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[nBepTuKynuTE Ha CbPLIETO Ca HaxoaKa, KOSITO Ce CPeLLa CPaBHUTENHO PSAAKO B NpakTukaTa. [pruema ce, Ye ca BpoaeHu
aHOManuM Ha CbpaeyHaTa CTeHa, Han-4yecTo Ha nseata kamepa (J1K), KouTo B ronsM NpOLEHT OT cry4auTe ce CbbT-
CTBAT C pYyr1 aHOManun — CbpAeYHW, CbAOBW UNK Topako-abAoOMUHAMHK. Juncata Ha xapakTepHa KnuHWYHa CUMNTO-
MaTuKa 1 Ha enekTpokapamorpadCku NpoOMeHU Npy HanMuneTo Ha CbpAEYHU ANBEPTUKYNN BOAW HAN-4eCTO 4O TAXHOTO
CcnyyanHo OTKPWUBaHE W AMarHoCTULMpaHe npu uacnegsaHe ¢ obpasHa metoguka. [uarHosara aueeptukyn Ha JIK moxe
Ja ce noctasw ¢ exokapaumorpadms (ExoKl), nssa BeHTpuKkynHa aHrorpadms (J1BIN), komntoTbpHa Tomorpadms (KT) 1
MarHuTHo-pe3oHaHcHa Tomorpacust (MPT). Ot Tean metogn MPT aaBa Hai-gobpa mopcornoriyHa oLeHKa Ha cTeHaTa
Ha OWBepTUKyNa, fokanuaaumsaTa 1 OTHOLIEHMETO My KbM OKOMHWUTE ThKaH! U AMHAMUYHOTO MY NOBELeEHe No BpeMe Ha
cuctona 1 anactona. MPT Moxe Aa W3KMouW Bb3nanuTenHa, TpaBMaTuiHa U UCXeMU4Ha CbpAeyHa natornorus, kapano-
MuonaTus M fa andepeHumpa AMBEPTHKYN OT MUOKApAHW KPUMTY MW NATOMOrMYHO hopmupaHa dokanHa aHeBpuama
unu nceepoaHespuama Ha JIK. CnegosatenHo MPT e npegnoynTaHusaT HeMHBa3WBEH METOA 3a OLieHKa B AETaiN Ha Cbp-
[eyHaTa CTeHa M nomara 3a AudepeHUmpaHeTo n AeUHUTUBHOTO NOCTaBSIHE HA [MarHo3ata KOHreHUTaneH CbpaeyeH
[MBEPTUKYN, KOSITO B MOBEYETO Cyyau He U3UCKBA TepaneBTUYHA MHTEPBEHLINS.
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Myocardial diverticula are rare and incidental findings. They are most probably congenital anomalies of the cardiac wall,
mainly of the left ventricle (LV), which in the majority of the cases are associated with other anomalies — cardiac, vascular
or thoraco-abdominal. The lack of specific clinical symptoms and electrocardiographic changes in the presence of cardiac
diverticulum, make them most commonly an incidental finding during a diagnostic imaging examination. The diagnosis of
LV diverticulum can be made with echocardiography, left ventriculography, computed tomography or magnetic-resonance
imaging (MRI). Among all, MRI gives the best morphologic assessment of the ventricular wall, the location and the relation
of the diverticulum to surrounding structures and its dynamic behaviour during systole and diastole. MRI can rule out
inflammatory, traumatic and ischemic cardiac pathology, and cardiomyopathy, and thus differentiate the diverticulum from
another entity — myocardial crypts, pathologically formed focal aneurysm or pseudoaneurysm of the LV. Therefore, MRI
is the preferred non-invasive method for evaluating the cardiac wall in detail and helps to differentiate and definitively
diagnose congenital cardiac diverticulum, which in most cases does not require therapeutic intervention.

diverticulum, left ventricle, magnetic resonance imaging
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Bb-BEQEHME

[veeptukyn moxe ga ce geduHupa kato ,cak’ nnm
paslMpeHne Ha CTeHaTa Ha OpraH, B cryyasi AMBepTU-
Kyn Ha CbpLIETO, KOMTO Ce CBbP3Ba C HEroBata KyxuHa 1
N3nm3a M3BbH HeroBute odyepTaHus [1]. JuBepTukynute
Ha CbpOEYHUTE KyXMHW Ce CpeLLaT CPaBHUTENHO PSOKO
— ¢ yecrtota 0.26%, ycTaHOBEHa Npun HecenekTMpaHn na-
LMEeHTH, pechepupanmn 3a cbpaedHa katetepusaums [1] n
2.2% B npoy4BaHe ¢ MyNTUOETEKTOPEH KOMMIOTBPEH TO-
morpad (KT) [2]. MNpounsxogbT Ha CbpaeqHUTE ONBEPTU-
Ky € Han-BEPOSITHO KOHreHUTAreH Nopagy BUpYCHa WH-
dekumst, CbeAMHUTENHO-TbKaHeH AedeKT UK eKCLiecuB-
Ha CTMMynaumsi Ha NpUMopauanHUTe KNeTkM no Bpeme
Ha embpuoHanHoTo passuTune [2]. Han-4ecto KOHreHu-
TanHWTE CbpaeYHN OAMBEPTUKYNM Ce OTKPUBAT Cry4vamHO
N ca C HexapaKTepHa KIIMHWYHA CMMTOMaTMKa U eNneKkTpo-
kapguorpadckm (EKIN) npomenn. MNMpeacrtaBeHUAT OT Hac
KMWHWYEH cryyan rMa 3a uen Ja AeMOHCTpYpa psigkarta
OmarHosa OMBEpPTUKYN Ha naBarta kamepa (J1K), konTo e
Heo4aKBaHa Haxodka npu NaumeHTKaTa, 1 Aa nokaxe He-
roBusl TUM4YeH obpas ¢ pa3nuyHn 06pas3HN MOLANHOCTU
— exokapaunorpadms (ExoKI') n nsea BeHTpuKynorpadgums
(J1BI), n TAaxHOTO JonbrBaHe OT MarHUTHO-PE30OHaHCHa
Tomorpacpus (MPT), kosaTo Moxe no-4obpe OT ocTaHanm-
Te obpasHum MeToau Aa avdepeHumpa AMBEpPTUKyna OT
aHeBpu3Ma, NCeBAOaHEBPU3MA UMM MUOKapAHa KpunTa
Ha cTeHata Ha JK.

