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1. WYKAZ STOSOWANYCH SKROTOW

ALT - transaminaza alaninowa

ASA - kwas acetylosalicylowy

ASPRE — The Aspirin for Evidence-Based Preeclampsia Prevention trial
AST - transaminaza asparaginianowa

COX-1 - cyklooksygenaza 1

COX-2 - cyklooksygenaza 2

DIC - rozsiane wykrzepianie wewnatrznaczyniowe

DR — detection rate

e0-PE — wczesna posta¢ stanu przedrzucawkowego

FGR - zahamowanie wzrastania u ptodu

FMF - Fetal Medicine Foundation - Fundacja Medycyny Ptodowej
FPR - wynik fatszywie dodatni

GDM - cukrzyca cigzowa

ISSHP - International Society for the Study of Hypertension in Pregnancy
lo-PE - p6zna posta¢ stanu przedrzucawkowego

MAP - $rednie ci$nienie tetnicze

NO — tlenek azotu

PAPP-A - osoczowe biatko cigzowe

PE — stan przedrzucawkowy

PIH - nadci$nienie indukowane cigza

PLGF - lozyskowy czynnik wzrostu

sFIt-1 - rozpuszczalna kinaza tyrozynowa typu fms-1

SGA — pldéd zbyt maty w stosunku do wieku cigzowego

UtPI - indeks pulsacji tetnic macicznych

VEGF - czynnik wzrostu srédbtonka naczyniowego



2. NOTA INFORMACYJNA

Rozprawe doktorska stanowi zbior powigzanych tematycznie artykulow naukowych
opublikowanych w czasopismach naukowych zgodnie z Art. 13.2 Ustawy o stopniach
naukowych i tytule naukowym oraz o stopniach i tytule w zakresie sztuki, Dz. U. z dnia
27 wrzesnia 2017 r. Poz. 1789:
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3. STRESZCZENIE W JEZYKU POLSKIM

1. Wstep

Stan  przedrzucawkowy (PE) jest wieloczynnikowym  zaburzeniem
wystepujacym  w cigzy 1 jest jedng z wiodacych przyczyn zachorowalnos$ci i
umieralnos$ci wsroéd ptodoéw 1 kobiet cigzarnych na catym $wiecie. Aktualnie, w
przypadku rozpoznania PE jedynym sposobem leczenia pacjentki jest zakonczenie
cigzy. Na szczgscie mozliwe jest zidentyfikowanie grupy zwigkszonego ryzyka PE
przy uzyciu algorytmu Fetal Medicine Foundation (FMF) juz w I trymestrze cigzy.
Zaproponowany algorytm jest w stanie wykry¢ okoto 75% przypadkow
przedwczesnej PE(przed 37 tygodniem cigzy). Pacjentki z grupy wysokiego ryzyka,
u ktorych wdrozy si¢ przed 16 tygodniem ciazy profilaktyke w postaci niskiej dawki
kwasu acetylosalicylowego (ASA) maja o ponad 60% mniejszg szans¢ rozwini¢cia
przedwczesnej postaci PE (przed 37 tygodniem cigzy). Dodatkowo taka profilaktyka
zmniejsza ryzyko wystapienia czg¢sci przypadkow zahamowania wzrastania u ptodu
(FGR). Niniejsze badanie miato na celu ocen¢ metod predykcji PE i/lub FGR w I
trymestrze z zastosowaniem algorytmu FMF w polskiej populacji z nastepowym
wdrozeniem ASA w grupie wysokiego ryzyka na wyniki perinatalne wsrod grup.
Drugim celem bylo podsumowanie aktualnego stanu wiedzy na temat ASA w

prewencji wystapienia PE.

2. Material i metodyka

Do badania wiaczono 908 ci¢zarnych pacjentek w Klinice Poloznictwa i
Ginekologii Pomorskiego Uniwersytetu Medycznego w Szczecinie. Wszystkie
pacjentki przeszly badanie ultrasonograficzne I trymestru cigzy(miedzy 11 a 13+6
tygodniem) w celu wykrycia aneuploidii 1 wad plodu. Kazda pacjentka miata
ocenione ryzyko wystapienia wczesnej postaci PE (eo-PE) i FGR w oparciu o
algorytm FMF zawierajacy w sobie ocen¢ charakterystyki matczynej, sredniego
ci$nienia tetniczego (MAP), indeksu pulsacji tetnic macicznych (UtPI), osoczowego
biatka cigzowego (PAPP-A) oraz tozyskowego czynnika wzrostu (PLGF). Wsrod
kobiet z grupy podwyzszonego ryzyka ktorej$ z wymienionej patologii (>1:100)
zalecono przyjmowanie kwasu acetylosalicylowego w dawce 150mg do 36 tygodnia

cigzy. Oceniano wyniki perinatalne wsrdd grup. Badanie zostato przeprowadzone



zgodnie z Deklaracjg Helsinska i zatwierdzone przez Komisje¢ Etyki Pomorskiego

Uniwersytetu Medycznego w Szczecinie (KB-0012/122/12).

. Wyniki

Pokazujac aktualny stan wiedzy na temat profilaktyki ASA w PE pokazujemy
jak duze zmiany poczynita publikacia ASPRE w stosunku do wyboru
rekomendowanej metody screeningu (czy tej w oparciu tylko o czynniki ryzyka, czy
tej zaproponowanej przez FMF) czy tez dawki ASA. Omawiajac mozliwe metody
predykcji PE przedstawiamy, ze niezwykle istotne jest dodanie do oceny ryzyka
PLGF. Stosowanie metod go niezawierajacych sprawia, ze okoto 30% kobiet z
grupy prawdziwie wysokiego ryzyka nie otrzymuje tak waznej dla nich profilaktyki
ASA. Po drugie stosowanie niepetnego screeningu powoduje, ze nawet do 34%
wigcej kobiet niepotrzebnie przyjmuje ASA, bedac tak naprawde grupa niskiego
ryzyka, co naraza je na dzialania niepozadane. Jesli chodzi o wyniki perinatalne, to
kobiety z grupy wysokiego ryzyka statystycznie istotnie czg¢sciej rozwijaja
powiklania cigzowe. Powiklania te obejmowaty nadci$nienie indukowane ciaza
(PIH), jakakolwiek posta¢ PE, p6Zzng PE, FGR lub rozpoznanie ptodu za matego do
wieku cigzowego (SGA) czy cukrzyce cigzowa typu 1 (GDM1). Cigze w grupie
wysokiego ryzyka istotnie cze$ciej konczyly sie cigeciem cesarskim, a noworodki

miaty istotnie nizszg mase¢ ciata (<10 percentyla i <3 percentyla).

. Whnioski

Myslac o predykcji PE powinnis$my kierowac si¢ jak najwigksza skutecznoscia

1 efektywnoscig przy wyborze metody. Powinnismy stosowa¢ metody screeningu
rekomendowane przez FMF (w oparciu o czynniki ryzyka + MAP + UtPI + PLGF).
Stosowanie innych metod naraza pacjentki z grupy niskiego ryzyka na dziatania
niepozadane ASA, a prawdziwie zagrozone pacjentki jej nie otrzymuja, przez co
czesciej rozwing to grozne powiklanie. Pacjentka z grupy wysokiego ryzyka PE
lub/i FGR powinna by¢ $cisle i1 cze$ciej monitorowana, gdyz narazona jest, poza
wymienionymi, na inne powiklania cigzowe, a odpowiednia i szybsza diagnoza
moze poprawi¢ wyniki okotoporodowe w tej grupie pacjentek. Konieczne jest
przypominanie pacjentkom z grupy wysokiego ryzyka o regularnym przyjmowaniu

ASA, gdyz moze wigzac¢ si¢ to z jeszcze wigksza redukcja wystapienia powiktan, a



ASA jest obecnie jedyng metodg zapobiegajaca wystapieniu PE 1 czgéci przypadkow
FGR. Na koniec warto zaznaczy¢, ze nie wystgpit ani jeden przypadek wczesnej
postaci PE (eo-PE) w grupie jej wysokiego ryzyka wsrod kobiet bez nadcisnienia
tetniczego przewlektego. Sugeruje to niezwyklg skutecznos$¢ zastosowania ASA w

tej populacji, kiedy wdrazamy metody predykcji zaproponowane przez FMF.



4. STRESZCZENIE W JEZYKU ANGIELSKIM

1.

Introduction

Preeclampsia (PE) is a multifactorial disorder that occurs during pregnancy and
is one of the leading causes of morbidity and mortality among fetuses and pregnant
women worldwide. Currently, if PE is diagnosed, the only way to treat the patient is
to terminate the pregnancy. Fortunately, it is possible to identify a group at increased
risk of PE using the Fetal Medicine Foundation (FMF) algorithm as early as the first
trimester of pregnancy. The proposed algorithm is able to detect about 75% of cases
of preterm PE (before 37 weeks of pregnancy). High-risk patients who implement
low-dose acetylsalicylic acid (ASA) prophylaxis before 16 weeks of pregnancy have
more than a 60% lower chance of developing premature PE (before 37 weeks of
pregnancy). In addition, such prophylaxis reduces the risk of some cases of fetal
growth retardation (FGR). The present study aimed to evaluate methods of
predicting PE and/or FGR in the first trimester in a Polish population with
subsequent implementation of ASA in a high-risk group using the FMF algorithm
on perinatal outcomes among the groups. The second objective was to summarize

the current knowledge on ASA in the prevention of PE occurrence.

Materials and methods

The study included 908 pregnant patients of the Department of Obstetrics and
Gynecology of the Pomeranian Medical University in Szczecin. All patients had
ultrasound examination of the first trimester of pregnancy (between 11 and 13+6
weeks of gestation) to detect aneuploidies and fetal defects. Each patient had her
risk of early-onset PE (eo-PE) and FGR assessed based on the FMF algorithm
including assessment of maternal characteristics, mean arterial pressure (MAP),
uterine artery pulsatility index (UtPI), Pregnancy-associated plasma protein-A
(PAPP-A) and placental growth factor (PLGF). Among women at increased risk of
any of the pathologies (>1:100), acetylsalicylic acid was recommended at a dose of
150mg until the 36th week of pregnancy. Perinatal outcomes among the groups were
evaluated. The study was conducted in accordance with the Declaration of Helsinki
and approved by the Ethics Committee of the Pomeranian Medical University in

Szczecin (KB-0012/122/12).



3. Results

Presenting the current state of knowledge on ASA prophylaxis in PE, we show
how much of a change the ASPRE publication has made to the choice of
recommended screening method (based on risk factors only or proposed by FMF)
or ASA dose. When discussing possible methods for PE prediction, we present that
it is extremely important to add PLGF to the risk assessment. Using methods that do
not include PLGF, results in about 30% of women at truly high risk not receiving
the ASA prophylaxis that is so important to them. Secondly, the use of incomplete
screening results in up to 34% more women unnecessarily taking ASA, being in fact
a low-risk group, leaving them vulnerable to side effects. As for perinatal outcomes
among the groups, women in the high-risk group are statistically significant more
likely to develop pregnancy complications. These complications included
pregnancy-induced hypertension (PIH), any form of PE, late PE, FGR or a diagnosis
of fetus too small for gestational age (SGA) or gestational diabetes mellitus type 1
(GDM1). Pregnancies in the high-risk group were significantly more likely to end
in cesarean section, and newborns had significantly lower weights (<10th percentile

and <3rd percentile).

4. Conclusions

When thinking about PE prediction, we should be guided by the highest possible
efficiand efficiency when choosing a method. We should use the screening methods
recommended by FMF (based on risk factors + MAP + UtPI + PLGF). Using other
methods exposes low-risk patients to the side effects of ASA, and truly at-risk
patients do not receive it, making them more likely to develop this dangerous
complication. A patient at high risk for PE and/or FGR should be monitored more
frequently, as she is at risk for other pregnancy complications in addition to those
mentioned, proper and faster diagnosis can improve perinatal outcomes in this group
of patients. It is necessary to remind high-risk patients to take ASA regularly, as this
may be associated with an even greater reduction in the occurrence of complications,
and ASA is currently the only method to prevent PE and some cases of FGR. Finally,
it seems reasonable to mention the lack of occurrence of early PE (eo-PE) in its high-
risk group among women without chronic hypertension. This suggests the
remarkable effectiveness of ASA use in this population when we implement the

prediction methods proposed by FMF.
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5. WSTEP

5.1. Stan przedrzucawkowy

Stan  przedrzucawkowy (PE) jest wieloczynnikowym zaburzeniem
wystepujacym w 2-8% cigz. Jest niestety caly czas jedng z wiodacych przyczyn
zachorowalno$ci 1 umieralnosci wsréd ptodéw 1 kobiet cigzarnych na $wiecie
odpowiadajac za ponad 70 tysiecy zgondéw kobiet rocznie (1,2). Wedlug definicji
International Society for the Study of Hypertension in Pregnancy(ISSHP) z 2021r. PE
to zaburzenie wystgpujace po 20 tygodniu cigzy, charakteryzujace si¢ wystagpieniem
skurczowego cis$nienia tgtniczego >140 mm Hg lub rozkurczowego ci$nienia tgtniczego
>90 mm Hg, ktéremu towarzyszy jeden lub wigcej z ponizszych czynnikow:

1. Bialkomocz (w postaci dobowej utraty biatka >300 mg(lub stosunku
albumina/kreatynina > 30 mg/mmol),

2. Zaburzenia czynnosci narzgdow matczynych:

- powiklania neurologiczne ($lepota, udar, niedowtad, ciezkie bole glowy lub trwate
zaburzenia widzenia)

- obrzek ptuc

- powiktania hematologiczne (np. liczba plytek krwi < 150 000/pL, rozsiane
wykrzepianie wewnatrznaczyniowe(DIC), hemoliza)

- ostra niewydolno$¢ nerek (np. kreatynina > 90 umol/L lub 1 mg/dL)

- podwyzszone stezenie transaminaz alaninowej (ALT) lub asparaginianowej (AST) >
40 TU/L z lub bez bolu brzucha w prawym goérnym kwadrancie lub nadbrzuszu

3. Nieprawidtowosci ptodowo-matczyne: przedwczesne oddzielanie si¢ lozyska,
zaburzenia czynnikdw angiogennych, ograniczenie wzrostu ptodu (FGR),
nieprawidlowe przeptywy w tetnicy pepowinowej lub wewnatrzmaciczne obumarcie
ptodu (3).

Aktualnie w przypadku rozpoznania preeklampsji jedynym sposobem leczenia
pacjentki jest zakonczenie cigzy. Poza wczesnymi powiktaniami, preeklampsja niesie
rowniez ryzyko dlugoterminowych powiktan dla matek i ptodow. Matki sa duzo
bardziej narazone na choroby uktadu krazenia takie jak: nadci$nienie tetnicze czy
chorobe niedokrwienng serca, jak rowniez otylo$¢ oraz choroby nerek. Natomiast dzieci
urodzone przez matki z PE majg zwigkszone ryzyko nieprawidlowego rozwoju
psychoruchowego, insulinoopornosci, otytosci, cukrzycy oraz chorob uktadu

krazenia(4-8).
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5.2 Patofizjologia stanu przedrzucawkowego

Wedlug badaczy u podstaw preeklampsji lezy nieprawidlowy proces tzw. placentacji.
W prawidtowej, fizjologicznej cigzy za sprawa inwazji komorek trofoblastu i
wydzielanych przez niego czynnikom angiogennym (m.in. czynnika wzrostu
srodblonka naczyniowego (VEGF), tozyskowego czynnika wzrostu (PLGF)) i
czynnikom immunologicznym nastepuje przebudowa naczyn spiralnych. Taka
przebudowa umozliwia odpowiednig ich perfuzje, a co za tym idzie prawidtowa
placentacje 1 rozwoj cigzy. W przypadku PE ten proces jest zaburzony i w pierwszym
etapie zachodzacym w I trymestrze cigzy nie nastepuje prawidlowa inwazja trofoblastu.
W drugim etapie prowadzi to do nieprawidtowej perfuzji matczyno-ptodowej (9—14).
W zwigzku z nieprawidlowa perfuzja, tozysko generuje stres oksydacyjny prowadzacy
do uwolnienia mediatorow zapalenia i czynnikéw antyangiogennych do krazenia
matczynego. Te dwa ostatnie powoduja uszkodzenia $roédbtonka naczyn, nadmierng
agregacje plytek krwi oraz skurcz naczyn przez spadek syntezy tlenku azotu (NO), co

prowadzi do klinicznej manifestacji PE (15-21).

