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Introduction and Outline of the thesis

Introduction
This thesis describes the results from a randomized clinical intervention trial that ran
between 2000 and 2003 at the Department of Obstetrics of the Academic Medical
Center (AMC) and the VU University Medical Center (VUmc). Patients who were
admitted with a severe hypertensive disorder of pregnancy at early gestational ages
were asked to participate if they were eligible for a temporizing management strategy.
After informed consent, they were randomized for a treatment strategy with plasma
volume expansion or a treatment strategy without plasma volume expansion. These
two options reflected the presence anno 2000 of the articulated dissensus among
secondary and tertiary care obstetricians with regard to the treatment of choice.
Here, a historical background and an elaborate description of the trial design will
be given.

Background

The clinical expression patterns show impressive variation between and within patients.
Maternal expression ranges from pregnancy induced hypertension without signs
of organ involvement, through preeclampsia (with proteinuria), eclamptic fits, and
hemolysis elevated liver enzymes low platelets (HELLP) syndrome.1,2,13 The maternal
syndrome is associated with significant maternal morbidity.14,15 Potentially lifethreatening conditions such as liver rupture, eclampsia, renal insufficiency and cerebral
bleeding may occur. In the Netherlands approximately 40% of maternal mortality is
related to preeclampsia.16,17
One of the inconsistencies of the deficient placentation hypothesis is the observation
that fetal growth restriction only occurs if preeclampsia develops preterm, while birth
weight in women with term preeclampsia is similar to controls without preeclampsia.18
In early preterm preeclampsia, fetal growth restriction is common, resulting in
compensatory adaptation (brain sparing), and ultimately fetal death if no intervention
is performed.19 The fetal/neonatal consequences are related to the gestational age
when the syndrome occurs and prompts iatrogenic premature delivery. Severe neonatal
morbidity (necrotizing enterocolitis, respiratory distress syndrome, infectious morbidity)
may cause neonatal death or long term morbidity (retinopathy of prematurity, chronic
lung disease, cerebral palsy or more subtle neurodevelopmental disabilities).

Management
Centralization of care for patients with severe disease or with very low expected birth
weight is justified, given the high probability of iatrogenic premature delivery and
the possibility of maternal complications requiring intensive care facilities.20 Delivery
is the ultimate cure. However, at early gestational age, it is likely that temporizing
management reduces neonatal morbidity, with limited, mostly reversible maternal
morbidity.21-30 The mainstay of therapy until delivery therefore is symptomatic.
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Hypertensive disorders of pregnancy are common, occurring in 7-10% of all
pregnancies.1,3 It is generally assumed that deficient placentation is the pathophysiological basis, although the precise mechanisms remain unknown.5,6 Genetic7 and
immunologic factors8,9 can play a role, as do pre-existing maternal factors.10 Through
unidentified mechanisms endothelial dysfunction is the final common pathway to the
clinical expression of the disease.11,12 However, the variation of clinical expression is
extremely large, the recognizable aspects of endothelial dysfunction are not constant
and it is not well known how this variation is mediated.

Prolongation of pregnancy requires close monitoring of both maternal and fetal
condition to determine the optimal timing of delivery. At every evaluation fetal benefits
and maternal risks of further prolongation of pregnancy have to be weighed against
the benefits and risks of immediate delivery. The existing uncertainty in this respect is
well demonstrated by the differences in criteria for delivery between hospitals around
the world, but also within the Netherlands. Some may take the decision to deliver
at the onset of symptomatic preeclampsia, while others only deliver for therapyresistant hypertension, pulmonary edema or recurrent HELLP syndrome, when further
prolongation of pregnancy may be hazardous for the mother. Fetal indications for
delivery generally are repeated decelerations or prolonged low variability on fetal heart
rate tracings. If a decision for delivery is anticipated within days, corticosteroid therapy
for fetal lung maturation should be installed at an early gestational age.31
Sometimes, on the basis of very early gestational age and very low estimated fetal
weight, a decision is taken by the parents, obstetricians and pediatricians to refrain
from intervention when fetal distress becomes apparent. Fetal death is thus implicitly
accepted, based on anticipated extremely poor neonatal survival.

Symptom management
Although the mainstay of temporizing (symptomatic) management is treatment of
severe hypertension (see Chapter 1 for available drugs and indications), additional
treatment of other symptoms is common. Magnesium sulphate is the superior
alternative for the prevention and treatment of eclampsia.32-34 Headache or abdominal
pain may be an expression of imminent pathology. Treatment with acetaminophen
and/or morphine should be accompanied by adequate diagnostic strategies to detect
the development of severe complications.
Reports that diminished circulating plasma volume, reduced cardiac output and endorgan vasoconstriction are key features of the syndrome received interest as early as
the 1970s.35-44 The unstable hemodynamic system with decreased circulating plasma
volume, dubbed by some as a state of ‘chronic shock’,41,45 was thought to be prone to
hypotensive episodes in case of antihypertensive therapy, which in turn could induce
organ hypoperfusion and fetal distress. To avoid this sequence, gradual lowering
of blood pressure by antihypertensive medication is advised by some, while others
advocated plasma volume expansion to allow for a faster decrease of blood pressure
and a lower treatment target. It could be hypothesized that a lower blood pressure
target might reduce the risks for maternal complications and the emergence of HELLP
syndrome.
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Randomized trials
Sehgal et al. compared 13 controls to 10 patients receiving the hyperosmolar dextran
40 and 9 patients receiving hyperosmolar plasmanate. Hemoconcentration decreased
and urine output increased after two days of therapy with plasma volume expansion.49
Belfort et al. compared five patients who were randomly assigned to plasma volume
expansion before vasodilator hydralazine therapy with five patients assigned to plasma
volume expansion after hydralazine therapy. All patients showed low pulmonary
capillary wedge pressure (a proxy measure for volume status) and high systemic
vascular resistance before start of therapy. After plasma volume expansion with only
200 mL colloid plasma substitute (Haemaccel), wedge pressure had increased and
resistance had decreased, blood pressure was unaffected.50 Lowe et al. reported
that the infusion of Haemaccel led to a significant decrease in plasma albumin and
hematocrit and an increase in atrial natriuretic peptide (ANP)-levels in 7 patients. These
effects were not observed in the 8 control women who received hypotonic saline.51
These three trials did not compare clinical outcomes of management strategies with
or without plasma volume expansion. Moreover, the numbers were too small, the
type of hypertensive disease was too variable and the clinical relevance of the chosen
outcomes was too limited.

Observational studies
Ozcan et al. and Nisell et al. demonstrated that ANP increase after a volume challenge
was stronger in patients with preeclampsia than in normal pregnant patients, possibly
due to decreased compliance of the capacitance vessels.52,53 A number of observational
intervention studies measured cardiovascular parameters with invasive pulmonary artery
catheters. They uniformly showed that plasma volume expansion leads to increased
cardiac output, and decreased systemic vascular resistance.50,51,54-57 None of these
studies reported the duration of these effects. Another study showed a short-lasting
1800 mL increase of plasma volume and an increase of central venous pressure after
infusion of 500 mL of stabilized human serum half an hour after infusion. However,
already 24 hours later this effect had completely disappeared.58 Several reports by
Gallery et al. described significant improvement of high blood pressures that lasted for
48-72 hours after infusion of a plasma volume expander.59-61 Goodlin et al. described
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Reports documenting the hypothesized beneficial effects of plasma volume expansion
stem from as early as 1972,46 but to date there is no solid evidence on the clinical
value of plasma volume expansion.47,48 Literature is dominated by observational
cohort studies, all of them biased by obvious or more hidden factors; the number of
randomized trials is limited to three small sized studies, which did not use relevant
clinical endpoints.

several cases in which the syndrome was reversed, or at least temporarily improved.62
Brewer et al. specifically focused on the beneficial effect on diuresis in patients with
oliguria in a set of 7 patients.63
The association between decreased plasma volume and fetal growth restriction has been
reported.37,42,64-70 Studies of fetal effects of plasma volume expansion demonstrated
an improvement of flow velocity profiles in the umbilical artery, which was possibly
associated with better perinatal outcome.71-73 Siekmann et al. demonstrated improved
fetal blood flow parameters after maternal infusion of dextran, but not after infusion
of NaCl.74 Another study demonstrated a similar effect on uteroplacental blood flow,
measured with isotopes.38 This effect was not confirmed in two other studies using
the same method.75,76 Two other studies that used Doppler flow velocimetry of the
uterine artery, also showed no effect on uteroplacental blood flow. In one study colloid
solution infusion was combined with the calcium antagonist verapamil, in the other a
crystalloid solution was infused.77,78
Only one study compared clinical outcomes (perinatal morbidity and mortality,
maternal morbidity) between a management strategy with and without plasma
volume expansion. It was a non-randomized retrospective matched-control study,
and showed a non-significant improvement of perinatal outcome with plasma volume
expansion.54
In all observational reports, the study populations are selected, heterogeneous and small.
Some are patients with chronic hypertension, or pregnancy induced hypertension, with
or without proteinuria, and in some the type of hypertensive disorder of pregnancy is
not defined. Additional morbidity is unclear in most cases.
Also, the method of plasma volume expansion varies considerably. Apparently no
consensus exists on the type of fluid or amounts to be administered; so far no doseresponse studies have been published. The use of several agents has been reported.
Colloid plasma substitute (gelofusine) has been used,49,72 pasteurized plasma (GPO)
with a high albumin content,28,54,79 albumin 5%,57 starch derivative solutions,71
Haemaccel,50 dextran,49 or crystalloids.52,53 Disadvantages of albumin and GPO are
the high costs and the reported associated mortality compared to crystalloid fluids
in critically ill patients with burns or hypoalbuminemia.80 Each agent has its specific
advantages and disadvantages related to costs, and infectious capacity. A colloid agent
frequently used for plasma volume expansion in patients with trauma, shock and sepsis
is hydroxyethylstarch, which is a starch derivative. Advantages are low costs and low
risks of transfer of infectious agents (prionic agents). In general, crystalloid solutions
are considered less effective in a capillary leak syndrome. There is also no uniformity
in ‘dosage’ that is the amount of plasma expansion. Some authors aim to achieve
hemodynamic targets,50,54,72,79,81,82 others administer fixed amounts.49,52,53,57,71
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Adverse maternal effects of plasma volume expansion, such as pulmonary edema
are recognized.48 Thus, when the maternal syndrome is severe, volume therapy
should be guided by invasive hemodynamic measurements (Swan-Ganz catheter) to
prevent pulmonary edema,28,35,85 accepting that this procedure too is associated with
complications.86
In summary, on theoretical mechanistic grounds, temporizing management with
plasma volume expansion could be beneficial, resulting in improved maternal and
fetal hemodynamics and improved perinatal outcome. However, in the absence of
sufficiently powered randomized clinical trials, the clinical benefits, but also the risks
of plasma volume expansion treatment remain ambiguous.47,48 In a survey among
members of the International Society for the Study of Hypertension in Pregnancy,
42% of participants stated they used plasma volume expansion in the management of
severe and early preeclampsia.87 From personal communication we judge this result to
resemble the Dutch status quo at 2000.
Historically, in Amsterdam in the two university hospitals of the Academic Medical
Center (AMC) and the VU University Medical Center (VUmc), management was
distinctly different: the VUmc used plasma volume expansion on a routine basis, the
AMC did not. In this local context, this stimulated discussion about the pros and cons
of the use of plasma volume expansion.
Given the relevance of the problem, the impact of the syndrome and the genuine
interest of the obstetric community, it was decided to engage in a randomized trial of
a management strategy with plasma volume expansion and a management strategy
without plasma volume expansion. The trial was funded by the Dutch National Health
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In our trial we opted for the use of a colloid solution, a choice predominantly based on
two studies that compared the effects of colloid solutions with the effects of crystalloid
solutions. The first study demonstrated more plasma volume expansion with a colloid
in terms of higher ANP-production and hemodilution.51 In another study maternal
and fetal hemodynamic parameters improved with dextran but not with NaCl 0.9%.74
Hydroxyethylstarch was the colloid solution of choice, because it is a solution of nonanimal origin. The alternatives were predominantly on a gelatin basis. At the time
of design of the study, these products would possibly be banned because of their
increased risk of transfer of the agent causing bovine spongious encephalitis. This
choice was further supported by a more recent randomized study, that demonstrated
a decrease of hematocrit and diminished erythrocyte aggregation with Hydroxyethylstarch but not with NaCl 0.9%.83 In an animal model, Hydroxyethylstarch significantly
improved microcirculation in sepsis, a situation similar to preeclampsia with regards to
the capillary leak syndrome.84

Insurance Board (grant number OG98-021). After lengthy negotiations on feasibility
and necessity of individual versus center randomization (the latter with both centers
offering one treatment), individual randomization was finally agreed to. The results of
this trial with clinical endpoints are presented in this thesis.

