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Perinatal Outcomes in Preeclampsia
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BACKGROUND: Endothelial dysfunction represents a key driver in the development of preeclampsia. The Endothelial Activation
and Stress Index (EASIX) is a validated predictor of endothelial-related complications in diverse clinical settings beyond ob-
stetrics. Therefore, we aimed to assess the predictive performance of EASIX for adverse maternal and perinatal outcomes in
pregnancies with preeclampsia.

METHODS: This retrospective study analyzed data from 986 patients with preeclampsia who delivered at Heidelberg University
Hospital between 2017 and 2022. The primary end points were adverse maternal (death; kidney failure; pulmonary edema; ec-
lampsia; disseminated intravascular coagulation; hemorrhage; cerebrovascular event; and hemolysis, elevated liver enzymes,
low platelets syndrome); and perinatal events (death, stillbirth, preterm delivery, placental abruption, respiratory distress syn-
drome, intraventricular hemorrhage, necrotizing enterocolitis). EASIX was calculated as a product of lactate dehydrogenase
and creatinine, both divided by platelet counts.

RESULTS: Five hundred forty-two patients were eligible for the analysis. EASIX was significantly elevated in patients with a ma-
ternal adverse event (1.41+0.86 versus 0.87+0.5, P<0.0001) or perinatal adverse event (1.05+0.65 versus 0.93+0.59, P=0.046)
compared with patients without an adverse event. EASIX was independently associated with adverse maternal (adjusted
odds ratio [aOR], 2.90 [2.00-4.19]) and perinatal events (@aOR, 2.02 [1.21-3.39]). These associations were emphasized when
stratifying for early-onset preeclampsia. EASIX levels of the highest tertile were associated with the shortest remaining time to
delivery (adjusted hazard ratio, 2.10 [1.66-2.66]).

CONCLUSIONS: Our findings underline EASIX as an easily available predictive marker of the risk of maternal and perinatal ad-
verse outcomes in patients with preeclampsia. We propose that EASIX may be useful to stratify the individual risk of adverse
events, especially in patients with early-onset preeclampsia.
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ith an incidence of up to 8% of all pregnan-
Wcies, preeclampsia constitutes one of the most
feared obstetric challenges.! Preeclampsia is
defined as hypertension combined with features of
multiorgan dysfunction and can progress rapidly to se-

vere adverse outcomes affecting both the mother and
the fetus.? Preeclampsia-related complications, such

as hemolysis, elevated liver enzymes, and low platelets
syndrome; stroke; kidney failure; or intrauterine growth
restriction aggravate both maternal and perinatal mor-
bidity and mortality.? Prediction tools to accurately
identify vulnerable patients with preeclampsia prone to
develop adverse maternal and perinatal outcomes are
of paramount importance to guide clinical care and to
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RESEARCH PERSPECTIVE
What Is New?

The Endothelial Activation and Stress Index
(EASIX) represents a new, simple, easily avail-
able score consisting of lactate dehydrogenase,
creatinine, and platelet counts, and is a validated
predictor for endothelial-related complications
in various clinical settings beyond obstetrics.

e For the first time, EASIX was assessed in a ret-
rospective cohort of 542 patients with preec-
lampsia, showing a significant association with
the risk for both adverse maternal and perinatal
outcomes.

e The predictive performance for adverse events
was enhanced when stratifying for early-onset
preeclampsia, and patients with the highest
EASIX values demonstrated a significantly re-
duced remaining duration of pregnancy.

What Question Should Be Addressed

Next?

e OQur findings underline EASIX as a promising
marker of elevated endothelial dysfunction in
the prediction of preeclampsia-related adverse
outcomes, especially in patients with early-
onset preeclampsia.

e This work will stimulate future research on how
to integrate EASIX into clinical care to aid in-
dividual risk stratification and guide clinical
decision-making on application of antenatal
corticosteroids and timing of delivery.

e Future studies should focus on a further char-
acterization of EASIX in the context of hyperten-
sive disorder of pregnancy.

Nonstandard Abbreviations and Acronyms

CPR cerebro-placental ratio
EASIX Endothelial Activation and Stress Index

optimize administration of antenatal corticosteroids to
enhance fetal lung maturity before 34 weeks’ gestation
and the timing of delivery.

