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The clinical utility of newly approved  
angiogenic markers for identifying  
patients at risk for adverse outcomes  
due to preeclampsia
Preeclampsia is one of the biggest clinical challenges in obstetric practice. 
A normal ratio of soluble fms-like tyrosine kinase-1 (sFlt-1) to placental 
growth factor (PlGF) identifies patients with a hypertensive disorder in 
pregnancy who are unlikely to progress to preeclampsia with severe 
features. An elevated sFlt-1/PlGF ratio identifies patients with a hypertensive 
disorder in pregnancy who are most likely to have adverse maternal and 
fetal outcomes. 

I n the United States there is an epi-
demic of hypertensive disorders 
in pregnancy, with 16% of preg-

nant people being diagnosed with 
preeclampsia, gestational hyper-
tension, chronic hypertension, pre-
eclampsia superimposed on chronic 
hypertension, HELLP, or eclampsia.1 
Preeclampsia with severe features 
increases the maternal risk for stroke, 
pulmonary edema, kidney injury, 
abruption, and fetal and maternal 
death. Preeclampsia also increases 
the fetal risk for growth restriction, 
oligohydramnios, and preterm birth. 

Angiogenic factors and 
the pathophysiology of 
preeclampsia—From 
bench to bedside
The pathophysiology of preeclamp-
sia is not fully characterized, but a 
leading theory is that placental isch-
emia causes increased placental pro-
duction of anti-angiogenesis factors 
and a decrease in placental produc-
tion of pro-angiogenesis factors.2-4 
Clinical studies support the theory 
that preeclampsia is associated with 
an increase in placental production 
of anti-angiogenesis factors, includ-
ing soluble fms-like tyrosine kinase 1 
(sFlt-1) and soluble endoglin, and a 
decrease in the placental production 
of pro-angiogenesis factors, includ-
ing placental growth factor (PlGF).5-15 

The US Food and Drug Adminis-
tration (FDA) has recently approved 
an assay for the measurement of sFlt-1 
(Brahms sFlt-1 Kryptor) and PlGF 
(Brahms sFlt-1 Kryptor) (Thermo 
Fisher Scientific; Waltham, Massa-
chusetts).16 This editorial focuses on 
the current and evolving indications 
for the measurement of sFlt-1 and 
PlGF in obstetric practice. 

FDA approval of a 
preeclampsia blood test
The FDA approval of the tests to 
measure sFlt-1 and PlGF is nar-
rowly tailored and focused on using 
the sFlt-1/PlGF ratio to assess the 
risk of progression to preeclampsia 
with severe features within 2 weeks 
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among hospitalized patients with a 
hypertensive disorder in pregnancy 
with a singleton pregnancy between 
23 weeks 0 days (23w0d) and 34w6d 
gestation.16 The test is meant to be 
used in conjunction with other labo-
ratory tests and clinical assessment. 
The FDA advises that the test results 
should not be used to diagnose pre-
eclampsia, nor should they be used 
to determine the timing of delivery 
or timing of patient discharge.16 The 
sFlt-1 and PIGF measurements are 
both reported as pg/mL, and the 
sFlt-1/PlGF ratio has no units. 

The FDA approval is based on 
clinical studies that demonstrate the 
effectiveness of the test in predict-
ing the progression of a hypertensive 
disorder in pregnancy to preeclamp-
sia with severe features within  
2 weeks of testing. In one study, the 
sFlt-1/PlGF ratio was measured in 
556 pregnant patients with a single-
ton pregnancy who were between 
23w0d and 34w6d gestation and 
hospitalized with a hypertensive 

disorder in pregnancy without 
severe features at study enrollment.15 
Those patients receiving intravenous 
heparin were excluded because of 
the effect of heparin on sFlt-1 lev-
els. Participants’ mean age was  
31.7 years, and their mean gesta-
tional age was 30w3d. The patients’ 
mean body mass index (BMI) 
was 34.2 kg/m2, with mean maxi-
mal blood pressure (BP) at enroll-
ment of 159 mm Hg systolic and  
95 mm Hg diastolic. 

