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CONTRIBUTION  

What are the novel findings of this work?  

Our findings underline a potential benefit of longitudinal maternal serum angiogenic marker 

assessment in the prediction of adverse maternal and perinatal outcomes compared to 

standard surveillance strategies in pregnancies with confirmed pre-eclampsia. 

What are the clinical implications of this work? 

Post-diagnosis longitudinal angiogenic marker assessment might be beneficial compared to 

conventional laboratory parameters alone for predicting both maternal and perinatal adverse 

outcomes in pregnancies with pre-eclampsia. Surveillance strategies in women with confirmed 

pre-eclampsia potentially benefit from the inclusion of longitudinal angiogenic marker 

assessment.  
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ABSTRACT 

Objectives: Angiogenic marker assessment such as the ratio of soluble fms-like tyrosine 

kinase 1 (sFlt-1) to placental growth factor (PlGF), is known to be a useful tool in the prediction 

of pre-eclampsia. However, evidence on surveillance strategies in pregnancies with pre-

eclampsia diagnosis is lacking. Therefore, we aimed to assess the predictive performance of 

longitudinal maternal serum angiogenic marker assessment for adverse maternal and 

perinatal outcomes compared to standard laboratory parameters in pregnancies with 

confirmed pre-eclampsia. 

Methods: This was a retrospective analysis of prospectively collected data from January 2013 

to December 2020 at the Medical University of Vienna. The inclusion criteria were singleton 

pregnancies with confirmed pre-eclampsia and post-diagnosis maternal serum angiogenic 

marker assessment in at least two time points. The primary outcome was the predictive 

performance of longitudinal sFlt-1 and PlGF assessment for adverse maternal and perinatal 

outcomes compared to longitudinal conventional laboratory monitoring measured at the same 

time as the angiogenic markers in pregnancies with confirmed pre-eclampsia. Composite 

maternal adverse outcomes included intensive care unit (ICU) admission, pulmonary edema, 

eclampsia, and death. Composite adverse perinatal outcomes included stillbirth, neonatal 

death, placental abruption, neonatal intensive care unit (NICU) admission, intraventricular 

hemorrhage, necrotizing enterocolitis, respiratory distress syndrome, and mechanical 

ventilator support. 

Results: In total 885 post-diagnosis sFlt-1/PlGF ratio measurements were taken from 323 

pregnant women with confirmed pre-eclampsia. For composite maternal adverse outcome, 

the highest stand-alone predictive accuracy was obtained using maternal serum sFlt-1/PlGF 

ratio (AUROC 0.72, 95% CI 0.62–0.81), creatinine (AUROC 0.71, 95% CI 0.62–0.81), and 

lactate dehydrogenase (LDH) levels (AUROC 0.73, 95% CI 0.65–0.81). Maternal platelet 

levels (AUROC 0.65, 95% CI 0.55–0.74), serum alanine transaminase (ALT) (AUROC 0.59, 
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95% CI 0.49–0.69) and aspartate aminotransferase (AST) (AUROC 0.61, 95% CI 0.51–0.71) 

levels had poor stand-alone predictive accuracy. The best prediction model consisted of a 

combination of maternal serum LDH, creatinine levels and sFlt-1/PlGF ratio, which had an 

AUROC of 0.77 (95% CI 0.68–0.85), significantly higher than sFlt-1/PlGF ratio alone 

(P=0.037). For composite perinatal adverse outcome, the highest stand-alone predictive 

accuracy was obtained using maternal serum sFlt-1/PlGF ratio (AUROC 0.82, 95% CI 0.75–

0.89) and creatinine (AUROC 0.74, 95% CI 0.67–0.80) levels, while sFlt-1/PlGF ratio was 

superior to creatinine alone (P<0.001). Maternal serum LDH levels (AUROC 0.65, 95% CI 

0.53–0.74), platelet count (AUROC 0.57, 95% CI 0.44–0.67), ALT (AUROC 0.58, 95% CI 

0.48–0.67) and AST (AUROC 0.58, 95% CI 0.48–0.67) levels had poor stand-alone predictive 

accuracy. No combination of biomarkers was superior to maternal serum sFlt-1/PlGF ratio 

alone for composite perinatal adverse outcome (P>0.05 for all). 

Conclusions: Longitudinal maternal serum angiogenic marker assessment is a good 

predictor of adverse maternal and perinatal outcomes and superior to some of the 

conventional laboratory parameters in pregnancies with pre-eclampsia. More studies should 

focus on the optimal surveillance following the diagnosis of pre-eclampsia. 
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INTRODUCTION 

Pre-eclampsia is a multi-system pregnancy-specific disorder, affecting 2-8% of pregnancies, 

associated with hypertension and end-organ dysfunction. It remains to be one of the leading 

causes of maternal and perinatal morbidity and mortality worldwide1. Recently, angiogenic 

marker assessment has revolutionized the prediction and diagnosis of hypertensive disorders 

of pregnancy (HDP)2-18 and has been recommended as a useful tool in several international 

guidelines19-21. Compared with conventional diagnostic methods such as blood pressure 

measurement and assessment of proteinuria, angiogenic markers show superior predictive 

accuracy for adverse outcomes in pregnancies complicated by pre-eclampsia15,22-31.  

Published studies have demonstrated that a maternal serum soluble fms-like tyrosine kinase 

1 to placental growth factor (sFlt-1/PlGF) ratio between 38 and 85, in a cohort of women with 

suspected pre-eclampsia, indicates a higher risk of developing pre-eclampsia later in 

pregnancy, so re-testing two to three weeks after the initial assessment is advised in this 

cohort32.  

However, the value of repeat assessment of the maternal serum sFlt-1/PlGF ratio in pregnant 

women with an established diagnosis of pre-eclampsia is yet to be determined and information 

on the timing and frequency of testing is currently lacking. Recommendations on surveillance 

strategies in women with diagnosed pre-eclampsia involve laboratory parameters suggestive 

of end-organ damage such as liver transaminases, creatinine and platelets19,33,34. 

Unfortunately, their predictive performance for adverse pregnancy outcomes in women 

affected by pre-eclampsia is either uncertain or poor22.   

