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PREPARE: A Stepped-Wedge Cluster-
Randomized Trial to Evaluate Whether Risk
Stratification Can Reduce Preterm Deliveries
Among Patients With Suspected or Confirmed
Preterm Preeclampsia
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Paul T. Seed®, Lucy C. Chappell®; Marcos Augusto Bastos Dias," on behalf of the PREPARE trial groupt

BACKGROUND: Early delivery in preterm preeclampsia may reduce the risks for the patient, but consequences of prematurity
may be substantial for the baby. This trial evaluated whether the implementation of a risk stratification model could safely
reduce prematurity.

METHODS: This was a stepped-wedge cluster-randomized trial in seven clusters. Patients presenting with suspected or confirmed
preeclampsia between 20%° and 36 gestational weeks were considered eligible. At the start of the trial, all centers were
allocated in the preintervention phase, and patients enrolled in this phase were managed according to local treatment guidance.
Subsequently, every 4 months, 1 randomly allocated cluster transitioned to the intervention. Patients enrolled in the intervention
phase had sFlt-1 (soluble fms-like tyrosine kinase-1)/PIGF (placental growth factor) ratio and preeclampsia integrated estimate
of risk assessments performed. If sFIt-1/PIGF <38 and preeclampsia integrated estimate of risk <109%, patients were considered
low risk and clinicians received recommendations to defer delivery. If sFlt-1/PIGF >38 and preeclampsia integrated estimate of
risk >10%, patients were considered not low risk, and clinicians received recommendations to increase surveillance. The primary
outcome was the proportion of patients with preterm preeclampsia delivered prematurely out of total deliveries.

RESULTS: Between March 25, 2017 and December 24, 2019, 586 and 563 patients were analyzed in the intervention and
usual care groups, respectively. The event rate was 1.09% in the intervention group, and 1.37% in the usual care group.
After prespecified adjustments for variation between and within clusters over time, the adjusted risk ratio was 1.45 ([95%
Cl, 1.04-2.02]; P=0.029), indicating a higher risk of preterm deliveries in the intervention group. Post hoc analysis including
calculation of risk differences did not show evidence of statistical differences. Abnormal sFit-1/PIGF was associated with a
higher rate of identifying preeclampsia with severe features.

CONCLUSIONS: The introduction of an intervention based on biomarkers and clinical factors for risk stratification did not
lead to reductions in preterm deliveries. Further training on the interpretation of disease severity in preeclampsia and the
development of additional risk stratification is needed before adoption into clinical practice.
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Risk Stratification in Preterm Preeclampsia

Novelty and Relevance

What Is New?

This is the first study to combine clinical and laboratory
information from the fullPIERS algorithm in the care
of patients with suspected or confirmed preeclampsia
with the sFlt-1 (soluble fms-like tyrosine kinase-1)/
PIGF (placental growth factor) ratio.

What Is Relevant?

Early delivery in preterm preeclampsia may reduce the
risks for the patient, but consequences of prematurity
may be substantial for the baby. Developing risk strati-
fication models to support decisions is a challenge in

clinical practice. The risk stratification demonstrated in
this study did not lead to reduction in preterm deliver-
ies. However, sFIt-1/PIGF ratio assessment may have
contributed to identify patients with severe features of
preeclampsia.

Clinical/Pathophysiological Implications?

It is important to consider different sFlt-1/PIGF ratio
and fullPIERS thresholds for maternal and perina-
tal outcomes, mainly preterm deliveries. Additionally,
developing a continuous knowledge transfer program
to help care providers to gain confidence with new
tests is crucial for implementation.

Nonstandard Abbreviations and Acronyms

aOR adjusted odds ratio

fullPIERS  Preeclampsia Integrated Estimate of
Risk

PHOENIX  Planned Early Delivery or Expectant
Management for Late Preterm
Preeclampsia Trial

PIGF placental growth factor

PREPARE  Prematurity Reduction by
Preeclampsia Care

sFit-1 soluble fms-like tyrosine kinase-1

notypes that affects 6% of pregnant women world-
wide and is a major cause of maternal and perinatal
morbidity and mortality.” The pathological features of
preeclampsia can compromise either mother or fetus,
but prematurity and perinatal death represent the most
important adverse perinatal outcomes.? While delivery
reduces the risks of adverse outcomes for the mother,
there is an uncertain balance of potential risks and ben-
efits for planned delivery or expectant management for
the baby. Therefore, clinical care should always involve a
balance between maternal health and prematurity risk, as
consequences of unnecessary iatrogenic preterm birth
may be substantial for the baby, with important long-term
sequelae of chronic neurological disability and adult car-
diometabolic diseases.®®
Despite known perinatal disadvantages, mainly at
gestational ages before 34 weeks of pregnancy, the
incidence of preterm birth among patients with preterm
preeclampsia is still high. In Brazil, preeclampsia is the
indication for almost 18% of all preterm births and nearly
half of all iatrogenic preterm deliveries.””® In high-income

Preeclampsia is a complex disorder with diverse phe-
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countries, indicated delivery for preeclampsia is also an
important contributor to preterm birth but accounts for
only about 8% of all premature deliveries.?

Current nonstandardized methods of risk stratification
use clinical and biochemical criteria, but more recently,
improved approaches have been described. Identifica-
tion of which patients can be safely managed expec-
tantly to minimize the effect of iatrogenic deliveries on
perinatal outcomes may be beneficial. The preeclampsia
integrated estimate of risk (fullPIERS) algorithm uses
maternal symptoms, signs, and laboratory tests to iden-
tify patients at increased risk for maternal complications
related to preeclampsia, predicting adverse maternal out-
comes within 48 hours (area under receiver operating
curve, 0.88), with a negative predictive value of 98%.°
Adverse outcomes only occurred in 1% of patients with
a predicted probability lower than 0.025 and in less
than 1% of patients with a predicted probability lower
than 0.01. External validation of the fullPIERS model
for predicting adverse maternal outcomes in pregnancy
hypertension in low- and middle-income countries dem-
onstrated increasing numbers of events according to the
progressive increase in prediction score, with a 16.6%
risk of adverse events when the prediction score was
>0.1 (or 10%)."" A second available method uses the bio-
marker sFlt-1 (soluble fms-like tyrosine kinase-1)/PIGF
(placental growth factor) ratio as a prognostic marker
for maternal adverse outcomes and has the potential to
identify patients who do not need a delivery. In a prospec-
tive, multicenter, observational study of 500 patients with
suspected preeclampsia at <37 weeks, a threshold of
<38 for an sFit-1/PIGF ratio had a negative predictive
value (no diagnosis of preeclampsia, eclampsia, or hemo-
lysis, elevated liver enzymes, low platelets syndrome
within 1 week) of 98.9% with sensitivity of 88.2% and
specificity of 80%.'? Additionally, a predefined second-
ary analysis of the Prediction of Short-Term Outcome in
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Pregnant Women with Suspected Preeclampsia Study
demonstrated that the likelihood of imminent delivery
among patients (with and without preeclampsia) pre-
senting with sFlt-1/PIGF >38 was 2.9x ([95% Cl, 2.4—
3.4]; ”<0.001) greater than in patients presenting with
sFit-1/PIGF ratio <38."3

