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Abstract

Background. Atrial fibrillation has a marked impact on quality of life, heart failure, risk of thromboembolic stroke and
increased mortality from these causes. Understanding the anatomy, arrhythmogenic and thrombogenic components of the
left atrial appendage according to magnetic resonance and computed tomography is an important aspect for the choice of
specific methods of treatment for many potentially dangerous consequences of this disease.

Aim. The purpose of the study was to analyze sources on the morphological features of the left atrial appendage
according to magnetic resonance and computed tomography in thrombus formation.

Search strategy. To analyze and evaluate the morphological features of the left atrial appendage PubMed, Google
Scholar, Web of Science and MEDLINE Complete were used before 2022. Scientific articles published more than 10 years
ago were included in the work since they contained conceptual information. Studies conducted on patients diagnosed with
atrial fibrillation; cross-sectional studies, cohort studies, and case-control studies published in the English language were
included in this study. Key terms used for this review include “atrial fibrillation”, “left atrial appendage”, “left atrial size”,
“morphology of left atrial appendage”, “computed tomography”, “magnetic resonance tomography” and “left atrial appendage
thrombosis”. Exclusion criteria: studies conducted with patients diagnosed with atrial fibrillation, evidence-based medicine
articles with clear conclusions, articles published in other languages. As a result, 75 articles were selected for this review.

Conclusions. Analysis and further development of risk criteria based on computed tomography and magnetic resonance
imaging data are assumed to be effective in the prevention of thromboembolic complications.

Keywords: left atrial appendage, morphologic features, arrhythmia, cardiogenic thrombosis, review.
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POJIb MAFrHUTHO-PE3OHAHCHOMU U KOMIMbLIOTEPHOU TOMOIrPA®UMU
B U3YUYEHUU MOP®OJIONYMMECKUX OCOBEHHOCTEM YLUKA JIEBOIo
NMPEACEPOAMA B TPOMBOOBPA30OBAHUM: OB30P JIUTEPATYPbI
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S o) «HauuoHanbHbIA Hay4YHbIA KapAUOXUPYPruyeckum ueHTp», OTaeneHMe UHTEPBEHLMOHHOWM
Kapauonoruu u paguonoruum, r. ActaHa, Pecny6nuka KasaxcraH,;
2HAO «MeauumHckun yHuBepcuteT ActaHay, OtaeneHue paguonorum, r. ActaHa, Pecnybnuka KazaxcraH.

AxtyanbHocTb: OubpuUnnauMs NpPencepauii OkasbiBaeT 3aMETHOE BIUSIHME HA KAYECTBO KM3HW, CEPAEYHYIO
He[0CTaTOYHOCTb, PUCK TPOMBO3MBONMYECKOTO MHCYMbTA U MOBBILIAET CMEPTHOCTb OT 3TUX MPUYMH. MOHMMaHNe aHaToMuK,
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apUTMOTEHHbIX M TPOMOOreHHbIX KOMMOHEHTOB Mpugatka NeBOr0 Npefcepaust MO AaHHbIM MarHUTHO-PE30HaHCHON W
KOMMbIOTEPHON TOMOrpadun SBNSIETC BaXHbIM aCnekToM AN Bblbopa Creuuuyeckmx METOLOB NEYEHWNST MHOTMX
NOTEHUMANbLHO ONacHbIX Ans 300POBbs NOCAEACTBUI AaHHOTO 3a60neBaHus.

Llenb: poBectn aHann3 MCTOYHMKOB MO BOMPOCY MOPEONOrMyeckux OCOBEHHOCTEN YLika NeBoro npeacepaus no
[aHHbIM MarHUTHO-PE30HAHCHON W KOMMbBIOTEPHOM TOMOrpadumn B TpomM600Bpa3oBaHm.

