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2. OMOWIENIE

2.1 Wstep

Odcinek ST jest komponentg zespolu QRS-T zlokalizowanym migdzy zespotem QRS a zatamkiem T.
Fizjologicznie tworzy tzw. lini¢ izoelektryczng wraz z odcinkiem PQ. Nieprawidtowosci odcinka ST
wynikaja ze zmian pozycji wzgledem linii izoelektrycznej podczas depolaryzacji i repolaryzacji mig$nia
sercowego. Jesli wystapiag w trakcie repolaryzacji, np. w niedokrwieniu lub zapaleniu mig¢énia sercowego
nazywane s3 zmianami pierwotnymi, natomiast jesli wynikaja ze zmian w okresie depolaryzacji,
np. w bloku odnogi pegczka Hisa, stymulacji komorowej lub w zespole preekscytacji, nazywane sa

zmianami wtérnymi.

Obnizenia odcinka ST sg bardzo wazng czg$cia oceny niedokrwienia migé$nia sercowego podczas analizy
EKG, w przypadku czestoskurczow nawrotnych obnizenia ST moga wystgpowaé w wielu
odprowadzeniach, co moze w prosty sposob sugerowaé podejrzenie rozlanego niedokrwienia mig$nia
sercowego, dlatego tak wazne jest zrozumienie wszystkich mechanizméw odpowiadajacych za te zmiany,
gdyz czgsto bywaja one przyczyng wykonywania niepotrzebnych koronarografii 1 ustalania niewtasciwch

rozpoznan.

Podczas napadu czestoskurczu nadkomorowego nawrotnego weztowego (AVNRT) lub przedsionkowo-
komorowego (AVRT), nawet u 50-60% chorych obserwuje si¢ obnizenie odcinkow ST. Ze wzgledu na
fakt, ze arytmia ta dotyka glownie osoby miode, zdrowe, u ktoérych podtoze niedokrwienne migénia
sercowego jest mato prawdopodobne,  zasadnym wydaje si¢ poszukiwanie innych przyczyn
powodujacych te zmiany. Podczas napadu czgstoskurczu z waskimi zespotami QRS obnizenie odcinkow
ST jest zazwyczaj umiarkowane — o ok. 2 mm cho¢ niekiedy bywa znaczniejsze, zwykle jest skosne

w dot 1 wystgpuje w licznych odprowadzeniach.

Na potrzebe dysertacji zaktadam wigc, Zze nalezy poszukiwa¢ innych mechanizméw tlumaczacych
wspomniane zjawisko, zwlaszcza, ze w dostepnej literaturze brak jest jasnych, przekonujacych i klinicznie
spojnych wyjasnien. Postulowane przeze mnie mechanizmy to: zmiana skali (amplitudy) zespoldow QRS

1 zmiana linii izoelektrycznej — bazowej zapisu EKG.

2.2. Zagadnienia badawcze i cel badan

W czestoskurczach z waskimi zespotami QRS obserwuje si¢ niejednokrotnie obnizenie odcinka ST.

Weczesniejsze prace oceniajagce pacjentdow z obnizeniem odcinka ST podczas czgstoskurczu
nadkomorowego pokazaty, ze nie ma korelacji migdzy obecno$cig choroby wiencowej a wystgpowaniem
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takiego obrazu w EKG. W badaniu Dorenkamp M , et al autorzy doszli do wniosku, ze taki sam odsetek
0sOb z obnizeniem ST zaobserwowano zarowno wsrdd pacjentow z istotnymi zmianami w naczyniach
wiencowych, jak i wéroéd chorych z prawidlowym wynikiem koronarografii. Natomiast w kolejnej pracy
Gulec at al, autorzy przebadali pacjentow przyjetych na oddziat ratunkowy z napadowym czegstoskurczem
nadkomorowym. Zaden pacjent nie miat klinicznych objawow choroby wieficowej, a EKG spoczynkowe
bylo prawidtowe. Pacjentéw podzielono na 2 grupy w zaleznosci od tego, czy podczas czestoskurczu
wystepowato u nich obnizenie odcinka ST. Nastgpnie u kazdego chorego wykonano probe wysitkows.
U pacjentdw z dodatnig proba wysitkowa wykonano koronarografig, ktora potwierdzita istotng chorobe
wiencowg. Nie stwierdzono statystycznie istotnej roznicy w wystepowaniu bolu w klatce piersiowe;,
czestosci akcji serca i wielko$ci obnizenia odcinka ST u pacjentdow z oraz bez choroby wiencowe;.
Jedynie istotna statystycznie roznica wynikala z obecnos$ci czynnikow ryzyka miedzy pacjentami

z chorobg wiencowg i bez nie;j.

Z wzgledu na brak zwigzku migdzy chorobg wiencowa a zmianami odcinaka ST w czestoskurczach
nawrotnych weztowych oraz przedsionkowo- komorowych, nadal poszukuje si¢ naukowego wyjasnienia

obserwowanego obnizenia odcinka ST.
Powstalo kilka teorii probujacych wyjasnic to zjawisko. Wszystkie teorie zostaly doktadnie opisane
w ponizszych publikacjach.

Poszukujac przyczyny obserwowanego obnizenia odcinka ST w czgstoskurczu z waskim zespotem
QRS, wsrdd mozliwych przyczyn nalezy uwzgledni¢ czgstotliwosci rytmu serca podczas czgstoskurczu,
ktoéra to powoduje naktadanie si¢ zalamka T na nastgpujacy po nim zespot QRS i1 zmiane punktu
odniesienia. Jednak istnieje takze wiele zapisow EKG z napadowym czestoskurczem typu AVNRT
1 AVRT, w ktoérych nasilenie obnizenia odcinka ST jest mniej widoczne —szczegolnie w tych z dluzszym

cyklem arytmii.

Kolejng przyczyna jest tzw. histereza odcinka QT. Fizjologiczne odcinek QT skraca si¢ podczas
przyspieszania akcji serca- im czestoskurcz jest szybszy tym odcinek QT jest krotszy, podczas dalszego
skracania, gdy przy okreslonej czgstosci akcji serca odcinek ten ,,nie nadgza” i nachodzi na kolejny zespot
QRS, podnosi lini¢ bazowa poczatkowej czesci zespotu QRS 1 skutkuje wizualnym zjawiskiem obnizenia

odcinka ST.

Kolejnym aspektem jest fala U, ktora jest ,.koncowka” zatamka T. Fizjologiczna fala U powinna

by¢ zgodna z falg T, w trakcie trwania tachykardii linia bazowa moze by¢ podwyzszona, zwlaszcza



w wolniejszych czestoskurczach, w ktérych zespot QRS zachodzi na zalamek U, ale jeszcze nie na

zalamek T.

Nastepnym rozwazanym zagadnieniem jest wsteczny zatamek P. Jest czeSciej widoczny w AVRT
ze wzgledu na dluzszy interwat RP’, podczas gdy w AVNRT 1 jego najpowszechniejszej postaci (slow-
fast) jest zwykle rzadziej obecny. Dlatego w AVNRT jego wplyw zmienia raczej ksztatt zespotu QRS —

opadajacego ramienia zatamka R 1 zatamka S niz odcinka ST.

W przypadku AVRT wystepuje rowniez zjawisko alternansu zespotow QRS. Ze wzgledu na
dynamiczng zmian¢ amplitudy wszystkich sktadowych zespotu QRS (QR, RS, RJ) z pobudzenia na

pobudzenie dochodzi do zmiany linii podstawowej, ktora moze wyglada¢ jak obnizenie odcinka ST.

Gléwnym celem ponizszych pracy byta ocena obnizenia odcinka ST u pacjentow z AVNRT oraz

AVRT podczas czestoskurczu w pordwnaniu z rytmem zatokowym.

Cel gltéwny zamierzano zrealizowaé za pomoca nastepujacych celow szczegotowych:

1. Precyzyjna ocena amplitudy poszczegodlnych skladowych zespotu QRS (QR, RS, RJ)
podczas czestoskurczu oraz podczas trwania rytmu zatokowego u pacjentow z AVNRT
oraz AVRT.

2. Skorelowanie r6znicy amplitudy poszczegélnych sktadowych zespotu QRS podczas rytmu
zatokowego 1 czestoskurczu z cyklem czestoskurczu.

3. Oszacowanie przedziatu cyklu czgstoskurczu przy ktorych dochodzi do istotnego
obnizenia odcinka ST.

4. Wykazanie, ze za zmian¢ odcinka ST w najwiekszym stopniu odpowiada naktadanie si¢
zalamka T poprzedniej ewolucji na nastgpujacy po nim zespot QRS, co podnosi lini¢
bazowa i1 tworzy tzw. artefakt pomiaru.

Dzigki lepszemu poznaniu etiologii zmian odcinka ST w przypadku czestoskurczéw z waskimi zespotami
QRS ponizsze prace moglyby postuzy¢ do zmniejszenia stawiania blednych rozpoznan choroby

wiencowej oraz ograniczenia ilo§ci wykonywanych niepotrzebnie koronarografii.

2.3. Material

2.3.1.Material dotyczacy badania ,,ST-segment depression in atrioventricular nodal reentrant
tachycardia: Preliminary results.”

