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ULOGA DIJASTOLNOG STRESEHOKARDIOGRAFSKOG
TESTA U DIJAGNOSTICI SRCANE INSUFICIJENCIJE
SA OCUVANOM EJEKCIONOM FRAKCIJOM LEVE
KOMORE

Sazetak: Prikazujemo slucaj bolesnice stare 68 godina sa dispneom u
naporu, blagim pretibijalnim edemima i ehokardiografski verifikovanom
uvecanom levom pretkomorom, ali sa o¢uvanom sistolnom funkcijom
leve komore i urednim pritiscima punjenja leve komore u miru. Vre-
dnosti NT-proBNP-a su bile u granicama referentnih vrednosti. Dijastolni
stresehokardiografski test potvrduje prisustvo sr¢ane insuficijencije sa
o¢uvanom ejekcionom frakcijom leve komore (HFpEF). Prikaz slucaja
govori o kompleksnosti postavljanja dijagnoze HFpEF u svakodnevnoj
klini¢koj praksi.

Kljucne reci: sr¢ana insuficijencija sa ocuvanom ejekcionom frakcijom
leve komore, dijastolni stresehokardiografski test

Uvod

Dispnea moze biti uzrokovana sréanim i nesr¢anim oboljenjima. Najcesci
uzrok dispneje kod sr¢anih bolesnika je sr¢ana insuficijencija. Sr€ana insuficijencija
(SD) je klinicki sindrom koji se karakteriSe klinickim simptomima (najcesc¢e dispnea
i zamor) i klinickim znacima kongestije (inspirijumski pukoti, povisen jugularni
pritisak i periferni edemi). SI nastaje kao posledica razlicitih oboljenja koja dovode
do strukturnih i/ili funkcionalnih poremecaja rada srca koja dovode do smanjenog
udarnog volumena i/ili poviSenog pritiska punjenja leve komore (2). Skoro polovina
bolesnika sa sr¢anom insuficijencijom (SI) ima o¢uvanu sistolnu funkciju leve komore
(EF) i to stanje se naziva sr¢ana insuficijencija sa o¢uvanom ejekcionom frakcijom
(Heart failure with preserved ejection fraction — HFpEF). Glavni uzrok SI kod ovih
bolesnika je dijastolna disfunkcija koja se manifestuje povecanim pritiskom punjena
leve komore bilo u miru ili tokom napora. Medutim, jako je vazno napraviti razliku
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izmedu HFpEF 1 dijastolne disfunkcije, jer, iako je dijastolna disfunkcija glavni
patofizioloski mehanizam nastanka HFpEF, nemaju svi bolesnici sa dijastolnom
disfunkcijom i klinicki manifestnu sr¢anu slabost. I pored ocuvane sistolne funkcije
leve komore prognoza ovih bolesnika je isto toliko ozbiljna kao i kod bolesnika sa
smanjenom EF (2).

Dijastolna disfunkcija predstavlja stanje kada odgovarajuci volumen leve ko-
more (LK), koji je potreban da se odrzi normalan udarni volumen LK tokom mira ili
u naporu, zahteva abnormalno povecanje dijastolnog pritiska punjenja LK. Glavni
patofizioloski mehanizmi koji dovode do dijastolne disfunkcije su: 1) poremecena
relaksacija miokarda usled neadekvatnog otpustanja sarkolemalnog kalcijuma, 2)
povecana krutost LK usled remodelovanja LK i 3) gubitak dijastolne sukcije usled
patoloski promenjene relaksacije LK (3, 4).