Endothelial dysfunction represents one of the key
drivers in the pathophysiology of preeclampsia and is
the result of insufficient trophoblast invasion in early
gestation, chronic placental hypoxia, and a proinflam-
matory and antiangiogenic environment.® Changes
in endothelial and vascular function in preeclamp-
sia have been demonstrated through reduced flow-
mediated vasodilation as a result of reduced availability
of NO,* which potentially persists up to several years
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postpartum.* In addition, video capillaroscopy was
able to visualize a reduced microvascular perfusion
mediated by glycocalyx degradation.® These vascular
remodeling processes characterize preeclampsia as
a female-specific cardiovascular risk factor® for long-
term cardiovascular, cerebrovascular, and renal com-
plications after preeclampsia.”®

Until now, there was no validated, simple biomarker
available representing endothelial dysfunction with
prognostic value for preeclampsia-related outcomes.
Beyond this background, we aimed to investigate if the
Endothelial Activation and Stress Index (EASIX) might
help to predict the clinical course of preeclampsia. The
EASIX is based on the routine parameters lactate dehy-
drogenase (LDH), creatinine, and platelet counts, thus
integrating different mechanisms of systemic endothelial
dysfunction. Endothelial dysfunction often targets kid-
ney dysfunction, is typically associated with increased
LDH release by endothelial cells, and the interaction
between endothelial cells and platelets induces platelet
aggregation and consumption. Originally, EASIX was
developed by Luft et al as a simple score to predict
endothelial-related complications after allogenic stem
cell transplantation™ and to predict the risk of sepsis
even before conditioning therapy.' "> Subsequent stud-
ies revealed that EASIX can be used as a marker of
endothelial complications and survival in various clini-
cal settings: EASIX was shown to be associated with
the severe course of COVID-19 disease' and predicted
death of patients with coronary artery disease, irre-
spective of the timing of coronary catheterization.'

This strong link of EASIX and endothelial-related
diseases and complications led us to hypothesize that
EASIX might be a systemic marker of endothelial dys-
function in the context of preeclampsia. The individual
parameters of EASIX have been shown to be predictive
for the development of maternal adverse outcomes in
preeclampsia.’®'® To our knowledge, this is the first
study that evaluated the predictive performance of
EASIX for adverse maternal and perinatal outcomes in
patients with preeclampsia.

METHODS

Study Design and Population

This was a single-center retrospective analysis of
routinely collected data recorded at the Department
of Gynecology and Obstetrics, University Hospital
Heidelberg, Heidelberg, Germany. The local ethics
committee of the medical faculty of the Ruprecht-Karls
University Heidelberg (S-680/2023) approved the study
and confirmed that no written informed consent was
required from the study participants. The data that
support the findings of this study are available from the
corresponding author upon reasonable request. The
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study adheres to the Strengthening the reporting of ob-
servational studies in epidemiology (STROBE) guide-
lines for observational cohort studies, including the
REporting of studies Conducted using Observational
Routinely-collected health Data (RECORD) extension,
and all methods were performed in accordance with the
Declaration of Helsinki. All patients with documented
International Classification of Diseases, Tenth Revision
(ICD-10) codes O10 (chronic hypertension), O11 (su-
perimposed preeclampsia), O13 (pregnancy-induced
hypertension), and O14 (preeclampsia) who delivered
at our department between 2017 and 2022 were con-
sidered eligible for the analysis. ICD-10 codes were
extended to hypertensive disorders beyond preec-
lampsia, because the definition of preeclampsia had
changed during the observational period.? Individual
patient records were reviewed to confirm the diagnosis
of preeclampsia according to the International Society
for the Study of Hypertension in Pregnancy 2021 de-
fined as elevated blood pressure in pregnancy in com-
bination with any end-organ dysfunction.?

We excluded women who had a history of severe
cardiovascular or renal disease, SARS-CoV-2 infection
during pregnancy as potential confounder of endothe-
lial dysfunction, and any other diseases that could af-
fect the level of platelets, LDH, or creatinine. If a woman
had multiple pregnancies complicated by preeclamp-
sia during the observational period, only the outcome
of the first pregnancy was analyzed. Women who pre-
sented with a preeclampsia-related adverse event di-
rectly at the time of the first EASIX measurement were
also excluded. Further exclusion criteria were any fetal
chromosomal, genetic, or structural anomalies and
missing data such as incomplete patient files or miss-
ing laboratory parameters. Multiples were included,
and the data of the neonate with the worse outcome
were documented.

Endothelial Activation and Stress Index
Routinely assessed laboratory parameters were used
to calculate the EASIX constructed by LDH (units per
liter)xcreatinine (milligrams per deciliter) divided by
platelet count (cells per nanoliter). The first available
EASIX score after diagnosis of preeclampsia was used
for the analysis.