5.3. Metody predykcji stanu przedrzucakowego w I trymestrze ciazy

Przez dhugi czas jedyng metoda wyodrebniajaca grupe wysokiego ryzyka
wystapienia PE w I trymestrze cigzy byla ta oparta na czynnikach ryzyka. Do niektorych
z czynnikOw ryzyka naleza: preeklampsja w wywiadzie, przewlekle nadci$nienie
tetnicze, zespot antyfosfolipidowy, toczen rumieniowaty uktadowy, przewlekta choroba
nerek, otylo$¢, wywiad rodzinny wystgpowania preeklampsji 1 wiele innych (22-26).
Inne podejscie do predykeji w I trymestrze co do wystapienia przedwczesnej PE(przed
37 tygodniem cigzy) pokazata Fetal Medicine Foundation (FMF). Ich grupa
przedstawila badania oceniajace czynniki ryzyka w potgczeniu z kilkoma markerami.
Przy wyniku falszywie dodatnim (FPR) wynoszacym 10% najwazniejsze metody
predykcji to:

1) Czynniki ryzyka (Wykrywalnos$¢ (DR) 41- 49%)

2) Czynniki ryzyka + Srednie ci$nienie tetnicze (MAP) (DR 50.5- 59.3%)

3) Czynniki ryzyka + MAP + Wskaznik pulsacji tetnicy macicznej (UtPI) (DR
68.4-71.5%)

12



4) Czynniki ryzyka + MAP + UtPI + Cigzowe biatko osoczowe (PAPP-A) (DR
68.2-74.6)

5) Czynniki ryzyka + MAP + UtPI + PAPP-A + PLGF (DR 74.8-76.6)

6) Czynniki ryzyka + MAP + UtPI + PLGF (DR 74.8-77.3)

Jak wida¢ powyzej najwigkszym DR cechujg si¢ dwa ostatnie algorytmy i to one sg
aktualnie rekomendowane. Ci sami autorzy oceniajac wczesniejsze postacie
preeklamps;ji (przed 34 tygodniem lub przed 32 tygodniem) osiagneli nawet wyzsze DR
wynoszace 89-95.8% przy zachowaniu FPR na poziomie 10% dla algorytmu
zawierajgcego charakterystyke matczyng, MAP, UtPl 1 PLGF (27-31).

5.4. Zastosowanie aspiryny w prewencji PE

Ponad 30 lat temu powstato pierwsze opracowanie pokazujace wptyw kwasu
acetylosalicylowego (ASA) w zapobieganiu wystgpienia PE (32,33). ASA hamuje
dziatanie izoform dwoch enzyméw cyklooksygenazy (COX-1 i COX-2).
Cyklooksygenaza bierze udzial w reakcji syntezy prostanoidow obejmujacych
prostaglandyny, prostacykliny i tromboksany (34,35). W normalnych warunkach
COX-1 reguluje poziom prostacyklin i tromboksanu w §rédbtonku naczyn i ptytkach
krwi, gdzie te pierwsze promuja rozszerzanie naczyn i hamuja agregacje plytek krwi, a
tromboksan ma efekt odwrotny. ASA w matej dawce ma gtownie powinowactwo do
COX-1 powodujac zwigkszenie stosunku prostacyklin do tromboksanu(w PE
obserwacje sg doktadnie przeciwne) (36,37). Dodatkowe dziatania niskich dawek ASA
obejmujg dziatanie immunomodulujace, stabilizujace srédbtonek oraz jej wptyw na
produkcje cytokin i spadek syntezy czynnikéw antyangiogennych takich jak
rozpuszczalnej kinazy tyrozynowej typu fms-1 (sFlt-1). Ta ostatnia bierze udziat w
inaktywacji VEGF 1 PLGF, ktére wspomagaja prawidtowg placentacje. Biorac pod
uwage mnogos¢ mechanizméw dziatania niskiej dawki ASA nie jest do konca znana
jej rola w prewencji PE, ale na pewno wspomaga proces prawidlowej placentacji (38—
42).

Badaniem przelomowym potwierdzajacym powyzsze przypuszczenia w
zastosowaniu ASA w prewencji preeklampsji bylo ASPRE (The Aspirin for Evidence-
Based Preeclampsia Prevention trial). Byto to badanie randomizowane z grupa placebo

oceniajgce zastosowanie aspiryny w dawce 150mg u kobiet z grupy wysokiego ryzyka
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wystapienia PE z zastosowaniem algorytmu zaproponowanego przez FMF
(wykorzystujace czynniki ryzyka + MAP + UtPI + PLGF). 1776 kobiety z ryzykiem
PE >1:100 otrzymywaty aspiryne¢ lub placebo. W grupie przyjmujacej aspiryne
wystapito 0 62% mniej przypadkoéw przedwczesnej preeklampsji. Analiza
drugorzedowa badania ASPRE pokazata spadek wystgpowania PE o 76%, gdy ASA
jest brana regularnie(>90% dawek). Co wiecej, gdyby z badania wylaczy¢ kobiety
chorujace na przewlekte nadci$nienie tetnicze oraz kobiety, ktore przyjely mniej niz

90% zalecanych dawek, ryzyko zmniejszy si¢ az 0 95% (43-45).

5.5. Podsumowanie wst¢pu.

Mimo tak skutecznej metody prewencji PE jaka jest ASA problem wystepowania PE i
jego powiktan jest caly czas powszechny (2). W wielu krajach 1 osrodkach nie sg
prowadzone badania przesiewowe majace na celu wykrycie kobiet z grupy wysokiego
ryzyka PE celem skutecznej prewencji z zastosowaniem ASA. Czgsto jesli takie badania
sa prowadzone, to s oparte tylko na ocenie czynnikdw ryzyka, co nie jest tak efektywne
(46,47). Kolejnym aspektem jest dobor odpowiedniego punktu odcigcia dla grupy
ryzyka, gdyz populacje rdznig si¢, a zbyt powszechne zastosowanie ASA moze wigzac
si¢ dziataniami ubocznymi ASA lub nieregularnym przyjmowaniem leku przez
pacjentki nie bedace w grupie wysokiego ryzyka (48,49). Niniejsza rozprawa stanowi
zbior trzech publikacji naukowych zglebiajacych problem predykcji PE i1 zastosowania
ASA w grupie wysokiego ryzyka jej wystapienia. Analizowano dobor odpowiedniego
punktu odcigcia dla grupy wysokiego ryzyka, wykrywalno$ci PE jak réwniez spojrzano

na aktualne miedzynarodowe zalecenia co do stosowania ASA w prewencji.
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6. CELE PRACY

l. Ocena wyboru optymalnej metody predykcji PE w I trymestrze cigzy i doboru
punktu odcigcia dla grupy wysokiego ryzyka do zastosowania ASA.

2. Ocena wykrywalnosci PE lub FGR w polskiej populacji z zastosowaniem
algorytmu FMF.

3. Ocena wynikéw perinatalnych w grupie wysokiego ryzyka PE i/lub FGR, w

ktorych zastosowano ASA oraz w grupie kontrolnej.
4. Ocena aktualnych wytycznych i rekomendacji mi¢dzynarodowych towarzystw

dotyczacych zastosowania ASA w prewencji PE ze szczegdlnym

uwzglednieniem zmian, ktore nastapilty po publikacji badania ASPRE.
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7. MATERIAL I METODYKA

7.1 Material

Prospektywnym badaniem przeprowadzonym migdzy 2019-2022r. objeto 908
cigzarnych pacjentek rasy kaukaskiej w cigzach pojedynczych w Klinice Potoznictwa i
Ginekologii Pomorskiego Uniwersytetu Medycznego, Samodzielnego Publicznego
Szpitala Klinicznego Nr 2 w Szczecinie.

Kryteria wilgczenia byty nastepujace:

1) zywa cigza pojedyncza,

2) wiek pacjentki powyzej 18 roku zycia,

3) $wiadoma, pisemna zgoda.

Kryteriami wylaczenia byty:

1) obecno$¢ nieprawidlowosci chromosomalnych u ptodu,

2) obecno$¢ wad strukturalnych u ptodu,

3) pacjentka w trakcie terapii ASA podczas oceny wiaczenia do badania lub z
przeciwskazaniami do jej stosowania,

4) cigza mnoga,

5) wiek ponizej 18 roku zycia.

7.2 Metodyka

Kazda pacjentka przeszla badanie ultrasonograficzne I trymestru cigzy(migedzy
11 a 13+6 tygodniem) w celu wykrycia aneuploidii i wad plodu. Badanie zostato
przeprowadzone zgodnie z zasadami FMF. Zmierzono podstawowe pomiary
antropometryczne (wiek, wzrost, masa ciata) i zebrano wywiad dotyczacy poprzednich
cigz, przebytych chorob, uzaleznien, metody zaptodnienia oraz historii rodzinnej
wystapienia PE. Nastepnie zmierzono ci$nienie tetnicze dwukrotnie na kazdej r¢ce oraz
sondg przezbrzuszng zmierzono indeksy pulsacji tetnic macicznych(UtPI). Kazdej
kobiecie pobrano krew celem oceny stezenia PAPP-A oraz PLGF. Do pomiaru PLGF
oraz PAPP-A uzyto analizatora Cobas e 801 (Roche Diagnostics). Kolejno kazda
pacjentka miata ocenione ryzyko wystapienia wczesnej postaci PE (eo-PE) i FGR w

oparciu o algorytm FMF (FMF - 2012 software version 2.8.1). Wsrdéd kobiet z grupy
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podwyzszonego ryzyka wymienionych patologii (>1:100) zalecono przyjmowanie
kwasu acetylosalicylowego w dawce 150mg do 36 tygodnia cigzy. Wsrdd grup oceniano
wyniki perinatalne takie jak wystapienie nadci$nienia indukowanego cigza(PIH),
wystapienie zaburzen gospodarki weglowodanowej pod postacig cukrzycy cigzarnych
(GDM), rozpoznanie FGR lub ptodu za matego w stosunku do wieku cigzowego (SGA)
oraz wystapienia PE. Dla PE za kryterium rozpoznania przyjeto to zgodne z definicja
ISSHP. U kazdego z noworodkéw oceniono jego tydzien urodzeniowy, pte¢, sposob
ukonczenia cigzy, punktacj¢ w skali Apgar w 5. minucie Zycia oraz urodzeniowa mas¢
ciata. Do okreslenia centyla urodzeniowej masy ciata uzyto siatek centylowych Fentona
(www.ucalgary.ca/fenton). Badanie zostato przeprowadzone zgodnie z Deklaracja
Helsinska i zatwierdzone przez Komisj¢ Etyki Pomorskiego Uniwersytetu Medycznego

w Szczecinie (KB-0012/122/12).

7.3 Analiza statystyczna

Wyniki badania zostaty poddane analizie statystycznej. Do badania normalnosci
rozktadow zastosowano test Shapiro-Wilka. Z uwagi na odchylenie od rozkladu
normalnego do obliczen uzyto nieparametrycznych testéw U- Manna-Whitneya dla
danych ilo$ciowych oraz testu chi-kwadrat, testu McNemara lub doktadnego testu
Fishera dla danych jakosciowych. Korelacje badano metoda wspotczynnika korelacji rang
Spearmana. Dodatkowo z pomocg regresji logistycznej obliczono pole pod krzywa
(AUCQ) i iloraz szans (OR) z 95% przedziatem ufnosci dla wybranych parametréw. Za
wartosci istotne statystycznie uznano te z wartoscig p<0,05. Do analizy uzyto

oprogramowania Statistica ver. 13 (StatSoft, Poland).
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8. OMOWIENIE WYNIKOW PRZEDSTAWIONYCH W
PUBLIKACJACH

8.1 Publikacja 1: Effectiveness of Different Algorithms and Cut-off Value in

Preeclampsia First Trimester Screening.

W badaniu tym pokazano, jaka cz¢$¢ z pacjentek poddanych ocenie ryzyka PE
w I trymestrze zostanie zakwalifikowana do grupy wysokiego ryzyka i otrzyma ASA w
zaleznosci od wybranej metody predykcji i punktu odcigcia. Porownujemy metode
rekomendowang (w oparciu o czynniki ryzyka + MAP + UtPI + PLGF) z innymi
metodami niezawierajagcymi PLGF. Stosowanie metod niezawierajacych PLGF
sprawia, ze okoto 30% kobiet z grupy prawdziwie wysokiego ryzyka jest gubionych w
trakcie screeningu, przez co narazamy je na niebezpieczenstwo rozwinigcia PE. Po
drugie, stosowanie algorytmow bez PLGF powoduje, ze migdzy 21% a 34% wigcej
kobiet niepotrzebnie przyjmuje ASA, bedac tak naprawde grupa niskiego ryzyka, przez
co potencjalnie narazamy je na efekty uboczne wprowadzonej terapii. Dodatkowo
pokazujemy, ze dodanie PAPP-A do rekomendowanego algorytmu nie zmienia istotnie
statystycznie tych zaleznosci. Dyskutujemy réwniez o doborze odpowiedniego punktu
odcigcia dla populacji wysokiego ryzyka wystapienia PE(>1:70, >1:100, >1:150).
Podnoszenie punktu odcigcia zwigksza ilos¢ kobiet przyjmujacych ASA. Dlatego tak
wazne jest sprawdzenie na danej populacji, jaki punkt odcigcia jest dla niej odpowiedni.
Niepotrzebne podnoszenie punktu odcigcia z jednoczasowym stosowaniem algorytmu
bez PLGF w predykcji PE wpltywa na niebezpieczne zwigkszanie odsetka kobiet
niepotrzebnie przyjmujacych ASA przy jednoczesnym niezakwalifikowaniu do ASA

prawdziwie zagrozonych kobiet.

8.2 Publikacja 2: Low-Dose Aspirin after ASPRE—More Questions Than
Answers? Current International Approach after PE Screening in the First

Trimester.

Publikacja ta szczegdtowo opisuje aktualny stan wiedzy na temat prewencji PE
z zastosowaniem ASA. Dodatkowo porownuje obowigzujace aktualnie zalecenia wielu

towarzystw naukowych co do jej stosowania ze szczegdlnym uwzglednieniem zmian

18



jakie nastgpity po publikacji badania ASPRE. Artykut podkresla wartos¢ doboru
odpowiedniej populacji do zastosowania ASA, zalecanej dawki ASA oraz momentu
wlaczenia leczenia. Mozna znalez¢ badania omawiajace populacyjne zastosowanie
ASA w profilaktyce PE. Takie zaloZenie wydaje si¢ by¢ btedne z kilku powodow.
Jednym z nich jest przedstawione w publikacji mozliwe dziatania niepozadane
stosowania matej dawki ASA w cigzy. Drugim, nieregularne przyjmowanie leku przez
pacjentki, co mogtoby mie¢ wplyw na zmniejszenie efektywnosci zastosowanej terapii.
Dlatego aktualnie najlepsza metoda w doborze populacji wysokiego ryzyka jest ta
zaproponowana przez FMF(w oparciu o czynniki ryzyka + MAP + UtPI + PLGF). Jej
wybor wigze si¢ z relatywnie niewielka liczbg pacjentek zakwalifikowanych do
przyjmowania ASA(od 5-20% w zalezno$ci od populacji i punktu odcigcia), gdzie
stosujac metody w oparciu o czynniki ryzyka taki odsetek jest znacznie wigkszy(nawet
ponad 60% populacji). W zwigzku z badaniem ASPRE liczne towarzystwa zmienity
swoje rekomendacje i aktualnie zalecaja stosowanie algorytmu FMF jako tego z
wyboru. Kolejnym omawianym aspektem jest odpowiednia dawka ASA. Nadal nie ma
konsensusu migdzy towarzystwami co do rekomendowanej dawki. Wida¢ jednak, ze po
publikacji ASPRE rekomendacje z licznych krajow sktaniaja si¢ do zastosowania coraz
wigkszych dawek ASA(>75mg), a duza cze$¢ towarzystw zaleca stosowanie dawek od
100mg albo tylko dawki 150mg. Ostatnig przedstawiang kwestig jest moment wiaczenia
profilaktyki. W tej sprawie zdecydowana wigkszo$¢ towarzystw rekomenduje

wiaczenie jej przed 16 tygodniem cigzy.

8.3 Publikacja 3: Screening for preeclampsia and fetal growth restriction in the

first trimester in women without chronic hypertension.

