Wydzial Lekarski
Uniwersytet Medyczny w Biatymstoku

Aleksandra Ewa Danieluk

Miazdzyca naczyn konczyn dolnych 1 jej uwarunkowania w

populacji dorostych pacjentow lekarza rodzinnego

Rozprawa doktorska w oparciu o cykl publikacji naukowych
w dziedzinie nauk medycznych i nauk o zdrowiu

w dyscyplinie nauki medyczne

Biatystok 2023



Promotor

Prof. dr hab. Stawomir Chlabicz
Zaktad Medycyny Rodzinnej, Uniwersytet Medyczny w Bialymstoku



Spis tresci

Rozdziat 1. Wykaz publikacji bedacych podstawa rozprawy doktorskie;j.
Zestawienie publikacji dOKIOTaNta. ..........ccovrerrerieireieeeises e 4

Rozdzial 2. Wprowadzenie. Przeglad literatury dotyczacy tematu rozprawy ...... 6

Rozdziat 3. Cel pracy z uzasadnieniem podjetej tematyki badawczej bedacy
odniesieniem do publikacji stanowigcych rozprawe doktorska............cceeveneene 10

Rodziat 4. Zwiezte omoéwienie materiatow i zastosowanych metod
DAAWEZYCR ... s 12

Rozdziat 5. Wyniki badan, podsumowanie i dyskusja bedaca odniesieniem
do publikacji stanowigcych rozprawe z podaniem perspektyw dalszego

FOZWOJU TEIMALU ...ttt 14
Rozdzial 6. WNIOSKI .........cooiiiiiiiiiici e 17
Rozdzial 7. Literatura/piSmienniCtWo ........cooveeerrerieiinrenee e 19

Rozdziat 8. Streszczenie w jezyku polskim. Streszczenie w jezyku
ANGIBISKIM. .o 23

Rozdzial 9. Automated Measurements of Ankle-Brachial Index:
A NAITAIIVE REVIBW ...ttt ettt ettt e e e e e ettt e e e e e s aeeereeeeaen 26

Rozdziat 10. Assessing Automatic Plethysmographic Ankle-Brachial Index Devices
in Peripheral Artery Disease Detection: A Comparative Study with Doppler

Ankle-Brachial Index Measurements............ccocoevrirreiienseienenseeeesesee e 40
Rozdzial 11. O$WIadCZenie QULOTA.......cueiveiiiriiiiiieiie et 49
Rozdzial 12. Oswiadczenia wspotautorow rozprawy doktorskiej..........coeveunene. 50
Rozdziat 13. Zgoda Komisji BIOBLYCZNE]........ccccecvererviiiiiiiiie e 53



Rozdziat 1.
Wykaz publikacji bedacych podstawg rozprawy doktorskie;j.

Zestawienie publikacji doktoranta.

Praca przegladowa:

1. Danieluk, A.; Chlabicz, S. Automated Measurements of Ankle-Brachial Index: A

Narrative Review. J. Clin. Med. 2021, 10, 5161, IF 4.964, 140 pkt MNiSW, Data
publikacji: 3.11.2021.

Praca oryginalna:

2. Assessing Automatic Plethysmographic Ankle-Brachial Index Devices in
Peripheral Artery Disease Detection: A Comparative Study with Doppler Ankle-

Brachial Index Measurements, Medical Science Monitor, IF 3.1, 140 pkt
MNiSW, Data publikacji: 5.08.2023



Zestawienie publikacji doktoranta

1. Woykaz publikacji wiaczonych do rozprawy doktorskiej

a.

b.

Danieluk, A.; Chlabicz, S. Automated Measurements of Ankle-
Brachial Index: A Narrative Review. J. Clin. Med. 2021, 10, 5161.
https://doi.org/10.3390/jcm10215161, IF 4.964, MNiSW 140 pkt
Danieluk, A.; Kamienska, A.; Chlabicz, S. Assessing Automatic
Plethysmographic Ankle-Brachial Index Devices in Peripheral
Artery Disease Detection: A Comparative Study with Doppler
Ankle-Brachial Index Measurements. Med Sci Monit 2023, 29,
doi:10.12659/MSM.940829.

IF 3.1, MNiSW 140 pkt

2. Wykaz publikacji, ktére nie zostaty wiaczone do rozprawy doktorskiej

a.

b.

Danieluk, A.; Chlabicz, S. Przewlekle niedokrwienie konczyn
dolnych w praktyce pozaszpitalnej. Forum Medycyny Rodzinnej
2021;15(6):245-252. MNiSW 40 pkt

Danieluk, A.; Niemcunowicz-Janica, A.; Windak, A.; Chlabicz, S.
Diagnosis and Treatment of Lower Extremity Arterial Disease—A
Survey among Family Medicine Trainees in Poland. Int. J. Environ.
Res. Public Health 2023, 20, 1392. , MNiSW 20 pkt

3. Prezentacja wynikéw na konferencjach naukowych

a.

Automatic ABI measurements in primary care - agreement with
patients' symptoms and examination, European General Practice
Research Network conference, 30.04.2021-1.05.2021

Diagnostyka i leczenie miazdzycy tetnic konczyn dolnych w oczach
rezydentdéw medycyny rodzinnej w Polsce: badanie ankietowe; Il
Interdyscyplinarna  Konferencja Doktorantow DOC UMED
Uniwersytetu Medycznego w Lodzi

Automatyczne pomiary ABI w poradniach lekarza rodzinnego -
ocena wiarygodnosci i przydatnosci, XX Kongres Medycyny
Rodzinnej — nagroda Medyczne Filipiki 2022

Choroba tetnic konczyn dolnych w populacji pacjentéow lekarza
rodzinnego - tradycyjne i automatyczne pomiary ABI, XXI Kongres
Medycyny Rodzinnej


https://doi.org/10.3390/jcm10215161

Rozdzial 2.

Wprowadzenie. Przeglad literatury dotyczacy tematu rozprawy

Miazdzyca tetnic obwodowych (peripheral artery disease, PAD) jest najbardziej
rozpowszechniona w krajach rozwinietych gdzie jej czgstos¢ wystgpowania siega nawet
do 7.37% pacjentéw [1]. Szacuje si¢, ze na calym $wiecie cierpi na nig ponad 230
milionéw 0sob dorostych [2]. Do czynnikéw ryzyka wystapienia PAD nalezg typowe
czynniki ryzyka choréb sercowo — naczyniowych, takie jak palenie tytoniu, cukrzyca,
dyslipidemia i nadci$nienie tetnicze, natomiast czgs¢ badan sugeruje roéwniez
niekonwencjonalne czynniki ryzyka choroby, takie jak podwyzszony poziom CRP i
interleukiny-6 [3], lub zakazenie wirusem HIV [4].

Choroba t¢tnic konczyn dolnych (lower extremity artery disease, LEAD) jest
najczestsza lokalizacja PAD. Wigze si¢ z szeregiem objawow, od chromania
przestankowego, az po krytyczne niedokrwienie, ktére moze skutkowac utratg konczyny,
a nawet $miercig pacjenta. Nalezy zwroci¢ uwage, ze jedynie 5-10% pacjentéw z LEAD
obserwuje typowe objawy chromania przestankowego [5]. Ponadto, szacuje si¢, ze nawet
do 50% pacjentéw z LEAD nie obserwuje zadnych objawow [6].

Obecnos¢ LEAD o podlozu miazdzycowym $wiadczy o podwyzszonym ryzyku
Sercowo — naczyniowym pacjenta, co dotyczy roéwniez pacjentow bezobjawowych [7]. W
zwigzku z tym waznym elementem leczenia jest modyfikacja czynnikdéw ryzyka sercowo
— naczyniowego, migedzy innymi przez wiaczenie statyny, a u objawowych pacjentow
takze leku przeciwptytkowego [8]. Niezwykle waznym elementem leczenia jest rowniez
interwencja  antynikotynowa. Ocenia si¢, ze ryzyko zgonu z przyczyn
Sercowo — naczyniowych jest u palacych pacjentow z LEAD ponad dwa razy wigksze, niz
u pacjentow niepalacych chorujacych na LEAD [9]. Ponadto, bardzo istotng czgscig
postepowania stanowi trening marszowy, ktory jest najbardziej skuteczny w formie
nadzorowanej przez pracownika opieki zdrowotnej [8,10]. W przypadku objawow
wplywajacych istotnie na jako$¢ zycia pacjenta oraz niewystarczajacej reakcji na leczenie
zachowawcze, u wielu pacjentow rozwazana jest rowniez interwencja zabiegowa.

Pomimo czgstego wystgpowania i mozliwych powaznych powiktan choroby, a
takze wstepnego leczenia nie wymagajacego zawsze interwencji specjalistycznej,
choroba cz¢sto pozostaje nierozpoznana. Z uwagi na czesty bezobjawowy przebieg lub
nietypowe objawy oraz brak dostepu do wstepnej diagnostyki z poziomu gabinetu lekarza



rodzinnego, wielu pacjentéw z LEAD pozostaje niezdiagnozowanych lub dtugo oczekuje
na diagnozg [11,12].

Badaniem pozwalajacym na wstepng diagnoze LEAD jest pomiar wskaznika
kostka — ramig (ankle —brachial index, ABI) [13]. Wykonuje si¢ go przez pomiar ci$nienia
tetniczego na obu ramionach i konczynach dolnych, a nastgpnie obliczenie ilorazu
wartosci ci$nienia skurczowego na konczynie dolnej przez wyzsza z wartosci cisnienia
skurczowego na konczynie gornej. W standardowym pomiarze wskaznika ABI do
pomiaru ci$nienia tetniczego na konczynach dolnych wykorzystuje si¢ mankiet
pneumatyczny i sondg¢ doppler stuzaca do wykrycia tetna na tetnicy piszczelowej tylnej
stopy. Poziom wskaznika kostka — rami¢ ponizej 0.9 uznaje si¢ za diagnostyczny dla
LEAD. Wartosci powyzej 1.4 (lub powyzej 1.3 wedlug czedci zrodel) $wiadcza o
zwigkszonej sztywno$ci naczyn utrudniajgcej odpowiedni ucisk $ciany tetnicy 1 sa
uznawane za niediagnostyczne lub nieprawidtowe [5,14]. Czg¢$¢ zrddet sugeruje, ze
u pacjentow, u ktorych stwierdzono wskaznik ABI na poziomie 0.9-1.0 powinno si¢
stwierdzi¢ graniczny poziom wskaznika ABI oraz rozwazy¢ dalszg diagnostyke,
poniewaz wynik w tym zakresie nie wyklucza LEAD [2].

Pomiar wskaznika ABI, ktory wedlug wytycznych jest uznawany
za sugerowane wstepne badanie w przebiegu diagnostyki LEAD [2,5,13], zazwyczaj nie
jest dostepny w warunkach podstawowej opieki zdrowotnej w Polsce. Wigze si¢ to z
konieczno$cia  kierowania pacjentow z podejrzeniem LEAD do poradni
specjalistycznych, co generuje dlugi czas oczekiwania, opdznia diagnostyke i
uniemozliwia wlaczenie wstgpnego leczenia zmniejszajacego ryzyko sercowo
naczyniowe przed konsultacja specjalistyczng. Tradycyjny pomiar ABI wymaga
umiejetnosci postugiwania si¢ sondg doppler, a takze znacznej ilosci czasu poswigconego
na badanie. Przed przeprowadzeniem pomiaru, pacjent powinien pozostawaé w
spoczynku. Ponadto, w warunkach opieki zdrowotnej w Polsce, pomiar wskaznika ABI
nie nalezy do grupy $wiadczefn gwarantowanych w poradniach lekarza rodzinnego. Sg to
niektore z przyczyn, z powodu ktérych badanie to nie jest czgsto wykorzystywane w
praktyce lekarzy rodzinnych [15]. Mimo, ze wigkszo$¢ z nich uznaje pomiar ABI jako
przydatny w praktyce klinicznej, podajg oni niewystarczajaca ilo§¢ czasu na konsultacje,
brak personelu i brak przeszkolenia jako gldwne bariery uniemozliwiajgce jego
wykonywanie w poradniach lekarza rodzinnego [16]. W wielu przypadkach jest ono
rowniez wykonywane btednie [17]. W badaniu przeprowadzonym przez Nexge et al.
wykazano, ze nawet po krotkim przeszkoleniu w tym kierunku, wielu lekarzy
podstawowej opieki zdrowotnej wykonuje pomiar ABI nieprawidtowo [18].



