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Abstract

Preeclampsia, placental abruption, and intrauterine growth restriction (IUGR) have collectively 

been termed ischemic placental disease (IPD) due to a suspected common biological pathway 

involving poor placentation in early pregnancy and subsequent placental insufficiency. Despite 

decades of research, the etiologies of these conditions remain largely unknown and preventive and 

therapeutic strategies are lacking. It has been suggested that the underpinnings of IPD lie primarily 

in preterm gestations and that classification of these conditions based on the gestational age at 

onset will facilitate etiologic research. The purpose of this review is to describe our current 

knowledge regarding the risk factors, co-occurrence, and recurrence of the conditions of IPD with 

a specific focus on the preterm gestational window.
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Introduction

Preeclampsia, placental abruption, and intrauterine growth restriction (IUGR) have 

collectively been termed ischemic placental disease (IPD) because they are frequently 

characterized by uteroplacental underperfusion, chronic hypoxia, and placental ischemia, 

which are results of poor trophoblast invasion and incomplete remodeling of the spiral 

arteries during placentation.1,2 Thus, a suspected common biological pathway involving 

poor placentation in early pregnancy and subsequent placental insufficiency has been 

implicated in their development, yet their etiologies remain largely unknown and preventive 

and therapeutic strategies are lacking.1 These 3 conditions combined contribute to more than 

half of all medically indicated deliveries before 35 weeks in the United States and are 

associated with disproportionately high rates of perinatal morbidity and mortality.3–6

Although the cause of these 3 conditions remains elusive, several pathologic processes have 

been proposed including endothelial dysfunction, abnormal placentation, and infection and 

inflammation.7 While evidence is available to support varying pathologic processes in the 

development of conditions of IPD, recent evidence suggests that homogeneity of the risk 
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profiles can be observed when these conditions occur in preterm gestation.8 The purpose of 

this review is to describe the risk factors, co-occurrence, and recurrence of the conditions of 

IPD with a specific focus on the preterm gestational window.

Preeclampsia

Preeclampsia, typically defined as the de novo onset of hypertension and proteinuria after 

the 20th week in gestation, complicates approximately 2–8% of pregnancies.9–11 Rates of 

preeclampsia have declined in several European nations and Australia within the last 

decade,12,13 while increases in preeclampsia, specifically severe preeclampsia, have been 

observed in the United States.10,14 Despite the increasing prevalence of several risk factors 

for preeclampsia worldwide, the observed decline in the incidence of preeclampsia in some 

countries is speculated to be a result of increasing rates of early elective delivery among 

high-risk women.13 Risk factors for preeclampsia include advanced maternal age, obesity, 

and chronic health conditions that affect vascular function, such as pre-existing diabetes, 

chronic hypertension, kidney disease, and antiphospholipid syndrome.15 Nulliparity is one 

of the most consistently identified risk factors for preeclampsia. Data from the Swedish 

Medical Birth Register demonstrated a risk of preeclampsia of 4.1% in a first pregnancy that 

decreased to 1% in the second pregnancy for women without preeclampsia in their first 

pregnancy.16 However, multiparous women with a previous pregnancy affected by 

preeclampsia have the greatest risk.1 Partner change between pregnancies17 and extended 

interpregnancy intervals9,18 are also associated with an increased risk of preeclampsia.

Preeclampsia can be classified as early onset, preferably defined as preeclampsia occurring 

before 34 weeks’ gestation,19 but clinical definitions of early onset are varied and 

epidemiologic studies have not been consistent, with classifications ranging from <32 to <37 

weeks. Early-onset preeclampsia is a more severe condition and is thought to originate from 

poor placentation as evidenced by the increased likelihood of IUGR in these pregnancies. In 

the case of late-onset preeclampsia, fetal growth remains largely unaffected indicating less 

placental involvement in the pathogenesis of this condition.20 Compared to women without 

preeclampsia, the risk of a fetus being small for gestational age among women with early-

onset preeclampsia is increased 7-fold, whereas the corresponding risk is a 3-fold increase 

for late-onset preeclampsia.21

Differences in risk factors for early- and late-onset preeclampsia have also been noted.21 

Women with chronic hypertension have a higher risk of early- but not late-onset 

preeclampsia.21 Overweight and obese women, as measured by BMI, have greater risk of 

late-onset preeclampsia than early-onset preeclampsia.22 Nulliparity and diabetes mellitus 

were also more strongly associated with late-onset disease, while young maternal age was 

associated with a decreased risk of early-onset preeclampsia, but not late onset.21 The 

differential risk patterns according to gestational age at onset support the notion that these 

conditions represent distinct clinical entities. Further, early-onset preeclampsia is more 

consistent with the defining features of IPD than late-onset preeclampsia.
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Placental abruption