Publikacja skupia si¢ na wynikach perinatalnych wsrdéd pacjentek bez
nadci$nienia tetniczego przewlektego, ktore poddano badaniu ultrasonograficznemu |
trymestru w celu oceny ryzyka PE i FGR. U pacjentek z wysokim ryzykiem PE w I
trymestrze, wystapito istotnie statystycznie czgsciej nadci$nienie indukowane ciaza
(PIH) (OR 3,8, 95% CI 1,6-9,1), wszystkie postaci PE (OR 7,1, 95% CI 2,2-22,6), p6zna
posta¢ PE (lo-PE) (OR 7,6, 95% CI 2,4-24,4)) oraz FGR lub SGA (OR 3,7, 95% CI 1,4-
9,2). Natomiast pacjentki z wysokim ryzykiem FGR istotnie statystycznie czgsciej
rozwijaty GDM1 (OR 3,1, 95% CI1,8-5,2), PIH (OR 4,4, 95% CI 2,3-8,3), wszystkie
postaci PE (OR 8,7, 95% CI3,4-22,4)), lo-PE (OR 9,6, 95% CI 3,7-25,1) oraz FGR lub
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SGA (OR 5,4, 95% CI 2,8-10,4). Ponadto cigze te czesciej konczyly si¢ cesarskim
cigciem (OR 1,8, 95% CI 1,1-2,9), a masa urodzeniowa noworodka czgsciej wynosita
<10. percentyla (OR 3.2, 95% CI 1,3-7,7) 1 <3. percentyla (OR 11,3, 95% CI 2,8-46,3).
Co moze by¢ najwazniejsza informacja, to wsrdd pacjentek przyjmujacych
ASA(zaréwno tych z wysokim ryzykiem PE i/lub FGR) nie odnotowano ani jednego
przypadku wystapienia PE o wczesnym poczatku(eo-PE). Kolejnym aspektem
poruszanym w publikacji sg wyniki perinatalne wsrod kobiet, u ktorych rozpoznano PE,
FGR lub SGA. Pacjentki z PE istotnie statystycznie czesciej rozwijaly FGR lub SGA
(OR 8,3, 95% CI1 3-22,9), a ciaze czesciej konczone byty przez cesarskie ciecie (OR 3,1,
95% CI 1,01-9,3). Co wiecej, noworodki matek z PE cze¢$ciej miaty mas¢ urodzeniowg
<3. percentyla (OR 16,6, 95% CI 3,1-88,3). Dodatkowo u tych pacjentek
zaobserwowano istotnie statystycznie wyzsze warto§ci MoM UtPI (OR 8,5, 95% CI 2,4-
30,5) 1 MoM MAP (OR 32,4, 95% CI14,4-55,3) w pierwszym trymestrze, podczas gdy
MoM PLGF byt istotnie nizszy (OR 0,2, 95% CI 0,03-0,9). Jesli chodzi o pacjentki ze
zdiagnozowanym FGR lub SGA, to w tej grupie zaobserwowano istotnie statystycznie
czestsze wystepowanie wszystkich postaci PE (OR 8,3, 95% CI 3-22.,9), lo PE (OR 9,
95% CI 3,2-25,1) i porodu przedwczesnego (OR 2,5, 95% CI 1,1-5,7). Jesli chodzi o
noworodki, masa urodzeniowa noworodkow istotnie czgsciej wynosita <10. percentyla
(OR 51,4, 95% CI 22,8-116,5) 1 <3. percentyla (OR 17,4, 95% CI 4,2-71,7). Pacjentki,
u ktérych zdiagnozowano FGR lub SGA, wykazywaty istotnie statystycznie wyzsze
wartosci MoM UtPI (OR 2,6, 95% CI 1,1-6,4) i istotnie nizsze wartosci MoM PLGF
(OR 0,24, 95% CI 0,1-0,7) w pierwszym trymestrze cigzy. Ostatnim poruszanym
aspektem byta DR dla badanych patologii. W przypadku wszystkich postaci PE DR
wynosit 48% 1 61% przy FPR wynoszacym odpowiednio 5% i 10%, z obszarem pod
krzywa (AUC) wynoszacym 0,85 (95% CI 0,81-0,89). Jesli chodzi o FGR lub SGA,
DR wynosit 20% i 24% przy FPR odpowiednio 5% i1 10%, z AUC wynoszacym 0,70
(95% C10,67-0,73).
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9. PODSUMOWANIE, IMPLIKACJE KLINICZNE, WNIOSKI

Na $wiecie wystapienie PE caly czas jest niezwykle groznym powiklaniem
cigzowym i do tej pory nie znaleziono skutecznej metody jej leczenia. Niemniej jednak,
w ostatnich latach dokonat si¢ niezwykly postep co do predykcji i1 profilaktyki
przedwczesnych postaci PE. Wida¢, ze dotychczasowe podejscie do screeningu I
trymestru wystapienia PE opierajacego si¢ na czynnikach ryzyka jest wypierane na
korzy$¢ wiele doktadniejszych metod zaproponowanych przez FMF oceniajacych
czynniki matczyne razem z pomiarami biofizycznymi i biochemicznymi. Pozwala to na
wykrycie grupy wysokiego ryzyka cigzowego, u ktorej zastosowanie ASA bedzie
niezwykle efektywne w profilaktyce wystapienia przedwczesnej PE.

Cykl przedstawionych publikacji pozwala na wyciagniecie kilku wnioskow majacych

rowniez zastosowanie kliniczne:

1) Niezwykle istotnym jest stosowanie metody screeningu rekomendowanej przez
FMF (w oparciu o czynniki ryzyka + MAP + UtPI + PLGF). Stosowanie metod bez
PLGF naraza pacjentki z grupy niskiego ryzyka na dzialania niepozadane ASA, a
prawdziwie zagrozone pacjentki nie otrzymuja wymaganej terapii.

2) Konieczne jest dobranie odpowiedniego punktu odcigcia w badanej populacji dla
grupy wysokiego ryzyka wystgpienia PE, tak, aby z jednej strony jak najmniej
pacjentek przyjmowalo ASA przy jednoczesnie duzej efektywnosci wdrozonej
terapii.

3) Wazna jest wspdlpraca z pacjentkami wysokiego ryzyka w celu zapewnienia
spojnego 1 regularnego przyjmowania ASA. Cho¢ ASA nie zawsze moze by¢
skuteczny, jest to obecnie jedyna mozliwos¢ zapobiegania wystgpowaniu PE i czesci
przypadkéw FGR. Konsekwentne przyjmowanie ASA jest kluczem do sukcesu.

4) Powinni$my $cisle monitorowac cigze wysokiego ryzyka wystapienia FGR i/lub PE.
Jak wykazali$my, czesto$¢ wystepowania innych powiktan cigzy jest znacznie
wyzsza w tej grupie. Odpowiednia i szybka diagnoza moze pomoc poprawié¢ wyniki
okotoporodowe poprzez zmniejszenie zachorowalnosci 1 $miertelnosci ptodu.

5) Wdrozenie profilaktyki ASA w cigzach bez przewlektego nadcisnienia tgtniczego
moze mie¢ szczegodlne znaczenie w zmniejszaniu czestosci wystgpowania eo-PE, co

sugeruje brak tego powiktania w naszej populacji wysokiego ryzyka. Nalezy jednak
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zauwazy¢, ze badania obejmujace wicksza liczbg pacjentek bytyby konieczne do

potwierdzenia tego odkrycia w polskiej populacji.
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Objectives and methods. The first aim of our study was to assess the detectability of women at risk of developing eo-PE depending
on the algorithm used. All 801 patients had an estimated risk of eo-PE based on the Fetal Medicine Foundation algorithm. The
patients were divided into four groups based on a risk calculation algorithm: 1) screening based on UtPI, MAP, and PIGF; 2)
screening based on UtPL, MAP, PAPP-A, and PIGF; 3) screening based on UtPL, MAP, and PAPP-A; and 4) screening based
on UtPI and MAP. The second aim was to explore how these groups changed depending on the cut-off points for the
increased risk of eo-PE. We selected patients within groups where the risk of eo-PE was >1 : 150. Among them, the UtPI,
MAP, PAPP-A, and PLGF values were compared taking into account the sizes of the groups. Resulfs. For the cut-off point
>1 : 150, 86 women at an increased risk of eo-PE using algorithm 1 were identified. Of these 86 patients, 83 (96%) were
identified using algorithm 2, 62 (72%) using algorithm 3, and 60 (69%) using algorithm 4. In addition, it was
demonstrated that between 21% and 29% of women at a low risk of eo-PE could be given acetylsalicylic acid if a
screening test was used that did not account for PIGF. Conclusions. In order to provide the highest level of health care to
pregnant women, it is extremely important that full screening for eo-PE should be ensured. The cheapest algorithm based
only on MAP and UtPI resulted in our patients being unnecessarily exposed to complications.

disease, arterial hypertension, and thromboembolic disease,
as well as other cardiovascular diseases in later life [3].

Preeclampsia (PE) is a multi-factorial disorder affecting 2%
to 8% of pregnancies. Worldwide, it is one of the most
important causes of maternal and fetal deaths, preterm
labor, and hospitalizations in pathology of pregnancy
departments and neonatal intensive care units [1, 2].

It has been found that women with a history of pre-
eclampsia have a higher risk of developing ischemic heart

In recent years, developments in prenatal diagnosis have
allowed prediction of preeclampsia. It has been shown that
patients at risk of developing PE have different values of
some of their biophysical and biochemical parameters as
early as the first trimester. Examples of such parameters
are the biochemical factors placental growth factor (PIGF)
and pregnancy-associated plasma protein A (PAPP-A). In
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cases with threatened preeclampsia, PIGF and PAPP-A
levels are reduced in the first trimester [4-9]. Another
important parameter in assessing the risk of preeclampsia
is the uterine artery pulsatility index (UtA-PI) in the first
trimester ultrasound. Under normal conditions, UtA-PI
decreases as preghancy continues as a result of the remodel-
ing of the spiral arteries and a decrease in their resistance.
However, in the case of the risk of preeclampsia and, for
example, FGR (Fetal Growth Restriction), the first trimester
UtA-PI value is increased [10].

It has been noticed that the measurement of mean
arterial pressure (MAP), as well, is important in the predic-
tion of preeclampsia. In the physiological pregnancy, blood
pressure decreases during the first and second trimesters,
gradually returning to its pre-pregnancy values at the end
of gestation and after delivery. However, in preeclamptic
women, MAP values in the first and second trimesters are
increased [11]. This new group of patients is identified
through a comprehensive assessment of these parameters
combined with maternal history, which together are an
extremely effective predictor of PE, especially its early-
onset form (before the 34th week of gestation (or wkGA))
(eo-PE) [4-11].

Unfortunately, there is currently no treatment available
that would significantly extend the duration of gestation
after a PE diagnosis. However, for women with an increased
risk of eo-PE identified in the first trimester, acetylsalicylic
acid (ASA) has been shown to reduce the incidence of
preeclampsia prior to 34 wkGA by 82% cempared to the pla-
cebo group. Furthermore, if the study had excluded women
with chronic arterial hypertension and those that took less
than 90% of the recommended doses, the risk of eo-PE
would have fallen by 95% [12, 13].

There is a need for a continuous discussion on, and
for doctors to be reminded of, the benefits of screening
in pregnancy in order to better care for the pregnant
patient and her child. The first aim of our study was to
assess the detectability and the parameters of women at
risk of developing eo-PE depending on the algorithm
used. The second objective was to observe changes in
the size of the groups taking acetylsalicylic acid depend-
ing on the cut-off point for an increased risk of eo-PE
chosen and the algorithm used to detect the eo-PE risk
group patients.

2. Patients and Methods

The prospective study conducted in 2019 induded a popula-
tion of 801 pregnant Caucasian patients from the Prenatal
Testing Outpatient Clinics in Szczecin and Katowice as part
of first trimester pregnancy screening tests (at 11-14 wkGA)
in order to detect aneuploidy, fetal defects, and the risk of
preeclampsia. The study was conducted in accordance with
the Fetal Medicine Foundation (FMEF) principles for the
detection of women at risk of PE. The study was conducted
with the consent of the bioethical committee at the Pomera-
nian Medical University in Szczecin (consent no. KB-0012/
157/18). Each woman gave her written consent to participate
in the study. Each patient’s medical history was acquired,
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maternal characteristics were established (induding their
age, weight, height, parity, race, smoking history, diabetes
mellitus type 1 or 2, chronic hypertension, systemic lupus
erythematosus (SLE), antiphospholipid syndrome (APS},
family history of preeclampsia, and the method of concep-
tion). Arterial pressure was measured using an automated
blood pressure monitoring device twice per arm. A trans-
abdominal probe of the Voluson E6 ultrasound system
was used to measure the uterine artery pulsatility index
(UtA-PI). The pulsatility index was determined for both
uterine arteries, and an average value was calculated. Sub-
sequently, blood samples were collected from each patient
for PAPP-A and PIGF determinations. In Szczecin, the
Cobas ¢ 801 (Roche Diagnostics) analyzer was used to
measure PIGF and PAPP-A. In Katowice, in turh, these
parameters were measured using the DELFIA Xpress sys-
tem (PerkinElmer Life). Subsequently, the biochemical
parameter values were expressed in the MoM (a multiple
of the median). Each patient was individually evaluated
in terms of her risk of eo-PE based on the FMF algo-
rithms (FMF -2012 software version 2.8.1). The patients
were divided into four groups depending on the eo-PE
risk calculation algorithm used:

(1) screening based on UtA-PI, MAP, PIGF

(2) screening based on UtA-PI, MAP, PAPP-A, PIGF
(3) screening based on UtA-PI, MAP, PAPP-A

(4) screening based on UtA-PI, MAP

According to the FMF and FIGC recommendations,
the Maternal History+MAP+UtA-PI+PIGF algorithm is
recommended for detecting women in the eo-PE risk
groups for prophylaxis with 150 mg of ASA with the
highest detection rate. We deemed this algorithm to be
the most favorable and used it to compare with the other
algorithms. We selected 3 cut-off points for the eo-PE
risk groups to whom acetylsalicylic acid should be
administered:

(1) »1:150 — concordant with the recommendations of
the Polish Society of Gynecologists and Obstetricians
(PTGiP) and mentioned as a cut-off point that is
suitable for the Caucasian populatien according to
FMF

(2) »1:100 — according to the FIGO recommendations

(3) »1:70 — our own cut-off point for the group with the
highest risk of PE

3. Statistical Analysis

The results of the study were statistically analyzed. The non-
parametric Mann-Whitney U-test was used to calculate the
differences in the tested parameters, and McNemar’s test
was used for the analysis of differences in the sizes of the
individual groups. The Statistica ver. 13 software was used
for the analysis (StatSoft, Poland).
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TaBie 1: Characteristics of the study group (CRL: crown rump length; SLE: systemic lupus erythematosus; APS: Antiphospholipid

syndrome).

Median (IQR) 71 (%)
Age 32 (27-35) Smoking 41 (5.1)
Weight 65 (58-74) Diabetes mellitus type 1 11 (1.37)
Height 165 (162-170) Diabetes mellitus type 2 8 (1)
Parity 1 (0-2) Chronic hypertension 25 (3.12)
CRL 64.1 (59.4-68.7) SLE/APS 8 (1)
MoM UtPI 1.1 (09-1.32) Nulliparous 254 (31.7)
MoM PAPP-A 1.04 (0.68-1.39) Parous previous PE 26 (4.75)
MoM PIGF 0.96 (0.73-1.25) Family history of PE 19 (2.37)
MoM MAP 1.04 (0.98-1.11) In vitro fertilization 6 (0.75)
4, Results markers (History+MAP+UtPI) for the same cut-off value

In cur study, the FMF clinical algorithms were compared in
order to detect women in the eo-PE risk groups. Table 1
shows the general characteristics of the total population
studied. Tables 2-4 show the differences in the parameters
studied during the first trimester of pregnancy depending
on the cut-off point and the algorithm used to calculate the
risk of developing PE. We found no statistically significant
differences among the cut-off points>1:70, > 1:100,
and>1:150. The main reason for the lack of differences is
the fact that, as shewn in Table 5, some of the women were
classified as high risk for eo-PE when different algorithms
were used simultaneously. Therefore, when comparing dif-
ferences between the groups (Tables 2-4), most were found
to contain the same numbers of women, which resulted in
a lack of statistical significance. This, however, came as no
surprise to us, especially that exploring the differences
between the parameters was not the primary aim of the
paper. The most important objective was to show how many
women would be prescribed ASA depending on the algo-
rithm used and how many would not be administered ASA
if we were not to use the algorithm accounting for PIGF
determination.

Table 6 shows the numbers of the cases detected in the
PE risk groups. As can be seen, the screen positive ratios
(SPRs) for all the algorithms for the same cut-off points were
similar. Cleatly, as well, the algorithm including a PIGF
determination alone (algorithm 1) did not differ significantly
in the number of cases detected from the algorithm includ-
ing PIGF and PAPP-A (algorithm 2). The same is confirmed
by Table 5, whete the algorithm including PAPP-A and
PIGF for any cut-off point did not detect, in a statistically
significant manner, fewer cases than the algerithm incuding
PIGF alone.

As shown in Table 6, algorithm 1 had a 5.5% SPR for
the risk cut-off point >1:70, 7.2% SPR for the risk cut-off
point >1:100, and a 10.7% SPR for the risk cut-off point
>1:150. According to Tables 5 and 6, a comparison of
algorithm 1 with the other algorithms for the risk cut-off
value >1:100 shows that algorithm 3 containing only
PAPP-A detected 72.5% (42/58) of women in the high
PE risk group, while algorithm 4 without the biochemical

detected 71% (41/58) patients in the PE risk group. For the
>1:150 group, these values were 72% (62/86) for algorithm
3 with PAPP-A and 70% (60/86) for algorithm 4 without
the biochemical markers, respectively. These differences are
confirmed by the data shown in Table 5, where in addition
to a lack of statistical significance for the comparison of the
algorithm including PIGF (algorithm 1) with the algorithm
including PAPP-A (algorithm 3) for the cut-off point
>1:70, all the others did actually demonstrate such signifi-
cance. Table 5 shows the superiority of the algorithm
containing PIGF over the algorithms that excluded it. In
other words, algorithm 1 (screening based on UtA-PI,
MAP, and PIGF) detected statistically significantly more
women at risk of developing PE. For instance, with the cut-
oft point >1:150, algorithm 1 (which accounts for PIGF)
has a statistically significant higher detection rate of high-
risk women than other algorithms which do not include
PIGF determination. For the cut-off point >1:100, these
values were, respectively, 0.0001 compared with algorithm 4
(without biochemical parameters), and 0.0002 compared
with the algorithm accounting only for PAPP-A.

Additionally, the data contained in Table 6 shows that
while using algorithm 3 incdluding PAPP-A to calculate the
risk of PE for the cut-off point >1:70, an additional 10 out
of 44 women (22%) who should be on ASA, considering
algorithm 1 as the muost significant, were deemed to be
receiving it without reasonable grounds. For cut-off points
>1:100 and >1:150, these proportions were 17/58 (29%)
and 18/86 (21%), respectively. Similar relationships can be
seen for algorithm 4, where for the cut-off points >1:70,
> 1: 100, and >1: 150, these proportions were 10/44 (22%),
20758 (34%), and 24/86 (28%), respectively. In other words,
between 21% and 34%, more women were classified as
high-risk patients, for whom ASA administration was rec-
ommended as long as the algorithm used did not account
for PIGF.