Cze$¢ ograniczen zglaszanych przez lekarzy podstawowej opieki zdrowotnej
moglaby by¢ wyeliminowana przy uzyciu aparatow przeprowadzajacych pomiar
automatycznie, ktore umozliwiaja szybszy pomiar bez konieczno$ci pozostawania
pacjenta przez dlugi czas w spoczynku przed wykonaniem pomiaru oraz nie wymagaja
dhugiego przeszkolenia personelu [19,20]. Aparaty te wykorzystujg do pomiarow dwie
gléwne metody: oscylometryczng 1  pletyzmograficzng. Ws$rdd — aparatéw
wykorzystujacych  metode  pletyzmograficzng mozna  wyrdézni¢  urzadzenia
wykorzystujgce fotopletyzmografi¢ i pletyzmografie pneumatyczng. Aktualne wytyczne
zalecaja wykorzystywanie do pomiarow ABI metode wykorzystujaca sonde doppler jako
wiarygodna metod¢ badania [13,21], mimo to nadal prowadzone sg badania nad
przydatnoscia kliniczng aparatow automatycznych.

Wartos¢ diagnostyczna automatycznych pomiarow ABI wykonywanych metoda
oscylometryczng zostala w publikowanej poprzednio literaturze oceniona jako
wystarczajaco wysoka do rozwazenia ich wykorzystania w praktyce klinicznej, w wielu
przypadkach uzyskiwano wyniki poréwnywalne z pomiarami przeprowadzanymi za
pomoca sondy doppler [22-26]. Przy ocenie pomiarow oscylometrycznych nalezy jednak
bra¢ pod uwage ograniczenia, ktore si¢ z nimi wigzag. Wykazano, ze pomiary
automatyczne s3 mniej wiarygodne, gdy przeprowadza si¢ je wsrod pacjentow z cukrzyca,
a takze w$rod pacjentdw z niskimi wartosciami ABI [27]. Zaobserwowano rowniez, ze w
automatycznych oscylometrycznych pomiarach ABI uzyskuje si¢ zwykle wyzsze
wartosci, niz w pomiarach tradycyjnych, przez co czg$¢ autoré6w sugeruje stosowanie
wyzszego punktu odcigcia dla diagnozy LEAD przy wykorzystaniu pomiarow
automatycznych [25,28-30]. Ponadto, nalezy réwniez zwrdci¢ uwage na obecne w
literaturze prace, wedlug ktérych ocena wartosci diagnostycznej pomiarow
oscylometrycznych jest negatywna sugerujace, ze aparaty te sa nieprzydatne w praktyce
[31].

Liczba opracowan dotyczacych automatycznych pletyzmograficznych pomiarow
ABI w poprzedniej literaturze jest bardziej ograniczona. W dostgpnej literaturze
stwierdzono dobrg zgodno$¢ pomiardw fotopletyzmograficznych ze standardami
diagnostyki [32,33]. Uwaza sig, ze automatyczne fotopletyzmograficzne pomiary ABI sa
obcigzone podobnymi ograniczeniami, jak pomiary oscylometryczne. W pracy
Beutner et al., obserwowano wyzsze warto$ci pletyzmograficznego ABI, niz uzyskiwano
w pomiarach tradycyjnych [34], a w pracy Teren et al. sugerowano wyzszy poziom
odcigcia dla diagnozy LEAD w pomiarach automatycznych [32]. Wyniki badan
dotyczacych pletyzmografii pneumatycznej sg mniej optymistyczne. Warto$é
diagnostyczna aparatow wykorzystujacych metode pletyzmografii pneumatycznej byta
poprzednio oceniona jako niewystarczajgca do zastosowania w praktyce Klinicznej



[35,36]. Nalezy jednak zwrdci¢ uwage, ze w aparatach umozliwiajacych zapis wykresu
fali tetna, wykorzystanie analizy fali t¢tna do diagnozy LEAD poprawia warto$é
diagnostyczng urzadzenia [37,38]. W pomiarach automatycznymi aparatami
wykorzystujacymi pletyzmografie pneumatyczng, tak jak w innych pomiarach
automatycznych, obserwuje si¢ wyzsze wartosci ABI w poréwnaniu z warto$ciami
uzyskanymi metoda tradycyjna, w zwiazku z tym sugerowano rowniez dostosowanie
poziomu ABI uznawanego za diagnostyczny dla LEAD [37,39].



Rozdzial 3.

Cel pracy z uzasadnieniem podj¢tej tematyki badawczej bedacy odniesieniem do
publikacji stanowiacych rozprawe doktorska

Podjeta tematyka badawcza dotyczy choroby tetnic konczyn obwodowych
(LEAD), ktora jest szeroko rozpowszechniona jednostka chorobowa. U pacjentow z
LEAD zaleca si¢ postgpowanic w duzej mierze oparte na prewencji postepu chorob
Sercowo — naczyniowych, co stanowi istotny element codziennej pracy w poradniach
lekarzy rodzinnych. Mimo to, w oparciu o poprzednio publikowang literatur¢ mozna
uznaé, ze jej rozpoznawanie w podstawowej opiece zdrowotnej nie jest aktualnie
wystarczajace. Wynika to w duzej mierze z braku dostgpu do aparatury koniecznej do
pomiaru wskaznika ABI, braku dostgpnego czasu na badanie, lub brak przeszkolenia w
jej stosowaniu. Ponadto, aktualnie obowigzujace w Polsce reguly dotyczace finansowania
badan diagnostycznych z ramienia podstawowej opieki zdrowotnej nie biora pod uwage
pomiaru wskaznika ABI jako $wiadczenia gwarantowanego w poradniach lekarza
rodzinnego. W zwiazku z istniejacymi obecnie ograniczeniami w wykonywaniu pomiaru
ABI metoda tradycyjng, jako interesujacy kierunek tematyki badawczej uznano
poréwnanie tego typu pomiaréw z pomiarami wykonywanymi automatycznie, ktore
czesciowo eliminuja te ograniczenia. Aparaty do automatycznego pomiaru ABI, jako
wymagajace krotszego przeszkolenia personelu oraz umozliwiajace szybszy pomiar
wskaznika, moga sta¢ si¢ szczegodlnie czesto wykorzystywane w gabinetach lekarzy
rodzinnych. W zwiazku z tym szczegdlnie wazna jest ocena ich dziatania w warunkach i
populacji pacjentow podstawowej opieki zdrowotne;j.

W pracach wchodzacych w sktad rozprawy doktorskiej postawiono nastepujace
cele:

1. Analiza dostgpnych w literaturze danych na temat aparatow stuzacych do
automatycznych pomiaréw ABI w pordéwnaniu z tradycyjng metoda
pomiaru wskaznika ABI

2. Ocena rozpowszechnienia wystgpowania choroby tetnic konczyn
dolnych (LEAD) w lokalnej populacji lekarza rodzinnego
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3. Analiza cech demograficznych pacjentéw populacji lekarza rodzinnego
ze szczegblnym uwzglednieniem typowych czynnikow ryzyka
miazdzycy tetnic kofczyn dolnych. Ocena korelacji pomiedzy poziomem
ABI, a wystepowaniem typowych objawoéw miazdzycy tetnic konczyn
dolnych oraz stosowanym leczeniem.

4. Ocena wartosci diagnostycznej aparatu do automatycznego
pletyzmograficznego pomiaru wskaznika ABI w odniesieniu do pomiaru
ABI za pomoca sondy doppler jako aktualnego standardu postgpowania.
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Rozdzial 4.

Zwigzle omoOwienie materiatéw i zastosowanych metod badawczych

W  przebiegu projektu przeprowadzono przeglad literatury na podstawie
wyszukiwania w bazie PubMed w grudniu 2020 r. Wyszukiwanie przeprowadzono w
jezyku angielskim. Podczas wyszukiwania wykorzystano hasta: ,,automatic ABI
measurement”, ,oscillometric = ABI  measurement”, ,plethysmographic ABI
measurement”, w polaczeniu z hastami dotyczacymi doktadnosci i wiarygodnosci, takimi
jak ,validity”, ,accuracy”. Przeszukano takze elementy bibliografii prac
zidentyfikowanych podczas wstgpnego wyszukiwania. Do przegladu wiaczono prace
poroéwnujace pomiary automatyczne, zaroOwno oscylometryczne, jak i pletyzmograficzne,
z dowolnym aktualniec obowigzujacym badaniem shluzacym do diagnostyki LEAD
(pomiar wskaznika ABI metoda wykorzystujgca sond¢ doppler, USG doppler, tomografia
komputerowa). Wytaczono prace w ktérych nie opisano bezposredniego poréwnania
pomiaru automatycznego wskaznika ABI z zadng aktualnie obowigzujaca metods
diagnostyczna stosowang w LEAD. Wylaczono réwniez prace, w ktérych pelny tekst
publikacji byt w jezyku innym, niz angielski.

Nastepnie przeprowadzono badanie w celu zgromadzenia danych na temat
wystepowania LEAD i jego uwarunkowan w populacji lekarza rodzinnego, a takze
poréwnania tradycyjnego pomiaru ABI z pomiarem wykonanym aparatem
automatycznym  wykorzystujacym  pletyzmografi¢ = pneumatyczna.  Rekrutacje
uczestnikéw do badania przeprowadzono w poradni podstawowej opieki zdrowotnej. Do
udzialu w badaniu zapraszano pacjentow po 50 r.z. Kryteriami wykluczenia z udziatu byt
stan po amputacji konczyny, znaczny obrzgk konczyn dolnych, zmiany skoérne
uniemozliwiajace uzycie mankietu pneumatycznego oraz brak mozliwosci pozostawania
w pozycji lezacej w trakcie przeprowadzania pomiaru wskaznika ABI. Zebrano dane o
stanie zdrowia pacjentéw na podstawie wywiadu przeprowadzonego z pacjentem, pytania
byly ustandaryzowane i jednakowe dla wszystkich uczestnikOw badania oraz dotyczyty
rozpoznanych wczesniej chorob przewleklych ze szczegdlnym uwzglednieniem chorob
Sercowo — naczyniowych, stosowanych przez pacjentow lekow statych, palenia tytoniu.
U pacjentow przeprowadzono takze wywiad zgodnie z kwestionariuszem Edynburskim,
aby oceni¢ obecnos¢ typowych objawoéw LEAD. Nastepnie przeprowadzono badanie
fizykalne pacjentow: badanie ostuchowe tetnic szyjnych, aorty, tetnic udowych, badanie
palpacyjne tetnic udowych, piszczelowych tylnych i grzbietowych stopy. Ustalono mase¢
ciata pacjentow, BMI oraz sktad ciata za pomocg urzadzenia Tanita MC780-MA. Aby
wyliczy¢ wskaznik ABI metoda tradycyjng, zmierzono ci$nienie na obu konczynach
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metodg ostuchowa, nastgpnie zmierzono ci$nienie na konczynach dolnych wykorzystujac
sondg doppler (Dopplex DMX Digital Doppler, Huntleigh Healthcare) do wykrycia tetna
na tetnicach piszczelowych tylnych. Nastepnie zmierzono wskaznik ABI metoda
automatyczng za pomoca aparatu Dopplex Ability Automatic ABI System (Huntleigh
Healthcare). Wartosci ABI ponizej 0.9 zostaly zakwalifikowane jako nieprawidtowe,
natomiast wartosci ABI powyzej 1.3 zostaly zakwalifikowane jako niediagnostyczne.
Aparat automatyczny wykorzystany do pomiaru ABI umozliwia rowniez graficzng
prezentacje fali tgtna. Badajacy dokonat analizy fali tgtna uczestnikow, okreslajac wynik
jako prawidlowy lub nieprawidlowy. Wyliczono czutos$¢, swoisto$¢, pozytywna oraz
negatywna warto$¢ diagnostyczng wykorzystujac wskaznik ABI wyliczony metoda
tradycyjng jako standard diagnostyczny. Nastepnie wyliczono ponizsze wskazniki
ponownie, po dostosowaniu poziomu odcigcia dla diagnozy LEAD w przypadku
automatycznie wyliczonego wskaznika ABI do sugerowanych we wczesniejszej
literaturze warto$ci: 1.04 oraz 1.2.
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Rozdzial 5.

Wyniki badan, podsumowanie i dyskusja bedgca odniesieniem do publikacji
stanowigcych rozprawe z podaniem perspektyw dalszego rozwoju tematu

W przebiegu przegladu literatury zidentyfikowano 1361 wynikow wyszukiwan. Do
etapu analizy pelnego tekstu publikacji wlaczono 85 prac, w tym 66 prac dotyczacych
automatycznych oscylometrycznych pomiaréw ABI oraz
19 prac dotyczacych automatycznych pletyzmograficznych pomiaréow ABI. Po analizie,
odrzucono 22 publikacje dotyczace pomiarow oscylometrycznych ABI oraz 5 prac
dotyczacych pomiaréw pletyzmograficznych ABI jako niezgodne
z opisanymi wyzej kryteriami wilaczenia prac. Ostatecznie do przegladu literatury
wlaczono 57 prac, w tym 43 dotyczace pomiarow oscylometrycznych oraz
14 dotyczacych pomiaréw pletyzmograficznych.

