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BACKGROUND: PIGF (placental growth factor)-based testing reduces severe maternal adverse outcomes. Repeat PIGF-based
testing is not associated with improved perinatal or maternal outcomes. This planned secondary analysis aimed to determine
whether there is a subgroup of women who benefit from repeat testing.

METHODS: Pregnant individuals with suspected preterm preeclampsia were randomized to repeat revealed PIGF-based testing,
compared with usual care where testing was concealed. Perinatal and maternal outcomes were stratified by trial group, by
initial PIGF-based test result, and by PIGF-based test type (PIGF or sFlt-1 [soluble fms-like tyrosmplﬂﬁage% |/PIGF ratio).

RESULTS: A total of 1252 pregnant individuals were included. Abnormal initial PIGF-based test identified a more severe
phenotype of preeclampsia, at increased risk of adverse maternal and perinatal outcomes. Repeat testing was not significantly
associated with clinical benefit in women with abnormal initial results. Of women with a normal initial result, 20% developed
preeclampsia, with the majority at least 3 to 4 weeks after initial presentation. Repeat test results were more likely to change
from normal to abnormal in symptomatic women-(112/415; 27%) compared with-asymptomatic women (163/890; 18%).
A higher proportion of symptomatic. women who changed from normal to abnormal were diagnosed with preeclampsia,
compared with asymptomatic women.

CONCLUSIONS: Our results do not demonstrate evidence of the clinical benefit of repeating PIGF-based testing if the initial
result is abnormal. Judicious use of repeat PIGF-based testing to stratify risk may be considered at least 2 weeks after a
normal initial test result, particularly in-women who-have symptoms or signs of preeclampsia.
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pregnant population.! Suspected preeclampsia is far
more common and accounts for a substantial pro-
portion of the workload within maternity services.? It can
be challenging to diagnose and manage, given the vari-
able clinical presentation and potential for unpredictable,

Preeclampsia has been reported to affect 2.8% of the

rapid deterioration. Historic inability to predict adverse
outcomes has led to unnecessarily high levels of inter-
vention, including admission and iatrogenic preterm
delivery® Better methods of risk stratification and tar-
geted surveillance may reduce maternal and perinatal
morbidity and mortality.
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Stratified Analysis of the PARROT-2 Trial

NOVELTY AND RELEVANCE

What Is New?

To our knowledge, the PARROT-2 trial (Repeat Pla-
cental Growth Factor-Based Testing in Women With
Suspected Preterm Preeclampsia) was the first trial of
repeat PIGF (placental growth factor)-based testing
for suspected preeclampsia. This planned secondary
analysis presents novel data on subgroups, exploring
whether stratification according to initial PIGF-based
test results and PIGF-based test type informs a repeat
testing strategy.

What Is Relevant?

PIGF-based testing has transformed the diagnosis and
risk stratification of women presenting with suspected
preeclampsia. It is a common question from clinicians

whether PIGF-based testing should be repeated, in
women who have received a one-off PIGF-based test
as part of assessment for suspected preeclampsia.
UK National Guidance recommended further research
exploring different scenarios in which repeat testing
may be indicated.

Clinical/Pathophysiological Implications?
Repeat testing is not associated with clinical benefit in
women with an abnormal or very abnormal initial PIGF-
based test result. Repeat testing may be considered in
women with a normal initial PIGF-based test result, on
an indicated basis if a high level of clinical suspicion
remains. There is no evidence to support routine, uni-
versal repeat testing in any of the subgroups.

Nonstandard Abbreviations and Acronyms

PARROT-2  Repeat Placental Growth Factor-
Based Testing in Women With
Suspected Preterm Preeclampsia

PETRA Preeclampsia Triage by Rapid Assay
Trial

PIGF placental growth factor

RR relative risk

sFit-1 soluble fms-like tyrosine kinase-1

Distinct angiogenic biomarker profiles, with alow con-
centration of PIGF (placental growth factor) or a high
ratio of antiangiogenic sFlt-1 (soluble fms-like tyrosine
kinase) to PIGF, accurately predict preeclampsia neces-
sitating expedited delivery in women with suspected
disease.”® Trials have demonstrated that a one-off test
when preeclampsia is first suspected improves clini-
cal precision, reduces time to diagnosis, and reduces
severe maternal adverse outcomes.™ The PARROT-2
trial (Repeat Placental Growth Factor-Based Testing
in Women With Suspected Preterm Preeclampsia) of
revealed versus concealed repeat PIGF-based testing
demonstrated a significant reduction in time to diagnosis
(19.1 [SD, 20.4] versus 22.5 [SD, 22.9]; mean difference,
—3.79 [-7.10 to —0.47] days; P=0.025) but no signifi-
cant association with a reduction perinatal or maternal
adverse outcomes.’

This planned secondary analysis aimed to answer
whether there is a group of women who may benefit
from repeat PIGF-based testing, if participants are strati-
fied either by initial PIGF-based test result or by test type,
QuidelOrtho PIGF testing or Roche sFit-1/PIGF ratio
testing.

2 July 2024

METHODS

Data Sharing o

The data set will be available to éﬁfﬁﬂ‘)ﬁﬁﬁ,academic parties
on request from the chief investigaitor (L.C.C) in accordance
with the data sharing policies of King's College London, with
input from the coinvestigator group where applicable.

This was a planned secondary analysis of the PARROT-2
trial.'® The PARROT-2 trial was an individual-level random-
ized controlled trial of repeat revealed PIGF-based testing,
compared with usual care with-repeat concealed PIGF-based
testing, in women with suspected preterm preeclamp-
sia (ISRCTN85912420), approved by the Cambridge East
Research Ethics Committee (No. 19/EE/0322). Women and
birthing people were recruited from 22 maternity units across
England, ‘Scotland, and Wales, with a singleton live fetus,
between 22 weeks' gestation and 35 weeks and 6 days’ ges-
tation at the time of the initial PIGF-based test. All participants
received an initial revealed PIGF-based test, in accordance
with UK national guidance."" Suspected preeclampsia was
defined as at least 1 of new onset or worsening of existing
hypertension, proteinuria, neurological symptoms, severe head-
ache, epigastric or right upper quadrant, suspected fetal growth
restriction, or abnormal maternal blood tests consistent with
preeclampsia (thrombocytopenia, hemolysis, hepatic, or renal
dysfunction). Women with a clinician-confirmed, documented
diagnosis of preeclampsia were not eligible. Participants pro-
vided written consent. Women were individually randomized to
repeat revealed PIGF-based testing, or usual care with repeat
concealed testing, with minimization according to the maternity
unit, the primary indication for testing (hypertension or other)
and gestational age at randomization (22+°-27+6, 28-31+5
>392+9),

Maternity units implementing either the QuidelOrtho PIGF
test or the Roche sFlt-1/PIGF ratio testing were eligible to
participate in the trial. Women provided blood samples at the
same time as routine clinical blood tests where possible, to a
maximum of 4x during their pregnancy. Symptoms or signs
of suspected preeclampsia were recorded at repeat testing

Hypertension. 2024;81:00-00. DOI: 10.1161/HYPERTENSIONAHA.123.22411
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visits, where possible. Repeat testing was implemented with a

management algorithm (Figure S1). It was emphasized to par-

ticipating sites that there are insufficient data regarding PIGF-
based testing beyond 37 weeks of gestation and in confirmed
preeclampsia and that care in these situations should follow

National Guidelines."" The repeat testing schedule was

« PIGF <100 pg/mL or sFlt-1/PIGF >38 (test abnormal):
weekly sampling (£2 days).