According to current guidelines, angiogenic marker assessment is not part of surveillance 

protocols in women with an established diagnosis of pre-eclampsia to date19,33,34, even though 

it can be hypothesized it might be beneficial according to current data on the predictive 

performance of the sFlt-1/PlGF ratio for adverse maternal and perinatal outcomes35-38. 
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Therefore, the aim of this study was to evaluate the prognostic and additive value of repeat 

assessment of maternal serum sFlt-1/PlGF ratio in women with an established clinical 

diagnosis of pre-eclampsia compared to routine laboratory assessment. 
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METHODS 

This was a retrospective analysis of prospectively routinely collected data recorded in an 

electronic database (Viewpoint 5.6.8.428, Wessling, Germany) between January 2013 and 

December 2020. The local research ethics committee of the Medical University of Vienna 

approved the study (approval number 1882/2018) and advised that written informed consent 

was not required from study participants.   

Inclusion criteria were singleton pregnancies and confirmed diagnosis of pre-eclampsia. 

Those women, who had a history of cardiac disease, chronic kidney disease, pregnancies 

with aneuploidy, genetic syndromes or major structural fetal anomalies were excluded. 

Women, who did not deliver at the Department of Obstetrics and Fetomaternal Medicine at 

the Medical University of Vienna were also excluded due to missing perinatal and neonatal 

outcome parameters.  

As part of the routine assessment in women with pre-eclampsia a blood sample was taken by 

venipuncture and stored in a collection tube without anticoagulant to analyze maternal serum 

levels of sFlt-1, PlGF and their ratio. The angiogenic marker concentrations were assessed in 

parallel by commercially available fully automated assays on Elecsys® (Roche Diagnostics, 

Penzberg, Germany) platform. The analysis was undertaken by biomedical technicians who 

were blinded to all clinical details, but the results were available to healthcare professionals. 

Testing was generally repeated 48 hours after first assessment and according to the patient’s 

clinical presentation and clinicians’ medical evaluation afterwards. The number of sFlt-1/PlGF 

assessments was not fixed ranging from 2-4 assessments with a median of 3 assessments. 

Pre-eclampsia and superimposed pre-eclampsia were defined according to the revised criteria 

of the International Society for the Study of Hypertension in Pregnancy (ISSHP) in 201834. 

This required high blood pressure (systolic blood pressure ≥140 mmHg and/or diastolic blood 

pressure ≥90 mmHg) either predating pregnancy or recognized prior to 20 weeks of gestation 

(for superimposed pre-eclampsia) or after 20 weeks of gestation (for pre-eclampsia). The 
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diagnosis of pre-eclampsia and superimposed pre-eclampsia was made when one or more of 

the following features of pre-eclampsia were present: new-onset significant proteinuria, acute 

kidney injury (creatinine >1mg/dL), elevated liver enzymes (transaminase levels >40 IU/L), 

low platelet count (<150.000/μL), or neurological symptoms of pre-eclampsia (i.e. persistent 

visual scotomata, altered mental status, blindness, stroke, hyperreflexia accompanied by 

clonus, severe headaches accompanied by hyperreflexia or eclampsia). Significant 

proteinuria was diagnosed with either protein/creatinine ratio (PCR) of ≥30mg/mmol or 

≥300mg protein excretion in 24 hours. Hemolysis, Elevated Liver enzymes, Low Platelets 

(HELLP) syndrome were defined as increased transaminases (aspartate aminotransferase 

and alanine aminotransferase concentrations more than twice the upper reference interval), 

reduced platelet count (<100,000/μL) plus at least one hemolysis criterion (increased lactate 

dehydrogenase concentration more than twice the upper reference interval or serum indirect 

bilirubin concentration > 1.2 mg/dL or reduced serum haptoglobin concentration < 0.3 g/L). 

Pre-eclampsia and superimposed pre-eclampsia were not diagnosed solely on the basis of 

worsening of hypertension or presence of fetal growth restriction (FGR).  

The primary outcome was the utility of angiogenic markers for the prediction of adverse 

maternal and perinatal outcomes as well as the additive value of angiogenic marker 

assessment compared to conventional laboratory monitoring in women with pre-eclampsia 

after the diagnosis has been established. Composite maternal adverse outcomes included 

intensive care unit (ICU) admission, which was due to severe hypertension with the need of 

continuous blood pressure monitoring, liver dysfunction defined as elevated liver enzymes 

with transaminase levels twice the upper limit of normal21 or acute kidney injury determined 

as creatinine of >1.0 mg/dL21, pulmonary edema, eclampsia, and death. Composite adverse 

perinatal outcomes included stillbirth, neonatal death, intraventricular hemorrhage, 

retinopathy of prematurity and necrotizing enterocolitis. Pregnancies were delivered in case 

of severe hypertension (≥160/110mmHg) despite two types of antihypertensive drugs in 

appropriate doses, progressive thrombocytopenia, severe dyspnea, liver dysfunction, acute 
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kidney injury, HELLP syndrome, placental abruption or fetal compromise (abnormal fetal 

Doppler or abnormal cardiotocography). Pregnancies affected by growth restriction prior to 32 

weeks of gestation were managed according to the criteria of the TRUFFLE study protocol39. 

After 32 weeks growth restricted fetuses were delivered for reverse flow in the umbilical artery 

and for zero flow in the umbilical artery after 34 weeks of gestation. For abnormalities in the 

cerebroplacental ratio (CPR), the delivery decision was based on the clinicians. 

Statistical analysis  

The longitudinal change in laboratory values was modeled using linear mixed-effects 

regression. Intercepts were allowed to vary between individuals and slopes were allowed to 

vary between different time points. The change in laboratory variables with time was modeled 

using piecewise polynomials (fourth order cubic B-splines) for gestational age to allow for non-

linear change trajectories. Interaction term for the variance-covariance structure of random 

effects were assumed to be constant across the subjects. Regression diagnostics were 

performed for each model to test the normality of residuals, points of high leverage, normality 

of random effects, and constant variance of residuals.  To assess the predictive capabilities 

of each laboratory variable, random effects from each model were extracted and their 

association with composite adverse outcomes was tested with logistic regression models. 