The trial
Study design
The study population was selected from all consecutive women presenting at a
gestational age between 24 and 34 completed weeks who were admitted to the
Departments of Obstetrics and Gynecology of the AMC and the VUmc. Both university
hospitals are located in Amsterdam, The Netherlands and together serve as tertiary
care centers for a community of approximately 2.5 million inhabitants (30,000
deliveries annually). During the study period, between April 1 2000 and May 31
2003, patients were eligible to participate in the trial, if they met at least one of the
inclusion diagnoses: HELLP syndrome, severe preeclampsia, eclampsia, or severe fetal
growth restriction with gestational hypertension (definitions in Table I).1,2,4 Overlap
of clinical presentation within patients is frequent. To optimize generalizability of the
study, patients were included across the spectrum of severe hypertensive disorders
of pregnancy, with the intent of combined analysis, as well as predefined subgroup
analysis. Patients with eclampsia were stabilized prior to randomization. Stabilization
aimed to allow corticosteroid treatment for fetal lung maturation, but if a stable
situation could be maintained, further prolongation of pregnancy was attempted and
patients were eligible for the study.
Table I. Definition of included hypertensive disorders
Severe preeclampsia1

diastolic blood pressure ³110 mm Hg and
proteinuria (³0.3 g/24 hours)

HELLP syndrome2

platelet count <100 X 109/L and aspartate aminotransferase
³70 U/L and lactate dehydrogenase ³600 U/L

FGR and pregnancy induced
hypertension1,4

abdominal circumference <p5 or estimated fetal weight <p10
(ultrasound) and diastolic blood pressure ³90 mm Hg

Eclampsia1

generalized convulsions in pregnancy not caused by epilepsy

Patients were excluded if severe fetal distress or lethal fetal congenital abnormalities
were diagnosed; if language difficulties prevented informed consent, or if plasma
volume expansion had already been given at the referring hospital. Patients already
given antihypertensive or magnesium sulphate treatment were not excluded. Excluded
patients received no plasma volume expansion.
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Study procedures
Both management strategies were executed in both hospitals during an intensive runin phase of six months with frequent consultation between trial staff to guarantee
uniformity of procedures. After it was evaluated that both types of management could
be safely performed in both hospitals, the study was started. During the study the
trial study coordinators and principal investigators joined every two weeks to discuss
emerging problems. If any issues regarding specific patient management arose between
meetings, consultation by phone between centers took place. This synchronization of
procedures was also performed between the staff of the Neonatal Intensive Care Units
of both hospitals. Procedural decisions were in all cases directly documented, prior to
outcome results became available.
The study outline is demonstrated in Figure 1. Blood pressure was measured by
auscultation using a standard sphygmomanometer, and Korotkoff phase 5 for diastolic
blood pressure. Magnesium sulphate therapy was used for prevention and treatment
of eclampsia. Duration of treatment was 24-48 hours per episode. One course of
corticosteroid therapy with intramuscular betamethasone (two doses of 11.4 mg with
a 24-hour interval) was given when delivery was considered imminent before 32 weeks
gestational age.
In the treatment group, a dose of 250 mL HydroxyEthylStarch (HES) 6% (200/0.5)
was given twice daily over 4 hours. Restricted amounts of NaCl 0.9% were infused
with intravenous medication in-between the infusions of HES. Fluid treatment was
discontinued if clinical signs of pulmonary edema were observed. Antihypertensive
medication was used to achieve a diastolic blood pressure between 85 and 95 mm Hg.
The drug of first choice was ketanserine intravenously, a serotonin-receptor blocker.
Additional medication (oral labetalol, α-methyldopa and nifedipine, and occasionally
intravenous dihydralazine) was used when necessary. Nine patients with severe
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After evaluation, information and informed consent the principal investigators (Wessel
Ganzevoort and Annelies Rep, available 24/7) randomized patients between control
(without plasma volume expansion) and treatment group (with plasma volume
expansion) on a designated palmtop computer with random number generation
software, within two strata of gestational age (between 240/7 and 296/7 weeks,
between 300/7 and 336/7 weeks). The software concealed the group allocation until
the patient details had been entered. Once randomized, the patient data could not be
removed from the database. Gestational age was determined through the first date
of last period, in most cases verified by a first-trimester ultrasound dating scan. The
medical ethics committees of both hospitals approved the study.

Figure 1.

22

In the control group, antihypertensive medication was targeted to achieve a diastolic
blood pressure between 95 and 105 mm Hg. The drug of first choice was α-methyldopa.
Additional medication (oral labetalol, nifedipine and intravenous ketanserine, and
occasional intravenous dihydralazine) was used when necessary. Restricted amounts
of NaCl 0.9% were infused with intravenous medication. The different blood pressure
target ranges and choice of medication between groups reflect the hypothesized
mode of action of plasma volume expansion. In practice, diastolic blood pressure after
stabilization in both types of management is 95 mm Hg on average, and combination
therapy was frequent.
Fetal heart rate monitoring was performed at least twice daily and fetal ultrasound
assessment at least twice weekly.88 The estimated fetal weight ratio and birth weight
ratio were calculated as the ratio of the estimated fetal weight or birth weight divided
by the expected weight for gestational age (using the Gardosi customized growth chart
p50-value, adjusted for maternal physiological variables).4 Children were considered
small for gestational age if birth weight was below the 10th centile for gestational age.
Fetal indications for delivery were repeated decelerations or prolonged low variability
on fetal heart rate tracings. Maternal indications were therapy-resistant hypertension,
pulmonary edema and recurrent HELLP syndrome.

Maternal and perinatal outcomes
The independent trial monitor committee consisted of two gynecologists and one
pediatrician, who were not involved in the management of the study. This committee
was blinded for treatment allocation insofar this was possible for an adequate review
of the cases. Per protocol, the committee reviewed and classified all cases of maternal
morbidity and fetal deaths after the 108th patient was included and after the ending
of the trial. Fetal death was classified as intentional if, at the time fetal distress became
apparent, and after discussion between the parents, neonatologists and obstetricians,
a decision had been made to refrain from intervention. Unexpected fetal deaths were
all classified as unintentional. At interim-analysis no differences between randomization
groups were demonstrated and the study was continued.
Neonatologists of both centers synchronized neonatal management strategies before
the onset of the study. Two neonatologists, unaware of treatment allocation, reviewed
and classified all individual cases of neonatal morbidity and mortality.
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preeclampsia and a gestational age below 30 completed weeks, were treated with
plasma volume expansion under invasive hemodynamic monitoring, at the attending
clinician’s decision.

Main outcome measures and power calculation
The primary endpoint of the study was the Prechtl neonatal neurological examination
score at term age (+/- one week).89 This contains a series of tests and the score equals
the number of tests with an optimal response. The maximum score is 60 points, a score
of 58 or higher is considered normal, a score of 53 or lower abnormal.90 Originally
described in term infants, this neurological examination at term age, has also been
shown to be a good predictor for neurological development in later life in preterm
infants.91 Designated pediatric physiotherapists, who were unaware of treatment
allocation, tested all children. The required sample size was calculated to be 216 (2
*108). This sample size, which took into account 30% loss to follow-up (perinatal
death before term age or withdrawal), had 90% power to detect a difference of more
than 2 points on the 60-point neurological examination test with a type I error of
0.05. We chose the 90% level to allow adequate power for subgroup analysis in this
heterogeneous population.
Secondary endpoints were perinatal mortality, neonatal morbidity and maternal
morbidity. Additional endpoints were the effects of plasma volume expansion on the
pulsatility indices of the fetal umbilical artery and median cerebral artery and the effect
of plasma volume expansion on maternal hemodynamic parameters. Additional followup was also planned. At term age, three months and one year post term children visited
the outpatient department for neurodevelopmental testing. At these test moments
the mothers filled out questionnaires regarding their psychosocial function. Finally,
post-hoc analyses were planned to establish prediction models for adverse outcomes
within this cohort, and to describe the dynamics of the syndrome and the timing of
the onset of adverse outcomes.
The scope of this thesis is until one year post term. However, follow-up until 5 years
post term is underway and follow-up until 10 years will be scheduled.

Role of the funding source
Supported solely by funds from the Dutch National Health Insurance Board (grant
number OG98-021). The funding source had no role in the study design, data collection,
data analysis, data interpretation, or the writing of the report. We acknowledge the
scientific reviewers of the study who strongly supported the individual randomization,
despite the considerable practical consequences; similarly we acknowledge the
joint efforts of nursing and clinical staff to achieve procedural excellence in both
treatments.
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In Chapter 1 an overview is presented of plasma volume regulation and blood pressure
control mechanisms outside pregnancy, and of the changes in normal pregnancies and
in pregnancies complicated by hypertensive disorders. Furthermore, the rationale of
several hemodynamic interventions is discussed.
In Chapter 2 and Chapter 3 the main outcomes of the trial are presented.
In Chapter 2 the effects of plasma volume expansion on maternal and fetal outcomes
until term age are presented.
In Chapter 3 the effects of plasma volume expansion on pulsatility indices of the fetal
umbilical and middle cerebral arteries are presented.
In Chapter 4 the outcomes at one year post term are presented with a special focus
on factors in the disease process until term age that predict adverse outcome at one
year.
In Chapter 5 the psychological sequelae after severe and early-onset hypertensive
disorders are described.
In Chapter 6 an attempt is made to create a prediction model of adverse maternal and
infant outcomes by factors present at admission.
In Chapter 7 the incidence patterns of maternal complications are described.
In Chapter 8 the relationship between underlying thrombophilic disorders and specific
subtypes of the hypertensive disorders is described.
In Chapter 9 the birth weight ratio is advocated and arguments are presented that
it is a valuable clinical and research tool for fetal growth restriction, more so than
centiles.
In Chapter 10 the prevalence of abnormal General Movements and the association
with abnormal neurodevelopmental outcome is explored.
In Chapter 11 thoracic electrical bioimpedance is introduced as a non-invasive
measurement method of hemodynamic changes.
In Chapter 12 thoracic electrical bioimpedance is used for the monitoring of
hemodynamic changes during plasma volume expansion.
In Chapter 13 the effects of plasma volume expansion on sympathetic hyperactivity in
women with severe and early preeclampsia are presented.
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All chapters contain a set of specific research questions, which is addressed, and
described in the summary.
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Summary
BACKGROUND: Preeclampsia is a multisystem disorder, peculiar to and frequent in
human pregnancy. It remains a leading cause of maternal and neonatal morbidity
and mortality. Hemodynamic disturbances are the most prominent features of the
syndrome.
PURPOSE: To provide an overview of plasma volume regulation and blood pressure
control mechanisms outside pregnancy, and of the changes in normal pregnancies
and in pregnancies complicated by hypertensive disorders. Furthermore, to discuss the
rationale of several hemodynamic interventions.
RESULTS: In normal pregnancy large cardiovascular changes take place. A generalized
fall in vascular tone by systemic vasorelaxation causes increased blood volume, heart
rate and cardiac output. In the preclinical phase, differences have been observed
between normal and hypertensive pregnancies in the function of the autonomic
nervous system, cardiac output and plasma volume, the volume remaining at the nonpregnant level. In the clinical phase of preeclampsia the typical case picture is one
of a vasoconstrictive state with low plasma volume and cardiac output, high blood
pressure and systemic vascular resistance in combination with signs of organ damage
(proteinuria, hemolysis elevated liver enzymes low platelets [HELLP] syndrome).
Hemodynamic management is necessary in severe disease to prevent maternal
complications. Management primarily focuses on pharmacological treatment of blood
pressure. Clinicians make educated choices from a limited array of available drugs: breceptor antagonists, nifedipine, dihydralazine, a-methyldopa or ketanserine. Other
drugs have restricted use in pregnancy. Management of low circulating volume with
plasma expanders remains a subject of controversy.

Introduction

In this review we will present current knowledge of plasma volume regulation and
blood pressure control mechanisms outside pregnancy and the changes, which occur
in physiological normotensive pregnancy and in hypertensive pregnancy.

Method
Medline was searched, using the following keywords: (plasmavolume OR plasma
volume) AND pregnancy AND (preeclampsia OR hypertension OR HELLP OR growth).
Then, the reference lists of the retrieved articles were scanned for relevant articles,
which had not come up in the first search. Relevant chapters in authoritative online
textbooks were reviewed.7-12

Regulation of plasma volume in the non-pregnant state
Volume change activates the volume receptors and, in turn, these receptors activate
a series of effectors that restore homeostasis by varying vascular resistance, cardiac
output, and renal sodium and water excretion.
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In pregnancy, hemodynamic regulation is markedly altered, allowing the organism
to adapt to a new situation with different challenges and hemodynamic needs.
Descriptions of hemodynamic characteristics in overt hypertensive disease are plentiful,
but inconclusive. Literature regarding preclinical changes is limited and not unanimous
at points.2-6 Major obstacles are the methodological limitations imposed by the fetal
presence.

Chapter 1

Blood pressure control and plasma volume regulation are closely intertwined. Both
are mainly mediated through humoral mechanisms, although neural mechanisms
play an over-riding role in short-term regulation. Although multiple receptors and
effectors are involved, no single mechanism emerges as dominant. Blood pressure and
plasma volume are regulated by a tight interplay of mutually dependent processes. All
mechanisms are subject to diurnal variation by the rhythmic actions of cardiovascular
hormones and neuronal pathways.1
Short-term regulation is achieved by adaptation of cardiac stroke volume, stroke
frequency and peripheral vascular resistance, long-term regulation by adaptation of
circulating volume, predominantly on the renal level.

Receptors
The primary volume receptors are stretch receptors in the cardiopulmonary circulation,
the atria, the carotid sinuses and aortic arch, and in the kidney (the stretch receptors
in the juxtaglomerular apparatus in the afferent glomerular arterioles and the macula
densa cells in the early distal tubule).

