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2. OMOWIENIE

2.1 Wstep
Czas trwania zatamka P odzwierciedla czas aktywacji elektrycznej miesnia obu przedsionkdw
i jest zalezny od drogi, ktérg pokonuje impuls elektryczny oraz od predkosci rozprzestrzeniania
sie pobudzenia. Obie opisane sktadowe zmieniajg sie zwykle w réznych patologiach serca, z tym,
ze wraz z rosngcym uszkodzeniem miokardium zwykle spada predkos¢ przewodzenia, jak i jamy
przedsionkéw ulegajg powiekszeniu, stgd czas trwania zatamka P rosnie. Pomiar czasu trwania
zatamka P jest zagadnieniem ztozonym. Sygnat elektryczny jest rejestrowany przez 10 elektrod,
ktére tworzg 6 odprowadzen korniczynowych: 3 bipolarne, 3 unipolarne i 6 unipolarnych
przedsercowych. Odprowadzenia koniczynowe rejestrujg przeptyw pradu elektrycznego
w ptaszczyZznie czotowej, a odprowadzenia przedsercowe w pfaszczyznie poziomej. Polarnosé
zaréwno jedno- jak i dwubiegunowych par elektrod umozliwia rejestracje zmiany ich potencjatu
z ujemnego na dodatni oraz wytworzenia odpowiedniego odchylenia linii izoelektryczne;j.
Odchylenie jest dodatnie, jesli chwilowy wektor pradu jest zgodny z kierunkiem odprowadzenia
dwubiegunowego, lub jest zorientowany w kierunku odprowadzenia jednobiegunowego, lub
jest zorientowany ujemnie w sytuacji odwrotnej. Gdy prad ptynie prostopadle do kierunku
elektrody dwubiegunowej lub réwnolegle do kierunku elektrody jednobiegunowej, elektrody
nie rejestrujg odchylen. Dzieje sie tak, poniewaz dane odprowadzenie nie rejestruje zmiany
potozenia impulsu w czasie. Fakt ten skutkuje powstawaniem izoelektrycznych fragmentéw
elektrokardiogramu. Chociaz zjawisko to nie wystepuje w praktyce z powodu ztozonosci
struktur miesnia sercowego, zaleznos¢ ta pozwala petniej zrozumieé problematyke doktadnej
interpretacji zatamka P. Pomimo dostepu do zaawansowanych narzedzi pomiarowych,

precyzyjna ocena czasu trwania zatamka P wcigz pozostaje trudnym zagadnieniem.



Podstawg wyboru poprawnej metodologii pomiarowe;j jest fakt, ze rézne odprowadzenia EKG
stanowig jedynie rdine perspektywy obserwowania tego samego impulsu elektrycznego.
Zgodnie z zasadami elektrofizjologii, kazdy impuls elektryczny rozpoczyna sie i konczy w tym
samym czasie we wszystkich odprowadzeniach EKG. Nalezy ponadto pamieta¢, ze miokardium
przedsionkdw ma mniejszg mase i jest bardziej podatne na uszkodzenie w pordwnaniu
ze strukturg miesni komoér, stad prad ptyngcy w jego obrebie generuje impuls o znacznie nizszej
amplitudzie. Skutkiem tego, zatamek P w pordwnaniu z innymi sktadowymi EKG znacznie
szybciej ulega znieksztatceniom, a przede wszystkim wydtuzeniu i sptaszczeniu,
co dodatkowo utrudnia jego precyzyjng ocene. Wspomniane niedoskonatosci pomiaru
spowodowaty, ze w 1998r. Dilaveris et al. opublikowat w American Heart Journal prace
o dyspersji zatamka P. Wedtug autoréow parametr ten byt rdznicg pomiedzy najdtuzszym
i najkrétszym zmierzonym czasem trwania zatamka P w dwdch réznych odprowadzeniach.
Zjawisko to opisano jako marker ,niejednolitego anizotropowego, niejednorodnego
przewodzenia przedsionkowego” (“non-uniform anisotropic inhomogeneous atrial
conduction”). Maksymalny czas trwania zatamka P przekraczajgcy 110ms oraz dyspersja
zatamka P siegajaca 40ms byly wedtug autoréw znaczgcymi czynnikami ryzyka nawrotu
migotania przedsionkdw, poréwnujgc badanych pacjentéw oraz grupe kontrolng
z pozytywng wartoscig predykcyjng 89%. Grupa badana skfadata sie z 60 pacjentéw
ze zdiagnozowanym napadowym AF, dla ktdrych srednia wartos¢ dyspersji wynosita 49 +15 ms.
Grupa kontrolna sktadata sie z 40 zdrowych osdb, dla ktérych srednia warto$¢ dyspersji wynosita
28 +7 ms. Nalezy zaznaczy¢, ze grupy te byty poprawnie dobrane pod wzgledem parametrow
socjodemograficznych, wymiarow lewego przedsionka, czasu przewodzenia przedsionkowo-

komorowego oraz funkcji skurczowej lewej komory.



Analizujgc uzyskane wyniki szczegdlng uwage nalezy zwrdéci¢ na metodologie uzyty przez
Dilaverisa. Pomiaréw dokonywano przy przesuwie papieru 50mm/s, z cechg 1mV/cm, uzywajac
linijki oraz lupy dla zwiekszenia precyzji. Taki sposdb odczytu EKG zaktada jednak wykorzystanie
wiasciwosci grafiki rastrowej, co oznacza, ze po przyblizeniu obrazu nie uzyskamy ani
dostosowania rozdzielczosci, ani pogtebienia poziomu szczegdétowosci zapisu. Odpowiednim
poréwnaniem wydaje sie by¢ uzywanie lupy do czytania mapy o okreslonej skali. Samo uzycie
lupy nie spowoduje zwiekszenia skali mapy, a wiec nie zwiekszy rowniez poziomu jej
szczegbtowosci. Wyniki uzyskane przez autoréw, na podstawie opisanych metod pomiarowych
musiaty by¢ wiec zafatszowane. Pomimo krytycznych prac na temat precyzji pomiaréw czasu
trwania zatamka P, co zostato poruszone réwniez przez samych autoréw, teoria ta zostata
przyjeta i ugruntowana w wiedzy medycznej. W 1999r., zaledwie rok po tym, jak Dilaveris
przedstawit teorie dyspersji fali P, Yamada et al., wykorzystat do pomiaréw automatyczne
oprogramowanie VCM-3000 (Fukuda Denshi, Ltd.), ktére wykorzystujgc wahania fali P zostato
stworzone do pomiaréw czasu jej trwania, poprzez usrednienie wielokrotnych sygnatéw.
Dyspersja zatamka P wynosita srednio 26,6 +/- 9,5 ms w grupie badanej i 14,8 +/- 6,7 ms
w grupie kontrolnej. W kolejnych latach pojawito sie wiele innych publikacji postugujgcych sie
metodologig zaproponowang przez Dilaverisa w 1998r. W 2015 roku zespét Zimmer et al.
zaprezentowat na Europace wyniki pracy, na podstawie ktérych stwierdzono, ze dyspersja
zatamka jest jedynie artefaktem pomiarowym. Do badania wtaczono 94 pacjentéw,
zakwalifikowanych do procedur elektrofizjologicznych przeprowadzanych przy pomocy
LABSYSTEM™ Pro. Dane EKG zapisywane byty na sposdb wykorzystujgcy wtasciwosci grafiki
wektorowej, tj. w petni skalowalnej. Dzieki temu mozliwe byto powiekszenie zapisu EKG
z jednoczesnym dostosowaniem skali i rozdzielczo$ci, co przektadato sie na zwiekszenie

szczegotowosci danych.



Autorzy zastosowali nowa metodologie, w ramach ktérej przy uzyciu systemu
elektrofizjologicznego zmierzyli zapis EKG przy parametrach: predkos¢ przesuwu 200 mm/s,
oraz wzmochienie 128-256x (standardem poréwnywalnego, zwyktego zapisu EKG jest 8-16x).
Wyniki poréwnano z uzyskanymi przy parametrach przesuwu 50 mm/s oraz wzmocnienia 8x.
Wszystkie pomiary powtdrzono trzykrotnie. Dyspersja otrzymana przy mniej precyzyjnych
parametrach wynosita 45,14 ms podczas gdy przy pomiarach bardziej precyzyjnych 1,24 ms.
Autorzy stwierdzili wiec, ze po zwiekszeniu precyzji pomiaru czasu trwania zatamka P wartos¢
dyspersji zatamka P spadta do wartosci pomijalnych, a zatem — parametr ten musi by¢ jedynie
artefaktem pomiarowym, co odpowiadatoby podstawowym zasadom elektrofizjologicznym.
W kolejnych latach ukazaty sie badania naszego zespotu, m.in. bedace czescig niniejszej pracy
doktorskiej, majgce na celu zweryfikowanie i pogtebienie metodologii zaproponowanej przez
Zimmer.

Zaskakujacym zjawiskiem okazata sie popularnos¢ teorii o dyspersji zatamka P, ktéra przez
lata mocno zakorzenita sie w $rodowisku medycznym. Pomimo przestarzatej metodologii
wykorzystanej przy tworzeniu teorii, wielu badaczy wcigz uznaje jej wiarygodno$é. Dla
przyktadu  Chavez-Gonzalez et al. w swojej pracy o dyspersji zatamka
P wprawdzie zacytowali wyniki pracy Zimmer et al., jednakze ostatecznie stwierdzit: “Even
so, we still believe that there is sufficient evidence to support the importance of P-wave
dispersion in clinical practice and continuation of research”. Puerta et al. w swoich badaniach
posunat sie o krok dalej — po wykorzystaniu metodologii zaproponowanej przez Zimmer,
stwierdzit: “When performing simultaneous measurements at the maximum available
magnification (160x), the PWD decreased dramatically in all the patients studied, and almost

reached zero (...)".



Pomimo to, w dalszej czesci artykutu autorzy podsumowuja: ,,For Zimmer and Zawadsky (...) the
PWD only constitutes an electrical artifact derived from an error in the measurement, but from
our point of view this is not the case.” Yamada et al., w badaniach opublikowanych zaledwie
dwa lata po tym, jak Dilaveris przedstawit teorie dyspersji fali P, wykorzystat do pomiarow
automatyczne oprogramowanie. Dyspersja zatamka P wynosita Srednio 26,6 +/- 9,5 ms w grupie
badanej i 14,8 +/- 6,7 ms w grupie kontrolnej. Wartosci te byty znacznie nizsze od wynikéw
prezentowanych przez Dilaverisa, ale rosngca popularnosé teorii dyspersji fali P zmniejszyta

znaczenie tego odkrycia.

2.2. Zagadnienia badawcze i cel badan

Manualna ocena czasu trwania zatamkéw P w klasycznym zapisie EKG, zwtaszcza przy typowych
parametrach  (predko$¢ przesuwu 25 mm/s, «cecha 1 mV/icm) prowadzi
do mozliwosci popetniania btedéw wynikajgcych z niedoskonatosci ludzkiego oka oraz
artefaktéw zapisu. Jest to tym bardziej prawdopodobne, ze przy uszkodzonych strukturalnie
przedsionkach, wobec ubytku kardiomiocytéw przedsionkow, zatamek
P ulega wyptaszczeniu, co tym bardziej utrudnia obiektywng ocene poczatku oraz konca jego
trwania. Jest to zjawisko tzw. samo-ukrywania sie prawdziwego czasu trwania zatamka
P. Zdroworozsgdkowe podejscie do oceny czasu trwania zatamka P powinno dazy¢
do zdefiniowania tzw. czasu catkowitej aktywacji przedsionkéw — od poczatku trwania zatamka
P w jakimkolwiek pierwszym odprowadzeniu do jego konca w ostatnim rejestrujgcym jego
obecnos¢ odprowadzeniu. Wprowadzenie automatycznego algorytmu pomiarowego moze
wiec poprawié¢ prawidtowg ocene czasu trwania zatamka P, przyczyniajgc sie do poprawy
wartosci wskaznikowej tak uzyskanych wartosci. Precyzja pomiarowa w odniesieniu do zjawiska

samo-ukrywania sie faktycznego czasu trwania zatamka P jest wcigz wazna, szczegdlnie przy
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badaniach na wiekszg skale. W 2015r. Nielsen opublikowat prace, w ramach ktérej
przeanalizowano dane 285 933 pacjentdw. Zapisy EKG byly rejestrowane i gromadzone przez
system elektrokardiograficzny. Dtugosci czasu trwania zatamkoéw P byty nastepnie mierzone
przy uzyciu komputerowego algorytmu. Brak jest jednak informacji na temat stopnia czutosci
wykrywania depolaryzacji, co jest szczegdlnie istotne w przypadku zniszczonych strukturalnie
przedsionkdw. Po pomiarach autorzy wygenerowali podsumowania i zestawienia dotyczgce
pomiarow zatamkdéw P. Jest wiec zupetnie mozliwe, ze nie sprawdzajgc manualnie pomiarow
dokonanych wczesniej za pomocg algorytmu, autorzy mogli uzyskaé¢ zafatszowane wyniki
pomiaréw czasu zatamkow P, ktére zostaty zakwalifikowane przez oprogramowanie jako bardzo
krotkie. Stwierdzono zwiekszone ryzyko w odniesieniu do nawrotu migotania przedsionkéw
m.in. dla bardzo krétkich (<89 ms) dtugosci trwania zatamka P. Bez blizszych informacji na temat
metodologii dokonywania pomiaréw oraz opierajagc sie na fizjologii uktadu
bodZcoprzewodzgcego, mozemy przypuszczaé, ze miato tu miejsce wspomniane wczesniej
zjawisko samo-ukrywania sie faktycznej dtugosci trwania zatamkéw P. Przy znacznie
zniszczonych strukturalnie przedsionkach dochodzi do zmniejszenia amplitudy fali
P. Badacz moze odnies¢ fatszywe wrazenie obecnosci bardzo krétkiego czasu trwania zatamka
P, podczas gdy naprawde jest on wydtuzony, nieregularny i sptaszczony. Pomimo dtugiej historii
istnienia EKG, wcigz wazne jest wykorzystywanie nowoczesnych technologii
w metodologii dokonywania pomiardow, gdyz ostatecznie rzutuja one na wnioski
i postepowanie kliniczne.

Celem dysertacji byta ocena czasu trwania zatamka P u chorych z réznymi arytmiami
przedsionkowymi w aspekcie wyznaczenia nowego standardu precyzyjnego pomiaru tego

czasu, co mogtoby zosta¢ wykorzystane jako sktadowa w okresleniu nowych czynnikow
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predykcyjnych nawrotdw arytmii oraz do bardziej trafnych ocen klinicznych elektrycznej

kondycji przedsionkdw.

Cel gtéwny zamierzano zrealizowaé za pomoca nastepujacych celdw szczegotowych:

1. Precyzyjna ocena czasu trwania zatamka P w grupach wiekowych oséb zdrowych oraz
cierpigcych na rézne, najbardziej typowe arytmie przedsionkowe — AVNRT (czestoskurcz
weztowy nawrotny), AVRT (czestoskurcz nawrotny przedsionkowo-komorowy), AFL
(trzepotanie przedsionkéw), AF ( migotanie przedsionkdow).

2. Ocena rzeczywistego czasu trwania zatamka P w 12-odprowadzeniowym EKG,
ze szczegdlnym uwzglednieniem zjawiska samo-ukrywania sie dtugosci trwania fali
P u pacjentdow ze zniszczonymi strukturalnie przedsionkami.

3. Ostateczne udowodnienie, ze czas trwania zatamka P, po precyzyjnym pomiarze, nie rézni
sie istotnie statystycznie w réznych odprowadzeniach elektrokardiograficznych, co bedzie
zaprzeczeniem zjawiska dyspersji zatamka P opublikowanej w 1998r.

4. Stworzenie autorskiego algorytmu komputerowego, ktory korzystajgc z wtasciwosci grafiki
wektorowej, w sposdb automatyczny analizuje kazdg milisekunde zapisu EKG
i dokonuje bardzo doktadnych pomiaréw czaséw trwania zatamkéw P. Pomiary
te dokonywane sg w 12 odprowadzeniach, symultanicznie, biorgc pod uwage kilka kolejnych
ewolucji, co zwieksza ich wiarygodnos¢. Przedsiewziecie to ma na celu wykluczenie
wszelkich watpliwosci dotyczacych celowego niedoszacowania lub przeszacowania
manualnie wykonywanych pomiaréw.

Co wiecej, algorytm mogtby w przysztosci stuzy¢ do oceny pacjentdéw z postaciami migotania

przedsionkow, kandydatéw do procedury izolacji zyt ptucnych przy uzyciu réznych technik.
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Tak rozumiana precyzyjna ocena stwarzataby mozliwos$¢ szacowania prawdopodobieristwa
nawrotéw arytmii u pacjentow kwalifikowanych do zabiegow,
co mogtoby pomdc w okresleniu celowosci danej procedury w konkretnym przypadku.
Ponadto, w grupie o0séb zdrowych (np. w réinym wieku) algorytm moze postuzyé

przygotowaniu nowych wartosci referencyjnych prawidtowego czasu trwania zatamka P.

2.3. Materiat.

2.3.1.Materiat dotyczacy badania , The true nature of the P wave dispersion”

Badaniem objeto 104 niewyselekcjonowanych pacjentow (48 kobiet, 56 mezczyzn) w wieku
63+14 lat (zakres: 21-89 lat), poddawanych réznym zabiegom elektrofizjologicznym przy
uzyciu systemu LabSystemTM Pro EP Recording System (Boston Science, Boston, USA).,
(badania elektrofizjologiczne; nawrotny czestoskurcz przedsionkowo-komorowy (AVNRT),
nawrotny czestoskurcz przedsionkowo-komorowy (AVRT), trzepotanie przedsionkéw (AFL)).
Jedynym kryterium wigczenia byta obecnos$¢ rytmu zatokowego i jakos$¢ zapisow EKG,

co pozwolito zmierzyé czas trwania zatamka P zatokowego.

2.3.2. Materiat dotyczacy badania “The P wave dispersion — one pixel one millisecond.”
W badaniu wzieto udziat 186 pacjentéw (78 M 108F) w wieku 59,7 +/- 12,9 lat, poddawanych
réoznym zabiegom elektrofizjologicznym z wykorzystaniem LabSystemTM Pro EP Recording
System (Boston Scientific, Boston, MA, USA). Grupe podzielono na trzy réwnie liczne
podgrupy: AVNRT (62), AFL (62) i AF (62). Procedury elektrofizjologiczne obejmowaty:
badania elektrofizjologiczne; czestoskurcz nawrotny weztowy (AVNRT), trzepotanie
przedsionkéw (AFL), napadowe migotanie przedsionkdéw (AF). Jedynym kryterium wigczenia
byta obecnos¢ rytmu zatokowego i jako$¢ zapisow EKG, co pozwolito zmierzy¢ czas trwania
zatamka P zatokowego.
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2.3.3. Materiat dotyczacy badania: ,,APPA — Automatic Precise P-wave Assessment”.
Do badania wfaczono 72 pacjentéw (31M, 41K) w wieku 62,8 + 14,27 lat. Pacjentéw

podzielono na trzy licznie réwne (24) podgrupy zalezne od rodzaju arytmii: AVNRT, AFL, AF.