5. Discussion

Proving the effect of acetylsalicylic acid on the incidence of
preeclampsia among women in the risk groups has been
one of the greatest achievements in obstetrics and gynecology
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TaBie 5: Differences in the detectability of patients in the PE risk group using other algorithms compared to algorithm 1

(History+MAP+UtA-PI+PIGF).

Method of screening Comparison of detection by two methods p value
Preeclampsia cut-off 1: 70

History+MAP+UtPI+PIGF vs History+MAP+UtPI+PIGF+PAPP-A 4dvsdd 1.00
History+MAP+UtPI+PIGF vs History+MAP+UtPI+PAPP-A 44vsdl 025
History+MAP+UtPI+PIGF vs History+MAP+UtPI 44vs38 0.04
Preeclampsia cut-off 1: 100

History+MAP~+UtPI+PIGF vs History+MAP+UtPI+PIGF+PAPP-A 58vs56 0.48
History+MAP+UtPI+PIGF vs History+MAP+UtPI+PAPP-A 58vsd2 0.0002
History+MAP+UtPI+PIGF vs History+MAP+UtPI 58vsdl 0.0001
Preeclampsia cut-off 1:150

History+MAP+UtPI+PIGF vs History+MAP+UtPI+PIGF+PAPP-A 86vs83 0.25
History+MAP+UtPI+PIGF vs History+MAP+UtPI+PAPP-A 86vs62 <0.0001
History+MAP+UtPI+PIGF vs History+MAP+UtPI 86vs60 <0.0001

of recent years. It is particularly worth recalling the falling
incidence of early-onset PE, ie, <34 wkGA, which is after
all responsible for most neonatal complications. In the
ASPRE study, patients with a PE risk of >1:100 according
to the FMF algorithm were assumed to be included in the risk
groups [12, 13].

However, the choice of the appropriate cut-off point and
indications for using ASA is still a controversial subject dis-
cussed in various societies, as research continues. According
to the ACOG and NICE, it is sufficient if the relevant criteria
are met without considering the biophysical and biochemi-
cal factors, reaching different DRs at the same time: 94%
and 41%, respectively, for eo-PE. In the first case, unfortu-
nately, despite the high DR, the FPR reached values exceed-
ing 60%. The most accurate screening model as of today is
the one proposed by the EMF, which for a relatively low
FPR of 10% gives, according to various reports, a DR of
approx. 90% for eo-PE. Therefore, the aim of the present
study was to examine the different algorithms proposed by
FMF and compare them at different cut-off point levels for
the high-risk group [4, 6, 8, 14-16].

The FIGO, The EMF, and the Polish Seciety of Gynecol-
ogists and Obstetricians recommend using the FMF algo-
rithm including maternal history, MAP, UtA-PI, and PIGF,
sihce it has the highest predictive value with the cut-off
points >1:100 (similar to the FIGO recommendations and
>1:150 (similar to the FMF and Polish Society of Gynecol-
ogists and Obstetricians (PTGIP) recommendations). The
different cut-off points are selected in relation to the charac-
teristics of the selected population. For the Caucasian popu-
lation, as in our study, the most appropriate cut-off point is
that proposed by the FMF and the PTGIiP because, as
research demonstrates, the DR is 80-94% for eo-PE at an
SPR of approx. 15%. In the present study, the SPR for the
cut-off point of 1:150 was 10.7%, meaning it was in line with
the model proposed by the EMF. The authors show that a
more conservative choice of risk groups, ie, as FIGO sug-
gests - >1:100 or even >1:70, may fail to achieve the desired
DR, especially for the Caucasian population. In contrast, it
should be remembered that the DR for the cut-off point

>1:150 for the Afro-Caribbean population was 100% at a
40% FPR, and that is why the researchers established a more
conservative approach for this population [4, 8, 16-19].

Wishing to help our patients as much as possible, we strive
to detect pathologies as early as practicable. Clearly, the EMF
algorithm including PIGF that we studied proved to be the best
method for detecting the risk. Using other FMF algorithms, or
adopting the approaches recommended by associations such
as the ACOG or the NICE, a large propertion of women are
caused to receive ASA despite being at no risk of developing
¢0-PE. In our study, for the cut-off point >1:150, 21-28% of
the women received ASA while actually belonging to the
low-risk group if no PIGF was included in the screening. Sim-
ilarly, for the cut-off point >1:100, these numbers were
between 29 and 34%, and for the cut-off peint >1:70, the cal-
culated value was 22% [4, 15, 16, 19, 20].

There are discussions pending on whether or not acetyl-
salicylic acid should be made available to all pregnant
patients equally, regardless of the risk group they belong to
[21]. Nevertheless, it still appears reasonable that the smaller
the amounts of drugs administered to preghant women the
better. In addition, many of these patients would not be will-
ing to accept acetylsalicylic acid if ne indications were
observed in them. To our knowledge, no randomized studies
are available at present assessing the long-term safety of
using ASA in all pregnant women. Of note, there are reports
in the literature that ASA may increase the risk of vaginal
bleeding during pregnancy, as well as gastroschisis or cere-
bral palsy [22-24]. Gastroschisis, however, is caused when
ASA is administered in the first trimester, ie., theoretically
before the point of less than 16 wkGA recommended for
the inclusion of ASA in the management of women at high
risk of eo-PE [22]. At the same time, a study showing an
increased risk of cerebral palsy does not propose an ASA
dose, while other authors show that there is no such rela-
tionship, although their study was performed on a much
smaller group of patients [23]. Nevertheless, as we men-
tioned, our study shows that up to an additional 34% of
women can be given ASA if we do not use PIGF in our
¢0-PE risk calculation.
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Screening with PIGF shows a high-risk pregnancy group.
In clinical practice, it is extremely important, what percent-
age of whole pregnant population will be treated as high-risk
pregnancies, in relation to women, who will achieve measur-
able benefits. If we use the most precise algorithms, we will
achieve definitely much better results. At the present time,
PAPP-A tests are quite common, despite the relatively high
effectiveness, the PIGF algorithms are characterized by
higher efficiency [5-9, 17, 18].

Our results confirm previous reports that adding PAPP-
A to the algorithm recommended by the FIGO, the EMF and
the PTGIP does not change screening effectiveness in detect-
ing women at risk of eo-PE. [19] For none of the cut-off
points was the difference between the two algorithms statis-
tically significant.

On the other hand, we showed a statistically significant
superiority of algorithm 1 (with PIGF) over the popular
algorithm (only with PAPP-A=algorithm 3). In our
opinion, it is a dangerous phenomenon whereby an increas-
ing number of women is being classified in the high-risk
pregnancy groups. The use of PIGF helps to mitigate this
tendency.

When talking about the impact of aspirin en PE, other
forms of the condition must be addressed, as well. As shown
by the ASPRE study, for instance, aspirin reduces the risk of
€0-PE and preterm PE occurring prior to 37 wkGA. This,
however, does not apply to other forms of PE, especially its
term variants. As the authors implicate, this may be caused
by a number of factors. Firstly, if administered early enough
(prior to 16 wkGA), aspirin assists in spiral artery remod-
eling, thus deepening placentation. This brings about a
reduction in the overall incidence of the more severe eo-
PE, or perhaps simply defers the time of its occurrence
for the benefit of late-onset PE or term PE, which is
milder. Secondly, the causes of term PE are often not
related to impaired spiral artery remodeling but are associ-
ated with maternal predispositions and co-morbidities,
such as chronic arterial hypertension or kidney diseases,
which lead to vascular endothelial dysfunction. In these
cases, aspitin will not reduce the incidence of PE. At the
same time, it should be noted that in term PE cases, the
perinatal outcomes are usually good, and the treatment
focuses primarily on the mother [13, 24-27].

Another important aspect is compliance with the aspirin
regimen if we were to qualify most of the population for
ASA use. Previous studies in some ways are of disagreement
over qualifying different proportions of the population for
ASA use. For example, the ASPRE study (qualifying women
for ASA use based on algorithm 1 from our study with cut-
off point >1:100) shows that in women who do not have
chronic hypertension and whose adherence rate is >90%,
the eo-PE frequency will drop by approximately 90% [12].
Another study shows that the indiscriminate use of aspirin
(ie., in all pregnant patients) may lead to an even greater
reduction in the incidence of both eo-PR and lo-PE than if
ASA were to be only administered to the high-risk women
sihgled out using the algorithm that accounts for PIGF deter-
mination. However, this study assumes a compliance level of
100%, which is almost impossible to achieve [28]. Similar to

the results of other studies, lower compliance levels (<90%)},
which in our opinion are more realistic, do not lead to such
reductions in PE incidence [29, 30]. In our assessment, it is
necessary for each patient to be offered a screening test for
PE using the best possible methods in line with the EBM
guidelines in order to minimize the risk of serious compli-
cations occurring in them or their children [5, 6, 9]. Our
study shows that we detect only 70-72.5% of women at
risk of developing eo-PE if we do net use the PIGF algo-
rithm (algorithms 1 or 2) to calculate the risk of its occur-
rence. There is no doubt that the cost and the low
availability of screening tests accounting for PIGF are fac-
tors limiting their common application. For a large pro-
portion of women, the cost charged by private health
care facilities may be too high [15].

This does not prevent the condlusion that, for the public
health care system, complete screening tests for the risk of
e0-PE accounting for PIGF, and an appropriate qualification
for ASA treatment, will significantly reduce the overall cost
of prenatal. This is confirmed by the ASPRE study, where
newborns from mothers treated with ASA had significantly
shorter hospitalizations in the neonatal intensive care unit
(NICU} [31]. Another study carried out in Canada shows
that subjecting all pregnant patients to complete screening
tests accounting for PIGF combined with an appropriate
qualification for ASA treatment will result in approx. C$14
million (€9.5 million) in annhual savings for the health care
system [32].

It may also be necessary to monitor women from groups
at risk of developing PE. Women with a history of PE are
known to be at risk of cardiovascular events in the future.
The question is whether or not the women from these risk
groups demonstrate an increased risk of developing such
conditions, as well [3]. Perhaps, large randomized trials
would be able to assess this issue.

Our study is a reminder to doctors that every
woman should be offered risk stratification for the devel-
opment of eo-PE. Cheaper screening tests, with no PIGF
determination, expose our patients to complications.
Many doctots, also in Poland, only offer prenatal diag-
nosis of the risk of aneuploidy including tests for -
hCG (B-human chorionic gonadotropin) and PAPP-A.
This examination is undoubtedly an important part of
prenatal diaghosis and care during preghancy. However,
it should be borne in mind that we are currently oper-
ating within a care model that puts emphasis on early
detection of risks, while PE is one of the most serious
risks in preghancy.

6. Conclusions

The risk of a pregnant patient developing eo-PE should be
assessed using the FMF algorithm that accounts for their
medical history, maternal characteristics, MAP, UtA-Pl,
and PIGF. Applying other algorithm types results in unnec-
essary ASA administration to some patients on the one
hand, and failure te administer it to some patients carrying
an increased risk on the other.
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Abstract: Precclampsia (PE) is a multi-factorial disorder of pregnancy, and it continues to be one of
the leading causes of fetal and maternal morbidity and mortality worldwide. Aspirin is universally
recommended for high-risk women to reduce preeclampsia risk. The purpose of this review is
to summarize the recommendations of various scientific societies on predicting preeclampsia and
their indications for the inclusion of acctylsalicylic acid (ASA) prophylaxis. Fourteen guidelines
were compared. The recommended dose, screening method, and gestational age at the start of
the test vary depending on the recommendation. The societies are inclined to recommend using
increasingly higher doses (>75 mg) of ASA, with many encouraging doses from 100 mg upward.
Most societies indicate that the optimal time [or implementing aspirin is prior to 16 weeks’ gestation.
Following the publication of the Aspirin for Evidence-Based Preeclampsia Prevention (ASPRE) trial
results and other papers evaluating the Fetal Medicine Foundation (FMF) screening model, a large
number of societies have changed their recommendations from those based on risk factors alone
to the ones based on the risk assessment proposed by the FMF. This allows for the detection of a
high-risk pregnancy population in whom aspirin will be remarkably effective in preventing preterm
PE, thereby decreasing maternal and fetal morbidity.

Keywords: preeclampsia; prenatal screening; first trimester; aspirin; ASPRE

1. Introduction

Preeclampsia (PE) is a multi-factorial disorder found in 2-8% of pregnancics. It,
unfortunately, continues to be one of the leading causes of fetal and maternal morbidity
and mortality worldwide, accounting for more than 70,000 maternal deaths every year [1,2].
As defined by the International Society for the Study of Hypertension in Pregnancy (ISSHT)
in 2021, gestational hypertension is accompanied by one or more of the following new-onset
conditions at >20 wecks” gestation:

I. Proteinuria.
2. Other maternal end-organ dysfunction, including:
- neurological complications (blindness, stroke, paresis, severe headaches, persis-
tent visual scotomata);
- pulmonary edema;
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- hematological complications (e.g., platelet count < 150,000/uL, DIC, hemolysis);

- acute kidney injury (AKI) (such as creatinine > 90 umol/L or 1 mg/dL);

- elevated transaminases, such as alanine transaminase (ALT) or aspartate transam-
inase (AST) > 40 IU/L), with or without right upper quadrant or epigastric
abdominal pain.

3. Uteroplacental dysfunction: placental abruption, angiogenic imbalance, fetal growth
restriction (FGR), abnormal umbilical artery Doppler waveform analysis, or intrauter-
ine fetal death [3].

Currently, the only method to treat a patient diagnosed with PE is to terminate the
pregnancy. In PE cases diagnosed > 37 weeks’ gestation (term PE), such management does
not pose a large challenge. When it comes to preterm PE or early-onset PE (<34 weeks”
gestation), however, we judge between the induced complications of preterm birth and the
increased risk of maternal or fetal morbidity and mortality (resulting from, for example,
placental abruption) [4]. In addition to the obvious early complications, preeclampsia
carries the risk of long-term complications for both mothers and fetuses. Mothers are far
more exposed to cardiovascular diseases, obesity, and kidney diseases. Children born
to mothers with PE have increased risk of abnormal psychomotor development, insulin
resistance, diabetes mellitus, and cardiovascular diseases [5-9]. The first paper showing
the effects of acetylsalicylic acid (ASA) in preventing PE was published more than 30 years
ago [10]. Hence the interest of numerous authors in the early detection of women at
increased risk of developing PE, who may be the group with the greatest effectiveness of
implemented ASA [11-15]. There have been many studies showing the effects of aspirin use,
timing of treatment inclusion, and the selected population on the incidence of PE [16-18].
Although the effect of ASA on the prevention of PE occurrence seems already proven, there
is still no international consensus on several controversial issues:

1. Choice of the optimal screening method in the first trimester.

2. Selection of an appropriate cut-off point for selected populations at high risk of
developing PE.

3. Selection of the appropriate dose of ASA.

4. The timing of implementation and end of treatment.

The aim of this study was to look at the state of current knowledge on the prediction
and prevention of PE with ASA. This article summarizes the recommendations of various
scientific societies for predicting PE and their indications for the implementation of ASA
prophylaxis and looks at the changes following the publication of the Aspirin for Evidence-
Based Preeclampsia Prevention (ASPRE) study in 2017 [19].

2. Search Strategy and Article Selection Criteria
PubMed, Web of Science, and Google Scholar were searched through to 31 March

2023, with the search terms “hypertensive disorders in pregnancy”, “preeclampsia”, and
“hypertension in pregnancy”. We cross-listed these terms with the following: “aspirin”,
“screening”, “prediction”, “prevention”, “management”, “guidelines”, and “society”. We

focused on publications written after 2017.

3. An outline of the Pathophysiology of PE and the Mechanism of Action of ASA

PE is considered by researchers to be caused by an abnormal process of the so-called
placentation. In a normal, physiological pregnancy, the invasion of trophoblast cells and
the angiogenic (including vascular endothelial growth factor (VEGF) and placental growth
factor (PIGF)) and immune factors secreted by them induce spiral artery remodeling. Such
remodeling enables adequate perfusion of the arteries and, thus, normal placentation and
development of pregnancy [20,21]. In the case of PE, this process is disturbed, and the first
stage of the first trimester does not see normal trophoblast invasion. Several elements are
involved, such as the aforementioned immune and angiogenic factors, genetic factors, and
maternal diseases (e.g., pre-gestational diabetes mellitus, chronic hypertension) [21-24].

40



Biomedicines 2023, 11, 1495

3of 18

In the second stage, it leads to abnormal maternal-fetal perfusion. To date, abnormal
maternal-fetal perfusion has been equated with subsequent placental hypoxia, although
there are reports claiming that oxygenation in FGR and PE can be even higher than it
is in normal pregnancies, whereas it is flow rates in these diseases that may be more
relevant. Due to abnormal perfusion, the placenta generates oxidative stress leading to the
release of inflammatory mediators and antiangiogenic factors into the maternal circulation.
The latter two cause vascular endothelial damage, excessive platelet aggregation, and
vasoconstriction through a decrease in nitric oxide (NO) synthesis, leading to the clinical
manifestation of preeclampsia in the form of any of the disorders listed in the ISSHP
definition [3,22,25-31]. What does the pathophysiology of preeclampsia have in common
with the mechanism of action of aspirin?