Effectors
The extrarenal receptors govern the activity of the sympathetic nervous system (shortterm regulation) and the production of atrial natriuretic peptide and antidiuretic hormone
(long-term regulation). Sympathetic neural tone and the secretion of catecholamines
from the adrenal medulla are reduced by volume expansion and are enhanced
by volume depletion. Pressure receptors respond to variations in blood pressure
through the medulla oblongata. Cardiac inotropy and chronotropy and peripheral
vasoconstriction are regulated through the interplay between the orthosympathetic
and parasympathetic nervous system.1 Atrial natriuretic peptide (ANP) is released by
the atria in response to volume expansion. ANP increases the glomerular filtration
rate, and decreases sodium retention in the inner medullary collecting duct and the
proximal tubule. Thus, it serves as an antagonist of the renin-angiotensin-aldosterone
system (RAAS) (see later). Antidiuretic hormone (the human form is called arginine
vasopressin) is released by the pituitary gland in response to hyperosmolality and
volume depletion sensed by receptors in the carotids. Antidiuretic hormone arginine
vasopressin augments water permeability of the luminal membranes of the cortical
and medullary collecting tubules, thus promoting water reabsorption.
The renal receptors affect volume balance by influencing the activity of the RAAS (longterm regulation) and endothelial nitric oxide (NO) production (short-term regulation).
Renin secretion increases when the circulating volume and the renal perfusion pressure
decreases. Renin transforms angiotensinogen into angiotensin I. Angiotensin I is subject
to conversion into angiotensin II by the angiotensin converting enzyme. Angiotensin
II has two major actions: it potently raises blood pressure by arterial vasoconstriction,
both directly and by enhancing the release and effect of norepinephrine (in animal
models) and it induces renal sodium retention, both directly and by increasing the
secretion of aldosterone from the adrenal cortex.13;14 NO plays a role in the momentto-moment homeostatic control of renal sodium excretion and extracellular fluid
volume and significantly affects systemic blood pressure. NO is the end product of
the kallikrein vasodilator system. Bradykinin is formed and in turn releases NO from
endothelial cells.15 NO maintains arteriolar dilation by participating in the paracrine
control of renal glomerular vascular resistance and mesangial cell tone.11;16
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In normal pregnancy, large cardiovascular changes take place. These changes begin
in early pregnancy and reach their peak in the second trimester. In the third trimester
hemodynamic characteristics plateau until delivery.2-6 After delivery most changes
disappear within the first days although abnormalities in volume status and renal
hemodynamics may persist for up to a year.17;18 Changed maternal hemodynamics
early in pregnancy reflect the changed endocrine environment, which by hitherto
poorly understood pathways causes a generalized fall in systemic vascular tone, even
prior to full placentation.4;7;19-23 Decreased vascular responsiveness to angiotensin II
and norepinephrin and increased endothelial prostacyclin and enhanced nitric oxide
production play a role. Early increases in urinary excretion of kallikrein and cGMP, the
second messenger of NO, and prostacyclins have been observed.15;24-26 The subsequent
rise in vascular capacitance mimicking a state of relative underfilling causes activation
of cardiovascular regulatory systems (receptors and effectors).4;23;27;28
Sympathetic nervous system control may be unaltered, despite a decrease in the
baroreflex control of the heart.1;21;29;30 Afterload reduction triggers baroreceptor
activity, which in turn increases heart rate, cardiac output, cardiac contractility and
mobilization of venous blood towards the arterial vascular compartment.21;31 Maternal
secretion of adrenal steroids (aldosterone and cortisol) is elevated during pregnancy up
to three times non-pregnant levels.32 Changes in RAAS, cortisol and vasopressin release
accelerate volume retention and restoration of preload.3;4;6;27;33-35 A concomitant
decrease in atrial responsiveness to stretch suppresses the release of ANP.4;36
All these changes induce salt and water retention.15 By the end of pregnancy 6-8 L
of water are retained and distributed among fetus, amniotic fluid and extracellular
and intracellular spaces.23 An additional stimulus to plasma volume expansion is
the uteroplacental circulation itself, functioning as a low-resistance arteriovenous
shunt.6;16;37 However, exact measurement of plasma volume is limited in methodology
in pregnancy.
The red cell volume increase lags behind, yielding a reduced hematocrit – the socalled physiological anemia of pregnancy.38 After the necessary volume is retained
the sensitivity of the natriuretic response to renal interstitial hydrostatic pressure is
increased.28
In summary, the specific hemodynamic changes in the pregnant state are reduced
systemic vascular resistance and systemic blood pressure, increased cardiac output and
expanded blood volume.2

Regulation of plasma volume in
hypertensive pregnancy
In comparison with uncomplicated pregnancy, increased vascular resistance, low cardiac
output and hampered physiological plasma volume expansion accompany increased
blood pressure.16;35;39-45 However, marked heterogeneity among preeclamptic women
exists, due to differences in causal mechanisms and underlying cardiovascular or renal
morbidity.3;46;47
Both from a pathophysiological and a preventive perspective, the question is whether
hemodynamic maladaptation can already be observed in early pregnancy. Some
evidence suggests underlying pathophysiological changes to be present before the
onset of manifest preeclampsia21;31;48 although prediction of hypertensive syndromes
remains difficult.21;49

Preclinical
Some studies report that patients with subsequent preeclampsia have a higher cardiac
output and low vascular resistance already in early pregnancy, suggesting an increased
plasma volume.2;3;37;47;50 However, two other studies observed evidence for diminished
plasma volume.51;52 The latter observations are in line with the observation of early
signs of increased sympathetic activity and slight increases in blood pressure.31;53
However, most studies on early pregnancy changes are hampered by their lack of
pre-pregnancy data. Probably, conflicting evidence can be explained by differences
in study populations reflecting the heterogeneity among patients. Interpretation is
hindered further by differences in the definitions of preeclampsia.54
There is also evidence that the role of the kallikrein vasodilator system is disrupted.15;16;25
NO synthesis inhibition during pregnancy is associated with limited plasma volume
expansion and fetal growth restriction55 and decreased prostacyclin biosynthesis
precedes the clinical manifestation of pregnancy induced hypertension56 or
preeclampsia.57 Longitudinal studies of the preclinical levels of RAAS and vasopressin
in women who later develop preeclampsia are lacking. Pregnant women with chronic
hypertension do not show the increases in renin levels seen in normotensive pregnant
women.58 Polymorphisms in angiotensinogen alleles are associated with fetal growth
restriction59 and hypertension.

Clinical phase
One observational study supports the model in which the initial hyperdynamic
circulation switches to a high-resistance circulation with low cardiac output at the onset
of the syndrome of preeclampsia with the capillary leak syndrome and proteinuria.2
Women with gestational hypertension without signs of organ damage such as
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Hemodynamic interventions in
established preeclampsia
Antihypertensive medication
Management primarily focuses on pharmacological treatment of high blood pressure
as severe hypertension may cause severe maternal morbidity. Several groups of
antihypertensive medication are frequently used. Based on the available information
on fetal and maternal morbidity associated with the use during pregnancy and the
specific cardiovascular characteristics clinicians have to make an educated choice.
Labetalol (a- and b-receptor antagonist) and other b-receptor antagonists can be used
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Proteinuria and vascular leakage lead to a decrease in plasma and total blood volume,
and hence a decrease in central venous and ventricular filling pressures and cardiac
output.60-63 The increased systemic vascular resistance might be at least partially
secondary and compensatory to the decrease in cardiac output and circulating
blood volume.64 In preeclampsia the activity of the autonomic nervous system is
disturbed in comparison with normal pregnancy (lower parasympathetic but higher
sympathetic indexes), possibly due to changes in central control or a change of afferent
sensitivity.21;29;65-67 In non-proteinuric pregnancy induced hypertension neither the
activation of the RAAS nor the increase of circulatory volume occurs.16;33;34;42;68-70
Data on the levels of the RAAS in proteinuric disease are scarce; probably renin and
aldosterone levels are also decreased compared with normotensive pregnancy.70-72
The concentration of vasopressin in preeclampsia is significantly lower than in nonpregnant women, but comparable with normotensive pregnant women, suggesting
a role in plasma volume expansion in pregnancy, but not in preeclampsia.35 Elevated
levels of atrial natriuretic peptide in preeclampsia, however, seem to be more closely
associated to impaired plasma volume expansion.35

Chapter 1

proteinuria and the hemolysis elevated liver enzymes low platelets (HELLP) syndrome
had no hemodynamic crossover, as described earlier, and maintained a hyperdynamic
circulation throughout pregnancy.2 Also, in gestational hypertension without signs of
organ damage the total blood volume is not reduced.43 The contribution of chronic
hypertension to this group of patients may be substantial.
Most authors hypothesize that the chain of events leading to preeclampsia starts with
exacerbating endothelial damage, followed by an exhaustion of the vasodilatory rescue
functions of the endothelium, resulting in the hypovolemic vasoconstrictive state of
severe preeclampsia.3;43;44

both orally and intravenously. This medication produces gradual lowering of the
blood pressure, without acute uteroplacental hypoperfusion.73 High intravenous
daily dosage (>2400 mg/24 h) shortly before delivery may cause therapy-resistant
neonatal hypotension and bradycardia.74 Long-term follow-up is lacking.
Nifedipine is a calcium antagonist, to be administered in slow-release and fast-release
preparations. The use of fast-release preparations is only advised for hypertensive
emergencies because of its capability of causing maternal hypotension and
subsequent fetal distress.75 No adverse neonatal effects have been registered even
in populations in which high dosages were used.76
(Di)hydralazine administered intravenously is a powerful vasodilator. The size of its
blood pressure lowering effect can not always be controlled, which sometimes
leads to maternal hypotension and subsequent fetal distress. Maternal side-effects
are frequent.77
a-Methyldopa is an old warrior. It has been used extensively in obstetrics for decades.
It is considered useful in maintenance therapy, where it gradually lowers blood
pressure with some chance of maternal postural hypotension. Seven year follow-up
in children showed no complications from a-methyldopa use.78
Ketanserine administered intravenously has an advantage over dihydralazine in its
use for short-term blood pressure lowering. If the dosage is increased gradually the
risks of hypotension are minimal. In rare cases, increased QT-intervals have been
described. Short-term adverse perinatal outcomes have not been seen, and longterm outcomes are lacking.79 There are some data to indicate a protective effect of
ketanserine for platelets, possibly preventing HELLP syndrome.80
Angiotensin-converting enzyme inhibitors are generally considered unsafe for the
fetus.81 Diuretics reduce the plasma volume in pregnancy.82 There is no reliable
evidence of either the presence or the absence of any worthwhile effects of
treatment with diuretics.83 Logically, diuretics can be considered in cases when
circulatory volume overload occurs, but a beneficial effect in hypovolemia is
unlikely.
Pharmaceuticals from other classes of drugs (such as sodium nitroprusside
or nitroglycerin) have been insufficiently evaluated in pregnancy or can cause
hypotensive overshoot, which may cause fetal distress. These drugs could be used
as medication of last resort.
In a recent Cochrane review, the choice of antihypertensive medications for moderate
hypertension in pregnancy (diastolic blood pressure 90-110 mm Hg) was evaluated.84
Usefulness and effectiveness of the pharmacological management of moderate
hypertension requires not just the prevention of a disease-by-definition (preeclampsia),
but also depends on the prevention of concomitant rare, yet disturbing complications
(i.e. irreversible maternal morbidity and perinatal death).85 All studied pharmaceuticals
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Plasma volume expansion
As already stated, a delicate balance between the adrenal glands, placenta and kidneys
characterizes normal pregnancy. This homeostasis is disturbed in preeclamptic patients,
with reduced blood volume as one of the early pathophysiologic changes. There is
disagreement as to whether this occurs before or after the onset of the associated
hypertension in preeclampsia.93
Some investigators advise correction of hypovolemia by plasma volume expansion (PVE)
therapy. Controversy remains with regard to the beneficial effects and the wisdom of
using such therapy as the beneficial effects have not been fully explored and the
therapy is associated with some maternal morbidity.94;95
Advocates hypothesize that management with PVE improves fetoplacental and uteroplacental
perfusion by counteracting local placental vasoconstriction. If improved uteroplacental
perfusion affects fetal hemodynamic condition, neonatal outcome may be improved.
However, the evidence for a true and lasting hemodynamic effect is incomplete.
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The treatment of severe hypertension (diastolic blood pressure >110 mm Hg) is
primarily aimed at the prevention of severe maternal morbidity (cerebral hemorrhage,
liver rupture, renal insufficiency, abruptio placentae) and iatrogenic preterm birth. Few
adequately sized trials compare the use of antihypertensive medication in this patient
group. Most trials compare dihydralazine with other pharmaceuticals. No rational
evidence supports the preferential use of any pharmaceutical, although dihydralazine
should probably not be the drug of first choice.87 Labetalol, nifedipine and ketanserine
are as effective in lowering blood pressure, but have less side-effects.77;80;88;89
Combination low-dose drug treatment increases blood pressure control and reduces
adverse effects when compared with monotherapy in regular doses in non-pregnant
hypertension.90-92 Although no studies comparing monotherapy with combination
therapy in pregnancy are available, it is likely that combination therapy has similar
advantages during pregnancy.
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were more effective than placebo in reducing the incidence of severe hypertension (17
trials, 2155 patients; relative risk (RR), 0.52; 95% confidence interval (CI), 0.41 - 0.64),
but did not prevent preeclampsia (19 trials, 2402 patients; RR, 0.99; 95% CI, 0.84 1.18). Moreover, treating moderate hypertension in pregnancy did not reduce perinatal
deaths (18 trials, 1218 patients; RR, 0,98; 95% CI, 0.57-1.67), but may increase fetal
growth restriction by reducing uteroplacental perfusion (17 trials, 2159 patients; RR,
1.13; 95% CI, 0.91-1.42).86 This prompts the question whether moderate hypertension of
pregnancy should be treated at all, and if so, at what cut-off level. As insufficient data were
available to separately analyze proteinuric and non-proteinuric moderate hypertension, it
is uncertain if the same cut-off level should be chosen in both instances. If it is decided to
start treatment there is lack of evidence to consider any of the described drugs preferable
to the others on the basis of published data.