The objective of the PREPARE (Prematurity Reduction
by Preeclampsia Care) study was to test the hypothesis
that risk stratification of patients with suspected or con-
firmed preeclampsia based on objective criteria reduced
the proportion of medically indicated preterm deliveries.
The intervention combined fullPIERS and sFit-1/PIGF
ratio in the same treatment guidance to advise obstetri-
cians to defer delivery. Patients with fullPIERS <10% and
sFIt-1/PIGF ratio <38 were considered as low risk for
adverse outcomes and suitable for safe expectant man-
agement, while those identified as being at higher risk
could be offered appropriate surveillance. Based on this
premise, we hypothesized that using this approach we
would reduce preterm deliveries related to preeclampsia.

METHODS

Data Availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Study Design

This was a stepped-wedge, cluster-randomized trial for the
implementation of an intervention at the hospital level to evalu-
ate whether this risk stratification model could safely reduce
the incidence of preterm deliveries among patients with sus-
pected or confirmed preeclampsia. The trial was conducted
in seven tertiary centers (Table S1), geographically dispersed
throughout Brazil, and ran for 33 months. The trial protocol has
been previously published.™

Participants

Patients presenting with suspected or confirmed preeclamp-
sia between 20*° and 36%° gestational weeks at any of the
seven tertiary centers were considered eligible. Patients with
comorbidities (eg, chronic hypertension, renal disease, dia-
betes) were also included. Suspicion of preeclampsia was a
decision defined by clinicians at routine or emergency visits.
It was mainly based on blood pressure 2140 mmHg systolic
or 90 mmHg diastolic and relevant maternal symptoms such
as headache, vomiting, and epigastric pain after 20 gestational
weeks. Preeclampsia was defined using the American College
of Obstetricians and Gynecologists’ definition as blood pres-
sure 2140 mmHg systolic or 90 mmHg diastolic on or after
20 weeks of pregnancy, plus proteinuria: more than 1+ on a
qualitative dipstick, or 0.3 g/24 h or urine protein/creatinine
>30 mg/mmol. In the absence of proteinuria, preeclampsia
was diagnosed as blood pressure 2140 mmHg systolic or 90
mmHg in the presence of any relevant predefined maternal
symptoms, signs (eg, severe hypertension), abnormal maternal
laboratory criteria (eg, low platelets).'®
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Patients with multifetal gestations or those presenting with
a diagnosis of fetal demise, nonreassuring fetal status neces-
sitating immediate delivery at admission, eclampsia, hemolysis,
elevated liver enzymes, low platelets syndrome, renal, cardiac
or respiratory failure, coma, active labor, abruption or emergent
delivery for other indications were not included in the risk strati-
fication component of the study.

This study was approved by the national central ethical
committee on research involving Human Subjects (CAAE:
53092916:4-2008:5411) and by each local ethical committee
of the participating centers. The PREPARE trial was a hospital-
wide intervention within a cluster trial. Informed consent at an
individual participant level for the intervention was not deemed
necessary by the ethics committee.

Randomization and Masking

Randomization was undertaken by the trial statistician through
a computer-generated blocking list at the start of the trial.
Random ordering was selected to minimize the rank correlation
between the historical event rate and the order of implementa-
tion. The timing of implementation of the intervention to each
center was revealed only 30 days before the implementation
phase to prevent changes in practice before the implementa-
tion. However, due to delays with the implementation of the
test analyzers and the availability of assays, the initiation of the
intervention at sites 2 and 3 was delayed. Before completion of
enrollment, the Trial Steering Committee approved the analy-
sis of results according to when the intervention actually hap-
pened, rather than when it was originally planned.

At the start of the trial period, all centers were in the pre-
intervention phase. All patients presenting with suspected or
diagnosed preeclampsia in this phase were managed accord-
ing to local guidance. There was no standardization of protocols
for preeclampsia treatment or delivery indication. Subsequently,
every 4 months, 1 randomly allocated center transitioned to the
implementation of the intervention. All centers continued the
baseline data collection until randomized to implementation.
Once each center crossed over to the intervention phase, the
intervention was continued as part of routine care until the end
of the study. After the last center has crossed over, the trial con-
tinued for a final period of 5 months during which all centers
received the intervention. The effectiveness of the intervention
was measured by comparing the aggregated data of the cen-
ters in the prerandomization phase (preintervention) of the trial
with those in the postrandomization phase (post-intervention).
Routine clinical data were collected for the trial on all participat-
ing patients.

Procedures

Once the center had transitioned to implement the interven-
tion, all patients had sFlt-1/PIGF ratio measurement and fullPI-
ERS assessment performed as part of their routine care, and
results were revealed to the clinicians. sFit-1 and PIGF were
measured using the Elecsys Preeclampsia Platform (Roche
Diagnostics) and the results were entered into a trial-specific
Global Pregnancy Collaboration database.'® Risk stratification
using fullPIERS was performed directly using a predefined risk
scoring system integrated within the specific Global Pregnancy
Collaboration database. These results were available within a
time period that permitted timely clinical decision-making (with
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the intention of results being available within 4 hours of blood
sampling), permitting stratification into low-risk or not low-risk
for adverse outcomes according to combined assessments of
sFIt-1/PIGF and fullPIERS.