Crparerusi noucka: [ins noucka nHcopmaLmm no aHanuay Mopdonorniyecknx 0COBEHHOCTEN yLuka NEBOro Npeacepams
Obinn ucnonb3oBaHbl 6asbl AaHHbIx PubMed, Google Scholar, Web of Science, MEDLINE Complete go 2022 roga. [ns
aHanusa B paboty Obinu BKMIOYEHbI HAYYHbIE CTaTby, onybnukoBaHHble 6onee yem 10 neT Hasafd, Tak kak OHU COAepKany
KOHLIeNTyarnbHy uHdopmaumio. Kpumepuu ekmoueHus 8 0630p: UCCnenoBaHus, NpoBefeHHble C y4acTMeM NaLMEHTOB C
AMarHo3oM ubpunnaumus npeacepanit, onybnukoBaHHbIE Ha aHMMACKOM s3blke. KntoueBble TepMuHbI: “ubpunnaums
npeacepauin’, “ylwko nesoro npeacepams’, “Mopdonorus yiika NeBoro npeacepams’, ‘pasmepbl NEBOr0 npeacepams’,
“koMMbloTEpHas Tomorpagms”, “MarHUTHO-pe3oHaHcHast Tomorpadmst”, “Tpomb yika nesoro npeacepaus’. Kpumepuu
UCKITIOYEHUS: UCCNEeLoBaHUs, NPOBEEHHbIE C Y4aCTUEM MALMEHTOB C AMArHO30M puOPUNNALMS NPeacepamnn, C YeTKUMM
BbIBOAAMM, CTaTbi, ONybnMKkoBaHHble Ha Apyrux Asbikax. B pesynbTate, ans atoro 063opa bbino otobpaHo 75 cTaten.

BuiBogbl: AHanu3 u ganeHenwas paspabotka KpUTEPUEB PUCKA HA OCHOBAHUM AAHHBIX KOMMBOTEPHOM U MarHUTHO-
pe30HaHCHOI Tomorpaduy npegnonaraioTcs 3 eKTMBHBIMW B MPOGMUIaKTUKe TPOMBO3MBONMYECKUX OCTIOXKHEHMI.

Knrouesnble cnoea: ywiko negoeo npedcepdus, Mopghonoeudeckue 0cobeHHoOCmU, apummusi, Kapduo2eHHbIl mpombo3,
063op.
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MOPO®OJNIOINUANDbIK EPEKLWUENIKTEPIH 3EPTTEYQErN I MArHUTTbIK-
PE3OHAHC XXOHE KOMMNLIOTEPJ1IK TOMOIrPA®USAHbIH POJll:
OAEBMUET LLONy
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L NTTBIK FBINbIMKA Kapauoxupyprua optanbifbl” AK, UHTepBeHUUANbIK KapAMONOrua XXaHe paauonorus
6enimweci, AcTtaHa, K., KazakctaH Pecnybnukacbl;

Z “«AcTaHa MeauUMHA yHuBepcuteTi” KeAK, Pagnonorus 6enimweci,

AcTaHa K., KazakctaH Pecny6nukachbl.

©3exTiniri. XypekwenepaiH pubpunnaumsacel ©MIp canacblHa, XYpeK XeTKinikciagiriHe, TPoM603IMEONMANBIK MHCYNLT
KayniHe xaHe ocbl cebenTepaeH GonaTblH eniM-XiTiMHIH, apTyblHa alTapnbikTan acep etedi. MarHuTTiK pe3oHaHCTbI
BenHeney xoHe KOMMbIOTEPNiK TOMOrpacus apKbifbl OLIEHETIH COM XaK KYPEKWe KOCanKbIChbIHbIH, aHaTOMUSICbIH,
apuTMOreHAiK XoHe TPOMOOreHZik KOMMOHEHTTEPIH TYCIHY OCbl aypyAblH AeHcaymblkka Kayin TeHaipeTiH kemnTereH
bIKTMMan cangapnapbl YLUiH apHailbl emaey oaicTepiH TaHaayAblH MaHbI3abl acnekTici 6onbin Tabbinags!.