In this cohort, 31% of enrolled 
patients progressed to preeclamp-
sia with severe features within  
2 weeks. At enrollment, the median 
sFlt-1/PlGF ratio was greater among 
the patients who progressed to pre-
eclampsia with severe features than 
among those who did not have pro-
gression to preeclampsia with severe 
features (291 vs 7). An elevated sFlt-1/
PlGF ratio (determined to be a ratio 
≥ 40) predicted that patients would 
progress to severe preeclampsia 
with severe features—with positive 

and negative predictive values of 
65% and 96%, respectively. Among 
the subgroup of patients with a his-
tory of chronic hypertension, an 
sFlt-1/PlGF ratio ≥ 40 had positive 
and negative predictive values of 
59% and 94%, respectively. Focus-
ing the analysis on patients who 
self-reported their race as Black, rep-
resenting 30% of the cohort, the posi-
tive and negative predictive values 
for a sFlt-1/PlGF ratio ≥ 40 were 66% 
and 99%, respectively.15 

Receiver-operating curve anal-
yses were used to compare the 
predictive performance of sFlt-1/
PlGF measurement versus stan-
dard clinical factors and standard 
laboratory results, including systolic 
and diastolic BP; levels of aspartate 
aminotransferase (AST), alanine 
aminotransferase (ALT), and cre-
atinine; and platelet count.15 The 
area under the curve for predicting 
progression to preeclampsia with 
severe features was much greater for 
the sFlt-1/PlGF test (0.92) than for  IL
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systolic (0.67) and diastolic BP (0.70), 
AST level (0.66), ALT level (0.61), 
creatinine level (0.65), and platelet 
count (0.57).15 These results dem-
onstrate that measuring sFlt-1/PlGF 
ratios is a much better way to predict 
the progression of preeclampsia to 
severe disease than measuring stan-
dard clinical and laboratory results. 

Patients with a sFlt-1/PlGF ratio  
≥ 40 had higher rates of adverse mater-
nal outcomes including severe hyper-
tension, abruption, stroke, eclampsia, 
pulmonary edema, thrombocytope-
nia, low platelets, and/or coagulation 
disorder, than those patients with 
a ratio < 40, (16.1% vs 2.8%, respec-
tively; relative risk [RR], 5.8; 95% con-
fidence interval [CI], 2.8 to 12.2).15 
Adverse fetal and neonatal out-
comes (including fetal death, small 
for gestational age and early delivery 
due to progression of disease) were 
more common among patients with 
a sFlt-1/PlGF ratio of ≥ 40 (80% vs 
26%; RR, 3.1; 95% CI, 2.5–3.8).15 Many 
other studies support the hypothesis 
that the sFlt-1/PlGF ratio is predic-
tive of adverse outcomes among 
patients with hypertensive disorders  
in pregnancy.6-15

Applying the bottom-line study 
findings. Patients with a hyperten-
sive disorder in pregnancy and a 
sFlt-1/PlGF ratio < 40 have a low risk 
of progressing to preeclampsia with 
severe features over the following 
2 weeks, with a negative predictive 
value of 96%. The remarkably high 
negative predictive value of a sFlt-1/
PlGF ratio < 40 will help obstetri-
cians generate a care plan that 
optimizes the use of limited health 
care resources. Conversely, about 
two-thirds of patients with a hyper-
tensive disorder in pregnancy and a 
sFlt-1/PlGF test ≥ 40 will progress to 
preeclampsia with severe features 
and may need to prepare for a pre-
term delivery. 

Clinical utility of the  
sFlt-1/PlGF ratio in 
obstetric triage
Measurement of the sFlt-1/PlGF ratio 
may help guide clinical care among 
patients referred to obstetric triage 
or admitted to the hospital for the 
evaluation of suspected preeclamp-
sia. In one study, 402 patients with a 
singleton pregnancy referred to the 
hospital for evaluation of suspected 
preeclampsia, had a standard evalu-
ation plus measurement of an sFlt-1/
PlGF ratio.13 The clinicians caring for 
the patients did not have access to 
the sFlt-1/PlGF test results. In this 
cohort, 16% of the patients developed 
preeclampsia with severe features 
in the 2 weeks following the initial 
assessment in triage. In this cohort, a 
normal sFlt-1/PlGF ratio reliably pre-
dicted which patients were not going 
to develop preeclampsia with severe 
features over the following 2 weeks, 
with a negative predictive value of 
98%. Among the patients with an ele-
vated sFlt-1/PlGF ratio, however, the 
positive predictive value of the test 
was 47% for developing preeclamp-
sia with severe features within the  
2 weeks following initial evaluation. 
Among patients < 34 weeks’ gesta-
tion, an elevated sFlt-1/PlGF ratio 
had a positive predictive value of 65%, 
and a negative predictive value of 
98%. Other studies also have reported 
that the sFlt-1/PlGF ratio is of value 
for assessing the risk for progression 
to preeclampsia with severe features 
in patients being evaluated for sus-
pected preeclampsia.6,17,18 