ONUCAHMUE HA KNIMHUYEH CNYYAH

MpenctaBsamMe XeHa Ha 46 r. ¢ onnakeaHe OT CTH-
raHe B rbpavTe € Mpagvaums KbM pbLeTe oT 6 rognHm
(o1 2014 r.) 6€3 TMNUYHa Bpb3Ka C (PU3NHECKUN YCUNHUSI.
lMopaam Te3n onnakBaHUSA € HacoYeHa 3a QUarHocTuY-
HO JoyTovHsABaHe. [auneHTkaTa e nywaud, ¢ dpamunHa
obpemeHeHocCT (ballia noYnmHan oT OCTbp MMOKapAeH
WHMAPKT), C OUCIUNMAEMUS U apTepuarnHa xunep-
ToHus (AX) oT 6 meceua C MakcumanHu CTOMHOCTU
150/100 mm Hg, nopaaun KOeTo e Ha neveHune ¢ briokep
Ha kanumesute kaHanu. OT pum3nkanHOTO nscnegsaHe
Ce KOoHcTaTMpar ACHU CbpAevHn ToHoBe, 6e3 wymoBa
Haxo4Ka, pUTMUYHA CbpAeyHa AeNHOCT ¢ YecToTa 71
ya./min n aptepuanHo Hansrase 90/60 mm Hg. Hanpa-
BeHaTa EKI npu noctbnBaHeTo noka3ea CUHYCOB pu-
TbM, MonyBepTMKanHa enekTpuyecka oc U HeraTuBHU
T-BbnHM BB V1-V4 (ur. 1).

lMpoBegeHaTa Npy NOCTLNBAHETO TPAHCTOPaKanHa
ExoKI™ ycTaHoBM 3anaseHa no pasmepu 1 obemu nssa
Kamepa ¥ 3anaseHa fneBokamepHa CUCTOMNHa PyHKUMS.
AnukanHo Ha JIK ce Bu3yanuanpa gonbrHuUTENHa Kyxu-
Ha c pa3mepu 12/8 mm ¢ BMaMMa Bpb3ka C kamepara

(cour. 2).

INTRODUCTION

A diverticulum can be defined as a “sac” or exten-
sion of the wall of an organ, in this case, a diverticu-
lum of the heart, which connects to its cavity and ex-
tends outside its borders [1]. Diverticula of the cardiac
cavities are relatively rare, with a frequency of 0.26%
found in unselected patients referred for cardiac cath-
eterization [1] and 2.2% in a multidetector computer-
ised tomography study [2]. The origin of cardiac diver-
ticula is most likely congenital due to viral infection,
connective tissue defect, or excessive stimulation of
the primordial cells during embryonic development
[2]. Most often, congenital cardiac diverticula are de-
tected incidentally and have uncharacteristic clinical
symptoms and electrocardiographic (ECG) changes.
The clinical case presented here aims to demonstrate
the rare diagnosis of a left ventricular diverticulum,
which is an unexpected finding in the patient, and to
show its typical image with different imaging modali-
ties — echocardiography (ECHO) and left ventriculog-
raphy (LVG) as well as magnetic resonance imaging
(MRI), which can better differentiate the diverticulum
from an aneurysm, pseudoaneurysm or myocardial
crypt of the LV wall.

CLINICAL CASE

We present a 46-years-old woman with chest dis-
comfort with irradiation to the arms for 6 years (since
2014) with no typical link to physical effort. Because of
these complaints, she is referred for further diagnosis.
The patient is a smoker, with dyslipidaemia and arte-
rial hypertension (AH) for 6 months with maximal val-
ues of 150/100 mm Hg, treated with a calcium channel
blockers and a family history of a father who died of
acute myocardial infarction. The physical examination
revealed normal heart tones, rhythmic heart rate of 71
beats/min. and blood pressure 90/60 mm Hg. The per-
formed ECG at hospitalisation showed sinus rhythm,
semi-vertical electric axis and negative T waves V1-V4
(Fig. 1).

The transthoracic ECHO demonstrated preserved
left ventricular size, volume and systolic function. An
additional cavity 12/8 mm in size with a visible connec-
tion to the ventricle was demonstrated apically on the
LV (Fig. 2).
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®ur. 1. EKI™ — cnHycoB puTbM, nonyBepTUKanHa enekTpmyecka oc u HeratuBHu T-BbMAHU BbB V1-V4

Fig. 1. ECG - sinus rhythm, semi-vertical electric axis and negative T waves V1-V4

Adult Echo
8541

22Hz
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®dur. 2. ExoKI — gonbnHuTenHa kyxmHa (anseptukyn) Ha JIK ¢ pasmepun 12/8 mm

Fig. 2. Echocardiography — additional cavity (diverticulum) of LV with dimensions 12/8 mm

Mopagn cTteHokapoHuTe onnakBaHus EKI npo-
MEHWUTe U PUCKOBUSI Mpodoun ce NpoBeae MHBA3UMBHO
KapAMonorMyHo uscneaBaHe B ob6em cenekTMBHa Ko-
poHapHa aHrnorpagusa (CKAIN) n nasa BeHTpUKyIO-
rpachust (JIBI'), OT KOUTO ce yCTaHOBMXa CbOTBETHO:
fanaHcupaH TN KOpoHapHa UMPKynauus, KOpOHapHU
apTepun 6e3 aHomanuu u cteHo3n, JIBIN — HopmanHa
dpakumsa Ha natnacksaHe (PU) 65% n nunca Ha MuT-
panHa nHcyduumneHums. Kato Haxogka ot JIBIC ce no-
TBbPAM HaNMMYMETO Ha JOMbIHUTENHA KyxuHa Ha JIK
anvKarnHo ¢ Hanuyve Ha oL KPbBOTOK C Hesl, AaBalla
OCHOBaHWe Ja ce npueme guarHosarta AMBEPTUKYI Ha
JIK (cpur. 3).