Predictive capabilities were assessed using the area under the receiver operating 

characteristics curve (AUROC). AUROC values were compared with De Long’s test. P-values 

<0.05 were considered statistically significant. All analyses were conducted in R for Statistical 

Computing Software (v4.0.3) using `lme4` and `pROC` packages.  
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RESULTS 

A total of 885 post-diagnosis sFlt1/PlGF ratio measurements were taken from 323 pregnant 

individuals with pre-eclampsia. The median gestational age at diagnosis was 34.0 weeks and 

at birth 35.3 weeks. The gestation at diagnosis was prior to 32 weeks’ gestation in 37.8% of 

all cases, while 38.4% were diagnosed between 32- and 37-weeks’ gestation, with 23.8% 

were diagnosed after 37 weeks’ gestation. Histograms showing the distribution of gestational 

ages at sampling and delivery are available in Figure S1.  

The median follow-up duration was 5 (interquartile range, 2-11) days, and the median number 

of repeat measurements was 3 (interquartile range, 2-4). The rate of composite maternal 

adverse outcomes in women with pre-eclampsia was 11.4% (37/323) and the rate of 

composite perinatal outcomes was 14.6% (47/323). Baseline and birth characteristics of 

pregnancies included in the study, stratified by composite adverse outcome type, are 

summarized in Table 1 and Table 2. Reasons for delivery (maternal, fetal and both) are 

displayed in Table S3. The longitudinal change in laboratory variables is depicted visually with 

spaghetti plots (Figure 1: adverse maternal; Figure 2: adverse perinatal).  

Maternal adverse outcomes 

Women with composite adverse maternal outcome were significantly younger (30.0 vs 33.0 

years, P=0.006), had similar nulliparity rate (P=0.330) and body mass index (BMI) (P=0.946) 

compared to those without composite adverse maternal outcome. Presenting symptoms of 

pre-eclampsia were similar between the groups except for epigastric pain, which was more 

common in women who developed composite adverse outcome (16% vs. 8%) but the 

difference did not reach statistical significance threshold (P=0.082). Laboratory abnormalities 

at any time before birth were quite prevalent in both groups, but significantly more common in 

women with adverse outcomes (Table 1). However, none of the differences in these laboratory 

markers reached statistical significance apart from abnormal sFlt-1/PlGF ratio (91.9% vs 

77.6%, P=0.043) (Table 1). The gestational age at diagnosis (28.4 vs 33.8 weeks, P=0.001) 
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and birth (29.6 vs 35.6 weeks, P<0.001) were significantly earlier in women with adverse 

maternal outcomes compared to those without.  

Mixed-effects regression results showing the association of laboratory variables with maternal 

adverse outcomes are available in Table S1.  

For composite maternal adverse outcome, the highest stand-alone predictive performance 

was obtained using maternal serum sFlt-1/PlGF ratio (AUROC 0.72, 95% CI 0.62–0.81), 

creatinine (AUROC 0.71, 95% CI 0.62–0.81), and LDH levels (AUROC 0.73, 95% CI 0.65–

0.81) (Table 3). Maternal platelet levels (AUROC 0.65, 95% CI 0.55–0.74), serum ALT 

(AUROC 0.59, 95% CI 0.49–0.69) and AST (AUROC 0.61, 95% CI 0.51–0.71) levels had poor 

stand-alone predictive accuracy. The best prediction model consisted of a combination of 

maternal serum LDH, creatinine levels and sFlt-1/PlGF ratio, which had an AUROC of 0.77 

(95% CI 0.68–0.85), significantly higher than sFlt-1/PlGF ratio alone (P=0.037) (Figure 1). 

Perinatal adverse outcomes 

Women with composite adverse perinatal outcome were of similar age (P=0.167), had similar 

nulliparity rate (P=0.322) and BMI (P=0.341) compared to those without composite perinatal 

adverse outcome. The presenting symptoms of pre-eclampsia were also similar between the 

groups (P>0.05 for all, Table 2). Laboratory abnormalities at any time before birth were 

prevalent in both groups, but significantly more common in pregnancies with composite 

adverse perinatal outcome (Table 1). However, none of the differences in these markers 

reached statistical significance except for abnormal maternal serum sFlt-1/PlGF ratio (95.7% 

vs 76.4%, P=0.002), LDH (40% vs. 21%, P=0.003) and thrombocytopenia (21% vs 8%, 

P=0.004). The gestational age at diagnosis (26.7 vs 34.1 weeks, P<0.001) and birth (28.0 vs 

36.1 weeks, P<0.001) were significantly earlier in women with adverse perinatal outcomes 

compared to those without.  
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Mixed-effects regression results showing the association of laboratory variables with perinatal 

adverse outcomes is available in Table S2. 

For composite perinatal adverse outcomes, the highest stand-alone predictive performance 

was obtained using maternal serum sFlt-1/PlGF ratio (AUROC 0.82, 95% CI 0.75–0.89) and 

creatinine (AUROC 0.74, 95% CI 0.67–0.80) levels, while sFlt-1/PlGF ratio was superior to 

creatinine alone (P<0.001) (Table 3). Maternal serum LDH levels (AUROC 0.65, 95% CI 0.53–

0.74), platelet count (AUROC 0.57, 95% CI 0.44–0.67), ALT (AUROC 0.58, 95% CI 0.48–

0.67) and AST (AUROC 0.58, 95% CI 0.48–0.67) levels had poor stand-alone predictive 

capabilities. No combination of biomarkers was superior to maternal serum sFlt-1/PlGF ratio 

alone (P>0.05 for all) (Figure 2). 

There was no significant difference between maternal serum sFlt-1/PlGF ratio and PlGF alone 

in terms of predicting composite perinatal adverse outcomes (AUC 0.82 vs 0.81, respectively, 

P=0.412) and composite maternal adverse outcomes (AUC 0.72 vs 0.69, P=0.102). 
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DISCUSSION 

Principal findings 

Our study demonstrates moderate accuracy of repeat maternal serum angiogenic marker 

assessment in predicting composite adverse maternal and perinatal outcomes in singleton 

pregnancies with confirmed pre-eclampsia. Repeat measurements of maternal serum sFlt-

1/PlGF ratio, in addition to some of the standard laboratory assessment, significantly improved 

the predictive accuracy for composite adverse maternal outcomes while angiogenic markers 

alone were best for predicting adverse perinatal outcomes. Maternal serum sFlt-1/PlGF, 

creatinine and LDH levels combined had the best predictive performance for composite 

adverse maternal adverse outcome compared to any other laboratory parameters 

combination. Predictive performance of platelets, AST and ALT was poor.   

