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Abstract

Objective: Early-onset hypertensive disorders of pregnancy are associated 
with adverse maternal and neonatal outcome. The risk of recurrence influences 
parents choices on subsequent pregnancies and the counselling obstetrician, but 
evidence so far has been limited. We performed the first systematic review on the 
risk of recurrence of hypertensive disorders that had caused delivery < 34 weeks.
Study Design: We searched MEDLINE, EMBASE and the Cochrane Library 
for articles published until September 2009 that report on pregnancy outcome 
after an earlier pregnancy complicated by early hypertension, pre-eclampsia or 
HELLP [hemolysis elevated liver enzymes low platelets] syndrome, which resulted 
in a delivery before 34 weeks. Recurrence rates of premature deliveries due to 
hypertensive disorders were calculated for each study separately. Pooled data 
were calculated. 
Results: The search retrieved 36 relevant articles, of which eleven fulfilled the 
inclusion criteria. These eleven studies reported on 2377 patients (range 18 – 
1754 patients per study), who had 2461 deliveries. Seven studies were included 
for further calculation. The pooled risk of a delivery before 34 weeks due to 
recurrence of hypertension, pre-eclampsia or HELLP was 7.8% (95% confidence 
interval 6.7% to 9.0%). 
Conclusion: Opposed to some previous studies, the overall recurrence rate is 
generally low. The pooled recurrence risk of an early-onset hypertensive disorder 
is approximately 8%.
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Introduction

Early-onset hypertensive disorders of pregnancy (pre-eclampsia, hemolysis 
elevated liver enzymes low platelets [HELLP] syndrome) resulting in a delivery 
before 34 weeks gestational age occur in approximately 1% of pregnancies in 
nulliparous woman.1-3 Early onset pre-eclampsia is associated with an increased 
risk of adverse maternal and perinatal outcomes. Perinatal outcome is mainly 
correlated with gestational age at time of delivery and fetal growth restriction 
(FGR).4,5 Gestational age at admission is the most important factor in the 
prediction of adverse infant outcome.6 Maternal complications are placental 
abruption, coagulopathy, HELLP syndrome, pulmonary edema, acute renal 
failure, eclampsia, liver failure or hemorrhage, stroke or even death and remote 
cardiovascular morbidity.7,8 
The impact of a severe hypertensive complication of pregnancy is often significant, 
leading to anxiety of women before and during next pregnancies9. Van Pampus et 
al reported that around 30% of women abstain from further pregnancies due to 
anxiety10, because the risk of recurrence of hypertensive disorders in a subsequent 
pregnancy is known to be increased.11,12

 The psychosocial condition of the mother 
after delivery is mainly associated with the gestational age at diagnose, the earlier 
the worse.13 Counselling of these patients is a difficult task for the obstetrician. 
Evidence on the recurrence risk of hypertensive disorders is important for several 
reasons. From the patient perspective, the decision for future pregnancies will 
partly depend on this knowledge.10 From a medical point of view, such knowledge 
may influence management during the subsequent pregnancy. 
Information about recurrence was until recently fragmentary and outdated, with 
the most quoted study of Sibai et al. dating from 1991.24 Recently more studies 
have been performed on this subject. As systematic knowledge on data on 
the recurrence rate of pre-eclampsia leading to preterm delivery is lacking we 
performed a systematic review on the recurrence of a hypertensive disorder 
before 34 weeks.