W badaniu wzigto udziat 50 pacjentow (35 kobiet 1 15 mezczyzn), srednia wieku wynosi okoto 49 lat,
z istotnym klinicznie czgstoskurczem nawrotnym wezlowym poddanym zabiegowi ablacji drogi wolne;j
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z catkowita jej eliminacja lub z uzyskaniem glgbokiej modyfikacji drogi. Pomiary wykonywano
z uzyciem systemu elektrofizjologicznego LabSystemTM Pro EP Recording System (Boston Scientific,

Boston, MA, USA).

2.3.2. Material dotyczacy badania ,,ST-segment depression in atrioventricular nodal reentrant
tachycardia: Important finding or just an artifact?”

Do badania wtaczono 104 pacjentéw (71 kobiet i 33 mezczyzn; $rednia wieku 50 lat) z istotnym klinicznie
napadowym czgstoskurczem z waskimi zespolami QRS. U wszystkich chorych wykonano badanie
elektrofizjologiczne z wykorzystaniem LabSystemTM Pro EP Recording System (Boston Scientific,
Boston, MA, USA) i postawiono rozpoznanie nawrotnego czestoskurczu weztowego. Substrat
arytmogenny zostal nastgpnie skutecznie wyeliminowany przez ablacje przy uzyciu energii
o czestotliwos$ci radiowe;.

2.3.3. Material dotyczacy badania: ,,ST-segment depression in atrioventricular reentrant

tachycardia.”

W badaniu wzigto udziat 11 pacjentow (7 kobiet i 4 mezczyzn), $redni wiek wynosit okoto 28 lat. U
wszystkich chorych wykonano badanie elektrofizjologiczne, postawiono rozpoznanie AVRT, a nastgpnie

przeprowadzono skuteczng ablacje drogi dodatkowej pradem o czestotliwosci radiowe;.

2.4. Metody

Badaniem obje¢to chorych z nawrotnym czestoskurczem przedsionkowo-komorowym i nawrotnym
czestoskurczem weztowym, zakwalifikowanych do badania elektrofizjologicznego 1 ablacji przy
zastosowaniu energii fal radiowych drogi dodatkowej w przpadku AVRT Ilub drogi wolnej w przypadku
AVNRT.

Wszyscy pacjenci mieli rozpoznany czgstoskurcz typu AVNRT lub AVRT z waskimi QRS ( ponizej 100
ms ), ktory trwal co najmniej 20 sekund. Pacjenci nie mieli sSrodkomorowych blokéw przewodzenia ani
zaburzen przewodzenia przedsionkowo-komorowego podczas rytmu zatokowego. W mierzonych
czestoskurczach nie byto cech abberacji typu LBBB albo RBBB, bloku przedniej wigzki lewej odnogi ani
bloku tylnej wiazki lewej odnogi. W przypadku AVRT pod uwage brano jedynie czestoskurcze o typie

ortodromowym.

U kazdego pacjenta z potwierdzong preekscytacja okreslono lokalizacje dodatkowej drogi przedsionkowo-
komorowej. W tym celu stosowano zmodyfikowany podzial wedtug Gallaghera oraz zalecany podziat
wedlug Cosio. Okreslenie lokalizacji drogi dodatkowej przeprowadzono z zapisu EKG rownolegle do
mapowania w czasie badania elektrofizjologicznego. Obszar najlepszych lokalnych potencjatow drogi

dodatkowej (najwigksze lokalne wyprzedzenie sygnatu na elektrodzie ablacyjnej) byto miejscem aplikacji
9



energii. Miejsca skutecznej aplikacji energii (potwierdzone ustgpieniem przewodzenia przez droge
dodatkowa) byly dowodem anatomicznej lokalizacji drogi dodatkowej. W grupie czgstoskurczu typu
AVNRT po potwierdzeniu przewodzenia dwutorowego w wezle przedsionkowo-komorowym,
wykluczeniu obecnos$ci dodatkowej drogi przedsionkowo-komorowej podczas stymulacji programowane;,
wykonywano ablacje drogi wolnej energia RF w obszarze trojkata Kocha. Po ablacji skutecznos¢
zabiegu potwierdzano przez brak mozliwosci wyzwalania czgstoskurczéw i ponowng oceng przewodzenia

zstepujacego przez tacze przedsionkowo-komorowe.

2.4.1 Metody dotyczace badania ,,ST-segment depression in atrioventricular nodal reentrant

tachycardia: Preliminary results.”

U wszystkich 0s6b przeprowadzono badania elektrofizjologiczne, postawiono rozpoznanie AVNRT,
a nastgpnie wykonano skuteczng ablacje RF drogi wolnej. Podczas badania elektrofizjologicznego (EPS)
mierzono dtugo$¢ cyklu w czasie trwania rytmu zatokowego oraz podczas czg¢stoskurczu oraz amplitudy
sktadowych zespotu QRS — QR, RS i RJ podczas tachykardii i rytmu zatokowego przy przesuwie 200

mm/s i powigkszeniu 64—128x.

2.4.2. Metody dotyczace badania ,,ST-segment depression in atrioventricular nodal reentrant
tachycardia: Important finding or just an artifact?”

W badaniu elektrofizjologicznym oceniano dlugos¢ cyklu rytmu zatokowego i tachykardii oraz amplitudy
skladowych QRS — QR, RS i RJ w czasie tachykardii i rytmu zatokowego przy predkosci przesuwu
200 mm/s oraz wzmocnieniu 64 do 128x. Pomimo obecnosci obnizen ST w wielu odprowadzeniach,
pomiary wykonano w odprowadzeniu V5 ze wzgledu na niezmiennie najlepsza widoczno$¢ (najwicksza

amplitudg) zatamka R i najsilniejsze zmiany ST.

2.4.3. Metody dotyczace badania ,ST-segment depression in atrioventricular reentrant
tachycardia.”

Podczas badania elektrofizjologicznego (EPS) w czasie rytmu zatokowego i tachykardii mierzono
amplitudy sktadowych zespotu QRS — QR, RS i1 RJ przy predkosci papieru 200 mm/s 1 powigkszeniu 64-

128x. Pomiary wykonano na odprowadzeniu V5.

2.5. Etyka

Projekt pracy doktorskiej opartej na ponizszych publikacjach zostal zatwierdzony przez Komisje
Bioetyczng Uniwersytetu Medycznego we Wroctawiu opiniag nr KB — 213/2020. Badania oparto na
analizie danych pacjentéw, ktoérzy poddawani byli zabiegom oraz badaniom elektrofizjologicznym. Jako,
ze analizowano dane zapisane na systemie elektrofizjologicznym, badania nie niosty ze sobg ryzyka

narazenia zdrowia lub zycia pacjentéw. Badania zgodne s z Deklaracja Helsinskg Swiatowego
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Stowarzyszenia Lekarzy przyjeta przez 18 Zgromadzenie Ogolne Swiatowego Stowarzyszenia Lekarzy
(WMA), w Helsinkach w Finlandii w czerwcu 1964 r., a zmieniong przez 64 Zgromadzenie Ogdlne

WMA, w Brazylii w pazdzierniku 2013 r.

2.6. Podsumowanie wynikow.

2.6.1. Praca nr 1 pt.: ,,ST-segment depression in atrioventricular nodal reentrant tachycardia:
Preliminary results.”

Dzigki precyzyjnym pomiarom poszczegdlnych sktadowych zespolu QRS wykazano istotna ujemna
korelacje miedzy réznicag RJI-QR a dlugoscia cyklu tachykardii, oraz brak powyzszej korelacji w rytmie
zatokowym. Wykazano rowniez dodatnig korelacje miedzy dilugoscig cyklu tachykardii a wiekiem

badanych pacjentow.

2.6.2. Praca nr 2 pt.: ,,ST-segment depression in atrioventricular nodal reentrant tachycardia:
Important finding or just an artifact?”

Wyniki badan potwierdzily obserwowany do tej pory trend korelacji réznicy RJ - QR podczas
czestoskurczu a dlugosciag cyklu tachykardii, oraz brak zaleznosci RJ - QR podczas rytmu zatokowego.
Udato si¢ rowniez wyznaczy¢ precyzyjny przedziat wartosci cyklu tachykardii przy ktorej korelacja jest
istotna statytycznie oraz dynamike¢ zmian: roéznica RJ-QR ro$nie wraz ze zmniejszaniem si¢ cyklu
tachykardii, najpierw powoli, potem gwaltownie osiggajac maksymalng warto$¢ przy cyklu tachykardii
okoto 300 ms. Zawezajac dlugos$¢ cyklu tachykardii miedzy 280 a 520 ms, zalezno$¢ jest praktycznie

liniowa.

2.6.3. Praca nr 3 pt.: ,,ST-segment depression in atrioventricular reentrant tachycardia.”

W badanej grupie pacjentéw wykazaliSmy istotng roznice miedzy amplitudg odcinka RJ w czestoskurczu
1 podczas rytmu zatokowego, jednoczes$nie nie wykazalismy réznic migdzy amplituda QR i RS.
Wykazali$my rowniez istotng ujemna korelacje¢ migdzy dlugoscia cyklu tachykardii a r6znicg RJ-QR — im
szybsza arytmia, tym wigksza deniwelacja odcinka ST. W rytmie zatokowym nie byto istotnej rdznicy
miedzy r6éznicg RJ-QR.