Aspirin inhibits two cyclooxygenase isozymes (COX-1 and COX-2). Cyclooxygenases
mediate in the production of prostanoids that include prostaglandins, prostacyclins, and
thromboxanes [32,33]. Under normal conditions, COX-1 regulates prostacyclins and throm-
boxane in the vascular endothelium and platelets, where the former promote vasodilation
and inhibit platelet aggregation, while thromboxane has the opposite effect [32-34]. COX-2,
on the other hand, is mainly involved in regulating the inflammatory response by releasing
prostaglandins—this cyclooxygenase isoform is inhibited by high-dose aspirin. Low-dose
aspirin (LDA) mainly has an affinity for COX-1, causing an increase in the ratio of prosta-
cyclins to thromboxane (in PE, the observations point to an exactly opposite situation). It
also shows a slight anti-inflammatory effect [34-37]. Additional effects of LDA include
immunomodulation, endothelial stabilization, influence on cytokine production, and inhibi-
tion of the production of anti-angiogenic factors such as soluble Fms-like tyrosine kinase-1
(sFlt-1) [38-41]. The latter element participates in inactivating VEGF and PIGF, which are
responsible for supporting normal placentation. Given the multitude of mechanisms of
action of LDA, its role in decreasing the incidence of PE is not fully known. On the other
hand, proper spiral artery remodeling is known to be necessary to prevent PE. Therefore,
aspirin prophylaxis should be implemented even before this process begins [39,42].

4. What Are the Benefits of ASA Prophylaxis?

Although the first reports on aspirin’s role in preventing preeclampsia were published
as early as in the 1980s, this effect was only confirmed much later. In 2007, a meta-analysis
evaluating 32,217 women with risk factors for preeclampsia showed a slight decrease in its
incidence among those patients who received ASA (Relative risk (RR) 0.90, 95% Confidence
interval (CI) 0.84-0.97). The meta-analysis consisted of various tests of aspirin dosage
(50-150 mg) and the time of its inclusion (in many cases, ASA was included after 20 weeks’
gestation) [18]. In subsequent years, further meta-analyses showed that both the dose
and the time of inclusion mattered [43-45]. One of such studies enrolled 11,348 women
with risk factors for preeclampsia and showed that the incidence of PE (RR 0.47, 95% CIL
0.34-0.65) and intrauterine growth restriction (IUGR) (RR 0.44, 95% CI 0.30-0.65) dropped
if aspirin was included prior to 16 weeks’ gestation. The same researchers showed that
aspirin introduced after 16 weeks of pregnancy does not reduce the incidence of PE (RR 0.81,
95% C10.63-1.03) or IUGR (RR 0.98, 95% CI 0.87-1.10) [46]. Similar conclusions regarding
the timing of aspirin inclusion were reached by the authors of a meta-analysis involving
20,909 women, where ASA included before 16 weeks” gestation was key to causing a
decrease in the incidence of PE, while inclusion after 16 weeks’ gestation had no such effect.
Additionally, they assessed that aspirin at doses of 100 and 150 mg was more effective than
doses of <75 mg [17]. In most of the aforementioned meta-analyses, ASA was included in
the treatment of women with risk factors for PE indicated by their medical history.

Undoubtedly, the ASPRE trial study was another breakthrough in PE prevention.
It was a randomized analysis with a placebo group to evaluate aspirin use at a dose of
150 mg in women at high risk of PE. The novelty was that the risk group was identified
in the first trimester based on a Fetal Medicine Foundation (FMF)-proposed algorithm
including history, uterine artery pulsatility index (UtPI), mean arterial pressure (MAP), and
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PIGF [11-13]. In total, 1776 women with a risk of >1:100 were administered either aspirin
or the placebo. The study proved a lower incidence of preterm PE (Odds ratio (OR) 0.38;
95% CI, 0.20-0.74) in the aspirin-taking group [19]. A secondary analysis of the ASPRE
trial indicated an even greater decrease in PE incidence where ASA was taken regularly
(>90% of the doses) in the aspirin-taking group (5/555) compared to the placebo (22/588)
(OR 0.24, 95% CI 0.09-0.65). If hypertensive patients were excluded, this effect was actually
spectacular in the aspirin-taking group (1/520) compared to the placebo (19/541) (OR
0.05, 95% CI10.01-0.41) [47]. None of the aforementioned studies confirmed the benefits
of aspirin use in the prevention of term preeclampsia [19,43-47]. Following the ASPRE
trial, a number of papers have been published that evaluated aspirin use in the Asian and
European populations based on the FMF screening model. Their authors showed that
this screening, together with subsequent implementation of aspirin, was better than the
screening methods proposed by, say, the National Institute for Health and Care Excellence
(NICE) and others. For the FMF screening model, they showed a detection rate (DR) of
75-80% at a false positive rate (FPR) of 7-10%, while for maternal history alone the DR
was approx. 35-40%. The researchers pointed out the need to choose the right cutoff point
for the right population as, for example, in the Asian population, the screen-positive rate
(SPR)ywas 23% at the recommended cutoff point of <1:100. An additional advantage of
introducing such screening is that, as the authors emphasized, it is a method that identifies
pregnancies that require appropriate monitoring due to higher risk of preterm labor, FGR,
and the need for emergency termination of pregnancy [48-50].

Is aspirin effective in all cases? Unfortunately, as the authors show, some groups of
women may not benefit as significantly. Situations worth mentioning are women with
chronic hypertension and cases of multiple pregnancies. The authors of a meta-analysis
involving 2150 women with chronic hypertension receiving LDA showed no significant sta-
tistical reduction in the incidence of preterm PE (OR 1.17,95% C10.74-1.86) [51]. In addition,
the aforementioned ASPRE secondary analysis showed no significantly reduced incidence
of preterm PE among women with chronic hypertension in the aspirin-taking group (5/49)
compared to the placebo (5/61) (OR 1.29, 95% CI 0.33-5.12) [47]. The authors speculate
that the lack of a positive effect of LDA in this group is due to pre-pregnancy endothelial
damage and inflammation, and PE develops even in less severe cases of abnormal placenta-
tion [47,51,52]. The second group that needs to be discussed are the aforementioned women
with multiple pregnancies. The authors of a meta-analysis involving 898 multiple preg-
nancies receiving LDA observed a reduction in the risk of PE (RR 0.67, 95% CI 0.48-0.94)
but not its severe forms (RR 1.02, 95% CI 0.61-1.72). In addition, this reduction did not
differ when LDA was introduced before (RR 0.86, 95% CI 0.41-1.81) or after (RR 0.64;
95% C10.43-0.96, p = 0.50) 16 weeks of gestation [53]. Another meta-analysis involving
2273 multiple pregnancies showed a lower risk of PE among women receiving LDA (OR
0.64, 95% CI, 0.48-0.85). When they only evaluated 804 women receiving LDA at a dose
of >100 mg/d, the risk was even lower (OR 0.45, 95% CI 0.23-0.86) [54]. The authors of
these last two studies self-reported the low quality of the evidence and the need for further
randomized trials showing the effectiveness of LDA in preventing PE among multiple
pregnancies [53,54].

5. Is Aspirin Right for Every Woman?

ASA has been proven to be effective in preventing the development of PE. Hence the
question of whether or not it would be simpler to include it in every pregnancy [55,56]. For
years now, researchers have been attempting to prove that aspirin is safe to use. Clinicians
treat it as safe to use in pregnancies. Nevertheless, according to the Food and Drug
Administration (FDA), the use of aspirin at a dose of >81 mg in pregnancy continues to
be an off-label indication [57]. Therefore, it should be explained in detail to every patient
why higher doses must be used in her treatment whenever that is necessary. To date, no
association of LDA with the development of birth defects, malformations, miscarriages,
and premature closure of the ductus arteriosus has been detected [58-61]. One study
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evaluating the use of paracetamol, ibuprofen, and aspirin on 185,617 pregnant patients
showed the possibility of increased risk of cerebral palsy in women exposed to aspirin
during pregnancy. However, the paper did not report the exact dose, time of inclusion, or
duration of aspirin treatment, as it only indicated whether ASA was used or not during
pregnancy, and thus, this result should be approached with caution [62]. On the other
hand, the authors of two studies on more than 10,000 cases showed no adverse effect of
LDA on the neurodevelopment of children at 18 months compared to the group taking a
placebo [63,64].

The use of LDA in pregnancy in relation to the incidence of bleeding, where the results
are inconclusive, is a somewhat different story. On the one hand, one can find studies, such
as the one on 26,952 patients, showing no association between aspirin administration and
the incidence of postpartum hemorrhage (RR 1.03, 95% CI 0.94-1.23), placental abruption
(RR 1.15, 95% CI 0.76-1.72), and neonatal intraventricular hemorrhage (RR 0.90, 95% CI
0.51-1.57) [65]. The ASPRE trial, too, did not show such a correlation, with the results in
the placebo and aspirin groups being similar [19]. On the other hand, there are papers
that point to the possible existence of such a relationship. Authors from Sweden explored
the effects of LDA on the incidence of complications in 313,624 patients. They found no
association with the incidence of midgestational bleeding. However, they made more
diagnoses of intrapartum hemorrhage (adjusted odds ratio (aOR) 1.63, 95% CI 1.30-2.05),
postpartum hemorrhage (aOR 1.23, 95% CI 1.08-1.39), and postpartum hematoma (aOR
2.21, 95% CI 1.13-4.34) and reported a higher incidence of intraventricular hemorrhage
in newborns (aspirin: 0.07% vs. no aspirin: 0.01%; aOR, 9.66, 95% CI 1.88-49.48) born
naturally. The authors admitted, though, that they did not know when their patients had
stopped taking aspirin [66]. A meta-analysis by Cochrane, too, points to a low connection
with the incidence of postpartum hemorrhage (n = 40,249, OR 1.06, 95% CI 1.00-1.12) [44]. A
study on 21,403 patients claimed that the use of LDA was associated with increased risk of
placental abruption (OR 1.35, 95% CI1.05-1.73) [43]. Increased risk of hemorrhage may also
be suggested by the fact that when a population of non-pregnant women with no elevated
cardiovascular risk was studied, aspirin was shown to only increase the risk of external
hemorrhages, gastrointestinal bleeding, and intracranial hemorrhage, without reducing the
risk of, for example, myocardial infarction or ischemic stroke [67,68]. This is why, as the
authors emphasized, LDA should be reserved for those at high risk of cardiovascular events
in non-pregnant patients as well [67-70]. Therefore, the scientific societies” recommendation
that aspirin be discontinued in the 36th week of gestation seems reasonable as the time
of delivery closes in, especially since no effect of LDA on the incidence of term PE has
been demonstrated [71-76]. Additionally, the authors argue that such universal application
might reduce aspirin compliance [77,78].

Is compliance really that important? There have been reports claiming that appropriate
and regular use reduces the risk of various complications. High medication compliance
has been linked, for example, to reduced mortality in depressed patients using antide-
pressants, reduced incidence of cardiovascular diseases in hypertensive patients using
pharmacotherapy, and reduced risk of death in statin users with diabetes [79-81]. Is the
level of adherence to a particular treatment common in the population? As the authors
of a review paper covering 50 years of research report, approx. 25% of the population do
not adhere to recommendations [82]. Pregnant patients demonstrate varying degrees of
compliance as well. As regards recommendations for the use of vitamins or dietary sugges-
tions, there are publications claiming that up to 70% of women do not follow one of the
recommendations they receive [83]. The situation looked somewhat better among pregnant
women with chronic diabetes mellitus, depression, or epilepsy, where adequate compliance
was declared by 80-100% of them. However, the same authors indicated that compliance
dropped significantly when it came to medications prescribed for a limited period, such as
antibiotics, analgesics, steroids, or antihistamines (12-77%) [84]. Other authors studying
aspirin compliance in pregnancy point to varied adherence as well. For women at high risk
of PE, compliance ranged from approx. 50% to over 90% [85-87]. They also required to be
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reminded about their recommendations more often. In the case of the intermediate-risk
patients, compliance declined, while physicians were rarely forced to remind their patients
of their recommendations [85,86]. In the reported studies, the patients themselves empha-
sized that being reminded of the recommendations, as well as maintaining appropriate
contact and cooperation with the medical staff, improved their aspirin compliance [88]. As
we showed earlier, secondary analyses of the ASPRE trial found conclusively that patients
taking more than 90% of their aspirin doses had reduced incidence of PE compared to those
with lower compliance [47,87]. Other researchers studying high-risk pregnancies alsc show
that compliance of <90% is associated with higher risk of early-onset preeclampsia (aOR
1.9, 95% CI 1.1-8.7) and higher risk of its late-onset form (>34 weeks” gestation) (aOR 4.2,
95% CI1.4-19.8). The authors did not study the compliance relationship for term PE [89].

Knowing how important compliance is and how many women fail to adhere to their
prescribed pharmacological treatment, is it worth recommending extensive use of aspirin
in pregnancy? The scientific societies, too, are in agreement as to this issue and discourage
the universal use of aspirin across the population [3,71-76,90-97]. Women at increased
risk of developing PE should be carefully identified within the general population on the
basis of comprehensive first-trimester screening tests and/or their maternal and obstetric
history [11-13,15].

6. What Are the Approaches to Screening for PE Worldwide?

For a long time, the only method to single out patients at high risk of developing PE
was one based on the risk factors identified during early pregnancy. Numerous papers
focusing on risk factors evaluating from 265,270 to as many as 25,356,688 pregnancies
include history of preeclampsia (RR 8.4, 95% CI7.1-9.9), chronic hypertension (RR 5.1, 95%
CI 4.0-6.5), pre-gestational diabetes mellitus (RR 3.7, 95% CI 3.1-4.3), antiphospholipid
syndrome (RR 2.8, 95% CI 1.84.3), systemic lupus erythematosus (RR 2.5, 95% CI 1.0-6.3),
chronic kidney disease (OR 10.4, 95% CI 6.3-17.1), obesity (aOR 3.7, 95% CI 3.5-3.9), and
family history of preeclampsia (RR 2.9, 95% CI 1.7-4.9). Others factors, which are equally
significant, include multiple pregnancy (RR 2.9, 95% CI 2.6-3.1), primiparity (RR 2.1, 95%
C11.9-2.4), use of assisted reproductive technology (ART) (RR 1.8, 95% CI 1.6-2.1), maternal
age > 35 years (RR 1.2, 95% CI 1.1-1.3), black race (adjusted hazard ratio (aHR) 1.6, 95%
CI1.5-1.6), history of placental abruption (RR 2.0, 95% CI 1.4-2.7), and stillbirth (RR 2.4,
95% CI 1.7-3.4) [98-101]. We can even find a study evaluating socioeconomic status as
a potential factor in the development of PE. The authors studied 3547 pregnant women,
where after taking into account factors such as family history, material factors, psychosocial
factors, substance use, working conditions and preexisting medical conditions, they showed
a higher incidence of PE in the group with lower socioeconomic status (aOR 4.91, 95% CI
1.9-12.5) [102].

Apparently, the list of factors is long, and it has not been exhausted yet. Each of them
has a different impact on the incidence of PE, so societies have divided them into high and
moderate risk factors on which basis recommendations for ASA use are established. Table 1
summarizes the risk factors and differences in the statement of the various societies, which
in the given recommendations are taken into account in identifying patients at high risk of
PE. The societies divide them into those of high risk {red) and moderate risk (yellow), and
some of them are not considered at all (gray) in risk estimation (see Table 1). Interestingly,
several societies show a different approach to screening. Although they list risk factors in
their recommendations (green color), they do not directly divide them into high or moderate
risk factors and leave the decision to qualify them indirectly to the clinician depending on
the screening method they choose (based only on risk factors or based on risk calculation
according to FMF principles). Table 2 provides the actual indications for implementing
LDA prophylaxis. The table shows that currently, according to the recommendations of
societies such as the American College of Obstetricians and Gynecologists (ACOG), NICE,
the American Heart Association (AHA), the European Society of Cardiology (ESC), the
World Health Organization (WHO), and the Society of Obstetric Medicine Australia and
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New Zealand (SOMANZ), screening should be based solely on risk factors for PE when
determining the indication for ASA [8,71-76,90-97]. This approach, however, may be
fraught with poor detection of PE.

As the authors show, some studies regarding the use of ASA have shown using an
algorithm according to NICE guidelines (based only on risk factors) that DR was only
40.8% for preeclampsia (PE) and 30.4% for all forms of PE with an FPR of 10.3% [103]. The
DR for PE is completely different when using the algorithm proposed by FME. The EMF
assumed a different approach to the first-semester screening test for PE. Their researchers
presented prospective studies evaluating maternal characteristics combined with a number
of markers, Table 3 shows the most important studies for detecting PE at <32 weeks”
gestation, <34 weeks’ gestation, and before 37 weeks’ gestation [11-13,15].

Clearly, the last two of these algorithms has the highest DR, and the one without
PAPP-A is the one that the FMF currently recommends as the algorithm of choice. If added
to this algorithm, PAPP-A does not significantly increase the DR. In their evaluation of
earlier-onset forms of preeclampsia (prior to 34 and prior to 32 weeks’ gestation), the same
authors reported achieving an even higher DR of 89-100% while maintaining an FPR of
10% for the algorithm including maternal characteristics, MAP, UtPI, and PIGF [11-13,15].
They stressed that the DR might vary depending on the population studied; hence, it was
extremely important that the appropriate cutoff point be chosen so that as many women
as possible could benefit from ASA prophylaxis while maintaining a fairly low SPR. In
their assessment, while using the above recommended algorithm for PE at < 37 weeks’
gestation, lower cutoff points could be more appropriate for black persons, as here the
DR for a cutoff point <1:70 was approx. 88% at an SPR of approx. 25%, while for a cutoff
point <1:100, it was 91% at an SPR of approx. 36%. As for Caucasians, it appears more
reasonable to set the cutoff point at <1:100, where the DR is approx. 70% at an SPR of 7-11%,
or <1:150, where the DR is 75-80% at an SPR of approx. 11-15% [11-13,15,104,105]. Due to
financial and cultural constraints, it is not always possible to use complete screening for
PE prior to 37 weeks’ gestation, which is why, for example, the International Federation of
Gynaecology and Obstetrics (FIGO) and International Society of Ultrasound in Obstetrics
and Gynecology (ISUOG) recommendations allow for using two-stage screening in which
the first stage merely evaluates maternal characteristics and MAP, with UtPI and PIGF only
assessed as an addition in cases of high risk [73,76].

