-
cal cardiological diagnostic methods did not allow an accurate diagnosis of acute myocardial infarc-
tion.

Conclusion. Cardiac MRI allows to identify violations of the structure of the myocardium, as
well as to determine the cause of their occurrence, differentiating ischemic and non-ischemic dam-
age. The diagnostic capabilities of standard diagnostic methods, such as ECG and echocardiography,
are inferior to the capabilities of cardiac MRI with delayed contrast when assessing the state of the
myocardium in difficult situations, especially within a combination of various diseases.
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MPT B AMATHOCTUKE OCTPOTO UHPAPKTA MUOKAPAA Y MALLUEHTKU C
TMNEPTPOPUHECKOU KAPAUOMUONATUEU
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esb. [IpoeMOHCTPUPOBATHE BO3MOKHOCTH MAarHHUTHO-PE30HAHCHOM ToMorpaduu cepalia C
KOHTPACTUPOBAHUEM B AHUATHOCTUKE HH(APKTA MHUOKapAa ITPU HAAUYHUN COYETAHHOM mHa-
TOAOTHH cepala (0OCTPYKTHBHOM THUIIEPTPOPUIECKON KapAHOMHUOIIATHH) HA IIPUMEPE KAU-
HHUYECKOT'O HADAIOIEHU.

Marepuasnsr u metoasl. [IpeacTaBAeHO KAMHUYECKOE HabAo[eHHe maiueHTKu M., 61 rond, Ko-
TOPOM, HA OCHOBAHHH 3KaA00 Ha AaBsIIHe 3arpyAuHHBIE 00Au U u3MeHeHuH Ha OKI', OblA guarHocTH-
poBaH uH(apKT MHUoKapaa. OgHaKo, IIPHU IIPOBEAEHUN 3X0Kapauorpaduu ObLIAHM BIIEPBbIE€ BBISBAECHBI
OPU3HAKH OOCTPYKTUBHOM THUIIEPTPOPUIECKOM KAapAHOMHUOIIATHH, & 30HbBI AOKAALHOTO CHUIKEHUS CO-
KPaTHMOCTH (KaK IIPU3HAKH OCTPOro MH(papKTa MHOKapAa) He OIIPeNeAdAUCh. [IAd yTOYHEHHS H3Me-
HEHUH MHOKapAa A€BOrO KEAyLo4YKa MNallueHTKe Oblaa BBIIIOAHEHA MATHUTHO-PE30HAHCHAas TOMOTpa-
hus cepama C OTCPOYEHHBIM KOHTPACTUPOBAHUEM, PE3yABTATHI KOTOPOM IIOATBEPAHAU HaAUYHE
ocTporo HHpAapPKTa U YTOUHUAU CTENEeHb U (popMy TUIlepTpodUu MHUOKapaa. [Asd IOATBEPKIAEHUS M-
arHoza TUNEPTPOPUUECKON KapAUOMHUOIIATHH OOABHOM OBIAO BBITIOAHEHO TE€HETUYECKOE HCCAEI0BA-
HUE.

Peaynbrarer. [Ipu npoBemenuu OKI ObIAM BBISIBA€HBI KOCBEHHBIE MPHU3HAKH HH(APKTA MHO-
Kapla ¥ OpuU3HaAKH KOMOWHUPOBaHHON THIEPTPOPHUH IKEAVIOUKOB, IO JAHHBIM 3XOKapauorpadpuu —
rurnepTpodusd MHOKapAa AE€BOIO KEAyAOYKa C Pa3BUTHEM OOCTPYKIIMM BBIHOCSIIETO TPAKTa AE€BOTO
JKEeAyLOUKa U HapylleHHeM nuacroandeckod dpyHkruu. [Ipu MPT cepana ¢ KOHTPACTHBIM YCUAEHUEM
OIIpeZleAsIAACh aCCUMETPHUYHAad THIEPTPOPUI MHUOKAPAa AEBOTO JKEAYZI0YKa, OOCTPYKIIHUS BBIHOCSIIIETO
TpakTa, a TaKXe IIaTOAOTHYECKOEe HaKOIIA€HHE T'aJIOAMHUL, XapaKTepHOe AT OCTPOro HUINEeMHYECKOTO
nopakeHus (OCTporo mHGapKTa MHOKapAa) U y4acTKu (pubpo3a B THHEPTPOPUPOBAHHOM MHOKAPIE.
[Ipy reHEeTUYECKOM HCCAEIOBAHUU OBIAM BBIIBA€HBI MyTAaIlUH, IIOATBEPKAAIOIINE TUIIEPTPOPUIECKYIO
KapANOMHOIATHIO.