Outcomes

The primary outcome was the occurrence of any ma-
ternal and/or perinatal adverse event. The composite
adverse maternal outcome included death, acute kid-
ney failure according to the Kidney Disease Improving
Global Outcomes definition (increase in creatinine of
>0.3mg/dL [>26.5 umoL/L] within 48 hours, anincrease
of >1.5 times from baseline within 7 days, or urine vol-
ume <0.5mL/kg per hour for 6hours),” pulmonary
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edema, eclampsia or any other cerebrovascular event,
disseminated intravascular coagulation, postpartum
hemorrhage, and the hemolysis, elevated liver en-
zymes, low platelets syndrome defined as increased
transaminases more than twice the upper reference
interval with platelets <100 cells/nL with at least 1 he-
molysis criterion (LDH >2 times the upper reference
limit or indirect bilirubin >1.2mg/dL or haptoglobin
<0.3g/L). The composite perinatal end point consisted
of death during the first week after delivery, stillbirth,
preeclampsia-related preterm delivery <34 weeks, pla-
cental abruption, respiratory distress syndrome, intra-
ventricular hemorrhage, and necrotizing enterocolitis.

Secondary end points included individual events
of the composite outcomes and intrauterine growth
restriction, admission to the intensive care unit, and
thromboembolism.

The maternal and perinatal outcomes covered the
core outcome set for preeclampsia.>'®

Statistical Analysis

Descriptive statistics are presented as means+SDs
or medians with interquartile ranges for continuous
variables and absolute numbers and percentages for
categorical variables. Distribution was evaluated by in-
spection of histograms. P values <0.05 were consid-
ered statistically significant and were calculated using
the Mann-Whitney U test, t test, or x? test. Univariate
predictors for the multivariate logistic regression model
were chosen a priori and included maternal and ges-
tational age, body mass index, gestational diabetes,
estimated fetal weight, cerebro-placental ratio, glutamic
oxaloacetic transaminase, C-reactive protein, and uric
acid. These risk factors have been reported to be al-
tered in patients with preeclampsia or to be associated
with adverse pregnancy outcomes.'®?° These potential
confounders and EASIX were added to the multivariate
model in a backward stepwise logistic regression model.
Logarithmic transformations were used for estimated
fetal weight, glutamic oxaloacetic transaminase, and C-
reactive protein to normalize skewed distribution. Our
datarevealed a parametric distribution of EASIX. Existing
literature reports the log2-transformed EASIX,'*2! and
we additionally calculated the regression models with
the log2-transformed EASIX. The final multivariate model
included EASIX, body mass index, gestational age, and
uric acid. Odds ratios with 95% Cls were calculated.
Receiver operating characteristic curve analyses were
performed to evaluate the discriminatory power of EASIX
levels in association with preeclampsia-related adverse
events. The estimates of the Preeclampsia Integrated
Estimate of Risk (fulPIERS)?>?® model were calculated
by implementing the logistic regression term into our
database (-logit(pi)=2.68+[-5.41x107%; gestational age
at eligibility]+1.23[chest pain or dyspneal+[-2.71x1072;
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creatinine]+[2.07x107";  platelets]+[4.00x1075;  plate-
lets?]+[1.01x107?; aspartate transaminase]+[-3.05x1075;
aspartate aminotransferase?+[2.50x107%;  creatinine
xplatelet]+[-6.99x107%;  plateletxaspartate  transami-
nase)+(—2.56x107%;  plateletxSpo,)).?*  Kaplan-Meier
curves were calculated for EASIX stratified into tertiles
based on the analysis set of all women with preeclamp-
sia to compare the remaining time until delivery. Cox
proportional hazards models were calculated for the
second and third tertile, with the lowest tertile as the
reference. The adjusted model included the covariates
of the aforementioned multivariate model. Subgroup
analyses were performed for early-onset and late-onset
preeclampsia depending on the diagnosis of preec-
lampsia before or after 34 weeks of gestation. To evalu-
ate a possible effect modification by these subgroups,
we conducted an interaction term approach. Statistical
analyses were conducted in IBM SPSS Statistics 29.0

EASIX and Preeclampsia-Related Adverse Outcomes

(IBM, Armonk, NY) and Prism 9.5.0 (GraphPad Prism
Software, San Diego, CA).

RESULTS

A total of 986 patients who delivered at our hospital and
had a preeclampsia-related diagnosis between 2017 and
2022 were screened for eligibility. Of those, 542 patients
fulfiled the criteria and were included in the final analy-
sis (Figure S1). Mean gestational age was 34.5weeks at
diagnosis of preeclampsia and 35.3weeks at delivery.
The cohort included 197 (36%) patients with early-onset
preeclampsia and 86% of patients with preeclampsia de-
veloped de novo. Baseline and birth characteristics strat-
ified for adverse maternal and perinatal outcomes are
shown in Tables 1 and 2. Several patients experienced
>1 adverse event. No maternal death was observed.