Na podstawie przegladu literatury ustalono, ze wigkszos$¢ publikacji porownujacych
automatyczne pomiary oscylometryczne z tradycyjnymi metodami diagnostycznymi
okresla je jako wystarczajaco zgodne, aby uzna¢ pomiary automatyczne za mozliwe do
wykorzystania w praktyce, szczeg6lnie w warunkach poradni nie specjalizujacych sie
wasko w chorobach naczyn, na przyklad poradniach lekarza rodzinnego. Na temat
pomiaréw pletyzmograficznych zidentyfikowano znacznie mniej prac, oraz ich wyniki
byty mniej obiecujgce. Prace analizujace pomiary fotopletyzmograficzne prezentowaty
czesto dobrg zgodno$¢ z pomiardéw ze standardami diagnostycznymi, ale w duzej czesci
analizowaty urzadzenia, ktore nie dziataly w pelni automatycznie. Prace analizujace
metody oparte na pletyzmografii pneumatycznej wykazaty najmniej wiarygodne wyniki
pomiaréw w porownaniu z pozostatymi metodami wykorzystywanymi w aparatach do
automatycznej oceny wskaznika ABI. Wiele prac analizujacych automatyczne pomiary
ABI zwrdcito uwage na potencjalne ograniczenia pomiaréw i mozliwe falszywe
podwyzszenie wynikow z nastepujaca gorszag wiarygodnoscia wsrod pacjentéw z
cukrzyca, przewlekla chorobg nerek i innymi jednostkami powodujacymi zwigkszong
sztywnos$¢ naczyn krwionosnych.

W badaniu obejmujagcym pacjentéw gabinetu lekarza rodzinnego zebrano dane
dotyczace 290 osob. Sredni wiek uczestnikow wyniost 67.6 = 7.4 lat, zdecydowana
wiekszo$¢ z nich (75.3%) stanowity kobiety. U wielu badanych stwierdzono czynniki
ryzyka chorob sercowo naczyniowych: 71.7% stanowili palacze, a 73.7% stanowily
0soby z nieprawidtowym BMI. Wsrdd uczestnikow odnotowano 28 pacjentow (9,7%) z
chorobg wiencowa, 185 pacjentow (63,8%) z nadci$nieniem tetniczym, 46 pacjentow
(15,9%) z cukrzyca, 4 pacjentow (1,4%) z przewlekla choroba nerek i 28 pacjentow
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(9,7%) z migotaniem przedsionkow. Szescioro pacjentéw (2.1%) poinformowato, ze
zdiagnozowano u nich wczesniej LEAD. W wywiadzie 13 pacjentow (4.5% z przebadanej
populacji) stwierdzono przebyty wczesniej ostry zespdt wiencowy, a 8 pacjentow (3.1%
badanych) przebylo wczesniej udar niedokrwienny moézgu lub epizod przemijajacego
ataku niedokrwiennego. Na podstawie wywiadu dotyczacego stosowanych regularnie
lekow ustalono, ze najwigcej, 61.4% badanych, stosuje leki obnizajace ci$nienie t¢tnicze
krwi. 37.6% badanych zglosito, Ze stosuje regularnie statyny, 19.7% stosuje leki
przeciwptytkowe, 17.2% leki obnizajace glikemie, a 6.2% antykoagulanty.
Kwestionariusz Edynburski, ktory uznano w przebiegu badania za wskaznik §wiadczacy
0 obecnosci typowych objawdéw LEAD, byl dodatni u 10.3% uczestnikéw badania.
Nieprawidtowy wskaznik ABI stwierdzony w pomiarze metoda tradycyjna stwierdzono
u 16.8% badanych, natomiast nieprawidtowy wskaznik ABI w pomiarze automatycznym
stwierdzono u 5.9% badanych. W badaniu stwierdzono korelacje pomigdzy dodatnim
wynikiem Kkwestionariusza Edynburskiego, a nieprawidtowym wskaznikiem ABI w
pomiarze automatycznym, ale nie stwierdzono korelacji pomigdzy dodatnim wynikiem
kwestionariusza Edynburskiego, a nieprawidlowym ABI w pomiarze tradycyjnym.
Ponadto, nie zaobserwowano Korelacji pomiedzy stosowaniem lekow zalecanych w
LEAD (statyny, leki przeciwptytkowe), a poziomem wskaznika ABI.

Srednia warto$é wskaznika ABI w pomiarze tradycyjnym wyniosta 1.05 + 0.15, a
$rednia warto$¢ wskaznika ABI w pomiarze automatycznym wyniosta 1.12 + 0.13,
réznica wartosci ABI w pomiarach tradycyjnych i automatycznych byta istotna
statystycznie. Czuto$¢ 1 swoisto§¢ pomiaréw automatycznych ABI w poréwnaniu do
pomiaréw tradycyjnych wyniosta odpowiednio 22.2% oraz 96.8% przy wykorzystaniu
standardowego poziomu odciecia 0.9 dla diagnozy LEAD w pomiarze automatycznym.
Przy dostosowaniu poziomu odcigcia dla diagnozy LEAD w pomiarze automatycznym
do sugerowanego w poprzednich publikacjach 1.04, uzyskano czulo$¢ 54% oraz
swoistos¢ 78.9%, a na poziomie odciecia 1.2 uzyskano czutos$¢ 91.9% oraz swoisto$é
18.5%. Po wykorzystaniu do diagnozy analizy fali t¢tna tagcznie z oceng ABI, uzyskano
czutos¢ 1 swoisto$¢ na poziomie odpowiednio 67.6% i 51.5% dla poziomu odcigcia 0.9,
78.4% oraz 69.5% dla poziomu odcigcia 1.04, a takze 97.3% oraz 10%, dla poziomu
odcigcia 1.2.

Obserwowana w wynikach badania tendencja do uzyskiwania wyzszych wartosci
wskaznika ABI w pomiarach automatycznych, niz tradycyjnych, byla wczesniej
notowana w publikacjach poréwnujgcych te metody diagnostyczne [36]. W zwigzku z
wyzszymi wartosciami w pomiarach automatycznych, w literaturze sugerowano
wczesniej dostosowanie poziomu odciecia dla diagnozy LEAD w pomiarach
automatycznych [37,39], co ma odzwierciedlenie w wynikach prezentowanego badania —
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warto$¢ diagnostyczna pomiaréw automatycznych byta wieksza przy wykorzystaniu
poziomu odcigcia 1.04 dla diagnozy LEAD. W badaniu zaobserwowano réwniez poprawe
wartosci diagnostycznej pomiaru automatycznego po wykorzystaniu analizy fali tetna, co
rowniez odzwierciedla obserwowane wcze$niej w literaturze wyniki, jednakze poziom
uzyskanej poprawy byl nizszy, niz obserwowany wczesniej [38]. Dalsze badania moga
pomoéc w ustaleniu optymalnego poziomu odciecia dla diagnozy LEAD w pomiarach
automatycznych, co potencjalnie umozliwi ich wykorzystanie w praktyce kliniczne;j.
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Rozdzial 6.

Whioski

Na podstawie opracowanego przegladu literatury zaobserwowano nastepujace
wnioski:

1. Aparaty oscylometryczne do pomiaru ABI wykazuja wystarczajaco wysoka
zgodnos$¢ z dostepnymi metodami diagnostycznymi LEAD, aby rozwazy¢
ich wykorzystanie w Kklinice.

2. Zgodno$¢ aparatéw fotopletyzmograficznych jest obiecujaca jako dalszy
kierunek badan, ale na ten moment nie ma wystarczajacej ilosci danych na
temat w petni automatycznych aparatow tego typu.

3. Aparaty wykorzystujagce pletyzmografie pneumatyczna wykazuja
najmniejsza zgodnos$¢ z dostepnymi metodami diagnostycznymi LEAD w
poréwnaniu z innymi automatycznymi urzadzeniami do pomiaru wskaznika
ABI.

Na podstawie badania przeprowadzonego w populacji pacjentow lekarza
rodzinnego stwierdzono:

1. W populacji osob> 50 roku zycia znajduje si¢ duza grupa osob
niezdiagnozowanych wczesniej w kierunku LEAD, u ktérych mozna
wykry¢ obecno$¢ choroby za pomoca pomiaru wskaznika ABI i
wprowadzi¢ interwencje obnizajace ryzyko sercowo - naczyniowe.

Pacjenci ze zdiagnozowanym wcze$niej LEAD stanowili tylko 2.1% zbadanej populaciji,
natomiast pacjenci, u ktorych zaobserwowano nieprawidtowy poziom wskaznika ABI
stwierdzony w pomiarze metoda tradycyjng stanowili az u 16.8% badanych. Czg$¢é
pacjentow, u ktorych rozpoznano LEAD nie obserwowata weze$niej typowych objawow,
co bylo wyrazone ujemnym wynikiem przeprowadzonego kwestionariusza
Edynburskiego. U wielu przebadanych pacjentow obecne byty czynniki ryzyka takie jak
palenie tytoniu i nieprawidlowy wskaznik ABI, w zwigzku z tym mozliwe jest
przeprowadzenie u tych pacjentéw interwencji obnizajacych ryzyko sercowo —
naczyniowe.

2. W populacji z nieprawidlowym ABI w pomiarze automatycznym czgsciej
obserwowano typowe objawy LEAD (wyrazone przez dodatni wynik
kwestionariusza Edynburskiego), ale w populacji z nieprawidlowym ABI
w pomiarze tradycyjnym nie zaobserwowano tej zalezno$ci. Stosowanie
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lekéw typowo zalecanych w LEAD (statyny, leki przeciwplytkowe) nie
mialo wplywu na poziom ABI w pomiarach automatycznych i
tradycyjnych.

3. Wartos¢ diagnostyczna ocenianego urzadzenia automatycznego do pomiaru
ABI dzialajacego na podstawie pletyzmografii pneumatycznej nie jest
wystarczajaca, przy zastosowaniu standardowego punktu odcigcia
wskaznika ABI<0,9

Poziom czulosci 22.2% oraz swoistosci 96.8% nie umozliwia przeprowadzenia u
pacjentow wiarygodnego badania diagnostycznego z wykorzystaniem ocenianego
urzadzenia. Wynik dotyczy wykorzystania aparatu przy zastosowaniu aktualnie
obowigzujacych wytycznych diagnozy LEAD, ze standardowym poziomem odcigcia
poziomu wskaznika ABI dla diagnozy <0.9.

4. Mozliwe ustalenie odpowiedniego poziomu odcigcia dla diagnozy LEAD
przy uzyciu badanego aparatu, ktory wigzatby sie¢ z wystarczajaca
wiarygodnoscia i wartoscig diagnostyczna.

Zmiana poziomu odciecia dla diagnozy choroby i wykorzystanie analizy fali tetna do
oceny znacznie poprawila parametry czutosci i swoisto$ci aparatu automatycznego.
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Rozdziat 8.
Streszczenie w jezyku polskim

Choroba tetnic konczyn dolnych (LEAD) jest najcze$ciej spowodowana
zmianami miazdzycowymi. Niektorzy pacjenci prezentujg typowe objawy chromania
przestankowego, jednak duza czg$¢ pacjentdw, szczegdlnie w poczatkowych etapach
rozwoju choroby, obserwuje nietypowe objawy lub jest catkowicie bezobjawowa. LEAD
podwyzsza ryzyko sercowo — naczyniowe pacjentow, niezaleznie od wystepowania
objawow. Jako wstepne badanie w diagnostyce LEAD wykorzystywany jest pomiar
wskaznika kostka — rami¢ (ABI). W tradycyjnej metodzie pomiaru ABI wykorzystywana
jest sonda doppler, co wymaga przeszkolenia personelu przed jego wprowadzeniem do
praktyki klinicznej. Ponadto, przed wykonaniem tradycyjnego pomiaru, pacjent powinien
pozostawac¢ w spoczynku. Aparaty do automatycznego pomiaru ABI oferuja mozliwosé
przeprowadzania badania bez dtugiego przeszkolenia personelu, a niektore z nich skracaja
takze czas wymagany do przeprowadzenia testu.

W pracy przedstawiono dane na temat wystepowania LEAD w populacji lekarza
rodzinnego, a takze wystgpowania u tych pacjentow typowych objawow LEAD oraz
towarzyszacych choréb i czynnikow ryzyka. Przedstawiono réwniez pordéwnanie
pomiaréow tradycyjnych z pomiarami automatycznymi przeprowadzonymi metodg
pletyzmograficzng za pomocg aparatu Dopplex Ability (Huntleigh Healthcare).
Przedstawiono analize dostepnej literatury porownujacej automatyczne i tradycyjne
pomiary ABI.