OGcy:xaenune. [JnarHoctuka 3aboseBaHUi cepilla, B TOM YHCA€ OCTPOro MH(papKTa MHOKapaa,
Ha (poHE BBIPAKEHHON T'HIIepTPoPuu MHUOKapaa 3HAaUYUTEABHO 3aTpyAHeHa. B ripencraBaeHHOM caydae
KAQCCUYECKHEe KapAHMOAOTHUYECKHE METOObl AMATHOCTHKU HE IM03BOAWAM TOYHO IIOCTABUTH AHArHO3
OCTpOTO MH(pAPKTa MHOKapaa.

3axmwouenue. MPT cepaiia IO3BOASET BBISBUTH HAPYIIEHHUS CTPYKTYPbl MHOKAap[Aa, a TaKXKe
OIIPENEAUTHh NPUYHUHY HX BO3HUKHOBEHHS, MUPQPEPEHIINPYd HIIEMHYECKOe M He HUIINEeMHYECKOe IIO-
BpexaeHUe. [IHarHOCTHYECKHE BO3MOXKHOCTH TAaKHX CTAaHOAPTHBIX METOAOB AHMArHOCTHUKH, Kak JKI,
Ox0KT ycrynaror Bo3MmoxkHocTsaM MPT cepaiia ¢ oTcpodyeHHBIM KOHTPACTHPOBAHUEM IIPU OLIEHKE CO-
CTOSTHUSI MUOKAap/la B CAOJKHBIX CHUTYAIIUIX, OCOOEHHO ITPU COYETAHUU PA3AUYHBIX 3ab0AreBaHUH.
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ypertrophic cardiomyopathy (HCM) is

a genetically determined myocardial

disease characterized by hypertrophy

of the myocardium of the left and/or

right ventricle. The most common
cause of HCM is a mutation in sarcomeric pro-
teins, which is transmitted by an autosomal
dominant type [1]. According to the literature
15-20% of patients with HCM have signs of ath-
erosclerosis of epicardial coronary arteries [2].
The addition of atherosclerotic lesions of the
coronary bed leads to a significant deterioration
in the prognosis of the underlying disease.
When evaluating the results of multicenter
studies, it was noted that in 10% of cases, a
combination of HCM and coronary heart disease
(CHD) is possible [3, 4, 5].

One of the known complications in pa-
tients with hypertrophic cardiomyopathy is
acute myocardial infarction (AMI) [2]. Pathoge-
netic mechanisms of MI development in patients
with HCM may be different: ischemia may be
caused by obstructive lesions of epicardial coro-
nary arteries (type 1 MI) or occur in the absence
of obstructive lesions of epicardial coronary ar-
teries (mainly type 2 MI) [5].

In this article we present a clinical case of

a patient with 1st type acute myocardial infarc-
tion and hypertrophic cardiomyopathy, she was
diagnosed with HCM after the development of
AMI.

Case report.

Patient M., 61 years old, female, for a long
time has experienced arterial hypertension with
rises in blood pressure (BP) up to 250/120
mmHg. The patient has had chest pain for 3
years, but she did not seek medical help. Five
years ago she was diagnosed with type 2 diabe-
tes mellitus.

In June 2022, for the first time, a pro-
longed anginal attack has developed, accompa-
nied by ECG changes: ST segment depression
up to 2 mm, negative T-wave in the I standard
lead, in aVL, left thoracic leads, which were re-
garded as ischemic dynamics. The patient was
urgently hospitalized in the regional vascular
center. Laboratory findings showed an increase
in the level of troponin T in dynamics and a di-
agnosis of acute myocardial infarction without
ST segment elevation was made according to the
criteria of the Fourth universal definition of MI
[6]. During emergency coronary angiography
diagonal artery stenosis was detected — 60%,
right coronary artery stenosis — 40%, subtotal

Fig. 1 (Puc. 1)

Fig. 1. ECG.

Sinus rhythm, heart rate 71 bpm. Deviation of the electrical axis of the heart to the left. Signs of LV hyper-
trophy (Cornell index 36 mm), signs of an LA enlargement (expansion of the P wave to 0.12 s)..

Puc. 1. 3KI.

