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INTRODUCTION

Currently, with the increase in maternal age and the
expanding use of assisted reproductive technology

(ART), obstetricians have to deal with a growing num-
ber of multiple pregnancies, which differ from singleton
in terms of monitoring, complications and outcomes1-4. 

Overall, twins’ gestations constitute 2% to 5% of all
pregnancies and they have an increased risk of almost
all pregnancy complications, with preeclampsia (PE)
being one of the most significant1,3,5.

PE is a pregnancy-specific hypertensive disorder,
progressive and multi-systemic. There are several as-
pects of PE that are not fully understood, given rise to
different definitions, diagnostic criteria and guidelines
among the main scientific societies6-11. 

The early identification of twin pregnancies with a
greater risk of PE would allow a tailored antenatal care
and the possibility to introduce prophylactic measures
to potentially reduce its incidence12-14. 

DEFINITION

The most commonly used definition of PE is from the
International Society for the Study of Hypertension in
Pregnancy (ISSHP): development of hypertension
(blood pressure equal or higher than 140/90 mmHg on
two separate occasions, four hours apart after 20 weeks
of gestation) in previously normotensive women with
the presence of proteinuria (300mg or more in 24 hours
or two readings of at least ++ on dipstick analysis of
midstream or catheter urine specimens)7.

In 2014, the definition was adjusted by the ISSPH8,
further to which the diagnosis of PE should be made in
the presence of de novo hypertension after 20 weeks of
gestation and new onset of one or more of the follow-
ing criteria:
• proteinuria (≥300 mg/day or a spot urine protein/

/creatinine ratio ≥30 mg/mmol);
• renal insufficiency (creatinine ≥90 mmol/L);
• liver involvement (elevated transaminases and/or se-

vere right upper quadrant or epigastric pain);
• neurological involvement (hyperreflexia accompa-

nied by clonus, severe headaches accompanied by
hyperreflexia, persistent visual scotomata, eclam -
psia, altered mental status, blindness, stroke);

• haematological complications (thrombocytopenia,
haemolysis, Disseminated Intravascular Coagulation);
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• uteroplacental dysfunction - fetal growth restriction.
These clinical manifestations result from mild to se-

vere microangiopathy of the respective organs and
should resolve completely within 12 weeks postpartum8.

In terms of gestational age, PE can be classified as
early-onset PE when the diagnosis is made at or before
34 weeks gestation. PE is defined as preterm or term,
according to the need for iatrogenic delivery before or
after 37 weeks of gestation, respectively15.

INCIDENCE

PE complicates 4 to 5% of pregnancies worldwide and
its incidence has increased by 25% in the past two
decades16-21. Twin pregnancies have an increased risk
of hypertensive diseases, with reported rates varying
from 13 to 36%3,5,22 . This fact was first noted by Hin-
selmann on the 18th century. Of the 7748 cases of
eclampsia recorded in his work, 6,4% were in twin
pregnancies, a rate 5,8 times higher than in singletons.5

During the last 20 years numerous studies compared
single and multiple pregnancy in terms of rate of ges-
tational hypertension, PE and eclampsia. According to
those reports, the relative risk of gestational hyperten-
sion is 1.2 to 2.7, for PE is 2.8 to 4.4 and for eclamp-
sia 3.4 to 5.1, when comparing twin to singleton ges-
tations23,24. 

Traditionally, the relative risk described for PE in
twins is 3. However, if we consider that the gestatio -
nal age at delivery in multiples is lower than in single-
tons, is logical to assume that the real relative risk of
PE in twins is underestimate. If we compare the rate of
preterm-PE in multiple with singleton pregnancies, the
rate is actually 9-times higher. Indeed, the relative risk
for preterm-PE in the subgroup of pregnancies that are
ongoing at 35 weeks’ gestation is 14 for dichorionic
(DC) and 20 for (MC) monochorionic twins25. There-
fore, PE in multiple gestation is a rather pertinent pro -
blem in obstetric practice.

RISK FACTORS 

Throughout the years multiple factors have been iden-
tified as potentially increasing the incidence and seve -
rity of hypertensive disorders in singleton pregnancies.
The most important are nulliparity, advanced maternal
age (AMA), black race, obesity, ART, gestational dia-
betes and antiphospholipid antibodies6.

Although it can be presumed that the risk factors
for PE in multiple pregnancies are the same, due to the
difference in maternal and pregnancy characteristics,
this hypothesis is unproven. Data are limited, contra-
dictory and most of the published studies have 
important bias, limiting the strength of the evidence
available26. 