* If sFIt-1/PIGF <38 and fullPIERS <10% risk, patients
were considered low risk. The output provided by the
platform was: reassuring—low risk for adverse outcomes.
The recommendations were that delivery should be
delayed unless the clinical condition deteriorated, with
testing repeated at least twice weekly with fullPIERS
and at least weekly with sFIt-1/PIGF for reassessment,

 If sFit-1/PIGF>38 and fullPIERS >10% risk, patients
were considered not low risk. The output provided by the
platform was: nonreassuring—high risk for adverse out-
comes, with recommendations to increase surveillance
based on the World Health Organization guideline for
management and delivery, including the need for preven-
tative therapy with antihypertensive therapy, magnesium
sulfate for seizure prophylaxis, and corticosteroids for
fetal benefits.'” There was no standardization of protocols
for delivery indications for the intervention phase. These
data were recorded as primarily maternal indication, pri-
marily fetal indication or both. As clinical or laboratory test
deteriorations can occur unexpectedly in preeclampsia,
the adjudication for decisions was made by clinicians.

Outcomes

Primary Outcome
* Proportion of patients with preterm preeclampsia who
delivered <37 weeks' gestation/total deliveries.

Secondary Outcomes

* Proportion of patients with preterm preeclampsia who
delivered <37 weeks' gestation/total deliveries for
preeclampsia,

* Proportion of patients with preterm preeclampsia who
delivered <34 weeks' gestation/total deliveries for
preeclampsia,

 Prolongation of pregnancy.

Additional maternal outcomes investigated included maternal
mortality and or severe morbidity, defined as a composite includ-
ing eclampsia, hemolysis, elevated liver enzymes, low platelets
syndrome, pulmonary edema, stroke or coma, and renal dys-
function. Three further maternal outcomes were considered,
hepatic dysfunction, thrombocytopenia, and length of maternal
hospital stay, but there was insufficient data to include them.

Additional perinatal outcomes included perinatal death (still-

birth after 27+° weeks or early neonatal death <7 days of birth),
early neonatal death (<7 days of birth), and late neonatal death
(>7-28 days of birth), Apgar score <3 at 5 minutes, respiratory
distress syndrome, necrotizing enterocolitis, confirmed sepsis,
nonlethal seizures or coma, small for gestational age infants
(<10th and third centile). The birthweight assessment was
based on the Fenton centile.'® Length of neonatal hospital stay
and length of neonatal unit stay was also assessed.

Statistical Analysis

We planned the study around seven clusters, each involving 1
center, and therefore 8 steps each of 4 months; and a total
trial length of 8x4=32 months. Based on hospital records,
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we assumed an average of 330 deliveries per month in each
center; and 990 per step (allowing for some delay in the full
implementation of the new treatment regime). We considered
a clinically important improvement would be a fall from 2.0% to
1.6% in the overall rate of preterm delivery with preeclampsia.
We assumed a cluster coefficient of variation of 0.4, giving an
intracluster correlation of 0.0024. Power calculations were per-
formed using the Stata command steppedwedge.'®

Hospital baseline characteristics of pregnancy outcomes
to be reported throughout the data collection period included
numbers of patients with preterm preeclampsia, gestational
age at delivery of all hospital deliveries, and neonatal inpatient
nights in patients with preeclampsia. These characteristics
were compared between periods before and after the inter-
vention and were summarized by their means and SDs, medi-
ans and interquartile ranges, or numbers and percentages as
appropriate. Centers were classified as being exposed to the
intervention only after randomization.

The primary goal of the study was to test whether a care
pathway targeted at preventing unnecessary delivery of
patients with preterm preeclampsia would safely reduce the
proportion of women delivered in the centers who delivered
prematurely. Important independent variables to consider
were the clustering effect (ie, the effect of center), calendar
time effect (since the intervention was sequentially rolled
out), and intervention exposure for each center at each time
point, in addition to adjustment for other characteristics. Both
individual and cluster-level covariates to be included in the
adjustment were prespecified and included maternal age,
parity, preexisting chronic hypertension, or other risk factors
for prematurity. Null hypotheses and analyses for secondary
outcomes took a similar form to that for the primary outcome,
with appropriate link functions in the generalized linear mixed
model. Summary treatment effect estimates are adjusted and
reported (adjusted risk ratios or adjusted odds ratios [aORs])
along with 95% Cls.

Data analysis was performed in Stata version16 (StataCorp,
College Station, TX). Standard methods were used for the
descriptive tables. For the main analysis, event rates were
separately estimated for each center and each month of the
trial as a proportion of eligible participants with suspected or
diagnosed preeclampsia. Because the month of delivery was
not typically the same as the month of trial entry, deliveries were
not linked to trial entry.

Analysis of this data set proved more challenging than
expected due to several reasons: (1) an unanticipated bias
related to most of the centers with the highest event rates
occurring late in the randomization sequence; (2) 2 centers
starting the intervention later than planned for operational rea-
sons due to external circumstances beyond our control. As this
could be regarded as a random event, the Steering Committee
decided to focus on the intervention as actually performed,
rather than the intervention as originally planned. This we
defined as the intention-to-treat dataset. Further, we estab-
lished a per-protocol subset of the intention-to-treat dataset,
restricted to (1) patients in the Intervention arm with an sFit-1/
PIGF ratio results and (2) patients in the Usual Care arm with
no test results.

We initially undertook an analysis as indicated in our pub-
lished protocol.'* However, a statistics methodology article
published after the trial had been completed (Thompson
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et al. 2021) questioned the standard methods for analyz-
ing studies of this type, noting an increased risk of a false
positive (type 1) error, particularly if there are small numbers
of centers per sequence (as in this trial).2® We attempted
to implement the suggested revised method of analysis.
Unfortunately, these methods failed to converge for our
data set, and so produced no useable results. Some 5% of
the simulations performed by Thompson likewise failed to
converge.

Accordingly, we decided to analyze the data from each cen-
ter separately. The separate analyses all used binomial regres-
sion with the total number of deliveries as the denominator,
with a linear effect of time as a covariate and a step change
at the point the intervention was introduced. We combined the
estimates in a random-effects meta-analysis.2' While this was
not an ideal method, other alternatives had not succeeded in
producing a result. Although we had initially intended to adjust
for patient-specific variables as specified in the study proto-
col (maternal age, parity, preexisting chronic hypertension), this
was not possible as we did not have that information on all
deliveries (the denominator), and therefore the adjustments are
for time and center only.

Additional risk differences are shown using the nonpara-
metric within-period cluster-level analysis with the Monte Carlo
permutation tests method described in Thompson (2018),
demonstrated as reliable.??

As it emerged that sFIt-1/PIGF assays were not universally
used outside of the trial population, the data safety and moni-
toring committee suggested an additional post hoc analysis to
investigate the proportion of patients with preterm preeclampsia
delivered <37 weeks' gestation among total patients enrolled.
Information about the data safety and monitoring committee is
provided in the Supplemental Material.

