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CwmbpTHoCTTa 0T 6enoapobeH Tpomboembonuabm (BTE) HamansiBa B CBETOBEH Malwab nopaau NoCTUrHaTUs TepanesT 4eH
Hanpedbk. Bbnpeku ToBa 3a60NsIBaHETO OCTaBa Ha TPETO MSCTO KaTo MpUYMHA 3a CMBPT B pa3BUTUTE CTPaHM W YecToTaTa
My Ce yBenu4asa. HaBpemeHHaTa guarHosa 1 n3bopbT Ha Halt-noaxoasil TepaneBTYeH METOL Ca U3KMHOUUTENHO BaXHN B
KnHWUYHaTa npakTuka. Exokapaworpadhckoto mscnensaHe (ExoKl) octaBa ocHOBHa M306pa3vTenHa TeXHUKA Mpu NernoTo
Ha 6OMHMS KaKTo 3a MbpBUYHATA [MarHo3a, Taka W 3a onpefensHe Ha MHAMBUIYyanHUs NaLMEHTCK puck, 1 faBa besleHHa
MHhopMaLMs OTHOCHO oblLaTa XemoauHaMmuka B CMELIHM cuUTyaLuu. PassuTieTo Ha MeToavkata npe3 nocneaHUTe rofuHM
A00aBs HOBW MapaMeTpy KbM kriacuyeckust 06pa3 Ha nauymenTa ¢ BTE. B HacToswms 0630p ce pasrnexaar CbBpeMeHHUTe
MOMX0AM 3a pUCKoBa cTpaTudmkaLns Ha naumeHTuTe ¢ BTE upes ExoKT 1 ponsita Ha ExoKT™ B anarHocTikata Ha 3abonsiBaHeTo.

exokapaorpadms, GenogpobeH TpomBoemBONM3LM, OnpeaensHe Ha pucka, AuarHosa, MporHosa, AECHOKAMEpHO
obpeMeHsiBaHe, AecHokamepHa (yHKUMS
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Abstract. Pulmonary thromboembolism (PE) related mortality worldwide is decreasing due to current therapeutic advances. However, PE
remains the third leading cause of death in developed countries and its incidence is increasing. Timely diagnosis and appropriate
therapeutic measures are extremely important in clinical practice. Echocardiography (EchoCG) remains a preferred imaging
technique at the bedside for both primary diagnosis and individual patient risk determination, and provides invaluable information
regarding general hemodynamics in emergency situations. The development of the methodology in recent years adds new pa-
rameters to the classic image of the patient with PE. In this review, modern approaches for risk stratification of patients with PE by
means of echocardiography and the role of echocardiography in the diagnosis of the disease are considered.
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BbBEOQEHME INTRODUCTION

BeHo3HuaT Tpomboembonusbm (BTE) e BaxkHa npu- Venous thromboembolism (VTE) is an import-
YnMHa 3a BONEeCTHOCT U CMBbPTHOCT B CBETOBEH Mallab ant cause of morbidity and mortality worldwide and
M yectoTata My ce yBenuyasa npes roguHuTte. CmaTta its incidence has been increasing over the years. It
ce, Ye efjHa TpeTa oT cnyvyaute Ha BTE ca npegcrasenun is estimated that one-third of VTE cases are repre-
ot GenoapobeH TpomGoemGonusbM (BTE) [1, 2]. Benpe-  sented by pulmonary thromboembolism (PE) [1, 2].
KM ronemus TepaneBTUYEH Hanpeobk B Mocoka edek- Despite major therapeutic advances toward effective
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TMBHa 1 6e3onacHa TpoMBONUTUYHA N aHTUTPOMDO3Ha
Tepanus, BTE ocTtaBa Tperata no 4yectoTta npu4yvHa 3a
CbpOeYHO-CbAOBa CMbPT B pa3BUTUTE CTpaHU cnes
MWOKaPAHUS MHAAPKT Y UICXEMUYHUS MO3bYEH MHCYNT,
KaTo No HaCTOSALWM JAaHHN CMbPTHOCTTa OT ocTbp BTE e
mexay 5 un 7% [3, 4]. 3aegHo c obwata YectoTa Ha BTE,
yectoTtata Ha BTE B cBeToBeH maLab ce yBenunyasa. B
pamKuTe Ha nomnynauusaTta, Yectorara ce yBenmyaea u ¢
HanpefBaHe Ha Bb3pacTTa, KaTo rogulliHaTa YecToTa Ha
BTE npv naumeHTu Hag 75 roguHn e npubnmauTenHo 26
MbTU NO-BMCOKA B CpaBHEHME C naumeHTn nog 35 rogu-
HU. OcobeHo BaxeH e 1 (hakTbT, e npexuBeHuaT BTE e
CaMOCTOSATENEH PUCKOB (hakTop 3a CMBPT MO BCAKaKBa
npu4YMHa B MbpBUTE TPM Mecela crneg ocTpoTo CbonTHe,
KaTto To3n gobaseH puck e 18 MbT No-ronsgm cnpsiMo
pvcka npv nauneHTn camo ¢ Abnboka BeHo3Ha TpoMBo-
3a ([BT). ETo 3awo BTE ocTtaBa M3KNHOUYNTENHO BaXKeH
KNHU4eH npobriem B KapguorornyHata npakTuka 1 3a
e[Ha 3acTapsiBalla nonynaums kato 6bnrapckara [5-9].

[narHozata v n3bopbT Ha TepaneBTUYHMA MOAX0n
npy BTE cTbnBaTt BbpXy OLEHKA Ha npearecTtoBaTa Be-
POSITHOCT 3a CbCTOSAHNETO B KOMOMHaUWs ¢ nabopaTopHu
nokasatenu (D-dimer, Cbpae4HM TPOMOHUHM) 1 0Bpa3HU
nacrneaBanus (Han-4ecto ExoKI™ n komnioTbp-TomMorpad-
cka nynmoaHrmorpacusa — KTTMA). ExoKl e Han-yecTo
npunaraHaTta obpasHa MeToavka npuv NerrnoTo Ha 6onHKA
— OCBEH B AMArHOCTUYEH 1 audepeHumanHoanarHocTu-
YeH acnekT, TS HaMmupa MSICTO U B HEenocpeacTBeHaTa
pVCKOBa OLiEeHKa, Npu n3bopa Ha TepaneBTUYeH noaxon
1 3a onpeaensiHe Ha NporHo3arta npu nauueHTute. Ouex-
KaTa Ha pucka 3aBMCU B ronsiMa cTerneH oT npaBunHaTa
npeueHka Ha gecHokamepHata (JK) dyHkuus, koato ce
ABAIBa CbLUECTBEH MpeackasBall, hakTop 3a rnocrieqsa-
Wwa KapguonyrnmoHanHa 6onectHocT n cmbpTHOCT [10].
To3n 0630p LWe pasrneda CbBpeMEHHUTE NOAXoAW npu
ExoKI™ oueHka npu BTE v puckoBata cTpatudmkaums.
CobluectBeHn ExoKI nokasatenu B Ta3u nauueHTcka
nonynaumsa ca OK pasmepn n knHeTuka, GenersT Ha
McConnell, kputepusaT ,60/60“, cMCTONHOTO HansraHe B
6enogpobHara aptepusa (CHAIM), OK cuctonHa dpyHKums,
BKJ1. CUCTOMTHOTO MPEMECTBaHe Ha paBHMHATa Ha TPUKYC-
nupoanHus npbeteH (TAPSE), npomsaHata B niowita Ha
OK (FAC), cvotHowweHneTo Ha TAPSE kbm 6enoapobHo-
TO cuctonHo HansraHe (TAPSE/CHATI), nHterpansTt Ha
CKOpPOCTTa B M3XOOHWSI TPAKT Ha nsiBata kamepa (JIKUT
VTI), MHTErpanbT Ha CKOPOCTTa B M3XOOHMSA TPaKT Ha
AsicHata kamepa (OKUT VTI), ceoTHowweHneTo Ha CHAT
KbM NeBOKaMepHUs yaapeH obemM 1 eBeHTyariHoTo au-
PEKTHO N300pakeHne Ha TPOMO B TPaH3UT.

OWArHOCTUYHA OUEHKA nPu BTE
B CMEUMANTHU NONYNALMUMN

KnuHnyHaTta npeueHka Ha npeartecToBata BeposiT-
HOCT 3a Hanuune Ha BTE 1 nocnegpalum gokasarencraa
oT 06pasH|/| nscneaBaHna ca B OCHOBarta Ha AguarHosara

and safe thrombolytic and antithrombotic therapy,
PE remains the third most frequent cause of cardio-
vascular death in developed countries after myocar-
dial infarction and ischemic stroke, and according
to current data, mortality from acute PE is between
5 and 7%. [3, 4] Along with the overall incidence of
VTE, the incidence of PE worldwide is increasing.
Within the population, the incidence also increases
with age, with the annual incidence of PE in patients
over 75 years of age being approximately 26 times
higher than in patients under 35 years old. Of partic-
ular importance is the fact that an episode of PE is
an independent risk factor for death from any cause
in the first three months after the acute event, with
this added risk being 18 times greater than the risk
in patients with deep vein thrombosis (DVT) alone.
That is why PE remains an extremely important clin-
ical problem in cardiology practice and especially in
an aging population as the Bulgarian one [5-9].

The diagnosis and the choice of therapeutic ap-
proach in PE are based on an assessment of the pretest
probability of the condition in combination with laborato-
ry parameters (D-dimer, cardiac troponins) and imaging
studies (most often echocardiography and computed
tomography pulmonary angiography — CTPA). Echo-
cardiography is the most frequently applied imaging
technique at the patient’s bedside — in addition to the
diagnostic and differential-diagnostic aspects, it has a
role in immediate risk assessment, in the selection of
a therapeutic approach and in determining the patient’s
prognosis. Risk assessment depends largely on the cor-
rect assessment of right ventricular (RV) function, which
is a significant predictor of subsequent cardiopulmonary
morbidity and mortality [10]. This review will examine
current approaches in echocardiographic assessment
of PE and risk stratification. Essential echocardiograph-
ic parameters in this patient population are RV size and
kinetics, McConnell’s sign, the 60/60 sign, pulmonary
artery systolic pressure (PASP), RV systolic function,
including tricuspid annular plane systolic displacement
(TAPSE), RV fractional area change (RV FAC), the ra-
tio of TAPSE to pulmonary systolic pressure (TAPSE/
PASP), the velocity time integral in the left ventricular
outflow tract (LVOT VTI), right ventricular outflow tract
velocity time integral (LVOT VTI), the ratio of PASP to left
ventricular stroke volume and the possible direct image
of a thrombus in transit.

DIAGNOSTIC EVALUATION IN PE
IN SPECIAL POPULATIONS

Clinical judgment of the pretest probability of PE
presence and subsequent imaging evidence form
the basis of the PE diagnosis. The gold standard in
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BTE. 3nateH ctaHgapT B AMArHOCTUYHUTE 0BpasHu n3-
cneppanus ca KTTA ¢ koHTpacT 1 n3cneasaHe Ha be-
nogpobHata BeHTUnaums/nepdyansi, HoO exorpad)ckoTo
n3crnegBaHe Npoabikaea Aa Mma cBoeTo MAcTo [9]. Kato
YHMBEpPCAnHO OOCTbMHO OOpasHo m3cneaBaHe, ExoKI
MOXe [a Ce OCbLLECTBIN 6bP30 1 NIECHO MPW NEOTO Ha
onHWA, Jopy B CUTyaLun, B KOUTO OpYyri n3crieaBaHus
Ca BPEMEBO M OPraHU3aLMOHHO HEeOOCTBMHU MIN MbK
nUMaT KOHTpanHamkaumm (buno To nopaau NpuroxeHve-
TO Ha KOHTpacT unu mbyeHune). Octpuat BTE e cBbp3aH ¢
[eCHOKaMepHO TEH3MOHHO obpeMeHsIBaHe, KOETO MOXe
na posege oo 6enesn Ha cuctonHa OK ancdyHKums.
ExoKI™ moxe ga n3obpasv AMPEKTHO pasfnnyHM HaxXOoOKu,
KOUTO [ja JOMPUHECAT 3a NOTBbPXKAABAHETO UMM OTXBbP-
nsiHeTo Ha anarHosa BTE, Bkn. 6enesn Ha anTepHaTMBHa
AvarHosa (Hanpumep OCTbp MUOKapAeH WHMapKT mnm
aopTHa Aucekauusl) B cutyauum Ha cneluHocT. ExoKT e
rokasaHa npwv BYCOKOPVCKOBM MaLMEHTN 3a NOTBbPXAA-
BaHe Ha BTE B nocrneaHoTo METOAMYHO PBKOBOACTBO
Ha EBponewckoTo apy»ecTtBo no kapauonorusa — Knac |,
HMBO Ha fgokasaterncTteo C [9], kbaeTto pegmua ExoKI no-
KasaTenu ce KOMEHTUPAT M KaTo BaXXHW NpU onpenensiHe
Ha pucka. benesute Ha K ancdyHkumsa ot ExoKI™ morat
[a ca nHamkaums 3a Tpombonmsa, ocobeHo Npu naumeH-
TW C XeMogMHaMn4yHa HectabunHocr [9, 11].

Bbnpekn 4e He ce BKMoYBa CTaHAAPTHO B AMarHoc-
TUYHOTO NOTBbpXAaBaHe Ha BTE npu xemoaMHamu4Ho
ctabunHn naumenTn, ExoKl™ Mmoxe ga ce BKIoYM B HS-
Kou creumduyHM nonynaumm, Npy KOUTO NPOBEXOAHETO
Ha KTT1A e TpyaHo unun HeBb3MOXHO [9]. OcobeHa Bu-
COKOPWCKOBAa nomnynawus, KOATo criefsa Aa ce CroMeHe
TYK, ca bpemeHHuTe xeHn. BTE e Bogela npuymHa 3a
CMBPTHOCT B Mepuoga Ha BpeMeHHOCTTa B pasBUTuTe
CTpaHW, KaTo CMOPeL HSAKOM OaHHU € MnpuuYvHa 3a 4o
20% oT MarynHaTa CMbPTHOCT B CTPaHUTE C Hal-BUCO-
KV Joxoam Ha rnasa oT HacenenueTo [12]. MNpu 6pemeHn-
HUTE N B paHHUSA NepunapTaneH nepuog ExoKI™ e yoob-
HO 1 Obp30 M3cnenBaHe, KOETO MOXe [a fafe LeHHa
auarHocTu4Ha nHdopmaums 6e3 puck 3a nnoga unm 3a
KbpMellaTta pogunka. M3sectHo e, ye TpOMOOTUYHUAT
N TPOMOOEMOBONNYEH PUCK Ca MO-BUCOKM Npu OpeMeH-
HUTE XXEHW B CPABHEHWE C aHarornyHa XeHcka nonyna-
UM 13BbH BPEMEHHOCT, KaTo pUCKBLT Ce yBenuyasa C
HanpegBaHe Ha OpeMeHHOCTTa M JOCTUra MakCMyM B
paHHuUA cnegpoauneH nepwvog [13].

Bbnpekn noBuLLeHnst puck, oueHkata Ha BTE n BTE
B YACTHOCT € YCNOXHeHa 1 OT MPUMOKPUBAHETO Ha paHHU-
T€ CUMMNTOMU C TUMNYHM 3@ BPEMEHHOCTTa OMNaKkBaHus,
CBbP3aHM C h13NonorMyHn NpoMenu (3agyx, cbpLebne-
He, ymopa, OTOUM MO KpanHWUUUTE, AMXaTenHO-3aB/CUM
rpbaeH avckomcpopt). oHskora MMa u cneumduyHn
onnakeaHus, kato kawnuua (37%) n xemontoe (13%),
HO YeCTO KIMHWYHOTO MOAO3PEHNE OCTaBa OCHOBHA MO-
TMBaUMSA 3a Mo-HaTaTblUHA AuarHocTvka. JonmbnHuten-
HO YTeXHsIBaLLO OBCTOATENCTBO €, Ye (PM3NoNornyHmTe
NMPOMEHM B XEMOCTA3€0M0orMyHNTE nokasarenu npu épe-

diagnostic imaging is contrast-enhanced CTPA and
the pulmonary ventilation/perfusion studies, but ul-
trasonography continues to have its place [9]. As
a universally available imaging study, echocardiog-
raphy can be performed quickly and easily at the
patient’s bedside, even in situations where other
studies are unavailable or have contraindications
(whether due to the necessity of contrast admin-
istration or radiation). Acute PE is associated with
right ventricle tension overload, which may lead to
signs of systolic RV dysfunction. Echocardiography
can directly image a variety of findings to help con-
firm or rule out a diagnosis of PE, including imaging
acute myocardial infarction or aortic dissection in
emergency situations. Echocardiography is indicat-
ed in high-risk patients to confirm PE in the latest
guidelines of the European Society of Cardiology —
Class I, level of evidence C [9], where a number of
echocardiographic parameters are also mentioned
as important in determining risk. Echocardiographic
signs of RV dysfunction may be an indication for
thrombolysis, especially in patients with hemody-
namic instability [9, 11].