Makcatbl. MarHuTTik pe3oHaHC xaHe Tpomb Tys3iny kesiHaeri KOMNbIOTEPRiK TOMOrpadusFa CoKeC COM XakK XypekLue
KocarKblnapblHbiH, MOPonorusibIK epekenikrepi 6oibiHWa Aepekke3aepmi Tangay.

I3gey ctpatermscbl. Con kaK XXypeklWe KOCbIMLLAChIHbIH, MOPQONOrusnblK epekllenikTepiH Tangay Typansl
aknapatTbl i3gey ywiH PubMed, Google Scholar, Web of Science, MEDLINE Complete 2022 xbinfFa gediH manimeTTep
Oasacbl nmampanaHbingbl. Tangay yuwiH 10 xbingaH actam yakbIT OypbIH XapusnaHFaH fbilbiIMM Makananap
KOHUenTyandbl aknapaTTaH TypaTbiHAbIKTaH eHOekke eHrisingi. Lonyra Kocy kpumepudinepi: CON Xypeke
ubpunnsaumscel 6ap HaykacTapga KyprisinreH 3epTTeynep, arbifibiH TiNiHAe Xapusnaxrad. Herisri TepmuHgep:
OKYPEKLLEHiH, prBPUNNALMACHI», «COM Kak KyPeKLLE KOCANKbIChI», «COI XakK XKYPeKLLE KOCanKbICbIHbIH, MOPJONOr/siChI»,
«CON KYPEKLWeHiH ernwemaepi», «KOMMbIOTEPNIK ToMOrpadus», «MarHUTTIK-pe30HAHCTLIK TOMOrpadmsy, «Con Xak
KYPEKLLE KOCAMNKbIChIHbIH, TPOMBbI». Anlbin macmay Kpumepulsnepi: XypekwenepgiH, pubpunnaumscel guarHossl 6ap
HayKacTapAa JXYprisinreH 3epTTeynep, HakTbl KOpbiTbiHAbiNapbl 6ap, 6acka Tingepae xapusnaHFaH Makanmanap.
HaTuxeciHge ocbl WonyfFa 75 Makana TaHganabl.

KopbITbiHAbI. Tpom6oambonuanblK acKeblHynapablH, andblH - anyga KoMMbloTeprik TomMorpadus XKeHe MarHuTTi-
PEe30HaHCTLIK TOMOrpadust fepekTepiHe HerifenreH Toyeken KpUTepuinnepiH Tangay xeHe ofaH api JambITy TviMai gen
GomkaHagbl.

TyliHdi ce3dep: conm xaK Xypekuwe KocasKbiChbl, MopgonoeusiniblK beneinepi, apummus, kapduozeHdi mpombo3,
wony.
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Introduction

Atrial fibrillation (AF) is the most common form of
cardiac arrhythmias and is one of the causes of the
increasing disability and mortality among populations [18,
72,11,65,46]. Cardiac arrhythmias result in sudden cardiac
death, which is estimated as a cause of 15%—-20% of all
deaths [24]. According to the European Society of
Cardiology, more than 6 million Europeans currently suffer
from AF. The incidence of AF is predicted to increase as the
population ages. It is believed that in the next 50 years, the
prevalence of this disease will double. Half of the strokes
caused by AF occur before the age of 75 [13]. According to
the information, the prevalence of AF was 20.9 and 12.6
million worldwide for men and women, respectively, in
2010. It has been proven that every fourth inhabitant of
Europe and the United States has a high risk of AF in
middle age [31]. AF accounts for 60% of all cardioembolic
strokes [9,5]. Cardioembolic sources, mainly represented by
thrombi in the left atrial appendage (LAA), are the most
common sources of cardioembolic events [2,22, 67].

AF treatment is a real challenge for cardiologists and
electrophysiologists. It has a significant effect on patients’
quality of life, heart failure, and risk of thromboembolic stroke
and increases mortality from the aforementioned causes
[10,37,47,67,73]. Understanding the anatomy as well as the
arrhythmogenic and thrombogenic components of the LAA is
important for the development of specific treatments for AF
[38]. The percentage of strokes associated with AF significantly
increases from 1.5% at the age of 50-59 years to 23.5% at the
age of 80-89 years [7]. Furthermore, the prevalence of AF and
the associated risk of thromboembolic events may be
significantly underestimated because AF is often asymptomatic
and undiagnosed [71]. This finding is supported by a study in
which subclinical atrial tachyarrhythmias without clinical AF
frequently occurred in patients with pacemakers and were
associated with a significantly increased risk of thromboembolic
complications [25].