Mpoeene ce MPT Ha cbpue, 4Ypes KOATO ce [O-
Kasa Hanu4MeTo Ha NneBOKaMepeH AMBEPTUKYN U ce
Hanpaeu No-gobpa oueHka Ha n3MeHeHMeTo (dur. 4).
CteHata Ha JIK, BKITOUNTENHO 1 Ta3n Ha OUBEPTUKY-

Due to the angina complaints, ECG changes and
risk factors, an invasive cardiac examination was per-
formed — selective coronary angiography (CAG) and
left ventriculography (LVG), which revealed, respec-
tively, balanced type coronary circulation, coronary
arteries without anomalies or stenosis, LVG — normal
ejection fraction (EF) 65% and lack of mitral insuffi-
ciency. The LVG confirmed the finding of an additional
cavity connected to the LV apically with common blood
flow between them, thus leading to the diagnosis of di-
verticulum of the LV (Fig. 3).

Magnetic resonance imaging (MRI) of the heart
was performed, which proved the presence of a left
ventricular diverticulum and made a better assessment
of the malformation (Fig. 4). It showed that the signal
intensity of the wall of the diverticulum is the same as
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na, e ¢ HopMarnHa gebenuHa BbB BCUYKU CErMEHTU U
3anaseH curHaneH uHTeHsuTeT (cdur. 5) npeau u cneg
annuvKkMpaHe Ha KoHTpacTHa maTtepusi. He ce yctaHo-
BMXa NPOMEHU, CBbP3aHN C eleM, HapyLleHa nepgy-
3ns unum ubposa, ¢ KOETO Ce U3KMYM MuokapaHa
naTonorMsl CbOTBETHO OT TUMa Ha KapauomuonaTus,
Bb3MNanuTernHu UM UCXeMUYHU MpomMeHu. Jluncata
Ha nogobHM N3MEHeHNsA Ha cTeHaTa Ha AMBepPTUKyna,
KOMTO MO NPUHLMN ce AbMKaT Ha npuaobuta naTono-
rMs, Haco4YM KbM AuMarHosata KOHreHuTaneH avsep-
TUKYN Ha nsiBaTa kamepa, npu KOUTo eTuororusita ce
KOpEHM B NMaToONorMyeH npoLec no BpemMe Ha emopumo-
HarHoTo pas3BuTue. Bbnpeku Yyectata acoumauus Ha
KOHreHuUTanHuTe QUBepPTUKYNN C APYrM aHoMarnuu, He
ce OTKpuxa ApYrv BPOAEHM M3MeHeHust B obema Ha
nscnegBaHeto. [laumeHTkaTa ce M3nuca C aHTUXU-
nepTeH3MBHa Tepanus CbC 3aKoYeHUeTo, Ye He ce
Hamnara nocreasallo onepaTtUBHO UMW UHTEPBEHLIMO-
HarHo feYeHne Ha YyCTaHOBEHUS ONBEPTUKYII.

that of the rest of the left ventricle. The patient's LV
wall, including that of the diverticulum, is of normal
thickness, i.e. no evidence of hypertrophic zones, and
normal signal intensity (Fig. 5), before and after con-
trast administration, i.e. no edema, perfusion defects or
fibrosis, which excludes pathology such as cardiomy-
opathy, inflammatory and ischemic changes, respec-
tively. The absence of such changes of the heart, which
would be caused by an acquired pathology, leads to
the diagnosis of congenital diverticulum of the left ven-
tricle, in which the etiology is rooted in a pathological
process during embryonic development. Despite the
frequent association of congenital diverticula with other
anomalies, no other congenital changes in the patient
were detected within the volume of the performed im-
aging study. The patient was discharged with an antihy-
pertensive therapy with the conclusion that no further
operative or interventional treatment of the established
diverticulum was required.

dwr. 3. JIBI" B aHrnorpadcka nosmums RAO 35° — anukanHo pasnonoXxeH AMBEpTUKY
Ha nsiBa Kamepa C HanuM4me Ha KpbBOTOK C XapakTepucTuka Ha BbTpekamepeH Fig. 3.
LVG in angiographic position RAO 35° — apically positioned diverticulum of the LV with
the presence of flow from the ventricle within it

®ur. 4. MP — guBepTukyn Ha anekca Ha JIK ¢ HopManeH curHaneH MHTEH3WUTET, KaTo To3n Ha cTeHata Ha JIK

Fig. 4. MR — diverticulum of the apex of the LV with the same normal signal intensity of the wall as that of the rest of the LV
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®dur. 5. MP Ha cbpLe B 4-KyxvHeH cpe3 — HopmarnHa aebenuHa n curHan Ha myvokapaa B ,white blood” cekBeHUmMs (BNsiBO) 1 cekBeHLUS C
NnoTUCKaHe Ha BofaTa U MacTHaTa TbKaH (BASCHO) 3a U3KIOUBAHE Ha CUTHAINHM U3MEHEHWS B CTeHaTa

Fig. 5. MR of the heart in a 4-chamber view — Normal thickness and signal of the myocardium in a “white blood” sequence (left) and inversion
recovery sequence with suppression of the water and fat (right) to exclude signal changes of the heart wall