Although not routinely included in the diagnostic
confirmation of PE in hemodynamically stable pa-
tients, echocardiography may be included in some
specific populations in which performing CTPA is diffi-
cult or impossible [9]. A particular high-risk population
that should be mentioned here is pregnant women.
PE is a leading cause of death during pregnancy in
developed countries, accounting for up to 20% of ma-
ternal mortality in countries with the highest income
per capita [12]. In pregnancy and early peripartum,
echocardiography is a convenient and rapid examina-
tion that can provide valuable diagnostic information
without risk to the fetus or the nursing mother. Throm-
botic and thromboembolic risk is known to be higher
in pregnant women compared to a similar non-preg-
nant female population, with the risk increasing with
advancing age and peaking in the early postpartum
period [13].

Despite the increased risk, the assessment of VTE
and PE in particular is complicated by the overlap of
early symptoms with typical pregnancy-related com-
plaints related to physiological changes (shortness
of breath, palpitations, fatigue, limb swelling, respira-
tory-dependent chest discomfort). Sometimes there
are also specific complaints, such as cough (37%)
and hemoptysis (13%), but often clinical suspicion re-
mains the main motivation for further diagnosis. An
additional aggravating circumstance is that physiolog-
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MEHHOCT BOAST OO0 AVHAMWYHM M3MEHeHMs1 B rabopa-
TOPHUTE HOPMW criopeq Cpoka Ha BpeMeHHOCTTa, KOeTo
3aTpyaHsiBa MpUNoXeHWeTo Ha Gbp3uTe NPOTOKONM 3a
OTXBbPIsSiHE Ha AuarHo3ata npu HUCBK puck. Nopagm
Bb3MOXHUTE TEPATOreHHN N OHKOTEHHW ehEKTU Ha ITbYe-
BOTO HaToBapBaHe, koHBeHLUmoHanHaTa KTT1A cnena aa
ce n3bddarea, 0cobeHO B MbpBUA TpumecTsp [9, 14].

MauneHTnTe ¢ XpoHmM4HO 6BLOpevHO 3abonsiBaHe
(XB3) cbLo nmar 3aBuiieH Buck ot BTE nopagu cebp-
3aHNTE CbC 3abonsiIBaHETO aKTMBMpaHa koarynauus u
oTcrnabeHn aHTukoarynaHtHa u pmbpuHONUTUYHA ak-
TMBHOCT [15]. lMpu Te3n naumeHTV npenopbyBaHaTa
KTIA e 4yecTo HexenaTernHa nopagu pucka ot Hacnar-
BaHe Ha KOHTpacT-uHayumnpaHa HedponaTtug [9].

3a Te3u cneumanHu rpynu credea a ce npunarat
KOMOMHaLUMN OT u3crnenBaHvs 3a MOTBbpXKAaBaHe Wnu
OTXBbPIIsiHE Ha AuarHosata — KbM flabopaTtopHUTe Map-
kepn (D-dimer), cnegea ga ce goGaBu KOMMpecuBHA
Aynnekc coHorpadms Ha OOMNHW KpanHuum u ExoKl™ ns-
cneppaHe. Moxe ga ce obM1cnv NpoBexaaHe Ha BEHTU-
naumoHHo-Nepdy3noHHa CUMHTUrpacms ¢ orneg no-man-
KOTO NTbYEBO HaTOBapBaHe, HO TOBa He € n3cneaBaHe Ha
1360op B CMELUHOCT Ui NpU XeMOAMHAMUYHA HecTabwur-
HocT [9, 16]. Exokapaouorpadusara Moxe JOCTOBEPHO Aa
ce m3nornaea 3a gudepeHumanda aMarHo3a Ha LLOK npu
CbMHeHUe 3a BTE, kaTo nuncara Ha TeH3noHHo [K obpe-
MEHsIBaHe B Ta3u cUTyaLus npakTnydeckn otxsbprna BTE
KaTo nogfiexalwiara npuunHa. Hewo noseve, exorpad-
CKOTO M3CrieiBaHe MOXe [a YCTaHOBM Apyra NpuynHa 3a
CbCTOSIHMETO U Aa OTXBbpin HeobxoammocTTa oT KTT1A,
TOECT € KI4YOoBO M3credBaHe B AudepeHumnanHoamar-
HocTMYHa nocoka. Ako Bce nak ExoKI™ HaxopkaTta He e
AePUHUTMBHA, MOXe Aa ce obMmucnm Huckogos3oBo KT
n3criefiBaHe 1nm BeHTUnaums/nepdysms.

OUEHKA HA PUCKA NPU BTE

B EBponelickute MeToguMuHUTE ykalaHusi Ha Gasa
Texxectra Ha BTE (KNMHWMYHOTO CbCTOsHME Ha nauu-
€HTa, KaKTO M Hannumeto Ha nabopaTtopHu u obpasHu
AaHHK 3a [1IK o6pemeHsBaHe), nauneHTuTe ce pa3gensaT
B YETUPW PUCKOBM KaTeropum — HUCBLK PUCK, YMEPEH HU-
CbK, YMEpPEH BMCOK N BUCOK puUCK. Tasn kaTeropmsauus
oTpassiBa pucKoBeTe OT BbTpebonHuyHa u 30-gHEeBHa
CMBPTHOCT 1 YCroxHeHus [9]. AMepuvkaHcKkuTe npeno-
pbku pasgenat BTE Ha HUCKOPUCKOB, HEMACcUBEH U Ma-
cvBeH BTE, ToecT He AecunHMpaT Noarpynu B cpegHata
kateropus Ha puck [11]. Hakou ExoKI™ 6enesun morat fa
nogkpenaT AnarHosata bTE, gpyrn nognomarat no-Ha-
TaTblUHaTa puUcKoBa CTpaTUdMKaums Ha nauueHTa.
MHoxecTBO 6enesn ce Habntogasat npu octbp BTE, HO
Te He Ca KaTeropmyHo OOCTaTbyHWM 3a AuarHosa camu
no cebe cn. He Tpsibea ga ce 3abpaes, ye Hskon berne-
3n Ha [IK obpemeHsiBaHe ce Habnogasat v npy gpyrm
©enogpobHn cbecTosHMA. MMeHHO 3aTtoBa npeaTtec-
ToBaTa BepoAaTHOCT 3a BTE e kpanHo cbluectBeHa. C

ical changes in hemostaseological parameters during
pregnancy lead to dynamic changes in laboratory
normal ranges according to the stage of pregnancy,
which makes it difficult to apply rapid rule out proto-
cols at low risk. Because of the possible teratogenic
and oncogenic effects of radiation exposure, conven-
tional CTPA should be avoided, especially in the first
trimester [9, 14].

Patients with chronic kidney disease (CKD) also
have an increased risk of VTE due to disease-related
activated coagulation and impaired anticoagulant and
fibrinolytic activity [15]. In these patients, the recom-
mended CTPA is often undesirable because of the risk
of superimposing contrast-induced nephropathy [9].

For these special groups, combinations of tests
should be applied to confirm or reject the diagnosis —
along with laboratory markers (D-dimer), compression
duplex sonography of the lower extremities and echocar-
diography should be added. Ventilation-perfusion scintig-
raphy may be considered for lower radiation exposure but
is not the test of choice in emergency or hemodynamic
instability [9, 16]. Echocardiography can be reliably used
for the differential diagnosis of shock in suspected PE,
as the absence of RV strain in this situation virtually rules
out PE as the underlying cause. Moreover, the ultrasound
examination can establish another cause of the condition
and reject the need for CTPA, making it a key examina-
tion of the differential-diagnostic process. If the echocar-
diographic finding is still inconclusive, a low-dose CT scan
or ventilation/perfusion may be considered.

PE RISK ASSESSMENT

In the current European guidelines, based on the
severity of PE (the patient’s clinical condition, as well
as the presence of laboratory and imaging signs of
RV strain), patients are divided into four risk cate-
gories — low risk, intermediate-low, intermediate-high
and high risk. This categorization reflects the risks of
in-hospital and 30-day mortality and complications.
[9]. American recommendations divide PE into low-
risk, non-massive and massive PE, with no defined
subgroups in the intermediate risk category [11].
Some echocardiographic features may support the
diagnosis of PE; others assist in further risk strat-
ification of the patient. Multiple signs are seen in
acute PE, but they are not sufficient for diagnosis
by themselves. It should not be forgotten that some
signs of RV strain are also observed in other lung
conditions. That is why the pretest probability of PE
is extremely important. With a sensitivity of approxi-
mately 50% and a negative predictive value of 40 to
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YYBCTBUTENHOCT OT NpubnuamtenHo 50% wn HeratMBHa
npenckassalla ctonHoct oT 40 go 50% oTpuuatenHa-
Ta Haxogka ot ExoKI™ He wmskniouBa kateropmyHo BTE
N crnepoBaTeniHo He € A00bp METOA Ha CKPWHMHE [9,
17]. Mpn xemogMHaAMUYHO CTabUIHK NaumneHTn obaye
ExoKI" MOxxe Aa usknoum gpyrn cbpaedHu NpuymMHU 3a
3agyx. CtabunHute nauyneHTn C NOBULLUEHU CbpOEYHU
TPOMOHMHW Ce MpepasnpeaenaT B NogkareropumTte Ha
YMEPEHUs pUCK CNpaMo HanuumeTo Ha K ancdyHkumna
oT ExoKT, koeTo onpeaens Tepanusita — caMo aHTUKoa-
rynaHT npy ymMepeH HUCHK PUCK UK MHBa3WBHa Tepanusi
npu ymepeH B1cok [9]. MNpu naumeHTn, KOMTO ca Xemo-
AMHaMn4Ho HecTtabunHu, ExoKlm moxe Aa ce nsnonssa
3a U3KMOYBaHE Ha OpYru MPUYMHK 3@ LUOK, Hanpumep
nepukapaHa TamnoHaga, Texka neBokaMepHa CUCTON-
Ha OMCAYHKUMSA, TEXKa KrnanHa natoriorns unvm aopTHa
aucekaums. Ako npegrectoBaTta BeposTHOCT 3a BTE e
BMCOKA MNPV MaLUWEHT C LLUOK, yCcTaHOBsABaHETO Ha ExoKI
©enesan Ha ocTpo [JK obpemeHsasBaHe MOXe aa ce npue-
Me 3a NOTBbPXAEHNE Ha AMarHo3aTta 1 a € CTblka KbM
He3abaBHOTO 3ano4yBaHe Ha Tepanus [9].

EXOKAPAMOIPA®CKU HAXOOKMU
NPW ONPEQENSAHE HA MPOrHO3ATA

[ecHokamepHa aunatauus u guceyHKUnA

Mpu octpo BTE obcTpykuuata Ha GenogpobHuTe
aptepun, ocBoboxaaBaHeTO Ha Oyps OT Ba30aKTMBHU
MeavaTtopy M nocrneganoto yeenuydeHo 6enogpobHo
cbaoBo cbnpoTtmeneHne (BCC) BogsaT 4o ocTpo nokay-
BaHe Ha K cnegHaToBapBaHe. XeMoguHaMuyHaTa ae-
KOMMEeHcauusa npy naumMeHTUTe HacTbMNBa, Korato Hama-
neHoTo nbnHeHe Ha JIK goBege o cnaj Ha cbpaeqHus
[ebut n xunotoHus. OT gpyra cTpaHa, HEBb3MOXHOCTTA
Ha [0K oa ce cnpasu ¢ nosuweHoto bCC v ga nogabp-
a pebuta Hanpepq, Boam 0o octpa K HeagocTaTbyHOCT,
KOSTO KIMMHWYHO € CBbp3aHa M CbC CMHOPOM Ha MoBu-
LLEHO BEHO3HO HansraHe n cuctemeH 3acton [18]. He
TpsibBa Aa ce 3abpass, Ye OCTPO TEH3UOHHO OOpeMeHe-
HaTa K 6bp30 pearmpa ¢ AMCPYHKUMSA 1 HE € B CbCTOS-
HVe da nogdbpka BUCOKU HansiraHusl. benogpobHute
HansraHus npy octpo BTE ca obuyariHo neko o yme-
PEHO NOBMLLEHM, HO TOBA HE € YCMOKOUTENHO U B HUKa-
KbB CNny4van He crnefBa da ce UHTepnpeTmpa kaTto dener
Ha MO-HUCBK p1CK. [lopy 1 Npy NaUMEHTU, KOUTO Ca KbM
MOMEHTa XeMOAMHaMWYHO CcTabunHu, TpsibBa OCBEH
XapaKTepUCTUKMUTE Ha KyXMHaTa fa ce OueHsABaT 1 Mno-
kasatenuTe Ha OK dyHKUmMSA, cermeHTHaTa KMHeTMKa Ha
IK n nokasatenute Ha kynnupaHe Ha [OK/6enogpobHa
apTepusi, 3a [a He ce nponycHaT HadanHu 6enesn Ha
nekomMneHcauums. OueHkaTa Ha dyHkuuaTa Ha K nsmc-
KBa, OT eAHa CTpaHa, ABypa3mepeH obpas, HO OT Apy-
ra — 3agbimkuTeneH nogpobeH aHanu3 Ha aHHWUTE OT
nscnegBaHe C OONMep, HE3ABUCUMO OT YCTAHOBEHUTE
pa3mepu [19]. OK gncdyHKLUMSA ce ycTaHOBsIBa NpW OKO-

50%, a negative echocardiogram does not definitive-
ly exclude PE and is therefore not a good screening
method [9, 17]. In hemodynamically stable patients,
echocardiography can rule out other cardiac caus-
es of dyspnea. Stable patients with elevated cardiac
troponins are classified into the moderate-risk sub-
categories based on the presence of RV dysfunction
by echocardiography, which determines therapy —
anticoagulant alone in moderate-low risk or invasive
therapy in moderate-high risk [9]. In patients who are
hemodynamically unstable, echocardiography can
be used to rule out other causes of shock, such as
pericardial tamponade, severe left ventricular systol-
ic dysfunction, severe valvular pathology, or aortic
dissection. If the pretest probability of PE is high in a
patient with shock, the finding of echocardiographic
signs of acute RV strain can be used to confirm the
diagnosis and be a step toward prompt initiation of
therapy [9].

ECHOCARDIOGRAPHIC FINDINGS
IN DETERMINING PROGNOSIS

Right ventricular dilatation and dysfunction

In acute PE, the obstruction of the pulmonary
arteries, the release of a storm of vasoactive medi-
ators and the subsequent increased pulmonary vas-
cular resistance (PVR) lead to an acute rise in RV
afterload. Hemodynamic decompensation in patients
occurs when reduced LV filling leads to a drop in
cardiac output and subsequent hypotension. On the
other hand, the inability of the RV to cope with the
increased PVR and maintain forward flow leads to
acute RV failure, which is clinically also associated
with a syndrome of increased venous pressure and
systemic stasis [18]. It should not be forgotten that
acutely stressed RV quickly reacts with dysfunction
and is unable to maintain high pressures. Pulmonary
pressures in acute PE are usually mildly to moder-
ately elevated, but this is not reassuring and should
in no way be interpreted as a sign of lower risk. Even
in patients who are currently hemodynamically sta-
ble, parameters of RV function, segmental RV kinet-
ics, and RV/pulmonary artery coupling parameters
should be evaluated in addition to cavity character-
istics, in order not to miss initial signs of decompen-
sation. The evaluation of the RV function requires a
two-dimensional image, but also a mandatory de-
tailed analysis of the Doppler data, regardless of the
established dimensions [19]. RV dysfunction is found
in about one-third of normotensive patients with PE,
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1o edHa Tpeta OT HOPMOTEH3UBHUTE naumeHTn ¢ BTE,
HO TE€ MMaT MOBULLEH PUCK OT MocreiBalla XxeMoanHa-
MUYHa OeKoMMneHcaumsi U BbTPeBOnNHMYHA CMbPTHOCT.
OueHkata Ha OK dyHKUMS € KpUTUYHO BadkHa Mpw npe-
LieHKaTa Kov MaumMeHT MMaT Hy>xaa OT MO-MHTEH3MBHA
Tepanusa B octpaTta ¢asa [9, 18]

OK opunaTtauuns

BuayanHo K crnegsa ga e go okono Ase TpeT ot
pa3vepa Ha JIK B cTaHOapTeH exokapamorpadcku YeTu-
PUKYXMHEH anukaneH cpes. Npu yBenuyeHo crieaHarto-
BapBaHe M B YCIOBMS Ha TEH3MOHHO 0bpemeHsaBaHe K
Obp30 pearvpa ¢ gunaraums u aucdyHkums. Exokapau-
orpadhcknTe namepsaHua Ha [K cnegsa oa ce nposex-
0aT B YETUPUKYXMHEH Cpe3 C OKYC BbPXY AECHWN KyXUHMU.
3a gunatupanu ce npvemar 6asaneH pasmep Hag 41
mm n cpegHokamepeH pasmep Hag 35 mm [20]. OceeH
abcontoTHWUTE pasMepun criefiBa Aa Ce OLEHAT U HSAKOU
Ba)kHW KadecTBeHn Haxoakun. ObuyaiHo JIK nausano dop-
MUpa CbpOeYHNs BPbX, HO Npu nauueHtn ¢ K gunarta-
uMst BbB (DOPMUPAHETO Ha anekca moraT ga cbyyacTtsar
ABeTe kamepu unmn gopu aa ce dopmmpa mausno ot K.
Ta3n Haxogka nogkpens BM3yarnHOTO BrievatrieHve 3a
0K ounartaums, ocobeHo korato cboTHoweHusTa OK/TTK
ca npomMmeHeHwn, JIK nsrmexaga manka u ,npasHa“ nopagm
HaManeHoTo MbfHeHe, HO abcomntoTHMTe K pa3vepu ca
BCe oLe B Hopma [9, 19, 20]. MNMpeLumn3HOTO n3mepsaHe Ha
JK pasvepu ot aBypasmepHun obpasn 4ecTo e npeaus-
BMKaTeNCTBO M MHOIO 3aBMCU OT OMuTa Ha exorpaducTa,
TbI KaTo TpsAbBa fa ce nocTurHe obpas, oKycrpaH Bbp-
Xy AecHUTE KyxuHu, 6e3 aa ce JonycHe ckbesiBaHe 1 6e3
Aa ce usriese ot ctaHgapTeH cpes [20].

