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Atrial fibrillation in a patient with diffuse myocardial
fibrosis and mitral annular disjunction
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Abstract

A case of atrial fibrillation and premature ventricular complexes (PVC) in a patient with mitral valve prolapse and mitral an-
nular disjunction is described. Rhythm disturbances occurred after a new coronavirus infection. Also, the patient has a history
of combined treatment of left breast cancer, which contributed to the appearance of myocardial fibrosis as an arrhythmogenic
substrate. Due to the ineffectiveness of conservative antiarrhythmic therapy, a radiofrequency catheter procedure was per-
formed, which proved unsuccessful. The purpose of the article is to present the possible causes of cardiac arrhythmias and
the role of magnetic resonance imaging in the diagnosis of arrhythmogenic myocardial fibrosis and mitral annular disjunction.
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HayuHas cTaTbst

Oubpunnauumsa npeacepAan Yy NauUeHTKU
¢ auddysHbiM pubpo3oM MHOKapAa
U MUTPANIbHOU aHHYNSAAPHOU AU3BIOHKLMUEH

J1.C. EBpokumoBa, .3. Mukosuy, T.H. Houkosa, T.B. NapnuHyeHKo

CeBepo-3anafHbii rocyaapcTBeHHbI MeAMUMHCKUIA YHuBepcuTeT UM. W.W. MeunukoBa, CaHkT-[letepbypr, Poccus

AHHoTaums

OnucaHo HabnopeHue cnyyas pubpunnsaLMY NpeLcepavin U XKenyLoYKOBON IKCTPACUCTONMM Y NALMEHTKU C NPONANcoM Mu-
TPabHOr0 KNnamnaHa ¥ MUTPasbHOW aHHYNAPHON AW3bloHKUMeN. [lebIoT HapylleHnd puTMa MHALMMPOBaH NepeHeceHHOM Ho-
BOM KOPOHaBMpYCHOW MH(eKumeir. KpoMe Toro, B aHaMHe3e NauuMeHTKW KOMBMHWUPOBAHHOE JieYeHMe paKa JIeBoi MOJIOHHOM
)enesbl, cnocobcTBOBaBLUEE NOSBNEHMI0 PUbp0O3a M1OKapAa B KauecTBe apUTMOreHHoro cybetpata. B cessu ¢ HeaddekTus-
HOCTbH) KOHCEPBATUBHOM aHTUApUTMUYECKOM Tepanuu bbina BhiNoHEHa paaMoyacToTHas KateTepHas npoLeaypa no noeomy
CMMNTOMHON GubpunnAauMM Npescepamni, oKasasluasncsa besycnewHoi. Lienb ctatbm — npefcTaBUTb BO3MOXKHbIE MPUYMHBI
BO3HWKHOBEHMS HapYLUEHWUIA pUTMa CepALa M pofib MarHUTHO-PE30HAHCHON TOMorpaduu B AMarHoCTUKE apUTMOreHHOro u-
bpo3a MUOKapAa ¥ MUATPabHOW aHHYNIAPHOW AU3BIOHKLMM,

Kniouesble cnoBa: Gpubpunnaumsa npefcepanin; MUTpanbHas aHHYNAPHasA AM3bIOHKLMS; NOCTNyYeBoin Gpubpo3 MMOKapaa;
MPT cepaua.
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CLINICAL CASES

CLINICAL CASE

Patient D (59 years old) was admitted to the hospital
for radiofrequency ablation (RFA) for atrial fibrillation (AF).
The disease began in December 2020, when paroxysmal AF
was first reported during inpatient treatment for pneumonia
caused by moderate COVID-19. Another AF episode requiring
hospitalization occurred in November 2022. Sinus rhythm was
restored by electrical impulse therapy; however, after 4 days,
arrhythmia recurred without subsequent restoration of sinus
rhythm. AF was accompanied by symptoms such as dyspnea,
asthenia, and palpitations; therefore, RFA (pulmonary vein
isolation) was recommended.