2.7. Wnioski

Na podstawie przeprowadzonych badan sformutowano nastepujace wnioski:

1. Pierwszym i najwazniejszym wnioskiem ptynacym z wynikdéw opublikowanych prac jest fakt,
ze zmiana odcinka ST w nawrotnych czestoskurczach weztowych 1 przedsionkowo-
komorowych wynika w najwiekszej mierze z nakladania si¢ poszczegdlnych komponentow
zespotu QRS - poprzedzajacego zatamka T na nastepujacy po nim zespdt QRS, co powoduje

zmiang¢ punktu odniesienia linii bazowej i wrazenie obnizenia odcinka ST.
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2. W przypadku czgstoskurczéw nawrotnych wezlowych wystepuje istotna zalezno$¢ miedzy
stopniem obnizenia odcinka ST a dlugoscia cyklu tachykardii, w szczegélnosci miedzy
dhugoscia cyklu od 280 do 520 ms( gdzie zalezno$¢ przyjmuje wartosci zblizone do funkcji
liniowej).

3. W przypadku czgstoskurczow nawrotnych przedsionkowo- komorowych istnieje zalezno$¢
migdzy obnizeniem odcinka ST podczas czgstoskurczu w poréwnaniu z rytmem zatokowym.
Ze wzgledu na rdézne lokalizacje drogi dodatkowej oraz obecnos$¢ wstecznego zatamka P
oszacowanie doktadnej warto$ci funkcji wydaje si¢ o wiele trudniejsze niz w przypadku
AVNRT.

4. W przypadku napadowych czestoskurczow z waskimi zespotami QRS obnizenie odcinka ST,
dolegliwosci bolowe w klatce piersiowej, obnizenie odcinka ST oraz podwyzszone st¢zenie
troponin nie posiadaja warto$ci diagnostycznej dla rozpoznania choroby wiencowe;.
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4. STRESZCZENIE PRACY W JEZYKU POLSKIM

W sktad rozprawy doktorskiej wchodzg trzy prace oryginalne. Badania stanowigce temat trzech

prac oryginalnych wchodzacych w sklad rozprawy doktorskiej przeprowadzono w grupie kobiet
1 mezczyzn, tacznie 165 o0sob.
W ramach wszystkich prac oryginalnych Pacjentéw z AVNRT, AVRT podzielono na 2 podgrupy
podczas czgstoskurczu oraz podczas rytmu zatokowego. We wszystkich pracach porownywano amplitude
poszczegolnych sktadowych zespolu QRS tj. QR, RS, RJ podczas rytmu zatokowego oraz podczas
czestoskurczu przy uzyciu systemu elektrofizjologicznego ,,LabSystem Pro” Boston Scientific. Pomiaréw
dokonywano przy parametrach: 200 mm/s, x64-128 (pomiar precyzyjny). Wszystkie pomiary
przeprowadzono na odprowadzeniu V5 celem najlepszej wizualizacji zatamka R.

W pierwszej pracy oryginalnej dotyczacej 50 pacjentow postuzono si¢ metodologia doktadnie
opisang powyzej. Dzigki precyzyjnym pomiarom poszczeg6élnych sktadowych zespotu QRS wykazano
istotng ujemng korelacje miedzy réznica RJI-QR a dlugoscig cyklu tachykardii, oraz brak powyzszej
korelacji w rytmie zatokowym. Wykazano réwniez dodatnig korelacje miedzy dlugoscia cyklu
tachykardii a wiekiem badanych pacjentdéw. Powyzsze wyniki pozwolily na postawienie tezy, ze
obnizenie odcinka ST w przypadku AVNRT =zalezy glownie od nakladania si¢ poszczegdlnych

sktadowych zespotu QRS co podnosi lini¢ bazowg i tworzy tzw. artefakt pomiaru.

W drugiej pracy oryginalnej postuzono si¢ ta samag metodologia jednak do badania
zakwalifikowano znacznie wigksza grupe pacjentow. Przeprowadzono rdéwniez znacznie bardziej
zaawansowang analize statystyczng. Wyniki badan potwierdzity obserwowane do tej pory trend zwigzany
z korelacjg pomigdzy RJ - QR podczas SVT a dlugoscia cyklu tachykardii, oraz brak zaleznosci RJ - QR
podczas rytmu zatokowego. Udalo si¢ rowniez wyznaczy¢ precyzyjny przedzial wartosci cyklu
tachykardii, przy ktorej korelacja jest istotna statystycznie oraz dynamik¢ zmian: réznica RJ-QR rosnie
wraz ze zmniejszaniem si¢ cyklu tachykardii, najpierw powoli, potem gwattownie osiggajac maksymalng
wartos$¢ przy dhugosci cyklu tachykardii okoto 300 ms. Zawezajac dtugos¢ cyklu tachykardii miedzy 280

a 520 ms, zalezno$¢ jest praktycznie liniowa.

W trzeciej pracy oryginalnej przy uzyciu analogicznej metodologii jak w poprzednich pracach na grupie
11 Pacjentow z AVRT wykazalem istotng réznice miedzy amplituda odcinka RJ w czestoskurczu

1 podczas rytmu zatokowego, jednoczes$nie nie wykazalismy réznic miedzy amplituda QR i RS.
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Wykazali$my rowniez istotng ujemng korelacje miedzy dtugoscia cyklu tachykardii a réznicag RJ-QR
a mianowicie im szybsza arytmia, tym wicksza deniwelacja odcinka ST. W rytmie zatokowym nie bylo
istotnej réznicy migdzy réznicg RJ-QR.

Badania wchodzace w sktad prezentowanej rozprawy doktorskiej dostarczyly istotnych informac;ji
na temat mechanizméw zmian odcinka ST w czgstoskurczach nawrotnych wezlowym oraz
przedsionkowo- komorowym. Dzieki precyzyjnemu pomiarowi poszczegédlnych sktadowych zespotu
QRS wykazano istotny wptyw czestotliwosci rytmu serca, ktora to powoduje naktadanie si¢ zalamka T na
nastepujacy po nim zespdt QRS 1 zmiang punktu odniesienia co tworzy tzw. artefakt pomiaru. Ze wzgledu
na ztozono$¢ opisywanego zjawiska kwestia ta z pewnos$cia wymaga poglebienia oraz dalszych badan

w kierunku poszukiwania innych mechanizméw opisywanych zmian.

5. STRESZCZENIE PRACY W JEZYKU ANGIELSKIM - SUMMARY
The doctoral dissertation consists of three original papers. The research constituting the subject of three
original papers included in the doctoral dissertation was conducted in a group of women and men, a total

of 165 people.

Within all original papers of Patients with AVNRT, AVRT was divided into 2 subgroups during
tachycardia and during sinus rhythm. In all studies, the amplitude of individual components of the QRS
complex, i.e. QR, RS, RJ, was compared during sinus rthythm and during tachycardia using the Boston
Scientific "LabSystem Pro" electrophysiological system. Measurements were made at the following
parameters: 200 mm/s, x64—128 (for precision measurement). All measurements were performed on lead

V5 for the best visualization of the R wave.

In the first original paper on 50 patients, the methodology described in detail above was used. Throught to
precise measurements of individual components of the QRS complex, a significant negative correlation
between the RJ-QR difference and the length of the tachycardia cycle was demonstrated, and the above
correlation was absent in sinus rhythm. A positive correlation was also found between the length of the
tachycardia cycle and the age of the examined patients. The above results allowed to put forward the
thesis that the depression of the ST segment in AVNRT depends mainly on the overlapping of individual

components of the QRS complex, which raises the baseline and creates the so-called measurement artifact.

The second original study used the same methodology, but a much larger group of patients was qualified
for the study. Much more advanced statistical analysis was also performed. The results of the study
confirmed the trend observed so far related to the correlation between RJ - QR during SVT and the length
of the tachycardia cycle, and the lack of correlation between RJ - QR during sinus rhythm. It was also

possible to determine the precise range of the tachycardia cycle value at which the correlation is
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statistically significant and the dynamics of changes: the RJ-QR difference increases with the decrease of
the tachycardia cycle, first slowly, then rapidly reaching the value of the cycle of about 300 ms.
Narrowing the length of the tachycardia cycle between 280 and 520 ms, the relationship is practically

linear.

In the third original study, using the same methodology as in the previous studies, on a group of 11
patients with AVRT, we showed a significant difference between the amplitude of the RJ segment in
tachycardia and during sinus rhythm, while we did not show any differences between the amplitude of QR
and RS.We also showed a significant negative correlation between the length of the tachycardia cycle and
the RJ-QR difference, namely the faster the arrhythmia, the greater the ST segment denivelation. In sinus

rhythm, there was no significant difference between the RJ-QR difference.

The research included in the presented doctoral dissertation provided significant information on the
mechanisms of ST segment changes in nodal and atrioventricular reentrant tachycardias. Thanks to the
precise measurement of individual components of the QRS complex, a significant impact of the heart rate
was shown, which causes the overlapping of the T wave on the following QRS complex and the change of
the reference point, which creates the so-called measurement artifact. Due to the complexity of the
described phenomenon, this issue certainly requires more in-depth research and further research in the

direction of searching for other mechanisms of the described changes.
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Abstract

Background. The ST-segmentis pan af the elearocasdiogem and physialogically, it fomms an isodlectic
line. The ST-s2gment depression is often observed inyoung, healthy people with paraosmal tadycandia
with namrow QRS complewes. in this grup of patiems, the ‘mystefiows tachyardiz-induced 3T<egmen
depression, ‘subendocasdial myo crdial schemi” and othernot fullyunderstood tenms are used to explsin
this phenomenan.