One of the problems in evaluating the evidence is lack of uniformity of PVE treatment
protocols in terms of amount and type of infused volume expanders, treatment target
and outcome parameter.
Available evidence can be grouped into humoral effects, hemodynamic effects and
clinical effects, respectively.
Humoral effects
Ozcan et al. showed that women with preeclampsia had a greater increment in plasma
ANP levels after PVE with 0.9% Ringer’s solution (15 mL/kg in 30 min.) when compared
with normal pregnant women.96 They explained this by high systemic vascular
resistance, a delayed diuretic response of the kidneys and also by higher atrial tension,
caused by decreased compliance of the venous capacitance vessels. These results were
confirmed by Nisell et al. who also found that the effect of PVE on hemoglobin count
was less in preeclamptic patients compared with normal pregnancy.97 They suggest
this reflects capillary permeability, although increased urine output (after ANP increase)
may be another option. Results from Lowe et al. suggested that hemodilution and ANP
increase was stronger in patients receiving PVE with a colloid solution than in patients
receiving a crystalloid solution.98
Hemodynamic effects
In a cohort study by Heilmann, administration of 500 mL hypertonic hydroxyethylstarch 10% daily during 10 days in 68 pregnancies with fetal growth restriction led
to hemodilution as measured by a decreased hematocrit.99 Belfort et al. studied 10
previously untreated patients with severe preeclampsia with a Swan-Ganz thermodilution
hemodynamic catheter.64 Before treatment all patients had a low pulmonary capillary
wedge pressure, low cardiac output and high systemic vascular resistance compared
with normal pregnant literature data. In their study, Belfort et al. infused as little as 200600 mL over 90 min Haemaccel (3.5% plasma colloid substitute), which was sufficient
to change the cardiac output, pulmonary capillary wedge pressure and systemic
vascular resistance to normal levels. The duration of persistence of these changes was
not measured. Blood pressure was unchanged after plasma volume expansion alone.
Similar effects were observed by Wasserstrum et al. who treated eight patients with 5%
albumin in isotonic saline under invasive hemodynamic monitoring and by Groenendijk
et al. who monitored 10 patients with a Swan-Ganz thermodilution catheter while
performing PVE with Haemaccel.60;100
Sehgal and Hitt randomly assigned preeclamptic patients to receive PVE with dextran 40,
plasmanate or control (5% dextrose solution).93 PVE effectively increased plasma volume
measured with a fall in hematocrit. This also triggered an increase in urine output.
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Blood pressure and plasma volume regulation is an intricate system with strong
autoregulating mechanisms attempting to maintain homeostasis. In normal pregnancy,
several setpoints are changed to adapt to a new situation in which the uteroplacental
unit has large hemodynamic demands. Knowledge of the early pregnancy maladaptation
and the role of pre-existing hypertension is limited. Longitudinal studies, preferably
starting before pregnancy, and continuing after pregnancy, should be the focus of
future etiologic research.
After the clinical syndrome of preeclampsia and its associated disorders (HELLP syndrome,
fetal growth restriction) fully develops, several strategies can be applied to attempt to
optimize the hemodynamic system to meet the needs of the maternal and fetal circulation.
The mainstay remains pharmaceutical antihypertensive management. However, blood
pressure cut-off values for starting of treatment, preferred type of medication and the
effects of maternal plasma volume expansion cannot be derived from available literature.
Randomized studies with clinical endpoints are necessary to evaluate these subjects.
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Conclusion

Chapter 1

Effects on clinical outcome
In the end, the proof of the pudding is in the eating. Therefore, does PVE improve
(maternal and) neonatal outcome? Little data are available. To support beneficial
clinical effects, only proxy measures are available. Karsdorp et al. demonstrated the
reappearance of end-diastolic velocities in the umbilical artery in a historical matched
control study of 7 matched patients before and 7 patients after the introduction of
PVE. Reversal of abnormal flow patterns in the umbilical artery in patients treated with
PVE was associated with improved neonatal survival.101
Hubner and Sander described a cohort of 48 patients with fetal growth restriction and
abnormal flow patterns in the umbilical artery who were treated daily with 500 mL
hydroxyethylstarch 10% and 500 mL Ringer’s solution. They described an association
between a decrease of hematocrit and normalization of Doppler results.102
Visser et al. evaluated maternal and perinatal outcome of hemodynamic temporizing
management in severe preeclampsia in a retrospective cohort study of 57 patients
matched with a control group treated in another center without PVE and invasive
hemodynamic monitoring.103 Maternal morbidity of temporizing management was low
and reversible in both groups, which is in accordance with a large cohort study by Hall et
al.104 No complications of hemodynamic monitoring with the Swan-Ganz catheter were
observed. Perinatal mortality was 7.1% in the study group and 14.3% in the control
group, but this difference was not statistically significant. Fetal growth restriction was
significantly less common in the study group (9 versus 33%). These differences may have
reflected an actual effect of the management strategy with PVE, but could also have
been caused by other factors related to differences between both centers.
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Summary
OBJECTIVES: Plasma volume expansion may benefit both mother and child in the
temporizing management of severe and early-onset hypertensive disorders of
pregnancy.
DESIGN: Randomized clinical trial.
SETTING: Two university hospitals in Amsterdam, The Netherlands.
POPULATION/SAMPLE: Two hundred and sixteen patients with a gestational age
between 24 and 34 completed weeks with severe preeclampsia, hemolysis elevated
liver enzymes and low platelets (HELLP) syndrome or severe fetal growth restriction
(FGR) with pregnancy induced hypertension, admitted between 1 April 2000 and 31
May 2003.
METHODS: One hundred and eleven patients were randomly allocated to the treatment
group, (plasma volume expansion and a diastolic BP target of 85-95 mm Hg) and 105
to the control group (intravenous fluid restriction and BP target of 95-105 mm Hg).
MAIN OUTCOME MEASURES: Neonatal neurological development at term age (Prechtl
score), perinatal death, neonatal morbidity and maternal morbidity.
RESULTS: Baseline characteristics were comparable between groups. The median
gestational age was 30 weeks. In the treatment group, patients received higher
amounts of intravenous fluids than in the control group (median 813 mL/day versus
14 mL/day; P < .001) with a concomitant decreased hemoglobin count (median -0,6
versus -0.2 mmol/L; P < .001). Neither neurological scores nor composite neonatal
morbidity differed. A trend towards less prolongation of pregnancy (median 7.4
versus 10.5 days; P = .054) and more infants requiring oxygen treatment >21% (66
versus 46; P = .09) in the treatment group was observed. There was no difference in
major maternal morbidity (total 11%), but there were more cesarean sections in the
treatment group (98% versus 90%; P < .05).
CONCLUSION: The addition of plasma volume expansion in temporizing treatment
does not improve maternal or fetal outcome in women with early preterm hypertensive
complications of pregnancy.

Introduction

Study design
The study population was selected from all consecutive women presenting at a
gestational age between 24 and 34 completed weeks who were admitted to the
Departments of Obstetrics and Gynecology of the Academic Medical Center and the
VU University Medical Center. Both university hospitals are located in Amsterdam,
The Netherlands and together serve as tertiary care centers for a community of
approximately 2.5 million inhabitants (30,000 deliveries annually). During the study
period, between 1 April 2000 and 31 May 2003, patients were eligible to participate
in the trial, if they met at least one of the inclusion diagnoses specified in Table I.16-18
Overlap of clinical presentation within patients is frequent. We included patients across
the spectrum of severe hypertensive disorders of pregnancy. Patients with eclampsia
were stabilized prior to randomization. Stabilization aimed to allow corticosteroid
treatment for fetal lung maturation, but if a stable situation could be maintained,
further prolongation of pregnancy was attempted.
We excluded patients if severe fetal distress or lethal fetal congenital abnormalities
were diagnosed; if language difficulties prevented informed consent, or if plasma
volume expansion had already been given. Patients already given antihypertensive
or magnesium sulphate treatment were not excluded. Excluded patients received no
plasma volume expansion.
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Hypertensive disorders of pregnancy are associated with perinatal and maternal
morbidity and mortality.1,2 Diminished circulating plasma volume and fetal growth
restriction (FGR) are key features and, in early gestation, temporizing management
reduces neonatal morbidity, with limited maternal morbidity.3-7 Plasma volume
expansion may also be beneficial8 in improved perinatal outcome and maternal
hemodynamics,9-12 but adverse maternal effects such as pulmonary edema are
recognized.13 In the absence of sufficiently powered randomized clinical trials, the
clinical benefit of PVE remains ambiguous.13-15 It has also been argued that PVE allows
more aggressive antihypertensive therapy, which may reduce the risk of eclampsia
or hemolysis elevated liver enzymes and low platelets (HELLP) syndrome, without
increasing hypotensive episodes that may induce fetal distress. We report the first
large randomized controlled trial of temporizing management, with or without plasma
volume expansion, in which the target blood pressure was lower in the plasma volume
expansion group.

Table I. Definition of included hypertensive disorders and classification of morbidity
Included hypertensive disorders
Severe preeclampsia 16

diastolic blood pressure ≥110 mm Hg and
proteinuria (≥0.3 g/24 hours)

HELLP syndrome17

platelet count <100 X 109/L and aspartate aminotransferase
≥70 U/L and lactate dehydrogenase ≥600 U/L

FGR and pregnancy induced
hypertension16,18

abdominal circumference <p5 or estimated fetal weight <p10
(ultrasound) and diastolic blood pressure ≥90 mm Hg

Eclampsia16

generalized convulsions in pregnancy not caused by epilepsy

Major maternal morbidity
Placental abruption

clinical/pathological diagnosis of retroplacental hematoma at delivery

Pulmonary edema

tachypnea >40/minute, gas diffusion deficit, compatible chest X-ray

Cerebral hemorrhage

intracerebral bleeding diagnosed by CT-scan or MRI

Liver hematoma

liver hematoma diagnosed by ultrasound or CT-scan

Severe renal insufficiency

urine output <500 mL/day, serum creatinine >100 µmol/L, creatinine
clearance <20 mL/min

Severe infectious morbidity

clinical diagnosis of sepsis with positive blood culture

Severe thrombotic morbidity

pulmonary embolism, catheter-associated thrombosis

Encephalopathy

neurological deficits of central origin

Neonatal morbidity
Respiratory Distress Syndrome
mild RDS

assisted ventilation without administration of surfactant

severe RDS

assisted ventilation with administration of surfactant

Chronic lung disease (CLD)41

oxygen-therapy beyond 36 weeks postconceptional age

Intraventricular hemorrhage (IVH)42 Volpe classification
Periventricular leukomalacia (PVL)43 De Vries classification
Necrotizing enterocolitis (NEC)44

Bell classification

Patent ductus arteriosus (PDA)

diagnosed with colour Doppler ultrasound

Sepsis/meningitis

clinical sepsis/meningitis with positive culture

Adverse outcome

perinatal death or CLD or IVH ≥ grade 3 or PVL ≥ grade 2

After informed consent the principal investigators (WG and AR) randomized patients
between control (without plasma volume expansion) and treatment group (with
plasma volume expansion) on a designated palmtop computer with random number
generation software, within two strata of gestational age (between 240/7 and 296/7
weeks, between 300/7 and 336/7 weeks). The software concealed the group allocation
until the patient details had been entered. Once randomized, the patient data could
not be removed from the database. Gestational age was determined through the first
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In the control group, antihypertensive medication was targeted to achieve a diastolic
blood pressure between 95 and 105 mm Hg. The drug of first choice was α-methyldopa.
Additional medication (oral labetalol, nifedipine and intravenous ketanserine, and
occasional intravenous dihydralazine) was used when necessary. Restricted amounts
of NaCl 0.9% were infused with intravenous medication. The different blood pressure
target ranges and choice of medication between groups reflect the hypothesized
mode of action of plasma volume expansion. In practice, diastolic blood pressure
after stabilization in both types of management was 95 mm Hg on average, and
combination therapy was frequent.
Fetal heart rate monitoring was performed at least twice daily and fetal ultrasound
assessment frequently.19 The estimated fetal weight ratio and birth weight ratio were
calculated as the ratio of the estimated fetal weight or birth weight divided by the
expected weight for gestational age (using the Gardosi customized growth chart
p50-value, adjusted for maternal physiological variables).18 Children were considered
small for gestational age if birth weight was below the p10-value. Fetal indications for
delivery were repeated decelerations or prolonged low variability on fetal heart rate
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In the treatment group, a dose of 250 mL HydroxyEthylStarch (HES) 6% (200/0.5)
was given twice daily over four hours. Restricted amounts of NaCl 0.9% were infused
with intravenous medication in between the infusions of HES. Fluid treatment was
discontinued if clinical signs of pulmonary edema were observed. Antihypertensive
medication was used to achieve a diastolic blood pressure between 85 and 95 mm Hg.
The drug of first choice was ketanserine intravenously, a serotonin-receptor blocker.
Additional medication (oral labetalol, α-methyldopa and nifedipine, and occasionally
intravenous dihydralazine) was used when necessary. Nine patients with severe
preeclampsia and a gestational age below 30 completed weeks were treated with
plasma volume expansion under invasive hemodynamic monitoring, at the attending
clinician’s decision.
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date of the last menstrual period, in most cases verified by a first-trimester ultrasound
dating scan. The medical ethics committees of both hospitals approved the study.
Both management strategies were executed in both hospitals during a run-in phase
of six months with frequent consultation between trial staff to guarantee uniformity
of procedures. Blood pressure was measured by auscultation using a standard
sphygmomanometer, and Korotkoff phase 5 for diastolic blood pressure). Magnesium
sulphate therapy was used for prevention and treatment of eclampsia. Duration of
treatment was 24-48 hours per episode. One course of corticosteroid therapy with
intramuscular betamethasone (two doses of 11.4 mg with a 24-hour interval) was
given when delivery was considered imminent before 32 weeks of gestational age.