Upon admission for RFA for AF, the patient had palpitations
and interruptions in cardiac function, accompanied by dyspnea
and asthenia, both during physical activity and at rest.
The history of combined treatment for cancer of the left breast
in 2004 (left-sided mastectomy, chemotherapy, and radiation
therapy) was noteworthy. The concomitant disease was
diffuse nodular goiter (euthyroidism on hormone replacement
therapy). The patient was constantly taking bisoprolol (2.5 mg),
L-thyroxine (75 mg), and rivaroxaban (20 mg).
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Objective status on admission showed a satisfactory
state, vesicular breathing, and absence of wheezing. Heart
sounds were arrhythmic, the heart and pulse rates were
66 beats/min, and the blood pressure was 100/70 mmHg.
The abdomen was soft and painless on palpation. No
peripheral edema was observed.

Preoperatively, laboratory and instrumental diagnostic
methods were performed. The values of clinical and biochemical
blood test indicators were within the reference values.

During the inpatient treatment preceding this
hospitalization, coronary angiography revealed the absence
of stenotic or occlusive lesions of the coronary arteries.

The results of the electrocardiography (ECG) are presented
in Fig. 1. The ECG recorded AF, ventricular extrasystole (VE),
and QRS morphology characteristic of ventricular rhythm
disorders from the outflow tract of the right ventricle (RV)
that was atypical for mitral valve prolapse (MVP) and mitral
annular disjunction (MAD). The presence of right VE may be
associated with diffuse postradiation myocardial fibrosis,
affecting not only the left ventricle (LV) but also the RV.
Subsequently, repeated ECGs also recorded AF and VE of
similar morphology.

Fig. 1. Electrocardiogram (50 mm/s, 10 mm/mV). Atrial fibrillation, normosystolic form. Single ventricular extrasystole
Puc. 1. 3nektpokapamorpamma (50 mMm/c, 10 MM/MB). ®ubpunnsums npeacepauit, HopMocucTonMyeckas dopma. OAMHOYHas Xenyaoy-

K0Bas 3KCTpacucTona

DOl https://doiorg/10.17816/cardarb67797




22

KIMHUHECKWE CITYHAM

The patient first learned about the presence of MVP
and MAD during the examination that preceded RFA.
Echocardiography (echoCG) did not reveal local impairment
of the contractility of the left ventricular myocardium, and
the myocardium was not thickened. Moderate myxomatous
changes in the mitral valve cusps and grade 1 mitral
regurgitation with a volume of up to 10 mL were observed,
and the disjunction of the mitral valve ring was located up
to 8 mm. The main parameters of echoCG and magnetic
resonance imaging (MRI) are presented in Table 1.

To clarify the size of the cardiac chambers, contractile
function of the left ventricular myocardium, and presence
of myocardial fibrosis, cardiac MRI was performed with
the intravenous administration of the contrast agent (CA)
gadodiamide (0.2 mmol/kg). The study was conducted
according to a standard scanning protocol with native T1
mapping of the myocardium. In addition to echoCG data,
attention was drawn to the beginning hypertrophy of the lower
basal segments of the left ventricular myocardium, a decrease
in ejection fraction (EF) to 46%, and mild hypokinesia of
the apical segments (Table 1). The difference in EF according to
the results of the two methods can be due to cardiac arrhythmia
and by different postprocessing calculation methods. As with
MRI, more than 300 MRl slices were included in cardiac cycles
of different durations, which led to a greater spread of EF in
different cycles than with echoCG, during which 3-5 cycles
were taken to calculate the EF. The difference between the EF
measured using different imaging techniques can sometimes
reach 20% [1]. In the presented case, the authors took
the echoCG data obtained as the true EF values because of
high accessibility for dynamic monitoring.

Prolapse of both cusps of the MV and MAD up to 8 mm at
the level of the P3 segment was visualized (Fig. 2).