« PIGF =100 pg/mL or sFlt-1/PIGF <38 (test normal),
sampling every 2 weeks (£7 days) if asymptomatic or
earlier if presenting again with symptoms or signs of pre-
eclampsia at least 7 days from the last test.

Concealed samples were spun, stored at —80 °C, and pro-
cessed after the last participant had delivered, to assess the
test performance of repeat tests for predicting preeclampsia.

Outcomes

Outcomes were collected until primary hospital discharge of the
mother and infant (or the end of the trial for 2 infants who were
not discharged by the end of the trial). The primary outcome
was a perinatal composite outcome of stillbirth, early neonatal
death, and neonatal unit admission. Secondary outcomes are
available in full in the published protocol.'® Tested secondary
perinatal outcomes included gestational age at delivery, pre-
term birth before 37 weeks of gestation, and before 34 weeks
of gestation. Descriptive outcomes included birthweight centile
(using Intergrowth-21st standards), birthweight <10th centile,
and survival to discharge without severe morbidity'? (defined
as survival to discharge without brain injury, bronchopulmo-
nary dysplasia, severe necrotizing enterocolitis, retinopathy of
prematurity, or late-onset sepsis). Tested secondary maternal
outcomes included a severe maternal adverse outcome com-
posite,'® severe hypertension >160 mm Hg, cesarean delivery
(compared with vaginal delivery), proportion of participants
diagnosed with preeclampsia,' and time to diagnosis of pre-
eclampsia from initial PIGF-based test. These outcomes match
those used for the primary trial analysis.

Sample Size

The sample size was determined to be 1208 participants for
the main PARROT-2 trial. All participants fulfilling eligibility cri-
teria, and with outcome data, were included in this secondary
analysis.

Statistical Analysis

For the secondary analysis stratified by initial PIGF-based test
result, women were stratified into the following predetermined
groups, as previously described®™: PIGF >100 pg/mL or
sFIt-1/PIGF <38, test normal; PIGF 12 to 99 pg/mL or sFlt-1/
PIGF >38 to <85, test abnormal; PIGF <12 pg/mL or sFit-1/
PIGF >85, test very abnormal. We compared how outcomes
were influenced by trial arm in each subgroup, to determine
whether there is a group of women who benefit from repeat
revealed PIGF-based testing. For the secondary analysis strati-
fied by PIGF-based test type, women were stratified according
to whether they received QuidelOrtho PIGF testing or Roche
sFlIt-1/PIGF ratio testing.

The analysis was by the intention-to-treat principle, with
randomized participants analyzed in their original groups.

Hypertension. 2024;81:00-00. DOI: 10.1161/HYPERTENSIONAHA.123.22411

Stratified Analysis of the PARROT-2 Trial

Analyses were carried out using a 2-sided type 1 error rate of
0.05. The binary composite of stillbirth, early neonatal death or
neonatal unit admission was analyzed using binomial regres-
sion with a log link. Results are presented as unadjusted risk
ratios, with 95% Cls. Tested secondary outcomes were ana-
lyzed using log-binomial regression models with a log link and
results were presented as unadjusted risk ratios with 95% Cls.
Continuous outcomes were analyzed using linear regression
with log transformations as necessary. A full statistical analysis
plan has been published.'®

We performed an additional exploratory analysis of women
with a normal initial PIGF-based test result, to evaluate whether
these data could inform a repeat testing strategy in these
women. This included the presence of symptoms or signs of
preeclampsia at repeat testing visits, changing the PIGF-based
test category, and diagnosis of preeclampsia, in 2-week win-
dows. No formal significance testing has been done on this
exploratory analysis.

Analyses were done with Stata version 17 (StataCorp,
College Station, TX).

RESULTS

A total of 1252 women were ingluded in this analysis:
625 in the repeat revealed PTGE-E:gzsed testing group
and 627 in the repeat concealed group (Figure S2).
One woman in the concealed group was lost to follow-
up. For the analysis stratified by initial test result, 716
participants (57.2%) had a normal initial PIGF-based test
result, 335 participants (26.8%) had an abnormal ini-
tial test result, and 201 participants (16.1%) had a very
abnormal initial test result. For the analysis stratified by
test type, 789 participants (63.0%) received QuidelOr-
tho PIGF testing, and 463 participants (37.0%) received
Roche sFlt-1/PIGF ratio testing.

Clinical Characteristics Stratified by First Test
Result

Baseline characteristics are shown in Table 1 (including 1
woman who was later lost to follow-up). A smaller propor-
tion of women with a very abnormal initial result were pre-
scribed prophylactic aspirin (82/201, 40.8%) compared
with those with a normal initial result (441/716, 61.5%).

Women with a very abnormal initial PIGF-based test
had worse signs of preeclampsia, with higher systolic and
diastolic blood pressure, more significant proteinuria, and
more fetal growth abnormalities on ultrasound (Table 2). In
women randomized to revealed testing compared with con-
cealed testing, 54.0% and 44.3% of women were admitted
to the hospital with a very abnormal initial result, compared
with 13.1% and 10.9% with a normal initial result.

Perinatal Outcomes

Very abnormal initial PIGF-based test results identified
a more severe phenotype of preeclampsia, with worse
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Stratified Analysis of the PARROT-2 Trial

Table 1. Baseline Demographics and Clinical Characteristics, Stratified by First Test Result

L Normal first test result (n=716) Abnormal first test result (n=335) Very abnormal first test result (n=201)
[
E Revealed repeat Concealed repeat | Revealed repeat Concealed repeat | Revealed repeat Concealed repeat
=< PIGF (intervention, | PIGF (usual care, | PIGF (intervention, | PIGF (usual care; | PIGF (intervention, | PIGF (usual care,
— Baseline characteristics n=350) n=366) n=162) n=173) n=113) n=88)
=
= Age,y 32.1 (5.9) 32.0 (5.4) 32.3 (5.7) 33.5 (5.7) 31.8 (56.3) 32.9 (6.1)
g Ethnicity n=347 n=364 n=162 n=171 n=112 n=88

White 245 (70.6%) 263 (72.3%) 121 (74.7%) 115 (67.3%) 74 (66.1%) 61 (69.3%)

Black 46 (13.3%) 44 (12.1%) 20 (12.3%) 23 (13.5%) 13 (11.6%) 7 (8.0%)