Placental abruption, defined as complete or partial separation of the placenta prior to 

delivery, is the least common of the 3 IPD conditions with an estimated prevalence of 1% in 

the United States.23 The prevalence is lower in Nordic countries, approximately 0.4–0.5% in 

Sweden24 and Finland.25 An increasing incidence of placental abruption has been reported 

in the United States,26 while decreasing rates have been observed in Finland.25 While 

several risk factors for placental abruption are generally increasing in prevalence, reported 

declines may be due to improved monitoring of high-risk pregnancies and early delivery of 

these pregnancies prior to the occurrence of an abruption. Risk factors for placental 

abruption include advanced maternal age, multiparity, cigarette smoking, and drug use 

during pregnancy. Chronic hypertension and pre-gestational diabetes are also risk 

factors.27,28 The greatest risk factor for abruption is a prior placental abruption, with 

estimates ranging from 3- to 12-fold increased risk of a subsequent abruption.1,24

Preterm placental abruption (<37 weeks) and term placental abruption (≥37 weeks) are 

suspected to have varied biological mechanisms, but studies distinguishing between preterm 

and term abruption are limited. Preterm placental abruption is estimated to be 9 times more 

common than term abruptions, with a rate of 2.8% among preterm births and 0.3% among 

term births in the United States.29 Risk factors and conditions associated with preterm 

abruption differ from those associated with term abruption, implicating that these 2 

diagnoses are distinctive.29 One study that distinguished between timing of abruption 

observed lower mean birth weights and placental weights in preterm abruption births, but 

not term abruption births, indicating that preterm abruption may be more consistent with 

placental ischemia.30 Other studies have assessed factors associated specifically with 

preterm abruption among preterm births31 or term placental abruption among term births.32 

Smoking in pregnancy, hypertension, and intravenous drug use were associated with 

abruption among preterm births, while advanced maternal age was associated with abruption 

among term births. Due to the limitations of including only preterm or term births in each of 

these studies, a comparison of risk factors between preterm and term abruption cannot be 

performed.

Intrauterine growth restriction

Intrauterine or fetal growth restriction is described as the failure of a fetus to reach its 

predetermined growth potential. IUGR is a difficult antenatal diagnosis requiring a detailed 

assessment of maternal risk factors, including reproductive history and chronic conditions, 

pregnancy risk factors, and serial ultrasounds among women identified as at risk.33 Due to 

the amount of information required to confer a diagnosis of IUGR, specifically serial 

ultrasounds and Doppler studies, epidemiologic studies frequently use small for gestational 

age (SGA) as a proxy for IUGR. It should be noted that a large proportion of SGA infants 

are not actually growth restricted but are either constitutionally small or small due to 

physiologic reasons, such as congenital malformations. IUGR affects an estimated 3–5% of 

pregnancies. Placental insufficiency, as measured by structural abnormalities and histologic 

findings, is the most frequent cause of IUGR, but fetal factors, including chromosomal 

abnormalities and congenital infections, and maternal risk factors also contribute to IUGR.34
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Risk factors for IUGR include smoking during pregnancy, low pre-pregnancy weight, and 

low weight gain.35 Diabetes mellitus and hypertension are also associated with IUGR. One 

of the strongest risk factors for IUGR in a current pregnancy is a previous IUGR-affected 

pregnancy.36

Differences in the pathology and clinical manifestations of early- and late-onset IUGR have 

been described. Early-onset IUGR is more consistent with placental insufficiency than those 

presenting later in gestation.37,38 Early-onset IUGR is clinically defined as that occurring at 

<32 weeks, but few, if any, epidemiologic studies have addressed early- and late-onset IUGR 

as separate conditions. While there are few epidemiologic studies of early- and late-onset 

IUGR, studies exploring trends and identifying risk factors for preterm and term SGA exist. 

In the United States, the prevalence of preterm SGA (<37 weeks) increased from 1989 to 

1998, while that of term SGA (≥37 weeks) decreased.39 Increases in interventions for 

pregnancy complications, such as preeclampsia, explain part of the increase in preterm SGA. 