OBCBHXAOAHE

[OnBepTuKkynuTe Ha CcbpuETO MoraT ga ce Habnto-
AaBaT Ha BCUYKN CbPAEYHU KYXMHU, HO HaW-4ecTo ce
cpewat Ha JIK [1, 2]. Te ca Han-4ecTo eguUHUYHU, pas-
nonarat ce Ha anekca WnvM Nof KnamnHus MuUTpaneH
NPBCTEH M Ca CBbP3aHW C NngBaTa kamepa Han-4ecTo
C TECEH OCTMYM U TACHa wuika [1, 2]. fonemuHaTa Ha
BEHTPVIKYITHUTE AMBEPTUKYNM e B rpaHuumTe ot 0.5 go
1.4 cm[1, 2, 3], @ TEXHUAT OCTUYM € B rpaHuumTe 0.2-
1.2 cm [4]. OTHOLIEHNETO Ha OCTUYMa Ha AUBEpPTMKyNna
kbM JIK cnpsamo makcumanHua my anametsp e < 1 [3].
[VBepPTUKYNMUTE Ha CbPLETO MoraT Aa ce pa3gensT Ha
ABa B1aa MyckynHu n dmnbposnu [1,4]. MyckynHute gu-
BEPTUKYNU Ca MO-YECTU U CbAbPXKaT BCUYKM COEBE Ha
cbpaevHaTa cTeHa — eHAaoKaph, enukapa 1 Muokapa,
nopagn KOMTO Te Ce CbKpallaBaT efHOBPEMEHHO C
oCTaHarnaTa CTeHa Ha BEeHTpUKyra, KOeTO € TUMUYHa
XapakTepucTuka 3a MYCKYNHUTE OUBEPTUKYNKN, OTMU-
YyaBalla M OT aHeBpu3MUTE K MCBegOaHEeBpM3MUTE
Ha kameparta (Tabn. 1) [1, 2, 4]. OT gpyra cTpaHa, du-
Opo3HMTE OMBEPTMKYNU Ca U3rpageHyn npegumHo ot
CbeduHUTErNHa TbKaH, OCHOBHO OT PETUKYIWH, U crie-
[0BaTenHO ca akMHETUYHW U ONCKMHETUYHM, KaTo 3a
pasnuka oT MyCKYITHUTE ce cpellaT no-4yecTto cyoBar-
BynapHo [1, 4].

OT rmegHa Toyka Ha KNMHUYHaTa Haxogka cbpaey-
HUTE AMBEPTUKYNM HaW-4eCTo ca aCUMNTOMHW U ce
OTKpMBAaT Crny4anHo no Bpeme Ha obpasHo m3crnensa-
He no gpyr nosog [1, 2, 3]. Hakon oT cbnbTCTBaLM-
T€ UHOWKALUUN N CbCTOSIHUSA, KOMTO MOraT ga Haco4daT
KbM 3abonsiBaHETO ca aTunuyHa rpbaHa bonka, BeH-
TPUKynapHa apuTMus, BKIOYUTENHO BHe3arnHa Cbp-
AeYHa CMbPT, CbpAeYyHa HEeOoCTaTbYyHOCT, MUTpanHa
peryprutauusi, cuctemMHa embonus unu pyntypa Ha
cteHaTa [1, 2, 3]. Nopagn mankns 6poi Ha nauneHTn

DiscussIiON

Diverticula of the heart can be observed on all car-
diac chambers, but most often they occur on the left
ventricle [1, 2, 3]. They are most commonly solitary,
located at the apex or under the mitral valve ring and
are connected to the left ventricle, mainly by a narrow
ostium and narrow neck [1, 2, 4]. LV diverticula size
ranges from 0.5 cm to 1.4 cm [1, 2, 3], and its ostium
is 0.2-1.2 cm [5]. The ratio of the ostium of the divertic-
ulum connecting it to the left ventricle to the maximum
diameter of the diverticulum is < 1 [3]. LV diverticula
can be divided into two types — muscular and fibrotic [1,
4]. Muscular diverticula are more common and contain
all three cardiac layers — endocardium, pericardium
and myocardium, which causes them to contract simul-
taneously as the rest of the ventricular wall, which is
a typical characteristic of diverticula that distinguishes
them from aneurysms and pseudoaneurysms of the LV
(Table 1) [1, 2]. On the other hand, fibrous diverticula
have connective tissue in the wall, mainly of reticulin,
and consequently are akinetic or dyskinetic, but in com-
parison to the muscular diverticula are more commonly
found at the mitral subvalvular area [2, 4].

From a clinical point of view, cardiac diverticula
are usually asymptomatic and are accidentally de-
tected during imaging due to another occasion [1, 2,
3]. Some of the potential concomitant symptoms and
conditions that may guide the diagnosis are atypi-
cal chest pain, ventricular arrhythmia, including sud-
den cardiac death, heart failure, mitral regurgitation,
systemic embolism or wall rupture [1, 3, 5]. Due to
the small number of patients with cardiac divertic-
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C OVBEPTUKYNW Ha CbpAevHaTa kamepa HaMa SICHO yC-
TaHOBEHa Bpb3Ka MeXQy Te3n CbCTOAHMS U KOHKPETHM
CMMMTOMM, KaTo ce npuema, Ye no-ronemMmmTe anBepTu-
Kynn No-4ecTo ce acoummpar CbC CUMNTOMM OTKOSKOTO
no-mankute [5]. Hama tunuynam EKI unm nabopatopHu
NPOMEHN, KOUTO Aa Haco4BaT KbM Ta3u gnarHosa [3].

AnvkanHute ameepTukynu Ha JIK B ronam npoueHT
OT criyyauTe Ce cpellaT CbC CbMbTCTBALLA BpoAeHa
aHomanus, KaTto cenTtanHu gedekTu, AeKCTpokapans,
KOapKTauusa Ha aopTarta unuv nynMoHarnHa xvnonnasmsi
[1, 3]. CuHgpombT Ha ,Cantrell“ e cbcTOsIHME, NpU Koe-
TO NMauMeHTUTe MMaT OUBEPTUKYN Ha nsiBaTa kamepa,
TopakoabgoMuHanHW aHomanuu, AavadparManHu wu
CcTepHanHu aedekTn 1 napuuanHa nunca Ha nepvkapg
[2, 6]. OT gpyra cTpaHa, ¢ yBenu4aBaHe Ha Oposi Ha He-
WHBA3MBHWUTE OMArHOCTUYHWM NPOLEegypu Ha CbpPLETO,
BCe MOBEYE Ce PErncTpupar criydam ¢ KamepHu aneep-
TMKynun 6e3 Hannume Ha cbnbTCTBaLla aHomanus [4].