U klinickoj praksi, dijagnoza HFpEF-a se zasniva na kriterijumima postavljenim
od strane EACVI-a, koji se pre svega zasnivaju na transtorakalnoj ehokardiografiji
(TTE). (2) Medutim, veliki broj ovih bolesnika je asimptomati¢an u miru, bez znakova
hipertrofije LK i poviSenog pritiska punjenja LK i ispoljavaju znake i simptome SI
tek pri naporu. Kod takvih bolesnika, procena hemodinamskih i ehokardiografskih
parametara tokom opterecenja moze da pomogne u postavljanju dijagnoze (5). U
tu svrhu moze da se koristi dijastolni stres ehokardiografski test (SEHO). Nekoliko
studija je pokazalo da su merenje E/e’ odnosa na maksimumu opterecenja, kao i mak-
simalne brzine trikuspidne regurgitacije (TR) vrlo lako izvodljivi tokom testa i da su
invazivno validirani za procenu povisenog dijastolnog punjenja LK (6, 7). Dijastolni
SEHO test se naj¢esce izvodi na ergo biciklu, sa pocetnim opterecenjem od 25W, sa
povecavanjem optere¢enja za 25W na svaka 3 minuta, do dostizanja maksimalne fre-
kvence (220 - godine zivota) ili postavljenih ehokardiografskih kriterijuma. Najbolji
kandidati za ovu vrstu testa su bolesnici sa 1. stadijumom dijastolne disfunkcije sa
normalnim pritiskom punjenja LK u miru i znacima usporene relaksacije. Dijastolni
SEHO test se smatra pozitivnim za dijagnozu HFpEF-a ukoliko su zadovoljena 3
kriterijuma: 1. E/e’ preko 15 tokom maksimuma opterecenja, 2. brzina TR > 2,8 m/s
i 3. septalno e’ <7 cm/s. (2) Grupa autora iz multicentri¢ne studije predlozila je i
SEHO test po ABCDE protokolu koji, pored normalne procene segmentne kinetike
tokom testa, takode istovremeno procenjuje dijastolnu funkciju (merenjem protoka
nad mitralnim uS¢em i septalnog i lateralnog e’ i brzine TR pri maksimalnom opte-
recenju), koronarnu rezervu protoka kroz levu prednju descedentnu arteriju i pluénu
kongestiju na maksimumu optere¢enja (merenjem B linija) (8, 9).

Prikaz slucaja

U ovom radu vam predstavljamo slucaj 68-godisnje Zene, koja je upucena kar-
diologu zbog dispnee u naporu. Bolesnica nema istoriju koronarne bolesti, bez poro-
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di¢ne anamneze o koronarnoj bolesti, bivsi pusac (prestala pre 20 godina), le¢i se od
hipertenzije poslednjih 8 godina i ima povisene masnoce. Od tegoba navodi nedostatak
vazduha u naporu, koje se javlja ve¢ pri penjanju na prvi sprat, negira bolove u gru-
dima, lupanje, preskakanje srca, gubitke svesti. Spava na visem uzglavlju. Bolesnica
ima indeks telesne mase (ITM) 31,4 kg/m?, TA u miru 140/80mmHg uz postojanje
blagih pretibijalnih edema. Ostali fizikalni nalaz je uredan. Vrednost LDL-holesterola
je bila 3,48 mmol/L, bez odstupanja ostalih laboratorijskih parametara, ukljucujuéi
i bubreznu funkciju. Elektrokardiografski se registruje sinusni ritam, frekvence 82/
min, bez promene u ST segmentu i T talasu. Trenutno je na terapiji Ramipril Smg 1x1,
Nebivolol 2.5mg 1x1, Atorvastatin 10mg 1x1. Bolesnica je upuéena na TTE pregled
koji je pokazao da je leva komora normalnih unutrasnjih dimenzija (EDD 51mm, ESD
33mm), normalne debljine zidova (10mm), bez ispada u segmentnoj kinetici. Uku-
pna sistolna funkcija leve komore je o¢uvana EF 67%. Protok nad mitralnim us¢em
pokazuje usporenu relaksaciju 0,75/0,96 m/s, septalno e’ 8 cm/s, lateralno e’ 9 sm/s,
E/ e’ 8,8. Uocava se MR 1+ u uveéanu levu pretkomoru (4.2x5.1x5.4cm, LA volume
42ml/m?). Protoci nad ostalim u$¢ima su uredni. Bolesnici je uzeta laboratorija radi
odredivanja NT-proBNP-a koji je bio uredan (98 pg/L). Koronarnom angiografijom
je iskljuéeno postajanje znacajne epikardne koronarne stenoze.

Bolesnici je potom uraden dijastolni SEHO test po ABCDE protokolu (8). Test je
prekinut na 2. minutu I stepena zbog gusenja nakon dostizanja SMF pri Fr 142/min.
Subjektivno bez bolova u grudima tokom testa. U naporu i oporavku bez znacajne
denivelacije ST segmenta i bez poremecaja ritma. Tokom testa nije bilo poremecaja
segmentne kinetike. Vrednost koronarne rezerve protoka bila je 2.1. Septalno e’ izno-
silo je 6 cm/s na maksimumu opterecenja, lateralno e’ 7 cm/s, protok kroz mitralnu
valvulu se poveéao na 0,98/1,12 m/s. E/ ¢’ je iznosio 15.1, brzina TR na maksimumu
opterecenja bila je 3,1 m/s. U miru izmerena je 1 B linija, dok je nakon testa bilo 3
B linije, §to ukazuje na blagu pulmonalnu kongestiju.