Przebadano 290 pacjentéw gabinetu podstawowej opieki zdrowotnej po 50 roku
zycia. 75.3% przebadanej populacji stanowity kobiety, 24.7% me¢zczyzni. W populacji
stwierdzono 71.7% o0sdb palacych i 73.7% os6b z nieprawidtowym BMI. W przebadane;
populacji zaobserwowano 16.8% pacjentéw z nieprawidlowym poziomem wskaznika
ABI zmierzonym metoda tradycyjng, co jest diagnostyczne dla LEAD. Nieprawidlowy
poziom wskaznika ABI w pomiarze automatycznym stwierdzono u 5.9% badanych.
Tylko u 10.3% pacjentéw stwierdzono typowe objawy LEAD, wyrazone przez dodatni
wynik kwestionariusza Edynburskiego.

Wedlug analizy dostepnej literatury, pomiary automatyczne przeprowadzane
metoda oscylometryczng majg szansg stac si¢ przydatne w praktyce klinicznej. Na temat
pomiaréw pletyzmograficznych jest dostepna mniejsza liczba publikacji. Poréwnanie
automatycznych pomiaréw fotopletyzmograficznych z tradycyjnymi daje obiecujace
efekty, natomiast w pordwnaniu pomiaréw wykorzystujacych metodg pletyzmografii
pneumatycznej zwraca uwage ich mniejsza zgodno$¢ z pomiarami tradycyjnymi i
mnigjsza warto$¢ diagnostyczna. W literaturze sugeruje si¢, ze podwyzszenie poziomu
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odciecia dla diagnozy LEAD w pomiarach automatycznych zwigksza ich warto$¢
diagnostyczng. W przypadku aparatoéw wykorzystujacych pletyzmografi¢ pneumatyczng,
wykorzystanie do diagnozy analizy fali tetna tacznie z poziomem ABI rowniez zwigksza
ich wartos¢ diagnostyczna. W przeprowadzonym poréwnaniu pomiarow tradycyjnych z
pomiarami automatycznymi (Dopplex Ability) zaobserwowano wyzsze wartosci ABI w
pomiarach automatycznych oraz warto$¢ diagnostyczna niewystarczajaca do ich
wprowadzenia w praktyce klinicznej. Jednakze, podobnie jak we wczesniejszej
literaturze, zaobserwowano popraweg wskaznikow wartosci diagnostycznej po
zwigkszeniu poziomu odciecia dla diagnozy LEAD, a takze po wykorzystaniu do
diagnozy analizy fali tetna.

Streszczenie w jezyku angielskim

Lower limb arterial disease (LEAD) is most commonly caused by atherosclerotic
lesions. Some patients present with the typical symptoms of claudication, but a large
proportion of patients, especially in the early stages of the disease, present with atypical
symptoms or are completely asymptomatic. LEAD increases the cardiovascular risk of
patients, regardless of the presence of symptoms. The measurement of the ankle-brachial
index (ABI) is used as an initial test in the diagnosis of LEAD. The traditional method of
measuring ABI uses a Doppler probe, which requires staff training before its introduction
into clinical practice. In addition, the patient should rest before the traditional
measurement is performed. Automatic ABI measurement devices offer the possibility of
performing the test without lengthy staff training, and some of them also reduce the time
required to perform the test.

This paper presents data on the prevalence of LEAD in the general practice
population, as well as the prevalence of typical LEAD symptoms, concomitant diseases
and risk factors in these patients. A comparison between traditional measurements and
automated measurements carried out by plethysmography using the Dopplex Ability
(Huntleigh Healthcare) is also presented. An analysis of the available literature comparing
automated and traditional ABI measurements is presented.

290 patients of primary care practice over 50 years of age were examined. 75.3%
of the population were female, 24.7% male. The population showed 71.7% of smokers
and 73.7% of patients with abnormal BMI. In the population studied, 16.8% of patients
had abnormal ABI level in the traditional measurement method, which was diagnostic for
LEAD. Abnormal ABI level in the automatic measurement was found in 5.9% of the
examined population. Only 10.3% of patients had typical LEAD symptoms, expressed by
a positive Edinburgh questionnaire result.
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According to an analysis of the available literature, automatic measurements
performed using the oscillometric method have the potential to become useful in clinical
practice. Fewer publications are available on plethysmographic measurements. A
comparison of automated photoplethysmographic measurements with traditional
measurements shows promising results, while a comparison of measurements using
pneumatic plethysmography shows less agreement with traditional measurements and less
diagnostic value. The literature suggests that increasing the cut-off level for LEAD
diagnosis in automated measurements increases their diagnostic value. In the case of
devices using pneumatic plethysmography, using pulse wave analysis together with ABI
levels for diagnosis also improves their diagnostic ability. In the comparison conducted
between traditional and automated measurements (Dopplex Ability), higher ABI values
were observed in automated measurements and the diagnostic ability was insufficient for
their implementation in clinical practice. However, as in the previous literature, an
improvement in diagnostic ability indices was observed when the cut-off level for LEAD
diagnosis was increased and pulse wave analysis was used for diagnosis.
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Automated Measurements of Ankle-Brachial Index: A Narrative Review
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Abstract: Peripheral artery disease (PAD) is an atherosclerotic disease that causes obstruction in
lower limb arteries. It increases cardiovascular risk even in asymptomatic patients. Accurate
diagnostic tools for identification of affected individuals are needed. Recently, there have been
attempts to establish a reliable method of automated ankle-brachial index (ABI) identification. A
search of PubMed database to identify studies assessing automatic ABI measurements in agreement
with standard PAD diagnosis methods was conducted in December 2020. A total of 57 studies
were analyzed in the review. The majority of analyzed studies found ABI measured by automatic
oscillometric devices to be potentially feasible for use. Some note that, even though the Doppler
and oscillometric methods are not fully interchangeable, the oscillometric devices could be used in
screening. Significantly fewer publications are available on automatic plethysmographic devices. For
photoplethysmography, most studies reported either good or moderate agreement with reference
standards. For air plethysmography, poorer agreement with Doppler ABI is suggested. It is noted
that pulse volume recording (PVR) function may improve the diagnostic accuracy of the devices.

Keywords: peripheral artery disease; ankle-brachial index; automated ABI measurement; plethys-
mographic ABI; oscillometric ABI

1. Introduction

Peripheral artery disease (PAD) is an atherosclerotic disease that causes obstruction
in lower limb arteries. The prevalence of the disease among patients 40 years and older
ranges from 3.1% to 5.5% [1]. The disease is more common among older patients, with
rates among males at the age of 80 rising to the 20% range [2]. Prevalence of the disease is
also significantly higher in diabetic patients [1]. Symptoms of PAD range from intermittent
claudication to critical limb ischemia, which can lead to amputation. However, even up to
50% of the affected patients can be asymptomatic [3]. Unfortunately, the asymptomatic PAD
patients also have increased cardiovascular risk [4]. Accurate diagnostic tools and efficient
identification of affected individuals are therefore needed as early as at the primary care
level. PAD treatment consists largely of adequate cardiovascular risk management, which
can and should be introduced in the general practice. However, it has been demonstrated
that PAD patients are often undertreated [5].

For initial PAD diagnosis, ankle-brachial index (ABI) is often used, as it is non-invasive
and less expensive and more accessible than imaging studies. It can be performed at
the primary care facilities to identify individuals needing further investigation. ABI is
calculated by dividing systolic blood pressure at the ankle by the systolic blood pressure at
the arm. The blood pressure at the ankle is traditionally taken with use of a pneumatic cuff
and a continuous-wave Doppler probe (Figure 1). The cuff is placed above the subject’s
ankle and inflated until the blood flow in the ankle arteries ceases, and is then deflated
until a reappearance of the flow can be noted. The cessation and reappearance of the
flow are manifested in the sound and visual signal produced by the Doppler probe. The
reappearance of the signal is noted as systolic blood pressure at the limb. The test is
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non-invasive; therefore, it may also be used in the asymptomatic population, especially in
high-risk groups. However, according to several studies, the test is often under-utilized
or performed incorrectly in general practice [5-7]. The barriers for use of the ABI test
as perceived by primary care personnel are time and staff constraints, availability of the
equipment, and the need for training [7-9]. The training seems to be an important factor,
given that only a short course on Doppler ABI measurement does not ensure precise ABI
results [6]. The patients who could benefit from the test are therefore often referred to
secondary care [5].

Figure 1. Doppler ABI measurement.

In the past years, there have been attempts to establish a reliable method of automated
ABI identification that could prove especially useful in primary care, as it eliminates im-
portant limitations, such as time constraints and the need for personnel training. Methods
such as oscillometric devices or devices using either air- or photoplethysmography (PPG)
have been developed.

In the oscillometric method, a cuff is placed on the subject’s limb and then inflated
until there is no blood flow in the artery recorded. Then, the cuff is slowly deflated. As
the blood flow returns to the limb, blood flow starts to be recorded as oscillations in the
cuff’s pressure. The maximum flow oscillations are recorded during the cuff deflation and
interpreted as the average of the systolic and diastolic blood pressure, which is then used
to estimate the systolic blood pressure [10].

In the photoplethysmographic method, a photosensor is used to detect the blood flow
in the lower limb arteries. The sensor emits infrared light and records its reflection from
the blood flow. During the measurement, a pneumatic cuff is placed above the subject’s
ankle, inflated until the blood flow is fully obstructed, and then deflated. The cuff pressure
at the moment when the sensor detects the reappearance of the blood flow to the artery is
recorded as systolic pressure [11].

In the air plethysmography method, also known as volume plethysmography, a device
with dual-chamber cuffs is used (Figure 2). The upper chamber occludes the blood flow in
the limb artery by increasing pressure in the cuff until it exceeds the pressure in the artery,
after which it gradually decreases the cuff pressure, slowly allowing for the reperfusion.
The lower chamber detects changes in limb volume with the blood flow disturbances
and detects the volume increase when the blood flow through the artery is restored. The
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pressure in the upper chamber at the time of the blood flow restoration is recorded as
systolic pressure [12].

Figure 2. Volume plethysmography ABI measurement with use of the Dopplex ABIlity system,
Huntleigh Healthcare.

Currently, the NICE and ESC guidelines recommend using Doppler devices over
automated ABI measurement for PAD diagnosis [13,14]. AHA recommendations are in
line with the aforementioned guidelines, pointing to pressure overestimation and inability
to detect low pressures by oscillometric devices [15]. The same can be said of the more
recent guidelines by the European Society of Vascular Medicine, which point to the fact
that while alternative methods correlate well in healthy subjects, they tend to have poorer
correlation in the lower range of ABI results [16]. The most recent guideline on PAD is
the Asia-Pacific Consensus Statement published in August 2020, which supports ABI as
a diagnostic method for PAD; however, it does not take a stance on the automatic ABI
measurements, nor does it report any new advances on the topic [17]. However, given
the potential for broad use of the automatic devices, especially in primary care, they are
still widely studied. Some of the newly produced devices combine ABI measurement with
other diagnostic modalities, such as pulse volume waveform (PVW) analysis, to improve
their diagnostic ability.

To our knowledge, there have been previous reviews that aimed to assess the accuracy
of oscillometric ABI devices, as well as reviews on ABI measurements in general that
included studies with both oscillometric and plethysmographic ABI as the measurement
method. However, there have been no reviews with plethysmographic ABI device assess-
ment as the main aim. The last review with automatic measurement assessment as the main
aim was published in 2017. Since then, new reviews have been published that included
studies on automatic ABI measurements; however, their assessment was not the main goal
in those works. This narrative review aims to gather available information on both of the
methods, their accuracy, and agreement with the traditional diagnostic methods.

2. Materials and Methods

A PubMed search was conducted in December 2020, with search terms aimed to iden-
tify publications assessing the accuracy and validity of automatic ABI devices for resting
ABI assessment. Terms for automatic ABI measurement, oscillometric ABI measurement,
and plethysmographic ABI measurement were used, combined with terms for accuracy,
validity, and Doppler ABI measurement. The full list of search terms is available in Table 1
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below. The references of the papers included in the review were also screened for relevant
publications. Available systematic reviews on the topic of automatic measurements were
analyzed, and their results were presented in the paper.

Table 1. Full list of search terms used in the review.

No Search Term
1 oscillometric ABI
2 oscillometric ankle-brachial index
3 plethysmographic ABI
4 plethysmographic ankle-brachial index
5 automated ABI
6 automated ankle-brachial index
7 automatic ABI
8 automatic ankle-brachial index
9 doppler ABI vs. automatic ABI
10 doppler ankle-brachial index vs. automatic ankle-brachial index
11 doppler ABI vs. oscillometric ABI
12 doppler ankle-brachial index vs. oscillometric ankle-brachial index
13 doppler ABI vs. plethysmographic ABI
14 doppler ankle-brachial index vs. plethysmographic ankle-brachial index
15 automatic ABI validation
16 automatic ankle-brachial index validation
17 oscillometric ankle-brachial index validation
18 plethysmographic ankle-brachial index validation
19 automatic ABI validity
20 automatic ankle-brachial index validity
21 oscillometric ankle-brachial index validity
22 plethysmographic ankle-brachial index validity
23 doppler ABI vs. automated ABI
24 doppler ankle-brachial index vs. automated ankle-brachial index,
25 automated ABI validity
26 automated ankle-brachial index validity
27 automated ABI validation
28 automated ankle-brachial index validation
29 doppler ABI vs. plethysmography ABI
30 doppler ankle-brachial index vs. plethysmography ankle-brachial index
31 plethysmography ankle-brachial index validation
32 plethysmography ankle-brachial index validity

There was no study exclusion based on publication year. Studies that analyzed
automatic resting ABI measurements in agreement with any of the standard PAD diagnosis
methods were included. Studies that did not perform a direct comparison to a standard
method of diagnosis were excluded. Studies in languages other than English were excluded;
however, where available, abstracts in English were taken into account.