Asian (Indian, Pakistani, 38 (11.0%) 39 (10.7%) 16 (9.9%) 20 (11.7%) 19 (17.0%) 15 (17.0%)
Bangladeshi, Sri Lankan)
Mixed 11 (3.2%) 9 (2.5%) 3 (1.9%) 8 (4.7%) 3 (2.7%) 3 (3.4%)
Other (including Chinese) 7 (2.0%) 9 (2.5%) 2 (1.2%) 5 (2.9%) 3 (2.7%) 2 (2.3%)
Not known 3 (0.9%) 3 (0.8%) 0 2 (1.2%) 1 (0.9%) 0
Body mass index, kg/m? 30.7 (7.5) 31.0 (7.7) 30.2 (7.1) 28.9 (7.3) 28.4 (8.0) 29.1 (56.8)
Smoking
Never 272 (77.7%) 272 (74.3%) 126 (77.8%) 139 (80.8%) 94 (88.2%) 78 (88.6%)
Quit before pregnancy 50 (14.3%) 64 (17.5%) 26 (16.0%) 22 (12.8%) 12 (10.6%) 5 (5.7%)
Smoking at booking 12 (3.4%) 11 (3.0%) 6 (3.7%) 6 (3.5%) 4 (3.5%) 5 (5.7%)
Smoking in pregnancy 16 (4.6%) 19 (5.2%) 4 (2.5%) 5 (2.9%) 3 (2.7%) 0
Deprivation quintile, n (%) n=317 n=310 n=143 n=151 n=93 n=68
1 (most deprived) 110 (34.7%) 98 (31.6%) 34 (23.8%) 35 (23.2%) 28 (30.1'?/0_) e | 13 (19.1%)
2 70 (22.1%) 82 (26.5%) 34 (23.8%) 35 (23.2%) 27 (290‘!70) Associoto 22 (32.4%)
3 49 (15.5%) 54 (17.4%) 33 (23.1%) 35 (23.2%) 17 (18.3%) 15 (22.1%)
4 58 (18.3%) 49 (15.8%) 23 (16.1%) 29 (19.2%) 19 (20.4%) 8 (11.8%)
5 (least deprived) 30 (9.5%) 27 (8.:7%) 19 (13.3%) 12 (7.9%) 2 (2:2%) 10 (14.7%)

g Previous pregnancies with durations of >24 wk, n (%)
=1 0 137 (89.1%) 145 (39.6%) 93 (57.4%) 94 (54.3%) 74 (65.5%) 64 (72.7%)
o
% 1 117 (33.4%) 122 (33.3%) 44 (27.2%) 44 (25.4%) 26 (23.0%) 10 (11.4%)
= >2 96 (27.4%) 99 (27.0%) 25 (15.4%) 35 (20.29%) 13 (11.5%) 14 (15.9%)
o
3 Previous preeclampsia (of 76 (21.7%) 86 (23.5%) 28(40.6%) 28 (35.4%) 15 (38.5%) 9 (87.5%)
_g multiparous women), n (%)
§ Medical conditions
%' Preexisting hypertension 72 (20.6%) 89 (24.3%) 35 (21.6%) 29 (16.8%) 6 (5.3%) 5 (5.7%)
c
a Preexisting renal disease 16 (4.6%) 24 (6.6%) 6 (3.7%) 7 (4.0%) 1 (0.9%)
_g Lupus/antiphospholipid 5 (1.4%) 8 (2.2%) 2 (1.2%) 2 (1.2%) 1 (0.9%)
«Q syndrome
g
g Type 1 or type 2 diabetes 26 (7.4%) 26 (7.1%) 19 (11.7%) 18 (10.4%) 7 (6.2%) 5 (5.7%)
< Systolic blood pressure at 121 (16.5) 122 (14.1) 122 (15.5) 120 (14.0) 116 (13.4) 119 (12.8)
2 booking, mm Hg
©
I Diastolic blood pressure at 75 (11.9) 76 (11.0) 76 (11.3) 76 (11.8) 72 (10.5) 74 (10.1)
§ booking, mm Hg

Proteinuria at booking (>2+ on 4 (1.7%) 7 (2.8%) 1 (0.9%) 4 (3.1%) 2 (2.6%) 2 (3.1%)

dipstick), n (%)

Prophylactic aspirin prescribed, | 208 (59.4%) 2383 (63.7%) 92 (56.8%) 91 (52.6%)

n (%)

45 (39.8%) 37 (42.0%)

62 (29.8%)
146 (70.2%)

67 (28.8%)
166 (71.2%)

28 (30.4%)
64 (69.6%)

34 (37.4%)
57 (62.6%)

75 mg aspirin 13 (28.9%)

32 (71.1%)

6 (16.2%)
31 (83.8%)

150 mg aspirin

PIGF indicates placental growth factor.

perinatal outcomes (Table 3). In the revealed repeat test-
ing group compared with the concealed testing group, the
primary perinatal composite outcome was 69.0% in both

groups with a very abnormal initial result; 37.0% versus
30.1% (relative risk [RR], 1.23 [0.91-1.67]; P=0.176) in
women with an abnormal initial result; and 16.3% versus

4 July 2024 Hypertension. 2024;81:00-00. DOI: 10.1161/HYPERTENSIONAHA.123.22411



7202 ‘6 Ae |\ uo Ag Bio'seulnoleye//:dny wouy papeojumoq

Hurrell et al

Stratified Analysis of the PARROT-2 Trial

Table 2. Pregnancy Characteristics at First PIGF-Based Test, Stratified by First Test Result

Pregnancy characteristics

Normal first test result (n=716)

Abnormal first test result (n=335)

Very abnormal first test result (n=201)

Revealed repeat
PIGF (intervention,
n=350)

Concealed repeat
PIGF (usual care,
n=366)

Revealed repeat
PIGF (intervention,
n=162)

Concealed repeat
PIGF (usual care,
n=173)

Revealed repeat
PIGF (intervention,
n=113)

Concealed repeat
PIGF (usual care,
n=88)

Presenting signs and symptoms (nonexclusive), n (%)

New-onset hypertension

134 (38.3%)

126 (34.4%)

87 (53.7%)

83 (48.0%)

72 (63.7%)

62 (70.5%)

Worsening of existing
hypertension

76 (21.7%)

94 (25.7%)

40 (24.7%)

47 (27.2%)

16 (14.2%)

11 (12.5%)

Dipstick proteinuria

134 (38.3%)

159 (43.4%)

68 (42.0%)

69 (39.9%)

46 (40.7%)

40 (45.5%)

Neurological symptoms 39 (11.1%) 36 (9.8%) 9 (5.65) 8 (4.6%) 4 (3.5%) 3 (3.4%)
Severe headache 80 (22.9%) 70 (19.1%) 30 (18.5%) 27 (15.6%) 20 (17.7%) 10 (11.4%)
Epigastric or right upper 20 (5.7%) 24 (6.6%) 11 (6.8%) 7 (4.0%) 5 (4.4%) 1(1.1%)
quadrant pain
Liver dysfunction 16 (4.6%) 8 (2.2%) 2 (1.2%) 8 (4.6%) 6 (5.3%) 4 (4.5%)
Acute renal insufficiency 20 (5.7%) 21 (5.7%) 6 (3.7%) 7 (4.0%) 6 (5.3%) 7 (8.0%)
Thrombocytopenia 5 (1.4%) 3 (0.8%) 2 (1.2%) 2 (1.2%) 1 (0.9%) 2 (2.3%)
Hemolysis/falling hemoglobin | 4 (1.1%) 5 (1.4%) 0 3 (1.7%) 1 (0.9%) 1 (1.1%)
Suspected fetal growth 27 (7.7%) 29 (7.9%) 18 (11.1%) 27 (15.6%) 32 (28.3%) 23 (26.1%)
restriction
Highest blood pressure in 48 h before initial test, mm Hg
Systolic 138 (19.4) 137 (16.4) 143 (16.2) 140 (14.8) 146 (14.2) 149 (17.9)
Diastolic 85 (13.7) 87 (12.9) 92 (11.6) 90 (10.7) 94 (9.5), 96 (11.2)
Highest dipstick proteinuria in 48 h before initial test, n (%)
None 163 (51.3%) 162 (46.8%) 77 (50.0%) 75 (47.8%) 43 (41.0%) 32 (41.6%)
Trace 33 (10.4%) 39 (11.3%) 14 (9.1%) 19 (12.1%) 7 (6.7%) 10 (13.0%)
+1 76 (23.9%) 95 (27.5%) 39 (25.3%) 44 (28.0%) 24 (22.9%) 13 (16.9%)
>+2 46 (14.5%) 50 (14.5%) 24 (15.6%) 19 (12:1%) 31 (29.5%) 22 (28.6%)
Fetal growth abnormalities on n=188 n=200 n=99 n=104 n=68 n=52

ultrasound in 2 wk before initial
test (nonexclusive), n (%)