Results are reported as per CONSORT guidelines.?

The trial was registered at ClinicalTrials.gov: NCTO3073317.

RESULTS

Between March 25, 2017 and December 24, 2019,
1250 patients with a singleton gestation presenting with
suspected or confirmed preeclampsia between 20%° and
36%° gestational weeks were included in the PREPARE
trial at seven tertiary centers dispersed across differ-
ent areas in Brazil. During the randomization process, 2
centers delayed in initiating the intervention due to dif-
ficulties obtaining the laboratory machines and reagents.
A total of 604 (48.3%) patients were enrolled in the
preintervention phase and were managed according to
local treatment guidance (usual care group); of these, 41
(4.8%) patients were lost to follow-up, with 563 (93.2%)
patients followed to the primary outcome. Six hundred
forty-six (51.7%) patients were enrolled in the interven-
tion phase of the centers and were allocated to the risk
stratification (intervention group); of these, 60 (9.3%)
patients were lost to follow-up and 42 (6.5%) patients
did not receive the risk assessment. In 23 women
(8.5%), this was due to maternal or fetal problems at first
assessment and 19 (2.9%) due to technical problems
(biomarker measures not available), thus 586 (90.7%)

Hypertension. 2023;80:2017-2028. DOI: 10.1161/HYPERTENSIONAHA.122.20361
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patients were considered for analysis of the primary out-
come. The trial profile is shown in the Figure.

Maternal demographics and clinical characteristics
before enrollment are shown in Table 1. All data were
collected from the first antenatal care visit. Different
denominators are due to some variables being missing.
There were no substantial differences in the baseline
characteristics between the 2 trial groups.

Table 2 shows pregnancy characteristics at enroll-
ment. Median (interquartile range) gestational age at
first study assessment were 33.7 (30.4-35.7) and 33.0
(30.1-35.1) for intervention and usual care groups,
respectively. Additional information on proportions of
inclusions according to gestational age is demonstrated
in the Supplemental Material (Table S1). Regarding
patients enrolled before 24 weeks, only those who
reached 24 weeks were considered for analysis. The
numbers of patients with suspected preeclampsia or
gestational hypertension appeared higher in the inter-
vention group than in the usual care group. There were
no substantial differences in presenting symptoms or
blood pressure levels at admission. The main antihy-
pertensive agent used in both trial groups was meth-
yldopa, with or without calcium channel blockers. By
design, sFlit-1/PIGF ratio and fullPIERS analyses were
assessed only in patients enrolled after transition of each
center to implementation of the intervention (interven-
tion group). The median (interquartile range) of sFit-1/
PIGF ratio was 67.8 (10.2-256.7); 240 of 594 (40.4%)
patients had a ratio <38 (reassuring), and 354 of 594
(59.6%) patients had a ratio >38 (nonreassuring) at the
time of risk assessment. For fullPIERS results, 550 of
562 (97.8%) patients had a risk evaluation lower than
10% (reassuring) and 12 of 562 (2.1%) presented
>10% (nonreassuring) at risk assessment. Overall, 357
(60.1%) patients had a nonreassuring sFlt-1/PIGF or
fullPIERS test. Therefore, the majority of patients in the
intervention group were managed according to recom-
mendations to increase surveillance as advised in the
study protocol instead of recommendations to defer
delivery (ie, to avoid preterm birth).

Table 3 shows the main maternal and perinatal out-
comes. In the intention-to-treat analysis, there were
375 preterm preeclampsia deliveries out of 35 129 total
deliveries in the intervention group compared with 365
preterm preeclampsia deliveries out of 26684 total
deliveries in the usual care group. The number of preterm
deliveries and total deliveries by trial center are shown in
the Supplemental Material (Tables S2 and S3). The results
show an event rate for the primary outcome of 1.09%
in the intervention group and 1.37% in the usual care
group. However, after prespecified adjustments (primary
analysis) for variation between and within clusters over
time, the adjusted risk ratio was 1.45 ([95% Cl, 1.04—
2.02]; P=0.029) indicating that there was a higher risk
of preterm deliveries in the intervention group. A forest
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Centers

PREPARE Brazil - Stepped Wedge Study Design

Study Month

123|456 |7 [8]9]10 1 12 13 | 14 | 15 16

17

18 [19 [20 |21 22 |23 24 |25 |26 |27 |28 |29 30 | 31 32 33

Site 1

Site 2

Site 3

Site 4

Site 5

Site 6

Site 7

Pre-intervention phase
Intervention phase as planned
Late start of 2 centers

Total of deliveries during
intervention phase - 35129

7 Clusters analysed

Total of deliveries during pre-
intervention phase - 26847

1—‘ 1250 patients enrolled }—l

Intervention phase as originally
intended N = 684

e O

Intervention phase as actually
occurred (ITT) N = 646

I 60 Lost to follow-up | -—l

Complete data available (for ITT
analysis) N = 586

’ 42 did not receive test | —_—

Data available for per protocol
analysis N = 544

Late start (2 centers)

38 patients managed
within usual care

Usual care phase as originally
intended N = 566

|

Usual care phase as actually
occurred (ITT) N = 604

| —————m

Complete data available (for ITT
analysis) N = 563

| ——

Data available for per protocol
analysis N = 561

41 Lost to follow-up

2 tested, contrary to
protocol

Figure. Description of planned randomization and implementation of the intervention for the stepped-wedge design.

There was an initial 4-month period of baseline data collection at hospitals, during which none of the centers were exposed to the intervention.
Subsequently, every 4 months, 1 center was randomized to the intervention. Month 1 started on March 25, 2017; month 33 finished on
December 24, 2019. The number of months that each center was observed before and after the implementation of the intervention were site1: 4
and 29 mo; site 2: 13 and 20 mo; site 3: 15 and 18 mo; site 4: 16 and 17 mo; site 5: 20 and 13 mo; site 6: 24 and 9 mo; site 7: 28 and 5 mo.

plot of odds ratio in individual clusters and the effect of
the intervention on the primary outcome is depicted in
the Supplemental Material (Figure S1). This reversal of
direction of an effect after adjustments (known as Simp-
son-Yule paradox) may be explained by the distribution of
the event rate by randomized centers, with the event rate
occurring ~4x higher in the 3 last centers randomized
as demonstrated in the Supplemental Material (Table
S3). Additionally, during a careful analysis of each case
in the intervention group, when we examined physician
actions on the recommendation based upon a reassur-
ing sFIt-1/PIGF ratio and fullPIERS analysis (last risk
assessment) recommending continuing pregnancy, we
found that of the 240 patients where reassuring results
were recorded, 172 (71.7%) were managed expectantly
and 68 (28.3%) were delivered prematurely. Of these
68 patients, 26 (38.2%) were delivered before 14 days,
and 42 (61.8%) were delivered after 14 days. Regarding
indication for delivery, 2 (2.9%) patients delivered spon-
taneously, 14 (20.6%) received primarily fetal indication,
39 (57.4%) received primarily maternal indication, and 13
(19.1%) received both indications.