Imajuci u vidu nalaz testa bolesnici je dijagnostikovan HFpEF. U terapiju je
uveden empagliflozin 10mg 1x1. Na kontroli za 3 meseca bolesnica navodi da bolje
podnosi fizicki napor, da se dispnea javlja tek nakon veceg fizickog napora.

Diskusija

U ovom radu smo prikazali bolesnicu sa dipsneom u naporu i normalnim pri-
tiskom punjenja LK u miru, kojoj je nakon dijastolnog SEHO testa dijagnostikovan
HFpEF.

HFpEF predstavlja sindrom koji je dosta Cest u opstoj populaciji, narocito kod
starijih ljudi. Sa normalnim starenjem dolazi do smanjenja end-dijastolnog volumena
LK i kod naizgled zdravih starijih ljudi znacajno se povecava krutost LK, narocito
posle 60-ih godina Zivota, §to znacajno doprinosi nastanku dijastolne difunkcije LK,
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mada nije jasno da li ovi procesi doprinose nastanku HfpEF-a. (10) Bolesnici sa
HFpEF-om predstavljaju jako raznovrsnu populaciju sa razlic¢itim patofizioloskim
mehanizmima i komorbiditetima. Pored toga, simptomi i znaci SI mogu se Cesto
pripisati HFpEF-u, kada zapravo mogu biti uzrokovani nekardioloskim uzrocima.
Zbog svega toga dijagnoza HFpEF-a je dosta otezana, narocito kod bolesnika sa
komorbiditetima koji mogu oponasati simptome i znake SI, kao Sto su hroni¢na
respiratorna oboljenja i gojaznost. Plu¢na oboljenja su prisutna kod ¢ak 40% bole-
snika sa HFpEF-om (2).

Osnova dijagnoze HFpEF-a se zasniva na TTE. Medutim, kao i kod nase bo-
lesnice, pritisak punjenja LK kod HFpEF-a moze biti normalan u miru i bolesnici
nemaju simptome, iako na TTE pokazuju znake dijastolne disfunkcije. Upotrebom
dijastolnog SEHO testa znacajno se poveéava mogucnost otkrivanja HFpEF-a kod
ovakvih bolesnika. U studiji Burges i sar. ukljuc¢eno je 37 bolesnika koji su upuceni
na selektivnu koronarnu angiografiju iz klinicki indikovanih razloga. Svi bolesnicu su
bili u sinusnom ritmu, i bolesnici sa nestabilnom anginom, zna¢ajnom valvularnom
bolescu ili sa prethodnom operacijom sré¢anih zalistaka su isklju¢eni. Svim bolesnicima
je raden TTE u miru, potom dijastolni SEHO test i potom dijagnosti¢ka koronarna
angiografija sa kateterizacijom levog srca. Pokazano je da kod bolesnika sa povisenim
parametrima punjenja LK odnos E/e’ tokom opterecenja jako dobro pozitivno korelise
sa povisenim pritiskom punjenja LK dobijenim invazivnim putem tokom kateterizacije
levog srca. IzracCunato je da vrednost E/e’ > 13 odgovara srednjem pritisku punjenja
leve komore od >15mmHg. Stavige, bolesnici koji su imali odnos E/e’ > 10 tokom
opterecenja su imali funkcionalni kapacitet manji od 8 MET-a i ¢e$¢e su ispoljavali
dispneu kao limitirajuéi simptom testa (6).