None

157 (83.5%)

167 (83.5%)

72 (72.7%)

72 (69.2%)

29 (42.6%)

21 (40.4%)

Abdominal circumference,
<10th

11 (5.9%)

8 (4.0%)

10 (10.1%)

10 (9.6%)

19 (27.9%)

18 (34.6%)

Estimated fetal weight, <10th

21 (11.2%)

21 (10.5%)

16 (16.2%)

24 (28.1%)

31 (45.6%)

27 (51.9%)

Umbilical artery pulsatility 8 (4.3%) 3 (1.5%) 7 (7.1%) 9 (8.7%) 10 (14.7%) 8 (15.4%)

index, >95th

Absent or reduced end 2 (1.1%) 0 1 (1.0%) 1 (1.0%) 8 (11.8%) 4 (7.7%)

diastolic flow

Middle cerebral artery pulsatility | 2.01 (0.44) 1.91 (0.53) 1.68 (0.25) 1.89 (0.33) 1.69 (0.47) 1.60 (0.28)

index (centiles not available)

Amniotic fluid index <5th 2 (1.1%) 1 (0.5%) 2 (2.0%) 2 (1.9%) 0 3 (5.8%)
Gestational diabetes, n (%) 47 (17.1%) 33 (12.6%) 31 (19.1%) 25 (14.5%) 16 (14.2%) 8 (9.1%)

Gestation at randomization, wk

22-27+6 32 (11.6%) 28 (10.7%) 13 (8.0%) 12 (6.9%) 19 (16.8%) 16 (18.2%)
28-31+6 62 (22.5%) 47 (18.0%) 28 (17.3%) 27 (15.6%) 34 (30.1%) 20 (22.7%)
32-36+6 181 (65.8%) 186 (71.3%) 121 (74.7%) 134 (77.5%) 60 (53.1%) 52 (59.1%)

Gestation at randomization

33.1 (30.4-34.7)

33.9 (31.6-35.1)

33.6 (31.9-35.0)

34.0 (32.6-35.3)

32.1 (29.6-34.4)

32.7 (28.8-34.9)

Initial destination, n (%)

Home with follow-up

303 (86.6%)

326 (89.1%)

121 (74.7%)

127 (73.4%)

52 (46.0%)

49 (55.7%)

Admitted to hospital

47 (13.4%)

40 (10.9%)

41 (25.3%)

46 (26.6%)

61 (54.0%)

39 (44.3%)

Other 2 (0.6%) 0 0 3 (1.7%) 1 (0.9%) 0
Antenatal ward 41 (11.7%) 37 (10.1%) 38 (28.5%) 42 (24.3%) 55 (48.7%) 32 (36.4%)
Labor ward 3 (0.9%) 1 (0.3%) 2 (1.2%) 0 3 (2.7%) 6 (6.8%)
Obstetric high dependency unit | O 2 (0.5%) 1 (0.6%) 1 (0.6%) 1 (0.9%) 1(1.1%)
Intrauterine transfer 1 (0.3%) 0 0 0 1 (0.9%) 0

PIGF indicates placental growth factor.
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Table 3. Primary Outcome and Secondary Perinatal Outcomes, Stratified by First Test Result

= Normal first test result Abnormal first test result Very abnormal first test result

g (n=716) (n=335) (n=200)

n<: Revealed Concealed Revealed Concealed R led Concealed

— (intervention, | (usual care, | Risk ratio | (intervention, | (usual care, | Risk ratio | (intervention, | (usual care, | Risk ratio

= Outcome n=350) n=366) (95% CI) | n=162) n=173) (95% CI) | n=113) n=87) (95% CI)

(]

0= Primary outcome

(=)

Composite 57 (16.3%) | 62 (16.9%) |0.96 (0.69 |60 (37.0%) |52 (30.1%) | 1.23 (0.91 | 78 (69.0%) | 60 (69.0%) | 1.00

to 1.34); to 1.67); (0.83 to 1.21);
FP=0.814 P=0.176 FP=0.993

Components of composite

Stillbirth 0 1 (0.3%) 1 (0.6%) 0 1 (0.9%) 2 (2.3%)
Early neonatal death* | O 0 0 0 1 (0.9%) 1(1.2%)
NNU admission 57 (16.3%) 61 (16.7%) 59 (36.4%) 52 (30.1%) 77 (68.1%) 58 (66.7%)

Status at birth

Livebirth 350 (100%) | 365 (99.7%) 161 (99.4%) | 173 112 (99.1%) | 85 (97.7%)
(100.0%)

Miscarriage (22— 0 0 0 0 0 0

23+6-wk gestation)

Late neonatal death | 0 0 0 0 1 (0.9%) 1 (1.2%)

(8-27 complete days

of life)

Gestational age at 37.9 (1.8) 38.1(1.8) —0.17 36.2 (2.4) 36.6 (2.1) —0.34 33.6 (3.0) 34.0 (3.3) —0.33

delivery, wk (—0.43 (—0.83 4 (—1.23
to 0.09); to 0.15); W o to 0.57);
P=0.200 P=0.175 e P=0.470

Preterm delivery 63 (18.0%) 58 (15.8%) | 1.14 (0.82 | 79 (48.8%) 83 (48.0%) | 1.02 (0.81 | 99 (87.6%) 71 (81.6%) 1.07

<87 wk to 1.57); to 1.27); (0.95 to 1.21);
F=0.442 F=0.885 F=0.239

Preterm delivery <34 14 (4.0%) 12 (3.3%) 1.22 (0.57 | 24 (14.8%)t | 11 (6.4%)t |2.33 (1.18 | 52 (46.0%) 32 (36.8%) | 1.25
wk to 2.60); to 4.60); (0.89 to 1.76);

FP=0.606 P=0.011%1 P=0.190

Birthweight centile 52.8 (30.3) 55.3 (29.6) 39.1 (31.3) 34.4 (29.4) 20.4 (23.1) 17.4 (20.0)

Birthweight centile 35 (10.0%) 36 (9.8%) 38 (23.6%) 36 (20.8%) 52 (46.4%) 43 (49.4%)

<10th

Descriptive perinatal outcomes

Necrotizing 0 0 0 1 (0.6%) 1 (0.9%) 2 (2.4%)
enterocolitis (Bell
stage 2 or 3)