3. Results
3.1. Literature Search Results

A total of 1361 records were identified in the search, including 79 records published
in 2020. Abstract analysis and duplicate exclusion showed 66 articles on oscillometric
measurements and 19 articles on plethysmographic measurements that qualified for a
full-text review. The reasons for record exclusion based on abstract analysis were lack
of automatic ABI measurement analysis (i.e., articles that concentrated only on Doppler
ABI measurements) or lack of comparison to another established diagnostic modality.
After the full-text review, 22 of the studies on oscillometric devices and 5 studies on
plethysmographic devices were excluded based on not meeting the eligibility criteria
(Figure 3). The studies were not excluded on the basis of study type (e.g., randomized
versus cross-sectional study). Language of the full text paper other than English was
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considered a reason for exclusion. In some instances, lack of comparison to another
established diagnostic modality was not clearly established in the paper’s abstract; in those
cases, the papers were excluded after full-text analysis.

1361 records
identified in the
initial search

1276 records excluded as
duplicates or irrelevant
based on abstract analysis

85 papers included
in full-text analysis

28 papers excluded after
full-text analysis

57 papers included
in the review

Figure 3. Search and study selection process.

3.2. Automatic Oscillometric Devices

Forty-three studies comparing automatic the oscillometric method to traditional PAD
diagnosis underwent a full-text analysis. The vast majority of the works were cross-
sectional studies, along with some case-control studies and prospective observational
studies. The assessment of the validity varied among the sources. The lowest recorded
sensitivity was at 20% [18], while the highest was at 97% [19]. The lowest recorded
specificity was at 68.1% [20], and the highest was at 100% [21,22]. Ten of the studies did
not provide data on sensitivity and specificity.

Among the publications analyzing oscillometric ABI measurements, only some of
the studies used devices created specifically for ABI identification, while others used
blood pressure measurement devices instead. The majority of the publications compared
the results to ABI obtained by Doppler method. Other reference standards were com-
puted tomography angiography (CTA) and ultrasound; one study performed catheter
angiography on the symptomatic patients. The populations enrolled in the studies varied
from the general population to vascular clinic patients or participants with cardiovascular
risk factors.

The majority of analyzed studies found ABI measured by automatic oscillometric
devices to be potentially feasible for use in the general population. Some noted that
even though the Doppler and oscillometric methods were not fully interchangeable, the
oscillometric devices could be used in outpatient screening [23,24]. In the studies that
did not endorse the oscillometric ABI use, the results showed poor agreement with the
Doppler technique [25,26], substantial variation of the results [26], and insufficient accuracy,
especially in subjects with low ankle pressures [27].

There are important limitations to oscillometric measurements. Some of the studies
show that oscillometric ABI is potentially less reliable in diabetic patients with increased
vascular stiffness and in patients with very low ABI values. Ichihashi et al. found oscillo-
metric ABI values higher than Doppler ABI at low ankle pressure, although the authors
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did not suggest lower diagnostic accuracy in that setting. However, the paper did indicate
potentially lower diagnostic ability in diabetic patients [28]. Diehm et al. found limited
correlation with Doppler ABI in diabetic patients and in critical limb ischemia [29]. In the
study by Sinski et al., a trend towards larger differences between oscillometric ABI and
Doppler ABI in patients with lower ABI values was found. The authors concluded that
ABI is not sufficiently reliable in patients with high cardiovascular risk [30].

Some of the studies observed that oscillometry has a tendency to provide higher
ABI values than Doppler [21,29,31]. However, Diehm et al. found that the correlation
between measurements remained the same in the entire range of values [29]. Due to those
differences, a higher cutoff point for oscillometric ABI was suggested [20,21,28,32]. For
optimal sensitivity and specificity, Kollias et al. suggest a cutoff point of 0.97 [32], and in
diabetic patients, Clairotte et al. suggested a cutoff value between 1.0 and 1.1 [20]. It was
also suggested that when error notifications and failures to measure are considered equal
to an abnormal result, the accuracy of oscillometric ABI is improved [33].

Among the potential Doppler ABI limitations that could be avoided with use of
automatic measurements, time restraint seems evident. Studies that compared time needed
to perform both methods found that the average time needed for automatic oscillometric
measurements was significantly lower than in Doppler measurements [34,35]. In the study
by Span et al., the measurements performed by Doppler were seven times longer than
the automatic ones [35]. Another existing limitation of Doppler ABI is the necessity for
thorough personnel training. Vega et al. found that if the measurements were performed by
inexperienced personnel, oscillometry provided more accurate values than the traditional
method [19].

3.3. Automated Plethysmographic Devices

Fourteen studies analyzing the validity of plethysmographic ABI devices underwent
full-text analysis. There were no systematic reviews or meta-analyses identified that concen-
trated solely on the topic of automated plethysmographic ABI measurement. The identified
studies on plethysmographic devices were in majority cross-sectional or case—control stud-
ies in design. Among the studies comparing plethysmographic ABI performance with
reference standards, the lowest recorded sensitivity was at 20% [36], and the highest was at
100% [37,38], although it is important to note that one of these studies used a mathematical
algorithm to identify PAD individuals [37], and the other reported such a high level of
sensitivity only when ABI was used in conjunction with PVW analysis and the ABI result
by itself was less sensitive [38]. The lowest recorded specificity was at 76% [38]; this was
a result obtained by assessing the validity of ABI in conjunction with PVW analysis. The
highest recorded specificity was at 100% [37], found in a study obtaining PAD diagnosis
with use of an algorithm. Six of the studies presented no data on sensitivity and specificity.

The reference tests used in the studies were either Doppler ABI or duplex ultrasonog-
raphy. The populations examined in the studies were healthy subjects, patients with
confirmed PAD, or subjects with known cardiovascular risk factors.

For PPG assessment, most studies reported either good or moderate agreement with
the reference standard (Table 2). Teren et al. assessed PPG devices as feasible for epidemi-
ological studies [39]. Sadiq et al. found good agreement between PPG and Doppler and
endorsed the PPG method for routine use [40].
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Table 2. Studies on photoplethysmography ABI devices. ~Abbreviations: ABI—ankle-brachial index, PPG—

photoplethysmography:.
No. Author/Year Reference Device Sensitivity Specificity Author Conclusions
1 Arnold et al., 2020 [41] Doppler ABI Masimo Rad-97 n/a n/a High level of agreement.
Moderate concordance with
2 Teren etal.,, 2013 [39] Doppler ABI Vascular Explorer and Vicorder n/a n/a E;g;"’;lf :ﬁfis-fre\nlgggclyhﬁ::—
Doppler ABL
Excellent diagnostic value.
3 Beutner et al., 2012 [42] Doppler ABI Vascular Explorer and Vicorder 75%, 85%, 80% 1 96%, 89%, 98% 1 Tendency for higher values in
PPG than Doppler ABL
4 Khandanpour et al., 2009 [11] Doppler ABI Viasys VasoGuard MicroLite n/a n/a A PmT{:T;’gp ;Iltee:nahve
5 Alnaeb et al., 2008 [43] D"ggl';;x”‘:z'ai“d Custom PPG probe 86% 85% Canbensed to idently patients
6 Alnaeb et al., 2007 [44] Doppler-Abland Custom PPG probe 83% 71% Fromising technique-for
duplex scan diabetic patient assessment.
7 Jonsson et al., 2005 [37] Doppler ABI Custom PPG probe 100% 100% F&%ﬁfqﬂ‘;‘:gﬁgﬁ?:&g\t
8 Sadiq et al., 2001 [40] Doppler ABI Healthwatch n/a n/a Rec""‘n’)‘l‘fg“_l‘i"ga;‘i’sf‘se on

! Depending on device and deflationary/ inflationary method.

Similarly to oscillometric measurements, PPG tends to provide higher values than
Doppler ABIL Teren et al. suggest that the cutoff for the abnormal ABI level should be
adjusted [39]. Beutner et al. found the agreement between PPG and Doppler ABI to be
better with 1.1 cutoff for PPG measurements [42].

Some of the studies analyzed time required to perform a PPG ABI assessment. While
Teren et al. found no time advantage over the Doppler technique [39], Sadiq et al. found the
PPG method to be quicker than the traditional one [40]. This may be due to the difference
in equipment used in the studies.

It is important to note that not all devices used in the above studies for PPG ABI
determination were fully automatic ABI devices; many of the papers analyzed the technique
as a potential method of ABI determination.

For air plethysmography, all of the identified studies analyzed the same model of the
device (Table 3). Millen et al. found that the device showed accuracy and repeatability at
suboptimal levels [45], while van der Slegt et al. pointed to higher ABI values obtained with
plethysmography and described the device as not applicable clinically [46]. Babaei et al.
described air plethysmography specificity as excellent, along with the specificity of Doppler
ABI and pulse volume waveform assessment; however, the sensitivity of plethysmography
was the lowest of the three methods analyzed [36].

Table 3. Studies on air plethysmography ABI devices. Abbreviations: ABI—ankle-brachial index, PVW—pulse volume
waveform, PAD—peripheral artery disease.

No. Author/Year Reference Device Sensitivity Specificity Author Conclusions

Not sufficient as standalone test. Potentially
useful for identifying individuals needing
further assessment after adjusting cutoff

1 Babaci et al., 2019 [36] Doppler ABI Dopplex Ability 20%, 40% ! 95.6%, 79.9% ! value. The study also analyzed PVW
qualitative assessment, which was found to
be more effective than ABI.
Doppler and Not accurate. The study also analyzed PVW
2 Millen etal., 2018 [45] plethysmography Dopplex Ability 59% 2 86% 2 qualitative assessment, which was found to
based ABI device be more effective than ABI.
v oy i When combined with PVW analysis, can be
38 9% %o = .
3 Lewis et al., 2016 [38] Duplex scan Dopplex Ability 79% 91 highly accurate to rule out PAD.
i N N Titw Not applicable in
4 Van der Slegt et al., 2016 [46] Doppler ABI Dopplex Ability n/a n/a ost-operative measurements.
Unclear whether it can be used as
T - . ’ i o ) o HEepS standalone method. Potentially useful for
5 Davies etal., 2015 [12] Doppler ABI Dopplex Ability 70%, 98% 96%, 75% identifying individuals needing further
assessment after adjusting cutoff value.
6 Lewis et al., 2010 [47] Doppler ABI Dopplex Ability n/a n/a Potential for PAD screening in primary care.

! With 1.2 cutoff for plethysmography. 2 Respectively 56% and 82% according to the abstract. > With 1.04 cutoff for plethysmography.

The studies that included PVR assessment apart from ABI measurement, found that
component to be more diagnostically accurate than ABI measurement alone [36,38,45].
Lewis et al. concluded that combining both methods is a highly accurate PAD exclusion
modality [38].
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Some of the studies suggested that while air plethysmography devices cannot be
considered a standalone PAD diagnostic method, they might prove useful for identifying
individuals needing further assessment. They suggested using a higher ABI value cutoff
for that purpose [12,36].

4, Discussion
4.1. Accuracy of Automated Devices

The current PAD guidelines do not recommend the general use of automatic devices,
potentially because summarizing all available information does not give a clear answer on
their applicability in clinical settings.

While there is a good number of publications on oscillometric ABI devices, the results
obtained by the researchers varied from finding good agreement to weak agreement with
reference standards. It is important to analyze the reason for such differences in the results
and whether potential limitations in oscillometric ABI devices should exclude them from
general use.

Interestingly, in the studies that do not endorse oscillometric ABI measurements in
clinical practice, either a standard blood pressure measuring device was used instead
of an ABI targeted one, or the population consisted of vascular or cardiovascular clinic
patients. Only one study that found poor agreement with the reference standard did
not have any of the above features; however, its population consisted of coronary artery
disease patients [30]. Less accurate results in the aforementioned studies may be due to
the fact ABI targeted devices have the potential to provide better diagnostic results than
regular blood pressure devices, possibly due to simultaneous measurements in the former.
Furthermore, the vascular clinic patient population typically presents with lower ABI
levels, and oscillometric ABI has a tendency to be less reliable in low ABI ranges [21,31,48].
Diagnostic accuracy of the device can vary in specific populations. A systematic review
by Herraiz-Adillo et al. showed higher sensitivity of oscillometric ABI measurements
in vascular services and higher specificity in primary care [49] Some studies conclude
that while the oscillometry ABI agreement with the reference standard is weak, it could
still be used in screening [23,24]. Further studies are needed to evaluate whether device
refinements, cutoff adjustments, and limitations of the population qualified for testing will
be enough to use oscillometric ABI devices as reliable testing alternatives.