Objectives. Toasesstheresence andpassiblemechanisms of ST-segment depession during atsoventriou-
lar nodal semtrant tachycasdi (AVMRT}in patients und esgaing radiafequency (RF) ablation of the undedying
arhythmia.

Materials and methods. The study inchided 50 patiants (35 women and 15 men) aged shout 49 years
wiith clinically redevam pasooysmial nanow QRS comiplex tachycardia Dusing dectraphysiologicalsudy EPSL
all patients had measured QRS commonemts — R, A% and RJ dusing the tachyerdiz and during the sinus
rhy thm. Al of them ezsurements wese donein lead V5.

Results. There wes a statistially significant differencein opclelength during sinus rithm and tachycandia
(7070 +137 8 mscampased 1o 327 5 +29 1ms, p= 0000}, the Rl component (0819 +0 381 mV compased
1o (1878 0376 m, p = 0.003) and the difference AJ-CR (1081 +0.083mV cmpaed 00163 0108 mh,
p = 0000} The differencesin RS and QR components during sinws rithm and tachyeardia did not readh
the statstial significance. The diffesence RI-OR dusing techycasdia comelsted negatively with chycandia
cycle length [l = —039, p = 0.0049). The tadhyeardia cpcle length wrnelated positively with the age
of the studied patients (R= 028, p = (L043).

Cenclusions. In patients with AVHRT, thew i 2 ST-segment depeession during the episodes of achycandia
and thedegreeof thischange isrelzted to tachycandia cpde kngth. Themast pao bable explan z8on of the 5T-
segment depressian is the ovedap of the JRS mmplex an the preceded Twave. Some intiinsic properties
ofindividual electrocandiogmm (E(G) also influence this phenomenan. Theischemic anigin of the presented
ST-segment change can be exduded.

Key words: wchycasdia, AVNRT, ST<egment deression
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Background

The ST-segment is a part of the electrocardiogram lo-
cated between the QRS complex and the T wave. There
are 2 types of ST-segment changes. First ones, depending
on repolarization, appear in the absence of depolariza-
tion changes of the action potential.’? The causes may
include ischemia, myocarditis, drugs and electrolyte dis-
turbances.®* The secondary changes of ST-segment are
related to the depolarization phase aberrations. They are
present in bundle branch blocks, ventricular pre-excitation
and ventricular QRS complexesincluding pacing. The ST-
segment changes constitute part of electrocardiogram
(ECG) assessment for myocardial ischemia; therefore,
it is important to understand causes leading to the in-
correct interpretation and diagnosis.*® The ST-segment
changes could be observed in people with paroxysmal
narrow QRS complex tachycardia, with no overt evidence
of an ischemic heart disease.”™?

In the atrioventricular nodal reentrant tachycardia
(AVNRT), we are concerned with a retrograde P wave,
which occurs within the QRS complex. Our hypothesis is
that if the tachycardia is rapid enough, the QRS complex
follows the preceded T wave, whichin turn changes the ref-
erence point by raising the isoelectric baseline. An example
of such changes is presented in Fig. 1.

Objectives

The purpose of the study was to assess the presence and
possible mechanisms of ST-segment depression during
AVNRT in patients undergoing radiofrequency (RF) abla-
tion of the underlying arrhythmia.

Materials and methods

The study included 50 patients (35 females and 15 males)
approx. 49 years old, presenting with a clinically rele-
vant paroxysmal tachycardia. In all studied individuals,
the electrophysiological testing was performed, the diag-
nosis of AVNRT was established and the arrhythmia was
successfully eliminated through RF ablation. The clinical
and demographic characteristics, as well as laboratory tests
are presented in Table 1.

Table 1. Clinical, dermegraphic and biochemical characteristics of studied
patients

Parameters | Mean/number | 50/%
Age [years] 491 142 |
Sex {fermale) 35 700
| Hypertension P2 440
Diabetes mellitus 8 160
| Heart failure ] 20
Ischemic heart disease 2 40
| Hemoglobin [g/dL] 140 |
K+ [mmol/L] 44 0.4
! Glucose [ma/dL] 1019 165
T5H [miU/L] 1644 0918

SD -standard deviation; TSH - thyroid-stimulating hormaene.

During electrophysiological study (EPS), the cycle
length of the sinus rhythm and tachycardia, as well
as the amplitudes of QRS components — QR, RS and
R] during the tachycardia and during the sinus rhythm
with a paper speed of 200 mm/s and an enhancement
of x64-128 were measured. The described measurements
of the particular QRS components in an exemplary pa-
tient with a pronounced ST-segment depression are de-
picted in Fig. 2.

Fig. 1. The example

of ST-segment
. MMMM /‘h\/_)\[u_/.) depressions during
atrioventricular nodal

reentrant tachycardia

\ [AVMNRAT) in selected
f\/j \./‘j\. MMJHMW L/J electrocardiogram

(ECG) leads in 40-year

old male ([CL - 279 ms,
delta ST in lead
V5 - 0641 mV).
} Paper speed 50 mm/s
w l
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Fig. 2. Measurerments of the particular QRS compoenents in an exernplary
patient. Panel A:sinus rhythm QR - 1.26 mV, RJ — 146 m\, RJ-QR — 0.20 mV;
panel B: tachycardia QR - 1.21 m\, RJ - 159 mi, R}-QR - 0.38 mV/

checked using the Shapiro—Wilk W test. Comparisons
were performed with the Wilcoxon signed-rank test for
dependent groups. The correlations between the studied
parameters were performed using Spearman’s rank cor-
relation coefficient. A value of p < 0.05 was considered
significant.

The study was approved by the local Bioethical Com-
mittee at Wroclaw Medical University (approval No. KB
213/2020).

Results

The electrocardiographic measurements in sinus rhythm
and tachycardia are presented in Table 2.

The tachycardia-related changes in patients with AVNRT
include the elevation of the reference point as indicated
by a diminished QR amplitude, as well as by the depres-
sion of the J point. This influenced the difference RI-QR
resulting in the ECG ST-segment depression.

The difference RJ-QR during tachycardia negatively
correlated with the tachycardia cycle length (R = -0.39,
p = 0.0049). This relationship is depicted in Fig. 3.

Table 2. Electrocardiographic pararmeters in sinus rhythm and
atrieventricular nodal reentrant tachycardia (AYVNRT)

Statistical analysis Parameters Sinus rhythm [ Tachycardia
Cycle length [ms] 7070£1378 3275429 0.000
The statistical analysis was performed using the com- QRImV] R D i
puter program STATISTICA v. 13.3 (StatSoft Inc., Tulsa, = e T i
USA). For quantitative variables, basic descriptive sta- ” "
tistics were calculated and the compliance of their dis- kil i il S
tributions with the theoretical normal distribution was B QR v i i i e et
08 Fig. 3. Megative correlation between
' the RJ-QR difference during tachycardia and
the tachycardia cycle length
06 5
%‘ 04 %
e o
E: & o
E P—l 20 i
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Fig. 4. Positive correlation between the tachycardia
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Fig. 5. High positive correlation between RI-QR
in tachycardia and RJ-QRin sinus rhythm

0,10 -0,05 0,00 0,05 0,10 0,15
RJ-QR Sinus rhythm (mVy)

The tachycardia cycle length positively correlated with
the age of the studied patients (R = 0.28, p = 0.043), as de-
picted in Fig. 4.

To examine the individual intrinsic properties of ECG,
the correlation between RJ-QR in sinus rhythm and
RJ-QR in tachycardia was assessed. Those parameters
correlated with each other at high statistical significance
(R =0.8, p=0.000), as depicted in Fig. 5.

No correlation between the degree of ST-segment
changes and the age of the studied subjects was revealed.
The gender of the patients did not affect the studied pa-
rameters, nor did the laboratory parameters and comor-
bidities. The age distribution curve of the studied patients
was consistent with the Gaussian distribution.

0,20 0,25

Discussion

In patients with paroxysmal supraventricular tachy-
cardias, the ST-segment depression is a common finding.
At first glance, ST-segment depression is an ischemia-
related change. Petsas et al. assessed the role and signifi-
cance of the ST-segment depression in supraventricular
tachycardia in terms of the coexistence of a myocardial
ischemia, utilizing an exercise test. Fifteen out of 16 sub-
jects with ST-segment depression during supraventricular
tachycardia had no changes on tests.” In another study,
the concentration of troponin I and ST-segment depres-
sion were taken as indicators for myocardial damage. Non-
invasive examinations (myocardial scintigraphy, exercise
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echocardiography and exercise test) and coronary angiog-
raphy were used for confirmation. The authors concluded
that elevated troponin I levels and the ST-segment depres-
sion are not significant markers of myocardial damage
in patients with paroxysmal tachycardia."