Table 1. Baseline Characteristics According to Adverse Maternal Outcome

No adverse maternal event, Adverse maternal event,

Variable n=450 n=92 P value
Maternal age, y 32.0+£5.5 31.5+5.9 0.464
Prepregnancy body mass index, kg/m? 28.3+7.2 25.7+6.0 0.001*
Nulliparous 306 (68%) 70 (76%) 0.125
Use of assisted reproductive technology 41 (9%) 10 (11%) 0.599
Multiple pregnancy 47 (10%) 12 (13%) 0.466
Gestational diabetes 88 (20%) 10 (11%) 0.049*
>1 Antihypertensive medication 59 (13%) 26 (28%) <0.001*
Medical history

Previous preeclampsia 44 (10%) 7 (8%) 0.516

Diabetes 24 (5%) 3 (3%) 0.405

Chronic hypertension 59 (13%) 15 (16%) 0.416
Birth characteristics

Gestational age at delivery, wk 35.7+£3.4 33.6+3.9 <0.001*

Birth weight, g 2378857 1913+843 <0.001*

Female sex 224 (50%) 50 (54%) 0.424
Ultrasound parameters at admission

Estimated fetal weight (percentile) 16 (2-43) 8 (2-30) 0.082

Umbilical artery Pl (absolute) 1.10+0.39 1.15+0.32 0.384

Middle cerebral artery Pl (absolute) 1.567+0.39 1.569+0.33 0.766

Cerebro-placental ratio (absolute) 1.47+0.51 1.40+0.41 0.452
Laboratory parameters at admission

C-reactive protein 6.3 (3.0-10.8) 5.6 (2.4-12.8) 0.738

GOT, U/L 25 (19-34) 33 (23-55.5) <0.001*

Uric acid 5.7+1.6 6.5+2.3 0.002*

Creatinine, mg/dL 0.63+0.13 0.71£0.15 <0.001*

Lactate dehydrogenase, U/L 273+72 325+120 <0.001*

Platelets, cells/nL 223+66 186+59 <0.001*
EASIX 0.87+0.50 1.41+0.86 <0.001*

Data are presented as either absolute or relative numbers (percent), mean+SD, or median (interquartile range) and were compared with a t test, Mann-Whitney
U test, or x® test where appropriate. EASIX indicates Endothelial Activation and Stress Index; GOT, glutamic oxaloacetic transaminase; and P, pulsatility index.

*indicates statistical significance.
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Table 2. Baseline Characteristics According to Adverse Perinatal Outcome

No adverse perinatal event, Adverse perinatal event,

Variable n=385 n=157 P value
Maternal age, y 31.8+5.6 32.1+5.6 0.478
Prepregnancy body mass index, kg/m? 28.0£7.3 27.5+6.5 0.497
Nulliparous 273 (71%) 1083 (66%) 0.224
Use of assisted reproductive technology 34 (9%) 17 (11%) 0.470
Multiple pregnancy 46 (12%) 13 (8%) 0.214
Gestational diabetes 83 (22%) 15 (10%) <0.001*
>1 Antihypertensive medication 37 (10%) 48 (31%) <0.001*
Medical history

Previous preeclampsia 31 (8%) 20 (13%) 0.090

Diabetes 22 (6%) 5 (3%) 0.220

Chronic hypertension 40 (10%) 34 (22%) <0.001*
Birth characteristics

Gestational age at delivery, wk 371+1.7 30.9+3.1 <0.001*

Birth weight, g 2696639 13254533 <0.001*

Female sex 197 (51%) 77 (49%) 0.654
Ultrasound parameters at admission

Estimated fetal weight (percentile) 23 (6-49) 2 (2-14) <0.001*

Umbilical artery PI (absolute) 0.99+0.23 1.3+0.48 <0.001*

Middle cerebral artery Pl (absolute) 1.61+£0.37 1.563+0.40 0.133

Cerebro-placental ratio (absolute) 1.60+0.46 1.28+0.48 <0.001*
Laboratory parameters at admission

C-reactive protein, mg/L 5.8 (2.8-10.1) 7.2 (3.2-13.4) 0.018*

GOT, U/L 25 (20-35) 27 (21-39) 0.130

Uric acid, mg/dL 5.8+1.9 5.9+1.3 0.616

Creatinine, mg/dL 0.64+0.14 0.65+0.13 0.515

Lactate dehydrogenase, U/L 276+83 294+85 0.022¢

Platelets, cells/nL 219+68 211+62 0.202
EASIX 0.93+0.59 1.05+0.65 0.046*

Data are presented as either absolute and relative numbers (percent), mean+SD, or median (interquartile range) and were compared with a t test, Mann-Whitney
U test, or x? test where appropriate. EASIX indicates Endothelial Activation and Stress Index; GOT, glutamic oxaloacetic transaminase; and Pl, pulsatility index.