Methods

Literature search

We performed a search in the electronic libraries PubMed (MEDLINE), EMBASE 
and Cochrane Library. Language restrictions or restrictions on publication date 
were not applied. The search covered all records until September 2009. The 
following terms: “pre-eclampsia”[Mesh] AND [early or severe or pre-term or 
early onset or 32 or 34] AND [history or previous or secondary or subsequent or 
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recurrence] were used. Cross-references of the selected studies were checked to 
identify other studies. 
We included all studies that described cohorts of women with a history of a 
hypertensive disorder that resulted in a delivery before 34 weeks of gestation. A 
hypertensive disorder was defined as gestational hypertension (GH), pre-eclampsia 
or HELLP syndrome.7,8 A hypertensive disorder was defined as severe, if delivery 
was before 34 weeks. Chronic hypertension was not an exclusion criterion. 
Gestational hypertension was defined as a diastolic blood pressure of at least 
90 mmHg on two occasions, 4-6 hours apart. Pre-eclampsia was defined as 
hypertension with a persistent high diastolic blood pressure (³ 90 mm Hg) or 
systolic blood pressure (³ 140 mm Hg), in combination with significant proteinuria 
defined as ≥1+ (0,3g/L) or more on proteinuria dipstick test, a protein/creatinine 
ratio of 30 mg/mmol or more on a random sample or a urine protein excretion of 
300 mg or more per 24 hrs after 20 weeks of pregnancy in a formerly normotensive 
woman.14 HELLP syndrome was defined as follows: haemolysis by abnormal 
peripheral smear (schistocytes, burr cells, echinocytes) and/or elevated serum 
bilirubin (indirect form) and/or low serum haptoglobin levels and/or elevated 
lactate dehydrogenase (LDH) levels (threshold of 180–600 U/L), or significant 
drop in hemoglobin levels; elevated liver enzymes by abnormal serum levels of 
aspartate transaminase (ASAT) ≥70 U/L and low platelets < 100,000/mm3. 

Quality assessment and data extraction

Two authors (JL and SJ) independently screened titles and abstracts of identified 
studies. Relevant articles were selected and studied full text. Selection was 
performed by inclusion criteria and data extraction. Disagreements were resolved 
by consensus or by a third reviewer (BWM). Studies with data on the recurrence 
risk of hypertension, pre-eclampsia or HELLP in subsequent pregnancy after a 
premature delivery due to a hypertensive disorder were selected for further 
reading. Data-extraction was independently completed by JL and SJ by using a 
data-extraction form, which was partly based on the QUADAS (quality assessment 
of diagnostic accuracy studies) criteria.15 
The assessment of the methodological quality of the article was partly based on 
the QUADAS tool and textbook guidlines.15,16 The following items were scored; (1) 
clearly description of selection criteria (in- and exclusion criteria), (2), if possible 
confounders were mentioned,(3) how selection of patients was performed 
(prospective cohort study versus case control) and (5) if the selection of patient 
was done in a consecutive manner. The quality of an article was defined as “good”, 
when all items were scored, “mediocre”, when one or two of these criteria were 
missing and “poor”, when more than two of these criteria were missing.
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From the selected publications the following data were extracted: publication 
year, setting, begin and end of inclusion period, selection of patients, study design 
and number of patients that were lost to follow-up. We also recorded inclusion 
and exclusion criteria as well as possible confounders (chronic hypertension, body 
mass index, smoking habits, pre-existing diseases like diabetes, thrombophilia). 
The total number of women that delivered before 34 weeks of gestation due 
to a hypertensive disorder in their index pregnancy was listed. Either the exact 
gestational age at time of delivery had to be reported, or there had to be explicit 
information that there had been a delivery before 34 weeks of gestation. The use 
of medication that was intended to prevent a recurrence, such as anticoagulants 
was noted. For the subsequent pregnancies similar data were extracted. To be 
included, at least gestational age at delivery in the subsequent pregnancy or a 
subdivision between patients with a delivery before or after 34 weeks had to be 
reported. If the information on gestational age was not available the study was 
excluded. 

Data analysis

The primary outcome was a recurrence of gestational hypertension, pre-eclampsia 
or HELLP leading to a delivery before 34 weeks of gestation. Secondary outcomes 
were the recurrence of a hypertensive disorder in pregnancy independently 
of gestational age. For each study we constructed a table with the number of 
patients in the index pregnancy, the number of patients who delivered before 34 
weeks of gestation, between 34 and 37 weeks of gestation and after 37 weeks 
in their subsequent pregnancy due to a hypertensive disorder, and the number of 
patients with a completely uncomplicated pregnancy. For each study separately 
we calculated the absolute risk of recurrence on a premature delivery, with a 95% 
confidence interval (CI) for proportion. 
Subsequently, data of all studies that included an unselected patient population 
were pooled using the Mantel-Haenszel method. If a study made a more stringent 
selection (tighter gestational age groups, or only HELLP-syndrome) than the 
inclusion criteria of this study, the study was excluded for pooling. From the pooled 
data, the absolute risk of recurrence with a 95% CI for proportion was calculated. 