Additionally, changes in the prevalence of risk factors that are more strongly associated with 

preterm SGA or preterm delivery may explain the increase in preterm SGA. Risk factors 

more strongly associated with preterm SGA include chronic hypertension and advanced 

maternal age, while low pre-pregnancy body mass index has been associated with an 

increased risk of term SGA.40

Co-occurrence of conditions of ischemic placental disease

The conditions of IPD co-occur in the same pregnancy more than expected by chance. SGA 

and preeclampsia are both associated with an increased risk of placental abruption in the 

same pregnancy.41–43 The co-occurrence of these conditions is influenced by the severity of 

the conditions as well. Utilizing data from the Swedish Birth Registry, women with mild 

preeclampsia had a 2-fold increased risk of placental abruption, compared to women with no 

preeclampsia. This risk increased to greater than 5-fold for women with severe 

preeclampsia.43

It has been hypothesized that IUGR and preeclampsia have a shared mechanism of abnormal 

placentation with IUGR being the fetal manifestation of the disease and preeclampsia being 

the maternal manifestation.7 While several studies demonstrate a relationship between IUGR 

and preeclampsia, one suggested otherwise and concluded that preeclampsia and 

unexplained IUGR are different entities.36 Differentiating between early- and late-onset 

disease may help clarify current inconsistencies.

Consistent with findings that the co-occurrence of conditions of IPD is increased with 

severity, the co-occurrence of these conditions is also more common in preterm gestations 

than in term gestations (Fig.). Among preterm births with at least 1 condition of ischemic 

placental disease, 12.1% had all 3 conditions and 4.7% had 2 conditions. These frequencies 

were reduced to 4.5% and 1.0% among term births.44

Among women with preeclampsia, 8.7% and 9.5% of those delivering at <28 weeks and 28–

32 weeks, respectively, had placental abruption. These percentages decreased as gestational 

age increased with 5.1% of gestations 33–36 weeks and 1.9% of gestations ≥37 weeks 

experiencing an abruption.45 A similar pattern has been observed between preeclampsia and 
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SGA and placental abruption and SGA. Early-onset preeclampsia is associated with a 6-fold 

increase in risk of SGA, while late-onset preeclampsia is associated with a smaller 3-fold 

increase.21 The risk of an SGA fetus was 4-fold among women with a preterm placental 

abruption and just 1.4-fold for term abruptions compared to women with no abruption.23 In 

a hospital-based study, placental abruption was 11 times more common in preterm SGA 

deliveries than in term SGA deliveries, but no reference group of non-SGA affected 

pregnancies was available for comparisons.46

Recurrence of conditions of ischemic placental disease

Any specific IPD condition in a prior pregnancy is a risk factor for that same IPD in a 

subsequent pregnancy.1,47 Although epidemiologic features for each condition depend on 

the gestational age at occurrence, less is known about the recurrence of such diseases based 

on preterm and term gestations. Given recent evidence suggesting that ischemic placental 

diseases manifest in preterm gestations, expectations are that the recurrence of these 

conditions would be greater in preterm gestations.44

The well-known increased recurrence risk of preeclampsia is indeed greater for early-onset 

cases.48,49 A cohort study conducted in the Swedish Medical Birth Register showed the risk 

ratio of recurrence of preeclampsia was 15 after 1 affected pregnancy and 30 after 2 affected 

pregnancies, which increased to 60 and 90, respectively, when the previously affected and 

index pregnancies were early-onset preeclampsia.16 Similarly, a study conducted in Norway 

reported a relative risk of 50 for the recurrence of preterm preeclampsia.12 A follow-up 

study of 120 women with early-onset preeclampsia in the Netherlands showed that 25% 

went on to have a subsequent preeclamptic pregnancy, although no reference group was 

provided.50 The risk of preeclampsia in a second pregnancy was 3 times as high for a prior 

preeclamptic pregnancy <28 weeks compared to a prior preeclamptic pregnancy ≥37 

weeks.51 A study using a non-preeclamptic reference group observed a risk ratio of 

preeclampsia of 6.5 following an early-onset preeclamptic pregnancy.52 Studies 

demonstrating the recurrence of placental abruption and IUGR based on preterm and term 

gestations are lacking. One study reported that among women with a normotensive early-

onset IUGR, 27% went on to have a subsequent pregnancy affected by IUGR, but 

information regarding outcomes after late-onset IUGR was unavailable.53

The recurrence of the same condition of IPD has been well described, similarly any one of 

these IPD conditions increases the subsequent risk for any of the other IPD conditions.1 

Among women with preeclampsia in their first pregnancy and a subsequent normotensive 

pregnancy, the risks of both placental abruption and SGA were increased. Furthermore, the 

risk of both these conditions differed based on whether or not the previous pregnancy was 

affected by preterm preeclampsia (<37 weeks) or term preeclampsia (≥37 weeks). Preterm 

preeclampsia was associated with a 2.3-fold increased risk of subsequent placental 

abruption, compared to 1.3-fold increase for term preeclampsia.54 This study also reported a 

risk ratio of 11.2 for the risk of preterm SGA in the pregnancy following a preterm 

preeclamptic pregnancy, which decreased to 3.3 when term SGA was the outcome. Another 

study reported a similar trend in results with early-onset preeclampsia in a first pregnancy 

being associated with a higher risk of SGA and placental abruption in a second pregnancy 
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than late-onset preeclampsia.22 A summary of results from studies reporting on the 

recurrence of conditions of IPD after early- or late-onset preeclampsia is presented in Table 

1.