U studiji Obokata i sar. u ispitivanje je ukljuceno 74 konsekutivna bolesnika koji
su upuceni na test optere¢enja zbog dispnee. 1z ove studije su isklju¢eni bolesnici sa
poznatom koronarnom boles$¢u, znacajnom valvularnom bolescu, kao i drugi uzroci
klinickog sindroma SI (primarne kardiomiopatije, konstriktivni perikarditis, plu¢na
embolija, kardiomiopatije desnog srca, plué¢na hipertenzija). Svim bolesnicima je ra-
den TTE u miru, kao i NT-proBNP. Potom je bolesnicima raden dijastolni SEHO test
sa istovremenim invazivnim merenjem pritisaka u desnom srca. Takode, protokol za
test koji je koris¢en podrazumevao je povecanje opterecenja za 10W tokom 3 minuta.
Invazivnim merenjem je dokazan HFpEF kod 50 bolesnika, dok je kod ostala 24 po-
tvrden nekardijalni uzrok dispnee. U odnosu na bolesnike sa nekardijalnim uzrokom
dispnee, bolesnici sa dokazanim HFpEF-om imali su znacajno vise vrednosti prose¢nog
E/e’, vecu brzinu TR, kao i poveéane pritiske punjenja i levog i desnog srca i to na
maksimalnim stepenima optere¢enja. Takode, u ovoj studiji je pokazano da je nivo
NT-proBNP-a bio normalan kod 18% bolesnika sa dokazanim HFpEF-om. Samo
34-60% bolesnika kojima je postavljena dijagnoza HFpEF-a na osnovu parametara
TTE u miru imalo je i invazivno potvrden HFpEF. Dodatak dijastolnog SEHO testa,
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odnosno odnos E/e’ >14 tokom opterecenja, povecao je ovu senzitivnost na 90%, ali
je 1 smanjio specifi¢nost na 71% (11).

Pored poteskoca u postavljanju dijagnoze HFpEF-a, veliki problem predstavlja
i terapija. Upravo zbog veoma Sirokog dijapazona kardiovaskularnih fenotipova koji
dovode do HFpEF-a, veéina studija koja se bavila terapijom ovog sindroma nije po-
kazala uspeha, jer razliciti fenotipovi ne reaguju na istu terapiju. Medutim, pojedini
fenotipovi, kao Sto su hipertrofi¢na kardiomiopatija, amiloidoza srca i druge imaju
specifi¢ne terapije i zato je jako bitno postaviti pravu dijagnozu (2). U poslednjim
studijama se pokazalo da SGLT-2 inhibitori mogu da pomognu ovim bolesnicima.
Nedavno su dve studije sa SGLT-2inhibitorima pokazale povoljan klinicki efekat kod
bolesnika sa HFpEF, kao i kod bolesnika sa blago sniZenom sistolnom funkcijom
LK. Naime, EMPEROR-PRESERVED i DELIVER studija su pokazale smanjenje
kombinovanog primarnog ishoda kardiovaskularnog mortaliteta i hospitalizacije zbog
SI, uz znac¢ajno poboljsanje kvaliteta zivota (12, 13).

Zakljucak

HFpEF moze nastati usled mnogo razlicitih uzroka. lako ovi bolesnici imaju
oCuvanu ejekcionu frakciju, njihova prognoza je losa kao i kod bolesnika sa HFrEF.
Dijagnoza samog HFpEF-a predstavlja jako veliki izazov. lako je, prema preporuka-
ma, TTE prvi izbor u dijagnostikovanju ovog sindroma, vrlo Cesto nije dovoljna, jer
mnostvo bolesnika u miru su asimptomatski sa normalnim pritiskom punjenja LK.
Dodatak dijastolnog SEHO testa nam moze pomo¢i u postavljanju dijagnoze kod ovih
bolesnika, bez potrebe za koris¢enjem invazivne dijagnostike.
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THE ROLE OF THE DIASTOLIC STRESS
ECHOCARDIOGRAPHIC TEST IN THE DIAGNOSIS
OF HEART FAILURE WITH PRESERVED LEFT
VENTRICULAR EJECTION FRACTION

Abstract: We present the case of a 68-year-old female patient with exer-
tional dyspnea, mild pretibial oedema and echocardiographically verified
enlarged left atrium, but with preserved left ventricular systolic function
and normal left ventricular filling pressures at rest. NT-proBNP values
were within reference values. The diastolic stress echocardiographic test
confirms the presence of heart failure with preserved ejection fraction
(HFpEF). This case report represents the complexity of diagnosing
HFpEF in everyday clinical practice.