MapameTpu Ha OK cuctonHa cyHKUusA

ApekBaTHaTa oueHka Ha [K cuctonHa dyHKuus
npoabmkaea ga 6bae c6op OT MHOXECTBO exoKapau-
orpadpckmn napameTpu, BCEKN CbC COOCTBEHM NMpenMy-
lecTBa M HegocTaTblUM. B 3aBUMCUMMOCT OT Bb3MOX-
HOCTUTE Ha anapaTa 1 exorpaducrta, buxa mornu ga
ce oueHAT TAPSE, npomsHata B nnowTa Ha K (FAC),
strain Ha gecHokamepHaTta cBobodHaA CTeHa, MHOEKC
Ha MunokapaHaTta pabota Ha OK (Tei index) n cuctonHa
MUOKapAHa CKOpPOCT OT TbKaHHuA gonnep (S’) [20-22].

TAPSE npegctaBnsiBa NOHMTYAMHANHOTO  Mpe-
MEeCTBaHe Ha naTteparnHus TPUKycnuaaneH aHyrnyc ot
Kpasi Ha auacTonarta 4o nvka Ha cuctonata B M-mog.
CboTBETHO OTpassiBa OCHOBHO ITOHrUTyAMHaNHaTa gec-
HOKamepHa PyHKUMSI BbMPEKN YCTaHOBEHaTa Kopenauusi
mexay TAPSE u [IK dpakuusi Ha natnackeaHe, oLueHeHa
C pagvoHyKNnaHM TexHukm [20, 23]. CbLuecTBEHO Npeu-
MYLLIECTBO €, Ye n3MepBaHeTo € 6bp30 1 NecHO, AOCTbI-
HO e 1 npu cybonTmaneH obpas u nma Marka Bapvaumsi
Npv NOBTOPHM M3mepBaHusi. CUCTOMNHO NpeMecTBaHe Nog,
17 mm e nokasatenHo 3a OK ancdyHkuma [20].

OT apyra cTpaHa, MHOEKCHT Ha MUoKapaHaTa paboTa
(OK Tei nnaekc) e nokasaten 3a rmobanHara [OK yHkums.

but they are at an increased risk of subsequent he-
modynamic decompensation and in-hospital mortal-
ity. Assessment of RV function is critically important
in determining which patients need more intensive
therapy in the acute phase [9, 18].

RV dilatation

Visually, the RV should be up to about two-thirds
of the size of the LV in a standard echocardiograph-
ic four-chamber apical view. With increased afterload
and in conditions of tension loading, RV quickly re-
acts with dilation. Echocardiographic measurements
of RV should be performed in a four-chamber view
with a focus on the right chambers. A basal dimension
of more than 41 mm and a mid-chamber dimension
of more than 35 mm are considered dilated [20]. In
addition to the absolute dimensions, some important
qualitative findings should also be evaluated. Usual-
ly, the LV completely forms the cardiac apex, but in
patients with RV dilatation, both chambers may par-
ticipate in the formation of the apex or even it may
be formed entirely by the RV. This finding supports
the visual impression of RV dilatation especially when
RV/LV ratios are altered, the LV appears small and
“empty” due to reduced filling, but absolute RV size
is still normal [9, 19, 20]. Accurate measurement of
RV sizes from two-dimensional images is often chal-
lenging and highly dependent on the sonographer’s
experience, as an image focused on the right cavities
must be achieved without allowing for shortening and
without going out of standard view [20].

Parameters of RV systolic function

Adequate assessment of RV systolic function con-
tinues to be the sum of multiple echocardiographic pa-
rameters, each with its own advantages and disadvan-
tages. Depending on the capabilities of the machine
and sonographer TAPSE, RV fractional area change
(FAC), RV free wall strain, RV myocardial performance
index (Tei index) and systolic myocardial velocity by tis-
sue Doppler (S ‘) can be evaluated [20-22].

TAPSE represents the longitudinal displacement of
the lateral tricuspid annulus from end-diastole to peak
systole in M-mode. Accordingly, it mainly reflects lon-
gitudinal right ventricular function, despite the estab-
lished correlation between TAPSE and RV ejection
fraction assessed by radionuclide techniques [20, 23].
A significant advantage is that the measurement is fast
and easy, is available even with a suboptimal image,
and has little variation in repeated measurements. A
systolic displacement below 17mm is indicative of RV
dysfunction [20].

On the other hand, the index of myocardial per-
formance (RV Tei index) is an indicator of global RV
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WMauncnsea ce, kato ce pasgenu [OK n3oBonymMeTpuyHo
BpeMe (BpemeTo Ha M3006eMHa KOHTPaKUMs NIoc 13o-
obemHa penakcauus) Ha BpEMETO Ha CUCTOMHO MU3Tnac-
KBaHe. B 3aBMCMMOCT OT M3Mon3BaHus MeToh 3a ropHa
rpaHuua Ha Hopmara ce npuema 0,43 (ako namepBaHUs-
Ta ce npaeAT Ha nyncos gonnep) n 0,54 (ako ce nsnonaea
TbkaHeH gonnep). BaxHa pasnvka npv ABata BapuaHTa
Ha n3MepBaHe e, Ye Korato Ce 13nonaea nyrcoB gomnnep,
TpsAOBa ga ce nogdupaTr CbpAeYHU LMKIM CbC CXOAEH
R-R vHTepBan, 3a aa e ageksaHo namepsaHeTo. [pun Tb-
KaHHMS Jonnep, Thil KaTo BCUYKN 3MEPBaHNSA ca B €4WH
CbpAeYeH LMKbI, ToBa CbobpaxeHne otnaga. Hesasu-
CUMO OT MEeTo[a Ha U34uncreHne, Tei MHOEKCbT MOXe aa
Obae danwmBoHOPMAareH NpU CbCTOSIHWUS, CBbpP3aHu C
BMCOKO AecHonpeacbpaHo HangraHe [20].

IK cbotHoweHme Ha nnowmte (FAC) npeacraensisa
pasnukata Mexay TenegmacTtoriHata U TernecuctonHara
nnow, Ha K kamepa, pasgeneHa Ha TeneguacTonHara,
KaTo obuyanHO pe3ynTaTbT Ce NpPeBpblla B MPOLEHTN.
[aea nHdopmauus 3a NoOHrMTyguHaNHaTa n paguanHara
OK dyHKums, kato ctorHocTv nog, 35% oTpassaear cuc-
TonHa AncdyHKums. MNMokasatensaT MHOro 3aBWCK OT Ka-
4YeCTBOTO Ha obpasa, KaTo n3MepBaHUATa Ce OCbLLECTBS-
BaT B YETMPUKYXMHEH anukarneH cpes, okycupaH BbpXy
[OECHM KyXuHU, 1 TpsibBa aobpe Aa ce n3obpasasart CBO-
oogHata [OK cteHa n cbpaeyHnst Bpbx [20, 23].

CuctonHata ckopocTt Ha [K cBobogHa cTeHa Ha
HMBOTO Ha naTtepanusa aHynyc (S’) ce namepsa ypes
TbKaHeH Jonnep v npeacTaBnsiBa Hal-BUCOKOCKOPOCT-
HaTa CUCTOSHA YacT OT JecHOKaMepHaTa KOHTpakuus.
M3mepBa ce B 6azanHusa cermeHT Ha [IK cBobogHa cTe-
Ha, Tb KaTo TaM Mofy4YeHUTe CKOpOCTU ca ¢ Jobpa
NMOBTapPSIEMOCT, 3a pasfnunka OT CKOPOCTUTE Ha CPeaHO
1 BbPXOBO HUBO. [Mopaam cxo4cTBOTO B Nofy4yaBaHara
MHdopMaLUusa nma cblmTe orpaHmyeHus kato TAPSE
N CbLLO Kopenupa gobpe ¢ pagnoHyKNMaHUTE n3mep-
BaHus Ha [OK dpakuma Ha uatnackBaHe. CTOMHOCTM
nog 10 cm/s ca cBbp3anu ¢ K cuctonHa gncdyHKuums.

3a pasnuka OT OOTYK u3bpoeHuTe nokasaTenu Ha
OK dyHKUMSA, NOHMMTYAMHANHUAT cTperiH Ha K nosBso-
naesa ga ce oueHn K cuctonHaTta dyHKUMSA brbi-He-
3aBMcMMO 1 6e3 ga MMa onacHOCT OT HACMOXEHO ,NpK-
ObprBaHe” OT CbCegHW CTPYKTYpU, KOETO Aa BOAW OO
rpewka. K noHrTyguHaneH CTpemnH oueHsiBa ycpea-
HeHaTa MuoKapaHa gedopMauuns Ha TpUTe cerMeHTa
Ha [OK cBobogHa cTeHa OTHOBO B OACHO (QOKycCUpaH
YeTUPUKYXMHEH cpes. MpeacTaensBa NPOLEHTHOTO CKb-
CsiBaHe Ha cTeHaTa OT 6asata 0O Bbpxa B TEYEHME Ha
CuCTONHaTa KoHTpakuus. He TpsibBa ga ce 3abpaes, ye
N3MepBaHETO BCe NMak 3aBMCK OT NpaBUNHMS nogdop Ha
penepHUTe ToYKK. Hal-4ecTo M3TOYHKMK Ha rpeLuka e no-
31LMOHMPaHeTO Ha 6asanHus penep, KONTo Tpsbea aa e
MakcumarnHo 6130 4o paBHMHATa Ha TpUKycnuaanHara
Knana, Ho OT kamepHaTa n ctpaHa. CepnoseH Hedoc-
TaTbk € HeobxoanmocTTa OT BUCOK Krac obopyaBaHe u
ponbnHuteneH K codptyepeH nakeT. CTOMHOCTU nog

function. It is calculated by dividing the RV isovol-
umetric time (the time of isovolumetric contraction
plus isovolumetric relaxation) by the systolic ejection
time. Depending on the method used, the upper limit
of the normal is 0.43 (if measurements are made on
Pulse Doppler) and 0.54 (if Tissue Doppler is used).
An important difference between the two measure-
ment options is that when Pulse Doppler is used,
cardiac cycles with a similar R-R interval must be
selected for adequate measurement. With Tissue
Doppler, since all measurements are made in one
cardiac cycle, this consideration is eliminated. Re-
gardless of the method of calculation, the Tei index
can be falsely normal in conditions associated with
high right atrial pressure [20].

RV fractional area change (FAC) is the differ-
ence between end-diastolic and end-systolic RV
chamber areas divided by the end-diastolic area,
and the result is usually converted to a percentage.
It provides information on both longitudinal and ra-
dial RV function, with values below 35% reflecting
systolic dysfunction. The index is highly dependent
on image quality, as measurements are performed
in a four-chamber right-focused apical view, and the
free RV wall and cardiac apex should be well im-
aged [20, 23].

The systolic velocity of the RV free wall at the lev-
el of the lateral annulus (S’) is measured by Tissue
Doppler and represents the highest velocity systolic
contraction of the right ventricle. It is measured on the
basal segment of RV free wall with good reproducibil-
ity, in contrast to the variance of the mid-chamber and
top-level velocities. Due to the similarity in the informa-
tion obtained, it has the same limitations as TAPSE and
also correlates well with radionuclide measurements of
RV ejection fraction. Values below 10 cm/s are associ-
ated with RV systolic dysfunction.

In contrast to the measures of RV function listed
so far, RV longitudinal strain allows to assess RV sys-
tolic function angle-independently and without tether-
ing. RV longitudinal strain assesses myocardial strain
averaged over the three RV free wall segments again
in a right-focused four-chamber view. It represents the
percentage shortening of the wall from base to apex
during the systolic contraction. The measurement still
depends on the correct selection of reference points.
The most common source of error is the positioning of
the basal reference, which should be as close as pos-
sible to the plane of the tricuspid annulus, but on the
ventricular side of it. A serious drawback is the need
for high-end equipment and an additional RV soft-
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20% (B abcontoTHM CTOMHOCTM) OBMYaNHO CbLOTBET-
CTBaT Ha cucTonHa AMcdyHKLMSA, BbMPEKN Ye TpsibBa Aa
ce cbobpasaT HOpMUTE Ha OTAENHUTE Npou3BoAUTENNU
[20]. OK noHrMTyamMHaneH CTperiH e CbLLEeCTBEH MPOrHo-
CTUYeH hakTop MpWM XeMOOUHAMUYHO CTabumnHW nauu-
eHTn ¢ BTE, kaTo TexxecTTa My ocTaBa v crnef MynTuBa-
puaHTEH aHanu3 ¢ Kopekums 3a cbpaeyHn bromapkepu
n apyrv namepsaHm ExoKl™ nokasatenu. Lee n cbasrT.
Hamupart, ye K rmobaneH cTperiH, kakto u OK cTpeiiH
Ha cBobofHaTa CTeHa ca He3aBUCUMW MPOrHOCTUYHU
©enesn 1 3a BrOLWEHOTO NPOTUYaHE Ha BbTPeOONHUY-
HWS MPECTON, BKI. BbTPEOOMHMYHA CMBPT UM HEODXO-
OMMOCT OT CrnellHa eckanaumsi Ha TepanusaTa [24].

Bbnpekun ye no-ronsmarta yact ot K yaapeH obem
€ 3a CMeTKa Ha NOHIrMTyAMHanHaTa KOHTpakuus, oTkos-
KOTO Ha paguarnHaTta, He e onTMMasiHoO Aa ce pasdnta
€OWHCTBEHO Ha MoKasaTenu, KOUTo 0Tpa3sBaT OCHOBHO
noHrutyamnHanHarta dyHkuma (TAPSE, S’, OK ctpenH
Ha cBoboaHaTa cTeHa). [NoHsikora npu pernoHanHu Ba-
praumm BbB PyHKUMUSITA UK NPU KMHETUYHU HapyLle-
HUS, MOXeEe Aa ce nonydvart panwmnmBoHOPManHU CTOM-
HOCTW Ha NokasaTenuTe Ha NOHIUTYAMHaNHa pyHKUMS.
KombuHupaHeto nm ¢ rnobanHu nokasatenu Ha [OK
dyHkumna (OK Tei nnpeke, FAC) Boan go no-gocrosep-
Ha 1 ctabunHa npeueHka Ha K dyHKums.

Hsikon oT onmcaHnTe napaMmeTpu MorarT fa ce U3nona-
BaT 1 KaTo NPOrHOCTUYHM Mapkepu. EanH myntudakTropeH
aHanus koHcTatmpa, Ye TAPSE < 15 mm e no-go6up no-
KasaTen 3a CMbPTHOCT npu ocTbp BTE B cpaBHEHWE CcbC
cboTHoLeHneTo JIK/OK oT  KOMMoTbp-TOMOrpadyCKoTo
n3cnensaHe, a TAPSE Hag 20 mm Moxe ga oTrpaHuym
naumeHTUTe C MHOrO HUCBK puck [19, 25]. Opyrv aHanmsu
obayve He HammpaT nogobHa Bpb3ka U KOMEHTUPAT eOuH-
cTBeHo cTpelHa Ha K ceoboaHa cteHa u K Tei nHaekc
KaTO He3aBUCMMW NPEOUKTOPYU HA CMBPT NPU NaLUEHTU C
BTE [19, 21]. Tmo6anHuaTt n cermeHTHUAT OK cTperH ca
C pegyumpaHa abcortoTHa CTOMHOCT MpU BMCOKOPUCKOB
BTE n ce cebpaBar ¢ nosuieHa 30- 1 60-gHEBHa CMbPT-
HocT. He Tpsabea aa ce 3abpaesi, Ye YacT ot 6enesute Ha
OK oncdyHKums ce yctaHOBSIBAT M NPy ApYrA Kapavonyri-
MOHasHM 3abonsiBaHUsl (CBbp3aHM C MoBuULLEHN Genop-
POBHWN HansiraHUsi HE3aBUCKMMO OT MoAJIeXxallara npuyMHa
1 ocobeHo npu T.Hap. 6enogpobHO cbpLe), TOECT Hanu-
4YMETO M MOXE Aa noakpenu gmarHosata BTE npu cbort-
BETHO KIMMHWYHO NMOJO3PEHNE, HO B HUKAKBB Crydai He ca
CaMOCTOSTENMHO ANarHOCTUYHK [22, 23, 26].