Left atrial appendage morphology.

LAA has a complex anatomical structure different from
that of the left atrium (LA). It has different embryological,
anatomical, and pathophysiological characteristics. It is
characterized by a blindly ending formation of an elongated
shape with constrictions and a narrow mouth, which
connects with the atrium. This appendage originates from
the left wall of the primary LA, which is formed mainly by the
adsorption of primary pulmonary veins and their branches.
Furthermore, it forms in the fourth week of embryonic
development. LAA is located in the atrioventricular sulcus,
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close to the left circumflex artery, left phrenic nerve, and left
pulmonary veins. The junction with the LA is quite well-
defined due to the narrowing at the opening of the
appendix. There are significant differences in its size,
shape, and relationship with adjacent cardiac and
extracardiac structures, which can be of great importance in
the implementation of interventional procedures [18].

Veinot J.P. et al. reviewed more than 500 cases and
found that in more than two-thirds of the cases, LAA
consisted of two or more lobes located in different planes.
Usually, the lobes of the LAA are directed to the
atrioventricular sulcus and basal surface of the left ventricle.
This must be borne in mind during imaging studies to
exclude an intracavitary thrombus: the inability to view all
lobes or incomplete visualization of the lobe may be the
reason for insufficient diagnosis of LAA thrombosis [65].

A recent computed tomography (CT) study classified LAA
morphology based on the presence of curvature, which exhibits
a “chicken wing-like” appearance (48%) or “cactus” shape
(30%) with a dominant central lobe and secondary lobes
extending from the central lobe in both the upper and lower
directions; “‘windsock” shape (19%) with one dominant lobe;
and “cauliflower” shape (3%) with limited overall length and
complex internal characteristics [19]. Figure 1 presents the
morphological forms of LAA (A - “chicken wing” shape; B -
“windsock’; C - “caulifiower” shape; D - “cactus” shape).

Figure 1 A. «Chicken wing» shape.

Histologically, LAA has a single endothelial layer and
contains muscles of varying thickness [61]. The anterolateral
wall adjacent to the mitral valve has a minimum thickness of
0.5 mm; therefore, special care must be taken to avoid
perforation when performing invasive procedures [59].
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Figure 1 D. «Cactus» shape.

Recently, the risk of stroke in patients with AF has been
assessed using the CHA2DS2-VASc score. At least one
point is given for each of the following conditions: history of
hypertension, ~ diabetes, congestive heart failure,
cardiovascular disease, stroke or transient ischemic attack,
or female gender. The CHA2 DS2-VASc scale is widely
used in clinical practice to initiate anticoagulant therapy. It
mainly focuses on well-known risk factors for ischemic
stroke, and none of these factors assess LAA, where most
of the thrombi in AF are formed. Only in the mid-1950s was
LAA, previously considered a trivial and nonfunctional
anatomical structure of the heart, identified as the main site
of thrombus formation in AF. Numerous studies have
demonstrated that 91% to 100% of all blood clots in
nonvalvular AF are formed in the LAA [41,63].

The LAA is a remnant of the primary embryonic LA,
which explains its trabecular appearance. It is a long-angle
structure that differs markedly in shape and size (volume,
length, width, and size of the hole) on TEE and magnetic
resonance imaging (MRI) of the heart [20,26].

Veinot J.P. et al. (1997) demonstrated that LAA consists
of two lobes in half of the population and three lobes in one-
third of the people. Although the LAA has a very thin wall,
the orifice has a significant myocardial thickness. Panikker
S. et al. demonstrated on a cadaveric heart that the anterior
(2.5 £ 0.8 mm; range 1.4-4.0 mm) and superior (2.4 £ 1.2

Figure 1 C. «Cauliflower» shape.

mm; range 1.1-4.8 mm) edges of the LAA orifice have the
thickest part of the wall diameter [54].