2.3.4. Materiat dotyczacy badania ,,Why the P-wave should be measured precisely?”.

W opisywanej pracy pogladowej rozwazano problem precyzji pomiaréw zatamkéw
P, poprzez poréwnanie materiatdw oraz metodologii publikacji, w ramach ktérych
dokonywano pomiaréw dtugosci trwania oraz dyspersji zatamkéw P. Jako wyjsciowa
publikacje przyjeto badanie Dilaverisa z 1998r. do ktdérego wtaczono 60 pacjentéw
z napadowym migotaniem przedsionkdéw (grupa badana) oraz 40 zdrowych pacjentow
(grupa kontrolna). Pozostate grupy badane wchodzace w sktad badan popierajacych
istnienie dyspersji zatamka P liczyty od 55 do 439 pacjentéw, w wieku od 37.9+12.1 do 66.0
+ 12.0 lat. Jako pierwotne badanie przeciwstawne do teorii o dyspersji zatamka
P wykorzystano badania Zimmer z 2015r. Grupa badana sktadata sie z 94 pacjentéw w wieku
63 + 14 lat. W skfad kolejnych badan popierajgcych metodologie Zimmer wchodzity badania

naszego zespotu z 2020 roku — grupy badane obejmowaty kolejno 104 oraz 150 pacjentéw.

2.4. Metody

2.4.1 Metody dotyczace badania , The true nature of the P wave dispersion”

Czas trwania fali P mierzono we wszystkich odprowadzeniach dwukrotnie: za pierwszym
razem przy predkosci papieru 50 mm/s, wzmocnieniu x8 (pomiar podstawowy), oraz
za drugim przy predkosci papieru 200 mm/s, wzmocnieniu x64-256. Dyspersje fali
P obliczono jako réznice miedzy Pmax i Pmin w réznych odprowadzeniach dla obu ustawien

parametréw. Pomiary zatamka P zostaty powtdérzone 5 razy dla doktadnosci przez
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2 niezaleznych badaczy, ktérzy nie byli swiadomi swoich wynikéw i nie znali danych

klinicznych. Ostateczng wartoscig podang dla kazdego pacjenta byta ich $rednia.

2.4.2. Metody dotyczace badania “The P wave dispersion — one pixel one millisecond.”

Czas trwania fali P mierzono we wszystkich odprowadzeniach dwukrotnie: za pierwszym
razem przy predkosci papieru 25 mm/s, wzmocnieniu x8 (pomiar podstawowy), a za drugim
razem przy predkosci papieru 200 mm/s, wzmocnieniu x64-256. Dyspersje zatamka
P obliczono jako réznice miedzy Pmax i Pmin w réznych odprowadzeniach dla kazdego
ustawienia pomiaru. Pomiary zatamka P zostaty powtdrzone 5 razy dla doktadnosci przez
2 niezaleznych badaczy, ktérzy nie byli swiadomi swoich wynikéw i nie znali danych
klinicznych. Ostateczna wartos¢ przedstawiona dla kazdego pacjenta byta ich srednia.
W celu unikniecia niedoktadnosci pomiarowych zdecydowano sie na zastosowanie systemu

elektrofizjologicznego, aby mie¢ wglad w kazdg milisekunde rejestrowanego impulsu.

2.4.3. Metody dotyczace badania ,,APPA — Automatic Precise P-wave Assessment”.

Pomiary zostaty wykonane dwukrotnie w ramach badanych podgrup: po raz pierwszy
recznie i po raz drugi, automatycznie, przy uzyciu autorskiego algorytmu. Pomiary manualne
zostaty wykonane trzykrotnie we wszystkich odprowadzeniach przez 2 niezaleznych badaczy
nieswiadomych wzajemnych wynikéw i danych klinicznych pacjentéw. Do pomiardéw
manualnych wykorzystano system elektrofizjologiczny LabSystem Pro, ktéry pozwolit
na zastosowanie parametréw: 200 mm/s, powiekszenie 64-128x. Wykorzystujgc grafike
wektorowg, naukowcy byli w stanie powiekszy¢ nagranie bez utraty jakosci. System
elektrofizjologiczny pozwolit na analize nagrania z szybkoscig 1px/lms przy uzyciu
telewizora 4K jako ekranu. Do pomiardw automatycznych wykorzystano specjalnie
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zaprojektowane oprogramowanie - APPA (Automatic Precise P-wave Assessment). Algorytm
zostat skalibrowany tak, aby nasladowac umiejetnosci najbardziej doswiadczonych badaczy
i zachowac powtarzalnos¢ pomiardw. Sygnat byt analizowany co 1 milisekunde, a algorytm
zostat ustawiony na wykrywanie podniesienia linii izoelektrycznej i zdefiniowanie poczatku
fali P. W niektdrych przypadkach jakos¢ nagrania byta tak znieksztatcona, ze algorytm nie
byt w stanie obiektywnie wykry¢ poczatku fali P ze wzgledu na nakfadanie sie artefaktow.
Jednak takie przypadki zostaty wytgczone z badania, poniewaz chcieliSmy, aby wyniki byty
jak najbardziej obiektywne. Pomiary byly poréwnywane, skontrastowane i analizowane
miedzy podgrupami. Konstrukcja algorytmu powoduje niewielkie odchylenie pomiaréw +/-
10 ms. Ze wzgledu na niewielkie fluktuacje linii izoelektrycznej, ktére wystepujg w kazdym
przypadku, algorytm rozpoczyna obliczanie poczatku fali P po 10 ms, jesli okreslony warunek

jest spetniony. Podobnie pomiar koriczy sie po 10 ms po osiggnieciu warunku zakonczenia.

2.4.4. Metody dotyczace badania: ,Why the P-wave should be measured precisely?”.

W opisywanej pracy pogladowej poréwnano metodologie badan publikowanych przez
réoznych autorow, ktérzy wykorzystujgc poszczegdlne sposoby wykonywania pomiaréw
uzyskiwali rézne wyniki czasow trwania oraz dyspersji zatamkéw P. Jako wyjsciowg prace
w ktdrej opisano po raz pierwszy dyspersje zatamka P postuzono sie badaniami Dilaverisa
z 1998r. Pomiaréw dokonano za pomocg linijki, powiekszajgc zapis EKG przy uzyciu lupy,
przy przesuwie 50 mm/s oraz z cechg 1 mV/cm. Nastepnie zestawiono ze sobg prace badaczy
nasladujgcych oraz modyfikujgcych metodologie Dilaverisa, dokonujgcych pomiaréw
manualnie oraz automatycznie. Wyrdzniono predkosci przesuwu od 25-50 mm/s, ceche
od 10-20mV/mm, zoom przy uzyciu lupy, 400x zoom przy uzyciu programéw do edycji grafiki

rastrowej, analize automatycznie filtrowanego sygnatu, oraz technologie usrednionego
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sygnatu typu (SAECG). Jako pierwotne badanie przeciwstawne do teorii o dyspersji zatamka
P wykorzystano badania Zimmer z 2015r. Za pierwszym razem dokonano pomiaréow
manualnie, przy uzyciu LABSYSTEM Pro (Boston Scientific), z przesuwem 200 mm/s,
powiekszeniem 128-256x. Wyniki zestawiono z pomiarami wykonanymi na tej samej grupie
badanej przy parametrach 50 mm/s, 8x. Wszystkie pomiary powtdrzono 3 razy. Kolejne
badania inspirowane metodologig Zimmer zostaty przeprowadzone przez nasz zespot
w 2020r. W badaniach opublikowanych w Advances in Clinical and Experimental Medicine
pomiary czasu trwania zat. P przeprowadzono za pierwszym razem, manualnie, przy
parametrach 50 mm/s, 8x oraz za drugim przy 200 mm/s, 64-256x. W badaniach
zaprezentowanych na kongresie ESC 2020 dokonano pomiaréw za pierwszym razem przy
parametrach 50 mm/s, 16x, oraz za drugim, przy 200 mm/s, 128—-256x przez 3 niezaleznych

badaczy.

2.5. Etyka

Projekt pracy doktorskiej opartej na ponizszych publikacjach zostat zatwierdzony przez
Komisje Bioetyczng Uniwersytetu Medycznego we Wroctawiu Nr KB 813/2019. Badania
oparto na analizie danych pacjentéw, ktérzy 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 sg z Deklaracja Helsiriska Swiatowego Stowarzyszenia Lekarzy
przyjeta przez 18 Zgromadzenie Ogdlne 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.
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2.6. Podsumowanie wynikow.

2.6.1. Artykut nr 1 pt.: “The true nature of P wave dispersion.”

Zastosowanie mato precyzyjnej metody pomiarowej skutkowato istotnie réznym czasem
trwania zatamka P w porédwnaniu z metodg precyzyjng. Zaréwno ,minimalny” jak
i ,maksymalny” czas trwania zatamka P byt dtuzszy przy precyzyjnym pomiarze. Korelacja
miedzy nieprecyzyjnym Pmax i nieprecyzyjnym Pmin wykazata wysoki wspétczynnik,
wynoszacy 0,7. Wykazano, réwniez, ze warto$¢ dyspersji fali P wyznaczonej na podstawie
nieprecyzyjnych pomiaréw czasu trwania zatamka P koreluje silnie z P max mierzonym
w podobny sposdb. Co najwazniejsze, korelacja miedzy precyzyjnie zmierzonym P makx,
a precyzyjnie zmierzonym P min wynosita r=0,987. W przeciwienstwie do nieprecyzyjnej
metody pomiaru, dokfadnie zmierzone wartosci P max i P min byly wiec praktycznie

identyczne.

2.6.2. Artykut nr 2 pt.: ,, The P wave dispersion — one pixel one millisecond.”

Wyniki badan potwierdzity obserwowane do tej pory trendy zwigzane z precyzyjnymi
pomiarami zatamkéw P. W wynikach testéw Wilcoxona dla par obserwacji dotyczacych
dyspersji fali P mierzonej metodg doktadng i niedoktadng rdznica jest bardzo znaczaca
(odpowiednio 46,6 ms vs. 4,6 ms; p < 0,001). Wspotczynniki zmiennosci oszacowane
na podstawie obu metodologii pomiarowych czasu trwania fali P réznig sie znacznie
i pozostajg nieporéwnywalnie nizsze w przypadku precyzyjnych pomiaréw. Rowniez zakresy
(zakres = Max—Min) dla CV% w metodzie niedoktadnej s znacznie wieksze niz w metodzie
doktadnej. Na podstawie powyzszej analizy mozna wnioskowa¢, ze zmiennos¢ pomiaru
maksymalnego i minimalnego czasu trwania fali P jest znacznie wieksza przy nieprecyzyjnej

(50 mm/s, x8) metodzie pomiaru niz przy precyzyjnej (200 mm/s, x64—256). Dyspersja czasu
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trwania fali P okreslona w mniej doktadnej metodzie zalezy od wartosci zaréwno Pmax, jak
i Pmin, natomiast w metodzie doktadnej takiej zaleznosci nie ma, a sama wartos¢ dyspersji
jest znacznie mniejsza. Nie stwierdzono réwniez statystycznie istotnej zaleznosci miedzy
wynikami pomiaru czasu trwania zatamkdéw P, a ptcig pacjentdw. Grupy byty jednorodne
pod wzgledem struktury ptci jednakze wystepowata istotnie statystyczna réznica w wieku:

pacjenci w grupie z AVNRT byli mtodsi od pacjentéw z AF o okoto 8 lat.

2.6.3. Artykut nr 3 pt.: "APPA — Automatic Precise P-wave Assessment.”

W badanej grupie pacjentdw najdtuzsze wyniki pomiaréw czasu trwania zatamkéw
P mierzonych zaréwno recznie jak i automatycznie wystepujg w podgrupie z napadowym
AF. Najkrétsze sg obecne w podgrupie AVNRT. Podgrupa pacjentéw z AF jest statystycznie
najbardziej zaawansowana wiekiem. Fakt ten koresponduje z najdtuzszymi czasami trwania
fali P w tej samej grupie. Podobnie podgrupa pacjentéw z AVNRT jest najmtodsza,
co odpowiada najkrétszym czasom trwania zatamka P dla obu metodologii. Mediana czasu
trwania zatamka P jest nieco wyzsza w przypadku metody manualnej, w przeciwienstwie
do pomiaru automatycznego w 3 podgrupach analizowanych oddzielnie. Jednakze dla
wszystkich pacjentow analizowanych tacznie pod katem metodologii
manualnej/automatycznej test istotnosci wynosi p<0,001. Srednia réznica pomiedzy reczna
i automatyczng metodologig pomiaru wynosi 3,72ms, a najwyzsza gesto$¢ wynikéw zawiera
sie w przedziale 110-130ms. Zaktadajac, ze algorytm moze znieksztatci¢ pomiar na poczatku
i koncu $rednio 0 5 ms, otrzymujemy btad statystyczny 10 ms. Mozna to tatwo poprzeé teorig
prawdopodobienstwa, ktéra dowodzi, ze po m.in. 1 milion losowych préb losowych (liczby
losowe rzeczywiste - funkcja gestosci prawdopodobienstwa o rozktadzie normalnym

N (0, 0 2)) liczb od 1 do 10, srednia wynosi 5. W zwigzku z tym btad nie przekracza 10 ms
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( 5ms na poczatku fali P i 5ms na koncu). Przygladajgc sie btedom, mozemy je podzieli¢ na:
systematyczne, przypadkowe i nadmierne. Nie uwzgledniamy tego typu bteddéw, poniewaz
w naszym przypadku badanie dotyczy doktadnie jednego pacjenta i jego stanu zdrowia w
trakcie badania. Co wiecej, algorytm nie analizuje zaburzonych okreséw, oznaczajac je jako
uszkodzone - nie analizujemy, dlaczego wystapity, po prostu
sg automatycznie odrzucane. Mozina wiec wnioskowaé, ze jedyny bfad statystyczny
to 10 ms. Oczywiscie istnieje prawdopodobienstwo osiggniecia btedu 20 ms, ale jest ono tak
samo prawdopodobne jak btgd 0 ms (brak btedu). Z matematycznego punktu widzenia dla
duzej liczby respondentéw powyisze przypadki wzajemnie sie neutralizujg, cho¢ mogg
wystgpi¢ w odrebnych przypadkach. Co jednak najwazniejsze, w naszych badaniach
opieramy sie na serii badan, co czyni nasze pomiary bardziej obiektywnymi
ze statystycznego punktu widzenia. Rozpatrujac réznice w pomiarach pomiedzy dwoma
metodologiami w milisekundach w odniesieniu do rodzaju arytmii, zauwazamy,
ze w podgrupie AF jest ona najwieksza, a w AVNRT najmniejsza.

2.6.4. Artykut nr 4 pt.: “Why the P-wave should be measured precisely?”

Po analizie porownawczej badan stwierdzono, ze dokonujgc pomiaréw przy przesuwie
od 25-50 mm/s, z cechg od 2 -10 mV/mm, oraz powiekszeniu przy pomocy lupy lub tez
programu do edyc;ji grafiki rastrowej autorzy uzyskali wartosci dyspersji zatamka P od 40.7
+1.7 do 88.8 + 21.7ms. Po zastosowaniu technologii usredniania sygnatu (SAECG) dyspersja
zatamka P spadta do $redniej wartosci 34.5 ms. W badaniach w ktérych zastosowano
automatyczng analize o wysokiej czestotliwosci filtracji sygnatu, w grupie pacjentéw
z napadowym AF dyspersja wynosifa juz tylko 26.6 £ 9.5 ms. Przy zastosowaniu metodologii

zaproponowanej przez Zimmer w 2015r., dyspersja zatamka P spadta do 1.24 ms.
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W badaniach opublikowanych przez nasz zespdt w 2020r. wzorujgc sie na powyzszej
metodologii uzyskano dyspersje zatamka P na poziomie 2.8 + 3.4 ms oraz w kolejnych

badaniach 4.0 £ 3.4 ms; 4.1 +3.9; 4.6 + 3.7 ms dla poszczegdlnych podgrup.

2.7. Wnioski

Na podstawie przeprowadzonych badan sformutowano nastepujgce wnioski:

1. Pierwszym i najwazniejszym wnioskiem ptyngcym z wynikdw opublikowanych prac jest fakt,
ze dyspersja zatamka P nie istnieje jako osobny parametr i jest jedynie artefaktem
pomiarowym. Po zwiekszeniu precyzji pomiarowej i zastosowaniu wtasciwosci grafiki
wektorowej wartos$¢ dyspersji zatamka P spada do wartosci pomijalnych. Co jest szczegdlnie
wazne zarowno dla koncepcji braku dyspersji jak i dla metodologii pomiaru automatycznego,
wyniki te otrzymano, stosujgc metodologie opartg na precyzyjnych pomiarach manualnych oraz
na analizie przeprowadzonej za pomocg automatycznego, autorskiego oprogramowania.
Algorytm ten stworzono aby zwiekszy¢ wiarygodnos¢ wynikow otrzymanych metodg manualng,
oraz zaprzeczy¢ jakoby wyniki manualne mogty by¢ sterowane przez badacza.

2. Czas trwania zatamkoéw P okazuje sie dtuiszy po pomiarach przy uzyciu precyzyjnych
metodologii wliczajgc w to zaréwno ,,minimalny” jak i ,maksymalny” czas jego trwania, oraz
kazdy rodzaj arytmii wziety pod uwage w tworzeniu podgrup badanych (AVNRT, AFL, AF).

3. Rozwazania na temat przydatnosci oraz wartosci klinicznej zaawansowanych pomiaréw
dotyczacych zatamka P sg mozliwe tylko po zastosowaniu odpowiednio precyzyjnej metodologii
pomiarowej. Fakt ten zwigzany jest m.in. ze zjawiskiem ,,samo-ukrywania” sie faktycznego czasu
trwania zatamka P, z powodu sptaszczonej, wydifuzonej oraz zmienionej jego morfologii

na skutek strukturalnego uszkodzenia przedsionkéw.
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4. Przy stosowaniu mniej precyzyjnych metod i parametrow pomiarowych, czas trwania zatamka
P bedzie wiec interpretowany jako krétszy oraz o innej morfologii niz faktycznie obecny,
co wyklucza wartos¢ diagnostyczng oraz kliniczng takiego pomiaru.

5. Na podstawie wynikdw badan mozemy wnioskowaé, ze uzycie automatycznego algorytmu,
ktory analizuje dane zapisane z wykorzystaniem wtasciwosci grafiki wektorowej, do badan czasu
trwania zatamka P jest réwnie precyzyjne, co uzycie precyzyjnej metodologii manualnej.
Co wiecej—wyniki uzyskane na podstawie analizy poprzez algorytm sg bardziej wiarygodne, jako
ze dtugosc¢ zatamka P wyznaczana jest na podstawie nie kilku ale kilkudziesieciu kolejnych
ewolucji na kazde odprowadzenie. Automatyczny algorytm jest wiec w stanie przeprowadzié¢
w czasie o wiele wiecej réwnie precyzyjnych operacji, co badacz metodami manualnymi.
Narzedzie to moze stuzy¢ do celéw naukowych i w przysztosci wtaczyé do oceny réwniez
morfologie oraz inne parametry dotyczgce zatamka P.

6. Najbardziej pozgdanym parametrem stuzgcym okresleniu kondycji przedsionkéw bytoby
wyznaczenie ,catkowitego czasu aktywacji przedsionkdw”. Parametr ten jest bardzo wazny,
gdyz odzwierciedla wymiary, stopien przewodzenia, nature oraz co najwazniejsze — kondycje
przedsionkow. Ostatecznym wnioskiem wysunietym na podstawie dotychczasowych badan
oraz zebranego doswiadczenia jest stwierdzenie faktu, ze ocena zatamka P oraz wyznaczenie
czynnika predykcyjnego nawrotu migotania przedsionkdw pozostaje kwestig otwartg i wymaga
pogtebienia, gdyz obecnie wyznaczane parametry pozostajg niewystarczajgce.