OnucaHuTe nokasatenu ca ob6obuieHn B tabn. 1.
CTorHoCTMTE He ca 3aBUCMMM OT Nnosna u eTHoca u He
Ce MHAEeKcMpaT CnpsaMOo TernecHaTa nioLy.

U3uncneHue Ha yaapeH obem

UHmeepan Ha ckopocmume 8 JIK u K usxodeH

mpakm

MHTerpanbT Ha ckopoctTa B JIK maxogoeH TpakT
(JTKNT VTI) e nokasaten, KOMTO YeCTO Ce M3MNon3Ba 3a

ware package. Values below 20% (in absolute terms)
usually correspond to systolic dysfunction, although
individual manufacturer norms should be considered
[20]. RV longitudinal strain is a significant prognos-
tic factor in hemodynamically stable patients with PE,
and its severity remains even after multivariate anal-
ysis with adjustment for cardiac biomarkers and other
measured echocardiographic parameters. Lee et al.
found that RV global strain as well as free wall RV
strain were independent prognostic markers for hos-
pital worsening, including in-hospital death or need for

emergency escalation of therapy [24].

Although the majority of RV stroke volume is due
to longitudinal contraction rather than radial, it is not
optimal to rely solely on indicators that mainly reflect
the longitudinal function (TAPSE, S’, RV free wall
strain). Sometimes, with regional variations in func-
tion or with kinetic disorders, falsely normal values of
longitudinal function indices may be obtained. Com-
bining them with global indicators of RV function (RV
Tei index, FAC) leads to a more reliable and stable
assessment of RV function.

Some of the parameters described can also be
used as prognostic markers. A multivariate analysis
found that a TAPSE < 15 mm was a better predictor of
mortality in acute PE than the LV/RV ratio from com-
puted tomography, and a TAPSE greater than 20 mm
could differentiate patients at very low risk [19, 25].
However, other analyses did not find a similar rela-
tionship and only commented on RV free wall strain
and RV Tei index as independent predictors of death
in patients with PE [19, 21]. Global and segmental RV
strain are reduced in absolute value in high-risk PE
and are associated with increased 30- and 60-day
mortality. Some of the signs of RV dysfunction are also
found in other cardiopulmonary diseases (associated
with increased pulmonary pressures regardless of the
underlying cause and especially in the so-called cor
pulmonale), meaning that their presence can support
the diagnosis of PE with corresponding clinical suspi-
cion, but are by no means self-diagnostic [22, 23, 26].

The indicators described are summarized in Table
1. The values are independent of gender and ethnicity
and are not indexed to body area.

Stroke volume calculation

Velocity-time integral LV and RV outflow
tracts

The LV outflow tract velocity-time integral (LVOT
VTI) is a metric often used to calculate LV stroke vol-
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Ta6bnuua 1. Nokasatenu Ha OK aunatauusa v auccdyHkumua // Table 1. Parameters of RV dysfunction

ExoKI nokasaren

Mpanuua Ha OK ancdyHkumns

Echocardiographic parameter

Abnormal value cut-off

OK pasmep

> 41 mm Ga3aneH pa3vep
> 35 mm cpegHoKkamepeH pasmep

RV dimensions

> 41 mm basal level diameter
> 35 mm mid-chamber level diameter

TAPSE

TAPSE

<17 mm

OK cboTHoweHue Ha nnowwute (FAC), %

RV fractional area change (FAC), %

<35

[K vHpekc Ha mnokapaHa paboTa, Tei nHgekc

> 0,43 (PulseWave Doppler)

RV myocardial performance index, Tei index

> 0,54 (Tissue Doppler)

MwokapgHa cuctonHa ckopocT (Tissue Doppler S’)

Myocardial systolic velocity (Tissue Doppler S’)

<10 cm/s

CtpewH Ha K cBobogHa cTeHa

> -20% (< 20% abcontoTHa CTOMHOCT)

RV free wall strain

> -20% (< 20% absolute value)

n3yncreHve Ha ygapHus ooem Ha JIK 1 Ha cbpaeydHust
0ebuTt. IHTerpansT Ha CKOPOCTTa B U3XOAHUSA TPAKT ce
n3mepBa 4Ype3 nyncos onfnep 1 oT nonyvyeHara cTon-
HOCT, 3aeHO C MoLTa Ha HanpeyHns cpes Ha n3xoa-
HWSI TPAKT, Ce U3YUCIIsiBa NIeBOKaMepHUS yaapeH obem
[20, 21, 27]. B peTtpocnektnuBeH aHanu3 Ha Yuriditsky
N CcbaBT. [28] ce ycTaHOBSABA, Y€ HUCKUAT U3MEPEH UH-
Terpan Ha ckopocTtTta B JIK naxogeH tpakt (< 15 cm) e
CBPBb3aH C yBEMNNYEH PUCK OT Pa3BUTKE HA YCIIOXKHEHNS
[BbTpEBOMHMYHA cMBPT M cbpaedeH apecT (OR 6), u
LLIOK nnn HeobxoammocT oT chubpuHonmsa (OR 23)]. B
To3n aHann3 TAPSE < 17 mm 1 MrMokapgHa TbKaHHa
ckopocT (S’) < 10 cm/s He ca 3HAaYMMO CBbP3aHK C puU-
cka OT CMbPT UK cbpaedeH apect. [NpeobnagaBalya-
Ta yacT OT nauueHTute B npoyysaHeTo (85%), kouTo
ca umanu Hucku ctomHoct Ha JIKUT VTI, ca umanm
OK ancoyHkums. 58% oT naumeHTnTe C BUCOKOPUCKOB
BTE ca nmanu Huckmn ctonHoctn Ha JIKUT VTI, B cpae-
HeHue cbeC camo 5,8% OT nauneHTUTe ¢ HUCKOPUCKOB
BTE. B ToBa npoy4BaHe BCbLUHOCT HAUCKUTE CTOMHOCTU
Ha umHTerpana Ha ckopoctTa B JIK naxogeH tpakT (4
cboTBeTHO JIK yoapeH obem) ca equUHCTBEHUAT MoKa-
3aTern, KOMTO 3HaA4YMMO MpeackasBa pucka OT CMBPT,
CbpaeYeH apecrT, WoK unn unbpuHonmsa. B gpyr aHa-
nun3 [29], BKMOYBALL, CbLO NaUMEHTN C YMEPEH U BU-
COK PUCK, Ce yCTaHOBSBa, Ye MaumeHTUTe, Npu KOUTo
HacTbMNBa XeMOAMHaMWUYHA HECTAOUMHOCT U LUIOK UIun
CbpOeYveH apecT, MMaT NO-HUCKM CTOMHOCTU Ha WHTe-
rpana Ha ckopocTtTa B JIKUT (12,9 cm cpewy 16,4 cm;
p =0,011). TpsabBa ga ce uma npeaBua, Ye nNpu Hanmu-
Ha nogknanHa cTeHo3a, AMHaMunyHa obcTpykums Ha JIK
N3XO4EH TPaKT UMM 3HAYMMa aopTHa UHCYULNEHLNS,
ycTaHoBeHuTe ctonHoctn Ha JIKUT VTI He moraT ga ce
M3non3ear 3a oLeHka Ha gebwura.

AHanornyHo Ha namepBaHeTo Ha JIKUT VTl moxe
[a ce u3Mepu 1 uHTerpan Ha ckopoctta B [JK naxogeH
TpakT, upe3 KonTo ga ce nsdmcnu OK yoapeH obem. B
e[HO u3cneaBaHe cbC 174 nNaumMeHTU C YMEPEH pUCK

ume and cardiac output. The LVOT VTI is measured
by Pulse Doppler and from the obtained value, to-
gether with the cross-sectional area of the outflow
tract, the left ventricular stroke volume is calculated
[20, 21, 27]. A retrospective analysis by Yuriditsky
et al. [28] found that a low LVOT VTI (< 15 cm) was
associated with an increased risk of developing com-
plications [in-hospital death and cardiac arrest (OR
6), and shock or need for fibrinolysis (OR 23)]. In
this analysis, TAPSE < 17 mm and myocardial tissue
velocity (S’) < 10 cm/s were not significantly asso-
ciated with the risk of death or cardiac arrest. The
majority of patients in the study (85%) who had low
LVOT VTI values had RV dysfunction. 58% of pa-
tients with high-risk PE had low LVOT VTI values,
compared with only 5.8% of patients with low-risk
PE. In this study, in fact, low LVOT VTI (and thus
LV stroke volume) were the only parameter that sig-
nificantly predicted the risk of death, cardiac arrest,
shock, or fibrinolysis. Another analysis [29] also in-
cluding moderate and high-risk patients found that
patients who developed hemodynamic instability and
shock or cardiac arrest had lower LVOT velocity in-
tegral values (12.9 cm vs. 16.4 cm; P = 0.011). In
the presence of subvalvular stenosis, dynamic ob-
struction of the LV outflow tract or significant aortic
regurgitation, established LVOT VTI values cannot
be used to estimate flow.

Similar to the measurement of the LVOT VTI,
the velocity-time integral in the RV outflow tract
(RVOT VTI) can be measured and the RV stroke
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(oedmHmpaH kaTo cucTonHo HansraHe Hag 90 mm Hg
nntoc 06pasHu nacnenBaHnst unu nabopaTopHa Haxoa-
ka, oTpassBawm K gucdyHkums), KoMto ca nonyym-
nn kateTbp-6asmpaHa Tepanus Ha BTE, aBTopute ca
n3cnegBanu Kou exorpadCckv nokasaTtenu npenckas-
BaT HUCBK cbpaeveH uHaekc [30]. MNposexgaHeTo Ha
OdCHa KaTeTepu3auus e n3nonssaHo 3a BepudurkaLms
N KaTo pedepeHTeH MEeTo 3a OLEHKa Ha CbpAaedHUst
nHOeKC. ABTOpUTE YyCTAHOBSBAT, Ye MOYTU MOSIOBMHATA
OT naumeHtTuTe B Tasu rpyna (46%) MMaTt HUCBK Cbp-
aedveH mHaekc n Bbnpekn ye JIKUT VTl moxe pa ce
M3Momn3Ba 3a U3YUCMEHME Ha CbPOeYHUS MHAEKC, U3-
MmepBaHeTo Ha OKUT VTI e nokasatensT, KOWTO Hau-
[obpe npeackasBa HACHK CbpaeyeH nHaekc. NHterpan
Ha ckopocTtTa B KMT < 9,5 cm e npeankTtop Ha Hu-
CbK CbpAeYeH NHOEKC N N35IBa HA HEXerNaHn cbouTus.
Hewlo noBeye, npu Te3n NauMeHTn ce yCTaHOBSIBa HU-
CbK CbpeyeH UHOEKC HE3ABMCKMMO OT HOPMOTEH3MBHA
XemMoguHaMuka KbM MOMEHTa Ha usducnenue. Opyr
aHanua [29], BkntoyBaLy NaUMeEHTN C YMEPEH U BUCOK
puck, cblyo Hamupa OKAT VTI 3a npegmkTop Ha HUCHK
CbpAeyveH NHOEKC U yCnoXHeHus. NauneHTute, kouto
BMOCNeACTBME Ca OeKOMMNEHCUpanu xeMogMHaMuyHo,
ca “Manu U3xXo4HO NO-HUCHK MHTErpasn Ha CKOpoCTTa B
OK n3xogeH TpakT (7,3 cm cpewy 10,7 cm; p = 0,02).
Huckute CTOMHOCTM Ha MHTErpana Ha CKkopocTTa B
naxogHuna TpakT Ha JIK ngeHtndumumpa nayneHTmute ¢
HUCBHK CbpAeYeH MHAEKC nopagn HamManeHo MbfiHEHEe
OT gekomneHcupalla [K, kosaTo NbK ce xapaktepusu-
pa ¢ HamaneH uHTerpan Ha ckopoctTta B OKUT. Ton
€ pesynTaTr Ha HeBb3MOXHOCTTa Ha [K na ce cnpasu
¢ ocTpoTo yBenuyeHne Ha BCC u Ha 6enogpobHuTe
HansraHus B ycnosusa Ha BTE. CregoBaTtenHo Tesu
ABa HeVHBa3WBHW MoKasaTens ca MnornesHu 3a naeH-
TUdurKauuaTa Ha naumMeHTn ¢ Bce olle CyOKnuHMYHa
XemMoguHaAMU4YHa AEKOMMEeHcaums, KOUTO nMat Hyxaa
OT MO-MHTEH3UBHa Tepanus. JIOrMyHo N xeMoguHaMmy-
HO ABaTa nokasaTensd ca cBbp3aHu, kato AKUT VTI ce
pegyumpa BepoATHO Marnko npeau fa ce pegyumpa
JIKUT VTI. YncTo npaktuyeckn obaye namepBaHeTO Ha
OKWUT VTI e no-TpygHo. TpsibBa ga ce vma npensug,
Yye NMbYbLT Ha AONNEPOBUS curHan He TpsbBa Aa ce oT-
knoHssa noseyve oT 20% OT O0CTa Ha U3XOOHUSA TPakKT, B
NPOTMBEH Cry4an UHTEerpanbT Ha CKOpocTTa e dhaniun-
BOMOHWXEH. [Npn n3amepBaHusATa B ASICHO CbLLO BaXK
N3NCKBAHETO Aa HAMa OOCTPYKUUSA B U3XOOHWUS TpaKT
UInun CblUeCcTBEHa NpeaLlecTBalla nHeymumeHLms.

Mokasatenu Ha OK cdyHKuuAa n cnegHaTtoBapBaHe

CbomHoweHue Ha TAPSE u cucmorHo HarnsieaHe

8 benodpobHama apmepusi

TAPSE otpassBa HagmbxHOTO M3MecTBaHe Ha na-
TepanHata 4yacT Ha TPWKyCMuOanHus KrnaneH npbCTeH
B Mocoka KbM CbpAedHus Bpbx no Bpeme Ha [K cucro-
na. NomMneHaTta yHKUMS Ha OACHa Kamepa 3aBuCcKu OcC-

volume can be calculated. In a study of 174 moder-
ate-risk patients (systolic pressure greater than 90
mmHg plus imaging or laboratory findings suggestive of
RV dysfunction) who received catheter-based therapy
for PE, the authors investigated which sonographic pa-
rameters predicted a low cardiac index [30]. Right-sid-
ed catheterization was used for verification and as a
reference method for cardiac index assessment. The
authors found that almost half of the patients in this
group (46%) had a low cardiac index, and although the
LVOT VTI could be used to calculate the cardiac index,
the RVOT VTl measurement was the metric that best
predicted a low cardiac index. A velocity-time integral in
RVOT < 9.5 cm is a predictor of low cardiac index and
occurrence of adverse events. Moreover, these patients
were found to have a low cardiac index regardless of
normotensive hemodynamics at the time of calculation.
Another analysis [29] including moderate- and high-risk
patients also found RVOT VTI to be a predictor of low
cardiac index and complications. Patients who subse-
quently hemodynamically decompensated had a lower
RV outflow tract velocity-time integral at baseline (7.3
cmvs. 10.7 cm; P = 0.02).

Low values of LVOT VTl identify patients with a low
cardiac index due to reduced filling from a decompen-
sating RV, which in turn is characterized by a reduced
velocity integral in RVOT. It is the result of the RV’s in-
ability to cope with the acute increase in PVR and pul-
monary pressures in PE. Therefore, these two non-in-
vasive indicators are useful for the identification of
patients with still subclinical hemodynamic decompen-
sation who need more intensive therapy. Logically and
hemodynamically, the two indicators are related, with
RVOT VTI reducing probably shortly before LVOT VTI
is reduced. In purely practical terms, however, measur-
ing RVOT VTI is more difficult. It should be noted that
the Doppler signal beam should not deviate more than
20% from the axis of the outflow tract, otherwise the
VTl is falsely lowered. For right-sided measurements,
the requirement that there is no obstruction in the out-
flow tract or significant pre-existing insufficiency also
applies.