TepaneBTUYHUAT NoOAXon NpU OUBEPTUKYNUTE Ha
JIK 3aBucM OT KnMHU4YHaATaA u3sBa, CbMbTCTBALLMTE
aHoOManuMu n BEPOATHUTE YCMOXHEHUS, KOUTO MoraT
na HactenaT [3]. MNanuTpaTta oT TepaneBTUYHU pelle-
HUSA BKIOYBa HabnogeHne n npocregseaHe npu 6es-
CMMMTOMHM M HUCKOPUCKOBU MaUMEHTU, XMPYpPruyHa
pesekuMst Mpu CUMATOMATUYHM MNauMeHTU, ocobeHo
npy pUCK OT PynTypa, aHTUKoarynaHTu npu CUCTEM-
Ha embonus, aHTUapPUTMUYHN MeLMKaMEHTU Mpu 3a-
cTpallaBalla 1 CUMMATOMaTM4yHa pUTbMHA NaTomNorus,
pagnodpekBeHTHa abnaumsa unm UMNNaHTUpyeM Kap-
aunosepTep gecmbpunartop npy BEHTPUKynapHa Taxu-
kapams [3].

O6pasHuTe MeToau, KOMTO MMaT BadkHa pons npwm
OunarHocTukata Ha CbpAevHUTe AUBEPTUKYMN Ca €XO-
Kapauorpadusi, KOMMTbpHa TOMOrpadus, MarHuTt-
HO-pe3oHaHCHa ToMorpadums 1 KaTeTbpHa KOHTpacTHa
BeHTpuKyrnorpadus [2]. TpaHcTopakanHaTta u TpaHce-
30¢pareanHaTta exokapauorpadus, BkrtounTenHo 3D,
4D wn koHTpacT-ycuneHata ExoKIl, ca HeszameHuma
M WMPOKO AOCTbMHA MeToAMKa Ha nbpBu M3bop npu
OLEHKa Ha CbpAeYHUTE KYXWHM, CbOTBETHO Ha ¢o-
KanHu paswmpeHus Ha nseata kamepa [1, 2, 3]. 3D
exokapanorpaddCku peKoOHCTPYKLMM B peariHo Bpeme
no3BonsBaT oLeHKkaTa Ha obema Ha OUBEPTUKYNUTE U
aHespusmuTe Ha JIK [3]. Bvnpeku nosuTtusute, Hegoc-
TaTbuUTe Ha TpaHcTopakanHata ExoKl ca obwouns-
BECTHUTE, @ UMEHHO OfnepaTop-3aBMCUMa OLEHKa U B
HSKOW CrnyYaun HEBb3MOXHOCT 3a Jobpa Bn3yanu3aums
Ha aHTepobasanHuTe 1 anukanHuTe 30HM Nopaam NoLL
aKyCTUYeH Mpo3opeLl, KakTo 1 B Criyqas npu anvkanHu
OMBEpTUKYNN Hegobpa oueHKa Ha LmirKkata U cTeHara
um [2, 3]. KoHBeHUMOHanHaTa aHrmorpagmsa numa pons
[a OLEeHM KOpOHapHWTE CbAOBe, a NsBata BEHTPU-
Kynorpadumsi — HanNM4YnMeTo UNN He Ha OOMbIIHWUTENEH
‘cak”, HO He 1 Oa JajaT AeTaunriHa oueHka Ha npome-
HUTEe B CTeHaTa Ha cbpueTo [2, 3]. Bbnpeku ye myn-

ula, there is no clearly established relationship be-
tween that condition and specific symptoms, with the
assumption that larger diverticula are more likely to
be associated with symptoms than smaller ones [5].
There are no typical ECG or laboratory changes to
suspect this diagnosis [3].

Apical LV diverticula occur with a concomitant con-
genital anomaly in the majority of the cases, such as
septal defects, dextrocardia, coarctation of the aorta or
pulmonary hypoplasia [1, 3]. The “Cantrell” syndrome
is a condition in which patients have LV diverticula as
well as thoracoabdominal anomalies, diaphragmatic
and sternal defects and partial absence of pericardium
[2, 6]. On the other hand, more and more cases with LV
diverticula and without concomitant anomaly are reg-
istered [4].

The therapeutic approach for LV diverticula de-
pends on the clinical manifestation, associated anom-
alies and possible complications that may occur [3].
The therapeutic solutions include monitoring and fol-
low-up of asymptomatic and low-risk patients, surgical
resection in symptomatic patients, especially in those
with at risk of rupture, anticoagulants in systemic em-
bolism, antiarrhythmic medications in threatening and
symptomatic pathology, and radiofrequency ablation
or implantable cardioverter defibrillator in ventricular
tachycardia [3].

The imaging methods that play an important role
in the diagnosis of cardiac diverticula are echocardiog-
raphy (ECHO), computed tomography (CT), magnetic
resonance imaging (MRI), and cardiac ventriculogra-
phy [2]. Transthoracic and transesophageal echocardi-
ography, including 3-dimentional, 4D and contrast-en-
hanced ECHO, are indispensable and widely available
initial imaging methods for the assessment of cardiac
chambers, and respectively left ventricular outpouch-
ings [1, 2, 3]. Real-time 3D ECHO reconstruction al-
lows calculation of the volumes of LV diverticula or
aneurysms and contrast harmonic power Doppler pro-
vides information about their contractility and myocar-
dial perfusion [3]. However, ECHO disadvantages are
the well-known operator-dependent assessment and in
some cases inability to evaluate the anterobasal and
apical areas well due to their poor visibility with this
method, thus the possibility of missing apical divertic-
ula or insufficiently evaluate their neck and wall [2, 3]
Conventional angiography can be used to evaluate the
coronary vessels and by this to exclude coronary pa-
thology and left ventriculography can assess whether
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TMAEeTeKTopHaTa KOMMIOTbpHA ToMorpadwus, gaBalia
OTNMYHa aHaTOMU4YHa OLEHKa Ha CbpLETO, N KOHBEH-
LMoHarHarta BeHTpuKyrnorpadusa ca HagexgHn MeTogm
3a oueHka Ha Hanuuueto Ha JIK amMBepTukynu, Te ca
06BBbP3aHM C U3MON3BaAHETO HA paanaums, a BEHTPUKY-
norpadusaTa n ¢ UHBa3UBHOCT [2, 3].