Results

The results of the search are shown in figure 1. The computerised Pubmed Embase 
and Cochrane Library search for pre-eclampsia identified 1447 publications. 
Among these studies were 416 duplicates. Of the 1061 unique titles we screened 
abstracts, 1025 were excluded because they did not match the inclusion criteria. 
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Thus, 36 articles were potentially relevant and the full text of these articles was 
screened. Checking of cross-references did not reveal further studies. Of these 36 
articles, 25 were excluded. The main reason for exclusion was lacking information 
on the gestational age at delivery of the index pregnancy or of the subsequent 
pregnancy. Therefore they did not match the inclusion criteria of a delivery under 
34 weeks of gestation or recurrence could not be calculated. Eleven articles on 
women pregnant after pre-eclampsia were relevant and included in this review 
(figure 1).

Figure 1 Flowchart Search PE

The 11 included studies reported on 2377 patients (range 18 - 1754 patients 
per study). Three studies included all subsequent deliveries, i.e. a total of 255 
deliveries in 171 patients 23,24,25, whereas the other eight studies only reported on 
the first subsequent pregnancy, i.e. a total of 2,240 subsequent deliveries in 2,240 
patients. Table 1 shows the risk of recurrence of hypertension, pre-eclampsia or 
HELLP resulting in delivery before 34 weeks in the eleven studies. 
Of the 11 studies, four studies describe a selected patient population (Sullivan22, 

C. Chames23, B.M. Sibai24 and Gaugler-Senden25). They included a restricted 
patients group in which the hypertensive disorder was diagnosed in second 
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trimester (e.g. before 28 weeks gestation) and / or diagnosed with an early HELLP 
syndrome. These four studies are discussed in this review, but were excluded 
for further calculation of summary estimates because of the restricted patient 
selection (figure 2).
In the study of van Rijn et al.19