tracings. Maternal indications were therapy-resistant hypertension, pulmonary edema
and recurrent HELLP syndrome.
The independent trial monitor committee consisted of two gynecologists (WMA and
ATJIG) and one pediatrician (RJBJG), who were not involved in the management of the
study. This committee was blinded for treatment allocation insofar this was possible
for an adequate review of the case. The committee reviewed and classified all cases of
maternal morbidity and fetal deaths (criteria in Table I). Fetal death was classified as
intentional if, at the time fetal distress became apparent, and after discussion between
the parents, neonatologists and obstetricians, a decision had been made to refrain
from intervention. Unexpected fetal deaths were all classified as unintentional.
Neonatologists of both centers synchronized neonatal management strategies before the
onset of the study. Two neonatologists (WPFF and LvS), unaware of treatment allocation,
reviewed and classified all individual cases of neonatal morbidity and mortality (criteria
in Table I). Adverse outcome was the composite measure of perinatal death or chronic
lung disease (CLD) or major sonographic intracerebral abnormalities (intraventricular
hemorrhage grades 3 and 4 or periventricular leukomalacia grades 2, 3 and 4).
The primary endpoint of the study was the Prechtl neonatal neurological examination
score at term age (+/- one week).20 This contains a series of tests and the score equals
the number of tests with an optimal response. The maximum score is 60 points, a score
of 58 or higher is considered normal, a score of 53 or lower abnormal.21 Originally
described in term infants, this neurological examination at term age, has also been
shown to be a good predictor for neurological development in later life in preterm
infants.22 Designated pediatric physiotherapists, who were unaware of treatment
allocation, tested all children. The required sample size was calculated to be 216 (2
X 108). This sample size, which took into account 30% loss to follow-up (perinatal
death before term age or withdrawal), had 90% power to detect a difference of more
than two points on the 60-point neurological examination test with a type I error of
0.05. We chose the 90% level to allow adequate power for subgroup analysis in this
heterogeneous population. Secondary endpoints were perinatal mortality, neonatal
morbidity and maternal morbidity.
All data handling and data storage was performed in accordance with the guiding
rules for Good Clinical Practice. Protocol violations were registered and reviewed by
the supervising gynecologists.
Results were evaluated according to intention to treat. Statistical analysis was with
Χ2 tests (two-sided) and non-parametric Mann-Whitney tests using SPSS 11.0 (SPSS
Chicago, Illinois, USA). The null hypothesis assumed equivalence in perinatal and
maternal outcome of the two management strategies. Subgroup analysis for the effect
of diagnosis at inclusion, and also for the effect of gestational age at inclusion, birth
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weight and for participating center on adverse outcome and neonatal neurological score
was announced in the protocol. One interim-analysis on safety parameters (neonatal
and maternal mortality and morbidity) was performed for the first 108 cases.
The study was supported solely by funds from the Dutch National Health Insurance
Board (grant number OG98-021). The funding source had no role in the study design,
data collection, data analysis, data interpretation, or the writing of the report.
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Results

Figure 1. Trial profile
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During the study period, 340 patients were eligible for entry (Figure 1). Of the 216
patients who provided informed consent, 105 were allocated to the control group and
111 to the treatment group. After delivery, one patient declined further follow-up.
Baseline characteristics were comparable across groups (Table II) and between included
and excluded patients (data available from the authors). There were 59 patients (27%)
who matched more than one inclusion diagnosis. During the subsequent course of their
disease, 171 (79%) patients fulfilled more than one diagnosis. Ninety-three patients
(43%) matched the HELLP criteria and 159 patients (74%) had severe preeclampsia.
At delivery, all but 18 infants were small for gestational age (92%). This illustrates the
highly dynamic character of hypertensive disorders of pregnancy.
Administered intravenous volume differed significantly between control and treatment
group, with a concomitant difference in hemoglobin count change (Table III, Figure 2).

Table II. Baseline characteristics of patients

Maternal age (year)

Control group
(n = 105)

Treatment group
(n = 111)

30.8 (20-41)

29.0 (18-41)

Non-Caucasian

28 (27)

31 (28)

Chronic hypertension‡

32 (30)

37 (33)

Obstetric history of hypertension in pregnancy

17 (16)

21 (19)

Nulliparity

70 (67)

81 (73)

30.0 (24.1-33.9)

30.0 (24.3-33.7)

44 (42)

52 (47)

27 (26)

27 (24)

57 (55)

68 (61)

3 (3)

2 (2)

Gestational age (weeks)
Severe preeclampsia†
HELLP

syndrome†

FGR†
Eclampsia†
Diastolic blood pressure (mm Hg)

100 (75-130)

105 (75-140)

Estimated fetal weight (g)

1157 (448-2394)

1071 (279-2330)

Estimated fetal weight ratio

0.72 (0.48-1.02)

0.70 (0.32-1.17)

Values are expressed as median (range) or numbers (%) as appropriate.
†Some patients matched more than one inclusion diagnosis.
‡Diastolic blood pressure ³90 mm Hg and/or on antihypertensive medication before pregnancy.

In the treatment group one patient had to be delivered for fetal distress before the
scheduled intravenous fluids could be given. In four cases patients refused further
intravenous needles after having followed the treatment regimen for 11, 18, 20 and
21 days, respectively. Treatment was discontinued by the attending obstetrician for an
allergic skin reaction to infusion of HES in one patient and clinical signs of pulmonary
edema in three patients.
The administered intravenous fluids with intravenous medication in the control group
were limited to crystalloids, but two patients inadvertently received 250 mL of HES
and one received 500 mL of gelofusine (protocol violations). Another eight patients
received >1000 mL during a 24-hour period and seven additional patients received
>500 mL per day of prolongation.
Antihypertensive (combination) therapy was slightly more frequent in the treatment
group (Table III), which probably reflects the differences in blood pressure target
ranges. Differences in types of antihypertensive medication in the treatment group
were not large, although ketanserine was used predominantly in the treatment group.
The significant difference in the percentage of time that patients had a blood pressure
higher than the target range can also be explained by differences in target ranges
between groups. In the treatment group, blood pressure targets were adhered to
less strictly to prevent hypotensive episodes. This supports the notion that in practice,
diastolic blood pressure after stabilization in both types of management converges to
95 mm Hg on average.
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Table III. Treatment characteristics and maternal outcome
Treatment characteristics

Control group
(n = 105)

Treatment group
(n = 111)

Intravenous fluids (mL/day #)

14 (0-1404)

813 (0-2143)*

NaCl (mL/day)

9 (0-1404)

293 (0-1501)*

HES (mL/day)

494 (0-1714)*

150 (0-7484)

6171 (0-25853)*

Intravenous MgSO4 medication#

47 (45)

42 (38)

Corticosteroid medication

72 (69)

81 (73)

Antihypertensive therapy#
52 – 480

nifedipine (n patients treated – number of treatment days)

52 – 355

41 – 287

labetalol (n patients treated – number of treatment days)

29 – 246

33 – 258

ketanserine (n patients treated – number of treatment days) 25 – 117

75 – 492

hydralazine (n patients treated – number of treatment days) 1 – 1

2 – 13

Number of different antihypertensive
(simultaneously used)

medications#

0

25 (24)

18 (16)

1

29 (28)

30 (27)

combination therapy#

51 (49)

63 (57)

Hemoglobin count change from baseline at 60-120 hrs – mmol/L

-0.3 (-1.9–0.9)

-0.9 (-2.3–0.8)*

Hemoglobin count change from baseline at 7-11 days – mmol/L

-0.2 (-1.6–0.7)

-0.6 (-2.3–0.6)*

% Time diastolic blood pressure above target range#

2.9 (0-100)

33.3 (0-100)*

Maternal mortality

0

0

Eclampsia (after inclusion)

2

2

HELLP syndrome (newly acquired after inclusion)

20

19

Patients with major morbidity

11

13

Maternal outcome

pulmonary

edema†

3

5

placental abruption†

4

1

liver hematoma†

1

0

severe infectious

morbidity†

0

3

severe thrombotic morbidity†

1

1

encephalopathy†

3

2

other†

0

2

Values are expressed as median (range) or absolute numbers (%) as appropriate.
*Difference statistically significant at P < .05.
†Some patients had more than one major morbidity.
#Until delivery or fetal death.
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a-methyldopa (n patients treated – number of treatment days) 63 – 754
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0 (0-9)

Intravenous fluids (total amount) (mL#)

Figure 2. Changes in body weight (top left), hemoglobin count (top right), total infused volume (bottom
left) and total infused HES (bottom right) in the control group and the treatment group.

Despite the administration of significant amounts of intravenous fluids in the treatment
group, circulatory volume overload was rare. Pulmonary edema occurred in five cases in
the treatment group, but also in three cases in the control group. The latter three cases
had received a total of 400 mL, 3117 mL and 3905 mL crystalloids with magnesium
sulphate and antihypertensive medication. The latter two may be considered protocol
violations. Other major morbidity occurred in 16 patients. Major morbidity was equally
distributed among groups, and all morbidity was reversible. In the nine patients with
invasive hemodynamic monitoring, eight were monitored with Swan Ganz catheter,
one with a central venous pressure line. Two cases of major morbidity directly related
to the invasive monitoring method occurred: one case of line thrombosis and one of
line sepsis.
The difference of pregnancy prolongation (10.5 versus 7.4 days) in favor of controls
did not reach statistical significance (P = .054). The relative risk for patients in the
treatment group to be delivered by cesarean section was 1.1 (95% CI 1.0-1.2). In
the patients delivered by cesarean section, a maternal indication for termination of
pregnancy was significantly more common in the treatment group (26/96) than in
the control group (13/88). Gestational age at delivery, birth weight, birth weight ratio
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Live births

n = 98 (88)

10.5 (0.2-44)
31.6 (26.4-38.6)

7.4 (0.1-35)
31.4 (26.3-37.0)

10 (10)
88 (90)
13 (15)
1280 (477-2960)
0.66 (0.40-0.98)
11 (11)
40 (41)
3 (1-60)
35 (0-114)
48 (49)
80 (82)

2 (2)
96 (98)*
26 (27)*
1253 (525-2495)
0.65 (0.33-1.10)
11 (11)
45 (46)
4 (1-42)
38 (1-224)
52 (53)
93 (95)

5
27
8
3
0
5
25
7
8
4
1
0
1
2
22 (21)

11
28
9
1
3
3
29
9
10
2
0
4
2
2
33 (30)

Infants tested for primary endpoint
n = 91
Neurological examination score
59 (49-60)
Values are expressed as median (range) or absolute numbers (%) as appropriate.
* Difference statistically significant at P < .05.
† Some infants had more than one neonatal morbidity.
‡ One postnatal death after term age in each group.
# Maternal and combined maternal/fetal indication.
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n = 86
59 (47-60)
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Prolongation of pregnancy (days)
Gestational age at delivery (weeks)
Termination of pregnancy
vaginal delivery
cesarean section
cesarean section for maternal indication#
Birth weight (g)
Birth weight ratio
5’ APGAR score <7
Infants on assisted ventilation
Days of ventilation per ventilated child
Total hospital days (since birth)
Infants with morbidity
Episodes of neonatal morbidity
RDS†
mild
severe
CLD†
IVH grades 3 and 4†
PVL grades 2, 3 and 4†
NEC†
sepsis/meningitis†
PDA†
Postnatal deaths‡
pulmonary causes
NEC
sepsis
multiple organ failure
other causes
Adverse outcome

n = 98 (93)
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Table IV. Perinatal mortality, neonatal morbidity and neurological score at term age
Control group
Treatment group
(n = 105)
(n = 111)
Fetal deaths (FD)
n = 7 (7)
n = 13 (12)
Prolongation of pregnancy until FD (days)
11.6 (2.1-29.1)
6.7 (4.0-9.9)
Gestational age at diagnosis of FD (weeks)
26.7 (25.7-29.8)
26.3 (25.4-28.7)
Birth weight (g)
625 (470-1170)
640 (300-1085)
Birth weight ratio
0.48 (0.38-0.90)
0.58 (0.28-0.79)

and 5 minute APGAR score were comparable between control and treatment group
(Table IV).
Total fetal and postnatal loss was 38 (18%; Figure 1). Unintentional fetal deaths
occurred in 3 cases: two cases at a gestational age 300/7 weeks (treatment group) and
285/7 weeks (control group) because of assumed placental insufficiency and one case
of placental abruption (gestational age 283/7 weeks, control group). In 17 patients
without fetal distress at admission, no invasive intervention was performed once fetal
distress occurred on the basis of too early gestational age and/or too low estimated
fetal weight. Median estimated fetal weight in this group was 563 g and median
gestational age at time of fetal death was 26.3 weeks. All cases were either under
27 weeks gestational age, or under 600 g estimated fetal weight and in all cases
persistent severely abnormal Doppler parameters of the umbilical artery and middle
cerebral artery were present. The difference of fetal deaths (7 versus 13) in favor of
controls did not reach statistical significance (P = .15).
One hundred and ninety-two infants were admitted to the neonatal intensive care unit
for a median stay of 8 days. Duration of hospital stay was 35 (range 0-114) days in
the control and 38 (range 1-224) days in the treatment group (Table IV). The number
of infants requiring ventilation (high frequency oscillation, conventional ventilation) or
respiratory support (continuous positive airway pressure, supplemental oxygen) was
higher in the treatment group (78 versus 60; P = .008), as was the number of infants
with oxygen treatment >21%, but this did not reach statistical significance (66 versus
46; P = .09). There were no differences in the incidence of respiratory distress syndrome
(RDS), CLD, major sonographic intracerebral abnormalities, necrotizing enterocolitis
(NEC), sepsis/meningitis or patent ductus arteriosus (PDA).
Neonatal death and causes of neonatal death were comparable between groups:
pulmonary failure (total n = 4), sepsis (n = 4), multiple organ failure (n = 3), severe
congenital malformations (n = 2: one case of trisomy 13, one unspecified syndrome),
NEC (n = 1), prolonged therapy-resistant hypotension (n = 1) and severe periventricular
leukomalacia (n = 1). Two deaths due to CLD occurred after term age. Adverse outcome
was 22 in the control group and 33 in the treatment group (P = .14).
The neurological examination was performed on 177 of the 180 infants alive at term
age. One mother refused further participation and two infants could not be tested:
one because of continued ventilatory support, and one due to its too active behavioural
state (all three in the treatment group). The median neurological score was 59 in
both groups; 127 were normal, 11 were abnormal (Figure 3). The relative risk for an
abnormal score in the treatment group was 1.9 (95% CI 0.56 – 6.1).
There was no effect modification from subgroups in the post hoc analysis. The main
results in the subgroup of women with severe maternal disease (severe preeclampsia,
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HELLP syndrome) at inclusion are presented separately in Table Va. In Table Vb
and Vc, the main results for women with severe FGR at inclusion, and for women
with gestational age below 30 weeks at inclusion, are presented separately. Within
subgroups of gestational age, live births, maternal diagnosis at inclusion, birth weight
Figure 3. Prechtl score
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Table V. Perinatal mortality, neonatal morbidity and neurological score at term age in subgroups
Control group