The screening proposed by the FMF has been implemented successfully in a num-
ber of populations, and their results are promising, with their DRs reaching similar
levels [106-108]. The ASPRE trial, too, evaluated the DR for PE, where—with account
taken of aspirin’s effect—the DR was 77% for preterm PE and 43% for term PE at an FPR
of 9.2% [109]. Several papers have been published that compare PE detection using the
FMF algorithim with those based on the risk factors according to the NICE and the ACOG
guidelines. A team of researchers from Asia have found that at an FPR of 20%, 75.8% of
preterm PE cases were detected using the FMF algorithm and 54.6% using the ACOG one.
At an FPR of 5%, the DR for preterm PE was 48.2% using those proposed by the FMF
and 26.3% using the NICE guidelines [110]. Other researchers, too, have demonstrated
the superiority of the FMF screening model over the ACOG and NICE ones in detecting
preterm PE, where with the FMF algorithm the DR was 75% at an FPR of 10%, with the
NICE algorithm it was 34% at an FPR of 10.2%, and with the ACOG model it was 5% at
an FPR of 0.2%. When the ACOG recommendations for detecting high-risk patients were
taken into account, the DR was indeed 90% for preterm PE, although this was at an FPR of
64.2% [111]. Here too, research has shown that in the case of the FMF screening test for PE
prior to 37 weeks’ gestation, the DR was 74.8% at 10% SPR. In the same paper, when they
used the ACOG recommendations, 89.2% of were detected, although at an SPR of 66.1%.
As for the NICE algorithm, authors showed a DR of 42% at an SPR of 11.5% [13]. However,
the last two of the aforementioned studies used ACOG’s former screening guidelines, while
the current recommendations have been expanded slightly [65,97].
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Table 2. Aspirin: preeclampsia screening test choice and risk-reducing recommendations by

different societies.

. Method of Indication for Aspirin (ASA) When ASA Should
Society s R Dose of ASA
creening First Choice Second Choice Start {(Weeks}) End (Weeks)
Priﬁf:fmzwp >1 high risk 150 when EMF
. . High risk from factor or >1 used, 100-162
ISSHP 2021 FR]\I/[S; g;cézrr;: FMEF screening modetate risk when from risk Before 16 36
. e factor factors only
impossible
Preferred FMF >1 high risk
S0GC 2022 Risk factongif  Figh risk from factor or >1 81-162 Before 16 3
IME . FMEF screening moderate risk
screening Ftot
impossible
>1 high risk
ACOG, SMEM, . factor or >1 - 12-28 .
USPSTR 2021  Nskfactorsonly g iate risk Natepedfitd B R Ty delivery
factor
>1 high risk
; factor or >1 - Not specified 12-28 ;
AHR:2022 RiZKBctors oy moderate risk Notepedticd (refers to ACOG) (optimally before 16} Ridelivery
factor
Preferred FMF >1 high risk
screening . " s
SBH, SBN 2020 Risk factors if ;ﬁ/lgll;‘;fe‘ ;ﬂ .‘;m ;gggf ‘t’; ;ik 75-150 Before 16 Not specified
FMF screening s facator
impossible
Preferred FMF . .
5 o >1 high risk
. screening High risk from ps
FREL PZ(EE'BPTGIP Risk factors if FMF screening ;gggfﬂ‘t’; ;lk 100-150 Before 16 36
FMF screening (>1:150) factor
impossible a
=1 high risk
NICE 2019 Riskfactors only 29 771 Not spedified 75150 12 To delivery
factor
>1 high risk
ESC 2018 Risk factorsonly 20T 021 Not specified 100-150 2 36
factor
WHO 2011 Risk factors only = ft;i ;gtgrrisk Not specified 75 Before 20 Not specified
Preferred FMF ; .
P High risk from
siﬁ:{;lgl'wﬁg ! THEh, MK B ot MEDettching 150, when it is not
FIGO 2019 . 'big i Full FMF (maternal . ible 100 11-14+6 36
TReenbea screening (>1:100) characteristics + BOSRIE mg
least risk factors + MAP)
MAP
Moderate to high
risk (Not
SOMANZ 2014 Risk factors only d]f,firt?;;;tEd Not specified Low dose Not specified 37
moderate and
high risk factors)
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Table 2. Cont.

. Method of Indication for Aspirin (ASA) When ASA Should
Society S . Dose of ASA
creening First Choice Second Choice Start (Weeks) End (Weeks)
Moderate to high
risk (Not
Queensland p N : : .
Clinical FMF screening or High risk frpm differentiated 100150 Before 16 36
; L risk factors FMEF screening between
Guidelines 2021
modetate and
high risk factors)
Moderate to high
Prifc:errer:fmFé\/IF risk (Not
DGGG, OEGGG, Risk factors if High risk frpm differentiated 150 Before 16 24-36
SGGG 2018 i FMF screening between
FMF screening
RGEEEl moderate and
3 high risk factors)
Sgsiﬁd 'LP(I\;.IFH High risk from
screemgrlm is High risk from FMF screening
ISUOG 2023 : g full FMF (matetnal 150 11-15+6 36
impossible at ; . sz
. screening (>1:100) characteristics
least risk factors MAP)
+MAP *
Legend: ISSHP: International Society for the Study of Hypertension in Pregnancy; FMF: Fetal Medicine Foundation;
MAP: Mean arterial pressure; SOGC: Society of Obstetricians and Gynecologists of Canada; ACOG: The American
College of Obstetricians and Gynecologists; USPSTE: U.S, Preventive Services Task Force; SMEM: Society for
Maternal-Fetal Medicine: AHA: American Heart Association; SBH: Brazilian Society of Hypertension; SBN:
Brazilian Society of Nephrology; PSH: Polish Society of Hypertension; PCS: Polish Cardiac Society; PTGiP:
Polish Society of Gynaecologists and Obstetricians; NICE: National Institute for Health and Care Excellence;
ESC: European Society of Cardiclogy; WHO: World Health Organization; FIGO: The International Federation
of Gynecology and Obstetrics; SOMANZ: Society of Obstetric Medicine of Australia and New Zealand; DGGG:
German Sodiety of Gynaecology and Obstetrics; OEGGG: Austrian Society of Gynecology and Obstetrics; SGGG:
Swiss Society of Gynecology and Obstetrics; ISUOG: International Society of Ulirasound in Obstetrics and
Gynecology; EMF: Fetal Medidne Foundation; MAP: Mean arterial pressure.
Table 3. Screening methods for preeclampsia according to research group.
Authors, Year Akolekar et al., O’Gorman et al., O’Gorman et al,, Tan et al.,
4 2013 [15] 2016 [12] 2017 [11] 2018 [13]
Study population 58,884 35,948 8,775 61,174
10/
DR for 10% FTR for DR for 10% FPR for DR for 10% FPR for DR for 10% SPR for
< PE < 32 weeks’ gestation ~ PE < 32 weeks’ gestation ~ PE < 32 weeks’ gestation
gestation
Maternal characteristics plus:
MAP 729 65 71 61.2
MAP + UtPI 89.7 80 94 82.8
MAP + UtPI + PAPP-A 92.5 83 94 82.8
MAP + UtPI + PAPP-A + PIGF 95.8 89 100 89.7
MAP + UtPI + PIGF 96.3 89 100 89.7
DR for 10% FPR for DR for 10% FPR for DR for 10% FPR for DR for 10% SPR for

PE < 37 weeks’ gestation

PE < 37 weeks’ gestation

PE < 37 weeks’ gestation ~ PE < 37 weeks’ gestation

Maternal characteristics plus:

MAP 59.3 59 47 50.5

MAP + UtPI 715 70 71 684

MAP + UtPI + PAPP-A 74.6 70 69 68.2
MAP + UtPI + PAPP-A + PIGF 76.6 75 80 748
MAP + UtPI + PIGF 77.3 75 75 748

Legend: MAP: mean arterial pressure; UtPL: uterine artery pulsatility index; PAPP-A: pregnancy-associated plasma
protein A; PLGF: placental growth factor; DR: detection rate; FPR: false positive rate; SPR: screen positive rate.

49



Biomedicines 2023, 11, 1495

12 0£18

An up-to-date comparison between the NICE and FMF screening models has been
depicted in a study in which the FPR was significantly lower with a significantly higher
rate of aspirin prophylaxis in women who developed IE in the case of the FMF algorithm.
In addition, the same authors showed what would happen after the introduction of full
PE screening according to FMF with the subsequent use of aspirin, compared to the pre-
intervention period where screening according to NICE was used. The number of observed
cases of preterm PE could drop by as much as 80% over the next 21 months compared
to standard screening according to the NICE model [48]. Summarizing these studies, it
is manifest that depending on the screening algorithm used (the FMF vs the NICE vs the
ACOQG), a different proportion of women will be qualified for aspirin administration. This
is inasmuch important as with the FMF and NICE algorithms this figure most often ranges
between 10% and 20%, whereas with the ACOG recommendations up to 2/3 of the general
population may be forced to take LDA. As we showed above, such a large number may
have two extremely important implications:

(1) It may reduce aspirin compliance;
(2) It may cause more adverse reactions to such therapy in the population.

Taking the above into consideration, numerous scientific societies, such as ISSHP
(Canada), Society of Obstetricians and Gynaecologists of Canada (SOGC), Brazilian So-
ciety of Hypertension (SBH), Brazilian Society of Nephrology (SBN), Polish Society of
Hypertension (PSH), Polish Cardiac Society (PCS), Polish Society of Gynaecologists and
Obstetricians (PTGiF), German Society of Gynaecology and Obstetrics (DGGG), Austrian
Society of Gynecology and Obstetrics (OEGGG), Swiss Society of Gynecology and Ob-
stetrics (SGGG), and Queensland Clinical Guidelines (Australia), recommend the FMF
algorithm as the one of choice in first-semester screening for PE and only suggest resorting
to risk factor-based evaluation if the former is unavailable (see Table 2) [3,71,72,75,91,96].
The FIGO and ISUOG, on the other hand, recommends that the FMF screening model be
used as the algorithm of choice, and only if complete screening is not possible, then at least
that an assessment of the risk factors, history, and MAP should be carried out [73,76]. The
up-to-date recommendations as to the screening method, ASA dose, and its inclusion time
are shown in Table 2. The scientific societies disagree as to the optimal screening method
as well as aspirin dose and the time of its inclusion. However, taking a closer look at the
societies” current and previous recommendations collected in literature reviews [112,113],
the following conclusions can be made:

(1) In publications on aspirin dosing for the prevention of PE, the societies are inclined to
recommend using increasingly higher doses (>75 mg) of ASA, with many encouraging
doses from 100 mg up or a dose of 150 mg exclusively.

(2) Most societies” up-to-date recommendations indicate that the optimal time for imple-
menting aspirin is prior to 16 weeks’ gestation, while some of the previous recommen-
dations varied markedly in this regard.

(3) Following the publication of the ASPRE trial results and other papers evaluating the
EMEF screening model, a large number of societies have changed their recommenda-
tions from those based on risk factors alone to the one based on the risk assessment
proposed by the FMF for the first-semester screening test.

7. Conclusions

Globally, PE continues to be an extremely dangerous pregnancy complication, as an
effective treatment has yet to be found. Nevertheless, the recent years have seen remarkable
progress in the prediction and prevention of preterm forms of PE. It is evident that the
previous approach to first-trimester risk factor-based screening for PE is being superseded
by far more accurate methods that assess maternal factors and biophysical and biochemical
measurements. This allows for detection of a high-risk pregnancy population in whom
aspirin will be remarkably effective in preventing preterm PE. Such a strategy makes it
possible to adequately monitor such pregnancies and reduce the overall risk related to
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the development of preeclampsia, thereby decreasing maternal and fetal morbidity and
mortality worldwide.
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Abstract: Background: Nowadays, it is possible to identify a group at increased risk of preeclampsia
(PIY) and fetal growth restriction ('GR) using the principles of the I'etal Medicine 'oundation (I'MI).
It has been established for several years that acetylsalicylic acid (ASA) reduces the incidence of PE
and T'GR in high-risk populations. This study aimed to evaluate the implementation of ASA use after
the first-trimester screening ina Polish population without chronic hypertension, as well as its impact
on perinatal complications. Material and methods: A total of 874 patients were enrolled in the study
during the first-trimester ultrasound examination. The risk of PE and FGR was assessed according to
the I'MI guidelines, which include the materal history, mean arterial pressure (MAP), uterine artery
pulsatility index (UtPI), pregnancy-associated plasma protein A (PAPP-A) and placental growth
factor (PL.GIY). Among patients with a risk higher than >1:100, ASA was administered at a dose of
150 mg. Perinatal outcomes were assessed among the different groups. Results: When comparing
women in the high-risk group with those in the low-risk group, a statistically signiticantly higher
risk of pregnancy complications was observed in the high-risk group. These complications included
pregnancy-induced hypertension (PIH) (OR 3.6 (1.9-7)), any PE (OR 7.8 (3-20))), late-onset 'K (OR 8.5
(3.3-22.4)), FGR or small for gestational age (SGA) (OR 4.8 (2.5-9.2)), and gestational diabetes mellitus
type 1 (GIDM1) (OR 2.4 (1.4-4.2)). The pregnancies in the high-risk group were more likely to end
with a cesarcan section (OR 1.9 (1.2-3.1)), while the newborns had significantly lower weights (<10 pe
(OR 2.9 (1.2-6.9)), <3 pc (OR 10.2 (2.5-41.7))). Conclusions: The first-trimester screening test for 'E
and FGR is a necessary and effective tool in identifying high-risk pregnancics. ASA prophylaxis
among high-risk patients may have the most beneficial effect. I'urthermore, this screening tool may
significantly reduce the incidence of early-onset PE (co-PE).

Keywords: preeclampsia; fetal growth restriction; screening; first trimester; aspirin

1. Introduction

Preeclampsia (PE) and fetal growth restriction (FGR) are significant causes of ma-
ternal and fetal mortality worldwide, leading to iatrogenic preterm labor and prolonged
hospitalizations for mothers and newborns [1,2].

Until now, groups at risk of these disorders occurring in the first trimester of pregnancy
have been identified based on the maternal history of illnesses and previous pregnancies [3,4].
However, in recent years, the Fetal Medicine Foundation (FMF) has demonstrated that
these disorders can be predicted using additional factors. This comprehensive assessment
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includes biochemical indicators such as the placental growth factor (PLGF) and pregnancy-
associated plasma protein A (PAPP-A), biophysical markers such as the mean arterial
pressure (MAP) and uterine artery pulsatility index (UtA-PI), and the maternal history.
Together, these factors are highly effective predictors of PE, with a detection rate (DR) of
90% for its early-onset variety (eo-PE), 75% for preterm PE, and 42% for term PE with a
false positive rate (FPR) of 10%. However, the algorithm’s effectiveness in diagnosing FGR
is lower, achieving a DR of approximately 50% [5-11].

Currently, there is no available treatment to prolong pregnancy in confirmed PE cases,
and the only effective therapeutic option is to terminate the pregnancy. However, the use
of acetylsalicylic acid (ASA) in women at an increased risk of developing PE in the first
trimester has been shown to reduce the incidence of PE before 37 weeks’ gestation (wkGA)
by 62% [12]. Furthermore, if women with chronic hypertension and those who received
less than 90% of the recommended doses are excluded from the study, the risk reduction
would be as high as 95%. Unfortunately, the same study found no significant reduction in
the incidence of preterm PE among women with chronic hypertension in the aspirin-taking
group (5/49) compared to the placebo (5/61) (OR 1.29, 95% C10.33-5.12) [13]. ASA has also
been found to be useful in cases of increased risk of small for gestational age (SGA), where
it has been shown to reduce the incidence of SGA before 37 wkGA by approx. 40-44%.
However, this reduction does not extend to the incidence of SGA after the completion of
the 37th wkGA [14]. The current recommendations from the International Federation of
Gynecology and Obstetrics (FIGO) suggest the use of ASA in high-risk patients starting
before 16 wkGA and continuing until 36 wkGA [15]. The primary objective of this study
was to assess the effectiveness of the PE and FGR screening test, according to the FME
followed by administering ASA to a high-risk group of Polish women without chronic
hypertension. It is believed that this group of women may derive the greatest benefit from
taking ASA. The secondary goal was to compare the perinatal outcomes between groups
based on whether the woman was classified in the ASA-taking group and whether PE or
FGR were present. To the best of our knowledge, there have been no previous evaluations
of ASA use in women at high risk of developing PE and FGR in the Polish population.