The most recent systematic review and meta-analysis that concentrated solely on
assessing automatic ABI accuracy against reference tests was published in 2017 and yielded
positive results, deeming oscillometric ABI as accurate and feasible enough to be useful
for PAD diagnosis [49]. The latter was connected to the shorter time needed to perform
measurements and a shorter learning curve. The meta-analysis found that global sensi-
tivity and specificity of oscillometric ABI measurements in analyzed studies were 65%
and 96%, respectively. It also pointed to lower accuracy of measurements in diabetic
patients [49]. Since then, a systematic review and meta-analysis on ABI and TBI accuracy
has been published, including studies that performed automatic ABI measurements as
well. The review points out that in a subgroup analysis of automated and Doppler ABI,
similar diagnostic accuracy was found. In the meta-analysis, automatic ABI sensitivity and
specificity against reference standard tests were 62% and 92%, respectively [50]. Another
systematic review on general ABI reliability was published in 2019, and it reported three
studies that used automatic measurements: one with a plethysmographic device, one with
an oscillometric device, and one with ABI measured with Doppler probe and TBI measured
by means of plethysmography. The review noted marginally better reliability in automatic
measurements compared to the manual ones [51]. Furthermore, the Cochrane Database
systematic review on both oscillometric and Doppler measurements of ABI suggests that
automatic oscillometric measurement may even be more accurate than Doppler when
used by untrained individuals. However, based on the selection criteria, the review only
included one study [52]. Another systematic review and meta-analysis reports that while
values provided by oscillometric measurements have a tendency to be higher, they still
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appear to be feasible and accurate [53]. Since the last systematic review with automatic
ABI measurement assessment as the main aim, several new works have emerged, with
a great majority of them concluding that automatic oscillometric ABI is a reliable tool,
especially in primary care settings [48,54-58]. This could show that with time and advances
in automatic ABI device development, this diagnostic modality has become more refined,
and thus, a larger proportion of the studies have begun to find it feasible in clinical care.
Among the papers assessing oscillometric ABI feasibility published from 2017 forward,
only one study, by Homza et al., found automatic measurements to be suboptimal and
useless for screening due to low sensitivity and poor negative predictive value [59]. The
study was performed exclusively on diabetic patients, and it could be concluded that
the specific population was the reason for the negative result, especially since previous
studies have shown that a lower accuracy is to be expected in the diabetic population.
However, two other recent studies on diabetic patients have shown oscillometric ABI to be
reliable even in that population [34,48], so the question arises whether the results might
be device-dependent or other variables have come into play. Another interesting study
was published in 2019, analyzing the capacity of oscillometric ABI to predict all-cause
mortality rather than comparing it to Doppler ABI solely as a PAD diagnosis tool. The
study showed that the abnormal result of oscillometric ABI measurement was predictive
for all-cause mortality with higher capacity than abnormal Doppler ABI, independently
from cardiovascular risk factors [60].

Assessment of automatic plethysmographic ABI devices is more difficult, with a
sparse amount of material available on the subject. PPG seems to be promising, with many
of the studies reporting good or moderate agreement with reference standards. It seems
that PPG might pose the same sort of difficulties as oscillometric measurements. Studies
show higher ABI values obtained in PPG than in Doppler, so an adjustment of the ABI
cutoff might be needed [39,42]. There is almost an equally limited amount of material
on air plethysmography. Some of the studies show air plethysmography as less reliable
than other methods, with two publications endorsing it only for the initial identification of
at-risk individuals [12,36]. However, especially in the primary care setting, such limited
use might still prove beneficial. Additionally, some of the air plethysmography devices
also offer PVR assessment, which is a factor improving diagnostic accuracy [38].

4.2. Resting ABI limitations

When standardized methodology is applied, resting ABI is considered the first-line
diagnostic test for PAD, and its diagnostic performance in detecting >50% stenosis is
considered reasonably good. However, it is important to note that while resting ABI
specificity is consistently high, standing at 83 to 96% in different studies, sensitivity varies
and is considerably lower in most studies, standing at 61 to 73% [61].

It has been observed in previous studies that resting ABI sensitivity may be limited by
several factors. ABI results can be falsely elevated in the presence of artery calcification,
which makes the vessels less compressible, for example, in patients with diabetes or chronic
kidney disease [62].

Sensitivity of the test also depends on the ABI threshold used to diagnose PAD. It is
generally agreed that the basic threshold for PAD diagnosis is an ABI result lower than
0.9; however, the values between 0.9 and 1.0 are considered borderline and should be
interpreted along with the information on the clinical probability of the disease, or ideally,
confirmed with another test as they do not rule out the possibility of disease [15].

Post-exercise ABI measurement, performed after a treadmill test or repeated plantar
flexion, improves ABI sensitivity, and can be particularly useful in cases of borderline
resting ABI and in patients with normal ABI presenting with typical PAD symptoms [61].
A study by Mahe et al. observed that in the borderline resting ABI patient group, one
third of the patients had an abnormal postexercise ABI result [63]. In the case of post-
exercise measurements of ABI in healthy patients, a mild decrease in ABI level is observed
immediately after exercise, followed by a rapid increase to normal values in the following
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1-2 min. In the presence of PAD, the post-exercise ABI level decrease is more prominent
and lasts longer than in the healthy patients [15]. The current AHA criteria for postexercise
ABI measurements diagnostic for PAD are a postexercise decrease in blood pressure higher
than 30 mm Hg or ABI decrease higher than >20% [61]. Recent studies show that these
criteria might not be optimal in terms of sensitivity, given that an exercise ABI of less than
0.9 has an 88% sensitivity to detect >50% and >75% stenoses, higher than either of the
criteria proposed by AHA. However, there is a significant trade-off in specificity to be
considered, with exercise ABI < 0.9 specificity to detect stenosis found at 26% and 31% for
75% and 50% stenosis, respectively [64]. Nevertheless, exercise ABI allows for the correct
diagnosis of a higher number of PAD cases than the resting ABI [64].

Furthermore, in patients with potentially increased arterial stiffness by calcification,
the toe-brachial index (TBI) may be a more suitable diagnostic test than ABI. Studies show
that its diagnostic accuracy does not differ in patients with diabetes versus patients without
diabetes [62].

5. Conclusions

Even though there are important limitations to consider, many of the studies on
oscillometric measurements find them feasible and correlating with previous diagnostic
modalities. The PPG method seems promising; however, few studies have analyzed fully
automatic PPG ABI devices. Future studies may give clinicians more insight into PPG
feasibility. Air plethysmography was the least reliable of the analyzed methods; however,
the devices with PVR assessment function could be useful in initial screening.

In the analysis of feasibility of a device, it is important to take the setting in which
it will be mostly used into account. Automatic ABI devices will mostly be needed in
settings such as primary care, where the personnel are normally not well acquainted with
performing specialized diagnostic methods. In such settings, adequate initial assessment
of the broad population might be more important than identification of the stages of
the disease or decision on borderline cases. A device that is only feasible for screening,
which would be suboptimal in a specialized setting, still can be very useful in primary
care. Further studies might show the exact populations and clinical situations in which
automatic ABI measurements are applicable.
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Background: The ankle-brachial index (ABI) is a critical diagnostic test for peripheral artery disease (PAD), albeit requiring
technical expertise and dedicated resources. The advent of automatic ABI devices proposes a more accessible
approach, necessitating fewer resources and less expertise. This study was conducted to gather data on PAD
prevalence and to evaluate the correlation and efficacy of automatic ABI measurements vs traditional Doppler
ABI measurements to understand their potential role in primary care settings.

Material/Methods: ABI measurements were obtained using both the Doppler method and an automatic plethysmographic device
(Dopplex ABIlity, Huntleigh Healthcare).

Results: Of the 290 participants (mean age 67.6+7.4 years), Doppler ABl method identified 16.8% with abnormal results
(<0.9), while the automatic method identified only 5.9%. The mean Doppler ABI was 1.05+0.15, and the mean
automatic ABI was 1.12+0.13. The sensitivity of the automatic ABI measurements was 22.2%, and the specifici-
ty was 96.8%, with a positive predictive value of 57.1%, and a negative predictive value of 86.9%. Adjustments
in the automatic assessment and inclusion of pulse wave velocity enhanced the diagnostic capabilities of the
automatic ABI device.

Conclusions: While the automatic plethysmographic ABI device may lack the necessary diagnostic capabilities to replace the
traditional Doppler ABI device as a standalone test in PAD diagnosis, it could still offer significant value in pri-
mary care settings if integrated with adjusted cut-off points and pulse wave velocity analysis.
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Background

Peripheral artery disease (PAD) is an atherosclerotic disease
that most commonly affects the arteries of the lower extrem-
ities. In 2015, the estimated total number of cases of PAD
worldwide reached 236 million, with the numbers continuing
to rise [1]. PAD in the lower extremities is referred to as lower
extremity arterial disease (LEAD). Symptoms can range from
claudication to critical limb ischemia, sometimes leading to
limb loss and even death [2]. Approximately 20% to 50% of
patients with PAD are asymptomatic [2]. Due to nonspecific
early symptoms and commonly asymptomatic presentation,
the disease often remains undiagnosed or misdiagnosed [3].
Still, even in the asymptomatic stage, PAD increases cardio-
vascular risk and overall morbidity [4,5].

The ankle-brachial index (ABI) is recommended as the first-
line noninvasive test for PAD in the lower extremities [6,7].
However, the traditional method of ABI measurement using a
Doppler probe requires training and is time-consuming [6,8,9].
To address these challenges, automatic devices for ABI mea-
surement have been developed to simplify the technique and
provide consistent results [10-13]. Although there is promis-
ing evidence for oscillometric automatic devices, studies on
plethysmographic devices are limited [11-13].

Automatic measurements have certain limitations, such as re-
duced accuracy in diabetic patients and overall higher values
than those obtained with the Doppler ABI device [14,15]. Current
guidelines recommend the use of traditional Doppler methods
for ABI measurement over the use of automatic devices [6,16].
Nevertheless, research continues to assess the accuracy of new
devices. This study aimed to evaluate the accuracy of automatic
ABI measurements performed with the method of air plethys-
mography compared with those of Doppler ABI measurements.

Material and Methods

Study Population

Patients aged 50 years or older from a primary care clinic were
invited to participate in the study. The inclusion criteria were
an appropriate age and the ability to provide consent for study
participation. Exclusion criteria included post-limb amputation,
marked edema in either foot, skin lesions preventing the use
of a blood pressure cuff, and the inability to remain supine
during the examination.

Methods of Examination

Informed consent was obtained from all study participants. The
examiner gathered the patients’ history, including information
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on PAD history, smoking, hypertension, diabetes, atrial fibril-
lation, coronary disease, chronic kidney disease, and med-
ication usage. The researcher administered the Edinburgh
questionnaire, a standardized tool, to assess participants for
PAD symptoms. The Edinburgh questionnaire aims to iden-
tify typical claudication symptoms of PAD by asking partici-
pants about the presence of pain in the lower limbs and the
situations in which the pain occurs and resolves. While the di-
agnostic value of the Edinburgh questionnaire has been pre-
viously assessed as weak [17], in this study, it was used to
assess the presence of typical symptoms rather than as a di-
agnostic modality.

The examiner palpated the femoral, posterior tibial, and dorsa-
lis pedis pulses, which are typically examined when suspecting
LEAD. Carotid and femoral arteries, as well as the abdominal
aorta, were auscultated to search for murmurs and physical
examination signs of atherosclerosis in vascular beds. The pa-
tients’ weight and body mass index (BMI) were assessed using
the Tanita MC780-MA device. Any BMI above 25.0 was cate-
gorized as abnormal.

For Doppler ABI assessment, the patients’ arm blood pressure
was manually measured with a sphygmomanometer, on both
arms. Subsequently, ankle-level blood pressure on both legs
was measured using a Doppler probe (Dopplex DMX Digital
Doppler, Huntleigh Healthcare) to detect a signal on the pos-
terior tibial artery. The higher of the 2 arm blood pressure
values was used for ABI calculation in each leg. An automat-
ic ABI measurement was then performed using the Dopplex
ABility Automatic ABI System (Huntleigh Healthcare) device.
ABI values below 0.9 were considered abnormal, and val-
ues above 1.3 were considered non-diagnostic. The Dopplex
ABility device also provided a pulse volume waveform (PVW)
graph, which was assessed by the researchers as normal or
abnormal. The sensitivity, specificity, positive predictive val-
ue (PPV), and negative predictive value (NPV) were calculated
for the automatic device using Doppler ABI results as the ref-
erence standard. These parameters were first assessed using
the standard 0.9 ABI cut-off point and subsequently recalcu-
lated for other cut-off points from the literature. The sensitiv-
ity, specificity, PPV, and NPV were also recalculated for a joint
analysis of automatic ABI and PVW, again using Doppler ABI
as the reference standard.