In 2011, Beinart R. et al. attempted to correlate the
anatomical parameters of the LAA, including LAA volume,
depth, the short and long axes of the LAA neck, and the
number of lobes. They used MRI as an additional tool to
stratify thromboembolic risk in patients with AF. LAA neck
dimensions (short and long axes) were the only
independent predictor of stroke (p < 0.001). Doctors should
be careful when using LAA dimensions, including short and
long axes and volumes, as predictors of thrombus formation
because they may significantly fluctuate over time as a
result of LAA remodeling [6].

The morphology of LAA is extremely complex and
heterogeneous, and unlike the size of the LAA, it does not
change over time in patients with AF. In 2010, a new
morphological classification of LAA was proposed, which was
based mainly on the presence or absence of “bending” [70]. As
aforementioned, there are four morphological types of LAA:
“chicken wing,” “cactus,” “windsock,” and “cauliflower.”

In 2012, Luigi Di Biase et al. conducted a large multicenter
study to correlate the morphological characteristics of LAA
obtained via CT or MRI with an assessment of the risks of
preexisting thromboembolic complications in patients with AF.
This study demonstrated that patients with “chicken wing” LAA
morphology had a statistically significantly lower risk of stroke
than patients with all other described LAA morphologies. More
importantly, this study demonstrated that the morphology of
LAA in the other three forms (“non-chicken wing”) increased
the risk of thromboembolic complications by a factor of 6
compared with the morphology of the “chicken wing” (95%
confidence interval (CI): 1.25-79.7, P = 0.019) in patients
with a CHADS2 score of 0 to 1 [19]. A CHADS2 scale is a
clinical tool for predicting and assessing the risk of ischemic
stroke in patients with non-rheumatic AF, which is a
common and serious heart rhythm disorder associated with
cardioembolic stroke.

The same concept was subsequently proven in AF
patients with asymptomatic LAA thrombi [3]. Although
several studies have reaffirmed results indicating that the
LAA plays an important role in predicting thromboembolic
complications in patients with AF [39, 36, 56], other studies
have reported that LAA morphology is not associated with
the risk of stroke in a population with AF [21,32,35,52].
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Kimura T. et al. [32] also investigated the association
between the morphology of LAA and the risk of stroke. In this
study, 26.7% of patients with thromboembolic complications
had a CHA2DS2-VASc score of 0. The ‘“cauliflower”
morphology of LAA was significantly predominant in these
patients. It was demonstrated that this morphology, defined as
a main lobe < 4 cm long without split lobes, was significantly
more common in patients with thromboembolic complications
(odds ratio (OR) = 3.9; P = 0.005) [32]. Logistic regression
analysis of CHA2DS2-VASc revealed that “cauliflower” LAA
was an independent predictor of stroke (OR 3.3; P=0.017). In
“low-risk” patients, the presence of LAA morphology other than
‘chicken wing” dramatically increases the risk of
thromboembolism, which may indicate the need for oral
anticoagulant therapy. Khurram |.M. et al. [35] investigated the
relationship between the morphology and characteristics of
LAA, including trabecular length, orifice diameter, and length,
with the prevalence of thromboembolic complications in
patients with AF. The LAA morphology did not exhibit statistical
significance in predicting embolic stroke. However, multivariate
analysis revealed that significant trabecularity of the LAA is an
independent risk factor for the development of thromboembolic
complications (27.7% versus 14.4%; P = 0.019) [35].