Treatment group

Va. Severe preeclampsia/HELLP at inclusion

(n = 63)

(n = 70)

Fetal deaths

4 (6.3)

7 (10.0)

59 (93.7)

63 (90.0)

prolongation of pregnancy (days)

10.7 (0.2-44.1)

7.2 (0.1-35.2)

gestational age at delivery (weeks)

31.9 (26.4-38.6)

31.7 (26.3-37.0)

birth weight (g)

1405 (535-2960)

1300 (525-2495)

birth weight ratio

0.72 (0.45-0.98)

0.70 (0.43-1.10)

27 (45.8)

30 (47.6)

Live births

infants with morbidity
episodes of neonatal

morbidity†

postnatal deaths
Adverse outcome
Infants tested for primary endpoint
Neurological examination score

65

45

49

5 (8.5)

5 (7.9)

12 (19.0)

16 (22.9)

55

57

59 (49-60)

59 (48-60)

Control group

Treatment group

Vb. Severe FGR at inclusion

(n = 57)

(n = 68)

Fetal deaths

5 (8.8)

9 (13.2)

52 (91.2)

59 (86.8)

prolongation of pregnancy (days)

8.6 (0.5-41.8)

6.0 (0.6-35.1)

gestational age at delivery (weeks)

30.9 (26.4-37.4)

31.4 (27.4-36.4)

birth weight (g)

998 (477-1920)

1145 (525-1588)

birth weight ratio

0.61 (0.40-0.73)

0.62 (0.33-0.79)

30 (57.7)

35 (59.3)

Live births

infants with morbidity
episodes of neonatal

morbidity†

50

62

6 (11.5)

9 (15.3)

15 (26.3)

24 (35.3)

47

49

59 (51-60)

59 (47-60)

Vc. Gestational age below 30 weeks at inclusion

(n = 52)

(n = 55)

Fetal deaths

7 (13.5)

13 (23.6)

postnatal deaths
Adverse outcome
Infants tested for primary endpoint
Neurological examination score

Live births

45 (86.5)

42 (76.4)

prolongation of pregnancy (days)

12.8 (0.5-44.0)

9.0 (0.1-32.3)

gestational age at delivery (weeks)

29.4 (26.4-36.1)

29.4 (26.3-33.0)

birth weight (g)

910 (477-2280)

850 (525-1410)

birth weight ratio

0.63 (0.40-0.85)

0.62 (0.33-1.10)

33 (73.3)

32 (76.2)

63

65

8 (17.8)

8 (19.0)

22 (42.3)

29 (52.7)

infants with morbidity
episodes of neonatal

morbidity†

postnatal deaths
Adverse outcome
Infants tested for primary endpoint
Neurological examination score

38

34

59 (54-60)

59 (47-60)

Values are expressed as median (range) or absolute numbers (%) as appropriate.
† Some infants had more than one neonatal morbidity.

and participating center, relative risks for the treatment group to have an abnormal
neurological outcome at term age or neonatal adverse outcome were above 1.0 and all
confidence intervals contained 1.0 (data available from the authors). Adverse outcome
was more frequent in the subgroup of infants below than above 30 weeks gestational
age at admission and more frequent in the subgroup of infants with a birth weight
below than above 1000 g, independent, however, of management group.
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Discussion
This is the first prospective randomized trial testing the theory that plasma volume
expansion in patients with severe hypertensive disorders of pregnancy provides perinatal
clinical benefits. The results did not support this theory, as no differences were observed
regarding the primary endpoint, the neurological score at term age.
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The observed prolongation of pregnancy might explain the lower need for neonatal
ventilatory support and non-significant decrease in RDS in controls. Generally, the
neonatal outcomes in this study are within the ranges reported by other studies. The
distribution of neurological scores was better than in a study by Scherjon et al.25 In that
study population, fetal growth restriction and gestational age at birth were comparable
but major cerebral sonographic abnormalities were observed more frequently. The
incidence of intra-ventricular hemorrhage grade 3 and grade 4 (2.0%) in this study
concurs with others,9,26,27 although higher incidences have been described as well.28,29
Higher incidences, 18% reported by the GRIT Study Group and 9% by Scherjon et
al., may rest on inclusion of grades 1 and 2, and grade 2 respectively.25,30,31 The
incidence of CLD (8.6%) agrees with reported incidences in growth restricted infants
and in infants born to preeclamptic women, which range from 4.1% to 14.9%.3,28,32
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There was also no difference in major maternal morbidity between groups. Pulmonary
edema in the control group however was associated with high volumes (for other
reasons than plasma volume expansion) in two of three patients. Intention-to-treat
analysis may have hidden this specific risk of plasma volume expansion. The increased
incidence of cesarean section and maternal indications for termination in the treatment
group, and the shorter prolongation of pregnancy, may be a proxy for a poorer
maternal condition. To what extent this was due to treatment differences cannot
be established with certainty. The duration of pregnancy prolongation (median nine
days) in this study concurs with the 7.1-15.4 days in other studies.3,4,7,23,24 Comparable
entities in these studies appear similar: eclampsia in 0.4-4.4% of cases7,9,24 (incidence
in this study 1.9% after randomization, 4.2% total) and pulmonary edema in 1.6-2.6%
of cases7,9,24 (incidence in this study 3.7%).
Total perinatal loss was significantly influenced by the high number of fetal deaths, due
to the decision to abstain from intervention in fetuses that were deemed non-viable
according to individualized assessments and predefined criteria. However, at inclusion in
the trial these fetuses had been in adequate condition, and exact prediction of the perinatal
outcome was not possible. Neither exclusion at entry into the trial of high-risk patients,
nor post-hoc exclusion of these cases seems methodologically correct. The resulting
decrease in power of proof was accounted for in the power calculation with a wide margin
of 30% loss to follow-up. Analysis without these pregnancies did not change outcomes.

The same applies to NEC and sepsis/meningitis. Lastly, the perinatal mortality rate in
this study is comparable with those observed by others, as is the distribution between
stillbirths and neonatal deaths.4,9,27
We failed to find a similar clinical study for adequate reference of the effect of plasma
volume expansion. Only one retrospective case-control study reported comparable
clinical outcome of management with or without plasma volume expansion and
suggested better fetal growth and less perinatal mortality from plasma volume
expansion with equivalence of maternal outcome.9 The three previous randomized
trials (total 61 patients), referenced in the Cochrane review13,33-35 were designed for
determination of baseline hemodynamic characteristics and presentation of clinical
data was limited. From two studies33,35 it appeared that plasma volume expansion was
associated with an increase of cesarean section (Peto odds ratio 2.0; 95% CI 0.6-7.0).
All studies used different methodology and clinical conclusions could not be drawn.
In this study two different management strategies were compared, one with and one
without PVE. HES 6% was used because a macromolecular isotonic colloid may have
advantages over crystalloid solutions in maintaining oncotic pressure in the capillary
leak syndrome.34,36 As benefits of invasive hemodynamic monitoring are currently
under scrutiny, and with potential disadvantages in mind,37 invasive management was
limited to nine patients with low gestational ages and severe maternal disease. The
subsequent observed morbidity supports the restrictive policy in this study.
As stated before, in most cases fixed volumes were administered daily. These volumes
were higher than described in most other retrospective studies with positive results.
It cannot be excluded that in individual patients insufficient plasma volume expansion
may have contributed to the negative result of this study. As a significant average
decrease in hemoglobin count was observed with this strategy, comparable to others
who used this strategy, we assume that a concomitant relevant increase in plasma
volume was effected in most patients.
A point of criticism could be medication heterogeneity between groups. Several
considerations influenced the decision for the present design. From available literature
and ‘expert opinion’ it was concluded that the method of plasma volume expansion
was not used in a uniform manner. The general opinion of experts was that rapid
reduction of blood pressure was important for stabilization of patients and that the
danger of treatment overshoot and hypotension was prevented by plasma volume
expansion. Plasma volume expansion was administered in accordance with the
usual methodology by combining plasma volume expansion with rapid intravenous
antihypertensive treatment. On the other hand, routine intravenous medication
was not administered in the control group for fear of inducing hypotension in these
patients and influencing results negatively in this group. It was intended that the study
strategies should represent actual clinical management. Furthermore, the possibility
that doctors would adapt treatment of trial patients to their own preferences was thus
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reduced. This point is even more important as blinding of allocation was not possible.
Trial strategies were described extensively to prevent protocol violations. Indeed, this
was successful, as protocol violations were rare, which is remarkable given the fact
that many patients were admitted outside office hours and treated by a large number
of specialists.
We regard an effect of medication heterogeneity on outcomes unlikely for two
reasons. Firstly, in severe patients, antihypertensive treatment usually converges to
comparable combination therapy. Secondly, no single medication has been proven to
be superior.38,39 More importantly, this trial should be considered to be a comparison
of two management strategies that comprise differences in choice of medication and
blood pressure targets to reflect the hypothesized mode of action of plasma volume
expansion.
At present, equivalence in short term neurological outcome has been shown, also in
subclasses of disease. Obviously, subtle differences between groups may only become
apparent in longer term neurological development. Moreover, it has to be born in mind,
that a ‘normal’ neurological test result at term age does not guarantee uneventful
development at school age, even in a population with low incidence of major cerebral
sonographic abnormalities.40 One-year and five-year follow-up, therefore, has been
scheduled to allow for a more final statement on neuro-cognitive development. Thus
far, no evidence of a difference in neonatal and maternal mortality and morbidity was
found, although the study was not powered for these outcomes. However, no trends
to the advantage of plasma volume expansion were shown.
This paper does not support the theory that plasma volume expansion improves clinical
outcome. It testifies the limited knowledge on the dynamics of the microcirculation,
circulatory adaptive mechanisms and endothelial function in preeclampsia. Any
manipulation may be strongly counteracted. Study of circulatory pathophysiology in
preeclampsia is important, but severely hampered by limitations in methodology due
to the fetal presence.
In summary, perinatal and maternal outcome at term age were not different following
a temporizing management strategy with or without plasma volume expansion in
severe and early hypertensive disorders of pregnancy, suggesting that plasma volume
expansion is not beneficial. The broad spectrum of included hypertensive disorders of
pregnancy suggests good generalizability of results. In light of the possible complications
associated with volume expansion therapy, these findings raise concerns about the use
of plasma volume expansion. Detailed data from long term follow-up of mothers and
children are needed to confirm this conclusion.
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Summary
OBJECTIVE: The purpose of this study was to investigate the effect of plasma volume
expansion on pulsatility indices of the fetal umbilical and middle cerebral arteries.
STUDY DESIGN: Two hundred sixteen patients with severe preeclampsia, HELLP
(hemolysis elevated liver enzymes low platelet count) syndrome, eclampsia,
hypertension-related fetal growth restriction, and gestational ages between 24 and
34 completed weeks were assigned randomly for temporizing treatment with plasma
volume expansion (n = 111 patients; 250 mL hydroxyethylstarch 6% twice daily in 4
hours, and NaCl 0.9% between doses of hydroxyethylstarch and with intravenous
medication) or without plasma volume expansion (n = 105 patients; only NaCl 0.9%
when necessary with medication). Measurements of the pulsatility index of the umbilical
and middle cerebral arteries were performed at admission, after 16 to 48 hours, 60 to
120 hours and 7 to 11 days.
RESULTS: Median gestational age was 30 weeks in both groups. Infused volumes of
plasma volume expansion in the treatment group (total median 813 mL/day) were
associated with a significant decrease of hemoglobin concentration. Changes from
baseline measurements of the umbilical and middle cerebral arteries were not different
between the groups nor within subgroups during the first 7 to 11 days.
CONCLUSIONS: Plasma volume expansion did not influence the pulsatility indices of
the umbilical and middle cerebral arteries.