Comparison with the existing literature 

Recently, maternal serum angiogenic marker imbalance has been acknowledged in several 

international guidelines as a criterion for diagnosis of pre-eclampsia. Moreover, the maternal 

serum sFlt-1/PlGF ratio has been shown to be an important tool not only for the diagnosis of 

pre-eclampsia in women with suspected pre-eclampsia, but also in the prognosis of the 

disease such as estimating the time until delivery and prediction of adverse maternal and 

perinatal adverse outcomes2,3,6,7,36,40,41. Repeated assessment of the ratio is advised in women 

with suspected pre-eclampsia with a ratio between 38 and 85 or 110 after 34 weeks’ gestation, 

respectively, as well as for the surveillance of high-risk cohorts such as women with chronic 

hypertension7,32. Data on repeated angiogenic marker assessment in the surveillance of 

pregnancies with confirmed pre-eclampsia are lacking. 

Lately, prognostic models such as Pre-eclampsia Integrated Estimate of Risk (PIERS), 

Prediction of Risks in early- onset Pre-eclampsia (PREP) or models using machine learning 

approaches, that include laboratory parameters used in pre-eclampsia surveillance, were 
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developed to guide clinical decision making and avoid adverse outcomes in women with early 

onset pre-eclampsia25,42,43. However, data comparing standard pre-eclampsia surveillance 

including the well-established models (fullPIERS and PREP) and angiogenic marker 

assessment are scarce.  

Recently, Reddy et al35 evaluated the predictive performance of the sFlt-1/PlGF ratio for 

adverse maternal and perinatal outcomes in combination with cardiovascular, fetal and 

placental indices in 123 women with suspected and confirmed pre-eclampsia. The ratio 

performed well for the prediction of adverse perinatal outcome, consistent with the findings of 

the present study, but failed to be predictive of adverse maternal outcome. This might be due 

to intervention bias and delivery before the onset of maternal adverse events, the lack of 

repeated angiogenic marker assessment or the smaller number of women evaluated in this 

cohort. 

Peguero et al44 conducted a prospective cohort study including 63 women with confirmed 

early-onset pre-eclampsia, evaluating the predictive performance of longitudinal angiogenic 

marker assessment for time to delivery and adverse outcome. In this study 26 women (41.3%) 

developed a complication that was predicted in 6.2% by the standard risk score and sFlt-1 at 

the time of hospital admission. Prediction was improved to 25.3% when longitudinal sFlt-1 

assessment was added. Interestingly, maternal serum sFlt- 1 levels alone showed better 

performance than PlGF or the ratio in this cohort, which could be due to the fact that only 

women with severe early-onset pre-eclampsia were included. Maternal serum sFlt-1 has been 

shown to be the main cause of endothelial dysfunction in this cohort driving disease severity, 

this is in contrast to our findings, that demonstrate better predictive performance using the 

ratio compared to sFlt-1 and PlGF alone. This finding might be explained by the cohort of 

women with both early and late onset pre-eclampsia included in this study. The full-PIERS 

group45 also evaluated their model regarding PlGF assessment and prediction of adverse 

outcome but could not demonstrate improved performance of their model when maternal 

serum PlGF was added. This was explained by intervention bias, as expectant management 
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was not the preferred strategy of care in this cohort. Furthermore, maternal serum PlGF levels 

were not assessed longitudinally as they were in our study. 

Suresh et al36 demonstrated that an elevated sFlt-1/PlGF ratio >85 best predicted adverse 

maternal outcomes at triage in women with suspected pre-eclampsia. In contrast to our 

findings sFlt-1/PlGF failed to improve diagnostic test value for fetal adverse events in women 

with confirmed PE, which might be due to the small number of fetal adverse events, to the 

smaller proportion of women presenting with an sFlt-1/PlGF ratio >85 (17%) or lack of 

longitudinal assessment in their cohort.  

Recently, Schmidt et al41 evaluated a machine learning based approach including standard 

laboratory parameters and sFlt-1/PlGF for their predictive performance of adverse outcomes 

in women with suspected pre-eclampsia. In line with our findings, high accuracy, sensitivity 

and PPV for the prediction of adverse outcome could be reached using this model, underlining 

the added value of angiogenic marker assessment in this population. Furthermore, the ratio 

also performed well in a machine learning model designed to predict delivery within 7 days 

after diagnosis of early onset pre-eclampsia as shown by Villalain et al43.  

Clinical and research implications 

Current guidelines do not include angiogenic marker assessment for the surveillance of 

pregnancies with an established diagnosis of pre-eclampsia, even though the predictive 

performance of standard laboratory parameter assessment alone seems poor22.  

Recent studies together with our work, suggest good predictive performance of the maternal 

serum sFlt-1/PlGF ratio for adverse maternal and perinatal outcomes and challenge the 

current concept of pre-eclampsia surveillance35,36,41,44. Hence, our data add to the existing 

body of literature that longitudinal angiogenic marker assessment is useful for the prediction 

of both maternal and perinatal adverse pregnancy outcomes in the post diagnosis 
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surveillance. Data on longitudinal angiogenic marker assessment for pre-eclampsia 

surveillance should be further studied in a prospective, preferentially in a blinded setting. 

Strengths and limitations 

This is a large cohort comparing repeat angiogenic marker assessment in the surveillance of 

pregnancies with confirmed pre-eclampsia with routine laboratory assessment. Our study, in 

contrast to the existing literature, does not focus exclusively on women with early-onset severe 

pre-eclampsia but also includes women with late-onset pre-eclampsia, underlining the clinical 

relevance of this data. 

This study has some limitations. Clinicians were not blinded to the results of angiogenic marker 

assessment and therefore intervention bias cannot be ruled out completely. However, there 

are no international guidelines or an institutional protocol in place recommending delivery due 

to an increase in maternal serum angiogenic markers only. Neither are there any international 

recommendations on longitudinal maternal serum angiogenic marker assessment. However, 

any bias in that aspect would have a negative impact on the predictive capabilities of 

angiogenic markers for maternal adverse outcomes. A delivery earlier than what would be 

indicated by standard laboratory assessment would constitute intervention bias and would 

appear as false positives because earlier delivery would have prevented the adverse maternal 

eventuality. However, this does not hold true for adverse perinatal outcomes as earlier delivery 

is often connected to prematurity and complications resulting from it. Moreover, this sort of 

bias applies to all markers assessed in this study and each one of them would be affected to 

a similar degree allowing for a direct comparison between them, which was our main aim.  