*indicates statistical significance.

One neonate died during the first week after delivery.
The distribution of EASIX according to the outcomes is
visualized in Figure 1. According to other cardiovascular
risk factors, EASIX levels were not significantly different
when comparing superimposed (0.92+0.53) versus de
novo preeclampsia (0.97+0.62, P=0.456), and no differ-
ences were found between patients with versus without
diabetes (0.94+0.66 versus 0.97+0.61, P=0.856).

Maternal Adverse Outcome

The composite of maternal adverse outcomes occurred
in 92 (17%) patients with preeclampsia. Although 28% of
the patients with an adverse event needed multiple anti-
hypertensive medications, only 13% of patients without
an adverse event took >1 antihypertensive medication
(P<0.001) (Table 1). Patients who experienced at least
1 adverse maternal event were delivered earlier (33.6

J Am Heart Assoc. 2025;14:e041059. DOI: 10.1161/JAHA.125.041059

versus 35.7 weeks, P<0.001), with a lower birth weight
(1918 versus 2378 g, P<0.001), had a lower body
mass index before pregnancy (25.7 versus 28.3kg/m?,
P=0.001), and had lower rates of gestational diabetes
(20% versus 11%, P=0.049). Significant differences in
laboratory parameters were observed for liver transam-
inases, uric acid, as well as for the individual parame-
ters of EASIX (LDH, creatinine, platelets). EASIX values
were significantly higher in those patients with a com-
posite adverse maternal outcome compared with those
without (1.41+£0.86 versus 0.87+0.5, P<0.001). Receiver
operating characteristics curves demonstrated a signif-
icant discrimination for prediction of maternal adverse
events by EASIX, with an area under the curve (AUC)
of 0.73 (95% Cl, 0.68-0.78). In contrast, the validated
fullPIERS model?® only yielded an AUC of 0.67 (95%
Cl, 0.61-0.73) for predicting adverse maternal events.
EASIX was associated with a >3-fold increased risk of
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Figure 1. Violin plots of EASIX.

A, EASIX according to maternal adverse outcome and (B) according to perinatal adverse
outcome. In each violin plot, the horizontal dashed lines represent the median and the lower and
upper quartile. EASIX indicates Endothelial Activation and Stress Index.

a subsequent maternal adverse event in patients with
preeclampsia (odds ratio [OR], 3.22 [95% ClI, 2.27-
4.57]). A descriptive analysis of EASIX and individual pri-
mary and secondary end points is reported in Figure 2.
EASIX revealed a significant association for hemolysis,
elevated liver enzymes, low platelets syndrome (OR,

3.97 [95% Cl, 2.58-6.10]), acute kidney failure (OR,
2.59 [95% ClI, 1.90-3.73)), and postpartum hemor-
rhage (OR, 2.16 [95% ClI, 1.45-3.22]). No association
between EASIX and any other secondary maternal end
point was detected. In multivariate regression analysis,
EASIX remained independently associated with the risk

Odds Ratio (95% Cl)

. n OR (95% CI) p value
: —e—i all maternal events 92 3.22 (2.27-4.57) <0.001
: ——i acute kidney injury 49 2.59 (1.9-3.73) <0.001
: ——t HELLP syndrome 29 3.97 (2.58-6.1) <0.001
——t postpartum hemorrhage 36 2.16 (1.45-3.22) <0.001
,_.._. pulmonary edema 4 1.12 (0.25-5) 0.879
: eclampsia 2 0.52 (0.02-13.74) 0.697
cerebrovascular 1 0.46 (0.003-61.71) 0.753
—o—i all perinatal events 157 1.34 (1.00-1.79) 0.49
)—0—| preterm delivery <34 weeks 138 1.36 (1.01-1.83) 0.043
|—o—| respiratory distress syndrome 90 1.31(0.93-1.83) 0.119
necrotizing enterocolitis 3 0.49 (0.03-7.65) 0.612
'—0—' intraventricular hemorrhage 24 0.78 (0.36-1.69) 0.528
death during first week 1 1.62 (0.16-16.18) 0.681
'—°—'_‘ placental abruption 8 0.64 (0.15-2.83) 0.56
e FGR 190 0.82 (0.6-1.11) 0.2
P transfusion 18 2.05 (1.23-3.44) 0.006
thrombosis 1 0.83 (0.02-31.00) 0.918
o ICU maternal 264 2.57 (1.81-3.65) <0.001
| : : I""' : , ICU neonatal 177 1.44 (1.09-1.92) 0.012
0.001 0.01 0.1 1 10 100

Figure 2. EASIX and individual outcome events.