7. Nalezy stwierdzi¢, ze im bardziej zniszczone strukturalnie przedsionki tym bardziej ptaskie,
nieregularne oraz wydtuzone stajg sie zatamki P. Przy stosowaniu mniej precyzyjnych metod
i parametrow pomiarowych, czas trwania zatamka P bedzie wiec interpretowany jako krétszy
oraz o innej morfologii niz faktycznie obecny, co wyklucza wartos¢ diagnostyczng oraz kliniczng

takiego pomiaru.
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Podejrzewamy, ze zafatszowanie tego rodzaju mogto miec miejsce
w przypadku pracy opublikowanej przez Nielsen’a w 2015r. Jest zupetnie mozliwe, ze nie
sprawdzajgc manualnie pomiaréw dokonanych wczesniej za pomoca algorytmu, autorzy mogli
uzyskaé zafatszowane wyniki pomiaréw czasu zatamkoéw P, ktére zostaty zakwalifikowane przez
oprogramowanie jako bardzo krétkie. W przypadku strukturalnie zniszczonych przedsionkéw
prawdopodobienstwo dokonania fatszywego pomiaru rosnie réwniez dla bardzo precyzyjnego
algorytmu komputerowego, co udowodnilismy w naszych badaniach wchodzacych w skfad
opisywanej dysertacji. Metodologia dokonywania pomiaréw elektrokardiograficznych jest
nadal bardzo istotna, gdyz ma ona bezposredni wptyw na wyniki oraz wnioski wykorzystywane
w praktyce klinicznej. W przesztosci brak precyzji w pomiarach skutkowat opisaniem tzw.
»maksymalnych” oraz ,minimalnych” dtugosci zatamka P w dwdch réznych odprowadzeniach,

co byto podstawa teorii o dyspersji zatamka P.
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4. STRESZCZENIE PRACY W JEZYKU POLSKIM

W sktad rozprawy doktorskiej wchodzg trzy prace oryginalne oraz jedna praca poglagdowa. Badania
stanowigce temat trzech prac oryginalnych wchodzgcych w sktad rozprawy doktorskiej
przeprowadzono w grupie kobiet i mezczyzn, tgcznie 362 oséb. W ramach pierwszej pracy oryginalnej
grupe badang liczacg 104 osoby podzielono na podgrupy z AVNRT, AVRT i AFL. Pozostali pacjenci weszli
w sktad grup badanych podzielonych na podgrupy z AVNRT, AFL, AF w obu kolejnych pracach
oryginalnych. W pracach poréwnujgcych precyzje dwdch metodologii manualnych, dtugosci czasow
trwania zatamkdéw P zmierzono przy uzyciu systemu elektrofizjologicznego ,LabSystem Pro” Boston
Scientific. Pomiaréw dokonywano przy parametrach: 50mm/s, x8 (pomiar podstawowy) oraz 200
mm/s, x64—256 (pomiar precyzyjny). Pomiary powtdrzono 5 razy przez 2 niezaleznych badaczy. W pracy

dotyczacej poréwnania precyzyjnej metodologii manualnej z metodologig opartg na automatycznym
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algorytmie zastosowaliSmy autorskie oprogramowanie APPA wytworzone przez nas zespot celem
walidacji naszych poprzednich wynikéw uzyskanych na sposéb manualny. Algorytm ten zostat oparty
na wiasciwosciach grafiki wektorowej, co w przeciwienstwie do grafiki rastrowej, pozwala na wieksza
precyzje pomiaru, oraz filtracje sygnatu EKG co 1ms.

W pierwszej pracy oryginalnej zestawiono ze sobg metodologie pomiaréw czasu trwania zatamkow
P przy precyzyjnych oraz nieprecyzyjnych parametrach systemu elektrofizjologicznego, ktérym
postuzono sie jako narzedziem. Pomiaréw dokonywano we wszystkich 12 odprowadzeniach
rownoczasowo, poczynajgc od najwczesniej zarejestrowanego wychylenia fali P w ktérymkolwiek
odprowadzeniu, a konczagc na ostatnim zarejestrowanym wychyleniu w zapisie. Zastosowanie
nieprecyzyjnych ustawien systemowych, symulujgcych parametry stosowane oryginalnie przez
Dilaverisa, skutkowato innym czasem trwania zatamka P w porédwnaniu z metoda precyzyjng. Czas
trwania fali P byt zdecydowanie dtuiszy przy precyzyjnym pomiarze, wliczajgc w to zaréwno
»minimalny” jak i ,maksymalny” czas jej trwania. Korelacja miedzy nieprecyzyjnym Pmax
i nieprecyzyjnym Pmin wykazata wysoki wspétczynnik, wynoszacy 0,7. Co jednak najwazniejsze,
korelacja miedzy precyzyjnie zmierzonym P max, a precyzyjnie zmierzonym P min wynosita r=0,987.
W przeciwienistwie do nieprecyzyjnej metody pomiaru, doktadnie zmierzone wartosci P max i P min
byty wiec praktycznie identyczne.

W drugiej pracy oryginalnej postuzono sie tg samg metodologig jednak do badania zakwalifikowano
inng grupe badang pacjentdw. Przeprowadzono réwniez znacznie bardziej zaawansowang analize
statystyczng. Wyniki badan potwierdzity obserwowane do tej pory trendy zwigzane z precyzyjnymi
pomiarami zatamkéw P. Dyspersja zatamka P mierzona metodologig niedoktadng wynosita 46,6 ms,
podczas gdy przy doktadnej 4,6ms; p<0,001. Wspdtczynniki zmiennosci oszacowane na podstawie obu
metodologii pomiarowych czasu trwania fali P roznig sie znacznie i pozostajg niepordwnywalnie nizsze

w przypadku precyzyjnych pomiaréw. Jednym z wnioskdw wysunietych na podstawie badan byt fakt,
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ze dyspersja zatamka P okreslona przy uzyciu niedoktadnej metodologii zalezy zaréwno od wartosci
Pmax jak i Pmin, podczas gdy po zwiekszeniu precyzji pomiaru zaleznosc taka zanika, a wartos$¢ dyspersji
znacznie spada. Stwierdzono réwniez, ze strukturalne zniszczenie przedsionkéw skutkuje zjawiskiem
»samo-ukrywania” faktycznego czasu trwania zatamkéw P, co w praktyce klinicznej moze doprowadzic¢
do btednych wnioskdw przy niedostatecznej precyzji dokonywania pomiardw.

W trzeciej pracy oryginalnej zestawiono ze sobg precyzyjng metodologie manualng z metodologia
opartg na automatycznych pomiarach prowadzonych przez specjalnie w tym celu wytworzony algorytm
komputerowy ,, APPA” (Automatic Precise P-wave Assessement). W badanych podgrupach najdtuzszy
czas trwania zatamkow P stwierdzono u pacjentéw z AF, zaréwno dla manualnej jak i automatycznej
metodologii. Pacjenci z AF stanowili réwniez najbardziej zaawansowang wiekowo grupe. Przeciwnie —
w grupie z AVNRT, dla obu metodologii, stwierdzono najkrétszy czas trwania zatamkéw P i byli
to pacjenci najmniej zaawansowani wiekowo. W podgrupach analizowanych oddzielnie, mediana czasu
trwania zatamka P okazata sie nieco wyzsza w przypadku metody manualnej. Dla catej grupy badanej
rozpatrywanej pod katem metodologii manualnej/automatycznej test istotnosci wynosit p<0,001.
Srednia réznica pomiaru pomiedzy dwoma metodologiami wynosita 3,72ms. Réznica pomiedzy
pomiarami w odniesieniu do réznych metodologii oraz arytmii jest najwieksza w podgrupie pacjentow
z AF, a najmniejsza w AVNRT.

W pracy poglagdowej omdwiono, na podstawie aktualnego stanu wiedzy, zwigzek pomiedzy
rodzajem uzytej metodologii a wynikami pomiarédw czasu trwania zatamkéw P. Zagadnienie to, pomimo
dostepu do zaawansowanych narzedzi pomiarowych, nadal stanowi istotny problem metodologiczny
gtownie ze wzgledu popularnos¢ anachronicznej metodologii uzytej przez Dilaverisa przy tworzeniu
teorii o dyspersji zatamka P w 1998r. Dyspersje zatamka P zdefiniowano jako réznice pomiedzy

najdtuzszym i najkrétszym zmierzonym czasem trwania zatamka P w dwdch réznych odprowadzeniach.
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W pracy zestawiono wybrane sposoby dokonywania pomiaréw i skonfrontowano je ze zmieniajgcg sie
wartoscig dyspersji zatamka P w zaleznosci od uzytej metodologii.

Badania wchodzace w sktad prezentowanej rozprawy doktorskiej dostarczyty istotnych informacji
na temat faktycznych dtugosci czasu trwania zatamkdéw P w réznych arytmiach, mierzonych manualnie
oraz automatycznie, za pomocg autorskiego oprogramowania. Wyznaczajgc czas trwania zatamkéw
P, zwrécono uwage na zjawisko samo-ukrywania sie faktycznego czasu trwania fali P u pacjentéw
ze zniszczonymi strukturalnie przedsionkami, gdyz skutkujg one nieregularnym i wydtuzonym profilem
zatamkow P. Wyniki badan ostatecznie udowodnity ze dyspersja zatamka P jest jedynie pochodng braku
dostatecznej precyzji w dokonywaniu pomiardw.

Precyzyjny pomiar czasu trwania zatamka P wcigz pozostaje problematyczng kwestig pomimo
szerokiego dostepu do zaawansowanych narzedzi pomiarowych. Zaréwno precyzyjna ocena czasu
trwania zatamka P jak i jego morfologia mogg odgrywad bardzo wazng role w wyznaczeniu czynnika
predykcyjnego nawrotu migotania przedsionkéw. Kwestia ta z pewnoscig wymaga pogtebienia oraz

dalszych badan, gdyz obecnie wyznaczane parametry pozostajg niewystarczajace.

5. STRESZCZENIE PRACY W JEZYKU ANGIELSKIM — SUMMARY

The doctoral dissertation consists of three original papers and one review paper. The research being
the subject of the three original papers included in the doctoral dissertation was conducted in a group
of women and men, a total of 362 people. In the first original study, the study group of 104 people was
divided into subgroups with AVNRT, AVRT and AFL. The other patients were included in the study
groups divided into subgroups with AVNRT, AFL, and AF in both subsequent original studies. In studies
contrasting the precision of the two manual methodologies, the P-wave durations were measured
using the Boston Scientific LabSystem Pro electrophysiological system. Measurements were made

at the following parameters: 50mm / s, x8 (basic measurement) and 200 mm / s, x64—256 (precise
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measurement). The measurements were repeated 5 times by 2 independent researchers. In the work
on the comparison of precise manual methodology with the methodology based on an automatic
algorithm, we used APPA software originally developed by our team to validate our previous results
obtained manually. The algorithm is based on the properties of vector graphics, which, unlike raster
graphics, allow for greater measurement precision and filtering of the ECG signal every 1 ms.

In the first original work, methodologies of measuring the duration of P waves with precise and
imprecise parameters of the electrophysiological system, which were used as a tool, were contrasted.
Measurements were made in all 12 leads simultaneously, starting with the earliest recorded P wave
deflection in any lead, and ending with the last recorded deflection in the record. The use of imprecise
system settings, which simulated the parameters originally used by Dilaveris, resulted in different P-
wave durations contrasting to the precise method. The duration of the P wave was significantly longer
when measured precisely, including both the "minimum" and "maximum" duration. The correlation
between imprecise Pmax and imprecise Pmin showed a high coefficient of 0.7. Most importantly, the
correlation between precisely measured P max and precisely measured P min was r = 0.987. In contrast
to the imprecise measurement method, the accurately measured values of P max and P min were thus
practically identical.

In the second original work, the same methodology was used, but another group of patients was
qualified for the study. A much more advanced statistical analysis was also performed. The results
confirmed the observed so far trends related to precise measurements of P waves. The dispersion
of the P wave measured with the inaccurate methodology was 46.6 ms, while at the precise - 4.6 ms;

p <0.001.

The coefficients of variation estimated on the basis of both measurement methodologies differ

significantly and remain incomparably lower in the case of precise measurements. One of the
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conclusions drawn on the basis of the research was that the dispersion of the P wave determined with
the use of inaccurate methodology depends on both the Pmax and Pmin values, while after increasing
the measurement precision, this relationship disappears and the dispersion value drops significantly.
It was also found that the structural destruction of the atria results in the phenomenon of "self-hiding"
of the actual duration of P waves, which in clinical practice may lead to erroneous conclusions with

insufficient precision of measurements.

In the third original work, the precise manual methodology was compared with a methodology
based on automatic measurements carried out by a specially developed computer algorithm "APPA"
(Automatic Precise P-wave Assessment). In the studied subgroups, the longest duration of P waves was
found in patients with AF, both for manual and automatic methodology. Patients with AF were also the
most advanced age group. On the contrary - in the group with AVNRT, for both methodologies, the
shortest duration of P waves was found and these were the patients with the least advanced age.
In the subgroups analyzed separately, the median duration of the P wave turned out to be slightly
higher with the manual method. For the entire study group considered in terms of manual / automated
methodology, the significance test was p <0.001. The average measurement difference between the
two methodologies was 3.72 ms. The difference between the measurements with respect to different

methodologies and arrhythmias is greatest in the AF subgroup and smallest in AVNRT.

The review paper discusses, based on the current state of knowledge, the relationship between the
type of methodology used and the results of measurements of the P wave duration. This issue, despite
a vast access to the various measurement tools is still problematic, mainly due to popularity of the
anachronic methodology used by Dilaveris in developing the theory of P-wave dispersion in 1998. The
P-wave dispersion was defined as the difference between the longest and shortest P-wave durations

measured in two different leads. The review paper presents selected methods of taking measurements
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and confronts them with the changing values of the P-wave dispersion depending on the methodology
used.

The research included in the presented doctoral dissertation provided important information
on the actual duration of P waves in various arrhythmias, measured manually and automatically, using
proprietary software. When determining the duration of P waves, attention was paid to the
phenomenon of self-hiding of the actual duration of the P wave in patients with structurally damaged
atria, as they result in an irregular and elongated profile of P waves. The research finally proved that

P wave dispersion is only a consequence of insufficient precision in taking measurements.

Accurate measurement of P-wave duration remains a problematic issue despite vast access
to advanced measurement tools. Both the precise assessment of the duration of the P wave and its
morphology may play a very important role in determining the predictive factor of atrial fibrillation
recurrence. This issue certainly requires deepening and further research, as the currently determined

parameters remain insufficient.
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Abstract

Background. The el trophysialogical activity of the heart is recorded and presented in form of electro-
cardiography {ECG). In 1998, the cancept of P wave dispersion as the risk factor for atrial fibrillation (AF)
recurrence was introduced. It was calculated as the difference between the longest and the shortest P wave.

Objectives. To prove that the P wave dispersion is an artifact of ow accuracy in P wave measurement.

Material and methods. The study included 104 patients (48 women, 56 men), aged 63 +14 years,
underquing various electrophysiological procedures. The P wave was measured twie — firstly at the paper
speed of 50 mmy/s, enhancement x8 (standard — imprecise), and secondly at 200 mm/s, x64-256 (precise).

Results, The imprecise measurement method resulted in different duration of all P wave parameters
in comparisan with precise measurement. The longest P wave duration (Pmax) measured imprecisely was
105.1 +22.1, the Pmax measured peecisely was 134.0 +:21.3 (p < 0.001). The P disparsion measured impre-
csely was 4.1 £16.8 and the P dispersion measured precisely was 2.8 +3.4 {p < 0.0001). The comelation
between imprecise Pmax and impredse Pmin was r = 0.664 {p < 0.05). The comelation between impredse
Pmax and imprecise P wave dispersion was r=0.612 (p < 0.05). The correlation between predse Pmax and
Pmin was almost 1.0 {r=0.987, p < 0.05).

Condusions. The P wave dispersion does not exist. The measurements of the P wave have to be predse
to assure the highest scentific and medical sincerity. The highest cinical valueis related to the P wave duration.

Key words: P wave dispersion, P wave duration, total atrial activation time
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Introduction

The electrophysiological activity of the working myo-
cardium is recorded by the system of simultaneous leads
of the electrocardiograph and presented in the form of elec-
trocardiography (ECG).! The morphology of ECG record-
ing in a specific lead is the result of the direction of the de-
polarization wave propagation and the range of spatial
registration of the given lead_* The recording is performed
simultaneously in all leads, ie., the given phenomenon
is recorded simultaneously by all leads of the electrocar-
diogram.? In the case of a perpendicular activation vector
in a bipolar lead and a parallel vector in the case of a uni-
polar lead, the isoelectric line is recorded by given lead.*

In 1998, Dilaveris et al. introduced the concept of P wave
dispersion as 'a marker of the nonuniform anisotropic inho-
mogeneous atrial conduction” - cited from the original work
— and the risk factor for atrial fibrillation (AF) recurrence.®
This P wave dispersion was determined as the difference
between the longest and the shortest P wave duration {Pmax
and Pmin), measured in 2 different ECG leads. The mea-
surement methodology included simultaneously recording
all 12 leads at the paper speed of 50 mm/s and the enhance-
ment of 1 mV/cm as well as using a magnifying lens to in-
crease measurement precision. In a group of 60 patients
aged 59.0 +12.0 years with diagnosed idiopathic paroocys-
mal AF, the mentioned dispersion was 49 +15 ms (Pmax)
and 28 £7 ms (Pmin) in the group of 40 healthy people,
which was statistically significant. It should be emphasized
that the compared groups were well matched according
to the sociodemographic parameters, left atrial size, atrio-
ventricular conduction time, and left ventricular ejection
fraction (LVEF). In addition to the value of dispersion mea-
sured this way, the study groups also differed in the dura-
tion of the P wave (123 £16 ms compared to 101 £10 ms,
p < 0.0001). Further statistical analysis showed that the risk
of recurrent AF in patients was more related to the dis-
persion parameter exceeding 40 ms than the duration
of the P wave above 110 ms.” In the following years, many
researchers reproduced the original results, using more
or less the same flawed methodology in various groups
of patients and reaching similar conclusions."-#

The research hypothesis of our study is to prove the non-
existence of the P wave dispersion parameter, L.e., the de-
fined parameter is an artifact of no accuracy in measur-
ing the P wave (incorrect measurement methodology).
The aim of our study was to assess the P wave parameters
in the patient group undergoing different electrophysi-
ological procedures.

Material and methods
The study included 104 non-selected patients (48 women,

56 men), aged 63 +14 years (range: 21-89 years), under-
going various electrophysiological procedures using

1. Zawadzha et al. The true nature of P wave dispersion

LabSystemTM Pro EP Recording System (Boston Scien-
tific, Boston, USA), (electrophysiological studies; AV-nodal
reentrant tachycardia (AVNRET), atrioventricular reentrant
tachycardia (AVRT), atrial flutter (AFL), right ventricu-
lar outflow tract {EVOT) arrhythmia ablations). The only
inclusion criterion was the presence of sinus rhythm and
the quality of the ECG tracings, which allowed us to mea-
sure the sinus Fwave duration.

The P wave duration was measured in all leads twice: firsthy
time at the paper speed of 50 mm/s, enhancement =8 (basic
measurement), and secondly at the paper speed of 200 mm/s,
enhancement x64-256 (Fig. 1). The P wave dispersion was
calculated as the difference between Pmax and Pmin in dif-
ferent leads for each measurements setting. The P wave
measurements for every tracing were repeated 5 times for
accuracy by 2 independent researches, who were unaware
of each other’s results and who were blinded to dlinical data.
The final value presented for each patient was their mean.