Indicators of RV function and afterload

Correlation of TAPSE and pulmonary artery sys-

tolic pressure

TAPSE reflects the longitudinal displacement of
the lateral part of the tricuspid valve annulus towards
the cardiac apex during RV systole. The pumping
function of the right ventricle depends mainly on the
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HOBHO OT FOHIUTYOUHANHaTa KOHTPaKUMsS U MO-Masiko
OT pagmarnHata, U 3aKOHOMEPHO KOJIKOTO MO-Masiko ce
npemMecTBa TpuKycnmaanHusa NpbCTeH, TONKOBa NO-noLua
e bpakumusitTa Ha U3TNackBaHe Ha AsCHa Kamepa, Karto
cTonHocTV nog 17 mm ce cuutaT 3a nartonornyHu [20,
23]. CuctonHoTo HansiraHe B 6enoapobHaTa apTepus ce
n3vuncnsia exorpadicki Kato KbM MakCUMarnHus rpagu-
€HT Ha cucTonHoTo HangaraHe mexay OK v [ (otpaseH
OT MUKOBATa CKOPOCT Ha TpMKycnuaanHata MHCyuLmneH-
uns) ce fobaBu LIEHTPANHOTO BEHO3HO HansiraHe (npe-
LieHeHO cnope AnamMeTbpa U auxatenHara nogsuKHOCT
Ha [JonHaTa npasHa BeHa), Kato ToBa M34YUCIEHUE €
KOPEKTHO Mpu Nnnnca Ha nyrnMoHasnHa cteHosa. AKO au-
aMeTbpbT Ha JonHa npasHa BeHa (OIB) e nog 21 mm
n konabupa Hag 50% npu BaMwBaHe (3a NauMeHTu Cbe
CMOHTAHHO AMLIaHe), ToBa npegnorara HopMasiHO HUCKO
HansraHe B [l ot cpegHo 3 mm Hg (guanasoH 0-5 mm
Hg). Ako onameTbpbT € Hag 21 mm m KonanceT — nog
50%, ce npuema, Yye HansraHeto B [11 € BUCOKO N B 13-
ymcneHueto ce gobasdar 15 mm Hg (amanason 10-20 mm
Hg). AKO He e M3MbITHEH CaMO eAVHUSAT OT ABaTa KpuTe-
pvs 3a Hopma, HansraHeto B [l ce npuema 3a cpegHa
cTormHocT 8 mm Hg (auanasoH 5-10 mm Hg). T kato
NpW HAKOW crnieumdmnyHN cuTyauum e BbamoxHo [NB ga e
annatnpaHa 6e3 ToBa Aa e 6ener 3a NoBMULLEHO BEHO3HO
HansiraHe (HanpymMep Npu cnopTUcTK), [oOpe e npu npe-
LeHKa Ha HandraHe B [1I1 3a ,,cpeqHute” My CTOMHOCTM Aa
Ce oTyMTaT U apyrn nokasarenu Ha 4eCHONpPeacbpPAHOTO
HansraHe [20]. CuctonHoTo HandraHe B 6enogpobHata
apTepusi e NoKasaTen 3a criegHaToBapBaHeTo, koeTto [K
TpAGBa Aa npeogonee npy CUCTOMHOTO CU U3THACKBaHe.
W peata nokasatens (TAPSE n CHAIN) ce nsnonsear 3a
oueHka Ha 0K dbyHKUMS, HO CbOTHOLLEHMETO UM AaBa UH-
dopmauus 3a kynnupaHeTo K-BA. To e ¢ nporHocTuyHa
CTOMHOCT M npu nauueHtn ¢ 6enogpobHa XvnepToHus
n ¢ JIK cuctonHa gmccyHkums [19, 31]. ObuyanHo OK
pearvpa Ha MoByuLLEHNE B CeOHaTOBapBaHETO C yBENn-
YeH KoHTpakTunuTeT. [Npun gocturaHe Ha npegen Ha OK
KOHTPaKTUIEH pe3epB 1 NPOAbIKaBALLO YBENuMyeHve B
crnegHaToBapBaHeTo, ce Habnwopasa OK avnatauus m
B KpanHa CMeTKa HapyllaBaHe Ha kynnupaHeTo [OK-BA.
CwoTtHoweHneto TAPSE/CHAIT Hamansia npy Hamans-
BaHe Ha koHTpakTunuteta (TAPSE) unu npu ysenuyenve
Ha cnegHaTtoBapsaHeTo (CHATT). Mpu naumeHTn € Xpo-
HMYHa GenogpobHa XMNEePTOHMS MOpPaaM MOCTEMNEHHOTO
NoBvLLIABaHE Ha CreHaTOBapBaHETO, Pa3BUTUE HA Obll-
rOCPOYHM afanTuBHU MexaHu3mm Ha OK n gekomneHca-
LSl Ha NMO-BMCOKO HMBO Ha criegHaToBapBaHe (CbOTBET-
Ho CHAIM), cboTHoweHneto TAPSE/CHAIT obuyaiiHo e
3HAYMMO MO-HUCKO, OTKOMKOTO MpU MauMEHTU C OCTbP
BTE. HopmanHoTto cboTHoweHne TAPSE/CHAI e ot 0,8
0o 1,8. CvoTHowweHne TAPSE/CHAI < 0,4 e npeankTop
3a BroLwaBaHe Ha XxemoguHamuvKaTa 1 3a NOBULLEH PUCK
OT CMBPT Npu nauneHTn ¢ octbp BTE 1 moxe ga ce ns-
noraea 3a nogbop Ha nuua, kouto Grxa nmanu nonsa ot
no-arpecviBHU TepaneBTMYHM nogxogu [31].

longitudinal contraction and less on the radial one,
and naturally the less the tricuspid annulus moves,
the worse the ejection fraction of the right ventricle,
with values below 17 mm considered pathological
[20, 23]. Pulmonary artery systolic pressure is cal-
culated by adding the central venous pressure (esti-
mated from the diameter and respiratory collapse of
the inferior vena cava), and this calculation is correct
in the absence of pulmonary stenosis. If the diam-
eter of the inferior vena cava (IVC) is less than 21
mm and collapses more than 50% on inspiration (for
spontaneously breathing patients), this suggests a
normal low right atrial (RA) pressure of 3 mm Hg on
average (range 0-5 mm Hg). If the diameter is more
than 21 mm and the collapse is less than 50%, it is
assumed that the pressure in the RA is high, and
15 mm Hg is added to the calculation (range 10-20
mm Hg). If only one of the two normal criteria is not
fulfilled, the pressure in the RA is taken as medium,
with an average value of 8 mmHg (range 5-10 mm
Hg). Since in some specific situations it is possible
that the IVC is dilated without this being a sign of
increased venous pressure (for example in athletes),
it is good to take into account other indicators of right
atrial pressure when assessing the pressure in the
IVC for its “medium” values [20]. Pulmonary artery
systolic pressure is an indicator of the afterload that
the RV must overcome during its systolic ejection.
Both indicators (TAPSE and PASP) are used to eval-
uate RV function, but their ratio gives information
about RV-PA coupling. It is also of prognostic value
in patients with pulmonary hypertension and LV sys-
tolic dysfunction [19, 31]. Normally RV responds to
an increase in afterload with increased contractility.
Upon reaching the limit of RV contractile reserve and
a continued increase in afterload, RV dilatation and
eventually disruption of RV-PA coupling is observed.
The TAPSE/PASP ratio decreases with decreasing
contractility (TAPSE) or with increasing afterload
(PASP). In patients with chronic pulmonary hyper-
tension, due to the gradual increase in afterload,
development of long-term RV adaptive mechanisms,
and decompensation at a higher level of afterload
(respectively, PASP), the TAPSE/PASP ratio is usu-
ally significantly lower than in patients with acute PE.
A normal TAPSE/PASP ratio is 0.8 to 1.8. A TAPSE/
PASP ratio < 0.4 is a predictor of hemodynamic de-
terioration and an increased risk of death in patients
with acute PE and can be used to select patients
who would benefit from more aggressive therapeutic
approaches [31].
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CwomHoweHue Ha CHAIT u nesokamepHusi

yOapeH obem

Kamran n cbaBT. [32] cpaBHsBaT npenckassalwiara
CrnocobHOCT Ha CboTHoweHneTo Ha CHAI u ygapHusa
o6em Ha JIK cbec cTtaHgapTHM puckou cbopose B yme-
peHO- 1 BUCOKOPUCKOBa nonynauus nauweHtn ¢ BTE.
MpyuenHWTe KpaHU TOYKU ca BbTPEOOMHUYHA CMBPT,
CbpaeyeH apecT 1 HeOBXOAMMOCT OT MHTEH3NULMpaHe
Ha TepanuaTa. ABTOpPUTE YCTaHOBSBAT, Y€ CbOTHOLLEHNE
CHArN/YOJK = 1 mm Hg/mL no-ycneluHo cenektupa na-
LIMEHTUTE C BUCOK PUCK OT CTaHOAAPTHUTE PUCKOBU CKanw.
JIK yoapeH obem ce nsdncnsea Ha 6asa Hanpe4yHoTo ce-
yeHve Ha JIK nsxogeH TpakT n MHTerpana Ha ckopocTtTa
B M3XOOHUSI TPaKT, NMonyyeH ¢ nyncos gonnep. CboTHO-
weHneto mexay CHAIN n YOJIK gaea vHdopmaums 3a
enacraHca Ha 6enogpobHNTE apTepun, KOWTO Kopenvpa
cbc cnegHatoBapBaHeTo Ha K. MokasatenaTt e npeauk-
TOp 3a MOBMLLEHA YEeCTOTa Ha CMbPT NPY NaUNEHTU KaKTo
¢ BTE, Taka u ¢ 6enogpobHa xmnepToHus Ha 6a3a Ha ne-
BOCTpaHHa cbpgeyHa natonorus [19, 33]. MNpu xemoan-
HaMM4HO 3Ha4um octbp BTE ce HabntogaBa HamaneHo
JIK nbniHeHe, ¢ nocnepggaly cnag Ha JIK yoapeH o6em m
XWUMOTOHMS, KaTo B OCHOBATa Ha Kackagara € ocrpara
IK HepoctatbyHOCT. CriegoBaTenHo ¢ yBenvMyaBaHe Ha
CHATI n/unn HamansisaHe Ha JIK yaoapeH o6em, cbOTHO-
weHmeto CHAMN/YOJTK HamansBa, KOETO e UHTerpupaHa
NHOPMaLMS KaKTo 3a (DyHKUMSATa Ha OACHa, Taka 1 3a
dyHKUMATa Ha NsiBa kKamepa. [pu oLeHKa Ha ustnacHarta
dopakumsa Ha JIK npy naumeHT ¢ HUCKU 1 BUCOKM CTOMN-
HocTU Ha cboTHoLweHneto CHAIM/YOJTIK He ce Habntoga-
Ba pasnuka, T.e. BnoweHara JIK nomneHa pyHkumsa He e
(haKkTopbT, BMUSIELL, HA MPOrHo3aTa npu Te3u nauneHTu
[32]. CbLo Taka e BaXkHO Aa ce oThenexu, Ye 0bMKHO-
BEHO CBOTHOLLUEHMETO crnaga no-paHo (M CbOTBETHO
npegckassa BriolaBaHe MO-TOYHO) OT MHTErpanute Ha
ckopoctTa B JIKUT unu OKUT npun naumeHTn, Kouto ca
BCE OLLEe NpMBMOHO CTabunHW. VI3BECTHO orpaHunyeHve
Ha nokasaTensi e BapuabunHocTTa Mexay oTaenHuTe
n3crnenoBartenu, Kakto U oakTbT, Ye JOCTOBEPHOTO U3-
MepBaHe 1 N34UCTIEHNE KaKTO Ha HanpeYHns cpes Ha 13-
XOOHMWS TPaKT, Taka M UHTerparna Ha CKOpoCTTa M3WCKBa
onpeaereH onur.

MoaBwxeH Tpom6

Korato BTE ce cnyyBa Ha 6asa npeplecrtsaila
0BT, nbTaT Ha Tpomba obukHoBeHo e npes OB n ge-
CHU KyxnHu 0o 6enogpobHaTa apTepusi U KIOHOBETE W,
KaTo OrpoMHaTa 4acT OT TPOMOOTUYHMS TOBaAp OCTaBa B
rorieMmuTe paskroHeHus. Mima MHOXeCTBO HabntoaeHust
1 Ha naumeHTn ¢ BTE, npm Konto no Bpeme Ha exorpad-
cKaTa oLeHKa npwv fnerrnoTo Ha 6onHusa ce n3obpassasat
1 TpomMOGK, KOUTO ca BCe olLe ,No NbTs“. Ta3n Haxoaka
MMa CTOMHOCT U3BbH YnCTaTa ,eK30TUYHOCT U ANPEKT-
HO NocTaBeHaTa AnarHosa. Ts e HenocneacTeeH 6ener
3a BMCOK PUCK M € CBbp3aHa CbC CMbPTHOCT Mexay 4
n 18%. MNopagn HenocpeacTBEHO MPEeaCcTOosILLO YTeX-

Ratio of PASP and left ventricular

stroke volume

Kamran et al. [32] compared the predictive ability
of PASP ratio and LV stroke volume with standard
risk scores in a moderate- and high-risk population
of PE patients. Study endpoints included in-hospital
death, cardiac arrest, and need for intensification of
therapy. The authors found that an PASP/LVSV ratio
> 1 mm Hg/mL more successfully selected high-risk
patients than standard risk scores. LV stroke vol-
ume is calculated based on the cross-section of the
LV outflow tract and the velocity-time integral in the
outflow tract obtained with pulse Doppler. The ratio
between PASP and LVSV provides information on
pulmonary artery elastance, which correlates with
RV afterload. The score is a predictor of increased
mortality in patients with both PE and pulmonary
hypertension based on left heart pathology [19, 33].
In hemodynamically significant acute PE, reduced
LV filling is observed, with a subsequent drop in LV
stroke volume and hypotension, with acute RV insuf-
ficiency at the heart of the cascade. Therefore, as
PASP increases and/or LV stroke volume decreas-
es, the PASP/LVSV ratio decreases, which is an in-
tegrated measure for both right and left ventricular
function. When evaluating the LV ejection fraction
in patients with low and high values of the PASP/
LVSV ratio, no difference was observed, meaning
impaired LV pump function was not influencing the
prognosis in these patients [32]. It is also important
to note that the ratio usually falls earlier (and thus
predicts deterioration more accurately) than the VTI
in LVOT or RVOT in patients who are still apparent-
ly stable. A known limitation of the metric is inter-in-
vestigator variability, as well as the fact that reliable
measurement and calculation of both the outlet tract
cross-section and the velocity-time integral requires
some experience.

Thrombus in transit

When PE occurs on the basis of a previous DVT, the
path of the thrombus is usually through the IVC and the
right cavities to the pulmonary artery and its branches,
with the vast majority of the thrombotic burden remain-
ing in the large branches. There are also numerous ob-
servations of patients with PE, in which thrombi are also
imaged during bedside ultrasound evaluation that are still
“on the way”. This finding has value beyond its pure rarity
and giving a straightforward diagnosis. It is a marker of
high risk and is associated with a mortality rate between
4 and 18%. Because of the impending aggravation of an
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HABaHe Ha Hanu4uHus BTE, nsobpassBaHeTo Ha TpoMO
B TPaH3UT MOXe AMPEKTHO Aa npejLlecTsa BrioLwasa-
He Ha xemoguMHamuKaTa Ha naumMeHTa M YecTo BOAM
[0 eckanauusi Ha TepaneBTUYHUTE MEpPKU He3aBWCU-
MO OT MbpBOHaYanHaTa Knacugukaums Ha pycka npu
naumeHTa [9, 34]. Bbnpeku ToBa npoabikasa ga uma
nebat no oTHOLIEHWe Ha ONTMMAIHOTO TepaneBTUYHO
noeeaeHue B Tean cuTyauun. CpaBHUTENEH aHanu3 Ha
noaxoamte npu naumeHTn ¢ octbp BTE n n3obpaseH
TpOoMO B OECHU KyXWHM YCTaHOBSIBA, Y€ KaKTO XuUpyp-
rmyHata TpombekTomus, Taka u ubpuHonusaTa nmar
naned no-gobpu otaaneyeHn pesynTtati B CpaBHeEHUe
CbC CTaHOapTHata aHTukoarynaHtHa Ttepanusa (OR
2,61 (95% ClI, 0,90-7,58) 3a xupyprusa un 4,83 (95% ClI,
1,52-15,36) 3a pmnbpuHonuaa) [35]. MNpexnBsemocTtTa
npu Tpombonumsata obaye e No-BUCOKA B CpaBHEHUE C
xupypruyHata embonektomus (81,5% cpewy 71,5%),
0e3 yBenunyeHa YecTtoTa Ha ycrnoxHeHusita. B 3aknio-
YyeHue, NOABWKHMAT TPOMO ce BMXAa Npu Marka 4act
OT naumneHTUTe ¢ Nogo3upaH unun notebpgeH BTE [36],
HO e Ba)kKHa KaKTO AMarHoCTMYHa, Taka U MPOrHOCTUYHa
HaxofKa, KoraTo € Hasnn4eH.

[AnarHocTu4yHa ynoTtpeb6a Ha exokapauorpadums
npu BTE

CeameHmMHU HapyuwieHUs1 8 KuHemukama Ha K

McConnell u ckaBr. [37] npe3 1996 r. onuceat xa-
pakTepHaTa knHeTuka Ha [K csobogHa cteHa npu na-
umeHTn ¢ octbp BTE n K gucdyHKUnNA, KOATO BKIHOY-
Ba aKMHe3nsl Ha CpefHUTEe CerMeHTu Ha cBobopgHata
CTeHa Npu OTHOCUTENHO 3ana3eHa KMHETUKA BbPXOBO.
Taka HapeveHuaT 6ener Ha McConnell e ¢ foknagBaHa
MHOMO BMCOKa CneumdUyHOCT NpU MbPBUYHOTO CbHOOG-
weHue (94%), Bbnpekn Ye BMOCNEOCTBME CE YCTaHO-
BsIBa, Ye He e cneundunyeH guarHoctuyeH Gener 3a
BTE. MNoHacTosieM ce cunTa, Ye cneumnduryHocTTa My
e mexgy 70 n 77%, a nonoxutenHara npeavkTMBHa
cTonHOCT e mexay 57 u 71% [38]. Ton ce HabnogaBa
CbLUO 1 NpW ApYrn CbCTOSAHUA Ha ocTpa OK aucdyHk-
LUMsa — HanpuMmep OCTbp AEeCHOKaMepeH MHMapKT Ha
MuoKkapga, nnm octpa 6enogpobHa yBpega no tuna Ha
OCTpUA pecnupaTtopeH auctpec cuHgpom [19, 37, 38].
B 3akntodyeHue, 6enerbt Ha McConnell B kombuHauums
C Apyr1 nokasatenu Ha HapyweHa OK dyHkumns moxe
[a nNpeanonoXxm HanuineTo Ha octbp BTE npu Hanuy-
Ha KNMHWYHA BEPOSTHOCT M NuMca Ha Apyru CbCTod-
HUH, HO uncaTa My He U3KnioYBa anarHosaTta [36].