Put™m cunycoBsiii putM, YCC-71 ya/muH. OTKAOHEHHE SAEKTPHUYECKOH OCH cephlla BaeBo. [Ipu3Haku rumnep-
Tpodpun AXK (KopHeabckuit uHAekc 36 MM), mpusHaky yBeandeHus All (paciupenue 3ybua P mo 0,12 c).
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Fig. 2 (Puc. 2)

Fig. 2. cMRI of the heart.

A, B — cine-MRI (A - short LV axis, B — long LV axis); C, D — delayed contrast (Inversion Recovery) (C — short
LV axis, D — long LV axis). LV myocardial hypertrophy is detected by cine-MRI (yellow arrows); contrast scans
demonstrate the zone of subendocardial accumulation of contrast agent — the zone of acute myocardial in-
farction (red arrows) and the zones of intramyocardial accumulation (blue arrows).

Puc. 2. MPT cepaLa.

A, B — xuHO-MPT (A — KopoTKas ocbk AXK, B — mamaHasa oce AX); C, D — oTcpoueHHOE KOHTPACTHPOBAHUE
(Inversion Recovery) (C — kopotkas ock AXK, D — nannnaa ock AXK). Ha kuno-MPT onpeneasercs rumeptTpodus
muokapaa MZKII (3KeATble CTPEAKH); Ha TOMOTPaMMaxX C OTCPOYEHHBIM KOHTPACTHPOBAHHEM KPaCHBIE CTPEAKH
yKas3bIBaloT Ha 30HY CY03HIOKApPAMAABHOIO HAKOIIAEHHS KOHTPACTHOTO IIperapaTa — 30Hy OCTPOoro HHMapKra

MuoxKapaa, I‘OAy6bIe CTPEAKH — Ha 30HY HHTPAMHUOKAPAHUAABHOI'O HAKOIIACHHSI.

stenosis of the posterolateral artery, in
connection with which stenting of the posterior
lateral coronary artery was performed, after
which anginal pain was relieved. After the res-
toration of full blood flow through the narrowed
coronary artery and the appointment of con-
servative therapy, the patient's condition im-
proved, intense chest pain did not recur, how-
ever, the patient was still bothered by chest
pain, shortness of breath with a small load,
general weakness. During echocardiography,
attention was drawn to a significant thickening
of the interventricular septum (IVS) up to 2 cm,
as well as the absence of violations of local con-
tractility, preserved global left ventricle (LV) con-
tractility. Taking into account the persistent
complaints, the absence of areas of violation of
local contractility (as signs of myocardial infarc-
tion in echocardiography), the patient was
transferred for examination and clarification of
the diagnosis to the E.I. Chazov Research Cen-
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tre of Cardiology.

Patient had complained of chest pains of
varying intensity, both against the background
of moderate intensity of physical exertion and at
rest, shortness of breath, general weakness. On
the ECG, a sinus rhythm with a heart rate of 71
beats/min was recorded, signs of LV hypertro-
phy (Cornell index 36 mm at normal less than
20 mm for women), signs of an LA enlargement
(expansion of the P wave to 0.12 s with a norm
of up to 0.1 s) (fig. 1).

According to cardiac ultrasound, there
were no clear areas of abnormalities of local
contractility, symmetrical hypertrophy of the
myocardium of the left ventricle (LV) was de-
fined (the thickness of the interventricular sep-
tum in the basal segment was up to 18 mm, in
the middle segment — 20 mm, the posterior wall
of the left ventricle — 17 mm) with the develop-
ment of significant LVOT obstruction. Global LV
myocardial contractility was satisfactory (ejec-
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Fig. 3 (Puc. 3)

Fig. 3.
segments.

3AAbHbIA U CPEAHUN CETMEHTDI.

Cardiac MRI, T2-weighted images two-chamber projection, short axis, basal and middle

Areas of increase in the MR signal characteristic of edema are indicated by an arrow.

Puc. 3. MPT cepaLa, T2-B3BELUEHHbIE U306PAXEHHUSA, ABYXKAMEPHAA NPOEKLMUA, KOPOTKAs oCb, 6a-

3oHs! noBRIIIeHUs MP-curHasa, xapakTepHBIE AT OTE€Ka, YKa3aHbI CTPEAKOH.