The study was approved by the local Bioethical Com-
mittee at Wrocdaw Medical University, Poland.
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Figg 1. The methodology of P wave duration measurements and P wave
dispersion calculations in diffesent sattings
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Statistical analysis

The continuous variables are presented as the means and
standard deviations (SD} or medians and interquartile ranges
(IQRs). The comparisons were performed with the para-
metrical Students-t test or non-parametrical Wilcoxon
paired test for dependent variables. The correlations between
the studied parameters were performed using Pearson’s cor-
relations coefficient or Spearman’s rank correlation accord-
ing to the statistical properties of the data. The p-valuesless
than 0.05 were considered to be statistically significant.

Results

The results of the P wave parameters measurements
using the standard method (basic measurements) and
the precise method and their derivatives are presented
in Table 1.

The use of the imprecise measurement method (basic
measurement) resulted in significantly different duration
of all P wave parameters taken, in comparison with precise
measurement. What is more important, the difference be-
tween A Pmax and A Pmin indicated a much higher value
for the latter parameter. The correlation between imprecise
Pmax and imprecise Pmin is presented in Fig. 2. This pre-
sented relationship indicated a high correlation coefficient,
amounting to 0.7. The correlation between imprecise Pmax
and imprecise P wave dispersion is depicted in Fig. 3.

It was indicated that the imprecise P wave dispersion
value correlated highly significantly with Pmax measured
in a similar way. The correlation between precise Pmax
and precise Pmin is shown in Fig. 4.

In contrast with the imprecise measurement method,
Pmax and Pmin measured accurately were almost identical.

Table 1. Basic statstics of the P wave parameters

imprecise (n= 104) 1051 222.7* 1053 [90.7; 120.5) ‘ 453-1540
Precise (n = 104) | 13402213 | 1305 [1208; 145:3) | 543-1990
Pmin
imprecise {n = 104) | 6102178¢ ] 617 (473 75] | 253973
Precie (n=104) 13122212 | 1285{1180;147.2) 1 54.3-1873
P wave disperson

Imprecise (n= 104) 441 2168 ‘ 433(333,553] \ 80-1120
Precise (n = 104) | 28234 ] 14100:54) [ 00-117

Pmax difference (A) 2904263 223(08:426) \ ~67-1083
Prin difference (8) | 702 22800 | 67.4 (495, 58.4] | 1301470

P min imprecise [ms]
B 8 B 8

0
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P max. imprecise [ms)

Fig. 2. The correlation bDetween imprecise Prnax and imprecse Pmin
it =0.664,p <005)
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Fig. 3. The correlation between imprecise Pmax and imprecise P wave
dspersion r=0612, p < 005)

This resulted in correlation coefficient approaching 1.0.
Figure 5 presents the contrast between the imprecise and
precise Pmax measurements.

*p < 0.001; *p < 0.001; *p < 0.0001; *p < 0.001; M - mearng SD - standard desdation; Me — median; Q1 - lower quartie; Q3 - upper quartie

Min-Max - minimal-maximal range.
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Discussion

Ome of the main principles of ECG is the simultaneous
recording of an electrical signal in each lead. Therefore,
if am event started in one lead, it continues in all others
simultaneously. Similarly, if it is still present in any lead,
it cannot be assumed that in the others it has already ended.
The ECG signal — lead direction dependence mentioned
in the introduction in the individual types of leads — results
in the fact that some of them do not register a signal (iso-
electric line) when the electric vector moves in a specific
direction relative to the lead. In reality, however, we do
not deal with 0/1 situations understood in this way and
the ispelectric line in a given lead, in the face of an ongo-
ing event in other leads, never occurs. At most, the voltage
of the recorded signal in a given situation is beyond our
perception.

The main result of our study, performed in an unselected
group of patients undergoing electrophysiological proce-
dure, disproves the existence of the so-called Pwave disper-
sion. The use of an accurate method of the measurement

44

1. Zawadzhi et al. The troe nature of P wave dispersion

of the P wave duration eliminates the difference between
the so-called Pmax and Pmin, i_e., the dispersion tends to 0.
In fact, the difference of 0 mis was in the group of the stud-
ied patients in 46 out of 104 patients, up to 5 ms in 31 out
of 104 patients, up to 10 ms in 24 out of 104 patients, and
maore than 100 ms in 3 patients. What is more, the high
dispersion relationship of the P wave with Pmax, both
measured using an imprecise method, clearly shows that
the so-called dispersion is a derivative of the real length
of the I wave and any of its incorrect (not precisely mea-
sured) minimum lengths. In addition, the correlation
we have shown of Pmax and Pmin measured precisely,
with a correlation coefficient tending to unity, confirms
our conclusion.

It is not without reason that the precision of the P wave
measurement, or rather the lack thereof, has been the sub-
ject of numerous studies over the past 2 decades, following
the publication of the original publication on the P wave
dispersion parameter.*"” The authors were aware of the key
importance of measurement accuracy and precision for
proper clinical judgement. Even the author of the concept
of the dispersion P wave pointed to such need relatively
recently."! However, these voices always assumed the pres-
ence of the parameter itself and the methodology used (e.g.,
paper shifts 50 mm/s and gain 2 cm/1 m\, with the use
of magnifying glasses) was far from perfect.“'”‘ In addition,
no one indicated the key incompatibility of dispersion with
the ECG principles mentioned previoushy.

Already in 2015, we pointed to the aforementioned
problem, using the results on slightly more modest pa-
tient material. Based on similar results, we pointed out
that the concept of P wave dispersion is based on incor-
rect methodology and in reality does not exist." Although
this publication did not go unnoticed, in the meantime,
numerous papers have been published that still describe
the phenomenon of P wave dispersion,'™!" and an inter-
esting interpretation of our study has appeared.t Chavez-
Gonzalez and Donoi, while citing our work, commented
it like this: “Despite this, we continue to believe there
is sufficient proof supporting the F'WD (P wave disper-
sion) importance in the clinical practice and continuation
of research.” The word "believe is crucial in this context.

In the perspective of our results, there is a need to re-
assess the initial brilliant idea of the relation between
the P wave parameters and the risk of atrial arrhythmia,
in particular AF. The already mentioned inaccuracy issues
related to the PP wave duration measurements are obvi-
ously caused by the small amplitude of P waves in some
ECG leads. Low amplitude P wave signal is characteristic
for advanced atrial muscle disease, which obviously will
result in time in AF. There is a vast variety of scientific
papers supporting this issue.* Moreover, the interatri-
al conduction abnormalities introduced so successfully
by Bayés de Luna et al. and other researchers could be
also the causes of changes in amplitude and morphol-
ogy of the P wave.®*? In our opinion, the initial results
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indicating the more relevant relation of AF with P wave
dispersion than P duration is clearly the result of the dis-
cussed measurements INACCUracy.

In summary, in light of our results, we conclude that
the so-called P wave dispersion is a measurement artefact,
related to wrong methodology. The increase in measure-
ment precision makes it simply disappear. Its clinical utility
can be explained by its dependence on P wave duration,
which reflects the left atrial muscle structural and func-
tional disorders. The proper P wave duration parameter
should be the ‘total atrial activation time” already proposed
by us, calcolated in the simultaneously recorded 12-lead
ECG, from the beginning of the earliest recorded P wave
deflection, until the end of the latest P wave deflection re-
corded in any lead.'® This approach was recently supported
by Bayés de Luna et al., explicitly advising that the P wave
should be measured from its earliest beginning in any lead
to the latest end in any lead.™ Most probably the 21* cen-
tury will require appropriate methodology and change
of approach.

Study limitations

A serious limitation of our study is its single-center
nature and relatively small study group. In addition, this
is not a prospective study showing the relationship between
ECG parameter and clinical prognosis. The influence
of the human factor and the screen resolution of the moni-
tors on the possibilities of limiting its impact on the ob-
tained measurement results have not been discussed, and
it should be emphasized that even with the precise mea-
surement methodology, the differences in P wave duration
were not (0 ms in all patients. Additionally, ECG tracing
artifacts may influence even very precise measurements.

Conclusions

1. The P wave dispersion does not exist.

2. The measurements of the P wave and considerations
of its doubtless clinical usefulness have to be precise to as-
sure the highest scientific and medical sincerity.

3. The highest clinical value is related to the properly
measured P wave duration.
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The electrophysiclogical activity of the heart is recorded and pre-
sented in form of electrocardiogram (ECC). In 1998 the concept of
P wave dispersion as the risk factor for atrial fibrillation (AF) recur-
rence was introduced. 1t was calculated as the difference between
the longest and the shortest P wave. The aim of our study is 1o prove
that the P wave dispersion is an artifact of low acowracy im P wave
rneasurement The study included 186 patients (78M 108F) aged 59.7
=+ 12.9 years, undergoing various electrophysiolegical procedures.
The Pwave was measured twice: first, at the paper speed of 50 mm/fs,
enhancernent 8 x (standard — imprecise) and the second time at 200
ramy's, 64—2563 (precise). The imprecise measurement method re-
sulted in different duration of all P wave parameters in comparison
with precise measurement. The difference between A P maxand A
P min indicated a higher value for the latter parameter. 1t was indi-
cated that the imprecise P wave dispersionvalue correlated rmost sig-
nificanthy with the maxirmal Pwave duration, which was measured in
asimilar way. In contrast with the imprecise measurement method,
the minimal and maximal durations of the P waves, being measured
accurately, were almost identical. Using precise methodology, the
P wave dispersion reaches negligible values and tends to zero. The
rreasurements of the Pwave have to be precise to assure the highest
sientific and medical sincerity. The highest dinical walue is related
to the Pwave duration.

Keywords

Pwave duration: Praave dispersion; Total atrial actreation time

1. Introduction

The electrical activity of the working myocardium is mea-
surable and can be graphically represented by a 12-lead elec-
trocardiegram. In this form of recording, the electrical sig-
nal is recorded by 10 electrodes, which form & limb leads: 3
bipolar, 3 unipolarand & unipalar precordial [1, 2]. Each limb
lead records the flow of electric current in the frontal plane
and the precordial leads in the horizontal plane. The polar-
ity of either bipalar or unipalar pair of electrodes allows the
myocardial depolarization (which is essentially a change in
potential from negative to positive], to produce the appro-
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priate deflection [3, 4]. The deflection is positive if the mo-
mentary current-vector is lined up with the direction of the
bipolar lead or is oriented towards the unipolar lead, or is set
negatively in the opposite situation. W hen the current flows
perpendicular in relation to the direction of the bipolar lead,
or parallel considering the direction of the unipolar lead, the
leads do not register any deflection. This happens because
there is no chrono-spatial change in the current flow regard-
ing a particular lead [5, 6]. This fact results in the formation
of isoelectric fragments of the electrocardiogram. Consider-
ing the complexity of the heart muscle structures, this is never
the case in practice, however those facts let us understand
some detailed phenomena in precise P wave interpretation.
For example, the initial and the closing fragments of the elec-
trocardicgram waveforms may appear to be isoelectric, but
with the proper amplification the deflection of the line will
be visible.

The described phenomenon is consistent with the general
properties of current- flow recording: if a given phenomenon
has started and is being recorded by some leads, one cannot
assume that the phenomenon is not present in the other leads
just because the amplitude of the recorded signal is low. For
obwvious reasons, the described problem more often concerns
the electrical activity of the atrium, as the amplitude of the
P wave is many times lower and more subtle than the QRS
complex, due to the differences in the masses of the atria and
ventricles. The described problem was the basis of the incor-
rect theory of the so-called 'F wave dispersion’, introduced
in the late 20th century [7]. Despite the critical work on the
accuracy of the P wave measurement, which was also raised
by the authors of the dispersion concept themselves [8-10],
this theory has become established in medicine, leading to the
creation of many works thar describe this phenomenon based
on insufficient accuracy of taking measurements [11-14].
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The use of the vector graphics and the electrophysiolog-
ical system for the measurement of the P wave allowed for
a much more sccurate assessment [15-17]. In the following
study, we want to show thar, the problem of inaccuracy in the
assessment of P wave duration is a common problem, and
is only slightly dependent on the type of patient population

with various atrial arrhythmias.

2 Aim

The aim of the study was to assess the duration of the
P wave and its indices in a wide, unselecred populaton of
patients with common arrhythmias - atrioventricular nodal
reentrant tachyeardia (AVNRT), rypical arrial flutrer (AFL)
and atrial fibrillation (AF], and to demonstrate the similar-
ities in the inaccuracy of the P wave duration measurement

depending on the method used.

3. Material and methods

The study included 186 parients (78M 108F) aged 59.7 +
12.9 years, under-going various electrophysiological proce-
dures using LabSystemTM Pro EF Recording System (Boston
Scientific, Boston, MA, USA). The group was divided into
three equally numerous subgroups: AVNRT (62), AFL (62),
and AF (62). The electrophysiological procedures included:
electrophysiological studies; AV-nodal reentrant tachycardia
(AVMNRT), atrioventricular reentrant tachycardia (AVET),
atrial flurter {AFL). The only inclusion criterion was the pres-
ence of sinus rhythm and the quality of the ECG tracings,
which allowed us to measure the sinus P wave duration. All
patients were in sinus rhythm at the time of recording. The
P wave duration was measured in all leads twice: first time at
the paper speed of 25 mm/s, enhancement 83 (hasic mea-
surement Fig. 1A), and second time at the paper speed of
200 mm/s, enhancement 64-256x (Fig. 1B). The P wave dis-
persion was caleulated, as the difference between P, and
Fyoir in different leads for each measurement setting. The P
wave measurements for every tracing were repeated 5 times
for accuracy by 2 independent researches, who were unaware
of each other’s results and who were blinded to clinical data.
The final value presented for each patient was their average.
The study was approved by the local Bicethical Commitiee
at Wroclaw Medical University, Poland. In order to avoid
the above-mentioned measurement inaccuracies, we decided
to use an elecrrophysiological system to have an insight into
every millisecond of recorded pulse (Fig. 1).

4, Results

The clinical baseline characreristics of the studied patients
and the results of measurements of the P wave duration are
presented in Tahle 1.

Table I presents a summary of the measurement dara con-
cerning the durarion and dispersion of the P wave. Below
we present the result of the Wilcoxon signed-rank rest for
pairs of observations regarding the dispersion of the P wave
messured by the accurate (AM) and inaccurate (1M) meth-

0634

ods. The difference berween the P wave dispersion deter-
mined from the measurement results by the imprecise and
accurate method is highly significant (46.6 ms vs. 4.6 ms; p <
£L001; Fig. 2).

The coefficients of variation (CV% = SI¥ / Mean = 100)
estimated on the basis of imprecise and accurate P wave du-
ration measurements differ significantly (Fig. 3). Also the
ranges (range = Max—Min) for CV% in the inaccurate method
are much larger than in the accurate method. Fig. 4 presents
the comparison of the coefficients of variability regarding ac-
curate and inaccurate method of the P wave measurements.

The correlation between the P wave dispersion and the
maximum and minimum time of the P wave duration are pre-
sented in Table 3.

The differences berween imprecise and precise methodal-
ogy of the P wave duration measuremnents are presented in
Tahble 4.

The differences between the P wave durations in men and
women, using inaccurate and accurate metheods are presented
in Table 5.

There was no staristically significant relationship between
the results of the P wave duration measuremnent (ms) and the
sex of the patients (p = 0.05).

Based on the abowve analysis, we can draw conclusions that
the variability in the measurement of the maximum and min-
imum F wave durations is much greaver with the imprecise
(50 mm/'s &) measurement method than with the precise
(64-256, 200 mmys). In the case of measuring the disper-
sion af the P wave alone, the coefficient of variation between
the two methods is incomparably greater for imprecise mea-
surements. The dispersion of the P wave duration defined in
the less accurate method depends on the values of both Py,
and Py, while in the accurate method there is no such rela-
tionship and the dispersion value irself is way smaller. There
was no statistically significant relationship berween the re-
sults of the P wave duration measurement (ms) and the sex
of the patients. The groups were homogeneous in terms of
gender structure, but there is a statistically significant differ-
ence in age: patients in the AVNRT group were younger than
AF patients by an average of & vears.

5. Discussion

The most important and the most spectacular achieve-
ment of our research is the proof, that the duration of the P
wave dispersion is clearly dependent on the technaology used
to caloulate it. Taking a closer look at the details of the fol-
lowing topic, it's rexsonable to begin with basic electrocardio-
graphic rule. All electrocardiographic events are registered
in all ECG leads in the same time [18]. This is logical, be-
cause the leads should be perceived as the different perspec-
tives, from which the very same impulse is being observed.
Ohjectively it is impossible thar the very same impulse begins
or ends in different moments in different leads. Therefore.
it is simply against the basic physical rules describing the re-
larions of space and rime. Despite this facr, in 1998 Dilaveris

Wplume 33, Mumber 4, 2081
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Fig. 1. F wave duration measured inaccurate and accarate and the visual changes in presented electrocardiograms. [ 4] The measurements taken
at the paper speed of 24 mm.'s, enhencement 8% ; P wave duration: 11 148 ms, V4 126 ms. {B) The acoarate mesurements taken at the speed of 300 mm/'s,

enhancement &4 % = by the means of vector graphics, P wave duration: 11 178 ms, V4 173 ms.

Table L Clinical and demographic characteristics of the patients in the three study groups

Giroup
Wariable AVNRT.N-&! AFL.N-62 AFN-gl povalue
n ® n % n &
Sex o167
Women £ &TTE 34 S48W B Liak
Men M M 2 48ME M 484k
Curnn lrindities T
HT ¥OsTE 44 TOAR 48 T4FE
oM 5 5% 1 177 1 20Ok
CKD 4 655 6 eTR 5 &Ik
THD & 0.7% 12 19.4% 11 IT7%
HF 4 6.5% T & 9Tk
Age, years <0001
Mean 4 S0 549 4 155 S04E 131 645 & 02
Me [ (3] 58 [45; 64] 635370 s6 5870
Min to Max 20 m B 23 to 0 10 ta BT

D, dizhetes malliue; CED, chronic kidney dissage: IHD, ischemic heart digegss; HE
beart failure, HT, hypertension; AVNRT, mrioventricular re-entry nodal tachycardia;
AFL, at il Muives ; AF, wicial Gleillaiioo, S5, stasdad devmion, Me (G 93] wolian
| guariils rangs.
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Table 2. The results of duration measurements of the PP wawve
by the imprecise (IM) and precise (AM) methods.

Sraristics [naccurate method ~ Accurate method — pevalue
Prar (ms) < 0000
Mean 4= S0 1264 4= 272 1438 & 24.1
Me [1; Q3] 122 [100; 145] 141 [128; 162]
Miin 1o Max AT no 180 4o 208
Pain (ms) < 000
Mzan &= S0 T4 =275 1389 4 218
e [1; 33 76 [56; 100] 135 [121; 158]
Mlin 1o Max o 138 &4 1o M1
Pdunp1m5\] < O
Mzan &= S0 466 4= 18T 446428
Me [Q1; Q3] 44 [35;59] 4[37]
Miin 1o Max 1410 124 =4 to 11
D papgr (ms) < (LK
Mean 4 5D 6.9 4 5.8 55458
Me [Q1; Q3] & [5; 9] 457
Miin 1o Max 0o 38 0o 34
LT < (10K
Mean 4 5D i1 4 5.8 150 % 2.4
Me [Q1; Q3] 4[24 15 [13;17]
Bellin mo Max 0o 37 1010 25
S0 Py (ms) < 000
Mean + 5D 95482 5ak589
Me [Q1; Q3] 7 [4; 14] 4[%7)
Bellin mo Max 0o 49 0o 57
V Prmin U6 < 000
Mean 4 5D 1424139 ISR
Me [1; Q3] 2[5 17 3[1;3)
Miin 1o Max 0o &1 O 28

Ms, milliseconds; 5D, standard deviation; ¥, variance; Me [1; 3], me-

dian | guartile range.