When analyzing the qualitative and quantitative
indicators of native T1 mapping (modified Look—Locker
inversion recovery), areas where the T1 relaxation time
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of the myocardium of the interventricular septum and
anterior and lateral walls of the LV was increased were
identified, which were more pronounced at the level of
the apical and middle segments (Fig. 3). In a guantitative
analysis, the relaxation time in the indicated areas was
> 1200 ms (above the average norm for 3.0 T tomographs
of 1122 + 57 ms) [4]. Taking into account previous radiation
therapy for left breast cancer, these areas are manifestations
of diffuse myocardial fibrosis.

After intravenous CA administration in the delayed phase
(myocardial delayed enhancement), an extended area of
intramural accumulation of a nonischemic CA was identified
and localized in the lower and posterolateral segments (4, 5)
of the left ventricular basal sections (Figs. 4 and 5). No focal
accumulation of CA was noted in areas with increased T1
relaxation time.

During the electrophysiological study against AF, an
anatomical and activation map of the LA was constructed,
according to which pathological activity was identified in
the area of the left inferior pulmonary vein. The ostia of
the pulmonary veins were isolated, followed by electrical pulse
therapy. Unfortunately, sinus rhythm could not be restored.

After the correction of drug therapy, the patient was
discharged in satisfactory condition with recommendations
for further follow-up by a rhythmologist and RFA for
ventricular arrhythmias if drug therapy was ineffective.

DISCUSSION

The onset of cardiac arrhythmias in the patient was
recorded during hospitalization for COVID-19; however,
the infectious disease cannot be regarded as the only cause
of AF. A study [5] provided data on factors predisposing
to paroxysmal AF in individuals hospitalized for COVID-19,
including older age, cardiovascular disease, increased left
atrial volume, and severity of COVID-19. The patient was

Table 1. The main parameters obtained by echocardiography and cardiac MRI
Tabnuua 1. OcHoBHbIe NapaMeTpbl MO pe3ysibTaTaM 3X0Kapanorpadum 1 MarHUTHO-pPe30HaHCHON ToMorpaduu cepaua

Parameters EchoCG (B-mode) (range of normal values) [2] | MRI of the heart (range of normal values) [3]
LVEF, % 60 (54-74) 46 (59-77)
LV EDV, mL 99 (46-106) 106 (86—166)
LV ESV, mL 39 (14-42) 58 (22-59)
Indexed LV EDV, mL/m? 56 (29-61) 59 (56-90)
Indexed LV ESV, mL/m? 22 (8-24) 32 (14-33)
Myocardial mass, g 132 (67-162) 95 (72-144)
Indexed myocardial mass, g/m? 75 (43-94) 52 (48-78)
Indexed LA volume, mL/m? 50 (16-34) 57 (27-53)

Note: EDV — end-diastolic volume; echoCG — echocardiography; ESV — end-systolic volume; LA — left atrium; LVEF — left ventricular ejection

fraction; MRl — magnetic resonance imaging.

Mpumeyarue: ®B JIXK — dpakums Bbibpoca nesoro xenynouka; K0 — KoHeuHo-amacTonmyeckuit 06bem; KCO — KoHeUHo-cUCTONMYECKU 06beM;

JIN — neBoe npeacepame.
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Fig. 2. Cardiac MRI, of end-systolic image in three-chamber view
(Fiesta Cine). The thick arrow indicates the prolapse of the posterior
leaf of the MV, the projection axis of the fibrous ring of the MV is
carried out, the bidirectional arrow indicates the distance of the
mitral annular disjunction

Puc. 2. MaruutHo-pe3oHaHcHas ToMorpadus cepAla, KOHeYHo-
CUCTOIMYECKOE U300paeHue B TpexkaMmepHoM Buge (Fiesta Cine).
Toncras cTpenKa yKkasblBaeT Ha Npoanc 3aHeil CTBOPKW MUTpasib-
HOTO KNanaHa, NpoBefieHa NPOeKLMOHHas ocb GMBPO3HOro Konblia
MMWTPasbHOrO KianaHa, AByHanpaBeHHas CTpesika yKasblBaeT pac-
CTOSHME MUTPAbHON aHHYNSPHOWM AU3bIOHKLMM