Key words: heart failure with preserved ejection fraction, diastolic stress
echocardiography

Background

Dyspnea can be caused by cardiac and non-cardiac diseases. The most common
cause of dyspnea in cardiovascular patients is heart failure. Heart failure (HF) is a
clinical syndrome characterized by clinical symptoms (most often dyspnea and fatigue)
and clinical signs of pulmonary congestion (inspiratory crackles, elevated jugular
pressure, and peripheral oedema). HF occurs as a consequence of various diseases
that lead to structural and/or functional disorders of the heart which cause reduced
stroke volume and/or increased filling pressure of the left ventricle (2). Almost half
of the patients with HF have preserved systolic function of the left ventricle (EF) and
this condition is called heart failure with preserved ejection fraction (HFpEF). The
main cause of HF in these patients is diastolic dysfunction, which is manifested by
increased filling pressure of the left ventricle either at rest or during exercise. However,
it is very important to distinguish between HFpEF and diastolic dysfunction, because
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although diastolic dysfunction is the main pathophysiological mechanism of HFpEF,
not all patients with diastolic dysfunction have clinically manifest heart failure. Des-
pite preserved left ventricular systolic function, the prognosis of these patients is as
serious as that of patients with reduced EF (2).

Diastolic dysfunction is a condition when the appropriate left ventricular (LV)
volume required to maintain normal LV stroke volume at rest or during exercise
requires an abnormal increase in diastolic LV filling pressure. The main pathophysio-
logical mechanisms leading to diastolic dysfunction are: 1) impairment of myocardial
relaxation due to inadequate sarcolemmal Ca* removal, 2) increased passive elastic
LV stiffness due to LV remodelling, and 3) loss of diastolic suction due to attenuation
of LV restoring forces (3, 4).

In clinical practice, the diagnosis of HFpEF is based on the criteria set by the
EACVI, which primarily focus on transthoracic echocardiography (TTE) (2). Howe-
ver, a large number of these patients are asymptomatic at rest, without signs of LV
hypertrophy and elevated LV filling pressure, and manifest signs and symptoms of HF
only during exercise. In such patients, evaluation of hemodynamic and echocardio-
graphic parameters during exercise can help in establishing the diagnosis (5). Diastolic
stress echocardiographic test (SEHO) can be used for this purpose. Several studies
have shown that the measurement of E/e’ ratio at peak load as well as peak tricuspid
regurgitation (TR) velocity are easily performed during the test and are invasively
validated for the proportion of elevated LV diastolic filling (6, 7). The diastolic SEHO
test is most often performed on an ergo bicycle with an initial load of 25W, with the
load increasing by 25W every 3 minutes, until reaching the maximum frequency
(220 — years of the patient) or the set echocardiographic criteria. The best candidates
for this type of test are patients with stage 1 diastolic dysfunction with normal LV
filling pressure at rest and signs of impaired relaxation. The diastolic SEHO test is
considered positive for the diagnosis of HFpEF if 3 criteria are met: 1. E/e’ ratio over
15 during peak exercise, 2. peak TR velocity > 2.8 m/s and 3. septal ¢’ <7 cm/s (2).
A group of authors from a multicenter study also proposed the SEHO test according
to the ABCDE protocol, which, in addition to the normal assessment of wall motion
abnormalities during the test, also simultaneously assesses diastolic function (by
measuring the peak flow over the mitral valve and peak septal and lateral e’ and peak
TR velocity), coronary flow reserve through the left anterior descending artery and
pulmonary congestion at maximum load (by measuring B lines) (8, 9).

Case report

We present the case of a 68-year-old woman, who was referred to a cardiologist
due to dyspnea on exertion. The patient has no history of coronary artery disease, no
family history of coronary artery disease, former smoker (quited 20 years ago), has
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been treated for hypertension for the past 8 years and has elevated LDL-cholesterol.
She complains on the lack of air during exertion, which occurs when climbing to
the first floor, denies chest pains, palpitations, loss of consciousness. She sleeps on
a higher headboard. The patient has a body mass index (BMI) of 31.4 kg/m?, blood
pressure at rest 140/80 mmHg with mild pretibial edema. Other physical findings
are normal. The value of LDL-cholesterol was 3.48 mmol/L, without deviation of
other laboratory parameters, including renal function. Electrocardiographically, a
sinus rhythm is registered frequency 82/min, without changes in ST segment and T
wave. She is currently being treated with Ramipril Smg 1x1, Nebivolol 2.5mg 1x1
and Atorvastatin 10mg 1x1. The patient was referred for a TTE examination, which
showed that the left ventricle had normal internal dimensions (EDD 51mm, ESD
33mm), normal wall thickness (10mm), without any wall motion abnormalities. The
total systolic function of the left ventricle is preserved EF 67%. The flow over the
mitral valve shows impaired relaxation 0.75/0.96 m/s, septal e’ 8 cm/s, lateral e’ 9 cm/s,
E/ e’ 8.8. MR 1+ is observed in the enlarged left atrium (4.2x5.1x5.4cm, LA volume
42ml/m?). The flows over the other valves are regular. The patient’s laboratory was
taken to determine the level of NT-proBNP, which was normal (98 pg/L). Coronary
angiography ruled out significant epicardial coronary stenosis.