 primiparous women who delivered under 34 
weeks of gestation due to pre-eclampsia were included. All women received 
low-dose aspirin in their subsequent pregnancy. Six of 120 women experienced a 
complicated subsequent pregnancy and delivered before 34 weeks. In this study 
the recurrence risk was 5.0%, (95% CI 1.1% to 8.9%). 
Sullivan et al.22 studied 122 patients with a HELLP syndrome and their recurrence 
rate. For a selection of the patients he reports recurrence under 32 weeks. He 
reported that 11 of 18 women with a previous HELLP syndrome resulting in delivery 
under 32 weeks, delivered before 32 weeks in their subsequent pregnancy due to 
a hypertensive disorder (recurrence risk of 61% (95% CI 39% to 84%)). 
Visser et al.17 described the pregnancy course in 49 women with previous FGR. 
Of these 49 patients, 43 were diagnosed with pre-eclampsia resulting in delivery 
between 25 and 34 weeks in the index pregnancy. The subsequent pregnancy 
outcomes are presented separately for delivery before or after 34 weeks of 
gestation. The recurrence rate of subsequent delivery before 34 weeks of 
gestation due to a hypertensive disorder was 14/43 (32%, 95% CI 18% to 46%). 
Kupferminc et al.20 included a cohort of 24 women who delivered before 34 
weeks due to a severe hypertensive complication (pre-eclampia, FGR or abruptio 
placentae) in the index pregnancy. All patients were diagnosed with thrombophilia. 
In the subsequent pregnancies all patients were treated with low-molecular-
weight heparin (LMWH) and aspirin. Two of 24 women delivered before 34 weeks 
in their subsequent pregnancy of which one was diagnosed with FGR and one 
with pre-eclampsia. (recurrence rate 8.3% (95% CI -2.7% to 19%)). 
We included two trials in which the patients were separated in two groups due to 
the treatment. (Ferrazzani et al.18 and Kalk et al.21) (Table 1). Kalk et al.21 reported 
a retrospective multicentre cohort study, in which patients were included with 
thrombophilia and premature delivery before 34 weeks due to a hypertensive 
disorder. One group received LWMH and aspirin whereas the other group received 
aspirin or no medication in the subsequent pregnancy. In total, 58 patients were 
included of whom 14% had a recurrence (95% CI 4.9% to 23%). In subgroup 
analysis for treatment groups, the recurrence rate in the group who used LMWH 
and aspirin (N= 26 and recurrence occurred in 3 patients) was 12% (95% CI -0.7% 
to 24%). The recurrence rate in the group who used only aspirin or did not use any 
medication (N= 32 and recurrence occurred in 5 patients) was 16% (95% CI 3.1% 
to 28%). 
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Ferrazzini et al.18 included patients who delivered in their index pregnancy 
before 32 weeks of gestation due to a severe pre-eclampsia. Two groups were 
retrospectively compared in this study. One group used LMWH and aspirin in their 
subsequent pregnancy and the other group used only aspirin. The recurrence was 
defined as a delivery before 32 weeks of gestation in the subsequent pregnancy 
due to a pre-eclampsia or FGR (exact subdivision between pre-eclampsia or FGR 
was not made). The recurrence risk in the whole group (N=37), recurrence in 8 
patients) was 30% (95% CI 15% to 44%). For the group who received LMWH 
and aspirin (N=24, recurrence in 3 patients) the risk was 12% (95% CI 0.7% to 
26%). The group who received aspirin alone (N=13, recurrence in 8 patients) had a 
calculated risk of 62% (95% CI 35% to 88%). 
Chames et al.23 reported on a selected population of 48 women who were 
diagnosed with HELLP syndrome and delivered before 28 weeks of gestation 
in their index pregnancy. They retrospectively analysed the pregnancy outcome 
after this severe complication. These women had 62 subsequent pregnancies. 
25 Women delivered before 35 weeks of gestation and 33 before 37 weeks of 
gestation and had a hypertensive disorder. Recurrence rate for N=62, is 40% 
(95% CI 28% to 53%).
Sibai et al.24 reported on 108 women who had severe pre-eclampsia resulting 
in deliveries between 18 to 27 weeks of gestation and had 169 subsequent 
pregnancies, of which 110 were complicated by pre-eclampsia. In 35 pregnancies 
delivery was before 27 weeks, in 35 pregnancies women delivered between 28 
and 36 weeks and in 40 pregnancies delivery was after 37 weeks. The recurrence 
rate in this study for N=169 was 21% (95% CI 15% to 27%).

Table 1. Included studies with reported number of patients included and outcome of the subsequent 
pregnancies. (IP, index pregnancy. SP, subsequent pregnancy)

First author Gestational age (weeks) and 
diagnosis at inclusion

Patients index 
pregnancy, IP (N)

Subsequent 
Pregnancy, SP (N)

Delivery <34 
weeks SP (N)

Uncomplicated 
SP (N)

Missing items 
methodological quality

Recurrence rate %, 
95% CI 

Visser et al.17 25 – 34 FGR 43 43 14 11 1 32% (18% - 46%)

Ferrazzani et al.18 (Patients with aspirin) ≤ 33 Pre-eclampsia or FGR 13 13 8 3 62% (35%-88%)

Ferrazzani et al.18 (Patients with LMWH and aspirin) ≤ 33 Pre-eclampsia or FGR 24 24 3 3 12% (0.7% -26%)

Van Rijn et al.19 ≤ 34 Pre-eclampsia 120 120 6 45 0 5% (1.1%-8.9%)

Kupferminc et al.20 23 – 34 Pre-eclampsia or FGR 24 24 2 21 2 8.3% (-2.7%-19%) 

Kalk et al.21 (LMWH and aspirin) ≤ 34 Pre-eclampsia 26 26 3 18 2 12% (-0.7%-24%)