In many studies, the duration of an arrhythmia episode
is not associated with an increase in troponins. However,
in the case of longer-lasting tachycardia, the instabil-
ity of the circulation may occur, resulting in troponin
release !>~

During the exercise-related sinus tachycardia, there
is a gradual QT-interval shortening, which is associated
with adrenergic activation. It is not a linear process, but
according to the latest research thereis a type of hysteresis
in which, when accelerating, the heart shortens the QT-
interval depending on the heart rate, first slowly, then
increasingly faster. After the exertion, the QT-interval
lengthens more slowly at first, then it gets faster until
it returns to the primary duration. This phenomenon oc-
curs because of the slow responsiveness of QT-interval
to changes in the heart rate.”'® The patient’s gender also
constitutes an important aspect that may affect the QT
length. It has been proven that women of a given age have
a significantly longer corrected QT-interval than men.
Additionally, the correlation between the change in the QT-
interval and a patient’s age was demonstrated. The older
the patient is, the shorter the QT-interval gets.'™*

The activation of the sympathetic system leads to the ac-
celeration of the heart rate, decrease of the PR interval,
the ST-segment depression and, in some cases, to the inver-
sion of the T waves, while the parasympathetic activation
slows down the heart rate and elevates the ST-segment.!
It was also observed in some healthy people. Their base-
line ECG was showing slight changes in the ST-segment
(<1 mm), often referred to as nonsignificant. This is in line
with our results, as theinitial J-point depression correlated
with depression during tachycardia.

The ST-segment changes could be caused by projection
of the retrograde P wave onto the ST-segment, more com-
mon in patients with atrioventricular reentrant tachycar-
dia, due to longer ventriculoatrial interval (usually exceed-
ing 100 ms). In AVNRT, the interval is usually below 70 ms,
affecting only the QRS complex.?®

The most probable explanation
of the findings

In our study group, the myocardial ischemia was un-
likely to occur, due to the short-lasting arrhythmia par-
oxysms, relatively young age of the subjects and lack
of patients’ complaints. In AVNRT, the overlapping of ret-
rograde P waves could not be explained. The most prob-
able reason of the ST change is the overlapping of R wave
on the preceded T wave with shortening of QT-interval
with tachycardia, and something that could be referred
to as intrinsic characteristics of ECG. This combination
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might be explained by our results: adecrease of the ampli-
tude of the QR component concomitantly with an increase
of the R] component, and a strong correlation between
initial RJ-QR and tachycardia RJ-QR differences. Those
conclusions are further supported by the correlation be-
tween the ST-segment depression and the tachycardia cycle
length, as well as by the correlation between this last pa-
rameter and the age. As the tachycardia gets slower with
age while the ST-depression is not related to age, the ST-
segment depression in those settings is purely electrocar-
diographic and not an ischemic one.

Limitations

The study is observational, hence the causality cannot
be directly derived from the results. The study group was
relatively small. The mechanisms of ST-segment depres-
sion could alsobe different across the age groups. All these
factors could have influenced the obtained results. Never-
theless, it does not make our conclusions less important.

Conclusions

L. In patients with AVNRT, the ST-segment is lowered
during the episodes of tachycardia, and the degree of this
change is related to the tachycardia cycle length.

2. The most probable explanation of the ST-segment de-
pression is the overlapping of the QRS complex on the pre-
ceded T wave.

3. Some intrinsic properties of an individual ECG have
been observed to be influential in this aspect.
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I Clinical Trial/Experimental Study

| Abstract
Background: The ST segment is component of the QRS-T complex located between the QRS and the T wave. ST segm&
changes during tachycardia with narow QRS mainly takes the form of ST segment depression. This phenomencn is often |
observed in young healthy people for whom an ischemic background is unfikely.

Materials and methods: The study included 104 patients (71 women and 33 men) with paroxysmal narrow QRS complex
tachycardia. In al patients electrophysiclogical study was performed and the diagnosis of atrioventricular nodal reentrant
tachycardia was established. The arhythmogenic substrate was then eliminated successfully by subsequent ablation using
radiofrequency energy which confirmed the diagnosis, all patients had measured QRS components — QR, RS and RJ during the
tachycardia and during the sinusrhythm. All of the measurements were done in lead V5.
Results: The difference RJ-QR during tachycardia and sinus rhythm correlated negatively with tachycardia cycle length
(R=0.356, P =.001), first slowly, then rapidly reaching the cycle value of about 300 ms, then it decreases, stabilizing at the cycle
level of about 270. By separating the RJ-QR in tachycardia and in the sinus rhythm from the tachycardia cycle, we can see that
the correlation described in this point is largely due to the correlation between the heart rate and RJ-QR length in tachycardia.
Conclusions: In patients with atrioventricular nodal reentrant tachycardia, there is a significant ST-segment depression during
tachycardia episodes and the degree of this change is related to tachycardia cycle length. The most probable explanation of the
ST-segment depression is the overlap of the QRS complex on the preceded T wave. This phenomenocn is also influenced by
some intrinsic properties of the individual electrocardiogram. It is possible to rule out ischemic origin of the presented ST segment

r change. |
Abbreviations: AV = atrioventricular, AVNRT = atrioventricular nodal reentry tachycardia, AVRT = atrioventricular reentrant |
tachycardia, CAD =coronary artery disease, ECG = electrocardiogram, GAMs = generalized additive models, SVT = supraventricular

tachycardia.
| Keywords: AVNRT, ST-segment depression, tachycardia

1. Introduction

The ST segment is a component of the QRS-T complex located
between the QRS and the T wave. Physiologically, it forms an
isoelectric line. ST segment abnormalities result from changes
in position relative to the isoelectric line and the duration and
direction of myocardial repolarization. If they arise during the
period of repolarization, such as in ischemia or myocarditis,
they are called primary changes. If, on the other hand, they
resule from changes in the depolarizarion period, such as in
bundle branch block, myocardial ventricular pacing or pre-ex-
citation, they are called secondary changes.!!l Since ST-segment
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changes are 1 of the most important parameters in the diagnosis
of ischemia, it is important to understand all the possibilities
influencing its presence, which may lead to misinterpretation of
the electrocardiogram (ECG).”!

ST-segment changes are commonly seen in parients with
narrow-complex paroxysmal tachycardia who have not had
previous symptoms of ischemic heart disease. This popu-
lation is dominated by young patients without a history of
chronic diseases and no risk factors for ischemic heart dis-
ease to explain this abnormality on the ECG. In this group
of patients, the terms tachycardia-induced ST-segment depres-
sion, myocardial subendocardial ischemia, recording arufact,
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and other ill-defined terms are used to explain these ECG
changes.**t These ST segment alterations may occur in the
presence of various types of artifacts that overlap with the
individual components of the QRS complex, which alter
the baseline and imitate the typical electrocardiographic
changes seen in myocardial ischemia.l! An example of such
changes is atrial flutter in the inferior leads, in which the
flutter wave can imitate pathological g waves and resemble
a previous myocardial infarction, but may also affect the ST
segment and T waves, mimicking acute ischemic changes. In
atrioventricular reentrant tachycardia (AVRT), the retrograde
(usually negative) P wave may overlap not only with the ST
segment, but also with the ascending T wave.! In addition
to the P wave, the presence of an accessory atrioventricular
(AV) conduction pathway may also result in the presence of
artifacts (e.g., QRS morphology, amplitudes).® In AV nodal
reentrant tachycardia, the retrograde P wave, due to the much
shorter conduction through the AV junction, and not cell-to-
cell conduction as in AVRT, is much more likely to be found
on the descending component of the QRS complex, or in the §
wave, if present. Therefore, it is usually not visible.!”!

Theretfore, the most likely explanation for ST-segment depres-
sion is related to the overlapping of the individual components
of the heart cycle with a sufficiently rapid tachycardia cycle.
Thus, the T wave overlaps with the following QRS complex
raising the baseline in front of the QRS complex, which results
in the visual appearance of ST segment depression.

2. Aim

The aim of this study was to assess the presence and possible
mechanisms of ST segment depression during atrioventricular
nodal reentrant tachycardia (AVNRT) in patents undergoing
radiofrequency ablation of the underlying arrhythmia.

3. Material and methods

The study included 104 patients (71 females and 33 males;
mean age 50 years) with clinically important paroxysmal nar-
row QRS complex tachycardia. An electrophysiological study
was performed in all the patients and the diagnosis of atrio-
ventricular nodal reentrant tachycardia was established. The
arrhythmogenic substrate was then successfully eliminated by
ablation using radiofrequency energy. The clinical and demo-
graphic characteristics as well as laboratory tests of the patients
are presented in Table 1.

During electrophysiological study, the cycle length of the
sinus rhythm and tachycardia, as well as the amplitudes of the
QRS components — QR, RS and R] during the tachycardia and
during the sinus rhythm with a paper speed of 200 mm/s and an
enhancement of 64 to 128x were measured. Despite the pres-
ence of ST depressions in many leads, the measurements were
made in lead V5 due to the consistent best visibility (highest
amplitude) of the R wave and the most pronounced ST changes.

3.1. Statistical analysis

The statistical analysis was performed using the computer pro-
gram STATISTICA v.13.3 (StatSoft, Inc, Tulsa, USA). For quan-
utative variables, basic descriptive statistics were calculated and
the compliance of their distributions with the theorerical nor-
mal distribution was checked using the Shapiro-Wilk’s W test.
Comparisons were performed with the Wilcoxon signed-rank
test for dependent groups. The correlations between the studied
parameters were performed using Spearman’s rank correlation
coefficient according to statistical properties of the dara. P val-
ues < .03 were considered significant.