The patient then underwent a diastolic SEHO test according to the ABCDE
protocol (8). The test was terminated at the 2™ minute of the second degree overload
due to dyspnea after reaching target heart rate at 142/min. Subjectively without chest
pain during the test. During exertion and recovery without significant ST-segment
changes and without rhythm disorders. During the test, there were no wall motion
abnormalities. The value of coronary flow reserve was 2.1. Peak septal e’ was 6 cm/s,
lateral e’ 7 cm/s, the flow through the mitral valve increased to 0.98/1.12 m/s. E/e’
was 15.1, the peak TR velocity was 3.1 m/s. At rest, 1 B line was recorded, while
after the test there were 3 B lines, indicating mild pulmonary congestion.

Taking into account the test results, the patient was diagnosed with HFpEF. Em-
pagliflozin 10mg 1x1 was introduced into the therapy. At the follow-up in 3 months,
the patient states that she can tolerate physical exertion better, that dyspnea occurs
only after greater physical exertion.

Discussion

In this paper, we presented a patient with dyspnea on exertion and normal LV
filling pressure at rest, who was diagnosed with HFpEF after the diastolic SEHO test.
HFpEF is a syndrome that is quite common in the general population, especially
in older population. With normal aging, end-diastolic LV volume decreases, and in
apparently healthy elderly people, LV stiffness increases significantly, especially
after the age of 60, which significantly contributes to LV diastolic dysfunction,
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although it is not clear whether these processes contribute to HFpEF (10). Patients
with HFpEF represent a very diverse population with different pathophysiological
mechanisms and comorbidities. In addition, the symptoms and signs of HF can often
be attributed to HFpEF, when in fact they may be caused by non-cardiac causes.
Because of all this, the diagnosis of HFpEF is quite difficult, especially in patients
with comorbidities that can mimic the symptoms and signs of HF, such as chronic
respiratory diseases and obesity. Lung diseases are present in as many as 40% of
patients with HFpEF (2).

The diagnosis of HFpEF is based on TTE. However, as in our patient, LV filling
pressure in HFpEF can be normal at rest and patients have no symptoms, although they
show signs of diastolic dysfunction on TTE. Using the diastolic SEHO test significantly
increases the possibility of detecting HFpEF in such patients. In the study by Burgess
et al. which included 37 patients who were referred for selective coronary angiography
for clinically indicated reasons. All patients were in sinus rhythm, and patients with
unstable angina, significant valvular disease, or previous heart valve surgery were
excluded. All patients underwent TTE at rest, then diastolic SEHO test and then
diagnostic coronary angiography with left heart catheterization. It was shown that in
patients with elevated LV filling parameters, the E/e’ ratio during exercise positively
correlates very well with the increased LV filling pressure obtained invasively during
left heart catheterization. It was calculated that the value E/e” > 13 corresponds to a
mean filling pressure of the left ventricle of >15 mmHg. What’s more, patients who
had a ratio of E/e’ > 10 during exercise had a functional capacity of less than 8 METs
and more often exhibited dyspnea as a limiting symptom of the test (6).

In the study by Obokata et al. 74 consecutive patients who were referred for
a stress test due to dyspnea were included in the examination. Patients with known
coronary disease, significant valvular disease, as well as other causes of the clinical
syndrome of HF (primary cardiomyopathy, constrictive pericarditis, pulmonary
embolism, right heart cardiomyopathy, pulmonary hypertension) were excluded
from this study. All patients underwent TTE at rest and NT-proBNP level was mea-
sured. The patients were then subjected to a diastolic SEHO test with simultaneous
invasive measurement of pressure in the right heart. Also the test protocol that was
used involved increasing the load by 10W for 3 minutes. Invasive measurements
proved HFpEF in 50 patients, while in the other 24 a non-cardiac cause of dyspnea
was confirmed. Compared to patients with a non-cardiac cause of dyspnea, patients
with proven HFpEF had significantly higher values of average E/e’ ratio, higher
peak TR velocity, as well as increased filling pressures of both the left and right
heart at lower levels of exercise. Also in this study, it was shown that the level of
NT-proBNP was normal in 18% of patients with proven HFpEF. Only 34-60% of
patients diagnosed with HFpEF based on resting TTE parameters also had invasively
confirmed HFpEF. The addition of the diastolic SEHO test, ie the ratio E/e’>14 du-
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ring exercise, increased this sensitivity to detect HFpEF to 90%, but also decreased
the specificity to 71% (11).