Introduction

Methods
All consecutive women presenting at a gestational age between 24 and 34 completed
weeks who were referred to the Departments of Obstetrics of the Academic Medical
Center and the VU University Medical Center between April 1, 2000 and May 31,
2003, were invited to participate in the trial if they met the inclusion criteria (Table
I).16-18 Both university hospitals are located in Amsterdam, The Netherlands and serve
as tertiary care centers for a community of approximately 2.5 million inhabitants. All
patients who were included fit at least one of the diagnostic criteria. Patients with
eclamptic convulsions were only assigned randomly if a stable situation could be
maintained and if further prolongation of pregnancy was attempted.
We excluded patients from being assigned randomly if they refused to participate, if
there were signs of fetal distress at admission, if a diagnosis of lethal fetal congenital
abnormalities had already been made at admission, or if language difficulties prohibited
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Doppler blood flow velocity measurements of the fetal umbilical artery and middle
cerebral artery are parameters that are used to assess fetal well-being. Absent or
reversed end-diastolic flow (EDF) in the umbilical artery is usually progressive, with
the reduction, loss, and eventually reversal of EDF,12 and is significantly associated
with increased perinatal mortality and morbidity rates.13;14 A few studies observed
improvement of fetal Doppler blood flow velocimetry of the umbilical artery after PVE,
although these studies lacked a properly selected control group.9;11 The brain-sparing
effect, described by the ratio between blood flow velocity of the umbilical artery and
of the middle cerebral artery (U/C-ratio) reflects a change in cerebral hemodynamics
to prevent fetal cerebral hypoxia.15 No studies to date have focused on the effect of
PVE on the middle cerebral artery. We report changes in the pulsatility index (PI) of the
umbilical and middle cerebral arteries during PVE in a randomized clinical trial.

Chapter 3

Temporizing management in pregnancies that are complicated by hypertensive
disorders (preeclampsia, HELLP [hemolysis elevated liver enzymes low platelet count]
syndrome, pregnancy induced hypertension and associated fetal growth restriction)
remote from term might benefit neonatal outcome,1;2 without increasing maternal risk
for adverse outcome.3-5 Several aspects of temporizing management remain subject
to debate. Whether or not to correct the observed hypovolemia with plasma volume
expansion (PVE) is 1 of the topics.6-8 It is suggested that PVE improves hemodynamic
characteristics and organ function and benefits neonatal outcome,9-11 although adverse
maternal effects (eg, pulmonary edema) have been described.8

informed consent. Antihypertensive or magnesium sulphate treatment was allowed
before assignment, but we excluded women who had been given PVE. Excluded
patients received no PVE.
Table I. Criteria for inclusion into the trial
Criterion
HELLP

syndrome17

Explanation
platelet count <100 X 109/L and aspartate aminotransferase ³70 U/L
and/or lactic dehydrogenase ³600 U/L

Fetal growth restriction
and pregnancy induced
hypertension16,18

abdominal circumference <5th percentile for gestational age or estimated
fetal weight <10th percentile for gestational age (ultrasound) and diastolic
blood pressure ³90 mm Hg

Severe preeclampsia16

diastolic blood pressure ³110 mm Hg and proteinuria (³0.3 g/24 hr)

Eclampsia16

generalized convulsions in pregnancy that were not caused by epilepsy

Gestational age was determined by the first day of the last period, which was verified
in almost all cases by a first-trimester ultrasound dating scan. At all hours, 1 of the
authors (WG or AR) assessed eligibility, sought informed consent and randomly
assigned patients on a designated palmtop computer with random number generation
software, within two strata of gestational age (between 24 weeks and 296/7 of
gestation, between 30 weeks and 336/7 of gestation). The medical ethics committees
of both hospitals approved the study. Maternal and perinatal outcomes of the study
are reported separately. A specific objective was to report on the effect of PVE on the
pulsatility indices of the umbilical and middle cerebral artery.

Treatment procedures
In both groups, magnesium sulphate therapy was used for prevention or treatment
of eclampsia. One course of corticosteroid therapy with intramuscular betamethasone
was given when delivery was considered imminent. In the management with PVE
(treatment group) a dose of 250 mL hydroxyethylstarch 6% (200/0.5) was given twice
daily in two periods of 4 hours (8:00 until 12:00 AM and PM). NaCl 0.9% was infused
in-between doses of hydroxyethylstarch and with intravenous medication . A subgroup
of 9 patients with severe preeclampsia and gestational age of <30 completed weeks
was treated with PVE under invasive hemodynamic monitoring. Antihypertensive
treatment was used to achieve a target diastolic blood pressure between 85 and 95 mm
Hg. The drug of first choice was ketanserin intravenously. Additional medication (oral
labetalol, a-methyldopa, and nifedipine; incidentally intravenous dihydralazine) was
used when necessary. In the treatment without PVE (control group) antihypertensive
treatment was targeted to achieve a diastolic blood pressure between 95 and 105

78

Study procedures
Ultrasonographic assessment was performed at inclusion in the study and was repeated
after 16 to 48 hours, 60 to 120 hours, and 7 to 11 days after randomization and
subsequently twice weekly. Different available machines (ATL 3000, ATL 5000 Philips
Medical Systems, Best, The Netherlands], ALOKA 1700; Zug, Switzerland) with pulsed
and color Doppler blood flow technology were used. They were operated principally by
2 of the authors (WG and AR) but, for logistic reasons, other operators performed the
procedure in some cases. At all sessions, Doppler blood flow velocity waveforms were
recorded in the umbilical artery in a free-floating loop of the mid section of the umbilical
cord19 and of the middle cerebral artery just past the level of the bifurcation of the
internal carotid artery (Circle of Willis) into the anterior and middle cerebral artery.20 The
PI was calculated from a series of uniform blood flow velocity waveforms with a high
signal-to-noise ratio. The presence, absence or reversal of EDF in the umbilical artery
was recorded. The umbilical/cerebral ratio was calculated as the ratio of the umbilical
artery PI divided by the middle cerebral artery PI.21 Fetal biometry was measured once
a week. The Hadlock IV formula was used to estimate fetal weight.22 The estimated
fetal weight-ratio was calculated as the ratio of the estimated fetal weight divided by
the expected fetal weight for gestational age, adjusted for maternal weight, height,
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Fetal heart rate tracings were performed twice daily. Fetal indications for delivery
were repeated decelerations or prolonged poor variability on fetal heart rate tracings.
Absent or reversed EDF in the umbilical artery was sometimes the indication to
start corticosteroid treatment but was never the sole indication for delivery. The
measurements of the middle cerebral artery were solely descriptive of nature and did
not influence timing of delivery.

Chapter 3

mm Hg as target. The drug of first choice was a-methyldopa. Additional medication
(oral labetalol, nifedipine, and intravenous ketanserin) was used when necessary.
Restricted amounts of NaCl 0.9% were infused with intravenous medication. The
different blood pressure target ranges and choice of medication between groups
reflect the hypothesized mode of action of PVE. According to this theory, PVE allows
more aggressive antihypertensive treatment, which may reduce the risk of maternal
eclampsia or HELLP syndrome, without increasing the risk for hypotensive episodes,
which might induce fetal distress. In treatment without PVE, higher blood pressures
have to be accepted necessarily, and treatment is instituted more gradually to prevent
hypotension by overshoot of antihypertensive medication. In practice, diastolic blood
pressure after stabilization in both types of management is 95 mm Hg on average, and
combination therapy is frequent.

ethnic group and parity (the Gardosi customized growth chart p50-value).18 Amniotic
fluid index was measured by dividing the abdomen in 4 quadrants and assessing the
largest vertical diameter in each. If the cord was visible, the largest vertical diameter to
the cord was taken.23 The hemoglobin concentration was determined twice a week.
Because the normal distribution of the PIs of the umbilical artery and middle cerebral
artery change with gestational age, measurements at baseline were normalized by
expressing them as a ratio of the measured value divided by the mean value for
gestational age.24;25 To compare changes over time, we calculated the individual
absolute differences between later measurements and the measurements at
admission. Statistical analysis was performed by non-parametric Mann-Whitney
tests with SPSS software (version 11.0; SPSS Inc, Chicago Illinois). Differences were
considered statistically significant at probability values P < .05. The null-hypothesis was
that no differences in umbilical artery or middle cerebral artery PI would be detected
between the 2 groups. To identify subgroups that would specifically benefit from
PVE, post-hoc subgroup analysis was planned for patients included before or after
30 weeks of gestational age or with an initial diagnosis of HELLP syndrome enzymes,
severe preeclampsia, or fetal growth restriction. An additional subgroup analysis was
performed on groups with PIs of the umbilical artery higher than the 95th percentile
for gestational age and on groups with the lowest and highest one-third hemoglobin
concentrations on admission.

Results
During the study period, 216 patients were assigned randomly; 111 patients were
assigned to the treatment group, and 105 patients were assigned to the control
group. We excluded 2 cases (1 case from each randomization group) because of
unanticipated significant congenital malformations at birth. One infant had trisomy
13 and died 1 day after birth. The other infant had numerous dysmorphic features (no
specific diagnosis made) and died 59 days after birth from pulmonary disease. At 16
to 48 hours, 100 patients in the control group were undelivered and measured versus
102 in the treatment group; at 60 to 120 hours the groups numbered 80 versus 81,
and at 7 to 11 days the groups numbered 64 versus 55 patients, respectively.
All baseline characteristics were comparable between both randomization groups
(Table II), although there was a small, nonsignificant imbalance at baseline in the
umbilical artery PI (median normalized value, 1.2 in the control group versus 1.3 in
the treatment group) and in estimated fetal weight (median, 1146 versus 1076 g).
After 60 to 120 hours and 7 to 11 days, the hemoglobin concentration was reduced
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significantly in the treatment group in comparison with the control group (median -0.6
mmol/L versus -0.2 mmol/L at 7 to 11 days; P < .01, Figure 1, A). This correlated with
the difference in infused volumes (median, 813 mL/d; range, 0-2143 mL/d versus 13
mL/d; range, 0-1404 mL/d, respectively).

Table II. Baseline characteristics of patients

30.9 (20-41)

28.9 (18-41)

69 (66%)

80 (73%)

28 (27%)

31 (28%)

32 (31%)

37 (34%)

30.0 (24.1-33.9)

29.9 (24.3-33.7)

43 (41%)

52 (47%)

27 (26%)

27 (25%)

56 (54%)

67 (61%)

3 (3%)

2 (2%)

7.7 (6.2-9.4)

7.8 (6.0-9.9)

1.19 (0.64-3.40)

1.31 (0.63-4.48)

Positive EDF (n)

84 (81%)

80 (73%)

Absent EDF (n)

16 (15%)

24 (22%)

4 (4%)

6 (5%)

0.79 (0.48-1.30)

0.73 (0.45-1.28)

Umbilical/cerebral ratio*

0.87 (0.30-3.60)

1.04 (0.45-5.03)

Estimated fetal weight (g)*

1146 (453-2401)

1076 (298-2257)

Estimated fetal weight ratio*

0.72 (0.48-1.02)

0.70 (0.32-1.17)

9.6 (2.5-20.5)

9.3 (0.0-16.7)

Maternal age (y)*
Nulliparity (n)
Non-white (n)
Chronic hypertension

(n)†

Gestational age at inclusion (wk)*
Severe PE at inclusion
HELLP at inclusion
FGR at inclusion

(n)‡

(n)‡

(n)‡

Eclampsia at inclusion

(n)‡

Hemoglobin concentration at inclusion
(mmol/L)
Umbilical artery at inclusion (PI)*§

Reversed EDF (n)
Middle cerebral artery

Amniotic fluid index*

(PI)*§

* Values are expressed as median (range).
† Antihypertensive medication and/or persistent systolic blood pressure ≥140 mm Hg and/or diastolic
blood pressure ≥90 mm Hg at 3 months after term age.
‡ Some patients match more than one inclusion diagnosis.
§ Normalized value for gestational age.24,25

There were no statistically significant differences between the groups in the changes in
measurement results of the umbilical artery PI and middle cerebral artery PI, amniotic
fluid index, and estimated fetal weight during the first 7 to 11 days (Figure 1, B-E).
Subgroup analysis revealed no differences between control and treatment group in
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Treatment group
(n = 110)
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Control group
(n = 104)

Characteristic

Figure 1. Box plot of changes from baseline in measurements of the hemoglobin concentration (A), the PI
of the umbilical artery (B), the PI of the middle cerebral artery (C), the estimated fetal weight (D), and the
amniotic fluid index (E) in the control group (white box plots) and the treatment group (gray box plots) at
16 to 48 hours (100 versus 102 patients), 60 to 120 hours (80 versus 81 patients), and 7 to 11 days (64
versus 55 patients). The asterisk denotes statistical significance at a probability value of <.05.
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Comment
This randomized clinical trial has been the largest trial on PVE for hypertensive disorders
of pregnancy so far. All studied effect parameters were equal in both groups and
within subgroups during the first 11 days.
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Figure 2. Changes in measurements of the PI of the umbilical artery in patients with a high PI at baseline
in the control group (A) or the treatment group (B). The dotted lines are reference lines that were
modified from Dilmen et al24 that represent the 95th (top line) and the 50th (bottom line) percentile for
gestational age.
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subgroups of gestational age below or above 30 weeks at enrollment or with an
initial diagnosis of HELLP syndrome, severe preeclampsia or fetal growth restriction.
Also, within the subgroup with a high PI of the umbilical artery at entry of the study,
changes from baseline value were not influenced by PVE (Figure 2). Both patients with
the highest one-third hemoglobin concentration and patients with the lowest one-third
hemoglobin concentration had a significant reduction in hemoglobin concentration
after 60 to 120 hours and after 7 to 11 days in the treatment group than in the control
group; this effect was greater in patients with the highest concentrations at baseline
evaluation. Within these groups, all other measurement results, however, were
comparable between treatment and control groups. Among patients with positive
EDF at baseline in the treatment group, 17% of patients (14/80) developed absent
or reversed EDF before delivery versus 14% of patients (12/84) in the control group.
Among patients with absent or reversed EDF at baseline in the treatment group,
positive EDF was seen at later measurements in 30% of patients (9/30) versus 45% of
patients (9/20) in the control group. This changed back before delivery to absent or
reversed EDF in 44% of patients (4/9) in the treatment group and in 56% of patients
(5/9) in the control group.