Conclusion  

Longitudinal maternal serum angiogenic marker assessment improves the predictive potential 

for adverse perinatal outcomes in singleton pregnancies with confirmed pre-eclampsia and 

might also be beneficial to predict adverse maternal outcomes, compared to established 
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laboratory assessment routines alone. Pre-eclampsia surveillance and management protocols 

may benefit from incorporating maternal serum angiogenic marker imbalance, in order to 

improve our ability to identify those destined to develop adverse outcomes.   

 

  

 14690705, ja, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1002/uog.26276 by St G

eorge'S U
niversity O

f L
ondon, W

iley O
nline L

ibrary on [11/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



  

REFERENCES 

1. Say L, Chou D, Gemmill A, Tuncalp O, Moller AB, Daniels J, Gulmezoglu AM, 

Temmerman M, Alkema L. Global causes of maternal death: a WHO systematic analysis. 

Lancet Glob Health 2014;2:e323-33. 

2. Zeisler H, Hund M, Verlohren S. The sFlt-1:PlGF Ratio in Women with Suspected 

Preeclampsia. N Engl J Med 2016;374:1785-6. 

3. Zeisler H, Llurba E, Chantraine F, Vatish M, Staff AC, Sennstrom M, Olovsson M, 

Brennecke SP, Stepan H, Allegranza D, Dilba P, Schoedl M, Hund M, Verlohren S. Predictive 

Value of the sFlt-1:PlGF Ratio in Women with Suspected Preeclampsia. N Engl J Med 

2016;374:13-22. 

4. Verlohren S, Droge LA. The diagnostic value of angiogenic and antiangiogenic factors 

in differential diagnosis of preeclampsia. Am J Obstet Gynecol 2020. 

5. Verlohren S, Herraiz I, Lapaire O, Schlembach D, Moertl M, Zeisler H, Calda P, 

Holzgreve W, Galindo A, Engels T, Denk B, Stepan H. The sFlt-1/PlGF ratio in different types 

of hypertensive pregnancy disorders and its prognostic potential in preeclamptic patients. Am 

J Obstet Gynecol 2012;206:58 e1-8. 

6. Binder J, Palmrich P, Kalafat E, Pateisky P, Ozturk E, Mittelberger J, Khalil A. 

Prognostic Value of Angiogenic Markers in Pregnant Women With Chronic Hypertension. J 

Am Heart Assoc 2021;10:e020631. 

7. Binder J, Kalafat E, Palmrich P, Pateisky P, Khalil A. Angiogenic markers and their 

longitudinal change for predicting adverse outcomes in pregnant women with chronic 

hypertension. Am J Obstet Gynecol 2021;225:305 e1- e14. 

8. Binder J, Kalafat E, Palmrich P, Pateisky P, Khalil A. Should angiogenic markers be 

included in the diagnostic criteria of superimposed pre-eclampsia in women with chronic 

hypertension? Ultrasound Obstet Gynecol 2021. 

9. Tsiakkas A, Mendez O, Wright A, Wright D, Nicolaides KH. Maternal serum soluble 

fms-like tyrosine kinase-1 at 12, 22, 32 and 36 weeks' gestation in screening for pre-

eclampsia. Ultrasound Obstet Gynecol 2016;47:478-83. 

10. Wright D, Krajewska K, Bogdanova A, Wright A, Nicolaides KH. Maternal serum 

soluble fms-like tyrosine kinase-1 at 22 and 32 weeks in the prediction of pre-eclampsia. 

Ultrasound Obstet Gynecol 2016;47:755-61. 

11. Andrietti S, Silva M, Wright A, Wright D, Nicolaides KH. Competing-risks model in 

screening for pre-eclampsia by maternal factors and biomarkers at 35-37 weeks' gestation. 

Ultrasound Obstet Gynecol 2016;48:72-9. 

 14690705, ja, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1002/uog.26276 by St G

eorge'S U
niversity O

f L
ondon, W

iley O
nline L

ibrary on [11/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



  

12. Litwinska M, Litwinska E, Astudillo A, Syngelaki A, Wright A, Nicolaides KH. 

Stratification of pregnancy care based on risk of pre-eclampsia derived from biophysical and 

biochemical markers at 19-24 weeks' gestation. Ultrasound Obstet Gynecol 2021;58:360-8. 

13. Khalil A, Maiz N, Garcia-Mandujano R, Penco JM, Nicolaides KH. Longitudinal 

changes in maternal serum placental growth factor and soluble fms-like tyrosine kinase-1 in 

women at increased risk of pre-eclampsia. Ultrasound Obstet Gynecol 2016;47:324-31. 

14. Duhig KE, Myers JE, Gale C, Girling JC, Harding K, Sharp A, Simpson NAB, Tuffnell 

D, Seed PT, Shennan AH, Chappell LC. Placental growth factor measurements in the 

assessment of women with suspected Preeclampsia: A stratified analysis of the PARROT trial. 

Pregnancy Hypertens 2021;23:41-7. 

15. Chappell LC, Duckworth S, Seed PT, Griffin M, Myers J, Mackillop L, Simpson N, 

Waugh J, Anumba D, Kenny LC, Redman CW, Shennan AH. Diagnostic accuracy of placental 

growth factor in women with suspected preeclampsia: a prospective multicenter study. 

Circulation 2013;128:2121-31. 

16. Perni U, Sison C, Sharma V, Helseth G, Hawfield A, Suthanthiran M, August P. 

Angiogenic factors in superimposed preeclampsia: a longitudinal study of women with chronic 

hypertension during pregnancy. Hypertension 2012;59:740-6. 

17. Verlohren S, Brennecke SP, Galindo A, Karumanchi SA, Mirkovic LB, Schlembach D, 

Stepan H, Vatish M, Zeisler H, Rana S. Clinical interpretation and implementation of the sFlt-

1/PlGF ratio in the prediction, diagnosis and management of preeclampsia. Pregnancy 

Hypertens 2022;27:42-50. 