Mopdonorus n KMHeTUKa Ha MeXAyKaMepHUst
centym

MauneHTUTe C TEH3MOHHO obpemeHeHa [K yecto
MMaT HapylleHa KMHeTMKa Ha cenTyma, KOWTO cTaBa
,MNOCHK® UNN Jopy M3MbKBa KbM fisIBA Kamepa B Kpasd
Ha cucTonarta. B mapacrtepHaneH cpe3 no kbcarta oc,
dopmaTa Ha Hanpe4yHusa cpes Ha JIK oT kpbrna craBsa
no-ckopo D-o6pasHa nopagn MNOBWLLEHOTO HansdraHe

existing PE, imaging of a thrombus in transit may direct-
ly precede deterioration of the patient's hemodynamic
state and often leads to escalation of therapeutic mea-
sures regardless of the patient’s initial risk classification
[9, 34]. However, there continues to be debate regarding
optimal therapeutic behavior in these situations. A com-
parative analysis of approaches in patients with acute
PE and imaged right chamber thrombus found that both
surgical thrombectomy and thrombolysis had significantly
better long-term outcomes compared with standard an-
ticoagulation therapy (OR 2.61 (95% CI, 0, 90-7.58) for
surgery and 4.83 (95% ClI, 1.52-15.36) for fibrinolysis)
[35]. However, survival with thrombolysis was higher than
with surgical embolectomy (81.5% vs. 71.5%), without an
increased rate of complications. In conclusion, migrating
thrombus is seen in a minority of patients with suspected
or confirmed PE [36], but is an important both diagnostic
and prognostic finding when present.

Diagnostic use of echocardiography in PE

RV segmental kinetic disorders

McConnell et al. [37] in 1996 described the charac-
teristic RV free wall kinetics in patients with acute PE and
RV dysfunction, which included akinesia of the mid free
wall segments with relatively preserved apical kinetics.
The subsequently named McConnell’s sign was report-
ed to have a very high specificity at initial report (94%),
although it was subsequently found not to be a specific di-
agnostic sign for PE. Its specificity is currently considered
to be between 70% and 77%, and its positive predictive
value is between 57% and 71% [38]. It is also seen in oth-
er conditions of acute RV dysfunction, for example, acute
right ventricular myocardial infarction, or acute lung injury
of the acute respiratory distress syndrome type [19, 37,
38]. In conclusion, McConnell's sign in combination with
other indicators of impaired RV function may suggest the
presence of acute PE in the presence of clinical probabil-

ity and the absence of other conditions, but its absence
does not exclude the diagnosis [36].

Morphology and kinetics of the interventricular
septum

Patients with tension-strained RV often have im-
paired kinetics of the septum, which becomes “flat”
or even bulges toward the left ventricle in end-sys-
tole. In a short-axis parasternal view, the shape of
the parasternal section of the LV goes from round
to more D-shaped due to increased pressure in the
RV, which “pushes” the septum to the left [39]. Para-
doxical septal kinetics, along with RV dilatation, Mc-
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B [K, koeTo ,m3bytBa“ centyma Hansieo [39]. Mapago-
KcarHaTta KMHeTUKa Ha cenTtyma, 3aegHo ¢ K gunara-
umna, 6enera Ha McConnell 1 yBenuyeHuTe CKOpOCTU
Ha TpuKycnuaanHata mHcyduumneHums, ca 6enesn Ha
OK aucdyHkums [40]. B npocnekTMBHO wu3crnegsaHe
Ha 146 naumeHtn c BTE, Bu3yanHute Genesn Ha [OK
ancpyHkums (NnapagokcanHa KUHETUKa Ha CcenTtyma,
xunoknHesnst Ha OK vnu 6ener Ha McConnell) ca Ha-
XOOKM C BMCOKa cneumdmyHocT 3a guarHosa BTE, ma-
Kap 1 YyBCTBMTENHOCTTA UM @ € OTHOCUTENHO HUCKA.
ABTOpUTE YCTaHOBSABAT, Y€ OMMCAHUETO Ha Takaea Ha-
XO[Ka NoKayBa 3Ha4YMMO NpeaTecToBaTa BEPOSITHOCT 3a
ycTaHoBsaBaHe Ha BTE Ha nocnegBawo geduHUTUBHO
00pasHo nscnegBaHe, KakTo 1 Ye e CBbP3aHo C yCTaHo-
BSIBQHETO Ha No-ronsim TpomboTuyeH Toeap [41]. Onuca-
HUTe Haxogkn Ha OK ancdyHKums ca no-m3paseHn npu
NPOKCMMaIHN TpomMbKu — B CTBOMA M Ha OudypkaumsaTa
Ha GenogpobHaTa apTepusi, KakTo M B NPOKCUManHuTe
yacTu Ha nobapHuTe apTepumn. Hakom no-HOBU aHanNu3m
YCTaHOBSABAT, Ye NapagoKcanHara KMHeT/Ka Ha centyma
CaMOCTOATENHO MMa YyBCTBUTENHOCT 28 1 cneumdmny-
HocT 96% 3a anartHosa BTE [42].

Benoppo6Ha xuneproHums

Mpn naumeHTn ¢ octbp BTE noBuweHuTe Hans-
raHusi B 6enogpobHata apTepusi ca CBbp3aHu C NOBU-
weHoto BCC, koeTo e pesynTaTr KakTo Ha MexaHudHa
0BCTPYKUMSA 1 U30nMpaHe Ha CerMeHTu oT pyHKUMoHarn-
HOTO apTepuarnHo pycrno Ha 6enusa apob, Taka n OT KOH-
CTPUKUMSI 1 MOOMdMKALMS HA KPBBOTOKA NOpaam cekpe-
umusitTa Ha Habop OT XMMOKCUSA-UHAYLMPAHN XyMOparsiHu
dakTopu [18, 43]. Har-4yecTo n3nonssaHUST HEMHBA3K-
BEH MEeTo 3a onpefernsiHe Ha CUCTOMNHOTO HansaraHe B
©enogpobHaTa apTepus € U3MepBaHETO C HEMPEKbCHAT
Jorrnep Ha MakcMMarnHaTta CKOpOCT Ha TpuKycnuaanHa-
Ta uHcyuumeHums (TUV ). OT ckopocTTa B m/s Ypes
OMpPOCTEHOTO ypaBHeHue Ha Bernoulli n npunoxeHue
Ha OCHOBHM NaTOU3MOMOrMYHN MPUHUMMNU Ce MOfy-
YaBa rpagueHT Ha HansaraHeHo OK-AI1, kato meToabT
€ MHOroKpaTHO BepuduLMpaH KaTo LOCTOBEPEH npu
pasnuyHM CbpaeyHo-CbAoBU 3abonsiBaHus. [44] Grifoni
v cbabT [40] noknaaear, e TUV__ > 2,7 m/s (exsuBa-
neHTHOo Ha HansraHe OK-AIM Hag 30 mm Hg) e Hucko
YYBCTBMTENEH, HO MHOIO cneunduyeH nokasaTen npu
nauneHTn cbC cbMHeHue 3a BTE. B npoy4saHus, cpas-
HSIBaLLM pasnunyHyM HEMHBA3UBHWU M3CMeaBaHns CrpsiMO
KTTA, yctaHoBsiBaHETO Ha 6enogpobHa XMnepToHMs Ha
ExoKI™ e Bucoko cnouedunyHa Haxoaka (83%) ¢ Bucoka
no3nTMBHa MOTBbpXAaBalla CTorHocT (86%) npu na-
LUMEHTU C KIMMHUYHO CbMHeHue 3a BTE [45]. ObpaTHo,
YCTaHOBSIBAHETO Ha CKOPOCTU Ha TpuKycnuaanHata uH-
cyhmumeHums nog 2,5 m/s, kopecnoHampallm Ha Hop-
MaJsiHO CUCTOSHO HansiraHe B 6enogpobHata aptepus,
€ Haxofka, KoATO nognomara OTXBbPIsiIHETO Ha OCTbpP
BTE n moxe ga ce nsnonsea 3a npeLeHka Heobxoau-
MOCTTa OT MO-HaTaTbLUHM n3cneaBaHus [42, 46].

Connell’s sign, and increased tricuspid regurgitation
velocities, are hallmarks of RV dysfunction [40]. In
a prospective study of 146 patients with PE, visual
signs of RV dysfunction (paradoxical septal kinetics,
RV hypokinesia or McConnell’s sign) are findings
with high specificity for the diagnosis of PE, although
their sensitivity is relatively low. The authors found
that the description of such a finding significantly
increased the pretest probability of finding PE on
subsequent definitive imaging, and that it was asso-
ciated with the finding of a greater thrombotic load
[41]. The described findings of RV dysfunction are
more pronounced in proximal thrombi — in the trunk
and bifurcation of the pulmonary artery, as well as in
the proximal parts of the lobar arteries. Some more
recent analysis found that paradoxical septal kinetics
alone had a sensitivity of 28% and a specificity of
96% for diagnosis of PE [42].

Pulmonary hypertension

In patients with acute PE, increased pulmonary
artery pressures are associated with increased PVR,
which results both from mechanical obstruction and
isolation of segments of the functional pulmonary ar-
terial bed, and from constriction and modification of
blood flow due to the secretion of hypoxia-induced
humoral factors. [18, 43] The most commonly used
noninvasive method for determining pulmonary ar-
tery systolic pressure is the continuous Doppler mea-
surement of tricuspid regurgitation maximal velocity
(T1V,,,). From the speed in m/s, through the simplified
Bernoulli equation and application of basic pathophysi-
ological principles, a gradient of pressure RV-RA is ob-
tained, and the method has been repeatedly verified as
reliable in various cardiovascular diseases. [44] Grifoni
et al [40] reported that TI V__ > 2.7 m/s (equivalent
to RV-RA pressure above 30 mm Hg) is a poorly
sensitive but very specific indicator in patients with
suspected PE. In studies comparing different non-in-
vasive tests versus CTPA the finding of pulmonary
hypertension on echocardiography was a highly spe-
cific finding (83%) with a high positive confirmatory
value (86%) in patients with clinically suspected PE
[45]. Conversely, the finding of tricuspid regurgitation
velocities below 2.5 m/s, corresponding to normal
pulmonary artery systolic pressure, is a finding that
helps rule out acute PE and can be used to assess
the need for further investigations [42, 46].
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MNMoka3arenu Ha yBenuyeHo [1K cneaHatoBapBaHe

beneevbm 60/60 u paHHocucmMonHoOmMo HauerneaHe

BenerbT 60/60 ce geduHupa KaTto Hanuuve Ha
rpaaveHT Ha TpuKycnupanHarta peryprutaums nog 60
mm Hg (ckopocT < 3,9 m/s ) u BpeMe Ha yCKOpeHune Ha
KpbBOTOKa B BenogpobHaTta aptepus (AT Ha BA) nog
60 ms. To3u gonnep-exorpadcku nokasarten oTpassisa
HapyLlleHaTa nstnacHa yHKUna Ha gsicHaTa kamepa,
KaTo KpuBaTa 3a BPEMETO Ha YCKOPEHME Ha KpbBOTOKA
OT MyrcoBWsi JONep OTpassiBa apTepuanHoTo Hangara-
He B BbenogpobHaTta apTepusi. BpemeTto Ha akcenepa-
LSt ce CKbCsiBa M NpW APYrM CbCTOSIHWS, CBbpP3aHn B
noBuweHo 6enoapobHO HansraHe, HO KOMOUHaUuATa
OT 3HAYMMO CKbCEHO BPEME Ha akceriepaumsi ¢ OTHO-
CUTENHO CKPOMHO MOBULLUEHM Ha rpagneHTa Ha TPUKyC-
nuaanHatTa UHcyduumeHums ca xapaktepHu 3a BTE.
BenerbT 60/60 mM3rnexga no-o6eKTMBEH N NOBTapsiemM
oT 6enera Ha McConnell, a gBata 3aegHo B KOMOUHa-
umsa umat vyBcTBuTenHocT 36% v cneunduyHocT 94%
B AvarHosarta Ha octbp BTE [47].

Hanuuveto Ha paHHO CWUCTOMHO HauenBaHe Ha
nync-gonneposara kpuea B [IK naxogeH TpakTt ce yc-
TaHoBsiBa Mpu BUCOK npoueHT (92%) oT naumeHTuTe
C YMEpPEH 1 BUCOK PUCK M NPU MUHUMAnNHa Yact (2%)
OT Nuuarta cbe cybcermeHTeH BTE. Mpu nauneHTn cbe
CbMHeHue 3a ocTbp BTE B cnewHo otgenenenue, Ha-
NMYNETO HA PaHHO CUCTOJTHO HaLlenBaHe NOTBbPXKAABA
awarHosaTta cbC cneuuduyHoct 97% u 4vyBCTBUTEN-
HocT 34% [9, 19, 48, 49]. KakTo 1 3a gpyru exorpadcku
fenesn obaye, CbLIECTBEHO € KITMHUYHOTO CbMHEHWE
3a ocTbp BTE, Tbi kaTo NnogobHa Haxoaka MoXe Aa ce
n3obpasu v Npu Apyru CbCTOSIHUSA, CBbpP3aHu ¢ 6enoa-
pobHa XMMNEPTOHUS, HAaNPUMEpP XPOHNYHA ODCTPYKTMB-
Ha 6enogpobHa 6onecT, 06CTPyKTMBHA CbHHA anHesi u
KnanHu 6onectu ¢ BTopnyHa 6enogpobHa XnnepToHus.
KbCcoToO Bpeme Ha yCcKOpeHne Ha KpbBOTOKa W Hauen-
BaHETO Ha KpvBaTa B CUCTOMa Ce NPOMEHSAT CUHXPOHHO
¢ yBenu4yaBaHe Ha BCC u Ha pasctosHueTto ot OKAT.
dunanonornyHoTo obsicHeHNe Ha heHoMeHa €, Ye C yBe-
nunyaBaHe Ha BCC cuctonHata BbnHa Hanpeg ot AKAT
cpelya petporpagHoTo HansraHe ot BCC B HayanoTo
Ha cucTtonaTa. Hanvumeto Ha HauenBaHe MOXe Ja ce
WHTEepnpeTMpa 1 Kato HeBb3MOXHOCT Ha K ga npeo-
Jonee yBennyaBalloTo ce criegHaTtoBapBaHe 1 3a be-
ner Ha HayarnHo gekynnupane [OK/BA [50]. BaxHo e ga
ce otaudbepeHLpa paHHOTO CMCTOMHO HalenBaHe oT
KbCHOTO CUCTOITHO HauernBaHe, KOeTo ce Habrnogasa
BbB (PMHanHaTa 4acT Ha CMUCTOSHMS JOMSIEPOB CUrHan
1 He e CBbp3aHo ¢ ohopmMsHe Ha ABa Aobpe pasrpaHu-
YyeHu nuka. MNayneHTUTe ¢ KbCHO CUCTONHO HaLenBaHe
CbLLIO MMaT noBuLLeHn 6enogpobHo HansraHe, Ho umat
no-Hucko BCC 1 no-gobbp komnnavbHE Ha 6enogpob-
HuTe aptepum [51, 52]. HannuneTto Ha paHHO CUCTONMHO
HallenBaHe crneaBa Aa NpeoLeHn naumeHTa KaTto noHe
ymepeHopuckoB. CamocTtosiTenHaTa MnporHocTuyHaTa

Indicators of increased RV afterload

The 60/60 sign and early systolic notching

The 60/60 sign is defined as the presence of a
tricuspid regurgitation gradient below 60 mm Hg (ve-
locity < 3.9 m/s) and a pulmonary artery blood flow
acceleration time (AT of PA) below 60 ms. This Dop-
pler indicator reflects the impaired ejection function
of the right ventricle, and the acceleration time of the
blood flow from the Pulse Doppler curve reflects the
arterial pressure in the pulmonary artery. Accelera-
tion time is also shortened in other conditions asso-
ciated with increased pulmonary pressure, but the
combination of significantly shortened acceleration
time with relatively modest increase in the gradient
of tricuspid regurgitation are quite characteristic of
PE. The 60/60 sign appears to be more objective
and reproducible than the McConnell sign, and the
two together have a sensitivity of 36% and a speci-
ficity of 94% in the diagnosis of acute PE [47].