7202 ‘6 Ae |\ uo Ag Bio'seulnoleye//:dny wouy papeojumoq

Sepsis 0 0 0 1 (0.6%) 5 (4.5%) 5 (5.9%)
Brain injury on 1 (0.3%) 2 (0.5%) 2 (1.2%) 0 1 (0.9%) 0
imaging
Seizures 0 1 (0.3%) 1 (0.6%) 0 0 0
Retinopathy of 0 0 1 (0.6%) 0 4 (3.6%) 3 (3.5%)
prematurity
Chronic lung disease | 0 1 (0.3%) 1 (0.6%) 2 (1.2%) 6 (5.4%) 5 (5.8%)
Umbilical artery pH 7.25 (0.1) 7.23 (0.1) 7.23 (0.1) 7.22 (0.1) 7.24 (0.1) 7.23 (0.1)
Birthweight <3rd 11 (3.2%) 6 (1.6%) 7 (4.3%) 9 (56.2%) 24 (21.4%) 20 (23.0%)
centile
Survival to discharge | 349 (99.7%) | 362 (98.9%) 157 (96.9%) | 169 (97.7%) 100 (88.5%) | 74 (85.1%)
without severe
morbidity

Infant outcome
Discharged home 343 (98.0%) | 357 (97.5%) 153 (94.4%) | 164 (94.8%) 102 (90.3%) | 73 (83.9%)
Transferred to 6 (1.7%) 5 (1.4%) 8 (4.9%) 6 (3.5%) 8 (7.1%) 9 (10.3%)
another hospital
Died before 0 0 0 0 2 (1.8%) 3 (3.4%)
discharge
XXX,
XXX
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16.9% (RR, 0.96 [0.69—-1.34]; P~=0.814) in women with
a normal initial result. Five of the 7 perinatal deaths
occurred in the group with a very abnormal initial result.
In the revealed group compared with the concealed
group, the preterm birth rate before 34 weeks of gestation
was significantly increased in women with an abnormal
initial result (14.8% versus 6.4%; RR, 2.33 [95% CI, 1.18-
4.60]; P=0.011), but not significantly increased in women
with a very abnormal initial result (46.0% versus 36.8%;
RR, 1.25 [95% ClI, 0.89—-1.76]; P=0.190) nor in women
with a normal initial result (4.0% versus 3.3%; RR, 1.22
[95% Cl, 0.57-2.60]; P=0.606). In the revealed group
compared with the concealed group, morbidity-free sur-
vival to discharge was 88.5% versus 85.1% in the group
with a very abnormal initial result, 96.9% versus 97.7%
in the group with an abnormal result and 99.7% versus
98.9% in the group with a normal initial result (Table 3).

Maternal Outcomes

Very abnormal initial PIGF-based test results similarly
identified more severe maternal disease. Of women with
a very abnormal initial result, 86% were diagnosed with
preeclampsia and 5% had a severe maternal adverse
outcome (Table 4). Longitudinal trajectories in PIGF and
sFIt-1/PIGF results are demonstrated in the Figure and
Figure S3, demonstrating a flat profile of sFlt-1/PIGF
ratio in women with an initial abnormal sFlit-1/PIGF ratio
who were diagnosed with preeclampsia.-/Among par-
ticipants with a normal initial test result, in the revealed
group Cesarean delivery _was 61.1% compared with
53.8% in the concealed group (RR; 1.14 [95% CI, 1.0~
1.29]; P=0.045). There were.no other significant differ-
ences in maternal outcomes between subgroups.

Of women with a normal initial-result, 14/716 women
(2.0%) developed preeclampsia with delivery within
21 days and 32/716 (4.5%) within 28 days (Table 5).
In comparison, 122/200 (61.0%) women with a very
abnormal result (PIGF, <12 pg/mL or sFit-1/PIGF, >85)
developed preeclampsia within 21 days (Table b).

Of women with a normal initial result, 19.6% (140/716)
received a final diagnosis of preeclampsia (including
adjudicated diagnosis; Table 4). The Figure and Figure
S3 demonstrate that women with an initial normal test
who went on to develop preeclampsia had a decrease in
PIGF or increase in sFlt-1/PIGF earlier than women who
did not develop preeclampsia. In our exploratory analysis
of repeat testing in 2-week windows (Table S1), 30% to
40% of women had symptoms or signs of preeclampsia
at repeat testing visits, 16% to 32% of women changed
from normal to abnormal PIGF-based test category, 2%
to 6% changed to very abnormal PIGF-based test cat-
egory, and 5% to 8% of women were diagnosed with pre-
eclampsia in each 2-week window. Results were similar
in the concealed group only (Table S2). A higher propor-
tion of women with symptoms or signs of preeclampsia at

Hypertension. 2024;81:00-00. DOI: 10.1161/HYPERTENSIONAHA.123.22411
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repeat testing visits changed the PIGF-based test cate-
gory (27.0% with symptoms or signs of preeclampsia ver-
sus 18.3% of asymptomatic women; Tables S3 and S4).
There was a greater difference between the proportion
of women with an abnormal test result with a diagnosis
of preeclampsia compared with those with a normal test
with a diagnosis of preeclampsia, in the group with symp-
toms and signs of preeclampsia, versus the asymptomatic
group (Tables Sb and S6). For example, at 2 to 4 weeks,
57.6% of symptomatic women with an abnormal test were
diagnosed with preeclampsia versus 19.3% of symptom-
atic women with a normal test, compared with 25.56%
of asymptomatic women with an abnormal test versus
16.4% of asymptomatic women with a normal test (Table
Sb). Results were similar when restricting analysis to the
concealed group only (Tables S4 and S6). We performed
a subgroup analysis of primary and secondary end points
for participants with a normal initial test, restricting inclu-
sion to participants who received their first repeat test
>2 weeks after the first test; this demonstrated similar
results (Tables S7 and S8).

Time to Diagnosis and Delwgw

In the revealed group compared with the concealed
group, time to diagnosis was reduced by 7 days in women
with a normal initial result (mean, 37.0 [25.4] versus 44.1
[24.7] daysymean difference,=7.1 [=15.57 to 1.37] days;
P=0.100; Table 4).

Time to delivery with preeclampsia was shorter in women
with a normal initial test and abnormal repeat test (Table
S9; median 20.0 [interquartile range, 18.0-24.0] days for
PIGF testing [n=10], median 13.0_[interquartile range,
70-31.0] days for sFit-1/PIGF testing [n=5]) compared
with women in whomthe repeat PIGF-based test remained
normal (median, 34.0 [interquartile range, 20.0-53.0] days
for PIGF testing [n=25]; median, 35.0 [interquartile range,
26.0-39.5] for sFlt-1/PIGF testing [n=20]). Time to deliv-
ery for any reason is shown in Table S10.

Clinical Characteristics Stratified by PIGF-
Based Test Type

Baseline characteristics and clinical characteristics at the
time of the first PIGF-based test are shown in Tables
S11 and S12. In the sFit-1/PIGF testing group com-
pared with the PIGF testing group, there was a higher
proportion of participants in the most deprived quintile
and a higher proportion of 150 mg aspirin compared with
75 mg (93% versus 54%).