3a pasnuka oT ropen3bpoeHnTe MeToaun Ha us-
cnegBaHe, MarHMTHO-pe3OHaHcHaTa Tomorpadus
MOXe OTNIMYHO Aa Bu3yanmsmpa naTonormyHmy Haxoa-
KN B CTeHaTa Ha CbpLETO, KaKTO U MPOMEHU B KOH-
TpakTunuTeTa n 1 gage Han-TovyHa eTuoriormyHa Ha-
coka [2, 3]. 3aToBa MeTOoAbT MMa KIH40oBa pPoris B Xa-
paKkTepU3NPaHETO Ha CbpaeYHUTE OUBEPTUKYNN, ThI
KaTto AaBa MOpdOMorMyHa oueHka Ha U3MEHEHUATA,
KOETO BKITHOYBA NIOKanNua3npaHe Ha NpoOMeHUTE Ha CcTe-
HaTa, TAXHOTO OTHOLUEHWE KbM OKOITHUTE CTPYKTYpU
N XapakTepUCTUKa Ha TbKaHUTE — HaNMM4MeTo Un He
Ha mbposa B cTeHaTa Ha (hokanHOTO paslumpeHue
Ha NMOCTKOHTPACTHUTE KbCHU hasun, KakTo n pusmnono-
r’MYHa OLlEeHKA — KOHTPaKTMAUTET B CUCTONA 1 AnacTo-
na [2, 4]. Tunu4HmaTt MP obpas Ha anBepTuKynute e
dokanHo paswunpeHne Ha cteHaTa Ha J1K, Han-4yecTo
Ha anekca, C TACHa WNKa U CUrHanNeH MHTEH3NTET Ha
CcTeHaTta MM KaTo TO3M Ha ocTaHanus muokapg Ha J1K,
6e3 nepdy3rMOHHO HapyLlleHue UM uMKaTpuumnanHo
KOHTpacTupaHe [2]. Ha anHamuyHute knHo MP obpa-
31 Ce BMXKAA CMHXPOHHO CbKpalllaBaHe Ha CTeHaTa Ha
AvBepTukyna c Ta3m Ha JIK no Bpeme Ha cucTona wu
OoTnyckaHe no Bpeme Ha guacrtona [2]. Cblo Taka B
cnyyauTe, B KOUTO Ce Hanara onepaTMBHO OTCTpaHs-
BaHe Ha AMBEpTUKyna, Hanpumep koraTo e B 6rnmsocT
00 MUTpanHus knaneH NpbCTEH M MPUYMHSABA KOM-
npecusi, MPT paBa BaxHa MHopmauma 3a aHaTo-
MWYHOTO OTHOLLEHME Ha OMBEPTUKYNA KbM KnanaTta 1
BMabunHocTTa Ha mmokapga Ha JIK [2].

OundbepeHumanHata gvarHosa Ha OUBEPTUKYNUTE
Ha JIK TpsibBa ga ce HanpaBu C aHeBpu3ma, nceegoa-
HEBpU3Ma UM MuokapgHu kpuntu Ha J1K, kouto morat
Aa ce pasrpaHuyaTt brnarogapeHve Ha n3crnegBaHeTo ¢
MP nopagu otnnyaBallm rv XxapakTepucTukm — Mopgo-
NOrMYHM 1 (PM3NOMOIrNYHK, NPEAN U CNed annvKknpaHe
Ha ragonvHueBa KOHTpacTHa Matepus (Tabn. 1) [1,
4]. AHeBpM3MUTE Ha CbpAedHaTa CTeHa Han-4ecTo ca
crnepncTeve Ha MWOKApPAEH MHMapKT, MMOKApAHO Bb3-
naneHne wnv apuTMoreHHa AecHOKamMepHa Kapguo-
muonatus [1]. CTeHaTa Ha MUCTUHCKaTa aHeBpuU3Ma e
dopmmpaHa oT pnbpo3HO NPOMEHEH MMOKapd, KOMTO
ce NoTBbpXKAaBa C KbCHO KOHTpacTMpaHe crieq annu-
KMpaHe Ha ragonvHuUr-CbabpXKaLy, KoHTpacT Ha MP [2,
3]. AHeBpuammuTe Ha JIK, kouTo ce abrkat Ha M1oKap-
OEeH WHMapKT, ca Han-4ecTo BCMeaCTBME Ha OKIy3nd
Ha nsiBa NpefHa JecueHOeHTHa KOpOHapHa apTepusi 1
3aToBa ce norny4yasaT anvkarsHo, NPegHo UIn anukona-
TepanHo Ha JIK [2]. OTnuuuTenHa TaxHa YepTa e wu-
poKa LUMiKa ¥ NnaBeH NPexod Ha HopMareH Mruokapg

or not there is an additional sac, but both cannot give
a detailed assessment of the heart wall [2, 3]. Although
multi-detector computed tomography, which provides
relevant anatomical details, and conventional ventric-
ulography are quite reliable methods for the diagnosis
of LV diverticula, they involve radiation exposure, and
ventriculography invasiveness [2, 3].

Unlike the above-mentioned imaging modalities
(echocardiography, multi-detector computed tomog-
raphy and angiography), which have their inherent
limitations, magnetic resonance imaging is emerging
as a very useful tool which can perfectly visualise
pathological findings in the heart wall, as well as
changes in its contractility and give the most accu-
rate etiological direction [2, 3]. Therefore, MRI has a
key role in the characterization of cardiac diverticula
as it provides an excellent morphological assess-
ment, which involves localization of the wall bulging,
its relationship to the surrounding structures, and tis-
sue characteristics, such as the absence of fibrosis
in the diverticulum confirmed by the absence of late
gadolinium enhancement, as well as physiological
evaluation — diverticular contractility in systole and
diastole [2]. A typical MR image of a LV diverticu-
lum is a focal extension of the wall, most often at
the apex, with a narrow neck and signal intensity of
their wall like that of the remaining wall of the LV,
without perfusion disturbance or cicatricial contrast
enhancement [2]. The dynamic cine MRI shows a
synchronous contraction of the diverticular wall with
that of the LV during systole and relaxation during di-
astole [2]. In the cases in which surgical resection of
the diverticulum is needed, for example, when sub-
valvular and causing compression, MRI has a role
to depict the anatomic relation of the defect to the
mitral valve and the viability of the myocardium of
the LV [2].