Al patients . i
Wilcoxon signad-rank test O 25575
Z=11.827, p<0.001 T Min-iax
1an
100
- 0
g
‘% &0
& "
L
0 %
Inacurals Accurate

Fig. 2. P wave duration dispersion measured inaccurate and accurate
and the resule of the signed rank test.

et al. [7] introduced the F wave dispersion which was de-
fined as the difference between the longest and the shortest

F waves in two different leads. The authors ealculated the
P wave duration, with the uto of rulor, magnifying glaes and
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the ECG millimeter-paper print, at the speed of 50 mm/s and
1 m¥V/em gain. The study group included 60 patients with
paroxysmal AF, and the control group included 40 healthy
patients with the similar profile. The maximal F wave du-
ration of 110 ms and the dispersion of 40 ms were the dif-
ferential factors between the study and control group with
the positive prediction of 89%. In the study group the dis-
persion was 49+/- ms and in the control one — 28+/- ms,
which was statistically relevant. As a result, the definition of
P wave dispersion gained popularity in scientific world, and
the methodology of research has been repeated by many fol-
lowers ever since. For example, Dogan ef al. [19], acquired
the P wave dispersion of 53.2 = 3.9 ms vs. 40.3 £+ 4.7 ms in
his work on the P wave in AF and sinus rhythm. Similarly,
Akcay in 2018 in his work about influence of moderate alti-
tudes on electrocardiographic measurements, measured the
P wave dispersion of 28.6 = 10.2 ms at moderare altitude and
274 + 9 ms at sea lewel [20]. The results of the latter research
were acquired after having measured the difference between
Popas and P, in the same lead, which makes the method-
ology and its interpretation faulty. The multiplicity of differ-
ent approaches prompted our team to publish an overview
of researches on methodologies measurement acquisition. It
was stated, that in case of manual measurements at the speed
of 25-50 mmy's the P wave dispersion fluctuated at 40 ms.
The precision of measurement wasn't improved after using
2 magnifying glass for zoom (raster graphic). What's inter-
esting, two years after the P wave dispersion theory had been
introduced, Yamada et al [21], suppored his study with au-
tomatic software, which resulted in the P wave dispersion of
16.6 +/- 9.5 ms (study group) and 14.8 +/- 6.7 ms (control
group). The values were significantly lower than the results
presented by Dilaveris, but still far from the numbers pre-
sented in our work: Py .0 4.0 £ 3.1 ms (AVNRT); 4.4 £
27 ms (AFL); 4.4 = 2.7 ms (AF) (Table 3). Referring to the
enumerated examples, the differences came directly from im-
proving the precision of manual measurement, and from the
sensitivity of the algorithms used by Yamada, which made

our team draw certain conclusions.

The precursor of the new methodology was the team of
Zimmer ¢ al. [22] who presented their results ar the Eu-
ropace conference in 2015, The authors took the mexsure-
ments for the first time at the settings: 50 mm/s, 8= ; and
the other time, more precisely: 200 mm,/s, 128-256. The
results in the less precise messurements revealed dispersien
at the level of 4514 ms, whereas the more accurate method-
ology resulted in 1.24 ms, ie., disappeared in total. The re-
sults indicated the direct high correlation Pioee /Py sp, mean-
ing dispersion is not the individual, independent parameter.
The confirmation of this discovery was the research that was
published in 2020 in Advances in Clinical and Experimental
Medicine [17]. 104 patients were analyzed and qualified for
various electrophysiological procedures. Using the method-
ology of Zimmer et al. [22], the P wave dispersion acquired
by inaccurate method was: 44.1 L 16.8 ms, and 2.0 L 3.4 ms

Volume 23, Mwmiber 4, 208
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Fig. 3. Comparison of the variability coefficients of the maximum and minimum P wave durations measured with inaccurate and accurate
method and the result of the signed rank test.

Wilcoxon signed-rank test 8 Medise Wilcoxon signed-rank test ) 297k
Z=11.198, p<0.001 B 2=9328, p<0.001 O e
® % ==
n n
€0 &
£w )
5 >
40 O
mé 20 P —
0 i)
10 ; 10 u
| sy~ |
0 0 ==
Inaccurate Accurate Inaccurate Accurate

Fig 4. Comparison of the coefficients of variability of the results of measurements made with inaccurate and accurate method of the maximum
and minimum durations of the P wave and the results of the signed rank test.

Table 3. The values of Pearson’s correlation coefficients between the dispersion of the P wave duration and the maximum and
minimum time in the entire study population and in groups of patients with different health status.
Method Parameter AlLN=18 AVNRT,N=62 AFL N=-62 AF,N=62

Inaccurate Pras= 0.292 0.167 0.3%0 0266
Panen -0319 -0519 ~0.117 -0.461
Accurate Prmas 0.153 0.126 0.095 ~0.052
Pmin 0018 ~0.041 ~0.026 -0.159

Correlation coefficients other than zero at the level of p < 0.05 were marked.
N, number of patients; AVNRT, atrioventricular nodal re-entry tachycardia; AFL, atrial flutter;
AF, atrial fibrillation.

(p < 0.0001) by precise method. The correlation between the The described results were confirmed by Puerta etal. [23],
precise P, and P, ;. was almost 1.0 (r = 0.987, p < 0.05).  who noticed and focused on the gaps in Dilaveris'es theory of
This means that after improving the measurement precision,  heterogeneous, non-homogeneous signal spread, which was
the difference between P wave duration in separate leads dis-  the initial explanation of the P wave dispersion phenomenon.
appears and the dispersion drops approx. to zero (absolute Puerta enrolled 153 randomized patients for electrophysio-
zero is impossible to reach due ro artifacts). logical procedures in his study. In order to verify the method-

Volume 22, Number 4, 2011 1637
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Table 4. Results of measurements of P wave duration by
imprecise (IM) and accurate (AM) methods in three groups

of patients.
Imaccurate method Accurate method
Group: AVNET pevalue
2 Ma=&k
Prnar (ms) < (L0
Mean & 5D 107.2 == 202 1266 4 184
M [Q1; 23] 108 [9; 120 128 [113; 134]
BAdlin o Max 3T oo 168 4o 179
Panin (ms) < (L0
Mlean & 5D 629 X85 111e 4 182
Me [Q1; 3] 59 [47; 74] 119 [111; 131]
Min 1o Max 23 b 117 B4 1o 176
Pdu.lp {ms) < LI
Mean & SDx 4444 155 4004 51
e [Q1; 3] 44 [14; 58] 4[1;7]
Bolin 1o Max 14 78 =X 10
Group: AFL N-gl MN=gk
Prar (ms) < LD
Mean & SDx 1509 4 280 15008 & 221
Me [Q0; Q3] 135 [109; 153]  15% [133;170]
Belin o Max 62 oo 179 98 m 195
L < (L0
Mean & 5D 764 260 1464 & 220
Me [0 Q3 a2 [47; 111) 149 [129; 164]
BAdlin o Max S 138 94 1o 184
Paiyep {ms) = (LMK
Mean & 5D 4354159 44427
Me [Q1; Q] 400 [33; 53] 43¢l
Adlin o Max 1deo T =41 11
Group: AF L I N =&l
L — ] = L0
Mean & 5D 1359 4 240 1530 & 222
M [Q1; 23] 134 [122; 149] 154 [134; 169]
Adlin o Max A0 b 180 1 1o 208
Fanim (ms) < (LK
Mean & 5D 81.7 4 X0 1476 & 224
M [Q1; Q3] 82 [s0; 103] 152 [128; 164]
Min 1o Max 29 b 137 VR g B
T <000
Mean & SDx 4354150 4.4 427
e [C1; 23] 40 [33; 53] 4[3;6]
Min 1o Max 140 T =dio 11

D), standard deviation; Me [01; 8], median | quartile range;
AVNRT, acrioventricular re-entry nodal tachyeardia; AFL, atrial
Hutrer; AF, arral hibrillanon.

ology described by Zimmer ef al. [22], the authors measured
the P wave duration twice: first atz 20 mm/mV; 50 mm/s,
&2, and the second time at 200 mmy's, 125-256. With less
accurate measurement, the P wave dispersion was on aver-
age 48 ms (36-54 ms), and with the precise measurement
it dropped to 4 ms (0-10 ms), p < 0.001. The authors also
compared the morphology of the P waves, recording them
at different locations of heart. After manual determination
of the :iEnuJ resultant vector, the rescarchers found that in
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most cases the resultant stimulation axis corresponded with
the lead in which P, is registered. In the same time F,;,,
is usually recorded in a lead perpendicular to the designated
axis in the hexaxial system. The researchers concluded how-
ever, the P wave dispersion couldn't be fully explained by the
vector theory, although it must be dloser to the truth than
the local theory. Surprisingly, despite the fact the dispersion
dropped to 4 ms (0-10 ms) with precise methodology, Puerta
is not convinced that the phenomenon of the P wave disper-
ston does not exist. This says a lot about the extent to which
this theory was rooted in the minds of researchers over last
24 years.

Discussing the precision of the P wave measurement, it is
worth focusing on details. For example, the thickness of the
ispelectric line itself in the printed ECG averagely equals one
third of a millimeter (excluding the R peak in QRS complex),
and this thickness may correspond to about 6-7 ms. The iso-
electric line marks the beginning and end of the P wave, so
the measurement of the segment between the beginning and
end with a ruler creates the possibility of falsifying the re-
sult by about 14 ms. Another problem is the determination
of the objective beginning and end of the F wave. Usually,
there is no specific cut-off point at which one should start
the measurement. The rise of the isoelectric line, is smooth
and often accompanied by line tremors, so-called artifacrts,
They appear due to the electrical resistance at the boundaries
of the electrode-gel-skin mediums, and/or due to the mini-
mal recorded electrical activity of human muscles [24, 25]. In
order to avoid the above-mentioned measurement inaccura-
cies, we decided to use an electrophysiological system to have
an insight into every millisecond of recorded pulse. It should
be added thar, by using the vector graphic, the electrophys-
inlogic software allowed for the zoom of the ECG without
any quality loss of the record. Using the electrophysiological
systemn, the researchers were able to analyze the record at the
rate of 1 po/ | ms using a 4K TV as the screen. [t should be re-
membered that even the slightest hand tremor can disturb the
mexsurement by a few millisecomds, with such setrings [25].
The scale of error with less precise methodology is incompa-
rable. For comparison—Dilaveris efal. [7] used a magnifying
glass in their research, which means that all inaccuracies, arti-
facts and averages of the ECG recording at the parameters of
50 mm/s, 8 were enlarged on the basis of raster graphics,
i.e., they were not corrected, but remained in the same ini
tial form, only enlarged. Therefore, each measurement was
bound at the outset, to be erroneocus, which was related o
specific recording and printing parameters. In the studies of
Dilaveris et al. [7], it was determined that the P wave disper-
sion of 40 ms isa predictor of atrial fibrillation recurrence. In
our research, the dispersion was 4 ms on average, which cor-
responds to 4 pixzels on taking the measurement. In addition,
with structuraily damaged arria, the P wave is narurally pro-
longed and flartened, which makes it difficult to determine
its beginning and end [27 29]. Therefore, it is common that
the flartened part of the wave can be interpreted as an 1soelec-
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Table 5. F wave durations measured in women and men using inaccurate (IM) and accurate methods and the resuls of
significance tests (Mann-Whitney U)

Group Fims] “Women, N=108 Men, N = T8 pevalus
Inaccurate Pagap 465 (382008 4243435400 0515
Prax 112 {100=143) 129 (108=1446) 021y
P vin 0 {54 100 B0 [60-103) REL
Accurate Pagap 4.3 (2E-g0) 51 [30=-T.00 oo
Prax 134 {120 = 12} 145 (130=162) oLz
P vin 1301 16=158) 141 [12&-154) o4

P, P wave durstion; ms, milliseconds; N, snumber of patients.

tric line after averaging or reading with less precise parame-
ters {25-50 mm/s, ). This fact results in “self-hiding” of
more advanced changes in the P wave in ECG recording. We
supparted this abservation in the research published by our
team, in which we described the analysis of 150 patients [30].
The duration of the F wave, assessed in three equal groups:
AVNERT, AFL, AF, at 50 mm/s, 16, was respectively: 78.2
+ 10.1 ms; 74.3 + 11.8 ms; 98.5 &+ 21.6 ms. After changing
to 200 mmys, 128-256 % the results were 121.2 = 152 ms;
123 + 222 ms; 141.1 £+ 22.8 ms. It is easy to see that with the
inaccurate measurement method, the duration of the P wave
seemed shorter than it actually was. Afrer improving the pre-
cision, time was significantly longer, which more objecrtively
reflected the disturbances in atrial conduction, especially in
AF. The accuracy of measurements depends only slightly on
the type of arrhythmia (Table 4). This example shows how
the methodology of electrocardiographic measurements can
objectify the diagnostic process and be useful in clinical prac-
tice on a daily basis.

Diespite the accuracy, the most precise manual mexsure-
ments of the P wave duration still seem to be an insufficient
proof against the P wave dispersion theory. The main ar-
guments against precise manual methodology are the sub-
jectivity of measurement, and imperfection of a human eye
while assessing the duration. In erder to oppose these argu-
menis, our team decided to develop an awtomatic, specially
calibrated algorithm which analyses every millisecond of the
recording as objectively as it is possible. We drew our in-
spiraiion from the algorithm used by Yamada in his research
in 1999, who revealed spectacular results two years after the
concept of the P wave dispersion had been introduced. Our
algorithm called APPA (*Automatic Precise P wave Assess-
ment”) was designed with help of an experienced professional
software developer, who was priorly unfamiliar with the P
wave measurements issues. The technology is directly based
on the automatic analysis of vector graphics, simultaneously
comparing and contrasting data from all 12 ECG leads. The
auiomatic assessement is bound to maintain the repeatability
of ohraining the resulrs which will make the results more re-
liable. W ith this approach, the suggestion of subjectiviry will
he nn lnnger adequate W are under the process nf tecting
the software and are pia.uui.ng W puhiish our first results by
the end of October 2021.

olwme 22, Mumber 4, 2e3

The issues of P wave morphology and duration remains a
living topic for research. Technological development allows
for accurate measurements, but the theory of P wave disper-
giom is still deeply rooted in the scientific environment. The
determination of total atrial activation time and the assess-
ment of the P wave profile seem to be a promising direction
of research in the future. Advanced analysis of these vari-
ahles is bound to increase the chance of determining a new
parameter for predicring recurrent atrial fibrillation in clini-
cal practice.

6. Conclusions

(1) P wave dispersion reach negligible values tending to
zero, after increasing the precision of measurement.

(2] Structural destruction of the atria results in “self-
hiding " of the actual duration of the P wave in ECG. In clinical
practica, this may contribute to an incorrect assessment of the
degree of atrial destruction.
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Abstract

Introduction. The electrophysiological activity of the heart is registered and presented in form of electrocardiogram
(ECG). Precise P-wave measurement is crucial for a proper assessment of signal conduction inside the atria. For the
sake of validating the precise manual measurements, the study team has created an automatic software customized
for precise P-wave measurements {APPA, automatic precise P-wave assessment). The present study aims to prove that
the automatic algorithm has a comparable efficiency in precise P-wave duration measurement.

Material and methods. The study group included 72 patients (31 males, 41 females) aged 62.8 + 14,27, undergoing dif-
ferent electrophysiological procedures. The P-wave was measured twice: first, manually at the paper speed of 200 mm/s,
64-128 x (precise), and second, automatically, with the use of APPA, which filters the signal every 1 millisecond.
Results. There are no statistical differences between manual and automatic measurements. The mean difference be-
tween the two methodologies is 3.72 ms. The median P-wave duration was negligibly higher for manual measurements
in all types of arrhythmia. The biggest difference in measurements was present in patients with atrial fibrillation. The
lowest difference was present at the range of 110-130 ms of the P-wave duration.

Conclusions. The measurements taken by APPA, and manually are equally precise, which supports the authors’ previous
results. Their algorithm presents high reliability of results and can be used for scientific purposes. The structural destru-
ction of atria results in self-hiding of the actual duration of the P-waves in ECG. With higher precision of measurements,
the differences between minimal and maximal duration of the P-waves in different leads decrease to negligible values.

Key words: P-wave duration, automatic algerithm, software, P-wave measurements

Introduction

The electrical activity of the working heart is presented
in a form of a 12-lead electrocardiogram (ECG). The ECG
signal is defined as depolarization i.e. the potential chan-
ge from negative to positive which spreads acress the

Folia Cardiologica 2022; 17, 2

myocardium followed by depolarization. The activity of the
atria is marked by the deflection called the P-wave. The
depolarization resuits in forming up a deflection from the
iscelectric line. If a vector is consistent with the direction
of the bipolar lead or is oriented towards the unipolar
lead, the deflection is positive. In the opposite situation,
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the deflection sets negatively. When the vector spreads
perpendicularly to bipolar lead direction, or parallel in the
case of unipolar leads, no deflections are being formed,
which results in isoelectric fragments in ECG. Considering
the complexity of the heart conduction system and its my-
ocardial components, this never fully happens in practice,
however, this fact helps to understand the presence of
the flattened, irregular ECG fragments. After analysing the
coordinates of the signal, it was found that the duration
of the P-wave differs significantly from the one taken with
less precise methodology [1 2). Despite more accurate
assessment, the results and conclusions of this work wene
still doubted [3, 4]. To support the present findings, the
team designed an original, specially calibrated automatic
algarithm that analyses avery millisecond of the recording.
Precisely measured P-wave duration becomes highly use-
ful in defining a total atrial activation time, essential for
advanced diagnosis.

The study aimed to compane the manually taken P-wave
duration measuremeants with the ones taken automatically
ina wide, unselected population of patients with atrioven-
tricular nodal reentrant tachycardia (AVNRT), atrial flutter
(AFL) and atrial fibrillation (AF). The additional goal of this
study is to prove that the P-wave durations are equal in dif-
ferent leads of the ECG, no matter the type of arrhythmia.