Perinatal Outcomes

The proportion of infants with the primary composite
outcome was similar in the revealed PIGF testing group
(30.9%), and the revealed (31.6%) and concealed (33.5%)
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Table 4. Secondary Maternal Outcomes With Comparisons, Stratified by First Test Result

Normal first test result Abnormal first test result Very abnormal first test result

(n=716) (n=335) (n=200)

Revealed Concealed Revealed Concealed Revealed Concealed

(intervention, | (usual care, | Risk ratio (intervention, | (usual care, | Risk ratio (intervention, | (usual care, | Risk ratio
Outcome n=350) n=) (95% CI) n=162) n=173) (95% CI) n=113) n=87) (95% CI)
No. of individuals | 8 (2.3%) 8 (2.2%) 1.05 5 (3.1%) 3 (1.7%) 1.78 5 (4.4%) 5 (5.7%) 0.77
with adverse (0.4 to 2.76); (0.43 to 7.33); (0.23 t0 2.58);
outcomes F=0.928 F=0.418 F=0.671
(defined by
fullPIERS
consensus)
No. of individuals | 64 (18.3%) 76 (20.8%) 0.88 94 (58.0%) 99 (57.2%) 1.01 97 (85.8%) 75 (86.2%) | 1.0
with preeclampsia (0.65 to 1.19); (0.84 to 1.22); (0.89t0 1.11);
(including those P=0.403 P=0.882 P=0.941
diagnosed by trial
team; %)
Systolic blood 105 (30.0%) | 104 (28.4%) | 1.06 77 (47.5%) 81 (46.8%) | 1.02 72 (63.7%) 51 (58.6%) | 1.09
pressure, >160 (0.84 to 1.33); (0.81 to 1.27); (0.87 to 1.36);
mm Hg F=0.641 F=0.896 F=0.463
Cesarean section | 214 (61.1%)* | 197 (53.8%)* | 1.14 114 (70.4%) | 108 (62.4%) | 1.13 99 (87.6%) 70 (80.5%) 1.09
(versus vaginal (1.0 to 1.29); (0.97 to 1.31); (0.96 to 1.23);
delivery) P=0.048* F=0.124 P=0.166
Time to diagnosis | 37.0 (25.4) 441 (24.7) —7.10 18.4 (16.4) 18.2 (15.0) | 0.16 8.24 (9.6) 6.7 (9.5) 1.56
of preeclampsia (—15.57 to (—4.31 (—1.33 to
(first PIGF-based 1.37); to 4.63); 4.44);
test to diagnosis) F=0.100 F=0.944 &3 1o F=0.289
Time to diagnosis | 279 (27.0) | 34.2 (24.0) | —6.35 127 (15.1) | 186 (142) | —0.92 50(85 W obes | 200
of preeclampsia (—14.96 to (—5.08 (—0.47 to
(randomization to 2.26); to 8.24); 4.65);
diagnosis) P=0.147 P=0.662 ~=0.109

PIGF indicates placental growth factor.
XXX

sFIt-1/PIGF testing groups, with a surprising low event
rate in the concealed PIGF testing group (24.5%; RR, 1.26
[95% Cl, 1.00-1.58]; P=0.046; Table S13).In the revealed
PIGF testing group compared with the concealed PIGF
testing group, there was an increase in neonatal unit admis-
sion (30.6% versus 24.0%; RR, 1.28 [95% CI, 1.01-1.61];
P=0.037), reduction in gestational age at delivery (36.8
versus 37.2 days; mean difference, —0.45 [95% CI, —0.81
to 0.09] days; P=0.014) and increase in the rate of preterm
birth before 34 weeks of gestation (13.5% versus 6.8%j;
RR, 1.98 [95% ClI, 1.27-3.08]; P=0.002); similar results
were not seen in the sFit-1/PIGF group. However, the low-
est preterm birth rate before 34 weeks of gestation was in
the concealed PIGF testing group (6.8% in the concealed
group versus 13.5% in the revealed group; RR, 1.98 [95%
Cl, 1.27-3.08], ~=0.002). There was a chance imbalance
in the proportion of participants with a very abnormal ini-
tial PIGF test, with 18.9% in the revealed testing group,
compared with 13.1% in the concealed testing group; this
may account for some of these differences. Morbidity-free
survival to discharge was similar between groups.

Maternal Outcomes

Repeat revealed testing was significantly associated
with an increase in Cesarean delivery in the PIGF testing

8  July 2024

group (69.1% versus 58.6% in the revealed versus con-
cealed groups; RR, 1.18 [95% CI, 1.06-1.31]; P~=0.002),
but not in the sFit-1/PIGF testing group (Table S14).

Test-Performance

Test performance for prediction of preeclampsia with
delivery within 14 days is demonstrated in Table b, strati-
fied by initial test result and test type. PIGF >100 pg/
mL had a negative predictive value of 99.0% (95% CI,
97.5%-99.7%); sFIt-1/PIGF >38 had a negative predic-
tive value of 99.3% (95% Cl, 97.7%-99.9%). PIGF <12
pg/mL had a positive predictive value for predicting pre-
eclampsia with delivery within 14 days of 40.8% (95%
Cl, 32.1%-49.9%), rising to 72.0% (95% ClI, 63.3%—
79.7%) for 28 days; sFlt-1/PIGF >85 had a positive
predictive value for predicting preeclampsia with deliv-
ery within 14 days of 28.0% (95% Cl, 18.2%-39.6%),
increasing to 62.7% (95% CI, 50.7%-73.6%) for 28
days.

DISCUSSION

This secondary analysis of a large, multicenter trial of
repeat PIGF-based testing aimed to answer whether
there are subgroups of women who may benefit from

Hypertension. 2024;81:00-00. DOI: 10.1161/HYPERTENSIONAHA.123.22411
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repeat PIGF-based testing. Our results do not demon-
strate evidence of clinical benefit in repeating PIGF-
based testing if the initial result is abnormal. There may
be benefit in repeat testing if the initial result is normal,
particularly after at least 2 weeks, and in women who
have new symptoms and signs of preeclampsia. Twenty
percent (140/716) were diagnosed with preeclampsia,
and 34% of women changed the PIGF category by their
final test. Test performance for predicting preeclamp-
sia with delivery remained high for 3 to 4 weeks: 2.0%
and 4.5% of women were diagnosed with preeclampsia
within 3 or 4 weeks of the initial normal test, respec-
tively. Exploratory analysis showed a higher proportion
of women who changed the test category were diag-
nosed with preeclampsia, although not all women with a

Hypertension. 2024;81:00-00. DOI: 10.1161/HYPERTENSIONAHA.123.22411

changing test result were diagnosed with preeclampsia,
and a smaller proportion of women with a normal test
received a diagnosis of preeclampsia. In women chang-
ing the PIGF-based test category, a higher proportion
were diagnosed with preeclampsia if they had symptoms
or signs of preeclampsia, suggesting symptoms or signs
are indicative of changing category and evolving pre-
eclampsia. In the subgroup analysis of participants with a
normal initial test with repeat testing >2 weeks after the
initial test, there was no significant clinical benefit, but
adverse events were rare, and this exploratory post hoc
analysis may be underpowered. This is an exploratory
analysis with small numbers in each group; nevertheless,
this could inform surveillance strategies and there may
be a rationale for repeating PIGF-based testing after at
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Table 5. Test Performance of PIGF Test in Predicting Preeclampsia With Delivery Within 7, 14, 21, and 28 Days, in Women up
to 35+6 Weeks of Gestation Presenting With Suspected Preeclampsia (for Women Receiving Repeat Concealed PIGF-Based
Testing Only)
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Test performance statistics

First PIGF test in all
women, PIGF <100 pg/
mL (abnormal)

First PIGF test in all

women, PIGF <12 pg/mL

(very abnormal)

First sFIt-1/PIGF test in all
women, sFlt-1/PIGF >38
(abnormal)

First sFIt-1/PIGF test in all
women, sFlt-1/PIGF >85
(very abnormal)