2. Patients and Methods

This prospective study, conducted from 2019 to 2022, included 908 Caucasian women
with healthy singleton pregnancies who were examined in the Pomeranian Medical Uni-
versity’s Second Autonomous Public Clinical Hospital, in the Department of Obstetrics
and Gynecology. Patients with chronic hypertension were excluded, resulting in a final
enrollment of 874 patients. A first-trimester screening test was performed in each patient to
assess aneuploidy, fetal defects, and the risk of developing PE and FGR. The study was
conducted following the FMF principles. The Polish healthcare system features a publicly
funded prenatal screening program for women aged 35+, who accounted for a significant
percentage of the study population. Basic anthropometric measurements were taken, medi-
cal histories were obtained, the arterial pressure was measured twice in each arm, and a
transabdominal probe was used to determine the UtA-PL. Subsequently, blood samples
were collected from each patient for PAPP-A and PIGF concentration measurements, using
the Cobas e 801 (Roche Diagnostics, Warsaw, Poland) analyzer. Each patient was then
assessed for the risk of eo-PE and FGR based on the FMF algorithms (FMF—2012 software,
version 2.8.1). The algorithm for the eo-PE risk assessment consists of a comprehensive
assessment of maternal characteristics together with UtPI, MAP, UtPI, and PLGFE, with or
without PAPP-A, and it is currently based on a paper from 2018 [5]. The authors defined
eo-PE according to the International Society for the Study of Hypertension in Pregnancy
(ISSHP) criteria [16]. The algorithm for assessing FGR also consists of evaluating the same
parameters used to evaluate eo-PE, but it is based on a 2010 paper, where other parame-
ters currently not used in predictions were evaluated (for example, placental protein 13
(PP13) and A Disintegrin and Metalloprotease (ADAM12)). For FGR, the authors used the
definition of a birth weight below the fifth percentile [11]. Patients at a high risk (>1:100)
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of developing eo-PE or FGR were advised to take doses of 150 mg of ASA until 36 wkGA.
Perinatal outcomes, such as pregnancy-induced hypertension (PIH), gestational diabetes
mellitus (GDM), FGR (in accordance with the Delphi criteria—see Table 1) [17], an SGA
diagnosis (estimated fetal weight (EFW) or a fetal abdominal circumference (AC) between
the 3rd and 10th percentiles (pc) without any features of FGR), and the presence of PE,
were assessed.

Table 1. Definition of FGR in accordance with the Delphi criteria.

Early FGR: Late FGR:

GA < 32 weeks, in the absence of congenital anomalies GA > 32 weeks, in the absence of congenital anomalies

AC/EFW < 3rd centile or UA-AEDF AC/EFW < 3rd centile

Or Or at least two out of three of the following:

1.  AC/EFW < 10th centile combined with 1.  AC/EFW < 10th centile

2. UtA-PI > 95th centile and/or 2. AC/EFW crossing centiles > 2 quartiles on growth centiles *

3. UA-PI > 95th centile

3. CPR < 5th centile or UA-PI > 95th centile

Note: * Growth centiles are non-customized centiles; AC: fetal abdominal circumference; AEDF: absent end-
diastolic flow; CPR: cerebroplacental ratio; EFW: estimated fetal weight; GA, gestational age; PI: pulsatility index;
UA: umbilical artery; UtA: uterine artery.

For PE, the criterion used was as defined by the ISSHP. PE was diagnosed if the
following criteria were met after 20 wkGA: systolic blood pressure > 140 mm Hg or
diastolic blood pressure > 90 mm Hg, along with proteinuria, defined as daily protein
loss > 300 mg (or protein:creatinine ratio > 30 mg/mmol). If no proteinuria was found,
then at least one of the following criteria had to be satisfied:

1.  Hematological disorders (thrombocytopenia, DIC, hemolysis).

2. Serum creatinine content > 1.1 mg/dL or a 2-fold increase in its baseline level where
no other kidney disease is observed.

3. Increased serum liver enzymes > 2 times the upper limit of the standard or severe
right upper quadrant or epigastric pain.

4. Neurological signs or visual impairment.

Pulmonary edema.

6.  Intrauterine growth restriction [16].

o

For each newborn, the following information was assessed: birth week, sex, delivery
method, 5-min Apgar score, and basic anthropometric measurements such as the neonatal
birth weight. Fenton growth charts (www.ucalgary.ca/fenton accessed on 17 July 2023)
were used to determine the birth weight percentiles. The flowchart of the study is shown
in Figure 1.

The study was conducted in compliance with the Declaration of Helsinki and received
approval from the Institutional Review Board of the Pomeranian Medical University in
Szczecin (KB-0012/122/12 of 29 October 2012). Table 2 presents the essential character-
istics of the study group, including anthropometric measurements, medical histories of
comorbidities, obstetric history, family history, and addictions.

Table 2, Characteristics of the study group.

Feature # (%)

Maternal age and weight
Age > 35 yo 311 (35.6%)
Age > 40 yo 48 (5.5%)
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Table 2. Cont.
Feature n (%)
BMI
Underweight (<18.5) 31 (3.5%)
Normal weight (15.5-24.9) 550 (62.9%)
Overweight (=25) 199 (22.8%)
Obesity (>>30) 93 (10.6%)
Comorbidities and addictions
SLE 6 (0.7%)
APS 9{1%)
Diabetes mellitus type 1 4 [0.5%0)
Smoking 39 (4.5%)
Obstetrical history
Parous previous PE 11 (1.3%)
Previous FGR or SGA fetuses 16 (1.8%)
Family history of PE 5 (0.6%)
Nulliparous 390 (44.6%)
IVF 12 (1.4%)

Note: APS: antiphosphelipid syndrome; BMI: bo dy mass index; FGR: fetal growth restriction; IVE: In vitro fertl
ization; SGA: small for gestational age; SLE: systemic lupus etythematosus; PE: preeclampsia; yo: years old.

isk assessment for preeclampsia and fetal growth
restriction(FGR) in first trimester

n=908
Excluded patients
with chronic
hypertension n=34
Final study
population
N=874
Only hugh risk High risk for Only high Low risk population for
for PE both PE and risk for FGR FGRand PE
=7 FGR n=28 n=46 n=793

[

Received acetylsalicylic acid at dose 150mg until
36 weeks' gestation

Perinatal assessment

Figure 1. Study flow chart.
3. Statistical Analysis

Data from the study were subjected to statistical analysis. Quantitative data were ana-
lyzed using non-parametric Mann-Whitney U tests, while qualitative data were analyzed
using either the chi-squared test or Fisher's exact test, Multivariate logistic regression was
performed to calculate the area under the curve (AUC) and odds ratio (OR) for selected

60



J. Clin. Med. 2023, 12,5582

5o0f 13

parameters. The analysis was conducted using the Statistica software (version 13, StatSoft,
Krakdw, Poland).

4. Results

Table 3 provides an overview of the differences between patients categorized as being
at either high or low risk of PE (left-hand side) or FGR (right-hand side) during the first
trimester. A high risk of PE was found in 35 of 874 patients (4%). This group included 4 of
19 patients who developed any form of PE (21%) and 6 of 51 patients who were diagnosed
with FGR or SGA (11.7%). Patients at high risk for PE demonstrated a statistically significant
association with nulliparity (OR 2.4 (1.2-5)). In terms of perinatal outcomes, patients at high
risk for PE exhibited a higher likelihood of developing PIH (OR 3.8 (1.6-9.1)), all PE (OR 7.1
(2.2-22.6)), 1o-PE (OR 7.6 (2.4-24.4)), and FGR or SGA (OR 3.7 (1.4-9.2)). Additionally, these
pregnancies were more frequently concluded with a cesarean section (OR 2.1 (0.98—4.4)),
although this result approached statistical significance. However, the high-risk PE group
did not show statistically significant differences in terms of maternal age, maternal weight,
the development of GDM, pre-pregnancy diabetes, stillbirths, smoking, eo-PE, preterm
births, the birth status of the newborn assessed by the Apgar scale, the sex of the newborn,
or birth weight (p > 0.05).

Table 3. Selected midgestational parameters and perinatal outcomes among pregnant patients at
high risk of FGR or PE during the first trimester, excluding those with chronic hypertension.

High Risk Low Risk for PE

High Risk for Low Risk for

for PE# (%) " (%) F OR: (95%C1) FGR 1 (%) FGR 1 (%) P OR (95%CI)
n=35 n =839 = n=74 =800
Maternal characteristics, comorbidities and obstetric history
Age> 35 12 (31.3%) 299 (35.7%) 087 % 31 (41.9%) 280 (35%) 024 B
Age » 40 1(2.9%) 17 (5.6%) 048 B 3 (4.1%) 45 (5.6%) 076 B
Underweight (BMI < 18.5) 1(2.9%) 30 (3.6%) 051 = 3(4.1%) 28 (3.5%) 093 P
g‘;ﬁﬁ“;g‘g_ﬁg; 21 (60%) 520 (63.1%) 071 = 51 (68.9%) 199 (62.5%) 027 =
Overweight (BMI > 25) 6(17.1%) 193 (23%) 042 = 10 (13.5%) 189 (23.7%) 008 -
Obesity (BMI > 30) 7 (208%) 86 (103%) 007 = 10 (13.5%) 83 (10.4%) 041 P
Nulliparous 23(65.7%) 367 d3.7%) 0.01 2.4 (12-5) 45 (60.8%) 345 43.1%) 0.003 2(1.3-3.3)
Smoking 0 39 (5.5%) 031 = 11(16.2%) 28 (4.2%) <0.000  4.4(21-9.3)
PGDM 1(2.9%) 3 (04%) 039 B 1(14%) 3 (0.4%) 077 B
Maternal and perinatal outcome
GDM1 9 (25.7%) 106 (12.6%) 0.03 B 19 (25.7%) 96 (12%) <0.000  3.1(18-52)
GDM2 2 (5.7%) 93 (11.1%) 047 ” 7(9.5%) 88 (11%) 068 E
PIH 7 (20%) 52 (6.2%) 0.001 3.8 (16-9.1) 15 (20.3%) 44 (5.5%) <0.001  4.4(23-83)
All PE 1(11.4%) 15 (1.8%) £0.001  7.1(22-22.6) 8(10.8%) 11 (14%) <0.001 8.7 (3.4-22.4)
¢0-PE 0 1 (0.12%) » - 0 1(0.13%) = B
10-PE 4(11.4%) 14 (1.7%) <0.001 7.6 (24-24.4) 8(10.8%) 10 (13%) <0.001 9.6 (3.7-25.1)
Cesarean delivery 25 (71.4%) 458 (54.8%) 005  2.1(09844) 50 (67.6%) 133 (54.3%) 0.03 1.8 (1.1-2.9}
Preterm birth 2 (5.7%) 62 (7.4%) 071 - 6(8.1%) 58 (7.3%) 079 -
Newborn outcome
FGR or SGA 6(17.1%) 45 (5.4%) 0003  3.7(14-9.2) 15 (20.3%) 36 (4.5%) <0.001 5.4 (2.8-104)
Stillbirth 0 3 (0.4%) 026 B 1(14%) 2 (0.25%) 061 B
Newborn sex {male) 20 (57.1%) 454 (54.1%) 072 = 42 (56.8%) 432 (54%) 065 P
Apgar score <7 at 5 min 1(2.9%) 15 (1.9%) 082 - 2 (2.7%) 15 (1.9%) 086 -
Birth weight <10 pe 3(8.6%) 20 (3.5%) 026 = 7(9.5%) 25 (3.1%) 0.005 3.2(L3-7.7)
Birth weight < 3 pe 1(2.9%) 7 (0.8%) 075 B 4(5.4%) 4(0.5%) <0.001 113 (2.8-46.3)

Note: all PE: all preeclampsia types; BML body mass index; CI: confidence interval; eo-PE: eatly-onset preeclamp-
sia; FGR: fetal growth restriction; GDM1: gestational diabetes mellitus type 1, GDM2: gestational diabetes mellitus
type 2;10-PE: late-onset preeclampsia; OR: odds ratio; pc: percentile; PGDM: pregestational diabetes mellitus;
PIH: preghancy-indiiced hypertension; SGA: small for gestational age.
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In contrast, a high risk of FGR was found in 74 of 874 patients (8.4%). This group
included 8 of 19 patients who developed any form of PE (42.1%) and 15 of 51 patients
who were diagnosed with FGR or SGA (29.4%). Patients at high risk of FGR during the
first trimester were statistically significantly more likely to be nulliparous (OR 2 (1.3-3.3))
and smokers (OR 4.4 (2.1-9.3)). Concerning perinatal outcomes, patients at high risk for
FGR demonstrated a higher likelihood of developing GDM1 (OR 3.1 (1.8-5.2)), PIH (OR
4.4 (2.3-8.3)), all PE (OR 8.7 (3.4-22.4)), lo-PE (OR 9.6 (3.7-25.1)), and FGR or SGA (OR 5.4
(2.8-10.4)). Additionally, these pregnancies were more likely to result in a cesarean delivery
(OR 1.8 (1.1-2.9)), and the neonatal birth weight was more likely to be <10th percentile
(OR 3.2 (1.3-7.7)) and <3rd percentile (OR 11.3 (2.8-46.3)). No statistical significance was
found for maternal age, maternal weight, pre-pregnancy diabetes, GDM2, stillbirth, eo-PE,
preterm birth, newborn sex, newborn status as assessed by the Apgar scale, or newborn
sex among patients at high risk for FGR.

Table 4 presents the differences observed between patients diagnosed with or without
PE (left-hand side) and diagnosed with or without FGR or SGA (right-hand side). In
the whole group, 19 cases of PE (2.1%) were diagnosed. Patients diagnosed with PE
demonstrated a higher likelihood of having FGR or SGA (OR 8.3 (3-22.9)), with their
pregnancies being more frequently concluded via cesarean section (OR 3.1 (1.01-9.3)).
Furthermore, their newborns were more likely to have a birth weight < 3rd percentile (OR
16.6 (3.1-88.3)). Among patients diagnosed with PE, statistically significantly higher values
were observed for MoM UtPI (OR 8.5 (2.4-30.5)) and MoM MAP (OR 32.4 (14.4-55.3)) in
the first trimester, while MoM PLGF was significantly lower (OR 0.2 (0.03-0.9)). However,
no statistical significance was found for maternal age, maternal weight, nulliparity, pre-
pregnancy diabetes, GDM, stillbirth, preterm birth, newborn status as assessed by the
Apgar scale, newborn sex, birth weight < 10 pc, or MoM PAPP-A among patients diagnosed
with PE.

Table 4. Selected midgestational parameters and perinatal outcomes among pregnant patients
diagnosed with PE and those diagnosed with FGR or SGA, excluding those with chronic hypertension.

PE 5 FGR or SGA without FGR or
Diagnosis Dif:gl;};(;?slil(g%) P OR (95%CI) Diagnosis SGA Diagnosis r OR {95%CI)
# (%) # (%) 1 (%)
n=19 n=855 n=51 n=1823
Maternal characteristics, comorbidities and obstetric history
Age > 35 7 (36.8%) 304 (35.6%) 091 17(33.3%) 304 (37%) 075 -
Age > 40 2 (10.5%) 46 (5.4%) 033 1 (2%) 47 (5.7%) 025 -
Underweight (BMI < 18.5) 1(5.3%) 30 (3.5%) 0.82 5(9.8%) 26 (3.2%) 0.04 3.3(1.2-9.1)
No'mfé_g’fzifz; (BN 13 (68.4%) 537 (62.9%) 0.61 35 (68.6%) 515 (62.6%) 0.4
Overweight (BMI > 25) 2 (10.5%) 197 (23.1%) 031 9(17.7%) 190 (23.1%) 032
(B(K/Ee;tzo) 3(15.8%) 90 (10.5%) 0.72 2(39%) 92 (11.2%) 0.14
Nulliparous 12 (63.2%) 378 (44.2%) 0.1 35 (68.6%) 365 (43.1%) <0.001 2.9 (1.6-5.3)
Smoking 0 39 (5.4%) 0.66 4 (8%) 35 (5.1%) 058 -
PGDM 0 4 (0.5%) 0.16 0 4 - -
Maternal and perinatal outcome
GDM1 2(10.5%) 113 (13.2%) 0.73 9 (17.7%) 106 (12.9%) 043 -
GDM2 0 95 (11.1%) 0.24 3(59%) 92 (11.2%) 028 -
PIH - - - 7 (13.7%) 50 (8.1%) 006 -
All PE - - - 6(11.8%) 13 (1.6%) <0.001 8.3 (3-22.9)
eo-PE - - - 0 1(0.1%) - -
1o-PE - - - 6(11.8%) 12 (1.5%) <0.001 9(3.2-25.1)
Cesarean delivery 15 (79%) 469 (55%) 0.04  3.1(1.01-9.3) 30 (58.8%) 453 (55.2%) 062 -
Preterm birth 3(15.8%) 61 (7.1%) 0.15 8(15.7%) 56 (8.8%) 0.04 2.5 (1.1-5.7)
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Table 4. Cont.