Kalk et al.21 (aspirin or no medication) ≤ 34 Pre-eclampsia 32 32 5 16 2 16% (3.1%-28%)

Sullivan et al.22 ≤ 31 HELLP 18 18 11 1 61% (39%-84%)

Chames et al.23 ≤ 28 HELLP 46 62 25 1 40% (28%-53%)

Sibai et al.24 18 – 27 Pre-eclampsia 108 169 35 59 1 21% (15%-27%)

Gaugler et al.25 ≤ 24 Pre-eclampsia 17 24 5 2 1 21% (5%-37%)

Sep et al.26 ≤ 34 Pre-eclampsia or HELLP 152 152 11 0 7.2% (3.1%-11.4%)

Hernández-Diaz et al.27 ≤ 34 Pre-eclampsia 1754 1754 119 0 6.8% (5.6%-8.0%)
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Gaugler-Senden et al.25 reported on 17 women diagnosed with pre-eclampsia 
and an onset before 24 weeks (all delivered before 30 weeks of pregnancy). They 
performed a retrospective case-control study to evaluate subsequent pregnancy 
outcome and the cardiovascular risk profile of women and their partners. These 
women had 24 subsequent pregnancies of which 12 were complicated by 
pre-eclampsia and 5 delivered before 34 weeks. Ten women had GH and only two 
a completely uncomplicated pregnancy. Thus the recurrence risk for this group 
was 21% (95% CI 5% to 37% N=24).
Sep et al.26 describe a cohort of 186 patients. They included patients who were 
diagnosed with pre-eclampsia or HELLP before 34 weeks of gestation. The cohort 
describes 152 patients delivered under 34 weeks in their index pregnancy of 
whom 11 experienced a recurrence of a delivery under 34 weeks and 45 patients 
experienced a late onset hypertensive complication. The recurrence rate was 
7.24% (95% CI 3.1% to 11.4% N=152).
Hernández-Diaz et al.27 gained information on recurrence of pre-eclampsia from 
the Swedish Medical Birth Register. They sub-analysed the recurrence of severe 
pre-eclampsia (severe was defined as delivery before 34 weeks gestational age). 
From the 1754 patients with severe pre-eclampsia, 119 had a recurrence: giving a 
recurrence rate of 6.8% (95% CI 5.6% – 8.0% N=1754).

Quality assessment 
Table 1 is a composition of the data from the database, some items were not 
reported in all studies. Methodological quality of the majority of the studies was 
good. The data in table 1 shows that the difference in the number of patients 

Table 1. Included studies with reported number of patients included and outcome of the subsequent 
pregnancies. (IP, index pregnancy. SP, subsequent pregnancy)

First author Gestational age (weeks) and 
diagnosis at inclusion

Patients index 
pregnancy, IP (N)

Subsequent 
Pregnancy, SP (N)

Delivery <34 
weeks SP (N)

Uncomplicated 
SP (N)

Missing items 
methodological quality

Recurrence rate %, 
95% CI 

Visser et al.17 25 – 34 FGR 43 43 14 11 1 32% (18% - 46%)

Ferrazzani et al.18 (Patients with aspirin) ≤ 33 Pre-eclampsia or FGR 13 13 8 3 62% (35%-88%)

Ferrazzani et al.18 (Patients with LMWH and aspirin) ≤ 33 Pre-eclampsia or FGR 24 24 3 3 12% (0.7% -26%)

Van Rijn et al.19 ≤ 34 Pre-eclampsia 120 120 6 45 0 5% (1.1%-8.9%)

Kupferminc et al.20 23 – 34 Pre-eclampsia or FGR 24 24 2 21 2 8.3% (-2.7%-19%) 

Kalk et al.21 (LMWH and aspirin) ≤ 34 Pre-eclampsia 26 26 3 18 2 12% (-0.7%-24%)

Kalk et al.21 (aspirin or no medication) ≤ 34 Pre-eclampsia 32 32 5 16 2 16% (3.1%-28%)

Sullivan et al.22 ≤ 31 HELLP 18 18 11 1 61% (39%-84%)