A recent meta-analysis assessed the clinical
significance of LAA morphology as a predictor of
thromboembolic complications in patients with low to
moderate risk of stroke. This study included a total of eight
studies involving 2596 patients with AF (84% of the patients
had a CHADS2 score < 2). The risk of stroke was 54%
lower in patients with “chicken wing” LAA morphology than
in those with “non-chicken wing” morphology (OR = 0.46;
95% Cl: 0.36-0.58). Similarly, the chicken wing morphology
had a lower risk of thromboembolic complications than
other morphological types of LAA (‘chicken wing” vs.
“cauliflower”: OR = 0.38; 95% ClI: 0.26-0.56; “chicken wing”
vs. “windsock™ OR = 0.48; 95% CI: 0.31-0.73; “chicken
wing” vs. “cactus”: OR = 0.49; 95% CI: 0.36-0.66) [42].

Diagnosis of thrombosis of the left
appendage.

The gold standard for diagnosing LAA thrombosis is TEE.
TEE is a method of ultrasound diagnostics of the heart using a
special sensor inserted through the esophagus. This method
improves the "ultrasound window" and permits a much clearer
visualization of the heart's structures using a transesophageal
approach. One of the first to perform TEE was Side in 1971.
After 5 years, Frazin L. et al. reported M-mode on TEE. They
created an oval transducer device that was inserted into the
esophagus of 38 awake patients with chronic obstructive
pulmonary disease and used transthoracic echocardiography
to evaluate the aortic wall and left atrium. In the 1980s, the
evaluation of hemodynamics in patients undergoing invasive
procedures drove the development of non-invasive color
Doppler sonography [62).

In recent years, the technique of three-dimensional
TEE, which is of interest primarily in cardiac surgery, has
been increasingly introduced into clinical practice. It is used
in all cases when the resolution of transthoracic
echocardiography does not allow making an accurate
diagnosis, studying in detail the anatomy of various
intracardiac ~ structures, and assessing intracardiac
hemodynamics. Compared to 2D echo, 3D imaging can
improve diagnosis and providle a more complete

atrial

assessment of complex morphologies, particularly in
identifying sources of cardiogenic thrombosis [29]. The use
of contrast agents improves visualization by eliminating
artifacts, obscuring the LAA, and revealing filling defects
[69]. TEE also allows functional assessment of LAA flow
using the Doppler method [55]. In particular, recent studies
have shown that the data of blood cell tracking techniques,
which can be quantitatively and qualitatively assessed,
provide information on tissue deformation and movement
that can correlate with the risk of LAA thrombosis [4]. TEE
can identify other predictors of thromboembolism, such as
"unstable" plaques on the aorta, echo-spontaneous contrast
effect, and decreased blood flow in the LAA.

A decrease in blood flow velocity and LAA contractility are
independent factors of thromboembolic complications [75].
Compared with intraoperative data, the sensitivity and
specificity of TEE in the diagnosis of LAA thrombosis in patients
with AF are 92% and 98%, respectively, with a negative and
positive predictive value of 100% and 86% [1, 45].

However, this method is semi-invasive and cannot be
performed in some patients due to intolerance to this procedure
and several other contraindications, such as malignant
neoplasms, esophageal diverticulum, fistulas, strictures,
esophageal varices, inflammatory diseases of the esophagus,
bleeding from the upper part of the gastrointestinal tract [17, 27,
57,40]. In addition, the procedure requires skilled physicians
and support staff, is time-consuming, may cause patient
distress, and is expensive. TEE also cannot provide complete
information about the anatomy of the pulmonary veins before
performing pulmonary vein isolation, which is another
disadvantage of this type of study.

A prerequisite for this procedure is a 4-6 hour fast
before the study, removable dentures must be removed
before the study.

TEE can be replaced by CT angiocardiography of the
left heart, which allows non-invasively and on an outpatient
basis to assess the presence and absence of a left atrial
appendage thrombus. According to the literature, CT
angiography is effective in excluding thrombosis of the heart
cavities, but its capabilities have not been fully studied. CT
angiography is not inferior to TEE for detecting stasis and
thrombosis in the left atrial cavity; however, the technique's
efficacy requires further investigation.