Studies reporting on associations between preterm placental abruption and early-onset IUGR 

and the risk of IPD in a subsequent pregnancy have been less numerous. Rasmussen et al.47 

report a 3.2-fold increased risk of placental abruption among women with a prior preterm 

SGA delivery, which attenuates to 1.5 for women with a term SGA delivery, providing some 

support that the high recurrence of IPD in preterm gestations is not limited to preeclampsia.

Even fewer studies addressing both the co-occurrence and recurrence of IPD exist. A prior 

pregnancy affected by both preeclampsia and abruption is associated with a 10-fold increase 

in risk of subsequent preeclampsia.52

Risk factors for ischemic placental disease

Generally speaking, the risk factors for conditions of IPD share considerable overlap (Table 

2). While there is consistency is several maternal health and reproductive risk factors, there 

are some discrepancies in behavioral factors. For example, obesity is a risk factor for 

preeclampsia but has not been associated with placental abruption or SGA in most studies. 

Cigarette smoking during pregnancy has been consistently associated with a reduction in 

risk of preeclampsia while it is a risk factor for abruption and SGA. Identifying risk factors 

specifically for early-onset or preterm IPD compared to late-onset or term IPD may 

demonstrate uniformity across conditions of IPD.

Summary

There is accumulating evidence that the conditions of preeclampsia, placental abruption, and 

IUGR are most consistent with the hallmarks of IPD when they occur earlier in pregnancy. 

Markers of placental insufficiency, including Doppler ultrasound measures and histologic 

findings, are more strongly associated with preeclampsia, placental abruption, and IUGR 

when they occur earlier in gestation. While the cooccurrence of conditions of IPD lies 

primarily in preterm gestations, future work is needed to explain whether or not the 

recurrence of these conditions also differs with respect to gestational timing.

Epidemiologic studies focused on conditions of IPD may be hindered by exploring each of 

these conditions separately. Given the increasing amount of evidence that these conditions 

differ with respect to the gestational age at onset, measures to improve the classification of 

these conditions based on gestational age should be taken moving forward. Firstly, 

standardized and clinically relevant definitions for early- and late-onset IPD should be 

implemented. Secondly, the distinction between onset and delivery should be considered. 

Using gestational age at delivery as a marker for gestational age at onset has been a common 

practice, but it may be problematic leading to the misclassification of early-onset cases as 

late-onset cases. Thirdly, the misclassification of IUGR by using SGA, as a proxy, may 

obscure otherwise observable associations. Lastly, incorporating placental histology 

measurements into epidemiologic studies could prove to be a useful tool for classification of 

cases based on placental insufficiency.
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We propose that distinctions between early and late clinical manifestations of these 

conditions will facilitate progress in understanding the etiology, identifying risk factors, and 

improving predictive models.
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Fig. 
Distribution of ischemic placental disease conditions among term (left) and preterm (right) 

births at 22-36 weeks. Reproduced from Ananth et al.44
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Table 1

Recurrence of conditions of ischemic placental disease after a prior early- or late-onset preeclamptic 

pregnancy.

Prior preeclampsia Subsequent IPD Relative risks

Early onset or preterm Preeclampsia
5012,a, 6016,a

Placental abruption 2.348, 2.418

SGA 1.818

Preterm SGA 11.254

Term SGA 3.354

Late onset or term Preeclampsia –

Placental abruption 1.354

SGA –

Preterm SGA 2.354

Term SGA 1.554

a
Outcome was early-onset preeclampsia.
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Table 2

Selected risk factors for preeclampsia, placental abruption, and small for gestational age births.

Preeclampsia Placental abruption Small for gestational age

Demographic and behavioral

    Maternal age <20 years ↑ ↑ ↑

    Maternal age ≥35 years ↑ ↑ ↑

    Nulliparity ↑ – ↑

    Multiparity ↓ ↑ –

    Cigarette smoking ↓ ↑ ↑

    Cocaine use ↑ ↑ ↑

    Underweight ↓ – ↑

    Obesity ↑ – –

Maternal and reproductive

    Multifetal gestation ↑ ↑ ↑

    Chronic hypertension ↑ ↑ ↑

    Diabetes mellitus ↑ ↑ ↑

    H/O preeclampsia ↑ ↑ ↑

    H/O abruption ↑ ↑ ↑

    H/O SGA ↑ ↑ ↑

(↑) Associated with an increased risk; (↓) Associated with a decreased risk; (–) No association.
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