18. Droge LA, Perschel FH, Stutz N, Gafron A, Frank L, Busjahn A, Henrich W, Verlohren 

S. Prediction of Preeclampsia-Related Adverse Outcomes With the sFlt-1 (Soluble fms-Like 

Tyrosine Kinase 1)/PlGF (Placental Growth Factor)-Ratio in the Clinical Routine: A Real-World 

Study. Hypertension 2021;77:461-71. 

19. Hypertensive Schwangerschaftserkrankungen: Diagnostik und Therapie. AWMF 

guideline 2019. 

20. Kmietowicz Z. NICE recommends four tests to help diagnose pre-eclampsia. BMJ 

2022;376:o795. 

21. Magee LA, Brown MA, Hall DR, Gupte S, Hennessy A, Karumanchi SA, Kenny LC, 

McCarthy F, Myers J, Poon LC, Rana S, Saito S, Staff AC, Tsigas E, von Dadelszen P. The 

2021 International Society for the Study of Hypertension in Pregnancy classification, diagnosis 

& management recommendations for international practice. Pregnancy Hypertens 

2022;27:148-69. 

22. Thangaratinam S, Ismail KM, Sharp S, Coomarasamy A, Khan KS, Tests in Prediction 

of Pre-eclampsia Severity review g. Accuracy of serum uric acid in predicting complications of 

pre-eclampsia: a systematic review. BJOG 2006;113:369-78. 

 14690705, ja, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1002/uog.26276 by St G

eorge'S U
niversity O

f L
ondon, W

iley O
nline L

ibrary on [11/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



  

23. Thangaratinam S, Gallos ID, Meah N, Usman S, Ismail KM, Khan KS, Group TR. How 

accurate are maternal symptoms in predicting impending complications in women with 

preeclampsia? A systematic review and meta-analysis. Acta Obstet Gynecol Scand 

2011;90:564-73. 

24. Thangaratinam S, Coomarasamy A, O'Mahony F, Sharp S, Zamora J, Khan KS, Ismail 

KM. Estimation of proteinuria as a predictor of complications of pre-eclampsia: a systematic 

review. BMC Med 2009;7:10. 

25. Thangaratinam S, Allotey J, Marlin N, Mol BW, Von Dadelszen P, Ganzevoort W, 

Akkermans J, Ahmed A, Daniels J, Deeks J, Ismail K, Barnard AM, Dodds J, Kerry S, Moons 

C, Riley RD, Khan KS. Development and validation of Prediction models for Risks of 

complications in Early-onset Pre-eclampsia (PREP): a prospective cohort study. Health 

Technol Assess 2017;21:1-100. 

26. Villalain C, Gomez-Arriaga P, Simon E, Galindo A, Herraiz I. Longitudinal changes in 

angiogenesis biomarkers within 72 h of diagnosis and time-to-delivery in early-onset 

preeclampsia. Pregnancy Hypertens 2022;28:139-45. 

27. Dathan-Stumpf A, Czarnowsky V, Hein V, Andraczek T, Stepan H. Real-world data on 

the clinical use of angiogenic factors in pregnancies with placental dysfunction. Am J Obstet 

Gynecol 2022;226:S1037-S47 e2. 

28. Herraiz I, Simon E, Gomez-Arriaga PI, Martinez-Moratalla JM, Garcia-Burguillo A, 

Jimenez EA, Galindo A. Angiogenesis-Related Biomarkers (sFlt-1/PLGF) in the Prediction and 

Diagnosis of Placental Dysfunction: An Approach for Clinical Integration. Int J Mol Sci 

2015;16:19009-26. 

29. Schaarschmidt W, Rana S, Stepan H. The course of angiogenic factors in early- vs. 

late-onset preeclampsia and HELLP syndrome. J Perinat Med 2013;41:511-6. 

30. Simon E, Permuy C, Sacristan L, Zamoro-Lorenci MJ, Villalain C, Galindo A, Herraiz 

I. sFlt-1/PlGF ratio for the prediction of delivery within 48 hours and adverse outcomes in 

expectantly managed early-onset preeclampsia. Pregnancy Hypertens 2020;22:17-23. 

31. Villalain C, Herraiz I, Cantero B, Quezada S, Lopez A, Simon E, Galindo A. 

Angiogenesis biomarkers for the prediction of severe adverse outcomes in late-preterm 

preeclampsia. Pregnancy Hypertens 2020;19:74-80. 

32. Zeisler H, Llurba E, Chantraine FJ, Vatish M, Staff AC, Sennstrom M, Olovsson M, 

Brennecke SP, Stepan H, Allegranza D, Schoedl M, Grill S, Hund M, Verlohren S. Soluble 

fms-like tyrosine kinase-1 to placental growth factor ratio: ruling out pre-eclampsia for up to 4 

weeks and value of retesting. Ultrasound Obstet Gynecol 2019;53:367-75. 

33. Gestational Hypertension and Preeclampsia: ACOG Practice Bulletin, Number 222. 

Obstet Gynecol 2020;135:e237-e60. 

 14690705, ja, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1002/uog.26276 by St G

eorge'S U
niversity O

f L
ondon, W

iley O
nline L

ibrary on [11/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



  

34. Brown MA, Magee LA, Kenny LC, Karumanchi SA, McCarthy FP, Saito S, Hall DR, 

Warren CE, Adoyi G, Ishaku S, International Society for the Study of Hypertension in P. 

Hypertensive Disorders of Pregnancy: ISSHP Classification, Diagnosis, and Management 

Recommendations for International Practice. Hypertension 2018;72:24-43. 

35. Reddy M, Palmer K, Rolnik DL, Wallace EM, Mol BW, Da Silva Costa F. Role of 

placental, fetal and maternal cardiovascular markers in predicting adverse outcome in women 

with suspected or confirmed pre-eclampsia. Ultrasound Obstet Gynecol 2022;59:596-605. 

36. Suresh S, Patel E, Mueller A, Morgan J, Lewandowski WL, Verlohren S, von 

Dadelszen P, Magee LA, Rana S. The Additive Role of Angiogenic Markers for Women with 

Confirmed Preeclampsia. Am J Obstet Gynecol 2022. 