The intention-to-treat post hoc analysis demonstrated
that the proportion of patients with preterm delivery (<37
weeks' gestation) out of all patients enrolled with com-
plete data was 388 of 586 (66.2%) in the intervention
group and 369 of 563 (65.5%) in the usual care group;

2022  October 2023

aOR, 0.79 ([95% Cl, 0.61-1.24]; 0.316; P=0.316) with
similar results in the per-protocol analysis (Table 3).

Key secondary outcomes about patients with con-
firmed preeclampsia are also shown in Table 3. The pro-
portion of patients with preterm preeclampsia delivered
<37 weeks' gestation out of all patients enrolled with
complete data was 375 of 586 (64.0%) in the interven-
tion group and 365 of 563 (64.8%) in the usual care
group; aOR, 0.81 ([95% CI, 0.66-1.19]; P=0.297).

The proportion of patients with preterm preeclamp-
sia delivered <37 weeks’ gestation out of all deliver-
ies for preeclampsia was 375 of 521 (72.0%) in the
intervention group and 365 of 552 (66.1%) in the
usual care group; aOR, 0.98 (0.64-1.48), P=0.927.
The proportion of patients with preterm preeclampsia
delivered <34 weeks’ gestation out of all deliveries for
preeclampsia was 173 of 521 (33.2%) in the interven-
tion group and 156 of 552 (28.3%) in the usual care
group; aOR, 1.13 ([95% CI, 0.67-2.21]; P=0.716). This
denominator was used due to lack of information about
total number of preterm deliveries lower than 34 ges-
tational weeks.

The analysis of prolongation of pregnancy (consent
date to delivery) demonstrated medians (quartiles) of 6.5
(2.0-19.0) for the intervention group and 9.0 (2.0-25.0)
for the usual care group. The aOR was —1.0 ([95% Cl,
0.0 to —2.0]; P=0.006).
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Table 1. Maternal Demographics and Clinical Table 1. Continued

Characteristics Before Enroliment

%20z ‘T2 AInc uo Aq Bio'sfeusnofeye//:dny wouy papeojumoq

Intervention Usual care g

Intervention Usual care Characteristics group N=646 group N=604 =

Characteristics group N=646 group N=604 Proteinuria dipstick n (%) E

. . | gl

Age, y; median (IQR) 80.0(24.0-35.0) | 30.0 (24.0-85.0) Neg/trace (ID=1) 175/186 (94.1%) | 135/152 (88.8%) =

. =

Ethnicity n (%) 14 0r 0.3 g/L 6/186 (3.2%) 13/152 (8.6%) =

White 305 (47.2%) 314 (52.0%) 2+or1glL 1/186 (0.5%) 0/152 (0.0%) n
Black 96 (14.9%) 98 (15.4%) 3+or>3 g/L 4/186 (2.2%) 4/152 (2.6%)

Brown—mixed

236 (36.5%)

194 (32.1%)

Others

9 (1.4%)

3 (0.5%)

Low-dose aspirin supplementa-

114/646 (17.6%)

98/604 (16.2%)

Parity n (%)

tion n (%)

Calcium supplementation n (%) | 88/452 (19.5%) | 97/532 (18.2%)

0 252 (39.0%) 248 (41.1%) All data were collected from the first antenatal care visit (individual level data).
. . Low-dose aspirin supplementation=100 mg/d. BMI indicates body mass index;

1 187 (28.9%) 173 (28.6%) IQR, interquartile range; and SLE, systemic lupus erythematosus.

2 120 (18.6%) 101 (16.7%)

>2 87 (13.5%) 82 (13.6%)

Marital status (when reported) n (%)

Additional maternal and perinatal outcomes are dem-
onstrated in the Supplemental Material (Table S4). The

Married 286/644 (44.4%) | 254/601 (42.3%) maternal death reported in the usual care group occurred
Cohabitating 151/644 (23.4%) | 234/601 (38.9%) in an HIV-positive woman who had a stroke (unrelated to
Single 199/644 (30.9%) | 108/601 (18.0%) the intervention). A composite of events including mater-
Other 8/644 (1.3%) 5/601 (0.8%) nal mortality or severe morbidity (eclampsia, hemolysis,
Total years of fullime educar | n=532; 11.0 =592 11.0 elevated liver enzymes, low platelets syndrome, pulmo-
tion, median (IQR) (9.0-12.0) (9.0-11.5) nary odema, stroke or coma, and renal dysfunction) was

Previous pregnancies <24 wks, n (%)

evaluated. There was no excess of maternal morbidity in
the intervention group, 48 of 586 (8.2%) in the interven-

0 460 (71.29%) 457 (75.7%) i B4 of 563 (0.6%) I

ion group versus 54 o .6%) in usual care group;
1 197212%) 105 (174%) aOR, 1.14 ([95% CI, 059-2.17]; P=0.698). Despite no
2 32 (5.0%) 26 (4.3%) . ; . :

differences in analysis of the composite outcome, after
>2 17 (2.6%) 16 (2.6%)

Of multiparous patients

Previous preeclampsia, n (%)

105 (26.7%)

117/356 (32.9%)

Previous preterm preeclampsia
(delivery <84 wks), n (%)

28/394 (7.1%)

29/356 (8.1%)

Previous preterm preeclampsia
(delivery <87 wks), n (%)

51/394 (12.9%)

72/356 (20.2%)

Number of previous
miscarriages <24 wks n (%)

11/394 (2.3%)

44/356 (12.4%)

Body mass index, kg/m?;
median (IQR)

28.6/466
(24.9-32.5)

29.3/543
(25.0-34.3)

Obesity (BMI >30), n (%)

180/466 (38.6%)

240/543 (44.2%)

Chronic hypertension, n (%)

223/637 (35.0%)

234/573 (40.8%)

Renal disease, n (%)

12/632 (1.9%)

24/547 (4.4%)

SLE n (%)

5/633 (0.8%)

6/542 (1.1%)

Prepregnancy diabetes type
1, n (%)

8/632 (1.3%)

8/541 (1.5%)

Prepregnancy diabetes type
11, n (%)

18/632 (2.8%)

22/544 (4.0%)

First degree relative with
pregnancy hypertension, n (%)

130/550 (23.6%)

158/553 (28.6%)

At first antenatal assessment

adjustment, the incidence of eclampsia was higher in the
usual care group than in the intervention group. There
were 7 cases of eclampsia of 583 women (1.2%) in the
intervention group and 10 cases of eclampsia of 562
women (1.8%) in the usual care group; aOR, 0.105
([95% CI, 0.013-0.88]; P=0.038). Other additional
maternal and perinatal outcomes were similar between
the 2 trial groups.