Generalized additive models (GAMs) were used to assess the
shape of the curve which fit best with the dara. GAMs’ objective
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is to find the curve that minimizes the so-called “penalized sum
of squares,” which is the sum of squares known from linear
regression plus a “penalty” for wiggliness proportional to the
integral of the squared second derivative. Minimalization is
done within a very large set of curves that is formulared from
the “basis™: a small set of functions that can generate almost
every smooth curve through linear combinations. “Penalty”
prevents GAMs from generating a perfect fit (a curve that goes
through every dara point). Such a formulation allows for the
interpretation of a fitted curve as a best compromise between a
perfect fit and concise description of an analyzed relationship.
GAMs can also result with a linear fit, which proves that the
linear relationship is the 1 that best summarizes the connection
between the analyzed variables.

The study was approved by the local Bioethical Committee at
the Wroclaw Medical University number KB - 213/2020.

4. Results

The basic electrocardiographic measurements in sinus rhythm
and rachycardia are presented in Table 2.

The tachycardia-related changes in patents with AVNRT
include the elevarion of the reference point as indicated by
diminished QR amplitude as well as the depression of the ]
point. This influenced the difference in RJ-QR resulting in the
ECG ST-segmenr depression.

The difference in RJ-QR during tachycardia and sinus rhythm
correlated negatively with tachycardia cycle length (R = 0.356,
P=.001). The RJ-QR difference increases as the tachycardia
cycle decreases, first slowly, then rapidly reaching a cycle value
of about 300ms, then it decreases, stabilizing at the cycle level
of about 270. The entire graph looks like the tip of the QRS
complex and the T wave, overlapping the next evolution. This
relationship is shown in Figure 1.

By narrowing down the tachycardia cycle length between 280
and 520ms, the relationship is practically linear, as shown in
Figure 2 below.

By separating the RJ-QR in tachycardia and in the sinus
thythm from the tachycardia cycle, we can see that the cor-
relation described in this point is largely due to the correlation
between the heart rate and RJ-QR length in tachycardia; the
correlaton with the RJ-QR length in sinus rhythm is staristi-
cally insignificant. Those values are shown in Table 3.

Table 1
Clinical characteristics of the total population of studied
patients.

Total
N=104
Mean age (years) 50.06 = 16.18
Maleffemale 33M
Comorbidities: _
HT 64 (61.5%)
DM 16 (15.4%)
CkD 0(0%)
IHD 7(6.7%)
HF 3(2.9%)
Labaratory s
Hemoglobine (mmoalAL) 14.02 £1.31
K*(mmal/L) 441+ 040
Glucose (mg/dL) 101.59 +224
Creatinine (mg/dL) 08013
TSH (mUA) 195+ 1.49
Mean denvelation (RJ-OR Tachycardia — RJ-0R NSF) (mV) 0.058 = 0.065

KD = chronic kidney disease, DM = diabetes mellitus, HF = heart failure, HT = arterial
typertension, IHD = ischemic heart disease.

27



Mermik et al. » Medicine (2022) 101:49

www.md-journal.com

Table 2
The basic electrocardiographic parameters measurements in sinus rhythm and tachycardia with according differences and statistical
test results.
QR (mV) RS (mv) RJ (mV) RJ-QR (mV) Cycle length (ms)
Tachycardia 0.689+/-0.293 0.936+/-0.369 0.820+/-0.364 0.131+/-0.097 369.71+/-72.2
Sinus Rhytm 0.718+/-0.300 0.947 +/-0.351 0.795+/-0.362 0.077+/-0.077 739.55+/-179.5
Difference 0.029 0.009 -0.025 —0.054 -
P 005 s 068 001 -
decreases with age and the ST segment depression is nor age-re-
03 e lated. Therefore, the most likely mechanism for the changes

[RI-QR| Tachy cardia
|RI<QR) Sinus rhythm

01
0.0 <
.
0,1 7
T T T T T T
200 300 400 500 600 00
Cyele length [ms]

Figure 1. Upper panel: The RJ-QR difference with relation to the tachycardia
cycle length. Lower panel: Schematic depiction of ST sagment locations —
dotted lines — different reference points, red line — stable ST segment level.

The relarionship berween heart rate and patent age is shown
in Figure 3 below. The older the patient is, the slower the
tachycardia.

5. Discussion

The phenomenon of ST segment depression during atrioventric-
ular nodal reentrant tachycardia has been described in the liter-
ature, however, there is no comprehensive explanation for this
finding. Many potential mechanisms of ST segment depression
during tachycardia have been provided. In our opinion, the most
important mechanism is the overlap of the T wave with the sub-
sequent QRS complex. Currently, there is no definitive data for a
derailed explanation of this phenomenon in the literature. Some
studies suggest that heart rate is the main mechanism for the
ST-segment depression.'"™ Our study found that the most likely
mechanism is a decrease in the amplitude of the QR component
with no change in the R] component, resulting in a strong cor-
relation berween the RJ-QR difference during sinus rhythm and
tachycardia.

These conclusions are further confirmed by the correlation
berween the depression of the ST segment and the length of the
tachycardia cycle, as well as the correlarion berween the latter
parameter and patent age. Hearr rate during the tachycardia
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seen in ST depression in these conditions is purely electrocar
diographic, and not ischemic.

Other mechanisms responsible for ST segment alterations are
as follows:

5.1. Manifestation of myocardial ischemia during
tachycardia

Several studies have shown that the occurrence of recurrent
tachycardia is associated with underlying myocardial isch-
emia. Bukkapatnam et al studied 104 patients admirted with
a diagnosis of supraventricular tachycardia (SVT), 80 of
whom had troponin I testing, and 70 of these patients could
be assessed for ST-segment changes."!! Thirty-seven patients
(48%) had increased troponin I (mean 1.54 +/- 2.7ng/dL,
normal < 0.07ng/dL) and 46 patents (57%) had ST-segment
depression > 1.0mm. More females than males showed a sig-
nificant increase in troponin during tachycardia (35 vs 32).
Among patients with a history of coronary heart disease before
the onset of tachycardia, 62% had a significantly increased
levels of cardiac troponins compared with 43% in patients
without a history of coronary artery disease (CAD). In all
patients with elevated cardiac troponin levels, chest pain was
as common as in patents with troponin levels within the nor-
mal range (35% vs 32%). Among all patients, 44% had CAD
verified by performing coronary angiography. Patients with
CAD were older and had a higher frequency of risk factors
for ischemic disease: hypertension, hyperlipidemia, and renal
failure. Neither chest pain nor an increase in troponin I during
SVT was significantly associated with CAD. The evidence for
CAD was detected in 22% of patients displaying ST depression
compared to patients without 5T depression. In conclusion,
there were no significant differences in baseline characteristics
and dlinical presentation of patients with and without troponin
I increase or ST-segment depression. There was no difference
in the diagnosis of CAD by noninvasive or invasive testing in
patients with and without increased troponin L' A group of
16 patients with documented rachycardia with narrow QRS
complex with significant ST segment depression (> = 1mm) in
whom a treadmill exercise test (modified Bruce protocol) was
performed was studied by Petsas et al.l'*! ST depression below
1 mm was considered significant if it occurred up to 80ms from
the ] point. A positive rest result occurred only in 1 female,
while in all the other patients, it was not possible to achieve
ST-segment depression similar to those observed during tachy-
cardia. These results suggest thar coronary artery disease and
myocardial ischemia are not involved in the genesis of 5T seg-
ment depression during SVT.1'? Gulec et al studied 39 patients
(23 females and 16 males) admitted to the emergency depart-
ment with paroxysmal SVT.!"! No patient had clinical evidence
of CAD, and 12-lead resting electrocardiograms were normal.
Partients were divided into 2 groups according to whether they
had ST-segment depression during paroxysmal SVT. Group |
included 21 parients who had ST-segment depression of at least
1mm at 80ms after the | point in any lead during episodes
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Figure 2. The almost linear relationship of RJ-QR difference with relation to
the tachycardia cycle length when narrowing down the tachycardia cycle
length.

Table 3

The correlation of RJ-QR in tachycardia and sinus rhythm with
tachycardia cycle length.

Heart rate in tachycardia
Parameters Spearman correlation rank
IRJ-0RI Tachycardia r=-0.356, P= .001*
IRJ-0RI Sinus Rhythm R=0074 P= 484

of paroxysmal SVT. Group II consisted of 18 patients withour
ST-segment depression during paroxysmal SVT. Parients were
scored according to their coronary risk factors including hyper-
tension, diabetes mellitus, smoking, hypercholesterolemia, and
a family history of ischemic heart disease. Each patient had an
ECG assessed during rachycardia, during exercise testing, and
during thallium stress scintigraphy; 6 patients had a positive

Medicine

exercise test and 7 patients had a positive thallium stress scin-
tigraphy. In all patients, significant coronary artery disease was
confirmed by coronary angiography. There was no statistically
significant difference in the occurrence of chest pain, heart rate
and magnitude of ST-segment depression in patients with and
in patients without coronary artery disease. Only the differ-
ence in the presence of risk factors was statistically significant
berween patients with and without coronary artery disease.l'?
Nelson et al, sought to determine the relationship between
supraventricular tachycardia and the symptoms of myocardial
ischemia in 19 patients with inducible orthodromic atrioven-
tricular reciprocating tachycardia.'¥ Sixteen of these patients
had a single accessory pathway and 3 patients had dual acces-
sory pathways. Six patients had inducible AV nodal reentrant
tachycardia. A second group of 7 patients with multivessel
coronary artery disease and exertional angina was included in
this study to evaluate whether arrial pacing-induced 5T seg-
ment depression would result in myocardial lactate production.
In these patients, relatively modest ST-segment depression was
associated with lactate production, indicating an ischemic sub-
strate, in contrast to patients with supraventricular tachycar-
dia in whom even significant ST depression was not associated
with lactate production ¥ The findings from these studies, sug-
gest that the best way to determine whether tachycardia reveals
significant ischemic changes is to follow the patient’s age and
the presence of significant coronary artery disease risk factors.

