
Placenta Growth Factor: Diagnostic 
and Management Implications in 

High-Risk Obstetrics
John Kingdom, MD

Placenta Program, MFM Division 
Department of Obstetrics and Gynaecology

Mount Sinai Hospital
University of Toronto  



Talk Objectives:

Relationship between abnormal placental 
development, circulating angiogenic growth factors 
and the origins of preeclampsia

Role of angiogenic growth factors in the diagnosis and 
management of preeclampsia.

Screening utility of angiogenic growth factors in the 
prevention of severe preeclampsia / fetal growth 
restriction.



Cardiovascular Function in Normal Pregnancy
The maternal cardiovascular system undergoes important modifications 

to promote fetal growth / build blood reserve

Abbas (2005) International Journal of Cardiology
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Non-Invasive Cardiac Output Monitoring (NICOM) 



Systemic Vasodilation: the Key to 
Pregnancy Success 



The surface of Healthy Placental Villi 
Secretes Increasing amounts of PlGF

Kingdom & Drewlo, Blood, 2011
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In the normal “high circulating PlGF” state VEGF is 
displaced over to it’s potent VEGFR-2 receptor to stimulate 

angiogenesis and vaso-relaxation   

> 100 pg/ml



McLaughlin & Kingdom, AJOG 2021 (Sept)



In normal placental development the villi secrete high amounts 
of PlGF and suppress synthesis and release of sFlt-1 from 

syncytial aggregates
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In a pathologic “low circulating PlGF” state VEGF  remains 
mostly on it’s non-functional VEGFR-1 receptor

Endothelial cell

VEGFR-2

VEGF

Low PlGF
<5th centile

VEGFR-1

Loss of VEGFR-2 
mediated endothelium-

dependent vasorelaxation

sFlt-1







Peripartum 
Cardiomyopathy

Eclampsia 



Talk Objectives:

Relationship between abnormal placental 
development, circulating angiogenic growth factors 
and the origins of preeclampsia

Role of angiogenic growth factors in the diagnosis and 
management of preeclampsia.

Screening utility of angiogenic growth factors in the 
prevention of severe preeclampsia / fetal growth 
restriction.





Placental Growth Factor (PlGF) Trajectories in Preeclampsia

Levine (2004) NEJM



Soluble Fms-Like Tyrosine Kinase-1 (sFlt-1) in Preeclampsia

Modified from Levine (2004) NEJM







Circulation. 2013;128:2121-2131



Combing other tests with PlGF did not improve diagnostic performance 



Normal PlGF excludes Preeclampsia 

• Enrolled at <35 weeks, requiring delivery in next 14 
days:
• PlGF <5th centile: NPV 0.98 [0.93 – 0.99]

• Enrolled at <37 weeks, requiring delivery in next 14 
days or by 37 weeks
• PlGF <100pg/ml:  NPV 0.98 (0.93–0.995)



Health Economics 



PlGF Testing for Suspected Preeclampsia is Highly Cost Effective

Blood pressure, proteinuria, liver enzymes, platelets

Schnettler (2013) BJOG

sFlt-1/PlGF ratio

Average savings of $1215/tested 
patient.







Maternal, Fetal & Delivery Characteristics

Normal PlGF Levels
N=690

Low PlGF Levels 
N=289

Age, years 35 [32-38] 35 [31-39] 

Pre-pregnancy weight, kg 67 [58-83] 70 [58-83]

Nulliparous, no. (%) 308 (45) 154 (53)

Gestational age at delivery, weeks 37 [36-38] 31 [28-34]

Birthweight, kg 2.8 [2.3-3.3] 1.2 [0.8-1.7]

Intergrowth centile, % 47 [16-72] 7 [2-19]

Data are presented as median [interquartile range] or n (%).

McLaughlin (2021) Hypertension



PlGF Patterns Across Pregnancy

Data are presented as median [interquartile range] 

Note log10 scale for PlGF values 
. McLaughlin (2021) Hypertension



Data are presented as median [interquartile range].
*Indicates P < 0.0001, compared to normal pregnancy, ** Indicates P < 0.0001, compared to gestational hypertension,

***Indicates P < 0.0001, compared to late-onset preeclampsia.

PlGF Patterns Across Pregnancy

McLaughlin (2021) Hypertension



Maternal Outcomes Normal PlGF Levels
N=690

Low PlGF Levels 
N=289

Adj. Odds Ratio
(95% CI)

Normotensive pregnancy 327 (47%) 47 (16%) -

Gestational hypertension 197 (29%) 47 (16%)

Late-onset preeclampsia 147 (21%) 42 (15%)

Early-onset preeclampsia 19 (3%) 153 (53%) 58.2 (32.1-105.4)

Low PlGF Levels Strongly Associated with 
Early-Onset Preeclampsia

Data are presented as n (% of row). OR adjusted for maternal age, ethnicity and parity. 