In obstetric triage, it is diffi-
cult to predict the clinical course of 
patients referred for the evaluation 
of suspected preeclampsia based on 
BP measurements or standard labo-
ratory tests. The sFlt-1/PlGF test will 
help clinicians identify patients at 
low and high risk of progressing to 
preeclampsia with severe features.19 

Patients with a normal sFlt-1/PlGF 
test are at low risk of developing 
preeclampsia with severe features 
over the following 2 weeks. Patients 
with an elevated sFlt-1/PlGF test are 
at higher risk of progressing to pre-
eclampsia with severe features and 
may warrant more intensive obstet-
ric care. An enhanced care program 
might include:
• patient education
• remote monitoring of BP or hospi-

talization
• more frequent assessment of fetal 

well-being and growth
• administration of glucocorticoids 

to advance fetal maturity, if indi-
cated by the gestational age. 

Twin pregnancy 
complicated by 
preeclampsia
Twin pregnancy is associated with a 
high risk of developing preeclamp-
sia and fetal growth restriction. For 
patients with a twin pregnancy and 
a hypertensive disorder in preg-
nancy, an elevated sFlt-1/PlGF ratio 
is associated with the need for deliv-
ery within 2 weeks and an increased 
rate of adverse maternal and neo-
natal outcomes. In a retrospective 
study involving 164 patients with 
twin pregnancy first evaluated for 
suspected preeclampsia at a median 
gestational age of 33w4d, the sFlt-1/
PlGF ratio was positively correlated 
with progression of preeclampsia 
without severe features to severe 
features within 2 weeks.20 In this 
cohort, at the initial evaluation for 
suspected preeclampsia, the sFlt-1/
PlGF ratio was lower among patients 
who did not need delivery within 
2 weeks compared with those who 
were delivered within 2 weeks, 24 
versus 84 (P<.001). The mean sFlt-1/
PlGF ratio was 99 among patients 
who needed delivery within 1 week 
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following the initial evaluation for 
suspected preeclampsia. Among 
patients who delivered within 1 week 
of presentation, the reasons for deliv-
ery were the development of severe 
hypertension, severe dyspnea, pla-
cental abruption, rising levels of 
serum liver function enzymes, and/
or onset of the HELLP syndrome. 

An important finding in this 
study is that a normal sFlt-1/PlGF 
ratio predicted that the patient 
would not need delivery within  
2 weeks, with a negative predic-
tive value of 96%. Other studies 
also have reported that an elevated 
sFlt-1/PlGF ratio in twin pregnan-
cies is associated with an increased 
risk of adverse outcomes and early 
delivery.21-23 An adequately powered 
multicenter study of twin pregnan-
cies is needed to identify the sFlt-1/

PlGF ratio associated with the great-
est combined negative and positive 
predictive values. 

The sFlt-1/PlGF test  
is a welcome addition  
to OB care
FDA approval of laboratory tests to 
measure circulating levels of sFlt-1 and 
PlGF will advance obstetric practice by 
identifying patients with a hyperten-
sive disorder in pregnancy who are at 
low and high risk of developing pre-
eclampsia with severe features within 
2 weeks of the test. No laboratory test 
can replace the clinical judgment of 
obstetricians who are responsible for 
balancing the maternal and fetal risks 
that can occur in the management 
of a patient with a hypertensive dis-
order in pregnancy. The sFlt-1/PlGF 

ratio is highly dependable for identi-
fying those patients with a hyperten-
sive disorder in pregnancy who will 
not progress to severe disease within  
2 weeks. The sFlt-1/PlGF ratio also 
identifies those patients with pre-
eclampsia who are most likely to have 
adverse maternal and neonatal out-
comes. The patients with an elevated 
sFlt-1/PlGF ratio may need more 
intensive antenatal care and consid-
eration for transfer to a health system 
with a higher level of maternal and 
neonatal services. The sFlt-1/PlGF test 
is a welcome addition to obstetric care 
because it will improve the precision of 
our management of pregnant patients  
with hypertension. ●
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