37. Rana S, Powe CE, Salahuddin S, Verlohren S, Perschel FH, Levine RJ, Lim KH, 

Wenger JB, Thadhani R, Karumanchi SA. Angiogenic factors and the risk of adverse 

outcomes in women with suspected preeclampsia. Circulation 2012;125:911-9. 

38. Lai J, Syngelaki A, Nicolaides KH, Dadelszen PV, Magee LA. Impact of new definitions 

of preeclampsia at term on identification of adverse maternal and perinatal outcomes. Am J 

Obstet Gynecol 2020. 

39. Lees CC, Marlow N, van Wassenaer-Leemhuis A, Arabin B, Bilardo CM, Brezinka C, 

Calvert S, Derks JB, Diemert A, Duvekot JJ, Ferrazzi E, Frusca T, Ganzevoort W, Hecher K, 

Martinelli P, Ostermayer E, Papageorghiou AT, Schlembach D, Schneider KT, Thilaganathan 

B, Todros T, Valcamonico A, Visser GH, Wolf H, group Ts. 2 year neurodevelopmental and 

intermediate perinatal outcomes in infants with very preterm fetal growth restriction 

(TRUFFLE): a randomised trial. Lancet 2015;385:2162-72. 

40. Droge LA, Perschel FH, Stutz N, Gafron A, Frank L, Busjahn A, Henrich W, Verlohren 

S. Prediction of Preeclampsia-Related Adverse Outcomes With the sFlt-1 (Soluble fms-Like 

Tyrosine Kinase 1)/PlGF (Placental Growth Factor)-Ratio in the Clinical Routine: A Real-World 

Study. Hypertension 2020:HYPERTENSIONAHA12015146. 

41. Schmidt LJ, Rieger O, Neznansky M, Hackeloer M, Droge LA, Henrich W, Higgins D, 

Verlohren S. A machine-learning-based algorithm improves prediction of preeclampsia-

associated adverse outcomes. Am J Obstet Gynecol 2022;227:77 e1- e30. 

42. von Dadelszen P, Payne B, Li J, Ansermino JM, Broughton Pipkin F, Cote AM, Douglas 

MJ, Gruslin A, Hutcheon JA, Joseph KS, Kyle PM, Lee T, Loughna P, Menzies JM, Merialdi 

M, Millman AL, Moore MP, Moutquin JM, Ouellet AB, Smith GN, Walker JJ, Walley KR, 

Walters BN, Widmer M, Lee SK, Russell JA, Magee LA, Group PS. Prediction of adverse 

maternal outcomes in pre-eclampsia: development and validation of the fullPIERS model. 

Lancet 2011;377:219-27. 

 14690705, ja, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1002/uog.26276 by St G

eorge'S U
niversity O

f L
ondon, W

iley O
nline L

ibrary on [11/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



  

43. Villalain C, Herraiz I, Dominguez-Del Olmo P, Angulo P, Ayala JL, Galindo A. 

Prediction of Delivery Within 7 Days After Diagnosis of Early Onset Preeclampsia Using 

Machine-Learning Models. Front Cardiovasc Med 2022;9:910701. 

44. Peguero A, Fernandez-Blanco L, Mazarico E, Benitez L, Gonzalez A, Youssef L, Crispi 

F, Hernandez S, Figueras F. Added prognostic value of longitudinal changes of angiogenic 

factors in early-onset severe pre-eclampsia: a prospective cohort study. BJOG 2021;128:158-

65. 

45. Ukah UV, Payne BA, Hutcheon JA, Chappell LC, Seed PT, Conti-Ramsden FI, 

Ansermino JM, Magee LA, von Dadelszen P, full PG. Placental growth factor for the prognosis 

of women with preeclampsia (fullPIERS model extension): context matters. BMC Pregnancy 

Childbirth 2020;20:668. 

 

  

 14690705, ja, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1002/uog.26276 by St G

eorge'S U
niversity O

f L
ondon, W

iley O
nline L

ibrary on [11/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



  

FIGURE LEGENDS 

Figure 1 Spaghetti plots showing longitudinal changes of sFlt-1/PlGF ratio, serum LDH levels 

and serum creatinine levels with gestational age and its association with composite adverse 

maternal outcome (blue line: adverse maternal outcome). 

Figure 2 Spaghetti plots showing longitudinal changes of sFlt-1/PlGF ratio, serum LDH levels 

and serum creatinine levels with gestational age and its association with composite adverse 

perinatal outcome (blue line: adverse perinatal outcome). 
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Table 1. Baseline and disease characteristics of women with and without composite maternal 

adverse outcome 
Variables Pregnancies with 

composite 
maternal adverse 
outcome* 
(n=37) 

Pregnancies 
without composite 
maternal adverse 
outcome 
(n=286) 

P-value 

Maternal age, years 30.0 (28.0 – 33.0) 33.0 (29.0 – 37.0) 0.006 
Nulliparous, n (%) 21 (57) 138 (48) 0.330 
Body mass index, kg/m2 26.1 (21.1 – 29.7) 25.6 (21.8 – 28.5) 0.946 
Conception method, n (%)    

• Spontaneous  36 (97) 246 (86) 0.052 
• Assisted 1 (3) 40 (14)  

Symptoms of pre-eclampsia, n (%)    
• Epigastric pain 6 (16) 22 (8) 0.082 
• New onset edema 17 (5) 114 (40) 0.614 
• Dyspnea 1 (3) 7 (2) 0.925 
• Neurological symptoms 8 (2) 55 (19) 0.729 

Laboratory assessment, n (%)    
• sFlt-1/PlGF abnormal 

before birth 
34 (91.9) 222 (77.6) 0.043 

• Creatinine > 1mg/dL, any 
time before birth 

4 (11) 17 (6) 0.258 

• Transaminase >66 IU/L, 
any time before birth 

5 (13.5) 53 (18.5) 0.454 

• LDH > 280 IU/L, any time 
before birth 

17 (46) 86 (30) 0.051 

• Thrombocytopenia, any 
time before birth 

7 (19) 25 (9) 0.051 

Gestational age at diagnosis, 
weeks 

28.4 (25.6 – 33.6) 33.8 (29.3 – 36.9) 0.001 

Gestational age at birth, weeks 29.6 (27.0 – 34.9) 35.6 (31.5 – 38.1) <0.001 
Adverse maternal outcomes, n (%)    
ICU admission 32 (86.5) 0 (0.0) – 
Lung edema 5 (13.5) 0 (0.0) – 
Seizures 6 (16.2) 0 (0.0) – 
Maternal death 0 (0.0) 0 (0.0) – 