The study received approval from the Bioethical Committee of
the Medical University of Bialystok, Poland.

Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics 25

software. Data normality was assessed using the Shapiro-Wilk
test, and most ABI results showed an abnormal distribution,
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Table 1. Demographics of the study participants.

Male sex
Female sex

Risk factors

Smoker

Abnormal body mass index

CLINICAL RESEARCH

n %

741 24.7%
217 75.3%
208 71.7%
213 73.7%

Hypertension

Diabetes

Acute coronary incident

Transient ischemic attack

Medication
Glucose lowering medication
Antiplatelet medication

Anticoagulants

Blood pressure |

185 63.8%
,,,,,,,,,,,,,,,,,,,,,,, S e
"""""""""""""""" s 1%
""""""""""""""" B3 as%
e 2
AAAAAAAAAAAAAAAAAAAAAA — -
""""""""""""" s 7%
777777777777777777 57 19.7%
"""""""""""""""" 8 6%
"""""""""""" s ela%

Previous PAD diagnosis and treatment

Positive Edinburgh questionnaire

Abnormal Doppler ABI

Abnormal automatic ABI
 Non-diagnostic Doppler ABI

Non-diagnostic automatic ABI

6 2.1%

30 10.3%

48 . 16.8%

14 ‘ 5.9%
"""""""""""""" s 1.4%
""""""""""""" 8 34%

ABI - ankle-brachial index; PAD — peripheral artery disease.

Results

except for Doppler ABI results on the right legs. The correla-
tion between abnormal ABI and patient characteristics and the
correlation between the 2 methods of ABI measurements were
assessed. For assessing the agreement between automatic ABI
measurements and Doppler ABI measurements, the Wilcoxon
test was used, owing to the lack of normality in the assessed
data. The Pearson correlation coefficient was used to assess
the correlation between automatic and Doppler measurements.
The level of statistical significance was set at =0.05, with P
values <0.05 considered statistically significant.
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Demographic Data

The demographic data of the participants in the study are
presented in Table 1. The study included 290 patients, with a
mean age of 67.6+7.4 years; 24.7% were men and 75.3% were
women; and 71.7% of patients were current or past smokers.
A total of 28 patients (9.7%) had coronary heart disease, 185
(63.8%) had hypertension, 46 (15.9%) had diabetes, 4 (1.4%)
had chronic kidney disease, and 28 (9.7%) had atrial fibrilla-
tion. Additionally, 13 patients (4.5%) had experienced a previ-
ous acute coronary incident, 3 (1%) had a transient ischemic
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Figure 1. Ankle-Brachial index level comparison in automatic
and Doppler measurements.

attack, and 6 (2.1%) had a history of cerebral stroke. Among
the patients, 50 (17.2%) reported regularly taking glucose-
lowering medication, 57 (19.7%) reported taking antiplate-
let medication, 18 (6.2%) reported taking anticoagulants, 178
(61.4%) reported taking blood pressure-lowering medication,
and 109 (37.6%) reported taking statins. Six patients (2.1%)
reported being previously diagnosed and treated for PAD. To
assess the presence of PAD symptoms, the Edinburgh ques-
tionnaire was administered, yielding positive results in 30 pa-
tients (10.3%). We found a significant correlation between a
positive Edinburgh questionnaire score and an abnormal auto-
matic ABI (Fisher’s exact test, P=0.02). However, there was no
statistically significant correlation between a positive Edinburgh
questionnaire and abnormal Doppler ABI (Fisher’s exact test,
P=0.299). We did not find a statistically significant correlation
between the use of PAD treatment medication and ABI val-
ues, for both automatic (y? test, P=0.68 for statins and Fisher’s
exact test, P=0.16 for antiplatelet medication) and traditional
(2 test, P=0.98 for statins and % test, P=0.11 for antiplatelet
medication) devices.

ABI Measurements

Doppler ABI measurements could not be obtained for 11 of
the 580 limbs, mainly due to patient discomfort during cuff
inflation. Automatic ABI measurements were not obtained for
131 of 580 limbs, mostly due to equipment error messages or
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patient discomfort during the examination. The mean auto-
matic ABI for both legs was 1.12+0.13, while the mean Doppler
ABI for both legs was 1.05+0.15. Abnormal Doppler ABI was
found in 16.8% of the study population. In the 50-65 year
age group, 13.5% of the population had abnormal ABI, while
in the 65-80 year age group, 19% had abnormal ABI, and in
the >80 year age group, 20% had abnormal ABI. For automat-
ic ABI, 5.9% had abnormal ABI, comprising 4.1% of the 50-65
year age subgroup, 6.8% of the 65-80 year age subgroup, and
1.25% of the over 80 year age subgroup. The mean level of ABI
in automatic measurements was higher than the mean lev-
el of ABI measured by Doppler (Figure 1), and the difference
was statistically significant according to the Wilcoxon test.
The level of effect, as indicated by the r value, was classified
as moderate (Table 2). Using the standard cut-off ABI level of
0.9, the sensitivity of automatic measurements was 22.2%,
and the specificity of automatic measurements was 96.8%.
The positive predictive value (PPV) was 57.1%, and the nega-
tive predictive value (NPV) was 86.9%. ABI results above 1.3
were considered non-diagnostic and were omitted for the cal-
culations of sensitivity, specificity, PPV, and NPV. The correla-
tion between automatic and Doppler measurements was as-
sessed using a Pearson correlation coefficient (Figure 2), and
a low positive correlation was observed between the measure-
ments, with r=0.23 for both limbs. We took into account pre-
vious publications that suggested different cut-off levels for
PAD diagnosis when using automatic ABl measurements. In
previous studies by Babaei et al and Davies et al, the optimal
ABI cut-off levels were set at 1.2 and 1.04, respectively [18,19].
We conducted a simulation and assessed sensitivity, specifici-
ty, PPV, and NPV at the previously suggested levels. At the lev-
el of 1.2, we observed an improved sensitivity of 91.9%, but at
the expense of considerably lower specificity, which decreased
to 18.5%. The PPV and NPV for an automatic ABI cut-off lev-
el of 1.2 were 17.3% and 92.5%, respectively. The automatic
ABI cut-off level of 1.04 resulted in a sensitivity of 54%, spec-
ificity of 78.9%, PPV of 32.2%, and NPV of 90.2%.

Furthermore, previous studies have shown that the diagnos-
tic quality of automatic plethysmographic devices can be im-
proved when the pulse volume waveform (PVW) is also consid-
ered during diagnosis. We performed an analysis of sensitivity,
specificity, PPV, and NPV for a joint result of ABI and PVW

Table 2. Ankle-brachial index (ABI) level comparison in automatic and Doppler measurements by Wilcoxon test.

Doppler
ABI

Automatic plethysmographic

Left limbs 1.05 0.13 1.12 0.12 -6.39 <0.001 0.43
Right limbs 1.03 0.15 1:12 0.14 -7.10 <0.001 0.48
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Table 3. Sensitivity and specificity of automatic plethysmographic ankle-brachial index (ABI) at different cut-off levels, with and

without pulse volume waveform (PVW) analysis.

ABI Cut-off

Without PVW
analysis

With PVW
analysis

Without PVW
analysis

1.04

With PVW
analysis

Without PVW
analysis

With PVW
ELELTHH

measured by the plethysmographic device. Whenever either
the ABI or PVW were abnormal, the result was classified as
positive. For an abnormal automatic ABI, we used the 0.9 cut-
off point. In the ABl and PVW analysis, we found that the sen-
sitivity of the device was 67.6%, specificity was 51.5%, PPV
was 20.5%, and NPV was 89.6%. When adjusting the cut-off
points, we observed a sensitivity of 97.3%, specificity of 10%,
PPV of 16.6%, and NPV of 95.2% with the 1.2 cut-off, and a
sensitivity of 78.4%, specificity of 69.5%, PPV of 19.7%, and
NPV of 91.1% with the 1.04 cut-off for the automatic ABI de-
vice (Table 3).

Discussion

The literature search reveals a good number of studies on au-
tomatic oscillometric ABI devices; however, there are fewer
studies on plethysmographic devices. A recent review of auto-
matic ABI devices assessed air plethysmography, the method
used by the device analyzed in this study, as the least reliable
of the currently available methods of automatic ABI assess-
ment [20]. The available studies that assess its reliability vary
in their clinical applicability assessment, with estimates of sen-
sitivity at the standard cut-off for diagnosis ranging from 20%
to 79% [18,21]. However, some of the authors analyzing the
plethysmographic devices point to their potential applicabil-
ity as a screening test in non-specialized settings, especially
after adjustments of the cut-off point [18,19,22].

In our study, the mean automatic ABI was found to be 0.07
points higher than the measurements from the Doppler meth-
od. The tendency to achieve higher results in the automatic
measurements observed in our study has been found in pre-
vious works. For instance, similar results were observed previ-
ously by van der Slegt et al in a study that showed that auto-
matic ABI measurements are significantly 0.105 points higher
than Doppler ABI measurements [23]. In a study by Babaei
et al comparing automatic plethysmographic measurements
to Doppler ABI, higher mean ABI values were recorded by the
automatic device than the Doppler, leading the authors to pro-
pose using a higher cut-off value in automatic measurements
for optimal diagnostic value [18]. A higher cut-off value was
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also suggested in a study by Davies et al, even though the
mean levels of Doppler and plethysmographic ABI in that study
were comparable (1.11+0.14 for Doppler ABI and 1.10+0.14
for plethysmographic ABI) [19]. The sensitivity and specificity
of the plethysmography device in our study were 22.2% and
96.8%, respectively. Previous studies have shown a wide range
of assessed sensitivity and specificity in this type of device.
In a study by Babaei et al, which compared the device to a
Doppler ultrasound scan, a sensitivity of 20% and a specifici-
ty of 95.6% were observed [18], which are very similar to the
results found in our study. Different levels were observed in a
study by Lewis et al, in which the sensitivity amounted to 79%
and the specificity to 91%, and when pulse volume waveform
was analyzed alongside plethysmographic ABI, the sensitivity
reached 100% and the specificity 76% [21]. A similar high di-
agnostic value of a plethysmographic device was found in a
study by Davies et al, who observed a sensitivity of 70% and
specificity of 96%. Interestingly, studies by Babaei et al and
Davies et al both observed improved sensitivity, and thus a
diagnostic value of the test, after adjusting the cut-off value
to a higher level for plethysmographic measurements [18,19].
Given that in our study, the overall mean automatic ABI level
was found to be higher than the Doppler ABI level, we analyzed
other potential cut-off points for plethysmographic measure-
ments, adjusting the point based on the previous literature.
The cut-off point of 1.2 resulted in a sensitivity of 91.9%,
while lowering the specificity to 18.5%. The cut-off point of
1.04, based on the work of Davies et al [19], still established
a reasonable specificity but increased sensitivity only to 54%,
which is still not enough to consider plethysmographic ABI a
reliable diagnostic test. Just as in the study of Lewis et al [21],
we observed improved diagnostic quality of the device while
combining automatic ABI and PVW analysis; however, the im-
provement was not to as high a level as previously observed.
A more noticeable improvement in the diagnostic capability
was found when we combined the elevated cut-off point for
the automatic device with ABI and PYW analysis. The sensitiv-
ity at the level of 22.2% found in our study is not high enough
to consider automatic plethysmographic ABI as a standalone
test for LEAD diagnosis. Similarly, Millen et al have found auto-
matic ABI accuracy as suboptimal [24], and van der Slegt et al,
who analyzed automatic ABl measurements in postoperative
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settings, found them not clinically applicable [23]. In the Polish
primary care setting, the Doppler ABI device is mostly inacces-
sible. Primary care workers point to time restraints as one of
the most important limitations to performing ABI in primary
care [25]. With the broad range of symptoms of LEAD, many
of them nonspecific, and the lack of access to ABI measure-
ments early in the diagnostic process, many of the patients
remain undiagnosed.