Chames et al.23 ≤ 28 HELLP 46 62 25 1 40% (28%-53%)

Sibai et al.24 18 – 27 Pre-eclampsia 108 169 35 59 1 21% (15%-27%)

Gaugler et al.25 ≤ 24 Pre-eclampsia 17 24 5 2 1 21% (5%-37%)

Sep et al.26 ≤ 34 Pre-eclampsia or HELLP 152 152 11 0 7.2% (3.1%-11.4%)

Hernández-Diaz et al.27 ≤ 34 Pre-eclampsia 1754 1754 119 0 6.8% (5.6%-8.0%)
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included between studies is large. Figure 2 shows the calculated recurrence risk 
between the seven pooled studies. The pooled data of the seven studies with an 
unselected patient population, demonstrated a recurrence risk of 7.82% (95% CI 
6.7% – 9.0%) for 2188 patients and their subsequent deliveries (Figure 2).

Figure 2 Risk of recurrence of hypertensive disease leading to delivery < 34 weeks

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Absolute risk (95% CI)

'14/49
'8/13
'3/24
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'2/24
'3/26
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'11/152
'119/1754
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Ferrazzani et al.        

Van Rijn et al.       
Kupferminc et al.         

Kalk et al.         
Kalk et al.         
Sep et al.     

Hernandez et al. 

Pooled estimate  

Recurrence of PE/PIH/HELPP leading to delivery < 34 weeks 

Discussion

In this first systematic review, we used the data from eleven studies that provided 
data to allow calculation of the recurrence rate of a premature delivery before 
34 weeks of gestation, due to recurrence of hypertensive disorders. As four 
studies included a restricted patient population, only seven studies were used 
for pooling data. The pooled risk of recurrence of hypertension, pre-eclampsia 
or HELLP syndrome resulting in a delivery before 34 weeks was 7.8% (95% 
confidence interval 6.7% to 9.0%). As a corollary, there is a more than 90% chance 
of a delivery after 34 weeks in their subsequent pregnancy. As parents’ anxiety is 
mainly associated to prematurity of their child, this finding may influence parents’ 
decision on a future pregnancy in a positive way. 
The most important limitation of this review is the lack of uniform criteria in the 
underlying studies. While some studies define severe by the gestational age at 
delivery, others define severe by symptomatology (laboratory or height of blood 
pressure). This results in large differences between studies. 
The exact gestational age at delivery was not reported in many studies that had 
to be excluded for that reason. Due to this missing information in the study of 

78

proefschrift Langenveld.indb   78 28-9-2011   13:36:52



5
chapter

Sullivan et al.22 for example, we could only include the 18 patients with a severe, 
early HELLP syndrome, whereas patients with another hypertensive disorder had 
to be excluded. A second limitation is the fact that the population size of some 
studies are small. Selection bias could be the reason that the most small studies 
had a higher risk estimate than our pooled result.
Another problem in the external generalizability is patient-related. Knowing the 
outcome of the subsequent pregnancies in patients who did get pregnant cannot 
as such be a reference for the outcomes of potential pregnancies of women who 
until now opted not to become pregnant again. How these pregnancies would 
have developed can only be speculated. Given a possible selection of patients 
who did and did not become pregnant again may substantially influence results.
For the first time we provided a systematic tool about information on recurrence of 
a premature delivery before 34 weeks of gestation due to a hypertensive disorder. 
Several new studies have been published recently. Previously, the publication of 
Sibai et al. in a highly selected population with a high recurrence rate was the 
main reference for counselling. Opposed to these previous studies our calculated 
pooled recurrence rate is generally low. Pooled analysis yields a probably more 
accurate risk assessment. 
More prospective research on this subject, with focus on individual risk prediction 
is necessary. We did not attempt to obtain the original data from each study, 
though meta-analysis with individual patient data would be more accurate and 
would allow multivariable exploration of risk factors and creation of prediction 
models. If appropriate prediction models can be developed, the obstetrician can 
adjust the care for each individual patient at high risk of recurrence or low risk of 
recurrence.
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