5.2. ST segment changes and QT interval

Another factor influencing ST segment changes is the duration
of the QT interval. During its shortening, when at a certain
heart rate “it does not keep up” and overlaps the next QRS
complex, it raises the baseline of the initial part of the QRS
complex and results in the visual phenomenon of ST segment
depression. Physiologically, the QT interval is shorter during
tachycardia — the faster the tachycardia, the longer the QT inter-
val. It is associated with adrenergic stimulation and the release
of catecholamines from the myocardium. The duration of the
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QT interval is also gender dependent; females at any given age
have a significantly longer corrected QT interval than males.!'’!
Therefore, in females, changes in the ST segment, thought to be
a measurement artifact, should appear with slower tachycardia
than in males. There 1s also a relationship between age and QT
interval duration — the older the patient, the shorter the QT
interval.'s! It appears that the main factor responsible for the
change in the QT interval is the interval from the beginning of
the QRS complex to the peak of the T wave; the rest of the QT
complex is less sensitive to changes related to the heart rate.'”
According to a recent study, the QT segment maintains a spe-
cific hysteresis — as the heart rate accelerates, it shortens slowly
at first, then faster and faster, while when deceleraring, it first
shortens quickly, then slower and slower until it is extended
to the initial QT."*! This phenomenon occurs because the QT
interval responds with some delay to changes in hearr rate.
However, the exact mechanisms responsible for shifting the QT
interval remain unknown and will require further investigation.

5.3. U wave and the overlapping of the following QRS
complex

The U wave is the end of the T wave. A normal U wave should be
consistent with the T wave. U waves with the opposite direction
may indicate myocardial ischemial' and should be best seen in
the leads from the right ventricle. The interval berween the peak
of the T wave and the peak of the U wave should not exceed
150ms.*® During tachycardia, the baseline may be raised, espe-
cially in those that are not very rapid, in which the QRS com-
plex overlaps the U wave bur not yet overlaps the T wave.

5.4. St-segment changes and artifacts: retrograde p-wave
and .saw teeth” in atrial flutter

During atrioventricular node reentrant and atrioventricular
reentrant tachycardia, a retrograde P wave projecting on the 5T
segment may be seen on some ECGs. It is more often visible in
AVRT due to the longer RP' interval (usually abour 100 ms),
while in the AVNRT and its most common form (slow-fast), it
is usually less present. This is why in AVNRT its influence alter
rather the shape of the QRS complex - the descending arm of
the R wave and the S wave than the 5T segment.!

Another example of this phenomenon is the atrial flutter
wave. In a typical counterclockwise version, the flutter wave is
mainly seen in the inferior leads and can overlap the ST segment
and the T wave causing the baseline to rise and the reference
point to change, which may resemble a depression of the ST
segment. These changes are even more visible if the patient takes
I C antiarrhythmic drugs, for example, propafenone, which by
prolonging the arrhythmia cycle can cause 1:1 conduction !

Another interesting aspect of ST changes involves ventricular
extrasystole. There are some reports that in the QRS preceding
ventricular extrasystole, mainly those originating in the right
ventricular outflow tract, changes in the ST segment may be
seen, mainly in the form of depression .

In view of our results, and those from other studies in the
literature, we conclude that the main mechanism responsible for
the ST segment change during AVNRT is the overlapping of the
previous evolution T wave with the next evolution R wave. It
15 actually an ECG arnfact resulting from the change of the ref-
erence point, namely the rise of the baseline. This effect is only
seen in those tachycardias that are fast enough for overlapping
of the components to occur.

6. Limitations
Most of the parients participating in the study were relarively
young adults, but there were also middle-aged and some elderly
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patients. In our study, we did not test for troponin levels during
tachycardia as well as after its termination to determine isch-
emia, or perform coronary or angio computed tomography to
assess for the presence of CAD.

7. Conclusions

1. In parients with AVNRT, the ST-segment is depressed
during episodes of tachycardia, and the degree of this
change is related to the tachycardia cycle length in partic-
ular berween cycle length 280 to 520 ms.

2. The most probable explanation of the ST-segment depres-
sion is the overlapping of the QRS complex on the pre-
ceded T-wave, changing the reference point (baseline) for
observarion and measurement.

3. Theischemic origin of these ST-segment changes could be
excluded in these patients.
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Abstract

Background: ST segment deviation is common in patients with narrow QRS complex tachycardia. It mainly con-
cerns young people in whom ischemic background is unlikely. In our work we would also like to propose another
potential mechanism — the overlapping of individual components of the QRS complex. Material and methods:
The study included 11 patients (7 women and 4 men) with paroxysmal narrow QRS complex tachycardia. In all
patients EPS was performed and the diagnosis of atrioventricular reentrant tachycardia was established and fi-
nally successful RF ablation was done We mesured the individual components of QRS QR, RS and RJ during sinus
rhythm and during tachycardia. Results: The difference RJ-QR during tachycardia correlated negatively with ta-
chycardia cycle length T(r =-0,85, p = 0,000831 ). We also showed a significant difference between the amplitude
of the RJ segmentin tachycardia and during sinus rhythm (p = 0.005), at the same time we showed no differences
between the amplitude of QR and RS. Conclusions: We showed a statistically significant difference in ST segment
depression in correlation with the rate of tachycardia in patients with AVRT resulting mainly from the overlapping
of individual components of the QRS complex.
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Abbreviations Table 1. Clinical characteristics of studied patients
Total
= AV —atrioventricular; =i
= AVNRT - atrioventricular nodal reentry tachycardia; =
= AVRT - atrioventricular reentrant tachycardia; Mean age (years) 28.06 + 10.16

* ECG —electrocardiogram;

: = Male/female 4/7
* EPS - electrophysiological study.

Comorbidities:

Introduction HT 1(9.1%)

DM 0 (0%)

ST segment changes are mainly associated with coronary
artery disease (CAD). However, in supraventricular tachycar- IHD 0 (0%)
dias (SVTs) ST segment changes are common and may affect CKD 0 (0%)

to 50-60% of patients with atrioventricular nodal reentry
tachycardia (AVNRT) and atrioventricular reentrant tachycar- Laboratory
dia (AVRT) [1]. In patients with AVNRT or AVRT, the change

in the ST segment on the electrocardiogram (ECG) most of- Hemoglobin (mmol/L) a7 =120
ten takes the form of downward oblique deviation [2]. Vast K+ (mmol/L) 4.21 + 0.40
majority of these patients are healthy, young people in whom

cardiac ischemia is unlikely [3]. The ST segment changes dur- Glucose (mg/dL) 95.04 + 12.3
ing episodes of SVT has been discussed many times, but none

of these studies demonstrated a clear mechanism responsible Creatinine (mg/dL) 0.7 + 0.10

for the ST segment deviations [4-5]. In this paper, we discuss
the potential explanation of ST segment changes in AVRT. We TSH (mU/L) 1.75 % 1.20
also propose another potential mechanism — the overlapping

of individual components of the QRS-T complex resulting in HT — arterial hypertension, DM — diabetes mellitus, CKD — chronic
a change in the baseline reference point and a measurement kidney disease, IHD — ischemic heart disease, HF — heart failure.

artifact in the form of ST segment depression.

Materials and methods

11 patients (7 women and 4 men) took part in the study,
their average age was about 28 years. All patients underwent
an electrophysiological study (EPS), during which the diagno-
sis of AVRT was made, followed by successful radiofrequency
ablation of the accessory pathway was performed. Detailed p Q s

J point

demographic, clinical, and laboratory data are described in
Table1. Figure 1. Individual components of the QRS complex
We assessed the ECG analogously to our earlier work on QR segment — the distance between the bottom of the Q wave and
AVNRT [6-7]. Figure 1 shows how the individual components the peak of the R wave, RS segment — the distance between the
of th s I 4. D he best visibili peak of the R wave and the bottom of the S wawve, Rl segment —the
the GRS complex were measured. Due to the best visibility segment between the peak of the R wave and the | point
of the R wave, lead V5 was used for all measurements.

The statistical analysis was performed using the comput-
er program Statistica v. 13.3 (StatSoft Inc., Tulsa, USA). The _
Shapiro-Wilk W test was used to calculate normality of dis-
tribution, we used the Wilcoxon test for dependent groups ECG parameters are presented in Table 2 and Figure 2.
for comparisons, and the Spearman’s test for correlation. The We noted a significant difference between the amplitude of
study was approved by the local Bioethical Committee at Wro- the RJ segment in tachycardia and during sinus rhythm (p =
claw Medical University number KB —213,/2020. 0.005). At the same time we found no differences between

the amplitude of QR and RS.
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Figure 2. QR and R measurements during tachycardia (left panel) and during sinus rhythm (right panel)

MSR - normal sinus rhythm

Table 2. The basic electrocardiograp hic parameters measurements in sinus rhythm and tachycardia with according differences and stati-

stical test results

Tachycardia

QR(mV)

1,103 +/- 0,400

RS(mV)

1,213 +/- 0,433

RI(mV)

1,147 +/- 0,393

RJ - QR(mV)

0,033 +/- 0,091

Cycle length (ms)

329,50 +f- 37,56

Sinus Rhytm | 1,065 +/- 0,469 | 1,189+/- 0,434 | 1,064 +/- 0,440 | 0,010 +/- 0,073 | 739,55 +/- 179,5
Difference 0,038 0,024 0,083 0,023 =
P 0,575 0,114 0,005 0,207 =

We also showed a significant negative correlation be-
tween the tachycardia cycle length and the RI-QR difference —
the faster the arrhythmia, the greater the 5T segment denive-
lation (r = -0.85, p = 0.000831). During sinus rhythm, there
were no significant changes in RI-QR difference.