Parity
Similar to singleton pregnancies, parity appears to have
a significant impact in the development of PE in mul-
tiple gestations. According to the literature, nullipari-
ty increases the relative risk of PE approximately 3
times (1.6-5.2) in twin pregnancy. Additionally, the
combination of nulliparity with a twin pregnancy in-
creases the risk of PE around 14 times, when compared
to a multiparous with a singleton pregnancy5,22,26. 

Age 
When analyzing maternal age, the risk of PE has a U-
type distribution, being the lowest between 25 and 29
years and the highest in the group over 40 years. Young
mothers (<17 years of age) with twin pregnancies are
at a relative risk 1.5 times higher for developing PE
compared to those aged 17 to 25, and at an even high-
er risk compared to those older than 25 years5. 

Race 
In twin pregnancies, race seems to play a less impor-
tant role than in singletons, with black mothers ha ving
only a 1.8 times higher risk of PE than white mo thers5. 

Pregestational Body Mass Index 
Some studies showed that a higher pregestational Body
Mass Index (BMI), especially a BMI superior to 30
kg/m2, increases significantly and independently the
risk of PE in twins26,27.

Previous history of hypertensive disorder in
pregnancy
As in singleton pregnancies, a past history of
preeclampsia increases significantly the risk of deve -
loping PE, when compared with women without this
background27.

Zygosity
The results of studies on the importance of zygosity
are inconsistent, with rates of PE in monozigotic re-
ported as higher, similar or lower compared to dizi -
gotic twin pregnancies28. These contradictory results
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independently associated with PE in twin pregnancy
are pregestational high BMI, egg donation, previous
history of hypertensive disorder in pregnancy and
probably nulliparity22,26. Additional studies are needed
to confirm these findings.

PATHOPHYSIOLOGY 

The pathophysiology of PE is still poorly understood
but it is likely to involve both maternal and placental
factors. Abnormalities in the development of placental
vasculature in early pregnancy may cause placental hy-
poxia and the release of factors leading to maternal en-
dothelial dysfunction, triggering hypertension and 
other disease manifestation. The different theories on
the pathogenesis of PE in singletons can be extrapola -
ted for twin pregnancy.

Imunological factors 
The immune incompatibility theory supports that the
immunological/genetic differences between mother
and fetus contribute to the development of PE. This
theory states that an immunologic event early in
pregnan cy activates a maladaptation of the maternal
immune system to the fetal trophoblastic tissue41.

Various studies have proved the existence of in-
creased levels of fetal nucleic acids and syncytiotro-
phoblast microparticles in maternal blood among
women with PE. If the immunological load is determi-
nant in the development of PE, the incidence of PE
should be higher in dizygotic twins and similar in
monozygotic twins and singleton pregnancies. Given
most of the DC are dizygotic it would be expected that
the incidence of PE to be higher in DC compared to
MC twins. The newest studies have however demons -
trated similar incidences in both types of twins, which
does not support the immunological concept28,29,33,42.

Placentation 
One key element involved in PE is placentation. An im-
paired trophoblastic invasion of maternal spiral arte ries
can lead to a high-pressure flow and damage to the pla-
centa, resulting in placental hypoxia and release of fac-
tors leading to maternal endothelial dysfunction12,43,44. 

One possible explanation for the increased rate of
PE among women with twin gestations is the placental
mass hypothesis. Twins have a larger placental mass,
which may cause an increased release of molecules with
anti-angiogenic activity, like soluble fms-like tyrosine

may be due to the changing definitions of PE over time,
as well as to the determination of zygosity. The only ac-
curate way to determine zygosity is analysing DNA
markers, which can only be done prenatally by invasive
testing. From a clinical point of view, the determination
of zygosity is not easily available and it does not have
the potential to be used as an element in screening large
populations29,30.

Chorionicity
Much more important than zygosity is chorionicity that
can be reliably determined in the first trimester by ul-
trasonography. The association between PE and cho -
rionicity is unclear and the existing data are incon -
gruous. There are studies showing a higher risk in DC
twins31-33, others a lower risk of PE34 and some con-
cluding lack of association28,35,36.

These incongruent findings can be explained by in-
consistent diagnoses of PE, small sample sizes and lack
of adjusting data to possible confounding factors. One
important bias is the gestational age at delivery, as there
is a higher rate of preterm delivery in MC twins. Ano -
ther important confounder is maternal age: DC twins
are more frequent in older mother. More recent stu dies
using multiple logistic regression, revealed that chorio -
nicity has no effect on the development of PE after
adjus ting for confounding factors like maternal age,
race, parity and gestational age at delivery26,27,29.