PE \thout PE FGR or SGA without FGR or
Diagnosis D.WI o ) P OR (95%CI) Diagnosis SGA Diagnosis r OR {95%CI)
(%) iagnosis # (% 1) e
Newborn outcome
FGR or SGA 6(31.6%) 45 (5.3%) <0001 83 (322.9) B B
Stillbirth 0 2 (04%) 038 2/(3.9%) 1(0.1%) =
Newborn sex (male) 6(31.6%) 168 (54.7%) 005 26 (0987 23 (45.1%) 451 (548%) 018
Apgar score <7 at 5 min 0 17 (2%) 0.82 2(3.9%) 15 (1.8%) 0.6
Birth weight <10 pe 2(105%) 30 (3.5%) 011 21(41.2%) 11 (13%) <0001 514 (22.8-116)
Birth weight < 3 pe 2(10.5%) 5(0.7%) @01, el o 4(78%) 405%) <0001 17.4 (42-71.7)
First trimester biochemical or biophysical measurement
Median Median Median Median
(min-max) (min-max) P OR (95%CD) (min-max) (min-max) P OR ©5%CT)
MoM UtPI 1.26 (06-18) 098(0423)  <0.001 85(24-30.5 106 (0.7-17) 098 (0.4-23) 003 2.6 (11-6.4)
UtPI 2.1 (0.9-2.86) 15 (0.6-3.8) 0002 3.5(1.6-7.8) 18(1.12.6) 1.5(0.6-3.8) 001 2 (1.2-3.5)
MoM PAPP-A 0.87 (02-3.1) 0.96 (0.2-4.8) 032 079 (0.2-2.8) 096 (02-4.8) 012
PAPP-A (TU) 2.8 (0.5-124) 34 (05-21.4) 052 33 (0.5-14) 34 (05-21.4) 049
MoM PLGE o 2‘3863) 09(01-32) 004  02(003-0.9)  082(02-19 09(01-32) 0.005  0.24(01-0.7)
PLGF (ng/mL) 39412698 504 (11-357) 00 o 55 46 (11-100) 50.5 (60-357) 001 0.98 (0.96-0.99)
MoM MAP 112 (09-1.4) 1.08 0.7-1.4) <0.001 324 (14553) 103 (0.5-1.3) 1.03 (0.7-1.4) 088
MAP (mm Hg) 95 (783-113) §7 (60-123) ool o W $5 (72-112) 88 (60-123) 027

Note: all PE: all preeclampsia types; BML body mass index; CI: confidence interval; eo-PE: early —onset preeclamp-
sia; FGR: fetal growth restriction; GDM1: gestational diabetes mellitus type 1, GDM2: gestational diabetes mellitus
type 2;10-PE: late —onset preedlampsia; MoM: multiple of the median; OR: odds ratio; pc: percentile; PAPP-A:
Pregnancy Associated Plasma Protein-A; PGDM: pregestational diabetes mellitus; PIH: pregnancy induced
hypertension; PLGF: placental growth factor; SGA: small for gestational age; UtPI: uterine artery pulsatility index.

There were 51 cases of FGR or SGA (5.8%) in the entire study group. Significantly
more patients diagnosed with FGR or SGA were underweight (OR 3.3 (1.2-9.1)) and
nulliparous (OR 2.9 (1.6-5.3)). In this group, the incidence of all PE (OR 8.3 (3-22.9)),
lo PE (OR 9 (3.2-25.1)), and preterm birth (OR 2.5 (1.1-5.7)) was significantly higher.
Regarding newborns, neonatal birth weight was more often <10th percentile (OR 51.4
(22.8-116.5)) and <3rd percentile (OR 17.4 (4.2-71.7)). Patients diagnosed with FGR or SGA
exhibited statistically significantly higher MoM UtPI values (OR 2.6 (1.1-6 .4)) and lower
MoM PLGF values (OR 0.24 (0.1-0.7)) in the first trimester. However, among the patients
diagnosed with FGR or SGA, no statistical significance was found for age, normal maternal
weight, overweight, obesity, pre-pregnancy diabetes, GDM, smoking, stillbirth, PIH, eo-PE,
incidence of cesarian delivery, newborn sex, newborn status as assessed by the Apgar scale,
MoM PAPP-A, and MoM MAP values in the first trimester.

Table 5 summarizes the differences between patients at high or low risk of PE or/and
FGRin the first trimester. A high risk of FGR and/or PE was found in 81 of 874 patients
(9%). This group included 8 of 19 patients who developed any form of PE (42.1%) and 15
of 51 patients who were diagnosed with FGR or SGA (29.4%). Patients in the high-risk
group were significantly more likely to be nulliparous (OR 1.9 (1.2-3)) and smokers (OR
3.9 (1.9-8.2)). In terms of perinatal outcomes, the high-risk group had a higher incidence
of gestational diabetes mellitus type 1 (GDM1) (OR 2.4 (1.44.2)), pregnancy-induced
hypertension (PIH) (OR 3.6, (1.9-7)), all types of PE (OR 7.8 (3-20)), late-onset PE (lo-PE)
(OR 8.5 (3.3-22.4)), and FGR or SGA (OR 4.8 (2.5-9.2)). Furthermore, pregnancies in the
high-risk group were more likely to resultin a cesarean delivery (OR 1.9 (1.2-3.1)). Neonates
born to high-risk patients had a higher likelihood of being <10 percentile (OR 2.9 (1.2-6.9))
for birth weight and <3 percentile (OR 10.2 {2.5-41.7)). No statistical significance was
found for maternal age, maternal weight, pre-pregnancy diabetes, GDM2, eo-PE, preterm
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births, stillbirth, <7 Apgar score, or newborn sex. For correlations between first-trimester
biochemical and biophysical parameters and the birth weight and birth week in all of the
discussed groups, please refer to Table 51 in the Supplementary Materials.

Table 5. Selected midgestational parameters and perinatal outcomes among pregnancies at high risk
of FGR and /or PE in the first trimester, excluding those with chronic hypertension.

High Risk for .
Low Risk for PE o
PE OIZa(no/d) FGR and FGR # (°%) p OR (95%CI)
n=81 n="793 -

Maternal characteristics, comorbidities, and obstetrical history

Age>35 35 (43.2%) 276 (34.8) 0.13 -
Age > 40 3(3.7%) 45 (5.7%) 0.45 -
Underweight (BMI < 18.5) 3(3.7%) 28 (3.5%) 0.93 -
N°““13;'“5"_e;§_}9"; oML 53 (65.4%) 497 (62.8%)  0.63 ]
Overweight (BMI > 25) 13 (16.1%) 186 (23.5%) 0.12 -
Obesity (BMI > 30) 12 (14.8) 81 (10.2%) 0.2 -
Nulliparous 48 (59.3%) 342 (43.1%) <0.01 1.9 (1.2-3)

Smoking 11 (14.7%) 28 (4.2%) <0.001 3.9 (1.9-8.2)

PGDM 1(1.2%) 3(04%,) 0.82 -
Maternal and perinatal outcomes

GDM1 20 (24.7%) 95 (12%) <0.01  2.4(1.4-42)
GDM2 7 (8.6%) 88 (11.1%) 0.49 -

PIH 14 (17.3%) 43 (5.43%) 0,001 3.6 (1.9-7)

AllPE 8(9.9%) 11 (1.4%}) <0.001 7.8 (3-20)

eo-PE 0 1(0.13%) 0.15 -

lo-PE 8 (9.8%) 10(1.3%) <0.001 8,5(3.3-22.4)

Cesarean delivery 56 (69.1%) 427 (54%) 0.009 1.9 (1.2-3.1)
Preterm birth 6 (7.4%) 58 (7.3%) 0.97 -

Newbormn outcome

FGR or SGA 15 (18.5%) 36 (4.5%) <0.001 4.8 (2.5-9.2)
Stillbirth 1¢1.2%) 2{(0.25%) 0.15 -
Newborn sex (male) 45 (55.5%) 429 (54.1%) 0.8 =
Apgar score < 7 at 5min 2 (2.5%) 15 (1.9%}) 0.71 -

Birth weight <10 pc 7 (8.6%) 25 (3.1%) 0.01 2.9 (1.2-6.9)

Birth weight < 3 pc 4 (4.9%) 4(0.5%) <0.001  10.2 (2.5-41.7)

Note: all PE: all preeclampsia types; BML: body mass index; CI: confidence interval; eo-PE: eatly-onset preeclamp-
sia; FGR: fetal growth restriction; GDMI: gestational diabetes mellitus type 1; GDM2: gestational diabetes mellitus
type 2;1o-PE: late-onset preeclampsia; OR: odds ratio; pc: percentile; PGDM: pregestational diabetes mellitus;
PIH: pregnancy-induced hypertension; SGA: small for gestational age.

Table 6 presents the DR for screening for all forms of PE, as well as FGR or SGA, ina
Polish population without chronic hypertension, followed by the implementation of ASA
in the high-risk group. For all forms of PE, the DR was 48% and 61% at an FPR of 5% and
10%, respectively, with an area under the curve (AUC) of 0.85 (0.81-0.89 95%CI). Regarding
FGR and SGA, the DR was 20% and 24% at an FPR of 5% and 10%, respectively, with an
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02

01

00

AUC of 0.70 (0.67-0.73 95%CI). Figure 2 shows receiver operating characteristic (ROC)
curves for the relevant parameters.

Table 6. Performance of the Fetal Medicine Foundation’s algorithm for the different groups.

AUC CI (95%) Sensitivity for the FPR

Variables 5% 10%
Any PE 0.85 (0.81-0.89) 48 61
FGR or SGA 0.71 (0.67-0.75) 20 24

Note: AUC: area under the curve; CI: confidence interval; FGR: fetal growth restriction; FPR: false positive ratio;
PE: preeclampsia; SGA: small for gestational age.

ROC foranyPE
AUC 0.85(0.81-0.89 95%CI)
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AUC 0.70(0.67-0.73 95%CI)
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Figure 2. Receiver operating characteristic (ROC) curves for the any form of preeclampsia and fetal
growth restriction or small for gestational age.

5. Discussion

Our study is the first in Poland to evaluate the efficacy of implementing ASA in
pregnancies without chronic hypertension at high risk of PE and FGR, according to the
screening principles published after the ASPRE study. The ASPRE study showed the
advantages of ASA use in the general population, resulting in a 62% reduction in the
incidence of preterm PE and up to an 82% reduction in early-onset (eo-PE) cases, although
the latter result bordered on statistical significance [12]. A secondary analysis of the ASPRE
study indicated that, if women with chronic hypertension were excluded from the study,
consistent ASA use (>90% of the doses) could potentially achieve a 95% reduction in PE
incidence [13,18].

In our study, none of the women classified as high-risk for eo-PE developed this
form of PE. This finding may be attributed to the delayed diagnosis of PE in the later
weeks of pregnancy due to the effects of ASA. eo-PE is known to be associated with the
abnormal remodeling of spiral arteries, inflammation, and subsequent vascular endothelial
damage [19-21]. It is speculated that implementing ASA before 16 wkGA in high-risk
pregnancies for placental pathologies such as PE or FGR promotes normal spiral artery re-
modeling and stabilizes the vascular endothelium. As a result, it prevents the development
of early-onset forms of PE or FGR or postpones their diagnosis in favor of late-onset forms.
This shift in diagnosis leads to significantly improved perinatal outcomes by reducing fetal
and maternal morbidity and mortality [22,23].

However, these beneficial effects of ASA are not observed in pregnancies with chronic
hypertension. This discrepancy may be due to pre-existing vascular endothelial dysfunction
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and an ongoing inflammation, which make the development of PE likely even with less
severe impairment of spiral vascular remodeling, exacerbating the already existing vascular
damage [24].

Our study results demonstrated that the DR for all the forms of PE in our population
was 61% at an FPR of 10%, even considering the use of acetylsalicylic acid (ASA), which
could potentially affect the DR. To date, the algorithm proposed by the FME which incorpo-
rates a multivariate analysis including maternal characteristics and history and biochemical
and biophysical measurements, is considered the best method for PE detection [5]. It is
important to note that the DRs assumed by the FMF algorithm may vary depending on the
population in which it is implemented. Previous studies have reported DRs ranging from
41% to 57% at an FPR of 10% when the FMF first-trimester screening test is performed for
all forms of PE. However, the DR differs when diagnosing preterm PE or eo-PE, with the
same algorithm achieving much higher DR values of up to 90% at an FPR of 10% [25-28].
Despite this high DR, there is still debate around the world regarding the method for PE
screening in the first trimester, as well as the recommended dose of ASA. Scientific societies
do not present a unified statement, but, after the ASPRE publication, many countries have
changed their recommendations to the approach proposed by the FMF [29]. Our study
shows that we still do not have a perfect method for predicting the occurrence of all forms
of PE, especially those with a late onset, and many occur in low-risk patients.

When authors compare the FMF algorithm with those proposed by the American
College of Obstetricians and Gynecologists (ACOG) and the National Institute for Health
and Care Excellence (NICE), the FMF algorithm appears to be the most effective at a
relatively low FPR. Following the NICE recommendations, we can detect 41% of preterm
PE cases and 34% of term PE cases at an FPR of 10%. On the other hand, according to
the new ACOG recommendations, the DR is much higher, reaching up to 90%. However,
in the latter case, the FPR can be as high as 60% or more, which may lead to the low
acceptance of ASA use among this group of patients and potentially reduce compliance
with the recommended treatment [30-32]. In our study, we did not present DRs for these
forms of PE as there were no eo-PE cases in the group tak'mg ASA. Nonetheless, our results
demonstrated that the first-trimester screening test for PE allowed for the identification of
the high-risk pregnancy group. A positive test result for PE was associated with a more
than seven-fold increase in the risk of developing PE in this group, and up to one in five
patients would develop pregnancy complications such as PITH or FGR or be diagnosed with
fetal SGA.

Consequently, our study suggests that we are making progress in detecting and
preventing PE, particularly in its early-onset form. However, the prediction of FGR or SGA
is a slightly different challenge. The algorithm proposed by the FMF demonstrates a lower
DR of 21-44% for term SGA and 46-55% for detecting preterm SGA [14,33]. In our study,
we did not achieve satisfactory results in terms of detecting SGA or FGR, with a DR of only
24% at an assumed FPR of 10%. Given these findings, the question arises as to whether
we can prevent the occurrence of these disorders despite the low percentage of identified
higher-risk pregnancies.

ASA comes to our aid; however, the reduction in the incidence of SGA or FGR is not as
significant as it is in the case of PE. Studies suggest that, in cases of increased risk identified
in the first trimester, there may be a decrease of approximately 40-44% in the preterm form
of these disorders. This decrease is mainly attributed to the reduced incidence of preterm
PE and eo-PE. However, no such correlations are observed in cases without PE diagnosis
or with a lower incidence of term SGA [10,14,22,23,33,34]. In our study, we demonstrated
that pregnant women at an increased risk of FGR were significantly more likely to develop
pregnancy complications such as PIH, all PE forms, and FGR, or to be diagnosed with SGA.
Furthermore, their pregnancies were more likely to conclude with a cesarean section, and
newborns were more likely to have a weight of <10 pc and <3 pe.

What should we recommend to a patient at high risk of developing PE or FGR in
the first trimester? It is crucial that we actively collaborate with these patients to ensure
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the consistent and regular intake of ASA. While ASA might not always be effective, it
is currently our only option in preventing the occurrence of these disorders. Consistent
intake of ASA is the key to success [13,18]. Second, the close monitoring of these high-risk
pregnancies is necessary. As our study has demonstrated, the incidence of other pregnancy
complications is much higher in this group. Appropriate and prompt diagnosis may help
to improve perinatal outcomes by reducing fetal morbidity and mortality [28].

In Poland, the main current focus of the first-trimester screening test is the detection of
structural abnormalities and chromosomal abnormalities through ultrasounds and blood
sampling for PAPP-A and Beta human chorionic gonadotropin (BHCG). However, not all
women are eligible for reimbursement of the test costs, and not all sonographers are certified
to identify risks related to PE and FGR. As our study showed, expanding the first-trimester
screening test to include additional measurements not only facilitated the implementation
of ASA prophylaxis in pregnancies at higher risk of these disorders but also enabled the
identification of the high-risk pregnancy group, thus enabling appropriate management.

6. Strength and Limitations

This paper’s strength lies in the inclusion of a large number of women over the age of
35, who are already at higher risk of pregnancy complications due to their age. Another
strength is the exploration of screening tests in Poland following the ASPRE trail and the
identification of the high-risk group, which has not been validated in the country so far.

As for weaknesses, it should be noted that the study group lacked cases of eo-PE,
preventing the determination of DR and AUC for this complication. This may be attributed
to the significant reduction in the risk of eo-PE in high-risk populations without chronic
hypertension who have received ASA. The use of ASA in our study can be considered
controversial, as it has impacted the obtained results. A comparison between high-risk
groups with and without ASA administration would be desirable. However, conducting
such a study presents ethical challenges. In the present work, we were more interested
in showing how screening in the first trimester can help isolate pregnancies that are at
the highest risk of perinatal complications. It is also important to mention the potential
for errors in the diagnosis of FGR or SGA, especially in the 3-10 pc range. Furthermore,
the differentiation between elective and emergency cesarean sections was not addressed,
and the monitoring of ASA adherence by the patients was not included, which could have
enhanced the value of this study.

7. Conclusions

Our results show the importance and effectiveness of the first-trimester screening test
for PE and FGR, particularly in high-risk pregnancies where ASA prophylaxis may have the
most beneficial effect. Moreover, the implementation of ASA prophylaxis in pregnancies
without chronic hypertension may be especially important in reducing the incidence of
¢o-PE, as suggested by the absence of such a complication in our high-risk population.

Screening for PE and FGR additionally shows that, even in the absence of an ASA
effect, we isolated high-risk pregnancies, meaning that the patients may then receive better
perinatal care. However, it should be noted that studies involving a greater number of
patients would be necessary to confirm this finding in the Polish population.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jem12175582/5s1, Table S1. Correlations between first-trimester
biophysical and biochemical markers and selected perinatal parameters among groups at high risk of
PE or FGR or those who developed PE or FGR.
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