There were no substantial differences in delivery out-
comes. Results are demonstrated in the Supplemental
Material (Table Sb). The mean gestational age at delivery
was 34.74 (3.52) weeks in the intervention group and
34.88 (3.40) weeks in the usual care group. Median
birthweight was 2323 g (1543-2890) in the interven-
tion group and 2340 g (1555-2918) in the usual care
group. Regarding mode of delivery, there were high rates
of Caesarean section in both groups. The proportions of
Caesarean sections for fetal and maternal indications are
shown in the Supplemental Material (Table S3).

The performances of sFlt-1/PIGF ratio and fullPIERS
assessments to identify patients with high risk for preterm
delivery (primary outcome) and maternal mortality or severe

?Se;)tahonal 296, wke; mean ?(;32)5' 1998 ?5_:;)3 1o morbidity are demonstrated in the Supplemental Material
Systolic blood pressure, n=576:122.41 | n=595; 122.91 (Table S6). sFit-1/PIGF ratio presented good sensitivity to
mm Hg; mean (SD) (19.27) (18.67) identify patients at high risk for preterm delivery and mater-
Diastolic blood pressure, n=576: 77.31 n=595: 77.99 nal mortality or severe morbidity. The test performed bet-
mm Hg; mean (SD) (13.55) (14.37) ter than fullPIERS, which had very low sensitivity, but high

(Continued)  specificity (based on small numbers with a high-risk result).
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De Oliveira et al

Table 2. Pregnancy Characteristics at Enrolment

Risk Stratification in Preterm Preeclampsia

Table 2. Continued

Intervention Usual care group Intervention Usual care group
Characteristics group N=646 N=604 Characteristics group N=646 N=604
Gestational age at first study 33.7 (30.4-35.7) | 33.0(30.1-35.1) Angiogenic test results N=594

assessment—median (IQR)

Presenting diagnoses

Suspected preeclampsia n
(%0)*

111/618 (18%)

36/544 (6.6%)

Gestational hypertension n
(%0)*

71/618 (11.5%)

9/544 (1.7%)

Preeclampsia n (%)*

499/618 (80.7%)

508/544 (93.4%)

Suspected SGA/FGR n (%)*

134/610 (22.0%)

95/536 (17.7%)

Presenting symptoms

No symptoms n (%)

312/636 (49.1%)

215/585 (36.8%)

Unknown n (%)

1/637 (0.2%)

6/591 (1.0%)

Malaise n (%)

43/636 (6.8%)

34/585 (5.8%)

Headache n (%)

240/636 (37.7%)

158/585 (27.0%)

Visual symptoms n (%)

71/636 (11.2%)

64/585 (10.9%)

sFlt-1/PIGF; median (IQR)
sFlt-1/PIGF <38 n (%)
sFit-1/PIGF >38 n (%)
sFit-1, pg/mL; median (IQR)

67.8 (10.2-256.7)
240 (40.4%)

354 (59.6%)
60575 (2690.0—

-11586.0)
PIGF, pg/mL; median (IQR) 94.0

(41.0-269.0)
PIGF <100 pg/mL 311 (52.4%)
PIGF <12 pg/mL 19 (3.2%)
fullPIERS risk median (IQR) 0.7 (0.3-1.6)

fullPIERS <10% risk
fullPIERS >10% risk

sFlt-1/PIGF >38 or fullPIERS
>10% risk

550/562 (97.8%)
12/562 (2.1%)
357/594 (60.1%)

Regular uterine contractions
n (%)

6/636 (0.9%)

9/585 (1.5%)

Ruptured membranes n (%)

6/636 (0.9%)

2/585 (0.3%)

Breathlessness/dyspnea
n (%)

13/636 (2.0%)

13/585 (2.2%)

Chest pain n (%)

2/636 (0.3%)

1/585 (0.2%)

Epigastric pain n (%)

58/636 (9.1%)

53/585 (9.1%)

Vomiting n (%)

34/636 (5.3%)

11/585 (1.9%)

Vaginal bleeding n (%)

7/636 (1.1%)

1/585 (0.2%)

Reduced fetal movements
n (%)

8/636 (1.3%)

4/585 (0.7%)

Blood pressure

Maximum systolic blood
pressure, median (IQR)

150
(140.0-160.0)

150
(136.0-160.0)

Maximum diastolic blood
pressure, median (IQR)

110 (90.0-100.0)

91 (80.0-100.0)

Antihypertensives from N=458 N=490
enrollment to delivery

Methyldopa
Preconception, continuing 12 (2.6%) 16 (3.3%)
n (%)
Preconception, stopped since | 0 (0.0%) 1 (0.2%)

conception

Started and continuing n (%)

395 (86.2%)

432 (88.2%)

Started and stopped since 8 (1.7%) 2 (0.4%)

conception

Stopped since previous review | 0 (0.0%) 1 (0.2%)
Calcium channel antagonist n (%)

Preconception, continuing 0 (0.0%) 1 (0.2%)

n (%)

Started and continuing n (%)

112 (24.4%)

103 (21.0%)

Started and stopped since 1 (0.2%) 1 (0.2%)
conception
Stopped since previous review | 2 (0.4%) 1 (0.2%)

Methyldopa and calcium channel antagonist

Started and continuing n (%)

119 (25.9%)

151 (30.8%)

2024

October 2023

(Continued)

FGR indicates fetal growth restriction; IOR, interquartile range; PIGF, placen-
tal growth factor; sFlt-1, soluble fms-like tyrosine kinase-1; and SGA, small for
gestational age.

*More than 1 diagnosis possible.