Fig. 4. Cardiac MR, short axis at the level of the basal segments.
Late gadolinium enhancement. The arrow indicates an intramural
non-ischemic zone of contrast accumulation at the border of 4
and 5 left ventricle segments. MK — right ventricle; JIK — left
ventricle

Puc. 4. MarHuTHo-pe3oHaHcHas ToMorpadms cepaua, no KOpoTKOw
0CYM Ha ypoBHe Da3anbHbIX cerMeHToB. 0TCPOYEHHOE KOHTPACTUPO-
BaHue. CTPenKoil yKasaH MHTpaMypasbHbIA Y4acToK HaKoMeHus
KOHTPACTHOro BELLECTBA Ha rpaHuLe 4-ro U 5-ro cerMeHToB JIeBOro
KeNyLoYKa HeuwweMmu4ecKoro xapakrepa. MK — npasbiit xenyno-
uek; JI — neBbiit enyaovek
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Fig. 3. Cardiac MRI, T1-mapping short axis of the left ventricle.
The arrows indicate areas with increased T1-relaxation time
localized in the interventricular septum and in the anterior wall of
the left ventricle at the level of the apical segments

Puc. 3. MarHuTHo-pe3oHaHcHas Tomorpagus cepaua,
T1-KkapTupoBaHMe MWOKapAa MO KOPOTKOW OCM JIeBOr0 JKeny-
Lo4Ka. CTpenky yKasblBaloT 0611acTh C NOBbLILIEHHBIM BPEMEHEM
T1-penaKcaumm, NOKanu3oBaHHbe B MEXOKENYA0UKOBOM Nepero-
POJKe W B NepefHeN CTEHKe JIEBOr0 JKeNy104Ka Ha ypoBHe Havana
CPeAVHHBIX CErMEHTOB

Fig. 5. Cardiac MRI. Three-chamber view. Late gadolinium
enhancement. The arrow indicates a low-intensity intramural zone
of contrast accumulation at the level of 5th segment left ventricle.
JI — left ventricle; JIN — left atrium

Puc. 5. MaruutHo-pe3oHaHcHas ToMorpadms ceppua. Tpexka-
MepHbIi BuA,. 0TCpoyeHHoe KOHTpacTupoBaHue. CTpenkon yKasaH
cnaboMHTEHCMBHBIA MHTPaMypanbHbIA Y4aCTOK HaKOMEHUS KOH-
TPaCcTHOro BELLECTBA Ha YPOBHE 5-ro CerMeHTa NIEBOr0 XeNyLouKa.
JIK — nesbinn senypouek; JIN — nesoe npepcepave
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59 years old, and the average age of patients in the study was
75.9 + 2.3 years. The course of COVID-19 was moderately
severe. Among the two listed moderate risk factors, an increase
in the left atrial volume index contributed to the emergence
of AF. Several reasons were identified for the left atrial
remodeling in the patient. First, MVP and MAD were present.
Diffuse postradiation myocardial fibrosis involving not only
the ventricular myocardium but also the atrial myocardium
not only played an important role in AF onset but was also,
perhaps, the key factor in the ineffectiveness of RFA [6].

Presumably, according to the QRS morphology,
the ectopic focus of the ventricular activity in our patient
was located in the right ventricular outflow tract; however,
it was not possible to identify the substrate of ventricular
ectopy using MRI. The assessment of fibrotic changes in
the RV still poses a certain challenge because of the small
thickness of the right ventricular wall, diffuse interstitial
changes that are difficult to visualize even using T1 mapping
of the myocardium, and delayed contrast sensitivity to fibrotic
changes involving >1 g of the myocardium [7].