Forest plots illustrating EASIX as predictor of the risk of the composite maternal and perinatal outcomes and descriptive analysis
of its individual components and other secondary end points. Values are presented as absolute and relative numbers of patients
experiencing the indicated event and OR (95% CI). EASIX indicates Endothelial Activation and Stress Index; FGR, fetal growth
restriction; HELLP, hemolysis, elevated liver enzymes, low platelets; ICU, intensive care unit; and OR, odds ratio.
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Table 3. Univariate and Multivariate Logistic Regression Analysis for the Prediction of Adverse Maternal and Perinatal

Outcomes
Maternal adverse outcome Perinatal adverse outcome
Univariate Multivariate* Univariate Multivariate*
Variable OR (95% CI) aOR (95% Cl) OR (95% CI) aOR (95% Cl)
EASIX (all) 3.2 (2.27-4.57) 2.90 (2.00-4.19) 1.34 (1.0-1.79) 2.02 (1.21-3.39)
EASIX (early-onset) 3.52 (1.99-6.20) 3.10 (1.74-5.53) 4.43 (1.76-11.19) 3.61 (1.23-10.66)
EASIX (late-onset) 3.26 (2.04-5.22) 2.71 (1.66-4.42) 11 (0.38-3.17) 1.04 (0.32-3.42)

aOR indicates adjusted odds ratio; EASIX, Endothelial Activation and Stress Index; and OR, odds ratio.
*The multivariate model was calculated by backward stepwise logistic regression and resulted in a model including EASIX, body mass index, gestational

age, and uric acid.

of maternal adverse events after adjusting for the a pri-
ori defined risk factors (adjusted OR [aOR], 2.90 [95%
Cl, 2.00-4.19)) (Table 3). When stratifying for early-onset
preeclampsia, the performance of EASIX was enhanced
for prediction of adverse maternal outcomes (aOR, 3.10
[95% Cl, 1.74-5.53]). ORs calculated for a 2-fold change
of EASIX (log2-transformed) are reported in Table S1
and revealed comparable results.

Perinatal Adverse Outcome

The rate of perinatal adverse outcomes in patients with
preeclampsia was 29%. Patients with perinatal ad-
verse outcomes were more likely to have chronic hy-
pertension and to take >1 antihypertensive medication
(P<0.001) (Table 2). They had lower rates of gestational
diabetes (P<0.001) and delivered significantly earlier
(30.9 versus 37.1weeks, P<0.001) with subsequently
lower birth weights. Prenatal ultrasound parameters
such as estimated fetal weight, umbilical artery pul-
satility index, and C-reactive protein differed signifi-
cantly between patients with and without an adverse
perinatal outcome. Significant differences in labora-
tory measurements were observed only for C-reactive
protein and LDH. Patients with a perinatal adverse
outcome revealed significantly higher EASIX values

compared with patients without adverse outcomes
(1.05+0.65 versus 0.93+0.59, P=0.046). Receiver op-
erating characteristic curve analysis revealed a weak
albeit significant discrimination for the prediction of ad-
verse perinatal events by EASIX, with an AUC of 0.56
(95% ClI, 0.51-0.62; P=0.022). The predictive capac-
ity of EASIX was enhanced when stratifying for early-
onset preeclampsia (AUC, 0.73 [95% CI, 0.65-0.81];
P<0.001) (Table S2). In multivariate analysis, EASIX was
significantly associated with a doubled risk of perina-
tal adverse outcomes (aOR, 2.02 [95% ClI, 1.21-3.39]),
which was more pronounced when stratifying for early-
onset preeclampsia (@OR, 3.61 [95% ClI, 1.23-10.66])
(Table 3). ORs per log2 increase of EASIX showed the
same associations (Table S1).

Time to Delivery Analysis

The mean time to delivery was 5.5days (range,
0-43days). Women who remained pregnant for
>7 days had significantly lower EASIX levels than pa-
tients being delivered within <2days (0.61 [0.45-0.83]
versus 0.91 [0.65-1.28], P<0.0001) (Figure S2). Kaplan-
Meier curves were used to analyze the remaining time
until delivery stratified by EASIX tertiles (Figure 3). After
a week, only 20 of 181 (11%) patients with the highest
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Figure 3. Time to delivery analyses.