Material and methods

Seventy-two patients (31 males, 41 females) aged 62.8 4
1427 were included in the study. The patients were divided
into 3 numerously equal (24 pts) subgroups dependent on
the type of arrhythmia: AF, AFL, AVNAT. The measurements
were taken twice within those subgroups: the first time
rmanually, which is treated as a golden standard, and the
second time automatically with the originally developed al-
gorithm. The manual measurements wene taken 3 timas in
all leads by 2 independent investigators unaware of the mu-
tual resuits and clinical data of the patients. The LabSystem
Pro electrophysiological system was used for the manual
measurements, which allowed the use of parameters: 200
mimy/s, magnification 64-128 =, By using vector graphics,
the researchers ware able to 200m the record without any
quality loss. The electrophysiological system allowed to
analyse the record at the rate of 1py/ims wsing a 4K TV
as the screen. For automatic measurements, the team
used the specially designed software — automatic precise
P-wave assessment (APPA). The algorithim was callbrated to
imitate the skills of most experienced human researchers
and to keep the repeatability of the measurements. The
signal was analysed every 1 millisecond, and the algorithm
was set to detect the raise of the isoelectric line and define
the beginning of the P-wave. In some cases, the quality of
the recording was so distorted, that it was impossible for
the algorithm to objectively detect the beginning of the

P-wave, due to the artifacts’ overlap. However, such cases
were excluded from the study, as the intention was to keep
the results as objective as possible. The measurements
were companaed, contrasted and analysed betweean the sub-
groups. The construction of the algorithm results in a slight
deviation of + 10 ms in measurements. Due to small fluctu-
ations of the Isoelectric line, which ocour in every case, the
algorithm starts to calculate the beginning of the P-wave
after 10 ms, if the determined condition is met. Similarly,
the measuramant ends after 10 ms when the termination
condition is reached. Therefore, assuming that the algorit-
him ey distort the measurement at the beginning and end
on average by 5 ms, the statistical error was 10 ms. This
can be easily supported by the probability theory, which
proves that after e.g. 1 million random sampling attempts
[real random numbers — the probability density function
with a normal distribution M (0, o 2)] of numbers from 1 to
10, the mean is 5. Concluding from this, the emor does not
exceed 10 ms (5 ms at the beginning of the P-wave and
5ms at the end) [5, 6. Taking a closer look at the errors,
they can be divided Into systematic, random and excessive,
Thesze types of errors are not considered, becawse in this
case the examination concerns exactly one patient and
his,/her health condition during the examination. Morag-
ver, the algorithm does not analyse the disturbed periods,
rmarking them as damagad — it Is not analysed why they
occuired, they are just automatically rejected. Therefore
it can be concluded that the only statistical error is 10
ms. Of cowrse, there i a probability of achieving an ermar
of 20 ms, but it s just as probable as the error of O ms
[no @rror). From a mathematical point of view, for many
respondents, the above-mentioned cases neutralize each
other, although they may cocur in separate cases. Most
importantly, however, the present study relies an a series
of studies which makes the measurements more objective
from the statistical podnt of view.

Statistical analysis

For guantitative variables, basic descriptive statistics
were calculated (M — average, SD — standard deviation,
Me — median, Q1 — lower quartile, Q3 — upper quartile,
Min — minimum value, Max — maximum value). and the
compliance of their distributions with theoretical normal
distribution was chacked using the Shapiro-Wilk's W test,
Comparisens were performed with the Students” T-test or
Mann-Whitney U test for independent groups or Kruskal-
-Wallis ANOVA for multiple comparisons. Each categorical
variable was presented as numbers and percentages. The
comparisons were performed with the Chi-sguare test. The
correlations between studied parameters were performed
using Pearson’s cormelation coefficient or Spearman's rank
correlation coefficient according to the statistical propar-
ties of the data. The statistical analysis was performed

2 www journals.viamedica.pl/ffolia_cardiologica
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using the computer program STATISTICA v.13.3 (StatSoft,
Inc., Tulsa, USA). P-values less than 0.05 were considerad
significant.

Results

The clinical and demographic characteristics of the pa-
tients in the 3 study subgroups taking part in the present

Jacek Zawadzki et al., APPA

research are presented in Table 1. The data include aga,
sex and comorbidities of the patients concerning 3 types
of atrial arrhythmia.

Table 2 presents the statistical information about
P-wave durations measured manually and automatically
in 3 subgroups of atrial arrhythmias.

The longest results including mean, median and mini-
mum-maximum values are present in the subgroup of AF,

Table 1. Clinical and demographic charactenstics of the patients in the three study groups

AVNRT
N=24

GroLip

AFL
N=24

Sex < 0.05
‘Wamen 0 2778 10 1389 11 15.28
Mean 4 5.56 14 19.4 13 18.08
Comarbidities <005
HT i5 625 7 0.8 i8 75.0
DM 2 83 5 203 -] 25.0
CHD 2 83 3 125 2 83
HD 3 125 5 203 5 20.3
HF 2 83 3 125 3 125
Age (years) < 0,01
Mean £ 50 5531303 E49+ 1238 68211512
AF — aivad fiwilabsi ML — avial Benar S¥MAT — aivs el sl CMOY — EFrore: kidSoy ek DM — o Dl (sl HF — Rt HT — Feyprireans: il — Sofve:

S T S, S0 — Sl P2 i L

Table 2. Mean P-wave durations determined manually and automatically and the difference betwesn them (da.) in patients with different
types of atrial arrhythmia and the results of significance tests

The: duration af the P-wave [ms) P-valug
Automat
AVNRT N=24 N=24 W=24 0045
Mean £ 50 1138198 1106181 -32174
Median ()R] 114 (107-121) 108 (103-119%) -2{1-8)
MMin-Max 95-134 88-128 -28-7
AFL N=24 N=24 W=24 003z
Mean ¢ 50 1734175 1206181 -2Bt78
Median [I)R) 122 (118-127) 121 (115-135) -5(-7-3)
Min-Max 113-147 106-138 -25 -17
AF n=24 n=2d n=24 0o
Mean £ &0 1348+132 138780 -32174
Median (IQR) 132 (128-147) 126 (123-136) -2 (1-6)
Min-Max 115-156 115-147 -29-7
All patients. n=T72 n=T2 n=72 < Quiod
Mean £ &0 1340 £ 135 1203 x114 -34£891
Median [I)R) 122 (115-130) 122 (115-128) -2(1-8)
Min-Max 95-156 98-147 -30-20
AF — arrad fwilaserg AL — avial Sones GMET - ars ool reaRirg I0f — nlerauartie rangs:; bas — menimun saos Ve — e vl 50— Slandasd deviaton
www journals.viamedica.pl/folia_cardiologica 3
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Figure 1. The duration of the P-wawve in the atrio-ventricular nodal re-entry tachycardia (AVNRT), atrial flutter (AFL), atrial fibrillation (AF)
groups and the entire study group of patients were determined manually and automatically, and the results of significance tests; Max —

maximum value; Min — minimum value

measured both manually and automatically. The shortest
ones are present in the subgroup of AVNRT. The results are
supported with a significance test.

Figure 1 presents the results of the significance Wil-
coxon signed-rank test relating to the differences in dura-
tion of the P-wave in all patients and the groups of patients
with AVNRT, AFL, AF. The median of the P-wave duration Is
slightly higher in the case of manual methodology, contra-
sting to the automatic measurement in the 3 subgroups
separately. However, the significance test is p < 0.001 for
all patients analysed altogether regarding manual/auto-
matic methodology.

Figure 2 presents the differences, relations and pro-
portions of age in the studied groups of patients. The dif-
ferences are analysed with the Kruskal-Wallis significance
test, and post-hoc tests (Dunn’s tests) in 3 groups. It can be
easily noticed that the subgroup of patients with AF is sta-
tistically the most advanced in age. This fact corresponds

Kruskal-Wallls . Meckan

= M2 12ye 072 Bo0 008 gt
g0
™
2
g
=
§5°
AVNRTvs AF
‘o p-20N0
AVNRT v AR VT
0 pe008) e
)
AF
Grom

Figure 2. Age of the studied patients in groups differing in the
type of atrial arrhythmia and the results of the KruskalWallis
significance test and post-hoc tests (Dunn's tests); AF — atrial
fibrillation; AFL — atnial flutter; AVNRT — atrioventricular nodal re-
-entry tachycardia; Max — maamum value; Min — minimum value
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Figure 3. Difference betwean P-wave duration in atric-ventricular nodal re-antry tachycardia [AVMAT), atrial flutter (AFL), manual and auto-
miatic atrial fibrillation (AF) groups and significance tast results; Max — maximum value; Min — minimuwm walue

with the above-presented results of the longest P-wave
durations in the very same group. Similarly, the subgroup
of patients with AVMRT is the youngest one, which come-
sponds with the shortest P-wave durations.

Figure 3 shows the difference, and the absolute value
of the difference between manually and automatically me-
asured P-wave durations in 3 study groups analysed with
the Kreskal-Wallis ANOVA test.

When it comes to the difference in milliseconds, it is
noticed that the greatest range of 25-75% nappened in
the subgroup of AF, and slightly lower in AFL. In the sub-
group of AVMRT however, the range of the difference was
distinctly lower. The absolute value of the difference be-
tween manually and automatically determined P-wave du-
ration was visibly bigger in the subgroup of AF, in contrast
to AFL, AVMRT.

Figure 4 presants the graphical interpretation of the
results of multivariate analysis concerning the difference
betwean manual and automatic measurements in 3 study
groups. The first couple of chars reveals a similar profile
of the difference in measurements considering the type of
arrhythmia and age. The difference between manwal and
automatic measurements is higher in men considering the
whole study group. The difference between manual and au-
tomatic measurements s close to O for woman and men in
the groups of age respectively. 25-57, 58-T0 years old.

Figure 5 represents the Bland-Altman Index and Bland-
-Altmann plot showing the relation between the differen-
ces of the P-wave durations taken manually and automa-
tically, and the average duration of the P-wave. The mean
difference between manual and automatic measurement
methodalogy is 3.72 ms. and the highest density of the re-
silts s included between 110-130 ms.

Discussion

The most important achiewement of this research is the
fact that APPA has proven similar effectivenass and preci-
sion in measuring the P-wave duration to an experienced
researcher. This fact means that the results of this rese-
arch-based on manual measurements are not disturbed
by the subjectivism of the researchers [7, 8]. The accurate
duration of the P-wave is an essential substrate for cal-
culating a total atrial activation time, which can be used
as a predictive factor for AF. In the following discussion,
the study findings are analysed, and the methodology is
confronted with the others in use since 1997, The most
fundamental principle of electrocardiography is the fact
that all electrophysiological phenomena begin and end
at the same time and place, regardless of the lead. Dif-
ferent leads should be treated as different perspectives
of observing the same signal repeatedly. This is logical
and based on the physical properties of electric signals
spreading in space and time. Nevertheless, in 1987, Dila-
veris [9] introduced the concept of P-wave dispersion as
the difference between the longest and shortest P-waves
in two different leads, assuming wrongly, that this case
happens at all. The duration of P-waves was determined
using a ruler, a magnifying glass. and ECG recording at the
paper spead of 50 mmy/s and the feature of 1 mv/cm. The
maximum P-wave duraticn of 110 ms and dispersion of
40 ms wera positive predictive values of BS%. The disper-
sion in the study group was 49 £ ms and in the control
group 28 £ ms, which was statistically significant. In the
following years, the P-wave dispersion became a popular
parameter, which resulted in the creation of many scien-
tific papers based on incorrect, still copled methodology
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Figure 4. Graphical interpretation of the results of multivaniate analysis of vanance for the difference between the duration of the P-wave
in a group of 72 patients of different sex, age and type of atnal arrhythmia
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Figure 5. Bland-Altman plot for manually and automatically deter-
mined P-wave duration and the value of the B-A index

[10, 11]. The results of research based on the opposite
methodology were presented In 2015 at the Europace
conference by the team of Zimmer et al [12]. The authors
took the measurements for the first time with the settings:
50 mm/s, 8 x; and the other time with more accurate
settings: 200 mm/s, 128-256 . For this purpose, they
used the properties of vector graphics, contrary to the
measurements taken by Dilaveris, who used raster grap-
hics. The results revealed that with less precise settings
the dispersion was 45.14 ms, while with more precise
settings it was 1.24 ms, so it practically disappeared. The
results also showed a direct correlation of Pmax/Pdisp,
which meant that dispersion couldn’t be an independent
parameter. The confirmation of this discovery was the
work published in 2020 [12]. Using the methodology of
Zimmer [12], the P-wave dispersion was: 44.1 ¢+ 168 ms
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(B0 mmye, 8 =), and 2.8 £ 3.4 s (200 mm,/'s, 64-128 =),
The particularly interesting phenomengn occurred in the
work of Yamada et al. [13). who published his results anly
two years after Dilaveris had introduced the theory of the
P-wave dispersion. The author used automatic software
for the measurements and the P-wave dispersion was on
average 26.6 + 9.5 ms in the study group and 14.8 £ 6.7
ms in the control group. These values were much lower
than the results presented by Dilaveris, but the growing
popularity of the P-wave dispersion theory decreased the
meaning of those findings.

The methodology based on automatic software beca-
me an Inspiration for the study team. The goal was to cre-
ate an automatic algorithm with the accuracy of measu-
rement comparabile to the one reached in manual metho-
delogy. Considering the manual methodology, the level of
accuracy reached using the properties of vector graphics
was 1 pixel — 1 millisecond. The algorthm neaded to be
able to reflect the skills of an experlenced researcher
without being any more or less precise. After muitiple
analyses of the ECG records, it was decided on how to
create the algorithm in the expected formula. The main
assumption was based on using the properties of vector
graphics for the recording of the signal. The ECG graph
was formed of the coordinate podints filtered every 1ms.
The biggest advantage of vector graphics is the ability of
infinite, lossless enlargement of the graphs [14]. Contra-
ry to raster graphics (e.g. a regular ECG paper printout],
vector graphics are fully scalable, with no guality loss af-
tar changing proportions [15]. The scalable ECG record
can adapt its quality to a given resolution, which is very
important in making a precise measurement, especially
in the case of the P-waves. For example, the structurally
damaged atria, as in the case of paroxysmal AF, results
in flat and long P-waves. which require higher precision
in measurements. Respectively, In the case of less seve-
re arrhythmias, the P-waves are shorter and more distin-
ct. This observation was confirmed by the study results.
The issue related to excessivaly long P-waves results in
self-hiding of their actual duration, which was recently
described in the work by Mercik et al. [2]. It means that
the longer the P-wave is (indicating most probably the in-
teratrial conduction disorders), the more difficult it is o
assess ts actual duration, despite the technology used,
as it was reflected also in the research. To support this
statement — the mean difference batween automatic
and manual measurements was 3.72 ms in all patients,
including all P-wave durations. Concluding from this, the
descrived dissimilarities couldn't come frem the algo-
rithm, but from the phenomenon of self-hiding, which is
a real problem in taking objective measurements. In ex-
treme cases, the P-waves may be long, flat and irregu-
lar to such extent, that they may seem to be short while

lacek Zawadzki et al_, APPA

zooming out. In such cases, the flat and regular parts of
the P-waves are averaged to suit the given resolution, and
they seem like an integral part of the isoelectric line. In
the authors' opinion, this was the case in the study by
Nielsen et al. [18]. The authors stated that mot only the
long duration of the P-wave but also the short one rela-
ted to the higher risk of AF. Without detalled information
on the methodology, one can suspect that the P-waves
qualified as “very short” (< 89 ms) were the result of the
Iinsufficient precision of measurement. Based on elec-
trophysiolegical knowledge, a short and regular profile
of the P-wave happens in quick and physiological signal
conduction, which would be unlikely related to the higher
rigk of AF. This result is also supported by the numbers
obtained in the research. The minimum and maximum
P-wave durations are respectively 115- 147 ms (automa-
tic measurements), and 115- 156 ms (manual measure-
ments). Based on those results in the authors' opinion,
in particular in older adults, there Is no such category as
“very short® P-wave and if some get such measurements
of the P-wave duration, this fact requires a more accurate
methodology, and that would be an interesting direction
of the future research (Folla Cardiologica).

To summarize, the APPA algorithm was proven 1o be
practically as accurate in measurements as an experien-
ced researcher using the means of vector graphics. The
correct methodology in assessing the P-wave is essential
for making the right diagnaosis in clinical practice. The de-
termination of the precise P-wave duration as well as the
accurate assessment of the Pawave morphalogy, including
interatrial conducticn remains the goal for future research.
The detailed analysis of these variables potentially incre-
ases the chances of determining a new parameter in the
prediction of recurrent atrial fibrillation in clinical practice,
as the current ones are insufficient.

Conclusions

The automatic precise P-wave assessment algarithm Is
comparably accurate in taking the measurements o an
exparienced researchar.

APPA can be used for scientific purposes to analyse
the data saved in the form of coordinates of the signal fil-
tered every 1 ms.

The use of an automatic algorithm doesn't increase
the precisicn of measuremants per se, but increasing the
number of analysed P-waves per patient, which is the part
of algorithm's methodology, makes the final values more
reliable.

After increasing the precision of measuremeants, the
differences between minimal and maximal duration of
the P-waves in different leads decrease to negligible
values.
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The structural destruction of atria results in self-hiding
of the actual duration of the P-waves In ECG. In clinical
practice, it can result in the wrong interpretation of the
atrial damage.

Study limitations

Asignificant limitation of this study is its innovative nature,
S0 it Is impossible to compare the present results in the
field of automatic measurement with the results of other
authors. Moreover, it is difficult to talk about presenting
the software to a wide range of users without the graphic
interface which simplifies the use and the analysis in the

Streszczenie

unproduced commercial version of the program. The soft-
ware uses data in the form of coordinates that cannot be
obtained from all electrophysiological systems.
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Wstep. AktywnoscE elektrofiziologiczna serca jest rejestrowana | przedstawiana w postaci elektrokardiogramu (EKG).
Precyzyjny pomiar zatamka P jest niezbedny do prawidiowe| oceny przewodzenia sygnatu wewnatrz przedsionkéw. W celu
walidac|l precyzyjnych pomiaréw manuainych zespit badawczy stworzyl automatyczne oprogramowanie dostosowane do
precyzyjnych pomiaréw fali P (automatyczna precyzyjna ocena zatamkow P, APPA). Celem niniejsze] pracy jest wykazanie,
2e algorytm automatyczny ma poréwnywaling skutecznoSt w precyzyjnym pomiarze czasu trwania zatamka P.

Material | metody. Grupe badang stanowito 72 chorych (31 mezczyzn, 41 koblet) w wieku 62,8 + 14,27 lat, podda-
wanych réznym zabiegom elektrofizjologicznym. Zatamek P mierzono dwukrotnie: za plerwszym razem recznie przy
predkosel papieru 200 mm/s, 64-128 x (pomiar precyzyjny), a za drugim razem automatycznie przy uzyciu systemu

APPA, kidry filtruje sygnat co 1 ms.

Wyniki. Nie stwierdzono statystycznych réznic pomiedzy pomiarami recznymi i automatyeznymi. Srednia réinica pomie-
dzy tymi dwiema metodami wynosi 3,72 ms. Mediana czasu trwania zalamka P byta nieznacznie wyzsza w przypadku
pomiardw manuainych we wszystkich rodzajach arytmil. Najwieksza réznica wystapita u pacjentw z migotaniem przed-
sionkéw. Najmniejsza rdznica wystepowata w przedziale 110-130 ms czasu trwania zatamka P.

Whioski. Pomiary wykonane przez APPA oraz manualnie sa réwnie dokiadne, co potwierdza wezesniejsze wyniki uzyska-
ne przez autoréw. Algorytm pomiaréw charakteryzuje sie wysoka wiarygodnoscia wynikdw | moze by¢ wykorzystywany
do celéw naukowych. Strukturalne zniszczenie przedsionkéw prowadzi do samoukrycia rzeczywistego czasu trwania
zatamkéw P w EKG. Przy wiekszej precyzjl pomiaréw réznice pomiedzy minimainym i maksymalnym czasem trwania
zatamkdw P w réznych odprowadzenlach zmniejszaja sie do wartosci pomijalnych.

Stowa kluczowe: czas trwania zatamka P, automatyczny algorytm, oprogramowanie, pomiary zalamka P
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Abstract

The electrophysiological activity of the heart Is recorded and presented in form of electrocardiogram (ECG). In 1988 the
concept of the P-wave dispersion as the risk factor for atrial fibrilation recurrence was introduced. The presented review
aims to prove the P-wave dispersion is an artifact of low accuracy in P-wave measurement, basing on the overview of
the publications and the own research in this field.