The technical development of equipment has developed
rapidly with the advent of new generations of tomographs —
from the first 4-slice to modern 640-slice tomographs. CT of the
latest generation, after technical improvement, is characterized
by a decrease in the number of detectors, an increase in the
speed of rotation of the X-ray tube, as well as high spatial and
temporal resolution, which made it possible to examine the left
parts of the heart, not only to exclude thrombosis but also to
evaluate coronary blood flow.

The use of synchronization with electrocardiogram in
CT eliminates artifacts from heart movements at high heart
rates, which made it possible to increase diagnostic
accuracy. With the use of multislice CT, the time required to
retain one's breath, the dosage of the injected contrast
agent, and the patient's radiation exposure have been
significantly reduced.

Unlike TEE, the method is non-invasive. However, CT is
an absolute contraindication when the patient is allergic to
an iodinated contrast agent. There are also relative
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contraindications: severe diseases of the kidneys and
thyroid gland, pregnancy, and high patient weight.

The sensitivity of CT and the negative predictive value
of the study is improved by a two-stage scanning technique
that includes delayed visualization of the LAA. CT of the
heart, especially when delayed scanning of the left atrial
appendage is used, is an alternative to TEE for diagnosing
left/left atrial thrombi/clots, avoiding the inconvenience and
complications of TEE. A non-invasive approach equivalent
to TEE for the diagnosis of intracardiac thrombi with high
diagnostic accuracy is eligible for clinical use as an
alternative and screening method. For cardiac thrombi, CT
is a well-established but underutilized imaging modality. CT
is highly accurate in detecting intracardiac thrombi [28,33,
64]. A recent meta-analysis showed that the high diagnostic
accuracy of cardiac CT compared with TEE can be used to
detect left atrial thrombi in patients with AF. The authors
included 19 studies involving 2955 patients and determined
that the sensitivity and specificity of CT were 96% (95% Cl:
92-100%) and 92% (95% Cl: 91-93%), respectively, while
positive and negative predictive values were 41% (95% CI:
37-44%) and 99% (95% CI: 99-100%), respectively [60].
The results of studies presented by Romero J. et al.
showed that biphasic delayed scanning significantly
improved the specificity and diagnostic accuracy of imaging
by up to 91% compared with conventional angiography,
which is 41% [60]. This is since a pseudo-filling defect with
severe blood stasis can mimic an intracardiac thrombus.

In a recent publication by Lazoura O. et al., cardiac CT
performed on 122 patients undergoing surgery for arrhythmias
showed 100% predictive value using delayed scanning [43].

Pietro Spagnolo et al. demonstrated an additional
delayed LAA scan at 6 minutes in patients with drug-
resistant persistent atrial fibrillation, which can be
considered as an alternative to TEE [66]. Other studies
have demonstrated that an additional delayed scan of the
LAA in the prone position of patients enhances the
diagnostic accuracy of left atrial appendage thrombosis. CT
in the prone position using repeated delayed phase LAA
scanning has been illustrated by Rena Nakamura et al. [51].
In patients with persistent and long-standing AF before
catheter ablation, late-phase CT imaging is an important
tool for assessing intracardiac thrombi and LAA dysfunction.
However, for some patients, the prone position is not
physiological and causes inconvenience.

When scanning in the supine position, the LAA lies in a
horizontal plane, and in some cases, a second scan of the
LAA is required, which increases the dose of radiation
exposure to the patient. In one clinical case of cryoballoon
ablation, the left lateral prone position in AF was used, in
which the left atrium was compressed by a dilated aorta and
vertebrae, the use of a CT scan of the heart lying on the left
side showed that the heart could move forward and left
atrial compression could be eliminated [50].

The advantages of CT demonstrate the potential of this
technology for evaluating the morphological characteristics of
the left atrium and the presence or absence of a thrombus in
the heart cavities, which will unquestionably improve the risk
stratification for developing embolic complications. Due to the
insufficiency of work on this topic and the absence of scientific
advancements in our country, it is necessary to conduct
additional research on this issue, taking into consideration

comorbidities, which will help in the future to assess and predict
the complications of the disease.