A secondary analysis of preterm birth about proportion of
patients that delivered prematurely among patients with
sFIt-1/PIGF ratios <38, 38 to 85, and >85 was performed
in additional sensitivity analysis. The proportion of patients
who delivered prematurely among 517 patients who
received either sFit-1/PIGF or fullPIERS analyses were
68 (36.4%) of 187 patients with ratio <38, 53 (73.6%) of
72 patients with ratio 38 to 85 and 226 (87.6%) of 258
patients with ratio >8b. The sensitivity analysis is demon-
strated in the Supplemental Material (Table S7).

DISCUSSION

The trial aimed to evaluate whether a combination of the
sFlIt-1/PIGF ratio and the fullPIERS algorithm, by classi-
fying patients with suspected or diagnosed preeclampsia
as low risk for adverse outcomes and therefore suitable
for expectant management, would safely lead to a reduc-
tion in preterm deliveries.

The main findings showed that the introduction of a
new methodology for evaluating patients with elevated
blood pressure, characterized by a biomarker test incor-
porating angiogenic and antiangiogenic factors, did
not lead to a reduction in preterm birth. Regarding risk
assessment, there was a large discrepancy between the
2 models combined (fullPIERS and sFlt-1/PIGF). The
vast majority of patients admitted to the proposed inter-
vention were classified as low risk for adverse maternal
outcomes according to the fullPIERS criterion alone.
However, 59.6% of these patients had sFlt-1/PIGF ratio
>38, indicating a nonreassuring situation in the initial
risk assessment. The implementation of the new man-
agement protocol, by increasing diagnosis and general

Hypertension. 2023;80:2017-2028. DOI: 10.1161/HYPERTENSIONAHA.122.20361
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Table 3. Principal Maternal and Perinatal Outcomes (Tested)

Risk Stratification in Preterm Preeclampsia

Intervention group

Usual care group

Adjusted comparison

Maternal and perinatal outcomes N=646 N=604 (95% CI) P value
Total women delivered (estimated, see statistical analysis) 35129 26 847

Primary outcome

Proportion of patients with preterm preeclampsia delivered 375/35 129 (1.09%) | 365/26 847 (1.37%) | Adjusted risk ratio, 1.45 | 0.029

<87 wk’ gestation/total deliveries (%)—ITT analysis

(1.04 to 2.02)

Risk difference; —0.5% | 0.956
(—18.3 to 17.3%)

Post hoc analysis

Adjusted odds ratiot

Proportion of patients with preterm delivery (<87 wk’
gestation)/all patients enrolled with complete data—ITT

388/586 (66.2%)

369/563 (65.5%) 0.79 (0.51 to 1.24) 0.316

Risk difference; 2.7% 0.772

(quartiles)

analysis (~15.6 to 20.9%)

Proportion of patients with preterm delivery (<37 wk’ 354/544 (65.1%) 367/561 (65.4%) 0.81 (0.56 to 1.19) 0.297
gestation)/all patients—PP analysis

Key secondary outcomes

Proportion of patients with preterm preeclampsia delivered 375/586 (64.0%) 365/563 (64.8%) 0.81 (0.51 to 1.28) 0.381
<37 wk’ gestation/all patients enrolled with complete data—

ITT analysis

Proportion of patients with preterm preeclampsia delivered 375/521 (72.0%) 365/552 (66.1%) 0.98 (0.64 to 1.48) 0.927
<37 wk’ gestation/all patients with preeclampsia—ITT analysis

Proportion of patients with preterm delivery (<34 wk’ 177/586 (30.2%) 158/563 (28.1%) 1.08 (0.51 to 2.06) 0.918
gestation)/all patients with complete data—ITT analysis

Proportion of patients with preterm preeclampsia delivered 173/521 (33.2%) 156/552 (28.3%) 1.13 (0.57-2.21) 0.716
(<84 wk’ gestation)/all patients with preeclampsia—ITT

analysis

Proportion of patients with preterm preeclampsia delivered 341/544 (62.7%) 364/561 (64.9%) 0.80 (0.52 to 1.21) 0.292
<87 wk’ gestation/all patients—PP analysis

Proportion of patients with preterm preeclampsia delivered 158/544 (29.0%) 158/561 (28.2%) 1.07 (0.58 to 2.17) 0.837
<84 wk' gestation/all patients—PP analysis

Prolongation of pregnancy (consent date to delivery) Median 6.5 (2.0 to 19.0) 9.0 (2.0 to 25.0) —1.0 (0.0 to —2.0) 0.006

Prolongation of pregnancy (consent to delivery). Geometric
mean (SD)

8.06 (3.43)

9.47 (3.68)

ITT indicates intention-to-treat; and PP, per-protocol.

*Additional risk differences are shown using the nonparametric within-period cluster level analysis with Monte Carlo permutation tests method.
tFor most outcomes, models to produce adjusted risk ratios proved not to be estimable and failed to converge. Odds ratios are therefore given for con-
sistency, where estimable. The total number of deliveries was only available by month. However, 2 centers switched intervention mid-month. This has led to

some minor inconsistencies in the numbers of events.

awareness of preeclampsia among participating clini-
cians, may have led to earlier consideration of delivery.
Regarding the safety, sensitivity analyses showed that
this treatment protocol was able to identify patients at
risk for preterm birth and maternal mortality or severe
morbidity and, therefore, it did not put patients at risk of
adverse outcomes. Overall, no differences were observed
about the additional maternal and perinatal outcomes
evaluated, except for a reduction in cases of eclampsia
in the intervention group.

To our knowledge, this is the first study to combine
clinical and laboratory information from the fullPIERS
algorithm in the care of patients with suspected or con-
firmed preeclampsia with the sFit-1/PIGF ratio. The
study evaluated management based on biomarkers in
public hospitals that serve a low-income population in
Brazil. It was a multicenter study that allowed the inclu-
sion of a large number of patients.

Hypertension. 2023;80:2017-2028. DOI: 10.1161/HYPERTENSIONAHA.122.20361

The study evaluated an important perinatal outcome,
preterm birth, based on the use of biomarkers that were
not in regular use by participating clinicians. We deter-
mined that management was different among the par-
ticipating centers, especially in one of the centers (Figure
S1). In addition, eligibility was assessed after randomiza-
tion in an unblinded way, which may have introduced a
risk of bias. Therefore, the results need to be interpreted
with caution. Patients with either suspected preeclamp-
sia or confirmed disease were included, and recent evi-
dence has shown that the biomarker test may perform
differently in these 2 groups; while PIGF-based testing is
useful as a diagnostic adjunct in patients with suspected
preeclampsia,?* test performance for determining need
for delivery in seven days is lower in patients with con-
firmed preeclampsia.?® Further evaluation on biomarker
test thresholds and appropriate training for clinicians is
needed before these tests are used in clinical practice for
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patients with established preeclampsia. These initiatives
may be useful to increase compliance of clinicians with
reassuring results. Finally, another limitation that needs
to be considered in the analysis of our results is the rate
of loss to follow-up that occurred due to problems in the
patient referral system in 2 participating centers at the
time of the trial.