tion fraction >60% according to Simpson). Thus,
according to ECG and echocardiography,
convincing data for a myocardial infarction
wasn’t obtained. Since the presence of MI in the
anamnesis is a serious unfavorable factor rela-
tive to the prognosis of the disease, a cMRI with
contrast enhancement was performed. Accord-
ing to MRI data, asymmetric hypertrophy of the
myocardium of interventricular septum (IVS)
was determined throughout its entire length
(thickness in the basal segment up to 21 mm, in
middle - 22 mm, in the apical — 15 mm), uneven
thickening of the anterior and lower walls (in
the basal segment — up to 15 mm and 13 mm,
in the middle and apical segments — up to 10-12
mm). No thickening of the lateral wall was de-
tected (myocardial thickness up to 8-10 mm).
There weren’t abnormalities of segmental con-
tractility of the LV myocardium. Signs of ob-
struction of the LVOT due to anterohistolic
movement of the mitral valve leaflet and hyper-
trophy of the anterior LV wall in the basal seg-
ment were determined.

After the introduction of the contrast
agent, it’s pathological accumulation of two
types was determined. In the middle segment
and, partially, in the adjacent parts of the basal
and apical segments of the lateral and anterior
walls of the LV, subendocardial accumulation of
contrast agent was detected, which is character-
istic of ischemic lesions. In addition, single
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small intramyocardial accumulation sites were
detected in the anterior and lower septum re-
gions of the middle segment of the LV (on the
border with the free wall of the right ventricle),
which most likely reflects the presence of fibro-
sis zones in the hypertrophied myocardium (fig.
2). The T2-weighted images in the same zone
showed an increase in the MR signal, which was
regarded as a manifestation of edema (fig.3).

According to the results of the examina-
tion, the patient had significant hypertrophy,
the severity of which did not correspond to that
of a patient with corrected arterial hypertension,
as well as focal myocardial lesion of an ischemic
nature in the acute (less than 4 weeks) stage,
which confirmed the diagnosis of AMI.

To confirm the diagnosis of HCM, a genet-
ic study was performed in which a mutation
was detected in the gene encoding the sarco-
mere contractile protein — myosin-binding pro-
tein C (MYBPC3) (fig. 4). The most common mu-
tations in the genes encoding myosin (MYH7),
myosin-binding protein C (MYBPC3), actin
(ACTC), troponin (TNNI3, TNNT2, TNNC) are at
the basis of the development of HCM. About half
of the cases of HCM are due to pathogenic vari-
ants in the MYH7 and MYBPC3
genes [5].

Thus, the results of the examination al-
lowed us to make the following diagnosis: coro-
nary heart disease: acute non-ST-elevation my-
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ocardial infarction. Atherosclerosis of the coro-
nary arteries: diagonal artery stenosis of 60%,
right coronary artery stenosis of 40%, subtotal
posterolateral artery

stenosis. PTCI of the posterior lateral artery.
Hypertrophic cardiomyopathy, obstructive form.

Concomitant diseases: Hypertension of
stage III, grade 3. Type 2 diabetes mellitus. Cer-
ebrovascular disease. Dyscirculatory encepha-
lopathy of the 2nd degree.

The patient was discharged in a satisfac-
tory condition under the supervision of a cardi-
ologist, endocrinologist at the place of residence.

Discussion.

Hypertrophic cardiomyopathy is the most
common genetically determined heart disease,
with an estimated prevalence in the general
population of 1:500 (0.2%). The disease is char-
acterized by extreme heterogeneity of the clini-
cal course, the most common and well-
recognized clinical complications of HCM are
arrhythmic sudden death, progressive heart
failure and atrial fibrillation.

Concomitant atherosclerosis in epicardial
coronary arteries is observed in 15-25% of pa-
tients with HCM (mainly in the older age group

of patients). Myocardial infarction (MI) can de-
velop both type 1 (with atherothrombosis) and
type 2

(without atherothrombosis) [5, 7, 8]. Factors
leading to myocardial ischemia in patients in-
clude:

- relative coronary insufficiency (decrease
in the reserve of coronary blood flow in severe
hypertrophy);

- ischemia of the subendocardial layers of
the myocardium due to compression of intra-
mural coronary arteries;

- perivascular fibrosis, while intramural
coronary arteries cannot expand during exer-
cise, when the myocardial oxygen demand in-
creases and an increase in coronary blood flow
is required,;

- congenital pathology of the coronary ar-
teries — "myocardial muscle bridges" and intra-
mural location of branches of large coronary
arteries.

Myocardial ischemia due to coronary
heart disease is an underestimated component
of the process of hypertrophic cardiomyopathy
[2]. There are few descriptions of myocardial in-
farction in hypertrophic cardiomyopathy in the
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Fig. 4. Scheme.