Preeclampsia with delivery within 7 d

Sensitivity, n/N

97.5% (86.8%-99.9%)
39/40

70.0% (53.5%—83.4%)
28/40

87.56% (47.3%-99.7%)
7/8

87.56% (47.3%-99.7%)
7/8

Specificity, n/N

54.7% (51.0%-58.3%)
409/748

87.0% (84.4%—-89.4%)
651/748

67.0% (62.5%-71.3%)
305/455

85.1% (81.4%-88.2%)
387/455

Positive predictive value, n/N

10.3% (7.4%-13.8%)
39/378

22.4% (15.4%-30.7%)
28/125

4.5% (1.8%-9.0%)
7/157

9.3% (3.8%—18.3%)
7175

Negative predictive value, n/N

99.8% (98.6%—-100.0%)
409/410

98.2% (96.9%-99.1%)
651/663

99.7% (98.2%-100.0%)
305/306

99.7% (98.6%—-100.0%)
387/388

Positive likelihood ratio

2.15 (1.96%-2.36%)

5.40 (4.10%-7.11%)

2.65 (1.98%-3.56%)

5.85 (4.16%-8.24%)

Negative likelihood ratio

0.05 (0.019%-0.32%)

0.34 (0.21%—0.55%)

0.19 (0.08%-1.17%)

0.15 (0.02%-0.92%)

Preeclampsia with delivery within 14 d

Sensitivity, n/N

95.3% (88.4%—-98.7%)
81/85

60.0% (48.8%—70.5%)
51/85

93.3% (77.9%-99.2%)
28/30

70.0% (50.6%—85.3%)
21/30

Specificity, n/N

57.8% (54.0%-61.4%)
406/703

89.5% (87.0%-91.6%)
629/703

70.2% (65.7%—74.5%)
304/433

87.56% (84.0%-90.5%)
379/433

Positive predictive value, n/N

21.4% (17.4%—25.9%)
81/378

40.8% (32.1%-49.9%)
51/125

17.8% (12.2%-24.7%)
28/157

28.0% (18.2%-39.6%)
21/75

Negative predictive value, n/N

99.0% (97.5%-99.7%)
406/410

94.9% (92.9%-96.4%)
629/663

99.3% (97.7%—99.9%):~' \ B,

304/306

American

97700 (95.6%-98.9%)
379/388

Positive likelihood ratio

2.26 (2.04%-2.49%)

5.70 (4.32%-752%)

3.13 (2.63%-3.73%)

5.61 (3.99-7.90)

Negative likelihood ratio

0.08 (0.03%-0.21%)

0.45 (0.34%-0.58%)

0.09 (0.02%-0.36%)

0.34 (0.20%-0.59%)

Preeclampsia with delivery within 21 d

Sensitivity, n/N

96.4% (91.9%-98.8%)
135/140

53.6% (45.0%=62.0%)
75/140

87.3% (77.3%-94.0%)
62/71

53.5% (41.3%—65.5%)
38/71

Specificity, n/N

62.5% (58.6%-66.2%)
405/648

92.3% (90.0%-94.2%)
598/648

75.8% (71.2%-79.9%)
297/392

90.6% (89.0%—-94.8%)
355/392

Positive predictive value, n/N

35.7% (30.9%—40.8%)

60.0% (50.9%—68.7%)

39.5% (31.8-47.6)

62.7% (50.7-73.6)

135/378 75/125 62/157 47/75
Negative predictive value, n/N 98.8% (97.2%-99.6%) 90.2% (87.7-92.4) 97.1% (94.5-98.6) 86.1% (82.2-89.4)
405/410 598/663 297/306 334/388

Positive likelihood ratio

2.57 (2.32%-2.85%)

6.94 (5.10%-9.44%)

3.60 (2.96%-4.38%)

5.67 (3.90%-8.25%)

Negative likelihood ratio

0.06 (0.029%-0.14%)

0.50 (0.42%-0.60%)

0.17 (0.09%-0.31%)

0.51 (0.40%-0.66%)

Preeclampsia with delivery within 28 d

Sensitivity, n/N

93.5% (89.0%—-96.6%)
174/186

48.4% (41.0%-55.8%)
90/186

80.2% (71.1%—-87.5%)
81/101

46.5% (36.5%-56.7%)
47/101

Specificity, n/N

66.1% (62.2%-69.9%)
398/602

94.2% (92.0%—-95.9%)
567/602

79.0% (74.4%—-83.1%)
286/362

92.3% (89.0%—-94.8%)
334/362

Positive predictive value, n/N

46.0% (40.9%-51.2%)
174/378

72.0% (63.3%—79.7%)
90/125

51.6% (43.5%-59.6%)
81/157

62.7% (50.7%-73.6%)
47/75

Negative predictive value, n/N

97.1% (94.9%-98.5%)
398/410

85.5% (82.6%-88.1%)
567/663

983.5% (90.1%-96.0%)
286/306

86.1% (82.2%-89.4%)
334/388

Positive likelihood ratio

2.76 (2.45%-3.11%)

8.32 (5.84%-11.86%)

3.82 (3.06%-4.77%)

6.02 (3.98%-9.09%)

Negative likelihood ratio

0.10 (0.06%-0.17%)

0.55 (0.48%-0.63%)

0.25 (0.17%-0.37%)

0.58 (0.48%-0.70%)

PIGF indicates placental growth factor.

least 2 weeks, in a subset of high-risk women with a nor-
mal initial result, particularly if there is continued clinical
suspicion. In women with a normal initial result, median
time to diagnosis was 7 days shorter in the revealed
group compared with the concealed group. Although this

did not reach significance, the absence of any difference
in other groups implies that the overall significant reduc-
tion in time to diagnosis in the main trial analysis (—3.8
[95% CI, —7.1 to —0.5] days; P=0.025) is driven by this
group.®
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Abnormal angiogenic biomarker concentration at the
time of first presentation with suspected preeclampsia
accurately identifies a more severe phenotype of pre-
eclampsia, with worse maternal and neonatal outcomes.
This has been previously demonstrated but is worth describ-
ing in this large cohort, and to put into context the effect
of the intervention of repeat PIGF-based testing. In women
with an abnormal or very abnormal initial result, repeat test-
ing was not significantly associated with reduced adverse
outcomes or reduced time to diagnosis. It is unclear why a
higher proportion of participants were admitted after an ini-
tial very abnormal test in the repeat revealed arm (54.0%),
compared with the concealed arm (44.3%). It is possible
that repeating the test influenced clinical decision-making
regarding admission. However, this was not a prespecified
analysis, and, therefore, it is difficult to interpret, and maybe
a chance finding. Furthermore, there was no difference in
total time on antenatal ward between groups.®

Repeat testing was significantly associated with
increased preterm birth before 34 weeks of gestation
in women with an initial abnormal test result (RR, 2.33
[95% ClI, 1.18-4.60]; ~=0.011; Table 3). The mechanism
of this is unclear but may be related to clinician behav-
ior in response to repeated abnormal results, as tests
rarely normalized.? Indications for preterm delivery have
previously been presented,® and the clinical manage-
ment algorithm (Figure S1) emphasized that abnormal
biomarker concentration alone should not be considered
an indication for delivery. It is possible that-in-a differ-
ent setting with a higher prevalence of stillbirth (such
as low- and middle-income settings), iatrogenic preterm
birth may prevent stillbirth and the components of the
composite might go in opposite directions, with a reduc-
tion in perinatal death and an increase in neonatal unit
admission, but this was not demonstrated in our study in
a high-income setting with a low prevalence of perinatal
death (7/1251 participants, 0.66%). The stillbirth rate of
0.4% observed in this study of high-risk women with sus-
pected preeclampsia, all receiving an initial PIGF-based
test according to national guidance,'"'® is the same as
the background population stillbirth rate; this is reassur-
ing and supports the importance of initial PIGF-based
testing informing risk stratification and management.