The presence of early systolic notch on the Pulse
Doppler curve in the RV outflow tract is found in a
high percentage (92%) of moderate and high-risk
patients and in a minimal proportion (2%) of patients
with subsegmental PE. In patients with suspected
acute PE in the emergency department, the pres-
ence of early systolic notching confirms the diagno-
sis with a specificity of 97% and a sensitivity of 34%
[9, 19, 48, 49]. As with other sonographic signs, how-
ever, clinical suspicion of acute PE is essential, as
a similar finding may be seen in other conditions as-
sociated with pulmonary hypertension, for example
chronic obstructive pulmonary disease, obstructive
sleep apnea and valvular diseases with secondary
pulmonary hypertension. The short blood flow accel-
eration time and the splitting of the curve in systole
change synchronously with increasing PVR and the
distance from RVOT. The physiological explanation
of the phenomenon is that as PVR increases, the
forward systolic wave from RVOT meets the retro-
grade pressure from PVR at the beginning of systo-
le. The presence of notching can also be interpreted
as the inability of RV to overcome the increasing pre-
load and as a sign of initial RV/PA decoupling [50].
It is important to differentiate early systolic notch-
ing from late systolic notching, which is observed
in the final part of the systolic Doppler signal and
is not associated with the formation of two well-de-
fined peaks. Patients with late systolic notching also
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CTOMHOCT Ha Mapkepa OTHOCHO MPEeACTOSILO XeMOau-
HaMW4HO BrowaeaHe Ha 6onHus He e Tonkoa fobpe
npoyyeHa, BKM. M NOpaan OrpaHuyeHnsTa, CBbp3aHu ¢
nauMeHTcKkaTa nonynaumsi, Bb3MOXHOCTTa KpvBaTa ga
Ce U3MEHU NpU NPOMSIHA Ha MACTOTO Ha NPobHMA obem
B KT n npu npoMmsaHa Ha cbpgeyvHaTta YectoTa.

B 3akntoveHne, Makap BCUYKM ONMCaHN exoKkapan-
orpadpckm 6enesun ga ca BaXkHW, psSAKO BCUMYKM ca Ha-
NUYHK Npu Bcekn naumeHT. OcBeH TexecTTa Ha BTE,
ToBa 6E€3CMOpHO 3aBUCK KaKTO OT onuTa Ha U3Cneno-
BaTens, Taka U OT Bb3MOXHOCTTa Aa ce MOoCTUrHar
onTUmanHu cpesu u obpasn. Hanpumep naumeHTute
CbC CEerMEHTHU HapyLlleHus B KuHeTukaTta Ha [JK cBo-
©opgHa cTeHa NoHsikora MMaT HopMarHy CTOMHOCTU Ha
nokasarenute Ha HagnbxHa dyHkuma (TAPSE, S).
HopmanHute ctonHoctn Ha TAPSE mnn Ha cuctonHa
CKOpOCT Ha cBobogHaTa CTeHa OT TbKaHHUSA Aonnep
obaye HamaT ocobeHa KMMHMYHA CTOMHOCT, ako na-
LUMEeHTbT UMa HamareHu nokasatenu 3a ebut (uH-
Terpanum Ha CKopocCTTa B M3xogHusa TpakT Ha OK wunn
JIK, unun ysenudeHo cvotHoweHne CHAT/JIK yoapeH
obem), konto gobpe npenckasBaT PUCK OT XEMOANHA-
MMWYHO BrowaBaHe. [launeHTuTe C yMEpPEeH U BUCOK
PUCK Ca CroXHa pasHOopoAHa nonynauus u 4ecTto ca
TepaneBTUYHO MpeauaBmkaTencTeo. [lpu neveHuve-
TO Ha Te3u nauueHTU exokapauorpadckara Haxoaka
urpae CblUeCTBEHa pOns Mpu oueHKaTa Ha pucka u
nporHo3arta. ExoKI™ pagko moxe camocToaTenHo aa
AnarHoctuumpa octbp BTE, HO MOXe ga noTBbpAU
AunarHosarta npuv nNaumMeHTn C BUCOKA KMMHWUYHA BEPO-
ATHOCT 6e3 Apyru npuapyxasawm 3abonasaHus. Cuc-
TemaTuyHoTO npunoxeHue Ha ExoKl npu nayneHTun-
Te ¢ BTE moxe ga ngeHtudpuympa nauneHtute ¢ K
AncdyHKUmMs, KoeTo obycnaesa cnegBallnTe Tepanes-
TUYHW CTBINKWU NPU TE3N NauMEHTU, KakTo 1 NMOHSAKora
npeoLeHKa Ha pucka 1 NporHosara.

ChblUecTBEeHO e aa ce oTbenexu, 4ye oTaAenHuTe
napamMmeTpu psiiKO ca CpaBHSABaHW €4uH CrpsiMO Apyr
1 He MOXe Aa ce onpedeny ganv HanMyneTo Ha eguH
UNn Opyr KOHKPETEH MaToforMyeH nokasaren Moau-
duumpa No onpeaeneH HayuH nporHosara.

JWArHOCTUYHA CTOMHOCT
HA EXOKAPOUOIPA®CKATA HAXOOKA

Wma goctatbyHO faHHW, Ye exokapauorpadusTa e ¢
BMCOKa CneLnpUYHOCT, HO H1CKa CEH3UTUBHOCT Aa auar-
HocTuumpa octbp BTE [19, 42, 53]. Hann4meTo Ha ocTpo
K obpemeHsiBaHe (OLEHEH Ype3 MpeLieHKa ,Ha OKo" Ha
OK cuctonHa dpyHkums, TAPSE, OK FAC, Tei nHgekc Ha
OK n nokasatenu oT TbkaHHus gonnep (S’)) ce cpela
Han-4ecTo Npu naumeHTn ¢ octbp BTE (4yBcTBUTENHOCT

have elevated pulmonary pressures but have lower
PVR and better pulmonary artery compliance [51,
52]. The presence of an early systolic notch should
reassess the patient as at least moderate risk. The
stand-alone prognostic value of the marker regard-
ing impending patient hemodynamic deterioration is
not as well studied, including due to limitations relat-
ed to the patient population, the possibility that the
curve may change when the location of the sample
volume in the RVOT changes and when the heart
rate changes.

In conclusion, although all of the echocardio-
graphic features described are important, rarely are
they all available in every patient. In addition to the
severity of PE, this undoubtedly depends on both
the experience of the investigator and the ability to
obtain optimal views and images. For example, pa-
tients with segmental disturbances in RV free wall
kinetics sometimes have normal values of longitu-
dinal function indicators (TAPSE, S’). However, nor-
mal values of TAPSE or free wall systolic velocity by
Tissue Doppler have no particular clinical value if the
patient has reduced flow indicators (velocity-time in-
tegrals in the RV or LV outflow tract, or an increased
PASP/LV stroke volume ratio) that well predict risk
of hemodynamic deterioration. Moderate- and high-
risk patients are a complex heterogeneous popula-
tion and often present a therapeutic challenge. In the
management of these patients, echocardiographic
findings play an essential role in risk assessment
and prognosis. Echocardiography can rarely alone
diagnose acute PE but can confirm the diagnosis in
patients with a high clinical probability without other
comorbidities. Systematic application of echocar-
diography in patients with PE can identify patients
with RV dysfunction, prompting subsequent thera-
peutic steps in these patients, as well as sometimes
a reassessment of risk and prognosis.

It is essential to note that the individual parame-
ters have rarely been compared to each other and it
cannot be determined whether the presence of one
or another specific pathological indicator modifies
the prognosis in a certain way.

DIAGNOSTIC VALUE
OF THE ECHOCARDIOGRAPHIC FINDINGS

There is sufficient evidence that echocardiog-
raphy has high specificity but low sensitivity to di-
agnose acute PE [19, 42, 53]. The presence of
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73%, cneundmyHocT 75%) [42, 53-55]. Oh n cbaBT. ns-
YUCnABAT, Y€ Hal-pas3npoCTpaHEHUTE MapameTpu umar
crneundguyHoct Hag 80%, HO caMO YyBCTBUTENHOCTTA
Ha yBenuyeHns GasaneH TeneamacToneH pasmep Ha OK
HagmuHaea 70% [42]. TakaBa Haxogka OT MeTaaHanu-
3uTe npeqrorara, Ye exokapaMorpadpCckoTo n3cnensaHe
MOXe [a Cce W3nonasa NoTBbLPAUTENHO NPU CbMHEHWE
3a BTE. CblueBpeMeHHO, HeraTvBHaTa npenckassalla
CTOMHOCT Ha napameTpuTe KaTo LSNo € HUCKa, T.e. He
MoraT ga ce manonsear ga orxebpnsaTt BTE. Hewo no-
BeYe, Npu KIMHUYHO He3HauMmo BTE 6e3 cbluecTBeHu
XeMoguHamMu4H1 edpekTn, exokapauorpagusata Moxe
[a e CbBbPLUEHO HOpMasiHa. 3aToBa e BaHO Aa ce MMa
npeasng npegBapuTenHarta KnuHWYHa BepoOsiTHOCT 3a
QmarHosara 1 ga ce oT4MTa pasnuyHarta MHTepnperaumsi
Ha NapamMeTpuTe B PasNNYHUTE KITMHUYHK cuTyauun. [o-
noxuTenHaTa nNpeackasealla CnocoOHOCT Ha exoKkapau-
orpadpckmMTe NapaMeTpu He e AocTaTbyHa M3onmpaHa, 3a
na notebpan BTE 6Ge3 ga ce ortyete KNMHMKaTa U KOH-
KPETHUSI MauUMEHT, Tbi kaTo BenesnTe Ha [K obpemeHs-
BaHe N OMCAYHKLUUSI MoraT fa ca pesynTar U Ha 4pyru
npvapyxaealy CbpaeyHo-CbaoBU unmn 6enoapobHn 3a-
oonsiBaHus. Mo Tasn NpuunHa exokapguorpadusita He
MOXe [a e 3naTeH cTaHgapT 3a gnarHosata Ha BTE v npu
pasMUHaBaHe B KIIMHUKATa U MHCTPyMEHTarnHara Haxoa-
Ka crnefBa fa ce Npoabibkv KbM Apyrn obpasHu moparn-
HoCTK. Ho KaTo 6bP30 1 LIMPOKO AOCTBIMHO MU3CNenBaHe,
[aBallo LUMPOKOCNEKTbPHA NMHGOPMaLUUS, KOSTO MOXe
na notebpay BTE, He Tpsbea Aa ce 3abpass MACTOTO My
B AMarHoCTUKaTa 1 Npuy NpeLeHka Ha noaxoasiara Tepa-
nuns, 0cobeHO NPV NALMEHTN, KOUTO MO HAKaKBa NpU4MHa
He morar fa nonydyart apyrn obpasHu nscnegBaHus, BKI.
cpen Hal-KpUTUYHO BONMHUTE NAUMEHTU B CbCTOSIHME Ha
XemoaMHaMu4eH Konarnc.

NMPAKTUYECKA NEPCNEKTUBA

B peanHata npaktuka ¢ HaToBapeH paboTeH rpa-
UK, CUTyauumn Ha CMELUHOCT, YakaliM unm Hectabun-
HW NaLMeHTV B CMELIHO UMM UHTEH3VMBHO OTAENEHNE,
HeBMHarn BcuYkm onncann ExoKlm napameTtpu e Heob-
XOAMMO UIN Bb3MOXHO Aa 6baaTt OLEHEHU UMM MoHe
OLeHeHn BedHara. YacT oT TaX M3MCKBAT CbLLO Taka
[OCTaTbyHO Bpeme, M3negoBaTenickMm OnuT U Knac
anapaTtypa, 3a ga obaat uamepeHu. [lobpe e obadve
B AMArHOCTMYHU CUTyauUN CbC CbOTBETHA KITMHUYHA
BepoATHoOCT 3a BTE ga ce mscnegsa ,nporpama mu-
HUMYM® Ha HaW-OOCTBMNHUTE U NPAKO AMArHOCTUYHO
MHOPMaTMBHM NoKasaTenu, kouTto ga 6baart nsnons-
BaHN MOTBbLPAUTENHO (M MO-PsiAKO, MpU LWokoBU 6o-
NHW, OTXBBPNALLO). Hemanka 4acT OT nokasatenuTte,
XapakTepusupally CTpyKTypaTa, KMHeTMKata n gyHK-

acute RV strain (“eyeballing” of RV systolic func-
tion, TAPSE, RV FAC, Tei index of RV and Tissue
Doppler velocity (S’)) is most common in patients
with acute PE (sensitivity 73%, specificity 75%) [42,
53-55]. Oh et al. estimated that the most common
parameters had a specificity above 80%, but only
the sensitivity of dilated basal end-diastolic RV size
exceeded 70% [42]. Such a finding from meta-anal-
yses suggests that echocardiography can be used
to confirm a suspected PE. At the same time, the
negative predictive value of the parameters is gen-
erally low, meaning they cannot be used to rule out
PE. Moreover, in clinically insignificant PE without
significant hemodynamic effects, echocardiography
may be perfectly normal. Therefore, it is important to
consider the prior clinical probability of the diagnosis
and to account for the different interpretation of the
parameters in different clinical situations. The posi-
tive predictive power of echocardiographic parame-
ters is not usually sufficient in isolation to confirm PE
without considering the clinical picture of the specif-
ic patient, since the signs of RV strain and dysfunc-
tion may also be the result of other accompanying
cardiovascular or pulmonary diseases. For this rea-
son, echocardiography cannot be the gold standard
for the diagnosis of PE, and in case of discordance
in the clinical and instrumental findings, one should
proceed to other imaging modalities. However, as
a rapid and widely available test, giving wide-spec-
trum information that can confirm PE, its place in di-
agnosis and in the assessment of appropriate ther-
apy should not be forgotten, especially in patients
who for some reason cannot receive other imaging
studies, including the most critically ill patients in a
state of hemodynamic collapse.

A PRACTICAL PERSPECTIVE

In real clinical practice with a busy work sched-
ule, emergency situations, waiting or unstable pa-
tients in the emergency or intensive care unit, it is
not always necessary or possible to evaluate all de-
scribed echocardiographic parameters, or at least
not immediately. Some of them also require suffi-
cient time, level of expertise and equipment to be
measured. However, in diagnostic situations with a
corresponding clinical probability of PE, it is advis-
able to examine a ,minimum package“ of the most
accessible and directly diagnostically informative
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umaTa Ha [K ce npuaobmBaTt napanenHo — gokato ce
namepBaTt 0bekTuBHUTE pasmepun Ha [K Ha Ga3oBo 1
CcpegHoOKaMepHO HUBO, Ha NpakTuKa ce OLeHsABaT ,,0Ko-
MepHO“ rmobanHaTta u 1 fnokanHata kuHeTuka (6ener
Ha McConnel, knHeTUKa Ha MexgyKamepHUs centym),
cboTHoweHuneTo ¢ JIK n bopmmupaHeTo Ha CcbpaeyHust
BpbX. 3a4bIDKUTENHO crnedBa Aa ce OLeHU HangraHe-
TO B 6enogpobHaTa apTepusa Ypes CKOpOCTTa Ha Tpu-
KycnuaanHata uHcydpumumeHums. Jobpe e ga 6baar
BKIMIOYEHN M OOCTBMHUTE M OTHOCUTESIHO NMPOCTU 3a
n3mMepBaHe napameTpu 3a (PyHKUUS, KaTo Hanpumep
TAPSE v npu nocturHat gobbp obpas — FAC. MHoro
BaXXHO € BCWYKM OLEHEHW napamMeTpu Aa ca BKIoye-
HW B 0bMUMAanHOTO pa3yuTaHe, 3a ga ca AOCTbMHM 3a
npocnegsiBaHe BbB BPEMETO, a CbLUO Taka, OT rnegHa
ToYka MpoAabikaBallo obyyeHne u nogabpXKaHe Ha
BMCOKO Ka4yeCTBO — 1 Ha obpaTHa Bpb3ka.

Mpn naumMeHTn, Npu KOUTO Ce YyCTaHOBAT Martoso-
rMYHK NokasaTtenu, n ocobeHo npu Tesu, 3a konto Exo-
Kl nscnegBaHe we TpabBa ga CrnyXu Kato AuvarHoc-
TUYHO (Nopagu HEBL3MOXHOCT 3a ApYro m3criegBaHe
UIM NaUMEHTCKN XapakTePUCTUKM), KaKTo 1 Npu nuua,
npu kouto ce npoeexaa ExoKl npu notebpaeH BTE
3a npeLeHKa Ha TepaneBTUYHNS NOAXo[, cneABa aa ce
Hanpasu nogpobHa ExoKl™ n ga ce oueHaT makcuman-
HO Bb3MOXHUTE 3a LeHTbpa napameTpu. KaTto uenute
Ha nogpobHaTa ExoKI™ B cnyyas ca Tpyu — gnarHoctmu-
Ha (KoraTo € Heobxooumo), NPOrHocTUYHa (BuHaru!), a
CbLLO Taka C LUMPOKOTO PasnpoCTpaHeHue Ha UHTep-
BEHUMOHaNHu nabopatopumn B cTpaHata U CbOTBETHO
LmMpokaTa OOCTBMHOCT Ha fNoKanHuTe KateTbp-6a3u-
paHu TeXHUKM 3a nedveHne Ha BTE — TepaneBTnyHa.