Assisted Reproductive Technology
ART role in the incidence of PE in multiple gestations
has been explored in several studies with controversial
findings. Some authors found an increased risk of PE
in ART pregnancies37,38, while others found no diffe -
rence between ART and spontaneous twins gesta-
tions35,39,40. 

Similar to what happens with chorionicity, these
contrasting findings can be related to sample sizes and
possible confounding factors. When using a multiple
logistic regression model the use of ART by itself seems
to have no influence in the risk of PE. Nevertheless,
some particularities of the technique used, such as egg
donation, seem to increase the rate of PE26,39,40.

Other factors
Gestational diabetes, family history of hypertension,
maternal smoking, income level and genetic factors ap-
parently have little or no effect on the development of
PE in twins5,22,27. 

The latest studies support that the only risk factors
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kinase-1 (sFlt-1) and soluble endoglin (sEng). How-
ever, some studies found no correlation between pla-
cental mass and circulation levels of anti-angiogenic
factors, making the placental mass hypothesis unlike-
ly33,34,45,46. 

Another possible justification for the increased risk
of PE in multiple pregnancy is the existence of a less
efficient placentation. In twins is more likely that at
least one placenta is implanted in a hostile part of the
uterus, potential resulting in some degree of hypo-per-
fusion. It is undoubted that the anti-angiogenic factors
have a vasoconstrictor role and induce placental is-
chemia/hypoxia, but it is still not clear whether pla-
cental hypoxia is the effect or the cause of increased
anti-angiogenic factors release30,45. 

Angiogenic factors 
The angiogenic/angiostatic balance theory supports
that there is a variation in the balance of angiogenic
proteins, inflammatory cytokines and other immune-
modulating molecules in pregnancies with PE. These
factors are thought to cause maternal endothelial dys-
function and a systemic inflammatory reaction41.

Numerous studies in singletons showed an eleva-
tion in sFlt-1 and sEng, two anti-angiogenic proteins,
previously to the clinical manifestation of PE. Placen-
tal growth factor (PlGF) is a protein mainly expressed
in the placenta and is considered to be an angiogenic
factor. The circulating levels of PlGF decrease before
the onset of PE and an increased of the sFlt-1/PlGF ra-
tio has also been shown to precede the clinical symp-
toms of PE12. 

When comparing unaffected singleton and twin
pregnancies, studies demonstrated higher levels of
sFlt-1 and higher sFlt-1/PlGF ratio in twins. When
comparing twins with PE versus unaffected twin
pregnan cies, the serum levels of sFlt-1 and the 
sFlt-1/PlGF-ratio are significantly increased and PlGF
is significantly decreased. The deviations of these an-
giogenic markers appear to predict adverse outcomes,
and the sFlt-1/PlGF-ratio is inversed correlated with
the duration of pregnancy45-49.

These findings support the hypothesis that the an-
giogenic/angiostatic balance plays a relevant role in en-
dothelial cell injury, in multiple as in singleton
pregnan cies. Although the placenta is central to the
process, it remains unclear what causes sFlt-1 to in-
crease and PlGF to decrease in women with PE, but it
probably points to the multifactorial aspect of this di -
sease.

Cardiovascular theory
Despite the fundamental role of the cardiovascular sys-
tem in PE, data about the interaction between the pla-
centa and the maternal heart are still limited. 

It has been proposed that numerous cases of PE can
be related to failure of the maternal heart muscle to re-
model, especially in relation to diastolic blood pres-
sure. Recent studies consistently show that women
with placental failure and impaired left ventricle func-
tion were more likely to develop early-onset PE. These
results originated the theory that the maternal cardio-
vascular response to placental dysfunction may play
an important role in the pathophysiology of PE. These
cardiac changes may also play a part in the increased
pre-disposition of women with PE to develop long-
term cardiovascular disease15,50. 

In twin pregnancy complicated by PE it is recog-
nized that the maternal cardiac function does not un-
dergo the physiological changes that are required for
adaptation to pregnancy. As in singletons, a failure in
maternal cardiac adaptation, demonstrated by a lo wer
cardiac output and increased total vascular resistance,
has been associated with an increased risk of PE51. 

The latest evidence suggests that the most signifi-
cant factors in the pathophysiology of PE in twin
pregnan cy, as in singletons, are related to the angio-
genic balance and the maternal cardiovascular re-
sponse to placental dysfunction. Further investigation
focused on multiple pregnancies is essential to vali-
date theses conclusions.