A graphical representation of the above-mentioned rela-
tionships is shown in Figure 3.

In patients with AVRT, there is a phenomenon of ST seg-
ment depression. Because this tachycardia affects mainly
young people in whom ischemic etiology is unlikely, the most
probable cause is a measurement artefact — the overlapping

Table 3. The correlation of RI-QR in tachycardia and sinus rhythm with tachycardia cycle length

Parameters

|RI-QR| Tachycardia

Heart rate in tachycardia
Spearman correlation rank

r=-0,85, p = 0,000831*

|RI-QR| Sinus Rhythm

r=-0,50, p = 0,074

In the graph on the left there is a strong dependence of
RJ-QR on tachycardia, while during sinus rhythm (graph on the
right) this relationship is not statistically significant (although
its values are close to the level of statistical significance).

of individual components of the QRS complex and elevation
of the baseline, a retrograde P wave or QRS alternans [1].

ST segment depression during SVT is well-documented
in the literature [4-5]. These changes usually resolve when
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Figure 3. A graphical representation of the above-mentioned dependencies: RJ-QR (mV) during tachycardia (ms) (left panel) and during

sinus rhythm [ms) (right panel)

sinus rhythm is restored, although it has been reported that
ST-segment depression may persist and is not associated with
CAD-related myocardial damage [3].

Dorenkamp et al. concluded that there is no correlation
between the presence of CAD and ST segment depression in
ECG of patients with paroxysmal SVT [1]. The same percent-
age of people with ST segment depression was observed both
among patients with significant narrowing in the coronary
vessels and in patients with normal coronary angiography re-
sults.

In our study, we demonstrated a positive correlation be-
tween ST segment depression and arrhythmia rate. The short-
er the arrhythmia cycle, the greater the overlap of the T wave
of the previous QRS complex with the next QRS complex,
which causes a rise the baseline and may give the impression
of 5T segment depression. We proposed a similar explanation
for the AVNRT in another article [6].

During fast AVRT, in some patients there is an QRS al-
ternans. Due to the dynamic change in the amplitude of all
components of the QRS complex (QR, RS, RJ) from beat to
beat, there is a change in the baseline, which may lock like
a depression of the ST segment. The QRS alternans in AVRT
has not been explained, some studies suggest intraventricu-
lar conduction disturbances as the cause of this phenomenon
[6]. In our study, unfortunately, we did not have patients with
QRS alternans during orthodromic tachycardia.

A retrograde P wave occurs during AVRT. In orthodromic
AVRT, the interval between the QRS complex and the retro-
grade P wave should be at least 70 ms, depending on the elec-
trophysiological properties of the accessory pathway and the
location between pathway and AV node [7]. For this reason,
the retrograde P wave is projected onto the STsegment or the
T wave. This may cause 5T segment depression, which looks
like its denivelations, likewise to myocardial ischemia. Riviera
et al reached similar conclusions [8].

When considering the spatiotemporal relationships of
retrograde atrial activation during AVRT, the possible loca-
tions of accessory pathways should be considered [9]. Viewed
from the V5 lead, the left-sided accessory pathways generate
retrograde P waves that will be negative, inducing a lowering
of the J point and ST-segment in this lead. Right lateral path-
ways cause opposite changes inducing the relative elevation
of the J point and the 5T segment of the electrocardiogram
in lead V5. Septal tracts induce similar changes, as activation
of the left atrium electrically prevails over activation of the
right atrium, but in this location the retrograde P wave is ex-
ceptionally short, which means that, depending on the speed
of retrograde conduction, the change in a targeted manner
may influence the J point or a fragment of the ST segment.
Posterior pathways, depending on the location, can affect the
described phenomenon in different ways. Therefore, in the
case of our results, obtained in a relatively small study group,
the relationships described do not have to be unambiguous.
A probabilistic conclusion may be that the relationship de-
scribed earlier is true, modified only by the influence of the
retrograde P wave depending on the location of the accessory
pathway [10-11].

Limitations

This is a single-center study conducted in a small group of
patients. Because AVRT is a rare arrhythmia, there are signif-
icant difficulties in gathering a larger group of patients. None
of the patients had coronary angiography performed to com-
pletely exclude the ischemic cause of ST segment changes. In
addition, there was no exercise test performed and no pac-
ing with the arrhythmia rate during the EPS to reproduce the
baseline conditions during arrhythmia.
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The cause of ST-T segment changes during AVRT remains None to report.
unexplained. In this paper we propose a fairly simple but im-
portant explanation. The concept of ST segment change as
a measurement artifact resulting from the overlapping of in- _
dividual components of the QRS-T complex in AVRT has not
been described in the literature so far. More research is need- Not applicable.
ed to confirm this concept and to search for other potential

mechanisms.
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8. OPINIA KOMISJI BIOETYCZNEJ

KOMISJA BIOETYCZNA

przy

Uniwersytecie Medycznym

we Wroctawiu

ul. Pasteura 1; 50-367 WROCLAW

OPINIA KOMISJI BIOETYCZNEJ Nr KB — 213/2020

Komisja Bioetyezna przy Uniwersytecie Medycznym we Wroclawiu, powolana
zarzadzeniem Rektora Uniwersytetu Medycznego we Wroctawiu nr 133/XV R/2017 z dnia 21
grudnia 2017 r. oraz dzialajaca w trybie przewidzianym rozporzadzeniem Ministra Zdrowia
i Opieki Spolecznej z dnia 11 maja 1999 r. (Dz.U. nr 47, poz. 480) na podstawie ustawy
o zawodzie lekarza z dnia 5 grudnia 1996 1. (Dz.U. nr 28 z 1997 r. poz. 152 z pdZniejszymi
zmianami ) w skladzie:

prof. dr hab. Jacek Daroszewski (choroby wewnetrzne, endokrynologia, diabetologia)
prof. dr hab. Krzysztof Grabowski (chirurgia)

dr Henrvk Kaczkowski  (chirurgia szczekowa, chirurgia stomatologiczna)

mgr Irena Knabel-Krzyszowska (farmacja)

prof. dr hab. Jerzy Liebhart (choroby wewnetrzne, alergologia)

ks. dr hab. Piotr Mrzygtod, prof. nadzw. (duchowny)

mgr Luiza Miller  (prawo)

dr hab. Stawomir Sidorowicz (psychiatria)

prof. dr hab. Leszek Szenborn, (pediatria, choroby zakazne)

Danuta Tarkowska (pielggniarstwo)

prof. dr hab. Anna Wiela-Hojenska (farmakologia kliniczna)

dr hab. Andrzej Wojnar, prof. nadzw. (histopatologia, dermatologia) przedstawiciel
Dolnoslaskiej Izby Lekarskiej)

dr hab. Jacek Zieliniski (filozofia)

pod przewodnictwem
prof. dr hab. Jana Kornafela ( ginekologia i poloznictwo, onkologia)

Przestrzegajac w dziatalnosci zasad Good Clinical Practice oraz zasad Deklaracji Helsinskiej,
po zapoznaniu sie z projektem badawczym pt.

Zmiany odcinka ST w nawrotowych czestoskurczach weztowych i przedsionkowo-
komorowych — wazny klinicznie i diagnostycznie problem czy moze tylko artefakt?”
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zgtoszonym przez lek. Jakuba Mercika zatrudnionego w Katedrze i Klinice Medycyny
Ratunkowej Uniwersytetu Medvcznego we Wroclawiu oraz zlozonymi wraz z wnioskiem
dokumentami, w tajnym glosowaniu postanowila wyrazi¢ zgode na przeprowadzenie badania
w Oddziale Kardiologii Szpitala Zespolu Opieki Zdrowotnej w Klodzku pod nadzorem

prof. dr hab. Jacka Gajka pod warunkiem zachowania anonimowosci uzyskanych danych.

Uwaga: Badanie to zostato objgte ubezpieczeniem odpowiedzialnosci cywilnej Uniwersytetu
Medycznego we Wroclawiu z tytulu prowadzonej dziatalnosei:

Pouczenie: W ciggu 14 dni od otrzymania decyzji wnioskodawcy przystuguje prawo
odwotania do Komisji Odwolawczej za posrednictwem Komisji Bioetycznej UM we
Wroctawiu

Opinia powyzsza dotyczy: projektu badawczego bedacego podstawa rozprawy doktorskiej

Wroclaw, dnia kwietnia 2020 r. Uniwersytel Medfczny we Wroctawiy
- KOMISJABIBETYCZNA
pragWoqniczacy

prof. dr n?)i*an Kornafel
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