McLaughlin (2021) Hypertension



Probability of Preterm Birth < 37 Week’s Gestation: 
Survival analysis from time of sampling 

McLaughlin (2021) Hypertension
43% vs 1% preterm birth

63% vs 1% preterm birth



TOP CS CS IOL

Clinical Implications Stratified by Gestational Age 



Stillbirth/TOP Outcomes PlGF >100pg/ml
N=10

PlGF <100pg/ml 
N=48

Anticipated stillbirth, no. (%) 7 (70%) 43 (89%)

Pathogenesis

Severe placental disease, no. (%) 0 (0%) 41 (85%)

Fetal abnormality, no. (%) 8 (80%) 3 (6%)

Major Placental Pathology Findings

Maternal vascular malperfusion, no. (%) 0 (0) 37 (77)

Fetal thrombotic vasculopathy, no. (%) 1 (10) 12 (25)

PlGF Rapidly Differentiates between Causes of Early-Onset  FGR

McLaughlin (2021)  Hypertension



PlGF Triage Algorithm Mount Sinai Toronto 

MFM consult
USS/NST
Steroids

Admit 15M or  
L&D 

Admit 15M
USS/NST
Steroids

DC home 
Clinic <1 w

(well, tests N)
Labetalol PRN

Adapted with permission from Lucy Chappell & Jenny Myers



Real-Time PlGF Testing can Profoundly Change Perinatal Care

McLaughlin (2021) Hypertension



Improving Outcomes for women at risk of 
preeclampsia: Overall Strategy



Extreme 
Vasoconstriction and 

low CO in
Severe Early-Onset 

Pre-eclampsia

Can we anticipate and prevent this life-threatening emergency? 



Data are presented as means ± SD.
*P<0.05 vs controls.
†P<0.05 vs early PE.

Valensise (2008) Hypertension

Hemodynamic Phenotypes in Women who subsequent develop Preeclampsia





McLaughlin (2018) Hypertension



413 Women (42%) Had Antihypertensive 
Medication Order

979 Women with PlGF Testing Between 200 - 356 Weeks Gestation     

566 Women (58%) Did Not Have 
Antihypertensive Medication Order

Low PlGF status was associated with increased use of antihypertension medication order/s 

prior to birth 

relative to women with normal PlGF levels

(odds ratio 4.7 [3.5 – 6.5])

Response to Antihypertensive Therapy by Initial PlGF Test Result 



Labetalol First-Line Therapy:
268 Women (65%)

Nifedipine First-Line Therapy:
52 Women (13%)

413 Women (42%) Had Antihypertensive 
Medication Order

979 Women with PlGF Testing Between 200 - 356 Weeks Gestation     

566 Women (58%) Did Not Have 
Antihypertensive Medication Order

Response to Antihypertensive Therapy by Initial PlGF Test Result 



Antihypertensive Therapy in Pregnant Women with PlGF Testing

Labetalol First-Line Therapy:
268 Women (65%)

413 Women (42%) Had Antihypertensive 
Medication Order

979 Women with PlGF Testing Between 200 - 356 Weeks Gestation     

566 Women (58%) Did Not Have 
Antihypertensive Medication Order

Low PlGF status was associated with increased failure 
on labetalol as a first line agent, 

relative to women with normal PlGF status 
(odds ratio 3.5 [2.1 – 5.7])











Talk Objectives:

Relationship between abnormal placental 
development, circulating angiogenic growth factors 
and the origins of preeclampsia

Role of angiogenic growth factors in the diagnosis and 
management of preeclampsia.

Screening utility of angiogenic growth factors in the 
prevention of severe preeclampsia / fetal growth 
restriction.



Improving Outcomes for women at risk of 
preeclampsia: Overall Strategy



It is counter-intuitive to believe that low-dose ASA
effectively prevents severe early-onset preeclampsia 













2017, Hypertension



McLaughlin (2017) Hypertension

Circulating PlGF & Systemic Vascular Resistance
at 20-24 weeks 
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McLaughlin et al., 2021



McLaughlin et al., 2021





McLaughlin et al., 2021



Improving Outcomes for women at risk of 
preeclampsia: A Multi-Pronged Strategy
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