In addition to the difficulties in establishing a diagnosis of HFpEF, there is also
a big problem with therapy. Precisely because of the very wide range of cardiovas-
cular phenotypes that lead to HFpEF, most studies dealing with the therapy of this
syndrome have not shown success, because different phenotypes do not respond to
the same therapy. However, certain phenotypes, such as hypertrophic cardiomyopat-
hy, cardiac amyloidosis, and others have specific therapies, and therefore it is very
important to establish the right diagnosis (2). Recent studies have shown that SGLT-2
inhibitors can help in these patients. Recently, two studies with SGLT-2 inhibitors
have shown a favorable clinical effect in patients with HFpEF, as well as in patients
with slightly reduced LV systolic function. Namely, the EMPEROR-PRESERVED
and DELIVER studies showed a reduction in the combined primary outcome of car-
diovascular mortality and hospitalization due to HF, with a significant improvement
in quality of life (12, 13).

Conclusion

HFpEF can occur due to many different causes. Although these patients have
a preserved ejection fraction, their prognosis is as poor as in patients with HFrEF.
The diagnosis of HFpEF itself is a very big challenge. Although, according to the
recommendations, TTE is the first choice in diagnosing this syndrome, it is often
not enough, because many patients are asymptomatic at rest with normal LV filling
pressure. The addition of the diastolic SEHO test can help us establish a diagnosis in
these patients, without the need to use invasive diagnostics.

References

1. Segar MW, Patel KV, Berry JD, Grodin JL, Pandey A. Generalizability and Implications
of the H,FPEF Score in a Cohort of Patients With Heart Failure With Preserved Ejection
Fraction. Circulation. 2019 Apr 9; 139(15): 1851-1853.

2. Smiseth OA, Morris DA, Cardim N, Cikes M, Delgado V, Donal E, Flachskampf FA,
Galderisi M, Gerber BL, Gimelli A, Klein AL, Knuuti J, Lancellotti P, Mascherbauer J,
Milicic D, Seferovic P, Solomon S, Edvardsen T, Popescu BA. Reviewers: This document
was reviewed by members of the 2018-2020 EACVI Scientific Documents Committee.
Multimodality imaging in patients with heart failure and preserved ejection fraction: an
expert consensus document of the European Association of Cardiovascular Imaging.
Eur Heart J Cardiovasc Imaging. 2022 Jan 24; 23(2): e34—61.

3. Opdahl A, Remme EW, Helle-Valle T, Lyseggen E, Vartdal T, Pettersen E et al. Determi-
nants of left ventricular early-diastolic lengthening velocity: independent contributions



THE ROLE OF THE DIASTOLIC STRESS ECHOCARDIOGRAPHIC TEST IN THE DIAGNOSIS... 19

from left ventricular relaxation, restoring forces, and lengthening load. Circulation 2009;
119: 2578-86.

4.  Opdahl A, Remme EW, Helle-Valle T, Edvardsen T, Smiseth OA. Myocardial relaxation,
restoring forces, and early-diastolic load are independent determinants of left ventricular
untwisting rate. Circulation 2012; 126: 1441-51.

5. Kasner M, Sinning D, Lober J, Post H, Fraser AG, Pieske B, Burkhoff D, Tschope C.
Heterogeneous responses of systolic and diastolic left ventricular function to exercise
in patients with heart failure and preserved ejection fraction. ESC Heart Fail. 2015 Sep;
2(3): 121-132.

6.  Burgess MI, Jenkins C, Sharman JE, Marwick TH. Diastolic stress echocardiography:
hemodynamic validation and clinical significance of estimation of ventricular filling
pressure with exercise. J Am Coll Cardiol 2006; 47: 1891-900.

7. Hammoudi N, Laveau F, Helft G, Cozic N, Barthelemy O, Ceccaldi A et al. Low level
exercise echocardiography helps diagnose early stage heart failure with preserved ejection
fraction: a study of echocardiography versus catheterization. Clin Res Cardiol 2017; 106:
192-201.