MRI can be used to detect left atrial thrombi with or without
contrast media. The usefulness of double or triple inversion
turbo spin echo sequences for assessing thrombus in LAA was
investigated by Ohyama H. et al. in 50 patients diagnosed with
AF and a history of cardioembolic stroke. MRI was found to
have high intra- and inter-observer reproducibility, with high
agreement in thrombus detection in the LAA compared to TEE
(kappa = 0.876, SE = 0.068). The authors also noted that
thrombus sizes detected on MRI were consistently =20% larger
than on TEE [53]. Another early study showed that the
diagnostic accuracy of contrast-enhanced MRI for excluding
LAA thrombus was low due to insufficient spatial resolution [49,
14]. Compared to TEE, the sensitivity of the 2D steady-state
free precession sequence with saturation-recovery and 3D low-
angle turbo-fast imaging for LAA thrombus detection was 47%
and 35%, respectively, and the specificity was 50% and 67%,
respectively. Both 2D and 3D methods overestimated the size
of the thrombus compared to TEE measurements by 66% and
25%, respectively.

With recent advances in sequence development and the
capabilities of paramagnetic contrast agents, an increasing
number of studies have demonstrated that MRI's diagnostic
accuracy has improved. Rathi V.K. [58] compared the
effectiveness of 2D non-contrast cine images, contrast-
enhanced 2D/3D sequences, and TEE data in diagnosing LAA
thrombosis in 97 patients diagnosed with AF. Both 2D and 3D
contrast-enhanced MRI detected LAA thrombi in 2 of 97
patients with 100% agreement with TEE, while 2D cine-MRI
was indeterminate in 6 patients. Kitkungvan D.et al. [34] used
TEE as a reference standard to study the diagnostic
performance of various MRI techniques in detecting LAA
thrombus in 261 patients followed by pulmonary vein mapping.
Using TEE, LAA thrombus was diagnosed in 9 patients.
Delayed enhancement MRI with inversion time (DE-CMR) had
the highest diagnostic accuracy (99.2%), sensitivity (100%),
and specificity (99.2%), followed by magnetic resonance
angiography (MRA) with contrast (accuracy, 94.3%, sensitivity
66.7% and specificity 95.2%) and cine mode (accuracy 91.6%,
sensitivity 66.7% and specificity 92.5%) with an excellent
correlation between observers on all three methods.

DE-CMR has the highest sensitivity, specificity, and
predictive diagnostic performance among other MR sequences.

Recent improvements in MRl as a new non-invasive
method of cardiac imaging tool allow to study of the
morphological and functional features of the heart without
sedation, radiation, or nephrotoxicity. Cine mode can evaluate
the phase functions of the right and left parts of the heart. A
study with a contrast agent is excellent for assessing the
number, size, and shape of the pulmonary veins. Moreover, it
accurately characterizes the highly variable anatomy of the
pulmonary veins and identifies pulmonary vein stenosis as one
of the common complications after radiofrequency catheter
ablation [23, 30,48]. DE-CMR can evaluate LA fibrosis, with the
degree of delayed enhancement significantly correlated with
procedural outcomes [8,12,44]. Obtaining three-dimensional
anatomy of the LA and pulmonary veins before ablation
improves safety, reduces the radiation dose, and increases the
accuracy of the procedure.

The main advantage of MRI over echocardiography and
CT is its ability to characterize tissue, including tissue and
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thrombus differentiation, and identification of myocardial
tissue scarring using delayed enhancement imaging. Several
studies have shown the possibility of using DE-CMR to
localize and quantify LA fibrosis, which is associated with an
increased risk of cerebrocardiovascular disease and is a
useful indicator of AF severity and prognosis [15, 16].

Conclusion. The morphology of the LAA may be a
significant parameter in the prediction of thrombosis and
may have an impact on the stratification and anticoagulation
therapy of individuals with low to moderate risk of
thromboembolism. The investigation of the anatomical
characteristics of the LA remains pertinent because
additional stratification of thrombus formation hazards is still
required. The morphological characteristics and diagnosis
of left atrial appendage thrombosis can be studied using a
variety of techniques.
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