He TpsibBa ga ce 3abpass, Ye Npu NaumMeHTuTe c
Beyve notebpaeH BTE v 3anoyHaTa Tepanus, cepumnHo-
TO npocnepasBaHe Ha ExoKI™ HaxogkaTta pyTMHHO, Cro-
pen U3XogHUA pUCK, N HEMNOCPEACTBEHO, NPY NPOMAHA
B KIIMHWYHOTO CbCTOSIHME, MO3BONSIBA NMpocreasiBaHe
Ha edpekTa OT TepanusaTa U paHHOTO YCTaHOBsIBaHe Ha
BroLaBaHe 1 Ha HeobxoguMOCT OT MHTeH3umumpaHe
Ha nogxoga.

3AKNMIOYEHUE

JleyeHnueto Ha octpus BTE c ymepeH puck npo-
AbIDKaBa fa ce paBuBa kaTo nogxod. Yecto nauymeH-
TUTE Cca pa3HOPOLHWU, U3NUCKBAT MYNTUAMCLUMAVHAPEH
noaxon v Haxogkata ot ExoKI nsacnegBaHe nognomara
noeHTurkaumaTa Ha noarpynata nauuMeHTn, KOUTo
Ovxa umanu nomnsa oT MO-MHTEH3UBHa Tepanus B OO-
OaBka KbM umucTata aHTukoarynauus. Exorpadckute
napameTpu cregga ga ce KombuHupaTt € KnMHU4YHaTa

indicators to be used confirmatory (and less often,
in shock patients, for exclusion). A significant part
of the indicators characterizing the structure, kinet-
ics and function of the RV are acquired in parallel —
while measuring the objective dimensions of the RV
at the basal and mid-ventricular level, eyeball eval-
uation of global and local kinetics (McConnel‘s sign,
kinetics of the interventricular septum), the relation-
ship with the LV and cardiac apex happens. Pulmo-
nary artery pressure must be assessed by tricuspid
regurgitation velocity. It is good practice to include
available and relatively simple to measure functional
parameters, such as TAPSE and, if a good image
quality is achieved, FAC. It is very important that all
evaluated parameters are included in the official re-
port, so that they are available for comparison over
time, and also, from the point of view of ongoing
training and maintaining high quality — feedback.

In patients in whom pathological indicators are
established, and especially in patients for whom the
echocardiographic study will have to be diagnostic
(due to the unavailability of another imaging option or
due to patient characteristics), as well as patients who
receive an echocardiogram with already confirmed
PE to assess the therapeutic approach, a detailed
echocardiogram should be performed and all the pa-
rameters possible for the operator and center capa-
bilities should be evaluated as much as possible. The
goals of the detailed echocardiography in this case
are three — diagnostic (when necessary), prognostic
(always!), and also, with the wide distribution of in-
terventional laboratories in the country and the cor-
respondingly wide availability of local catheter-based
techniques for the treatment of PE, therapeutic.

It should not be forgotten that in patients with al-
ready confirmed PE and initiated therapy, the serial
follow-up of the echo findings routinely according to
the baseline risk and immediately upon change in
the clinical condition, allows for monitoring the effect
of the therapy and early detection of deterioration
and the need for intensification of the approach.

CONCLUSION

The treatment of moderate-risk acute PE con-
tinues to evolve. Patients are often heterogeneous
and require a multidisciplinary approach and echo-
cardiography findings help to identify the subgroup
of patients who would benefit from more intensive
therapy in addition to standalone anticoagulation.
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KapTUHa M M3XOOHMSA MaUMEHTCKM puck npu m3bop Ha
Han-noaxopsilarta TepaneBTUYHa cTaTerns.

Octpusat BTE e cpen BogeLwmTe NpUYNHA 3a Cbp-
[eYHO-Cb0OBa CMbPT U YecToTaTa My ce yBenuyasa.
Exokapguorpadusata e BanvampaHa B Ta3n nauueHT-
cka nonynaums 3a paHHa puckoBa cTpatudumkaums u
YecTo noBnusiBa M3bopa Ha TepaneBTUYEH MOAXOA.
Bbnpekn gocTbnHOCTTa M gbhrata npaktvuka pondra
Ha exokapauorpadckoTo u3cregBaHe B OMarHocTu-
KatTa M puckoBaTa cTpaTudumkauma ce noaueHsBa.
Bce no-wmpokoTto pasnpoctpaHeHue Ha KTIA npasu
Bb3MOXHaA paHHa U npeuusHa guMarHOCTUKa Ha nauu-
€eHTUTEe CbC CbMHeHue 3a BTE. Bbnpekn ToBa exo-
KapauorpagusaTa octaBa HaW-4OCTbNHATa W HEWH-
Ba3MBHa M300pasnTenHa TexHuKa (4ecTo BPEMEBO U
OpraHu3auMoHHO ¥ npegun nposexaaHeTo Ha KTI1A)
npu nogo3peHune 3a BTE. Kato nscnegsaHe ¢ Bucoka
crneundmnyHOCT, exorpad)CKoTo M3crnedBaHe € LEHHO
3a NoTBbpXAaBaHe Ha auarHosarta. OcobeHo npakTu-
YeCKM MPUIOXMMO € NPW NEernoTo Ha OonHWS B cneLu-
HO UNN B MHTEH3UBHO OTAENEHME 3a MALNEHTUN, KOUTO
He nognexaT Mo pasfnMyHU CbOOpaXxeHus Ha Opyru
NOTBBbPAMTENMHN METOAMKN, BKMAKYUTENHO M MNopagu
KpanHO TeXKO 06LLOo cbCTosiHMe. Bee no-edekTnBHaTa
Tepanus 1 Bb3MOXHOCTUTE 3a MHTEPBEHUMS Hamans-
BaT KaKTO CMbPHOCTTA, Taka U peunanuBmuTe Ha OCTbp
BTE npes nocnegHoTo gecetunetne. TpoMoonmTuyHa-
Ta Tepanusi € BapuaHT Ha MbpBY N3060p Npu NauneHTH
c octbp BTE n xemoanHammnyHa HectabunHoct. B Tasu
nauMeHTCcKa nonynaums exokapgmorpadckoTo nscnea-
BaHE € LUMPOKO MPUIOXMMO 3a ycTaHoBsiBaHe Ha [K
OncyHKUMS NMpY nNruda ¢ BUCOK pUCK. 3a HUCKOPUCKO-
BUTE cTabunHu naumeHTn ExoKI psigko gonpuHacs
CblUecTBEHa AOMbIIHUTENHA MPOrHOCTUYHA MHGOPMa-
uus. MNMocnegHuTe NPenopbkM He BKIKOYBAT exokapau-
orpadpcKoTo uscnegsaHe B AMarHOCTUYHUA anropuTbm
Ha HEBUCOKOPMCKOBMTE MauueHTn. Ho HanuumeTto Ha
OK ancyHkumMs e cbliecTBeH Mol MpPOrHOCTUYEH
dhakTop 1 oTpassBa eanH Natom3nonorMyHo Hanpea-
Han etan Ha BTE. YctaHoBsiBaHeTo Ha [OK gucdyHk-
umsa ¢ ExoKlm ce cebp3Ba C NoBuLLEHA KpPaTKOCPOYHA
CMBPTHOCT AOPU NPV NaUMEHTUTE, KOUTO B MOMEHTa
Ha uscnegBaHeTo ca XeMogMHamMuyHoO ctabunHu. Oule
noeeye, ExoKI™ moxe ga yctaHoBu 6enesn Ha npeacTo-
[ua unm cyoknMHUYHa xemognHaMmyHa AeKkomreHca-
LMs1, KOETO Aa HaNoXu NPeoCMUCIIsIHE Ha NpunaraHarta
Tepanus. [pe3 nocnegHUTE rOAMHU BCUYKU BapuaHTu
Ha CbpaevyHO-CcbAoBa obpasHa gMarHOCTUKa B OCTpUs
MOMEHT Ca BCE MO-LUMPOKO M3MON3BaHW, BKMOYUTEM-
Ho ExoKI™ npu naumeHTun c octbp BTE, konto ca xemo-
anHamMmnyHo ctabunHn. OT ocobeHa KNMHM4YHa nonaa
Ou 6uno ga ce mnacneaBa TeXecTTa U NPOrHOCTUYHaTa

The ultrasound parameters should be combined
with the clinical presentation and the initial patient
risk assessment when choosing the most appropri-
ate therapeutic strategy.

Acute PE is among the leading causes of car-
diovascular death and its incidence is increasing.
Echocardiography has been validated in this patient
population for early risk stratification and often influ-
ences the choice of therapeutic approach. Despite
its availability and long practice, the role of echocar-
diographic examination in diagnosis and risk stratifi-
cation is underestimated. The increasing prevalence
of CTPA makes possible the early and accurate di-
agnosis of patients with suspected PE. However,
echocardiography remains the most accessible and
non-invasive imaging technique (often organization-
ally and temporally prior to CTPA) in suspected PE.
As a highly specific test, ultrasound is valuable in
confirming the diagnosis. It is especially practically
applicable at the patient’s bedside in an emergency
or intensive care unit for patients who, for various
reasons, are not subject to other confirmatory meth-
ods, including due to an extremely poor condition.
Increasingly effective therapy and intervention op-
tions have reduced both mortality and recurrence of
acute PE in the past decade. Thrombolytic therapy
is the option of the first choice in patients with acute
PE and hemodynamic instability. In this patient pop-
ulation, echocardiography is widely applicable to de-
tect RV dysfunction in high-risk patients. For low-risk
stable patients, echocardiography rarely contributes
significant additional prognostic information. Recent
recommendations do not include echocardiographic
examination in the diagnostic algorithm of non-high-
risk patients. But the presence of RV dysfunction is
a significant poor prognostic factor and reflects a
pathophysiologically advanced stage of PE. Echo-
cardiographic detection of RV dysfunction is as-
sociated with increased short-term mortality even
in patients who are hemodynamically stable at the
time of examination. Moreover, echocardiography
may detect signs of impending or subclinical hemo-
dynamic decompensation, which may necessitate
a reconsideration of the applied therapy. In recent
years, all options for cardiovascular imaging in the
acute setting have been increasingly used, including
echocardiography in patients with acute PE who are
hemodynamically stable. It would be of particular
clinical benefit to examine the weight and prognos-
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CTOMHOCT Ha otgenHuTe ExoKl™ napameTpu no oTaenHo tic value of individual echocardiographic parameters
1M kKomObmHaumMsa 3a onpenensiHe Ha NporHo3ara B Ta3n alone or in combination to determine prognosis in
MEXANHHA N YECTO XeTeporeHHa nonynauusi naumeHTn this intermediate and often heterogeneous popula-
coctbp BTE. tion of patients with acute PE.
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®ur. 1. MaumeHT Ha 37 I. ¢ ocTbp BTE npu chemopononnuTeanHa cdnebotpombosa BrsiBo crieq TpasMa. [sicHaTa kamepa € 4EMOHCTPaTUBHO
avnartupaHa (naHen A), ¢ U3paBHEHN CbOTHOLLEHWS C NsiBaTa kamepa M Cby4vacTBa BbB POPMMPaAHETO Ha CbpAeqHNs Bpbx (NaHenu b, B, IN).
M3o06passiBa ce HapyLueHa knHeTuka Ha centyma (D-centym, naHen B) n Ha cBobogHata cteHa (6ener Ha McConnell, nanenun I n [1, 3anaseHa
€ KMHeTMKaTa caMo anukarnHo, 6sina cTpenka). YctaHoBeHa e cuctonHa gucdyHkumsa ¢ TAPSE 10 mm (naHen B) n cuctonHa ckopocT S’ Ha cBo-
6oaHaTa cteHa 6asanHo ot 8,4 cm/s (naHen E). Nauncnena e FAC ot 30% (He e n3obpaseHo). MNoBuLLEeHO CUCTONHO HansaraHe B 6enogpobHaTa
apTtepus, usuuncneHo ~ 45 mm Hg Ha 6asa rpagueHT Ha TpuKkycnuganHata uHcyguumeHuus 37 mm Hg (naHen XK) u npueto AN HansraHe ot
cpepaHo 8 mm Hg npu gunatupana [rNB cbe 3anaseH konanc (He e nsobpaseHa). CkbceHO BpeMe Ha YCKOpeHWe Ha KpbBOTOKa B 6enopapobHaTa
apTtepus (naHen 3), koeTo 3aegHo cbe CHAI no3nTtuemupa 6enera 60/60. MNaunMeHTHLT e ¢ ABYCTpaHeH ueHTpaneH nobapeH BTE oT npoBegeHaTa
Brnocneacteue KTTA. MpoBeneHa kateTbpHa prbpuHonmaa ¢ 15 + 20 mg antennasa B ABaTta krnoHa Ha 6enogpobHaTa aptepusi. M3uano Hop-
manusmpaHa ExoKI™ Haxogka npu n3nvcBaHeTo.

Fig. 1. 37-year-old male with acute PE and left femoropopliteal post-traumatic phlebothrombosis. The right ventricle is demonstrably dilated
(panel A), equalized proportions to the left ventricle, and participates in the formation of the cardiac apex (panels B, C, D). Impaired kinetics of
the septum (D-septum, panel B) and the free wall (McConnell’s sign, panels D and E, preserved kinetics only apically, white arrow) are depicted.
Systolic dysfunction is present with a TAPSE of 10 mm (panel B) and a systolic velocity S’ of the basal free wall of 8.4 cm/s (panel F). A FAC of
30% is calculated (not depicted). Elevated pulmonary artery systolic pressure calculated ~ 45 mm Hg based on a tricuspid regurgitation gradient
of 37 mm Hg (panel G) and an assumed RAP of 8 mm Hg on average with a dilated VCI with preserved collapse (not depicted). Shortened ac-
celeration time in the pulmonary artery (panel H) which, together with the SPAP value, presents the 60/60 sign. The patient had bilateral central
lobar PE from the subsequent CTPA. Local catheter fibrinolysis was performed with 15 + 20 mg of alteplase in the branches of the pulmonary
artery. Completely normalized echocardiographic findings at discharge.
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®ur. 2. [isa cnyyas ¢ nog-
BVDKHW TPOMOU, n3obpaseHn
B [OsicHa kamepa (Genute
ctpenku). HarnegHo ce ge-
MOHCTpUpa, 4Ye TUMUYHUTE
3a BTE ExoKI' Haxogku He
ca Hanu4yHW Npu BCUYKK Na-
LMEHTN Unun nosiBsiBalLn ce
B orpeaerieHa nocrnenosa-
TenHocT. MaHen A. MNauymneHT
Ha 40 r. ¢ HeTbPNUM 3adyx
oT < 24 yaca, C aHaMHe3a 3a
CropTHa TpaBMma Ha Kpaka
npegn 3 OHW 1 NpoBedeHn
no TO3u NoBopj cepusi Maca-
Xn. Bnocnegcrteue Ha ooHa
Ha Tepanusi € ¢ psA3Ko BIO-
LlaBaHe Ha XemoauHaMuKa-
Ta, M34ye3BaHe Ha TpPOMOO-
TUYHUTE Macu Ha ExoKI un
n3sBa Ha OK aunataums u
ONCAYHKUMS, C MbIHO 06-
paTHO pa3BuTMEe Ha naTosno-
rnyHaTta ExoKI™ Haxogka no Bpeme Ha npectosi. MaHen B. MauuneHT Ha 67 r., npoBexaall, ibye- 1 XMmMuoTepanus 3a kapumHoM Ha aebenoto vep-
BO, C TNAacb4HO BroLLABALL Ce ek 3afyX OT okoso 2 ceamuumn. Ha doHa Ha TepanusTa e ¢ 6aBHa pe3ontouns Ha TPOMBOTUYHUTE Macy BbNpPeKu
Obp30TO NogobpsiBaHe Ha cMMnToMaTtukara, 6e3 nocturHato NbiHo ExoKI Bb3cTaHOBABaHe Ha nokasatenute Ha K B pamkute Ha npecTosi

Fig. 2. Two cases of thrombus in transit in the right ventricle (white arrows). It is clearly demonstrated that the echocardiographic findings typi-
cal of PE are not present in all patients or occur in a certain sequence. Panel A. A 40-year-old patient with dramatic shortness of breath for < 24
hours, with a history of a sports leg injury 3 days ago and a series of massages performed locally. Subsequently, after initiation of therapy, there
was a sharp deterioration of hemodynamics, disappearance of the thrombotic masses on echo and development of RV dilatation and dysfunc-
tion, with a complete reversal of the pathological echo findings during the hospital stay. Panel B. A 67-year-old patient currently undergoing
radiation and chemotherapy for colon carcinoma with persistently worsening shortness of breath for approximately 2 weeks. After initiation of
therapy, there is a slow resolution of the thrombotic masses, despite the rapid symptomatic improvement, with no complete recovery of the RV

echo parameters during the hospital stay

He e deknapupaH KOHGIUKM Ha UHMepecu
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