By comparing and contrasting various publications on this topic, the authors observed that it was the imprecise measu-
rement method that resulted in different durations of all P-wave parameters in contrast with the precise measurements.
It was indicated that the value of the Imprecise P-wave dispersion correlated highly with the maximal P-wave duration
measured simiarly. In contrast with the imprecise measurement method the minimal and the maximal duration of the
P-waves, measured accurately, were almost identical.

The studies and the methodological considerations indicate that the P-wave dispersion is a derivative of the imprecise
measurement of the ECG recording. inconsistent with the physics rules describing the flow of electric current. The results
confirm the authors’ observation that the precise measurement of the P-wave makes the phenomenon of dispersion
no longer exists.

Unfortunately, only a few researchers dare to question the phenomenon of the P-wave dispersion. The discussion should
continue, because the P-wave parameters are the data of great importance, as they reflect the dimensions of the atria,
electrical conductivity and the condition of the muscle.

Key words: P-wave duration, P-wave dispersion, total atrial activation time
Folla Cardiologjca 2021; 16, 1: 23-29

The P-wave

The electrophysiological activity of the working myocardium
is recorded by the system of simultaneous electrocardio-
graphic leads and presented in the form of an electrocar-
diogram (ECG) [1]. The morphology of the ECG recording
in a given lead s the resultant direction of the depolariza-
tion wave propagation and depends on the spatial range.

within which a given lead can register an impulse [2]. The
registration is performed in all leads simuftaneously, |.e.
a phenomenon begins and ends at the same time parallelly
in all twelve leads [3]. In the case of the perpendicular
activation vector in the bipolar electrode and the parallel
vector in case of the unipolar electrode, the specific lead
records an isoelectric line [4]. Sino-atrial depolarization
begins in the upper part of the sinoatrial node, which is
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lpeated In front of the Superion vensa cava to the right atrium.
The impulse spreads down across the right atrium towards
the left atrium through the conducting tissue called the
Bachmann bundle. This leads to rapld activation of the right
and left atrium, resulting in a single, monophasic P-wave
in the electrocardicgram [S]. The duration of the P-wave is
determined by the conduction of the depolarization from
the sinoatrial mode to the lower part of the left atrium. This
parameter can be called “total atrial conduction time®,
which can also be assessed by the tisswe Doppler examina-
tion [6]. The P-waves have been used in several studies as
indicators helping to distinguish people with cardiovascular
dizeases from the healthy reference groups [T).

The particular attention should be paid to the most im-
portant fact mentioned earlier: the onset of each ECG event
occurs at exactly the same time in each lead. it should be
remambered that the direction of the momentary electrical
vector does not make the deflection visible in each lead.
The P-wave duration may differ on the ECG due to the pre-
sence of invisible {isoelectric/low amplitude) fragments in
some leads. The presence of these isoelectric fragments
s the consequence of the impulse fliow direction conside-
red in a specific plane. Since the direction of the atrial de-
palarization and the degree of atrial synchrony have a lar-
Be impsact on the Pawave durathon, most studies select the
specific leads to assess the P-wave, including the most
commonly used: Il and V1 [8].

The duration of individual elements of the electrocar-
diogram is always a derivative of two components — the
conduction velocity and the distance to travel. Under the
conditions of the heart musche, both of these elements are
dependent on the physiological-biological variability but
most often associated with typlcal pathologies. The size of
the atria increases usually due to systemic or pulmonary
hypertension [9). The cond uction-velacity Is maximal under
physiological conditions and decreases in the course of va-
riows pathologies. The typical examples are hypertension-
-related fibrosis, inflammatory lesions, ischemic scar for-
mation and myocardial necrosis. A less common example
could be any myocardial-storage disease [10]. The increase
in the conductlonvelocity within heart muscle may be as-
gociated with raised body temperature, increased sympa-
thetic activity or yperthyroldism [11].

The duration of the P-wave depends on the size of the
atria and the electrophysiological properties of the atrial
miesche. The additienal factor that may significantly affect
the morphology and the duration of the P-wave s the pre-
sance of the interatrial conduction blocks [12]). The en-
largement is assessed using ulirasound, and the intera-
trial conduction blocks are spotted by the specific P-wave
marphology. The 085 in cardiomyocytes, assockated with
nurmerous pathologies, causes a decrease inthe amplitude
of the atrial depolarization signal. The pathophysiological

processes described above mean that the Pawaves in the
electrocardiogram are influenced by numerous changes
— their duraticn and morphalogy. and the reduced signal
amplitude generate additional difficulties in assessing the
beginning and — in particular — the end of the deflections
[13). The prolongation of the P-wave duration has a signi-
ficant meaning concerming the patient’s prognosis, the se-
verity of atrial arrhythmias or the ability to maintain sinus
rhythm [14). The accurate measurement of the P-wave du-
ration, regarding the numergus difficulties in performing it,
may be even crucial in searching for optimal therapies as
well as In the prognosis assessment — hence, the preci
sion is particularly important. Because of this reason, the
attention Is devoted to the issue of dispersion, which in the
authors” opinion is not only a dead end in searching for the
gffective AF recurrence predictor, but also distorts the cor-
rect understanding of changes in the P-wave.

The P-wave dispersion

In their 1998 publication in the “American Heart Journal®,
Dilaveris et al. [15] introduced the concept of the Pwave
dispersion as a risk factor of atrial fibrillation (AF), calcu-
lated as the difference between the maximal and minimal
duration of the P-wave in two different leads of a 12-lead
ECG. The study group consisted of 60 patients, aged 53.0
+ 12.0 years, with a history of paroxysmal AF. and the con-
trol group of 40 healthy comparable individuals. It should
be emphasized that the growps were very well matched
in terms of soclodemographic parameters, left atrium
size, atrioventricular conduction time and left wantricular
gjection fraction. The P-wave dispersion was calculated
the following way: “The 12.ead electrocardiogram was
recorded at a paper speed of 50 mmy/s and 1 mV/cm
standardization. [...| The measurements of the P-wave dura-
tion were performed manually by two of the investigators.
without knowledge of patient assignment by using callipers
and a magnifying lens (10-fold magnification) [..]", the
studied groups also differed in the duration of the P-wave
(123 £ 16 msvs. 100 £ 10 ms, p < 0.0001). The maximal
P.wave value of 110 ms and the P-wave dispersion value
of 40 ms were the factors differentiating between patients
and the control group. with the positive predictive accuracy
of 89%. In patlents group the dispersion was 49 + 15 ms
and inthe controd group 28 £ T ms, which was statistically
significant. The study concluded that P-wave dispersion
is an indicator of heterogeneous, non-homogeneous and
anisotropic atrial conduction. In a study including patients
with a history of paroxysmal AF, the duration of the P-wave
was much longer, and so was the P-wave disparsion. Hence,
the authors suggested the P-wave dispersion IS a separate,
independent electrocardiographic marker of AF risk. This
methodology significantly viclates the basic principle of

24 www. journals.viamedica_pl/folia_cardiologica

64



Jacek Marcin Zawadzki et al., Why the P-wave should be measuned precisely?

Table 1. The exemplary studies on the P wave dispersion (based on [17-24])

Authors

5|.I.H1:r

Study age PWD study
Eroup (years) [imia] M)

N}

Diogan et al. 64 B153101 53239 hone
[17] va. 403 £ 4.7

(AF vs. sinus

rhythm)

Salsh et &l 168 570180 40.7£17 Mone
[18] vs. 366+ 32

(AF vs. sinus

sinus riythm )
Kollu et al. 133 608142  459zi24 32
(18]
Yimazetal. 125 379121  (Pretranspl) 108
[200 43473

v, (transpl.) 376
13

Huangetal 439 6601120 BRELMT Mone
[21]
Abdellzh, 110 5848:487 428 Monie
Magdary [22]
Yamada et 5 5401180 266185 57
al [23)
Rosisketal. 130 56831120 345vs 197 (AF None

[24] vE. non-AF)

Cantrols Controls
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Methadology

MNane Mone 34 30 50 mmys, 20 mmyimy,
manually, magnifying lens
Nane Mone 48 150 50 mmys, 2 mi'cm,
manually
B1.0 212 66 89 25 mmny's, manually
1129
3R GH Rl 95 138 25 mmys, 10 mm,/mV,
+117 it T8 manually, = 400 zopm
with Photoshop — rastric
graphics
Nane Mome 165 274 25-mm/s, 1-m\em,
and 100-Hz/manually,
Image Tool 3.0
MNane Mone 38 ™ S0mmys with 20 mm/Smy
magnifying lens and
0.5 mm scale precision
ruler Biotronic™)
48.0 148 40 72 Automatically filkered sig-
+210 16T nal analysis, every 1 ms
MNane Mone 30 100 Signaleveraged electro-
camdiography (SAECG)
Burdick system
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glectrocardicgraphy — each ECG event bagins and ends
at exactly the same time, parallelly in each lead. It is not
a principle that can be questioned in any way, because it
results directly from the laws of physics that describe the
fiow of electric current. Mor will this problem be eliminated
by 10= magnification, 50 mm,/s paper speed, or 1 my/cm
gain used by Dilaveris et al. [15].

Over the years, the author and his partners have im-
proved the quality of their measuremeants, taking them ma-
nually, with the help of electrophysiological system [15],
howewer, the method of measuring and understanding re-
mained the same. The theory of the P-wave dispersion, de-
veloped in 1998, is based on two elements — the erroneo-
us assumptions and the imprecise way of taking measure-
mients. With the mentioned speed and magnification there
aren't many details visible in the ECG. What's more — the
assumptions of this theory have been constantly duplica-
ted. Over the years, the authors published more studies on
this subject. using more and more precise measuremeant
tools. Paradoxically, this did not allow them to revise their

position. More flattenad fragments of the P-waves were
treated as the extinction of the impulse ina given lead, 50
that the facts could confirm the theary, with the assump-
tions made a priori.

The followers

So far, many studies which keep duplicating the same
erronecus methodology and keep reproducing the same
arronecus results have been carried out. For the clarity of
the presentation, the data was gatherad in Table 1[17-24].

The table presents varicus papers dealing with P-wave
dizpersion, as the parameter, taken into consideration with
regard to different topics. Interestingly, the P-wave disper-
sion is the shortest in the work published by Yamada et al.
[23]. The authors used an automatic software which hel-
ped to precisely assess the beginning and the end of the
Powawe (every 1 ms analysis). In case of the other works,
the measurements were taken manually with less precise
parameters (25-50 mmy's, 10-20 mmy/mV) and/or using
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Figure 1. Doubly wrong measurement method — the dispersion
of the P-wave should be determined by contrasting the very same
P-wave parallelly in many leads, by subtracting the so-called mins-
mum P-wave duration from the maximum one, at the same time.
First mistake: the author contrasted two following P-waves within
the same lead, which makes no sense. Second mistake: for this
purpase, the author used a pen and the parameters of 50 mny's;
20 mm/mV, which are far tco imprecise

the rastric graphics zoom which is less precise than the
vector one.

Errors and distortions

To prove how important is the incorrect methodology for
the P-wave dispersion theory, the example of the work by
Akcay et al. [25] will be used, which touches the influence
of moderate height on the various ECG parameters and
the P-wave dispersion. The authors would like to draw
attention to the phenomenon introduced by Dilaveris et
al. in 1998 [15]. The visual differences in the P-waves In
many leads are so subtle that they can be easily ignored,
even if the magnifying glass Is used for measurements. As
a result, the measurements appear somewhat scattered.
The authors' pesition is very easy to defend because the
author used a hand-tool to mark the beginning and end
of the P-wave in the electrocardiogram, drawing the lines
that are not only thicker than the iscelectric line itseif
but also miss the right spot in which the very first devia-
tion of the P-wave occurs. Below attached is the original
Image from Ackay’s et al. work (Figure 1) and the image
to point out the detalls of methodology (Figure 2). At the
same time, Dilaveris et al. used very similar tools when
creating his theory. Despite the advances in technology.
the researchers decided to use the same tools as in the
Initial study {although more precise measurement tools
were available at that time), which resulted in analogous
distortions that 22 years ago were called the P-wave
dispersion.

Moreover, Akcay et al. made a double mistake in his
study because — contrary to the original concept — he

Figure 2. The line (A) marking the beginning of the P-wawve (too
early). The line (B) marking the end of the P-wave (also too early —
red arrow indicate the real end of the P-wave). The duration of the
P-wave, according to the author’s measurements s about 80 ms,
whereas according to ours — it's twice as long, i.e. ~160 ms

used only one and the same ECG lead to measure the dif-
ference in the duration of the P-wave (P,_-P_.), which is
additionally methodologically flawed. The differences in
measurement observed in one lead are present, because
the second P-wave is an atrial extrasystole with different
P-wave morphology, which indicates the major misunder-
standing of the topic.

There’s no dispersion and why so?

In 2015, the team of Zimmer et al. {26), based on the
material presented at the Europace Iin Milan, concluded
that the dispersion of the P-wave, which was assessed
using the standard parameters, is simply a measurement
artefact. After improving the precision, the dispersion no
longer exists, Le. it is nothing but an apparent measure-
ment phenomenon. The authors examined 94 patients
(42 F, 52 M) aged 63 £ 14-years-old (26-89) who were
subjected to the procedures under the control of the
LABSYSTEM™ Pro system, which, thanks to its preci-
sion, allowed to assess the P-waves at the parameters
of 200 mm/s, magnification 128-256x. The results of
the measurements were contrasted with those obtained
with the parameters of 50 mm/s and 8x magnification.
All measurements were repeated three times. The test
results clearly showed, that with the less precise pa-
rameters, the measurements showed: P__ = 72.7 ms,
P..=26.4 ms, P, = 45.14 ms, while very precise mea-
surements showed: P__ = 115.36 ms, P, = 114.10 ms,
P... = 1.24 ms. Based on these results, it can be stated
directly —dispersion is just a phenomenon which does not
exist when the measurements are approached with the
appropriate precision. The clinical utility of this parameter
can be explained by its direct dependence on the P...
(Prw/Pass cOrrelation), which reflects the enlargement of
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the left atrium and/or conduction disturbances. For this
reason, dispersion, even though it does not exist per sa,
willghow the apparent elinical utility as it is based directly
on the P

In 2020, based on this study materials, there was pub-
lizhed a work which included 104 patients (48 F, 56 M),
aged 63 £ 14-years-old, who were subjected to various
glectrophysiological procedures, and then underwent
a detailed analysis [27). The duration of the P-wave was
measured twice — first at 50 mmy/s, 8= magnification,
and the second time at 200 mm,/'s and 64-256x=, Insuf-
ficlently precise measurements resulted in P, 1051 £
4+ 22.1 while precise measuraments revealed the P.. of
134.0 £ 21.3 (p = 0.001). The disparsion of the P-wave
measured in a less precise manner was 44.1 + 16.8 ms
while the more accurate measurements showed dispersion
of 2.8+ 3.4 ms (p < 0.0001). The correlation betwesn the
imprecise maximal P-wave duration and imprecise mini-
mal P-wave duration was r = 0.664 (p < 0.05). The cor-
relation between the imprecise maximal duration of the
Powave and the imprecisely measured dispersion of the
Pawave was r= 0.612 (p < 0.05). The correlation betwean
precise maximal and precise minimal P-wave duration was
almost 1.0 {r=0.987, p < 0.05).

To furtherly prove the point, Zawadzki et al. [28] were
successful with the work accepted at the European Society
Cardiology Congress 2020, which described the results of
an analysis of 150 pathents (89 F, 51 M) assessed using an
electrophysiological system. The authors went one step fur-
ther = the duration of P-waves was assessed twice (first at
50 mm/s, 16x, than at 200 mm,/s, 128-256x parallelly in
allleads) by 3 independant researchers, measuring the dis-
persion of the P-wave in three groups: AVNRT (50 patients),
AFL {50 patients) and AF (50 patients). The duration of the
Powanes at (50 mim,'s, 16=) were 78.2 £ 101 respective-
ly; T4.3 £11 .8 ms; 9B.5 + 21.6 ms for AVNRT, AFL and AF
and at (200 m/ms, 128-256x) the results were 121.2 &+
+15.2 me; 123 + 22.2 ms; 1411 4+ 22.8 ms. The disper-
sion of the P-wave at (50 mm/s, 16=) was 46.5 + 16.9 ms,
respactively; 48.5 + 2003 ms; 55.8 + 23.3 ms for AVNRT.
AFL and AF, and at (200 mmys, 128-256+) the results
were 4.0+ 34ms 4.1+ 3946437 me.

But we still believe...

Interestingly, since the first studies that proved the metho-
dology of P-wave dispersion research was wrong, only a few

authors have taken this point of view Into account in their
publications. Chavezr-Gonzdlez et al. [29] cited it In their
studies on the Pawave dispersion. Surprisingly, just a few |-
nes below, the authors concluded: *Even so, we still believe
that there is sufficient evidence to support the importance
of P-wave dispersion in clinical practice and continuation
of research”. This sentence proves that when the theory
has bean firmily established inthe scientific world over the
years, the restoration of the precision is not enough to
prove that the arguments are false when they are based
on faith or beliefs,

Summary

In conclusion, the presented studies and the methodolo-
gical considerations indicate that the P-wave dispersion
iz a derivative of the imprecise measuremant of the ECG
recording, inconsistent with the physics nules describing
the flow of electric current. These results confirmed the
observation, that as soon as the precision of the P-wave
measurement s increased, the phenomenaon of dispersion
no longer axists — it is only an optical lllusion, a techni-
cal error resulting from insufficiently precise hardware
seftings that were available in the 20s of XX™ century.
As the dispersion is connected directly with the duration
of the P-wave, oneknows that the longer duration of the
P-wave is, the worse condition of the atria is. It would be
much simpler and more accurate to turn the name of the
“P-wave dispersion®, into the “degree of atrial destru-
ction®. Even a better idea would be to calculate the “total
atrial activation time®.

The P-wave disparsion theory has a firmly established
position in the sclentific world and, unfortunately, a few
researchers dare to guestion it, despite justified assump-
tions. The discussion, however, should be continued, be-
caise the P-wave parameters are the data of great Impor-
tance, as they reflect the dimensions of the atria, electrical
conductivity, its nature, and more importantly the condi-
tion of the ground.

The presented results show with certainty that the
theory of the P-wave dispersion is wrong and there can
be no doubts about it. The authors are aware that the
statement of this fact will rise the hot opposition from
many other authors. To finally consolidate this position,
a schentific work based on a special algorithm designed
exclusively for this type of measurements will be pub-
lished shorthy.
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Streszczenie

Aktywnos¢ elektrofizjologiczna serca jest rejestrowana i prezentowana w postaci 2apisu elektrokardiograficznego (EKG).
W 1998 roku wprowadzono koncepcie dyspersl zatamka P jako czynnika ryzyka nawrotu migotania przedsionkdw. Ce-
lem pracy autoréw bylo wykazanie, na podstawie przegladu publikacii | badari wiasnych w tej dziedzinie, 2e dyspersja
zatamka P jest artefaktem wynikajacym 2 niskiej dokiadnosci pomiaru zatamka P.

Poréwnujac rézne publikacje na ten temat, autorzy zauwazyli, 2e to przede wszystkim nieprecyzyjna metoda pomiaru
spowodowata réine czasy trwania wszystkich parametréw zatamka P w przeciwleristwie do pomiaréw precyzyjnych. Do-
wiedziono ponadto, 2e wartos¢ nieprecyzyjnie zmierzone| dyspersji zatamka P silnie korelowata z maksymalnym czasem
trwania zatamka P mierzonym w analogiczny sposdb. W przeciwieristwie do nieprecyzyjnej metody pomiaru minimaine
| maksymalne czasy trwania zatamkdw P, mierzone doktadnie, byly prawie identyczne.