All values are presented either as median (interquartile range) or n (%). *Seizure, intensive 
care unit admission, lung edema or maternal death. sFlt-1/PlGF = soluble fms-like tyrosine 
kinase 1 to placental growth factor ratio; LDH = Lactate dehydrogenase. 
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Table 2.  Baseline and disease characteristics of women with and without composite 
perinatal adverse outcome 
Variables Pregnancies with 

composite 
perinatal adverse 
outcome* (n=47) 

Pregnancies 
without composite 
perinatal adverse 
outcome 
(n=276) 

P value 

Maternal age, years 32.0 (26.5 – 36.0) 33.0 (29.0 – 37.0) 0.167 
Nulliparous, n (%) 20 (43) 139 (50) 0.322 
Body-mass index, kg/m2 24.4 (20.0 – 30.4) 25.7 (21.8 – 28.6) 0.341 
Conception method, n (%)    

• Spontaneous  44 (94) 238 (86) 0.159 
• Assisted 3 (6) 38 (14)  

Symptoms of pre-eclampsia, n 
(%) 

   

• Epigastric pain 5 (11) 23 (83) 0.603 
• New onset edema 15 (32) 116 (42) 0.191 
• Dyspnea 1 (2) 7 (3) 0.867 
• Neurological symptoms 6 (13) 57 (21) 0.207 

Laboratory assessment, n (%)    
• sFlt-1/PlGF abnormal 
      before birth 

45 (95.7) 211 (76.4) 0.002 

• Creatinine> 1mg/dL, any 
time before delivery 

2 (4) 19 (7) 0.499 

• Transaminase >66 IU/L, 
any time before delivery 

13 (27.6) 45 (16.3) 0.060 

• LDH> 280 IU/L, any time 
before delivery 

19 (40) 57 (21) 0.003 

• Thrombocytopenia, any 
time before delivery 

10 (21) 22 (8) 0.004 

Gestational age at diagnosis, 
weeks 

26.7 (24.8 – 30.3) 34.1 (30.2 – 37.1) <0.001 

Gestational age at birth, weeks 28.0 (25.4 – 30.8) 36.1 (32.4 – 38.2) <0.001 
Perinatal adverse outcomes, n 
(%) 

   

Intraventricular hemorrhage 12 (25.5) 0 (0.0) – 
Retinopathy of prematurity 24 (51.1) 0 (0.0) – 
Necrotizing enterocolitis 7 (14.9) 0 (0.0) – 
Perinatal death 12 (25.5) 0 (0.0) – 

All values are presented either as median (interquartile range) or n (%). *Intraventricular 
hemorrhage, necrotizing enterocolitis, retinopathy of prematurity, perinatal death.
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Table 3. Area under the receiver operating characteristics curve (AUROC) values of models predicting composite maternal and perinatal 
adverse outcomes. 
 
Variables 

Composite maternal 
adverse outcome, AUROC  

Sensitivity 
(10% FPR) 

Composite perinatal 
adverse outcome, AUROC  

Sensitivity 
(10% FPR) 

Creatinine levels, all cases  0.71, 95% CI: 0.62 – 0.81 32.4% 0.74, 95% CI: 0.67 – 0.80 21.3% 
- Early onset 0.72, 95% CI: 0.62 – 0.83 32.1% 0.64, 95% CI: 0.56 – 0.74 18.6% 
- Late onset 0.54, 95% CI: 0.33 – 0.75 22.2% 0.52, 95% CI: 0.20 – 0.84 0.0% 
LDH, all cases 0.73, 95% CI: 0.65 – 0.81 32.4% 0.65, 95% CI: 0.53 – 0.74 27.7% 
- Early onset 0.68, 95% CI: 0.58 – 0.79 28.6% 0.65, 95% CI: 0.55 – 0.74 27.9% 
- Late onset 0.78, 95% CI: 0.64 – 0.93 33.3% 0.55, 95% CI: 0.25 – 0.84 0.0% 
ALT, all cases 0.59, 95% CI: 0.49 – 0.69 18.9% 0.58, 95% CI: 0.48 – 0.67 21.3% 
- Early onset 0.58, 95% CI: 0.46 – 0.70 17.8% 0.59, 95% CI: 0.48 – 0.69 23.3% 
- Late onset 0.63, 95% CI: 0.45 – 0.80 22.2% 0.46, 95% CI: 0.19 – 0.73 0.0% 
AST, all cases 0.61, 95% CI: 0.51 – 0.71 18.9% 0.58, 95% CI: 0.48 – 0.67 21.2% 
- Early onset 0.58, 95% CI: 0.46 – 0.70 17.8% 0.58, 95% CI: 0.48 – 0.69 23.2% 
- Late onset 0.62, 95% CI: 0.475 – 0.80 22.2% 0.46, 95% CI: 0.19 – 0.73 0.0% 
Platelet count, all cases 0.65, 95% CI: 0.55 – 0.74 24.3% 0.57, 95% CI: 0.44 – 0.67 29.7% 
- Early onset 0.64, 95% CI: 0.53 – 0.75 25.0% 0.55, 95% CI: 0.44 – 0.66 25.6% 
- Late onset 0.57, 95% CI: 0.35 – 0.80 11.0% 0.58, 95% CI: 0.44 – 0.73 0.0% 
sFlt-1/PlGF ratio, all cases  0.72, 95% CI: 0.62 – 0.81 35.1% 0.82, 95% CI: 0.75 – 0.89 53.1% 
- Early onset 0.69, 95% CI: 0.58 – 0.80 28.6% 0.77, 95% CI: 0.69 – 0.86 34.8% 
- Late onset 0.64, 95% CI: 0.38 – 0.89 33.3% 0.55, 95% CI: 0.11 – 0.98 25.0% 

sFlt-1/PlGF = soluble fms-like tyrosine kinase 1 to placental growth factor ratio. 
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