The structure of the cardiac sarcomere with tropomyosin. Cardiac myosin binding protein-C binds heavy
chains of myosin into thin filaments and titin into elastic filaments. Phosphorylation of this protein provides
reduction modulation (the illustrative material is borrowed from publicly available Internet resources that do
not contain references to the authors of these materials and any restrictions for their borrowing).

o Cep}.'[e‘iHLIﬁ MUO3UH-CBS3bIBAIOIIUH HpOTeI/IH-C CB43bI-

HHE OAaHHOI'O IIPOTEHHA obecrieynBaeT MOAYAUPOBaHUE COKpAIICHUA (I/IAAIOCTpaTI/IBHLII;'I MaTeEpHuaa 3auMCTBO-
BaH H3 O6H.IeﬂOCTyHHBIX PECYPCOB HHTEPHETA, HE COAECPXKAIIUX yKa3aHHI>i Ha aBTOPOB 3THX MATEPHAAOB U

W TUTHHA B 3AaCTHUYHbIE hruaaMeHThl. PochopranpoBa-
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literature, most of which tell about type II MI in
young patients with the absence of obstructive
coronary artery disease [9-11].

This article describes a clinical case of a
combination of HCM and coronary artery dis-
ease with obstruction of coronary arteries that
led to non-ST elevation acute myocardial infarc-
tion. The diagnosis of acute myocardial infarc-
tion was established on the basis of presence of
an anginal attack in the patient, an increase in
troponin levels and ischemic changes on the
ECG. At the same time, during echocardiog-
raphy, the patient had no violations of local
contractility and during emergency coronary
angiography, no occlusion or
thrombosis of any coronary artery was detected.
Taking into account the presence of myocardial
hypertrophy detected during echocardiography,
the severity of which did not correspond to the
severity of arterial hypertension, which has
been medically corrected over the past 10 years,
the patient underwent a contrast enhanced MRI
with two goals: to confirm the presence of acute
ischemic myocardial damage and to character-
ize myocardial hypertrophy.

The appointment of contrast MRI as a ref-
erence method was due to the unique capabili-
ties of MRI not only to noninvasively assess the
structure of the myocardium, identifying its
damage, but also to determine the genesis of
damage. A distinctive feature of the method is
the high tissue resolution, which makes it pos-
sible to detect various myocardial lesions, in-
cluding small ones located intramiocardially
and subendocardially [5, 12]. Gadolinium-
containing contrast agent used for contrast
MRI, which has an extracellular distribution
character, allows not only to identify areas of
necrosis and fibrosis, but also to divide the
causes of the lesion into ischemic and non-
ischemic [1, 4, 13]. In addition, MRI has a
unique ability to differentiate acute and non-
acute lesions based on signal changes in T2-
weighted images and T2-maps during mapping
[14]. In the described case, two different pat-
terns of accumulation of contrast agent were
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revealed: characteristic for ischemic injury
(subendocardial) in the LV lateral wall and for
non-ischemic lesion (focal intramiocardial) in
the lower parts of the LV, which is typical for
HCMP [13]. The presence of edema in the zone
of subendocardial accumulation indicated the
acute nature of the changes, which correspond-
ed to the approximate time of myocardial infarc-
tion.

The results obtained after long-term ob-
servation indicate that the addition of athero-
sclerotic lesions of the coronary bed leads to a
significant deterioration in the condition of pa-
tients and the prognosis of the underlying dis-
ease, myocardial ischemia is an unfavorable
prognostic marker of hypertrophic cardiomyopa-
thy and is associated with left ventricular re-
modeling, the development of systolic dysfunc-
tion, sudden cardiac death (SCD) and higher
overall mortality [2, 3]. Thus, of course, an im-
portant factor is the rapid and accurate diagno-
sis of MI and HCM.

Conclusion.

Contrast enhanced cMRI confirmed the
diagnosis of AMI in a patient with severe myo-
cardial hypertrophy, in which it was impossible
to determine the infarction zone by traditional
cardiological methods (ECG, echocardiography).
The diagnosis of HCM in a patient with a long
history of arterial hypertension was confirmed
by genetic analysis. This clinical case demon-
strates the precision and high informative value
of contrast enhanced cMRI in the examination
of patients with myocardial hypertrophy. The
use of the technique allows one study to obtain
complete information about the morphology of
the myocardium, the function of the heart, the
presence of changes in
the structure of the myocardium, to determine
the ischemic or non-ischemic nature of the de-
tected changes, as well as the period of their
occurrence.
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