Finding a balance between reducing maternal adverse
outcomes and the impact of prematurity is a difficult task
and there is minimal evidence available to adequately
guide this practice. The HYPTAT-II study (2016) com-
pared delivery within 24 hours versus expectant manage-
ment in patients with hypertensive disorders diagnosed
between 34 and 37 weeks.?*® The group studied did not
present with severe disease, and immediate delivery
was associated with modest benefit to reverse adverse
maternal outcomes. However, the incidence of neonatal
respiratory distress syndrome was higher in the imme-
diate delivery group than in the expectant monitoring
group. The PHOENIX (Planned Early Delivery or Expect-
ant Management for Late Preterm Preeclampsia Trial)
Study (2019) compared planned delivery versus expect-
ant management with individual randomization among
patients with late preterm preeclampsia from 34 to <37
weeks' gestation?” The immediate delivery was associ-
ated with lower incidence of adverse maternal outcomes
but led to more neonatal unit admissions related to pre-
maturity, without an increase in indicators of neonatal
morbidity. If in the future we can accurately identify which
patients with preeclampsia are most at risk of adverse
maternal or perinatal outcomes, then timing of delivery
could be tailored to optimize prolongation of gestation. It
is also plausible that a different threshold may be needed
for the sFIt-1/PIGF ratio for patients with established
preeclampsia. Rana et al’® demonstrated that the median
(interquartile range) sFIt-1/PIGF ratio in preeclamptic
patients who experienced any adverse outcome (N=59)
presenting at <34 weeks was 226.6 (50.4-547.3). Iden-
tification of higher sFlt-1/PIGF ratios than used in our
study to inform the decision to delivery may be more
effective in reducing prematurity.

Although the absolute occurrence of the primary out-
come decreased afterintervention, statistical analysis with
appropriate adjustment demonstrated that the adjusted
risk ratio was higher in the intervention group. There are
several possible explanations for this finding: (1) the risk
stratification tests are not adequate to determine timing
of delivery in patients with suspected or diagnosed pre-
eclampsia (as suggested by other authors)'®'3; (2) the
tests are good and increase the identification of patients
with preeclampsia, particularly of severe features of the
disease, leading to appropriately higher concerns by
clinicians; and (3) the tests are good for risk stratifica-
tion, but clinicians did not act appropriately on results. To
investigate these hypotheses, we developed sensitivity
analyses of the biomarkers involved in the study. In our

2026  October 2023

Risk Stratification in Preterm Preeclampsia

results, sFit-1/PIGF >38 ratio showed good sensitivity
to identify patients at risk for preterm birth and adverse
maternal outcomes. Conversely, the fullPIERS algorithm
>10% had very low sensitivity to identify patients at risk
for preterm delivery and adverse maternal outcomes.
Interestingly, the combination of sFlit-1/PIGF and full-
PIERS considering both as positive tests, substantially
decreased the sensitivity either for preterm delivery or
adverse maternal outcomes. But the negative predictive
value was high, suggesting the potential of sFit-1/PIGF
as a biomarker to rule out the possibility of adverse out-
comes. These results were important to ascertain that
the treatment protocol did not put patients at greater risk
of adverse outcomes with the intervention but rather may
increase the identification of preeclamptic patients with
severe features of the disease. Additionally, the post hoc
analysis did not show differences about preterm delivery.
Endorsing our interpretation, the Data Safety Monitoring
Committee monitored all adverse outcomes and allowed
the continuation of the study.

In conclusion, this trial demonstrate that implementa-
tion of the intervention did not decrease preterm birth
for preeclampsia in this setting. The majority of patients
enrolled in the trial did not meet the criteria for expectant
management due to nonreassuring risk stratification. The
threshold used (sFlt-1/PIGF <38) may be too low to lead
to an impact in prematurity reduction as most patients
entered the trial with higher sFit-1/PIGF ratios. Future
research may need to evaluate the impact of using differ-
ent test thresholds for maternal and perinatal outcomes,
mainly preterm deliveries. We encourage development of
new trials in low- and middle-income settings, as these
areas have the poorest outcomes for patients with pre-
eclampsia and even small improvements in management
may lead to great impact. Additionally, we emphasize the
necessity of developing a continuous knowledge transfer
program to help care providers to gain confidence and
trust in reassuring results.

Perspectives

To our knowledge, this is the first study to combine clini-
cal and laboratory information from the fullPIERS algo-
rithm with the sFIt-1/PIGF ratio in the care of patients
with suspected or confirmed preeclampsia. The main
findings of our trial showed that the introduction of a new
methodology for evaluating patients with hypertension,
characterized by a biomarker test incorporating angio-
genic and antiangiogenic factors, did not lead to a reduc-
tion in preterm birth.

Interestingly, there was a large discrepancy between
the 2 models combined (fullPIERS and sFlt-1/PIGF).
A high majority (97.8%) of patients enrolled into the
trial were classified as low risk for adverse maternal
outcomes according to the fullPIERS criterion alone.
However, 59.6% of these women had sFIt-1/PIGF ratio
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>38, indicating a nonreassuring result in the initial risk
assessment.

There was increased knowledge mobilization on pre-
eclampsia by clinicians participating in the study, with
an abnormal sFit-1/PIGF ratio leading to a higher pos-
sibility of identifying preeclampsia with severe features,
with reduction in cases of eclampsia in the intervention
group.

Although the potential role of angiogenic imbal-
ance in risk identification, there is no consensus on
a specific cutoff to identify patients at higher risk for
adverse outcomes or whether a pattern of elevation of
the sFIt-1/PIGF ratio could be useful to define timing
of delivery to improve either maternal or perinatal out-
comes. Equally, there is still no clear consensus on the
threshold of the fullPIERS algorithm that best deter-
mines need for delivery, particularly at gestational ages
<37 weeks.

Therefore, our results will encourage future
researches to evaluate the impact of using different test
thresholds on maternal and perinatal outcomes, focus-
ing on optimizing timing of delivery in low- and middle-
income settings.
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