The assessment of left ventricular myocardial fibrosis
using MRI is a different matter. In the present case, another
tool that was used to assess the presence of diffuse
myocardial fibrosis of the LV was the measurement of
the T1 relaxation time using MRI. The method was based
on mapping to assess qualitatively (using color coding of
the relaxation time) and quantitatively (measuring directly
the relaxation time) changes in the myocardium. Postcontrast
T1 mapping was used to calculate the extracellular volume
reflecting diffuse myocardial fibrosis or accumulation of
pathological substances in storage diseases. In the present
study, the extracellular volume was not calculated because
of rhythm disorder, and the presence of diffuse postradiation
fibrosis was concluded based on native T1 mapping data
and the absence of fields of focal accumulation of CA on
delayed postcontrast images. Tuohinen et al. [8] noted that
radiation therapy for left breast cancer led to an increase
in the T1 relaxation time of the left ventricular myocardium
with a predominantly apical and inferior septal gradient of
changes, which reflects diffuse fibrosis, as in our case.

The results of delayed contrast enhancement and analysis
of cine images proved the presence of MVP, MAD, and
inferior basal intramural fibrosis of the LV in the patient. In
the literature, this combination is called the “malignant triad”
[9]. These changes, sometimes accompanied by hypertrophy of
the lower basal segments of the left ventricular myocardium,
predispose the patient to the development of ventricular
arrhythmias (ventricular tachycardia and extrasystoles) and
increase the risk of sudden cardiac death [10].

The relationship between MVP and MAD in the patient
with AF may be due to left atrial remodeling caused by these
conditions. In addition to local myocardial fibrosis, chronic
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MAD may be accompanied by diffuse myocardial fibrosis,
which contributes to an additional load on the LA during
diastole and left atrial remodeling [10].

In this patient, the myocardial fibrosis had several causes.
At present, no universal diagnostic tools and methods would
enable us to determine the association of fibrosis with
a specific cause. In some areas of the patient’s myocardium,
fibrosis was caused by radiation therapy, whereas in other
areas, fibrosis was due to MVP and MAD that developed in
parallel with postradiation fibrosis. The true causes of fibrosis
in various areas of the myocardium remain to be speculated.
The potential influence of the patient's hormonal status is
particularly noteworthy. Therefore, thyroid imbalance has
minimal contribution to cardiac arrhythmias in euthyroidism.

CONCLUSION

The described clinical case demonstrates the capabilities
of cardiac MRI in the diagnosis of left ventricular myocardial
fibrosis of various causes. The detection of myocardial fibrosis
and assessment of its distribution and volume are important for
understanding the pathogenesis of rhythm disorders and asses-
sing the potential effectiveness of therapy. In addition, cardiac
MRI enables the determination of the parameters of contractile
function and morphological changes in the LV. In some cases,
its data are more accurate than transthoracic echoCG [11].

Unfortunately, currently, no technique can unambiguously
assess left atrial myocardial fibrosis, which, in our opinion,
causes the failure of not only drug therapy for AF but also RFA.
The emergence of such techniques in the future will enable
us to predict the efficiency and feasibility of catheterization
procedures for AF.
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AOMO/THUTE/IbHASA UHOOPMALIUA

KoHdpnuKT nHTepecoB. ABTOpbI [1EKNapUpYIOT OTCYTCTBME
ABHbIX M NOTEHLMANBHBIX KOHDIMKTOB MHTEPECOB, CBA3aHHbIX
C NybnvKaLmen HacTosILLEN CTaTbK.

WUcTouHMK dmHaHcMpoBaHUuA. ABTOpbI 3asBSKOT 06 OT-
CYTCTBMM BHELUHEro (MHaHCMPOBaHMS MpU MPOBEAEHUN UC-
CNefloBaHwA.

Cornacue M aHOHMMHOCTb NauueHTa. [lauveHT gan co-
rnacve Ha aHOHUMHOE MCMoJb30BaHWE W NybIMKaLWI CBOUX
MEeNLMHCKMX AaHHbIX.
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