The differential diagnosis of LV diverticula includes
an aneurysm, pseudoaneurysm and myocardial crypt
of the LV, which can be distinguished by performing an
MR due to their morphological and physiological char-
acteristics and after application of gadolinium contrast
material (Table 1) [1, 4]. Aneurysms of the cardiac wall
are caused mainly by myocardial infarction or myo-
cardial inflammation [1]. Aneurysms consist primarily
of fibrous tissue that has replaced normal myocardi-
al tissue due to myocardial infarction or inflammation,
which is confirmed by late contrast enhancement after
application of contrast material containing gadolinium
[2,3]. Aneurysms of LV caused by myocardial infarc-
tion are most often as a result of left anterior descend-
ing coronary artery occlusion and therefore are found
apically, anteriorly, or apicolaterally of the LV [2]. Their
distinctive feature on MRI is a wide neck and a smooth
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Ha JIK B n3TbHeH Mmnokapg Ha aHeBpuamaTta. Ha KuMHo
MP obpasunte aHeBpu3MuTE MOKa3BaT AUCKUHE3NS —
HECMHXPOHHO CbKpalleHWe Mo Bpeme Ha cuctona c
M3MbKBaHe Ha KOHTypa Ha aHeBpu3MaTa, 3a pasnuvka
OT HOPMAasHOTO CbKpalleHne Ha ocTaHanus neBoKa-
MepeH Mmuokapg [2].

MNceBOooaHeBpu3MUTE ce ObrmkaT Ha 3aabpXkaHa
pynTypa Ha cbpdedHaTa CcTeHa nopaguv TpaBma, STpo-
reHHa yspega unm nHidapkr [1, 4]. Han-yecta npuynHa
€ WH(papKT nopaam OKNy3us Ha nssaTta LmpKymdriekc-
Ha KOpOHapHa apTepus M 3aTOBa Te XapaKTEepHO ce
cpellar no 3agHaTa u gonHata creHa Ha J1K [2]. [NceB-
[0aHeBpM3MUTE HAMAaT HOpManeH Muokapg, cteHara
UM e TbHKa, 30HaTa Ha pynTypa € nokputa oT TpomMO
U NepuKapgHu agxesvun, Nopagm KoeTo ca nogatnu-
BV Ha MOBTOPHA pynTypa 1 Hanarat He3abaBHa XMpyp-
rmyHa wuHtepBeHuma [2]. lNceBmoaHeBpuM3aMuTE nmart
TEeCeH OTBOp WU LIMIKa C PA3bK MPexod OT HopmareH
MUOKapd KbM aHeBPM3MarHoO U3TbHeEHa nceBOocTeHa
C Hanuvyne Ha KbCHO ragofnvHMEBO KOHTpacTMpaHe Ha
Hagnexawms nepukapg [2]. KnHo MP obpa3ute nokas-
BaT akMHe3ns Ha ncesgoaHeBpuamuTe [2].

Kpuntute Ha Mmnokapaa ca Tpetata avdepeHunan-
Ha gmarHosa, koaTo TpsibBa Aa ce nma npeasud. Te ca
KOHreHuTanHu gpucypu B AbnbodrHa Ha Mnokapaa, Ko-
MYHUKMpPaLLW C KyXxMHaTa Ha kKameparta [2, 4]. Muokapa-
HUTE KPUMTKU ca ONMcaHu 3a MbPBU MbT NPY NALUEHTK
C XxunepTpoduyHa KapavomuonaTusi, nopagun KOeTo
ObIIro BpeMe ce e CMATano, Ye uMat acoumaums ¢ Hes,
HO C BPEMETO Ce Hamnara TeopusitTa, Ye ce nmonydaear

transition from normal myocardium of the LV into thin
myocardium of the aneurysm. On cine MRI, aneurysms
show dyskinesia — a non-synchronous contraction
during systole with bulging of the aneurysm contour, as
opposed to the normal contraction of the remaining LV
myocardium [2].

Pseudoaneurysms are due to a contained rupture
of the heart wall due to myocardial infarction, iatrogen-
ic injury or trauma [1, 4]. They are most often caused
due to occlusion of the left circumflex coronary artery
and therefore are typically found on the posterior and
inferior walls of the LV [2]. Pseudoaneurysms do not
have a normal myocardium, their wall is thin, the zone
of the rupture is covered by a thrombus or pericardi-
al adhesions, making them susceptible to re-rupture
and requiring immediate surgical intervention [2].
Pseudoaneurysms have a narrow opening and neck
and a sharp transition from normal myocardium to an
aneurysmally thin pseudo-wall and presence of late
gadolinium enhancement of the overlying pericardium
[2]. Cine MR images show akinesia of the pseudoan-
eurysm [2].

Third differential diagnosis of cardiac diverticula,
which should be bared in mind, are myocardial crypts
which are congenital fissures, communicating with the
LB chamber [2, 4]. Myocardial crypts were primarily
found in patients with hypertrophic cardiomyopathy,
which posed the question whether they are connect-
ed to it; however, the theory that has gained credibility

Tabnuua 1. MP xapaktepucTtuka Ha cphokanHu paswmpeHus Ha JIK — auBepTukyn, aHeBpu3sma,
nceBAoaHeBpM3Ma U Kpunta

Table 1. MR characteristics of focal outpouchings of the LV - diverticulum, aneurysm and pseudoaneurysm

MP xapaktepuctuka [eepTukyn AHeBpuaMa

MR characteristics Diverticulum

Aneurysm

MceBnoaHeBpnama
(3agbpraHa pynTypa Ha Muokapaa)

MviokapaHy KpunTi

Myocardial crypts
Pseudoaneurysm (contained rupture)