Furthermore, referring all patients with potential LEAD symp-
toms to specialized care creates longer waiting times, which
subsequently delays the diagnosis. Even with low diagnostic
performance of automatic devices to confirm LEAD, the strong
potential to exclude LEAD might still prove useful in primary
care and decrease the number of unnecessary specialist refer-
rals. Furthermore, to reach acceptable levels of sensitivity of
the automatic test, an adjustment of the cut-off point might
be necessary. While using 1.2 as a cut-off point for PAD diag-
nosis in automatic measurement, the test reached a sensitiv-
ity of 91.9%. However, this improvement came at the expense
of specificity. Future studies may point us to the ideal cut-off
point for automatic ABI measurements. Additionally, analyzing
PVW alongside ABI can further improve diagnostic capability,
which can eventually result in a sufficient diagnostic modality.
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Study Limitations

A potential limitation of our study was the use of Doppler ABI
as the reference standard to assess automatic ABI accuracy
in LEAD diagnosis. While Doppler ABI is considered a first-line
tool in LEAD diagnosis, its diagnostic performance is not con-
sidered perfect, and using a more sensitive diagnostic mo-
dality might have proved more beneficial for the study [26].

Conclusions

Overall, we found that nearly 20% of our primary care pa-
tients over 50 years of age had abnormal Doppler ABI val-
ues, consistent with the diagnosis of LEAD. In most of our pa-
tients, the disease was asymptomatic and undiagnosed. We
observed that the diagnostic capability of automatic plethys-
mographic ABI, especially the low sensitivity, is insufficient to
introduce it as a standalone test in LEAD diagnosis. However,
adjusting the cut-off point to a higher level and considering
PVW may improve its diagnostic applicability, especially in a
non-specialized setting.

Declaration of Figures’ Authenticity
All figures submitted have been created by the authors who

confirm that the images are original with no duplication and
have not been previously published in whole or in part.

b

Yap Kannan R, Dattani N, Sayers RD, Bown M). Survey of ankle-brachial
pressure index use and its perceived barriers by general practitioners in
the UK. Postgrad Med ). 2016;92(1088):322-27

10. Vega J, Romani S, Garcipérez F), Vicente L, et al. [Peripheral arterial disease:
Efficacy of the oscillometric method.] Rev Esp Cardiol. 2011;64(7):619-21
[in Spanish]

11. Khan SZ, Awn-Bin-Zafar, Waris N, et al. Comparison of ankle-brachial in-
dex (ABI) measured by an automated oscillometric apparatus with that by
standard hand-held doppler in patients with Type-2 diabetes. Pak ) Med
Sci. 2019;35(4):1167-72

12. Hageman D, van den Houten MML, Pesser N, et al. Diagnostic accuracy of
automated oscillometric determination of the ankle-brachial index in pe-
ripheral artery disease. ) Vasc Surg. 2021;73(2):652-60

Ichihashi S, Desormais |, Hashimoto T, et al. Accuracy and reliability of the

ankle brachial index measurement using a multicuff oscillometric device
versus the Doppler method. Eur J Vasc Endovasc Surg. 2020;60(3):462-68

14. Ichihashi S, Hashimoto T, Iwakoshi S, Kichikawa K. Validation study of au-
tomated oscillometric measurement of the ankle-brachial index for lower
arterial occlusive disease by comparison with computed tomography an-
giography. Hypertens Res. 2014;37(6):591-94

15. Diehm N, Dick F, Czuprin C, et al. Oscillometric measurement of ankle-bra-

chial index in patients with suspected peripheral disease: Comparison with
Doppler method. Swiss Med Wkly. 2009;139(25-26):357-63

National Institute for Health and Care Excellence. Recommendations.
Peripheral Arterial Disease: Diagnosis and Management. Guidance.
NICE Available from: https://www.nice.org.uk/guidance/cg147/chapter/
Recommendations#diagnosis (accessed on 19 May 2022).

17. Boylan L, Nesbitt C, Wilson L, et al; Investigators OBOTN. Reliability of the
Edinburgh Claudication Questionnaire for identifying symptomatic PAD in
general practice. Angiology. 2021;72(5):474-79

1

w

1

(]

Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]

[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]



CLINICAL RESEARCH

Danieluk A. et al:
Automatic ABI measurements with plethysmographic device
© Med Sci Monit, 2023; 29: €940829

18. Babaei MR, Malek M, Rostami FT, et al. Non-invasive vascular assessment in 22. Lewis J, Hawkins M, Barree P, et al. A comparison between a new auto-
people with type 2 diabetes: Diagnostic performance of Plethysmographic- matic system and Doppler method for obtaining ankle brachial pressures.
and-Doppler derived ankle brachial index, toe brachial index, and pulse vol- ). Foot Ankle Res. 2010;3:015
umz wave analysis for detection of peripheral arterial disease. Prim Care 23. van der Slegt J, Verbogt NP, Mulder PG, et al. The clinical applicability of
Diabetes. 2020;14(3):282-89 an automated plethysmographic determination of the ankle-brachial in-

19. Davies JH, Williams EM. Automated plethysmographic measurement of the dex after vascular surgery. Vascular. 2016;24(5):545-48
ankle-brachial index: A comparison with the Doppler ultrasound method. 24. Millen RN, Thomas KN, Majumder A, et al. Accuracy and repeatability of
Hypertens Res. 2016;39(2):100-6 the Dopplex ability. Expert Rev Med Devices. 2018;15(3):247-51

20. DamelulfA,Chl.ablcz S.'Automated measurements of ankle-brachial index: 25. Danieluk A, Niemcunowicz-Janica A, Windak A, Chlabicz S. Diagnosis and
A narrative review. ) Clin Med. 2021;10(21):5161 treatment of lower extremity arterial disease - a survey among family med-

21. Lewis JE, Williams P, Davies JH. Non-invasive assessment of periph- icine trainees in Poland. Int J Environ Res Public Health. 2023;20(2):1392
eral arterial disease: Automated ankle brachial index measurement 26. Alagha M, Aherne TM, Hassanin A, et al. Diagnostic performance of ankle-
and pulse volume analysis compared to duplex scan. SAGE Open Med. brachial pressure index in lower extremity arterial disease. Surg ) (N Y).
2016;4:2050312116659088 2021;7(3):e132-e37

’ o ” [N Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
This Work Is licensed under Creative Common Attribution €940829-8 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]

NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) [Chemical Abstracts/CAS]



Rozdzial 11.

Oswiadczenie autora

Aleksandra Ewa Danieluk Bialystok, 12922023

Imiona i nazwisko autora

Zaktad Medycyny Rodzinnej, Uniwersytet Medyczny w Biatymstoku

Miejsce pracy/afiliacja
Oswiadczenie autora

Oswiadczam, iz méj udzial w przygotowaniu publikacji:

1. Danieluk, A.; Chlabicz, S. Automated Measurements of Ankle-
Brachial Index: A Narrative Review. J. Clin. Med. 2021, 10, 5161.
https://doi.org/10.3390/jem10215161
wchodzacej w sktad mojej rozprawy doktorskiej polegal na wspoéitworzeniu
hipotezy badawczej i metodologii, opracowaniu i zebraniu danych, wykonaniu
analizy wynikow, przygotowaniu manuskryptu, co okreslam jako 70% udziatu w
przygotowaniu wyzej wymienionej publikacji.

2. Danieluk, A.; Kamienska, A.; Chlabicz, S. Assessing Automatic
Plethysmographic Ankle-Brachial Index Devices in Peripheral Artery
Disease Detection: A Comparative Study with Doppler Ankle-Brachial
Index Measurements. Med Sci Monit 2023, 29,
doi:10.12659/MSM.940829
wchodzacej w sklad mojej rozprawy doktorskiej polegat na stworzeniu hipotezy
badawczej i metodologii, przeprowadzeniu badan, opracowaniu i zebraniu
danych, wykonaniu analizy wynikow, przygotowaniu manuskryptu, co okreslam
jako 65% udzialu w przygotowaniu wyzej wymienionej publikacji.
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Rozdziat 12.

Oswiadczenia wspotautorow rozprawy doktorskiej

Informacja o charakterze udzialu wspotautorow w publikacjach wraz z szacunkowym
okresleniem procentowego wkiadu

1. Danieluk, A.; Chlabicz, S. Automated Measurements of Ankle-Brachial Index: A

Narrative Review. J. Clin. Med. 2021, 10, 5161. hitps: /doiorg 103390 0em 10215161
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Promotor - prof. dr hab. badawczej i metodologii, 30 %

Stawomir Chlabicz

analiza i edycja
manuskryptu

2. Danieluk, A.; Kamienska, A.; Chlabicz, S. Assessing Automatic Plethysmographic
Ankle-Brachial Index Devices in Peripheral Artery Disease Detection: A Comparative
Study with Doppler Ankle-Brachial Index Measurements. Med Sci Monit 2023, 29,
doi:10.12659/MSM.940829

Imie i nazwisko
wspolautora

Charakter udzialu

Procentowy wklad

Doktorant — lek.
Aleksandra Danieluk
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Promotor - prof. dr hab.
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wspotworzenie hipotezy
badawczej i metodologii,
analiza wynikow, analiza i
edycja manuskryptu

10 %

25 %

|

Oswiadczam, ze wszyscy wspolautorzy wyrazili zgode na wykorzystanie powyzszych
publikacji w pracy doktorskiej lek. Aleksandry Danieluk.
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prof. dr hab. Stawomir Chlabicz Biatystok, 28.11.2023

imig i nazwisko wspélautora miejscowasé, data

Zaktad Medycyny Rodzinnej, Uniwersytet Medyczny w Bialymstoku

nazwa jednostki

Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1
15-089 Biatystok

Oswiadczenie

Os$wiadczam, iz méj udzial w przy gotowaniu publikacji:

1.

. Automated Measurements of Ankle-Brachial Index: A Narrative Review” autorow
Aleksandra Danieluk, Stawomir Chlabicz. opublikowanej w Journal of Clinical
Medicine, wchodzacej w sklad rozprawy doktorskiej ,, Miazdzyca naczyn konczyn
dolnych i jej uwarunkowania w populacji dorostych pacjentéw lekarza rodzinnego "',
wynoszacy 30 %, polegal na wspotworzeniu hipotezy badawczej i metodologii, analizie
i edycji manuskryptu.

. Assessing Automatic Plethysmographic Ankle-Brachial Index Devices in Peripheral
Artery Disease Detection: A Comparative Study with Doppler Ankle-Brachial Index
Measurements ™ autoréw Aleksandra Danieluk, Anna Kamienska, Stawomir Chlabicz,
opublikowanej w Medical Science Monitor, wchodzacej w sklad rozprawy doktorskiej
. Miazdzyca naczyn konczyn dolnych i jej uwarunkowania w populacji dorostych
pacjentow lekarza rodzinnego ', wynoszacy 25 %, polegal na wspotworzeniu hipotezy
badawczej i metodologii, analizie wynikéw, analizie i edycji manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie przez Aleksandre Danieluk publikacji w
postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.
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Lek. Anna Kamienska Bialystok, 07.12.2023

imig i nazwisko wspolautora miejscowosc, data

Zaklad Medycyny Rodzinnej, Uniwersytet Medyczny w Biatymstoku
nazwa jednosiki

Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1
15-089 Bialystok

Oéwiadczenie

Oswiadczam, iz mdj udzial w przygotowaniu publikacji:

wAssessing Automatic Plethysmographic Ankle-Brachial Index Devices in Peripheral Artery
Disease Detection: A Comparative Study with Doppler Ankle-Brachial Index Measurements”
autorow Aleksandra Danieluk, Anna Kamiefiska, Slawomir Chlabicz, opublikowanej w
Medical Science Monitor, wchodzacej w skiad rozprawy doktorskiej MiazdZyca naczyn
kornezyn dolnych i jej uwarunkowania w populacji doroslych pacjentéw lekarza rodzinnego,
wynoszacy 10%, polegal na udziale w przeprowadzeniu badan, opracowaniu i zebraniu danych,
udziale w analizie wynikow.

Jednoczesnie wyrazam zgod¢ na wykorzystanie przez Aleksandre Danieluk publikacji w
postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.
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Rozdziat 13.
Zgoda Komisji Bioetycznej

KOMISJA BIOETYCZNA
PRZY UNTWERSYTECIE MEDYCZNYM W BIALYMSTOKU
ul. Jana Kilinskiego 1
15-089 Biatystok
tel. 85 748 54 07, fax 85 748 55 08
komisjabioetyezna@umb.edu.pl

Biatystok, 25.02.2021 r.
Uchwala nr: APK.002.111.2021

Na podstawie art. 29 ust. 2 i 14 ustawy dnia 5 grudnia 1996 r. o zawodach
lekarza i lekarza dentysty (Lj. Dz U z 2020, poz. 514 ze zm.), Komisja
Bioetyczna przy Uniwersytecie Medycznym w Biatymstoku, po zapoznaniu si¢
z projektem badania zgodnic z zasadami GCP/ Guidelines for Good Clinical
Practice - wyraza zgode naprowadzenie tematu badawczego:
.Miazdzyca nacgyn konczyn dolnych i jej uwarunkowania w populacji
dorostych pacjentdw lekarza rodzinnego™ przez lek. Aleksandre Danicluk wraz
z zespolem badawcezym z UMB.

Planowany okres realizacjrod 25.02.2021 r. do 30.09.2023 r.
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