To our knowledge, this is the largest randomized trial
of repeat revealed PIGF-based testing compared with
usual care with repeat concealed testing, in women
with suspected preterm preeclampsia. Strengths of the
study include broad inclusion criteria and diverse partici-
pants, both in terms of demography and disease sever-
ity, enhancing the generalizability of our findings to other
high-income settings. The large study size enabled the
evaluation of the trial results according to stratification
by initial test result and test type. We have previously
presented data investigating the effect of gestational
age, and this demonstrated no evidence of the benefit of
repeating the test being different according to gestation.®
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Our study has some limitations. Stratification into 6
subgroups resulted in smaller numbers and lower sta-
tistical power, meaning that we may be underpowered
to detect significant differences in outcomes. Due to
small numbers, convergence was not achieved, and
unadjusted risk ratios were supplied. As there was a
low prevalence of adverse outcomes in our study, these
results may not be generalizable to high-burden, low-
income settings. Different maternity units have adopted
either the QuidelOrtho PIGF test or Roche sFit-1/PIGF
ratio testing according to unique barriers and facilita-
tors to implementation, and this site variation resulted in
distinct populations limiting direct comparison between
these groups. However, test performance for prediction
of preeclampsia with delivery within 14 days was com-
parable between the 2 tests. According to the protocol,
PIGF-based testing was performed after 37 weeks of
gestation, and after a diagnosis of preeclampsia. Exist-
ing guidance does not recommend testing in these
situations. This was emphasized to sites, with a recom-
mendation that care should continue to follow National
Guidance on Hypertension in Pregnancy. In total, 378
women received repeat tests after 37 weeks of gesta-
tion (of a total of 2583 repeat esting:visits, 14.6%). The
protocol stipulated repeat testing in women asymptom-
atic for suspected preeclampsia. Although testing might
not be repeated in all'asymptomatic women in clinical
practice,itis evident that clinicians are using repeat test-
ing-in multiple clinical settings, including asymptomatic
patients, due to ongoing clinical uncertainty. This trial
was a pragmatic, real-world randomized controlled trial,
designed to address this uncertainty and, therefore, the
protocol recommended repeat testing of asymptomatic
women. Data on the gestation of commencing aspirin
and adherence were not available, but this was not the
focus of this study.

Risk stratification by initial PIGF-based test is con-
sistent with previous studies of angiogenic biomarkers.
In 1006 women included in the stratified analysis of the
PARROT-1 trial'® of revealed versus concealed PIGF
testing, PIGF <100 pg/mL identified women with more
marked hypertension, increased adverse outcomes, and
preterm birth. In 1112 women included in the secondary
analysis of PETRA (Preeclampsia Triage by Rapid Assay
Trial)'” of concealed PIGF testing, low PIGF <100 pg/
mL was significantly associated with composite mater-
nal adverse outcomes (6.2% versus 1.9%; adjusted RR,
3.6 [95% Cl, 1.7-8.0]) and composite neonatal adverse
outcomes (9.2% versus 0.8%; adjusted RR, 17.2 [95%
Cl, 5.2-56.3]). Our trial confirms that adverse outcomes
are infrequent in women with normal initial PIGF-based
test results and more common in women with abnor-
mal and very abnormal initial results. However, our study
contrasts with previous studies demonstrating that the
delta between tests is associated with faster deterio-
ration.”®’® To our knowledge, ours is the largest study

July 2024 11

(—)
=
{-1)
—
==
-
==
=
=.
()
—-—
m




[° =)
—d
(=)
[
o
=z
e
=T
=
(=~
(==
(=]

7202 ‘6 Ae |\ uo Ag Bio'seulnoleye//:dny wouy papeojumoq

Hurrell et al

of repeat PIGF-based testing, and we have demon-
strated flat longitudinal biomarker profiles in women
with an initial abnormal sFlt-1/PIGF ratio who were
diagnosed with preeclampsia or who developed severe
adverse outcomes. Previously published data have
included small numbers of participants with confirmed
preeclampsia, and the delta was small (delta, 48.97 at
repeat sFit-1/PIGF testing at 3 weeks; n=10 women
with preeclampsia).

The analysis stratified by test type demonstrated
some surprising results. The primary outcome, driven
by neonatal unit admission, was similar in the PIGF
revealed group, the sFIt-1/PIGF revealed group, and the
sFIt-1/PIGF concealed group, with a significantly lower
prevalence in the PIGF concealed group (24.5% versus
30.9%; RR, 2.33 [95% ClI, 1.00-1.68]; P=0.046). This
is challenging to explain but may relate to the chance
imbalance in very abnormal initial PIGF tests between
groups or variation in clinical practice between hospi-
tals implementing the QuidelOrtho PIGF and Roche
tests. The populations were distinct as participants were
recruited from different maternity units, and, therefore,
this is not a direct comparison of PIGF versus sFlt-1/
PIGF testing. The COMPARE study?® demonstrated that
the area under the receiver operating curve is compa-
rable for all currently recommended PIGF-based tests
and small variations in sensitivity and specificity are likely
related to distinct thresholds. To date, there has not been
a direct comparison of the assays in a prospective study.

Perspectives

To our knowledge, the PARROT-2 trial was the first
randomized trial of repeat PIGF-based testing for sus-
pected preterm preeclampsia.: This planned secondary
analysis has stratified participants by initial PIGF-based
test category and by PIGF-based test type. This demon-
strates that there is no clinical benefit and significantly
increased preterm birth before 34 weeks of gestation,
associated with repeat testing in women with an initial
abnormal PIGF-based test. Contrary to published smaller
studies, we have demonstrated flat longitudinal sFit-1/
PIGF profiles in women with abnormal or very abnormal
initial results. There was no significant harm or benefit
associated with repeat testing in women with an initial
normal result; 30% to 40% of these women changed
the PIGF-based test category on repeat tests and 20%
developed preeclampsia, with a higher proportion in
symptomatic women.

At present, there are insufficient data to recom-
mend variable thresholds depending on ethnicity or
other maternal factors, and this was a trial of repeat
PIGF-based testing according to UK guidance with
recommended thresholds. However, we are planning to
investigate differences in PIGF thresholds according to
ethnicity in this large cohort. Future research should also
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include a cost-effectiveness analysis of repeat PIGF-
based testing. Evaluation of PIGF-based testing and
repeat PIGF-based testing in high-burden, low-income
settings is necessary; risk stratification and timely action
in women at high risk of adverse outcomes, including
appropriate iatrogenic preterm birth, may improve global
maternal and perinatal outcomes.

Conclusions

The results of this stratified analysis of the PARROT-2
trial emphasize that PIGF-based testing accurately
identifies a more severe phenotype of preeclampsia.
Exploratory analysis suggests there may be a place for
judicious repeat testing in women with an initial normal
test result, after at least 2 weeks from the initial test and
in women who present again with new symptoms and
signs of preeclampsia.
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