Z przeprowadzonych badar | rozwazar metodologicznych wynika, 2e dyspersja zatamka P jest pochodna nieprecyzyjnego
pomiaru zapisu EKG, niezgodnego 2 zasadami fizyki opisufacymi przeptyw pradu elektrycznego. Wyniki jednoznacznie
potwierdzaja obserwacje autoréw wskazujaca, 2e precyzyjny pomiar zatamka P sprawia, ze zjawisko jego dyspersji
przestaje istnlec.

Niestety tylko nieliczni badacze odwaiyli sie zakwestionowac istnienie zjawiska dyspersji zatamka P. Dyskusje nalezy
Jednak kontynuowad, poniewaz parametry zatamka P s3 danymi o duZym znaczeniu, gdyz odzwierciediaja wymiary
przedsionkéw, przewodnictwo elektryczne | stan miesnia.

28

Stowa kluczowe: czas trwania zatamka P, dyspersja zatamka P, catkowity czas aktywacyl przedsionkéw
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7. OSWIADCZENIA WSPOtAUTOROW

Lek. Wojciech Przywara Wroctaw, dn. 22.03.2022r.
Oddziat Dermatologii WSS we Wroctawiu

O$WIADCZENIE

Oéwiadczam, ze w pracy pt.”The true nature of the P wave dispersion”; Jacek Zawadzki, Katarzyna
Zimmer, Wojciech Przywara, Dorota Zy$ko, Jadwiga Radziejewska, Agnieszka Stawuta, Jacek Gajek;
2020; Advances in Clinical and Experimental Medicine; vol. 29(12): 1443-1447 m¢j udziat polegat na
wspobtudziale w projektowaniu konceptu badan, analizie oraz interpretacji zebranych danych
dotyczacych pomiaréw czasu trwania zatamka P, podsumowaniu catego projektu i sugerowaniu

poprawek oraz finalnym zatwierdzeniu projektu.

Oéwiadczam réwniez, ze doktorant Jacek Zawadzki wnidst najwiekszy wktad w powstanie powyzszego

projektu naukowego.

Podpis
Noiaech ©
O)‘-\&bl V2

K 3 AN
LS

70



Agnieszka Stawuta Wroctaw, dn. 22.03.2022r.
Katedra i Klinika Choréb Wewnetrznych, Zawodowych,

Nadciénienia Tetniczego i Onkologii Klinicznej
Uniwersytet Medyczny im. Piastéw Slaskich we Wroctawiu

OSWIADCZENIE

Oswiadczam, ze w pracy pt.”The true nature of the P wave dispersion”; Jacek Zawadzki, Katarzyna
Zimmer, Wojciech Przywara, Dorota Zysko, Jadwiga Radziejewska, Agnieszka Stawuta, Jacek Gajek:
2020; Advances in Clinical and Experimental Medicine; vol. 29(12): 1443-1447 moj udziat polegat na
gromadzeniu danych dotyczacych sygnatow elektrokardiograficznych, specjalistycznej ich analizie oraz
interpretacji zebranych danych dotyczacych pomiaréw czasu trwania zatamka P, rewizji catego

projektu, konsultacji poprawek oraz finatowym zatwierdzeniu projektu.

Oswiadczam réwniez, ze doktorant Jacek Zawadzki wnidst najwigkszy wktad w powstanie powyzszego

projektu naukowego.
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Katarzyna Zimmer Wroctaw, dn. 31.03.2022r.
Katedra i Klinika Okulistyki

Uniwersytet Medyczny we Wroctawiu

OSWIADCZENIE

Oswiadczam, ze w pracy pt.”The true nature of the P wave dispersion”; Jacek Zawadzki, Katarzyna
Zimmer, Wojciech Przywara, Dorota Zysko, Jadwiga Radziejewska, Agnieszka Stawuta, Jacek Gajek;
2020; Advances in Clinical and Experimental Medicine; vol. 29(12): 1443-1447 mdj udziat polegat na
wspotudziale w projektowaniu konceptu badan, analizie oraz interpretacji zebranych danych
dotyczacych pomiaréw czasu trwania zatamka P, podsumowaniu catego projektu i sugerowaniu

poprawek oraz finatowym zatwierdzeniu projektu.

Os$wiadczam réwniez, ze doktorant Jacek Zawadzki wni6st najwiekszy wktad w powstanie powyiszego

projektu naukowego.
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Jadwiga Radziejewska Wroctaw, dn. 22.03.2022r.
Szpital Zespot Opieki Zdrowotnej w Ktodzku

OSWIADCZENIE

Oswiadczam, ze w pracy pt.”The true nature of the P wave dispersion”; Jacek Zawadzki, Katarzyna
Zimmer, Wojciech Przywara, Dorota Zysko, Jadwiga Radziejewska, Agnieszka Stawuta, Jacek Gajek;
2020; Advances in Clinical and Experimental Medicine; vol. 29(12): 1443-1447 mdj udziat polegat na
udziale w gromadzeniu danych koniecznych do przeprowadzenia projektu, poprzez udostepnienie
baz danych oraz odpowicdnicgo sprzgtu, udziale w analizie tych danych oraz ich interpretacji, oraz

ostatecznym zatwierdzeniu projektu.

Oswiadczam rowniez, ze doktorant Jacek Zawadzki wnidst najwiekszy wktad w powstanie powyzszego

projektu naukowego.
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Katedra i Klinika Medycyny Ratunkowej

Uniwersytet Medyczny we Wroctawiu

OSWIADCZENIE

Oswiadczam, ze w pracy pt.”The true nature of the P wave dispersion”; Jacek Zawadzki, Katarzyna
Zimmer, Wojciech Przywara, Dorota Zysko, Jadwiga Radziejewska, Agnieszka Stawuta, Jacek Gajek;
2020; Advances in Clinical and Experimental Medicine; vol. 29(12): 1443-1447 mdéj udziat polegat na
specjalistycznej analizie oraz interpretacji zebranych danych dotyczacych pomiaréw czasu trwania
zatamka P, podsumowaniu catego projektu, konsultacji poprawek oraz finatowym zatwierdzeniu
projektu.

Oswiadczam rowniez, ze doktorant Jacek Zawadzki wnidst najwiekszy wktad w powstanie powyiszego

projektu naukowego.

Podpis
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Prof. Jacek Gajek Wroctaw, dn. 22.03.2022r.
Katedra Ratownictwa Medycznego

Uniwersytet Medyczny im. Piastéw Slaskich we Wroctawiu

OSWIADCZENIE

Oswiadczam, ze w pracy pt.”The true nature of. the P wave dispersion”; Jacek Zawadzki, Katarzyna
Zimmer, Wojciech Przywara, Dorota Zyéko, Jadwiga Radziejewska, Agnieszka Stawuta, Jacek Gajek;
2020; Advances in Clinical and Experimental Medicine; vol. 29(12): 1443-1447 moj udziat polegat na
zaprojektowaniu oraz ogélnej koncepcji projektu naukowego, udziatu w gromadzeniu danych,
specjalistycznej analizie oraz interpretacji zebranych danych dotyczacych pomiaréw czasu trwania
zatamka P, wspotredakeji manuskryptu, podsumowaniu catego projektu, konsultacji poprawek oraz

finatowym zatwierdzeniu projektu.

Odwiadczam réwniez, ze doktorant Jacek Zawadzki wnidst najwigkszy wktad w powstanie powyiszego

projektu naukowego.
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Grzegorz Zawadzk
Uniwersytet Medyczny im. Piastéw Slaskich we Wroctawiu Wroctaw, dn. 21.03.2022:

ISWAADCZENIE

Oswiadczam, ze w pracy pt. ,The P wave dispersion—one pixel, one millisecond”, Jacek Zawadzki
Grzegorz Zawadzki, Jadwiga Radziejewska, Peter Stephan Wolff, Agnieszka Stawuta, Jacek Gajek, 2021
Reviews in Cardiovascular Medicine. val. 22{4}1 1633-1640 mdi udzial polegal na gromadzeniu danyen
: systemu elektrofizjologicznego LabSystem Pro {Boston Scientific) koniecznych do przeprowadzenia
analizy.

Oswiadczam réwniez, ze doktorant Jacek Zawadzki wnidst najwiekszy wktad w powstanie powyiszego
projektu naukowego.

Podpis
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Prof. Jacek Gajek
Katedra Ratownictwa Medycznego
Uniwersytet Medyczny im. Piastéw Slaskich we Wroctawiu

Wroctaw, dn. 21.03.2022r.

OSWIADCZENIE

Oswiadczam, ze w pracy pt. ,The P wave dispersion—one pixel, one millisecond”, Jacek Zawadzki,
Grzegorz Zawadzki, Jadwiga Radziejewska, Peter Stephan Wolff, Agnieszka Stawuta, Jacek Gajek, 2021,
Reviews in Cardiovascular Medicine, vol. 22(4) 1633-1640 mdj udziat polegat na wspétprojektowaniu

badania, analizie oraz interpretacji danych, oraz koordynowaniu pracy catego zespotu.

Oswiadczam rowniez, ze doklorant Jacek Zawadzki wnidst najwiekszy wktad w powstanie powy2szego
projektu naukowego.
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Peter Stephan Wolff Wroctaw, dn. 31.03.2022r.
Augusta Krankenhaus Disseldorf

OSWIADCZENIE

Oswiadczam, ze w pracy pt. ,The P wave dispersion—one pixel, one millisecond”, Jacek Zawadzki,
Grzegorz Zawadzki, Jadwiga Radziejewska, Peter Stephan Wolff, Agnieszka Stawuta, Jacek Gajek,
2021, Reviews in Cardiovascular Medicine, vol. 22(4) 1633-1640 méj udziat polegat na gromadzeniu
danych z systemu elektrofizjologicznego LabSystem Pro (Boston Scientific) koniecznych do

przeprowadzenia analizy, oraz wykonywania pomiaréw manualnych przy precyzyjnych oraz mniej
precyzyjnych parametrach.

Oswiadczam réwniez, ze doktorant Jacek Zawadzki wniést najwiekszy wkiad w powstanie po
projektu naukowego.
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Agnieszka Stawuta Wroctaw, dn. 21.03.2022r.
Katedra i Klinika Choréb Wewnetrznych, Zawodowych,

Nadciénienia Tetniczego i Onkologii Klinicznej

Uniwersytet Medyczny im. Piastéw Slaskich we Wroctawiu

OSWIADCZENIE

Oswiadczam, ze w pracy pt. ,The P wave dispersion—one pixel, one millisecond”, Jacek Zawadzki,
Grzegorz Zawadzki, Jadwiga Radziejewska, Peter Stephan Wolff, Agnieszka Stawuta, Jacek Gajek, 2021,
Reviews in Cardiovascular Medicine, vol. 22(4) 1633-1640 mdj udziat polegat na specjalistycznej

analizie oraz interpretacji zgromadzonych danych oraz pomiaréw.

Oswiadczam réwniez, ze doktorant Jacek Zawadzki wnidst najwiekszy wktad w powstanie powyiszego
projektu naukowego.
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Jadwiga Radziejewska
Szpital Zespot Opieki Zdrowotnej w Ktodzku Wroctaw, dn. 21.03.2022r.

OSWIADCZENIE

Oswiadczam, ze w pracy pt. ,The P wave dispersion—one pixel, one millisecond”, Jacek Zawadzki,
Grzegorz Zawadzki, Jadwiga Radziejewska, Peter Stephan Wolff, Agnieszka Stawuta, Jacek Gajek,
2021, Reviews in Cardiovascular Medicine, vol. 22(4) 1633-1640 moj udziat polegat na opracowaniu

oraz kompletowaniu baz danych stuzgcych wykonaniu opisanych badan.

Oswiadczam réwniez, ze doktorant Jacek Zawadzki wnidst najwiekszy wkiad w powstanie powyzszego

projektu naukowego.

Podpis
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Marcin Kotecki
TOO EXE Marcin Kotecki Wroctaw

Wroctaw, dn. 22.03.2022r.

OSWIADCZENIE

Oswiadczam, ze w pracy pt.”APPA — Automatic Precise P wave Assessment”; Jacek Marcin Zawadzki,
Marcin Kotecki, Grzegorz Zawadzki, Jacek Jerzy Gajek; 2022; Folia Cardiologica; vol 17, nr 2 moj udziat

polegat na wytworzeniu oprogramowania, ktére byto giownym narzedziem pomiarowym w ramach
opisywanego projektu naukowego.

Oswiadczam rowniez, ze doktorant Jacek Zawadzki wnidst najwiekszy wktad w powstanie powyiszego
projektu naukowego.
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Jacek Gajek
Katedra Ratownictwa Medycznego Wroctaw, dn. 22.03.2022r.

Uniwersytet Medyczny im. Piastow Slaskich we Wroctawiu

OSWIADCZENIE

Oswiadczam, ze w pracy pt.”APPA — Automatic Precise P wave Assessment”; Jacek Marcin Zawadzki,
Marcin Kotecki, Grzegorz Zawadzki, Jacek lerzy Gajek; 2022; Folia Cardiologica; vol. 17, nr 2 mdj udziat
polegal na zaprojektowaniu konceptu badan naukowych, przeprowadzeniu specjalistycznej analizy i
wyciggnieciu wnioskow po dokonaniu automatycznych pomiarow czasu trwania zatamkow P, redakgji

tekstu manuskryptu oraz koordynacji pracy zespolu naukowego.

Oswiadczam rowniez, ze doktorant Jacek Zawadzki wnidst najwiekszy wkiad w powstanie powyzszego

projektu naukowego.

Podpis
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Grzegorz Zawadzki

Wroctaw, dn. 22.03.2022r.
Uniwersytet Medyczny im. Piastéw Slgskich we Wroctawiu

OSWIADCZENIE

Oswiadczam, ze w pracy pt.”APPA — Automatic Precise P wave Assessment”; Jacek Marcin Zawadzki,
Marcin Kotecki, Grzegorz Zawadzki, Jacek Jerzy Gajek; 2022; Folia Cardiologica; vol. 17, nr 2 moj udziat

poiegat na gromadzeniu danych wykorzystywanych nastepnie do przeprowadzenia automatycznych

pomiardéw czasu trwania zatamka P co byto istotg opisywanego projektu naukowego.

Oswiadczam réwniez, ze doktorant Jacek Zawadzki wnidst najwiekszy wktad w powstanie powyzszego
projekiu naukowego.

Podpis
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Prof. Jacek Gajek Wroctaw, dn. 22.03.2022r.
Katedra Ratownictwa Medycznego

Uniwersytet Medyczny im. Piastéw Slaskich we Wroctawiu

OSWIADCZENIE

Oswiadczam, ze w pracy pt.”Why the P-wave sh;auld be meaured precisely”; Jacek Marcin Zawadzki,
Grzegorz Zawadzki, Jadwiga Radziejewska, Jacek Jerzy Gajek; 2021; Folia Cardiologica; vol. 16(1): 23-
29 moj udziat polegat na zaprojektowaniu konceptu pracy pogladowej, wyborze publikacji oraz
metodologii zakwalifikowanych do analizy poréwnawczej, przeprowadzeniu specjalistycznej analizy i
wyciggnigciu wnioskow, podsumowaniu projektu oraz wprowadzeniu poprawek, redakcji tekstu

manuskryptu oraz koordynacji pracy zespotu naukowego.

Oswiadczam réwniez, ze doktorant Jacek Zawadzki wnidst najwigkszy wktad w powstanie powyiszego

projektu naukowego.
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Grzegorz Zawadzki Wroctaw, dn. 22.03.2022r.
Uniwersytet Medyczny im. Piastéw Slaskich we Wroctawiu

OSWIADCZENIE

Oswiadczam, ze w pracy pt.”Why the P-wave should be meaured precisely”; Jacek Marcin Zawadzki,
Grzegorz Zawadzki, Jadwiga Radziejewska, Jacek Jerzy Gajek; 2021; Folia Cardiologica; vol. 16(1): 23-
25 moj udziat polegal na wyszukaniu oraz wyborze publikacji oraz metodologii pomiaru czasu trwania

zatamkéw P, zakwalifikowanych do analizy poréwnawczej w ramach opisywanego projektu
naukowego.

Qéwiadczam rownie?, 2o doldorant lacelk Zawadzld winidst nabwisksay widad w nowstanie powyiszeso
I20CZam rownie, 2e QOKICTaNnt J2Cek J2wWaCtlicl WNICS! N2JWIKKSLY Wiiat w powsant e powy2s2ege

projektu naukowego.
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Jadwiga Radziejewska Wroctaw, dn. 22.03.2022r.
Szpital Zaktad Opieki Zdrowia w Ktodzku

OSWIADCZENIE

Os$wiadczam, ze w pracy pt.”Why the P-wave should be meaured precisely”; Jacek Marcin Zawadzki,
Grzegorz Zawadzki, Jadwiga Radziejewska, Jacek Jerzy Gajek; 2021; Folia Cardiologica; vol. 16(1): 23-
29 moj udzial polegat na wspotredakcji rozdziatu pt. ,There’s no dispersion and why so0?”

wchodzgcego w sktad manuskryptu opisywanego projektu naukowego.

Oswiadczam roéwniez, ze doktorant Jacek Zawadzki wnidst najwiekszy wkiad w powstanie powyzszego

projektu naukowego.

Podpis
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8. OPINIA KOMISJI BIOETYCZNEJ

KOMISJA BIOETYCZNA

przy

Uniwersytecie Medycznym

we Wroclawiu

ul. Pasteura 1; 50-367 WROCLAW

OPINIA KOMISJI BIOETYCZNEJ Nr KB — 813/2019

Komisja Bioetyczna przy Uniwersytecie Medycznym we Wroctawiu, powolana
zarzagdzeniem 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 r. (Dz.U. nr 28 z 1997 r. poz. 152 z pézniejszymi
zmianami ) w skiadzie:

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

dr Henryk Kaczkowski  (chirurgia szczgkowa, chirurgia stomatologiczna)

mgr Irena Knabel-Krzyszowska (farmacja)

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

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

mgr Luiza Mitller  (prawo)

dr hab. Stawomir Sidorowicz (psychiatria)

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

Danuta Tarkowska (pielggniarstwo)

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

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

dr hab. Jacek Zielinski (filozofia)

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

Przestrzegajac w dzialalnosci zasad Good Clinical Practice oraz zasad Deklaracji Helsinskiej,
po zapoznaniu si¢ z projektem badawczym pt.

,,Ocena parametréw zatamka P u 0s6b zdrowych i chorych z arytmiami przedsionkowymi
manualnie i przy pomocy dedykowanego automatycznego algorytmu”
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zgloszonym przez lek. Jacka Zawadzkiego zatrudnionego w Wielospecjalistycznym
Szpitalu Samodzielnym Publicznym Zakladzie Opieki Zdrowotnej w Nowej Soli oraz
zlozonymi wraz z wnioskiem dokumentami, w tajnym glosowaniu postanowila wyrazi¢ zgode
na przeprowadzenie badania w Wielospecjalistycznym Szpitalu Samodzielnym Publicznym
Zakladzie Opieki Zdrowotnej w Nowej Soli pod nadzorem prof. dr hab. Jacka Gajka pod
warunkiem zachowania anonimowosci uzyskanych danych.

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

Wroclawiu

Opinia powyzsza dotyczy: projektu badawczego bedacego podstawg rozprawy doktorskiej

. . Uniwersitet Medycz
Wroctaw, dnia (grudnla 2019 r. KQMISJA Biogwgmxm

odniczacy

BW
f, dr hab. Jan Komafel
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