The Kaplan-Meier curves summarize the remaining pregnancy duration of patients stratified according to EASIX tertiles (first tertile
<0.634 [—], second tertile 0.634-1.036 [-], third tertile >1.036 [- — -]) for the whole cohort (A), early-onset (B), and late-onset
preeclampsia (C). EASIX indicates Endothelial Activation and Stress Index.
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EASIX tertile remained pregnant. EASIX levels of the
highest tertile were associated with the shortest la-
tency until delivery for the total cohort and patients with
early- and late-onset preeclampsia (Figure 3A through
3C). Patients with an EASIX value above the third ter-
tile had an >2-fold increased risk for imminent delivery
compared with those of the lowest tertile (hazard ratio
[HR], 2.25 [95% CI, 1.81-2.8]; adjusted HR [aHR], 2.10
[95% ClI, 1.66-2.66]). These effects were pronounced
when evaluating patients with early-onset preeclamp-
sia (HR, 3.36 [95% ClI, 2.31-4.87]; aHR, 2.88 [95% ClI,
1.93-4.30]). For a detailed description of the Cox pro-
portional hazards models see Table SG.

DISCUSSION

To our knowledge, this is the first study that investi-
gated EASIX in the context of preeclampsia as a pre-
dictive marker for the risk of adverse maternal and
perinatal outcomes. We demonstrated that (1) patients
who experienced a preeclampsia-related adverse ma-
ternal or perinatal event had elevated EASIX levels; (2)
that EASIX was independently associated with an in-
creased risk for adverse events; and (3) that patients
with higher EASIX levels were more likely to deliver
early.

Endothelial dysfunction is a common pathophysio-
logical link between preeclampsia and multiple other
diseases. Because the endothelial response patterns
are highly heterogeneous depending on the location,
it is difficult to capture the systemic effects of endo-
thelial dysfunction in 1 universal marker. EASIX was
originally based on typical laboratory changes of
transplant-associated thrombotic microangiopathy,
a potentially life-threatening complication after allo-
genic stem cell transplantation, which is character-
ized by high LDH and creatinine levels combined with
low platelet counts.'® Similar rises in LDH and creati-
nine with reduced platelet counts are reported for the
closely related atypical hemolytic uremic syndrome.?®
Endothelial dysfunction typically affects kidney func-
tion and is characterized by increased LDH release
due to cell damage. Damaged endothelial cells inter-
act with circulating platelets leading to platelet activa-
tion and aggregation,?® which subsequently provokes
platelet consumption. Angiogenic factors, such as
soluble fms-like tyrosine kinase-1/placental growth
factor and soluble endoglin were found to correlate
with the individual parameters of EASIX in preeclamp-
sia (soluble fms-like tyrosine kinase-1/placental growth
factor versus creatinine r=0.55,%" soluble endoglin ver-
sus platelets r=—0.35,%® soluble endoglin versus LDH
r=0.29%), whereas EASIX itself correlates with markers
of endothelial dysfunction such as angiopoietin-2, sol-
uble thrombomodulin, and interleukin-18."° Although
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our retrospective study cannot provide comparisons
with these endothelial biomarkers, our results further
highlight preeclampsia as an endothelial disease and
suggest how to potentially mirror the extent of the en-
dothelial dysfunction in affected women.

EASIX aims to reflect a preexisting subclinical or
clinical endothelial defect that may lead to endothelial
complications and mortality. We did not exclude pa-
tients with preexisting vascular risk factors, such as
hypertension or diabetes, to examine whether EASIX
can represent the individual predisposition of an oth-
erwise intact endothelium of becoming dysfunctional
only after a triggering event such as a pregnancy or
other second hits.?® In our cohort, patients with super-
imposed preeclampsia and patients with diabetes did
not have significantly more adverse outcomes com-
pared with those without the preexisting disease.