8. Picano E, Ciampi Q, Cortigiani L, Arruda-Olson AM, Borguezan-Daros C, de Castro E
Silva Pretto JL, Cocchia R, Bossone E, Merli E, Kane GC, Varga A, Agoston G, Scali
MC, Morrone D, Simova I, Samardjieva M, Boshchenko A, Ryabova T, Vrublevsky A,
Palinkas A, Palinkas ED, Sepp R, Torres MAR, Villarraga HR, Preradovi¢ TK, Citro
R, Amor M, Mosto H, Salam¢ M, Leeson P, Mangia C, Gaibazzi N, Tuttolomondo D,
Prota C, Peteiro J, Van De Heyning CM, D’Andrea A, Rigo F, Nikolic A, Ostojic M,
Lowenstein J, Arbucci R, Haber DML, Merlo PM, Wierzbowska-Drabik K, Kasprzak
JD, Haberka M, Camarozano AC, Ratanasit N, Mori F, D’Alfonso MG, Tassetti L,
Milazzo A, Olivotto I, Marchi A, Rodriguez-Zanella H, Zagatina A, Padang R, Dek-
leva M, Djordievic-Dikic A, Boskovic N, Tesic M, Giga V, Beleslin B, Di Salvo G,
Lorenzoni V, Cameli M, Mandoli GE, Bombardini T, Caso P, Celutkiene J, Barbieri
A, Benfari G, Bartolacelli Y, Malagoli A, Bursi F, Mantovani F, Villari B, Russo A,
De Nes M, Carpeggiani C, Monte I, Re F, Cotrim C, Bilardo G, Saad AK, Karuzas
A, Matuliauskas D, Colonna P, Antonini-Canterin F, Pepi M, Pellikka PA, The Stress
Echo Study Group Of The Italian Society Of Echocardiography And Cardiovascular
Imaging Siecvi. Stress Echo 2030: The Novel ABCDE-(FGLPR) Protocol to Define
the Future of Imaging. J Clin Med. 2021 Aug 17; 10(16): 3641.

9. Simonovic D, Coiro S, Deljanin-Ilic M, Kobayashi M, Carluccio E, Girerd N, Ambro-
sio G. Exercise-induced B-lines in heart failure with preserved ejection fraction occur
along with diastolic function worsening. ESC Heart Fail. 2021 Dec; 8(6): 5068—5080.

10. Cheng S, Fernandes VR, Bluemke DA, McClelland RL, Kronmal RA, Lima JA. Age-
related left ventricular remodeling and associated risk for cardiovascular outcomes: the
multi-ethnic study of atherosclerosis. Circ Cardiovasc Imaging 2009; 2: 191-8.

11. Obokata M, Kane GC, Reddy YN, Olson TP, Melenovsky V, Borlaug BA. Role of Dia-
stolic Stress Testing in the Evaluation for Heart Failure With Preserved Ejection Fraction:
A Simultaneous Invasive-Echocardiographic Study. Circulation. 2017 Feb 28; 135(9):
825-838.



20

MEDICINSKI GLASNIK / str. 14-20

12.

13.

Anker SD, Butler J, Fiippatos Get al. EMPEROR-Preserved Trial Investigators . Em-
pagliflozin in heart failure with a preserved ejection fraction. N Engl J Med. 2021; 385:
1451-1461.

Solomon SD, McMurray JJV, Claggett B, de Boer RA, DeMets D, Hernandez AF,
Inzucchi SE, Kosiborod MN, Lam CSP, Martinez F, Shah SJ, Desai AS, Jhund PS, Be-
lohlavek J, Chiang CE, Borleffs CJW, Comin-Colet J, Dobreanu D, Drozdz J, Fang JC,
Alcocer-Gamba MA, Al Habeeb W, Han Y, Cabrera Honorio JW, Janssens SP, Katova
T, Kitakaze M, Merkely B, O’Meara E, Saraiva JFK, Tereshchenko SN, Thierer J, Va-
duganathan M, Vardeny O, Verma S, Pham VN, Wilderdang U, Zaozerska N, Bachus E,
Lindholm D, Petersson M, Langkilde AM; DELIVER Trial Committees and Investigators.
Dapagliflozin in Heart Failure with Mildly Reduced or Preserved Ejection Fraction. N
Engl J Med. 2022 Sep 22; 387(12): 1089-1098.