CLINICAL MANIFESTATIONS�

The clinical manifestations of PE appeared to be simi -
lar in singleton and twins. However, hypertensive di -
sorders in multiple pregnancies tend to occur earlier
and to be more severe. 

Preterm PE occurs 2,8 to 3,7 times more frequently
than in singleton pregnancies. This results in a higher
probability of complications such as preterm delive ry,
34,5% in twin gestation versus 6,3% in singletons5,23,43,52. 

Twin pregnancies also have an increased risk (about
3 times higher) of eclampsia. Abruptio placentae was
found to be 8,2 times more frequent in twin pregnan-
cies with PE when compared to singletons and 5,4
times when compared to normotensive twin pregnan-
cies5,22,43,53,54. 

The diagnosis and management of PE are similar to
those in singleton pregnancies1.
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SCREENING

The early detection of pregnancies at high-risk of de-
veloping PE may improve the maternal and neonatal
outcomes by allowing a more intensive and perso -
nalised surveillance and the use of prophylactic mea-
sures55,56.

In singleton pregnancies, screening for PE in the
first trimester using a multifactor approach, combi -
ning maternal characteristics, biophysical and bio-
chemistry markers, has a detection rate for early PE of
93.4% for a 5% false-positive rate57.

In twin pregnancies, PE screening data are scarce.
Several studies have assessed the potential impact in
multiple pregnancies of the factors traditionally used
for screening in singletons44,45,58,59.

The distribution of mean arterial pressure (MAP)
values in unaffected pregnancies was similar in twin
and singleton pregnancies. Additionally, in twins with
PE the levels of MAP were elevated parallel to what
happens in singletons with PE59.

Studies have proven that the mean uterine artery
pulsatility index (UtA-PI) is lower in twins than in sin-
gletons. In twin pregnancies, UtA-PI is increased in the
first trimester in pregnancies that develop early-onset
PE but not significantly in the cases of late-onset PE.
These findings are consistent with those found in sin-
gleton pregnancies, showing that uterine artery
Doppler is more efficient in identifying women who
develop severe early-onset PE rather than the late form
of the disease44,60,59.

In twins with PE versus unaffected pregnancies, the
serum levels of sFlt-1 and the sFlt-1/PlGF-ratio are sig-
nificantly increased and PlGF is significantly de-
creased. These results are comparable to those found
in singleton pregnancy45,46,48,58.

Similarly to what happens in singletons, the best
performance of screening for PE in twin pregnancies
should be achieved with a combined model. Studies
specifically aiming to screen for PE in multiple preg-
nancies are required.

PREVENTION 

In singletons pregnancies several strategies to prevent
PE have been studied, but only the use of low-dose
dose aspirin has been found to be effective57,61. If
screening is carried out before 16 weeks of pregnancy,
the daily administration of a low-dose dose aspirin in

the high-risk patient reduces in 10 times the incidence
of early-onset PE62,63.

There is little data about the use of aspirin in mul-
tiple pregnancies64,65. There are some health organiza-
tions that support the routine use of low-dose aspirin
in all twin pregnancies to prevent PE66,67. Nonetheless,
if the adverse effects and compliance are considered,
possibly not every twin pregnancy should receive as-
pirin. Screening strategies intended to select higher-
risk twin pregnancies would be preferable to indis-
criminate use. 

CONCLUSION 

PE is among the most common complications in preg-
nancy, representing a major cause of maternal and peri-
natal mortality and morbidity. However, its phy -
siopathology is still poorly understood, which gene -
rates several unanswered questions. Nowadays,
obstetri cians face a growing number of multiple
pregnan cies, which have an increased risk of PE. 

The maternal risk factors for PE in twins appear to
be somewhat different from singleton pregnancy, al-
though the available data are inconsistent and larger
studies are necessary. 

The pathophysiology of PE in twins, as in singleton
pregnancies, is related to an impaired utero-placental
circulation combined with abnormal anti-angiogenic
balan ce and a maternal cardiac maladaptation. Given
the particularities of PE in twins, research focused to
multiple pregnancy is needed.

Further investigation is fundamental to clarify if
there is any effective prophylactic measure in twin
pregnancy and if it is more cost-effective to screen these
pregnancies or to offer prophylactic measures univer-
sally. If screening is the way forward, it is imperative to
determine what is the best screening method.

Considering all this questions, PE in twin pregnan-
cies is a pertinent obstetric problem of increasing im-
portance, requiring more research to elucidate the par-
ticularities of this pathology.
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