In view of the increased risks of long-term car-
diovascular, cerebrovascular, and renal disease after
a pregnancy complicated by preeclampsia,” a per-
sistence of systemically damaged endothelium must
be taken into consideration. Recently, Honigberg et al
revealed that the microvascular dysfunction in pre-
eclampsia also involves a reduced coronary function,
as demonstrated through cardiac positron emission
tomography in the early postpartum period follow-
ing preeclampsia.® There is an unmet urgent clinical
need of early detection of patients at risk, especially
for preeclampsia-related adverse outcomes. Various
laboratory parameters and prognostic tools, such as
the fullPIERS model,?? have been investigated to guide
clinical care and to identify those patients at greatest
risk and those suitable for expectant management.
The fullPIERS model was developed to predict se-
vere preeclampsia-related maternal complications
and yielded an excellent discriminatory ability, with an
AUC of 0.88 in the original cohort?® with proven exter-
nal validity. In contrast, the fullPIERS model performed
poorly in our cohort, with an AUC of 0.67. Our findings
are supported by Ukah et al, who assessed the fullP-
IERS model in a cohort of women in tertiary hospitals
in the United States and Canada and also reported
a low predictive performance for adverse maternal
outcomes (AUC, 0.67 [95% ClI, 0.58-0.76])*° and by
Mirkovic et al, who found a nonsignificant AUC of 0.63
(95% CI, 0.44-0.82).3' The authors hypothesized that
this discrepancy may be explained by different hospital
settings and preeclampsia management protocols,3
because the fullPIERS cohort was originally developed
in settings with a general policy of expectant manage-
ment.?? There are some overlapping criteria between
fullPIERS and EASIX such as creatinine and platelets.
A major concern of the clinical usefulness of fullPIERS
is the inclusion of 6 variables and the requirement of an
online tool, making it cumbersome compared with the
EASIX score, which can be calculated easily.
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Binder et al evaluated the predictive potential of
longitudinal maternal laboratory measurements for
preeclampsia-related adverse outcomes'® and demon-
strated high stand-alone predictive accuracy of the
individual parameters of EASIX for adverse maternal
outcomes (LDH AUC 0.73, creatinine AUC 0.71, plate-
lets AUC 0.65), which are comparable to the observed
high accuracy of EASIX in our study (AUC, 0.73 [95%
Cl, 0.68-0.78]). Soluble fms-like tyrosine kinase-1/pla-
cental growth factor reached a similarly high predic-
tive accuracy for maternal events, with an AUC of 0.72
(95% ClI, 0.62-0.81) according to data published by
Binder et al.’®

Interestingly, EASIX revealed an enhanced pre-
dictive performance in our cohort after stratification
for women with only early-onset preeclampsia. It has
been increasingly recognized that women with ear-
ly- and late-onset preeclampsia present with different
clinical features, suggesting distinct underlying patho-
physiological mechanisms.®? Different profiles of an-
giogenic factors and a different extent of endothelial
dysfunction may be responsible for the higher benefit
of EASIX in our cohort or soluble fms-like tyrosine ki-
nase-1/placental growth factor as reported by others'™
for the prediction of adverse events in early-onset pre-
eclampsia in contrast to the late-onset group. Recently,
Chaiworapongsa et al suggested 3 subgroups of pre-
eclampsia, with 1 early group and 2 groups of pre-
eclampsia at term based on their angiogenic profile.33
These 2 groups of preeclampsia at term revealed
different demographics, clinical characteristics, and
preeclampsia-related prognosis. In addition to predict-
ing adverse preeclampsia-related outcomes, EASIX
was correlated to the latency until delivery. Patients
with the highest EASIX tertiles demonstrated a signifi-
cantly reduced remaining duration of pregnancy. It is
of paramount importance to develop simple, quickly
available tools to accurately identify those highly vul-
nerable patients and to guide individualized obstetric
monitoring and care. Especially in patients with early-
onset preeclampsia, EASIX showed a high potential to
discriminate for patients with a high risk for an early
delivery.

Strengths and Limitations
We evaluated EASIX in a large cohort assessing
pregnancies with preeclampsia. For the first time,
we introduced EASIX in the context of preeclampsia,
thus highlighting the predominant role of endothelial
dysfunction in the pathophysiology of preeclamp-
sia. Additionally, our study evaluated the totality of
preeclampsia and did not only focus on early-onset
preeclampsia.

Given the inherent nature of retrospective data anal-
ysis, some limitations must be addressed. First, based
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on the case records, a detailed description of clinical
symptoms was often not fully available; especially, eth-
nic background was not ubiquitously documented. In
light of the increased risk of preeclampsia in women
with a Afro-Caribbean or South Asian background, ex-
panding our analyses to ethnically diverse populations
would be relevant to prove the generalizability of EASIX.
Second, because the definition of preeclampsia was
extended to any hypertension in pregnancy in combi-
nation with at least 1 end-organ manifestation,? there
were cases that were not diagnosed as preeclampsia
during their past hospital stay but needed to be classi-
fied as preeclampsia retrospectively. Thus, we cannot
exclude that clinical management would have possibly
been changed with the knowledge of diagnosed pre-
eclampsia according to current definitions. Third, we
analyzed EASIX only at 1 center. Further studies to val-
idate our observations are needed.

PERSPECTIVES

EASIX represents a new, simple, easily available score
consisting of LDH, creatinine, and platelet counts. We
propose that EASIX may be used to stratify the indi-
vidual risk of maternal and perinatal adverse outcomes
in patients with preeclampsia. The good prognostic
performance of EASIX, for both maternal and perinatal
adverse events, especially in patients with early-onset
preeclampsia, presumably relies on the integration of
biomarkers reflecting different mechanisms of sys-
temic endothelial dysfunction, which represents the
hallmark of preeclampsia as a multiorgan disease. This
work will stimulate future research to further character-
ize EASIX in the context of preeclampsia and its use for
clinical management of preeclampsia.
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