Mpuunta | Cause Konrenutanet / Congenital

capkomaosa

sarcoidosis

MuokapzeH uHdapkt (MU), mrokapauT, | MU, nHdeKLmMo3eH MruokapauT, TpaBma

Myocardial infarction, myocarditis,

KoHreHuTanHm
Myocardial infarction, myocarditis, trauma | Congenital

Hait-yecta aHaTommnyHa | Anekc / Apex
nokauus / Location CcTeHa

Anekc, npeaHa unu anukonaTteparnHa

Apex, anterior or anterolateral wall

3apHa unu gonHa cteHa BasaneH centym unm

Posterior or inferior wall ceoboaHa JIK cTena

Contraction Synchronous with LV

LLnitka | Neck Bapupalwa; no-yecto tacHa Llnpoka / Wide TsacHa / Narrow -
Variable; narrow
KoHTpakTtunutet CuHxpoHHo ¢ NIK [lncknHesms / Dyskinesia Axunesns | Akinesia CrecHaBaT ce Ui HambIHO

n34ye3Bar B cuctona

Get narrower or completely
disappear in systole

KonTtpacTupaHe Bes kbCcHO KoHTpacTupaHe Ha

Contrast enhancement | CTE€HaTa unu nepukapaa Ha MuoKapaa

myocardium or pericardium myocardium

KbCHO KOHTpacTMpaHe — LnkaTpuke

Without late enhancement of the | Late enhancement, i.e. cicatrix of the

KoHTpactupate Ha Hapnexalums nepukapg | Te ca BafeHu B Miokapaa
Enhancement of the pericardium They are invaginations in the

myocardium




82

I. Adam, Y. Llapesa, I'. Kupoea u dp.

nopagu AM30praHvM3npaHocT Ha MUokapgHute mbpu
N Ca CpaBHWUTEMNHO YecTa criyyariHa Haxogka 6e3 na-
TOMOIMYHO 3Ha4YeHNe N HeusnckBawia MHTepBeHUus
[4]. MynokapaHuTe KpunTu ca TecHu, gbnboku V- mnu
U-o6pasHn uHBarMHauum B MuUOKapAa, Heusnusaiim
HaBbH OT KOHTYpUTE MY, NOKanu3npaHu npegumMHo B
6asanHuga gopsaneH cenTyMm unu ceobogHarta cTeHa Ha
JIK[2, 4]. Ha MP knHo oGpa3uTe no Bpeme Ha guacrto-
na ce BMXaa, Ye Kpuntute Haenuaat nosedve ot 50% B
CTeHaTa, KOeTO e BaXkHa TaxHa AndepeHumanHo amar-
HOCTMYHa XapakTepucThKa, a No BpeMe Ha cucTtona ce
CTecHsIBaT UInn HanbiHO n34e3Bart, 6e3 ga ce Buwxaart
CEerMEeHTHM HapyLLUEHNS B KOHTpaKTunnTeTa [4].

N3Boau

[vBepTuKynuTe Ha nsBata kamepa ca psigko
cpellaHa Haxodka B exe[HeBHaTa MpakTuka Ha Knu-
HuumcTute. Te ca Han-4eCcTo BPOAEHU, C HEU3SICHE-
Ha natoreHesa, HexapakTepHa cumnToMaTuka, OOpu
aCUMNTOMHU, U Ce OTKPMBAT HaW-4eCTO Cry4anHo.
O6GpasHnTe MeToaM, KOUTO AaBaT OLEeHKa Ha cbpLe-
TO M MoraT fa NoCTaBAT AnarHo3ata OUBEPTUKYI Ha
JIK, ca TpaHcTOpakanHa u TpaHcesodgareanHa ExoKT,
JIBI,, KT 1 MPT, kaTo nocnegHuaT e meTo Ha nsbop,
Tbii KaTo AaBa Han-AeTalsHa XapakTepucTmka Ha cTe-
HaTa Ha OAMBEepPTUKYra, HEeroBoTO OTHOLLEHWE CrpsIMO
JIK 1 OKOnMHUTE CTPYKTYpPU, KaKTO M KOHTpaKTUInTeTa
Ha cTeHaTa My MO BPeEMe Ha cucTtorna v guacrtona.
MP nomara v 3a gudepeHumaumsata Ha CbpaeyHuTe
OVBEPTUKYNM OT aHeBpWU3MW, MNCEBAOAHEBPU3MU W
MUOKapAHM KPUMNTU Ha CTeHaTa, KOETO € OT 3HaYeHne
nopagu TexHusi nogobeH obpas nomexay MM, Ho pas-
NYHa NpOrHo3a u neyexHue.

He e deknapupaH KOHeIUKM Ha uHmMepecu
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more recently is that they are caused by a disarray
of myocardial fibres and are quite commonly encoun-
tered anomaly without pathological significance and
non-requiring intervention [4]. Myocardial crypts are
narrow, deep, V- or U-shaped invaginations in the
myocardium, not extending outside the LV contour,
localized mainly in the basal dorsal septum or the free
wall of the LV [2,4]. On cine MR, during the diastole,
they penetrate more than 50% of the thickness of the
myocardium and during systole, get narrower or com-
pletely disappear, without having segmental contrac-
tility defects [4].

CONCLUSION

Left ventricular diverticula are a rare finding in the
daily practice. They are most often congenital, with
unexplained pathogenesis, uncharacteristic symp-
toms or asymptomatic, and are discovered by acci-
dent. The imaging methods that can assess the heart
and can make the diagnosis of a diverticulum of the
LV are transthoracic and transesophageal echocar-
diography, left ventriculography, CT and MRI. MRI is
an emerging imaging method of choice in the evalu-
ation of LV diverticula because it provides the most
detailed depiction of the diverticular wall, its relation
to the LV and the surrounding structures, as well as
the contractility of its wall during systole and diastole.
MR helps also to differentiate cardiac diverticula from
aneurysms, pseudoaneurysms and myocardial crypts
of the wall, which is of importance because of their
similar imaging appearance but different prognosis
and treatment.
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