Although Doppler parameters were never the sole indication for delivery, patients
with worse Doppler parameters may have been delivered earlier. This could have lead
to improved average values in the remaining group. To address this type of selection
bias and to address the observed slight random imbalance at admission, we presented
intra-individual changes, using each patient as her own control.
Our findings disagree with the results of Karsdorp et al.11 who reported the
reappearance of end-diastolic velocities, and a decrease in the PI of 0.5 in the umbilical
artery and an improvement in the survival rate in a historical comparison on a group
of 14 patients after maternal PVE (250-1500 mL polygeline initially, subsequently 750
mL daily). With our sample size, we could have detected a difference of 0.25 (b = .8; a
= .05). Our findings also contradict the results of Hubner and Sander,9 who treated a
cohort of 48 patients with PVE (500 mL hydroxyethyl starch [200/0.5] 10% combined
with 500 mL Ringer’s lactate daily) and demonstrated a correlation between a decrease
of hematocrit level and normalization of Doppler results (Figure 2). Moreover, we
could not confirm earlier observations that PVE improves fetal growth.9;26
In other studies, comparable amounts of infused volumes were given.9;11 We observed
a concomitant significant decrease in the hemoglobin concentration that was also
comparable to other studies.9;26 We opted for hemoglobin concentration as a proxy
for volume expansion because it is easy to obtain, even outside office hours. Other
noninvasive parameters are doubtfully better at reflecting intravascular volume, and
not as readily available. Because benefits of invasive hemodynamic monitoring are
currently under scrutiny, and with potential medical disadvantages in mind, we limited
invasive hemodynamic management to 9 patients with low gestational ages and
severe maternal disease.27 Hence, in most cases, we administered fixed volumes daily.
Insufficient PVE in individual patients may have contributed to our results, but, as we
observed, a significant average decrease in hemoglobin concentration occurred with
this strategy. Therefore, we assume that, on average, a concomitant relevant increase
in plasma volume was effected. The slightly different antihypertensive management
between the groups reflects the hypothesized mode of action of PVE, and this trial should
be considered to compare an entire management strategy with and without PVE.
Patients with different characteristics (fetal growth restriction, HELLP syndrome,
preeclampsia) might differentially benefit from PVE, because pathophysiologic
conditions might be different. Even within each category, causal pathways may be
heterogeneous, and overlap within patients is frequent. To optimalize generalizability
of the study, we chose to include women across the spectrum of preeclampsia and
opted for a PVE protocol that could be easily implemented in clinical practice. Subgroup
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analysis identified no subgroup that might have changes differentially in the umbilical
or middle cerebral artery, that were induced by PVE.
Benefits of treatment with PVE may not be reflected by changes in flow characteristics
of the umbilical artery and middle cerebral artery, which are parameters associated
with fetal condition. Long-term neonatal neurological development may better testify
to the quality of fetomaternal transfer of nutrients, oxygen and waste products in the
placenta.
Chapter 3

In this randomized clinical trial, PVE decreased hemoglobin concentration but had no
effect on Doppler blood flow velocimetry of the umbilical and middle cerebral arteries,
amniotic fluid index, or fetal growth.

Randomized trial: Doppler outcomes

85

Reference List
1. Sibai, B. M., Mercer, B. M., Schiff, E. & Friedman, S. A. Aggressive versus expectant management of
severe preeclampsia at 28 to 32 weeks’ gestation: a randomized controlled trial. American Journal of
Obstetrics & Gynecology 171, 818-822 (1994).
2. Odendaal, H. J., Pattinson, R. C., Bam, R., Grove, D. & Kotze, T. J. Aggressive or expectant management for patients with severe preeclampsia between 28-34 weeks’ gestation: a randomized controlled
trial. Obstetrics & Gynecology 76, 1070-1075 (1990).
3. Sibai, B. M. Diagnosis and management of gestational hypertension and preeclampsia. Obstetrics &
Gynecology 102, 181-192 (2003).
4. Hall, D. R., Odendaal, H. J., Steyn, D. W. & Grove, D. Expectant management of early onset, severe preeclampsia: Maternal outcome. Br. J. Obstet. Gynaecol. 107, 1252-1257 (2000).
5. Van Pampus, M. G., Wolf, H., Ilsen, A. & Treffers, P. E. Maternal outcome following temporizing
management of the (H)ELLP syndrome. Hypertens. Pregnancy 19, 211-220 (2000).
6. Young, P. F., Leighton, N. A., Jones, P. W., Anthony, J. & Johanson, R. B. Fluid management in severe
preeclampsia (VESPA): survey of members of ISSHP. Hypertens. Pregnancy 19, 249-259 (2000).
7. Gulmezoglu, A. M. Plasma volume expansion for suspected impaired fetal growth. Cochrane Database
of Systematic Reviews Issue 2, 2001., (2001).
8. Duley, L. Plasma volume expansion for treatment of women with pre-eclampsia. Cochrane Database of
Systematic Reviews Issue 2, 2001., (2001).
9. Hubner, F. & Sander, C. [Doppler ultrasound findings in hemodilution with hydroxyethyl starch in intrauterine fetal retardation]. [German]. Geburtshilfe und Frauenheilkunde 55, 87-92 (1995).
10. Visser, W. & Wallenburg, H. C. Maternal and perinatal outcome of temporizing management in 254
consecutive patients with severe pre-eclampsia remote from term. European Journal of Obstetrics,
Gynecology, & Reproductive Biology 63, 147-154 (1995).
11. Karsdorp, V. H., Van Vugt, J. M., Dekker, G. A. & Van Geijn, H. P. Reappearance of end-diastolic velocities in the umbilical artery following maternal volume expansion: a preliminary study. Obstetrics &
Gynecology 80, 679-683 (1992).
12. Ferrazzi, E. et al. Temporal sequence of abnormal Doppler changes in the peripheral and central circulatory systems of the severely growth-restricted fetus. Ultrasound in Obstetrics & Gynecology 19, 140146 (2002).
13. Karsdorp, V. H. et al. Clinical significance of absent or reversed end diastolic velocity waveforms in
umbilical artery. Lancet 344, 1664-1668 (1994).
14. Valcamonico, A. et al. Absent end-diastolic velocity in umbilical artery: risk of neonatal morbidity and
brain damage. American Journal of Obstetrics & Gynecology 170, 796-801 (1994).
15. Scherjon, S. A., Smolders-De Haas, H., Kok, J. H. & Zondervan, H. A. The “brain-sparing” effect: antenatal cerebral Doppler findings in relation to neurologic outcome in very preterm infants. American Journal of Obstetrics & Gynecology 169, 169-175 (1993).
16. Davey, D. A. & MacGillivray, I. The classification and definition of the hypertensive disorders of pregnancy. American Journal of Obstetrics & Gynecology 158, 892-898 (1988).
17. Sibai, B. M. The HELLP syndrome (hemolysis, elevated liver enzymes, and low platelets): much ado
about nothing? American Journal of Obstetrics & Gynecology 162, 311-316 (1990).
18. Gardosi, J., Chang, A., Kalyan, B., Sahota, D. & Symonds, E. M. Customised antenatal growth charts.
Lancet 339, 283-287 (1992).

86

19. Pearce, J. M. et al. References ranges and sources of variation for indices of pulsed Doppler flow velocity
waveforms from the uteroplacental and fetal circulation. Br. J. Obstet. Gynaecol. 95, 248-256 (1988).
20. Hsieh, Y. Y., Chang, C. C., Tsai, H. D. & Tsai, C. H. Longitudinal survey of blood flow at three different
locations in the middle cerebral artery in normal fetuses. Ultrasound in Obstetrics & Gynecology 17,
125-128 (2001).
21. Wladimiroff, J. W. et al. Cerebral and umbilical arterial blood flow velocity waveforms in normal and
growth-retarded pregnancies. Obstetrics & Gynecology 69, 705-709 (1987).
22. Hadlock, F. P., Harrist, R. B., Sharman, R. S., Deter, R. L. & Park, S. K. Estimation of fetal weight with
the use of head, body, and femur measurements--a prospective study. American Journal of Obstetrics
& Gynecology 151, 333-337 (1985).

24. Dilmen, G., Aytac, S., Toppare, M. F., Ozturk, M. & Goksin, E. Umbilical artery blood flow characteristics in normal pregnancies. Gynecologic & Obstetric Investigation 38, 96-99 (1994).

Chapter 3

23. Phelan, J. P., Smith, C. V., Broussard, P. & Small, M. Amniotic fluid volume assessment with the fourquadrant technique at 36-42 weeks’ gestation. Journal of Reproductive Medicine 32, 540-542 (1987).

25. Bahlmann, F. et al. Blood flow velocity waveforms of the fetal middle cerebral artery in a normal population: reference values from 18 weeks to 42 weeks of gestation. J. Perinat. Med. 30, 490-501 (2002).

27. Sandham, J. D. et al. A randomized, controlled trial of the use of pulmonary-artery catheters in high-risk
surgical patients. N. Engl. J. Med. 348, 5-14 (2003).

87

Randomized trial: Doppler outcomes

26. Heilmann, L. [Clinical results after hemodilution with hydroxyethyl starch in pregnancy]. [German]. Zeitschrift fur Geburtshilfe und Perinatologie 193, 219-225 (1989).

88

Annelies REP*
Wessel GANZEVOORT*
Aleid G VAN WASSENAER
Gouke J BONSEL
Hans WOLF
and Johanna IP DE VRIES
for the PETRA investigators

4

One year infant outcome in women with
early-onset hypertensive disorders of pregnancy

British Journal of Obstetrics & Gynaecology; in press
*WG and AR are co-first authors, as they contributed equally to this work

Summary
OBJECTIVES: To evaluate the role of plasma volume expansion on one year infant
outcome after severe hypertensive disorders of pregnancy; to determine prognostic
factors for adverse neurodevelopmental infant outcome.
DESIGN: Randomized controlled trial; observational prognostic study.
Setting: Two university hospitals in Amsterdam, The Netherlands.
POPULATION: One-hundred-seventy-two infants alive of 216 mothers with severe
hypertensive disorders of pregnancy who were randomized for a temporizing
management strategy with or without plasma volume expansion.
METHODS: At one year corrected age a neurological examination according to Bayley
(MDI and PDI) and Touwen was performed.
MAIN OUTCOME MEASURES: Adverse neurodevelopmental infant outcome was
defined as a MDI / PDI score below 70 and / or an abnormal Touwen. Risk factors for
adverse neurodevelopmental outcome were explored by univariate and multivariate
analysis.
RESULTS: Adverse neurodevelopmental infant outcome was observed in 31 infants
(18%). There were no differences between the randomization groups. In multivariate
analysis an association with abnormal umbilical artery / middle cerebral artery Doppler
ratio higher than the median, major neonatal morbidity, higher education of the
parents, multiparity and Caucasian ethnicity was observed.
CONCLUSION: Nearly 70% of the infants was alive at one year without adverse neurodevelopmental outcome. Maternal plasma volume expansion during pregnancy has
no effect on one year infant outcome. The prediction of adverse outcome at one year
by perinatal parameters is limited.

Introduction

Study design
The trial was performed at the Departments of Obstetrics and Gynecology of the
VU University Medical Center and the Academic Medical Center, Amsterdam,
the Netherlands, between April 1 2000 and May 31 2003. Women with a severe
hypertensive disorder of pregnancy (severe preeclampsia, HELLP [hemolysis elevated
liver enzymes and low platelets] syndrome and concomitant fetal growth restriction),79 who presented with a viable singleton pregnancy, at a gestational age between 24
and 34 completed weeks, were asked to participate if they were deemed eligible for a
temporizing management strategy (Table I). After informed consent, participants were
randomly allocated either to a strategy without plasma volume expansion (control
group) or a strategy with plasma volume expansion (treatment group). Primary
endpoint of the study was neonatal neurological development at term age. The power
of the randomized controlled trial was calculated on this primary outcome. Therefore
the required sample size was calculated to be 216 patients (power 90%, significance
level .05). Neurological examination was expressed by a numerical score and classified
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Early-onset hypertensive disorders of pregnancy are associated with fetal growth
restriction and iatrogenic preterm delivery. Adverse neurodevelopmental outcome
poses a serious threat to the newborn and is both related to gestational age at
birth and small for gestational age (SGA) status.1,2 With temporizing management
pregnancy prolongation can be for 7-14 days with reduction of neonatal morbidity.3,4
These studies, however, show short-term outcome parameters only.
A recent randomized trial comparing two temporizing management strategies (with
or without plasma volume expansion) in severe hypertensive disorders of pregnancy
observed no important short-term differences in maternal and neonatal outcome
and no difference in infant neurological outcome at term age.5 Since neurological
development is a dynamic process, depending on obstetrical, neonatal and diverse
environmental factors, assessment at term age might not adequately predict longterm neurodevelopmental outcome of the offspring.6 Therefore, this study assessed
neurodevelopmental outcome at one year corrected age. We firstly describe whether
outcome at this time point is not different between the two management strategies
and secondly which of prospectively collected maternal, fetal, and neonatal risk
factors influence one year neurodevelopmental outcome. We hypothesized that both
gestational age and the rate of growth restriction are separate risk factors for adverse
neurodevelopmental outcome.

as normal, suspect abnormal and abnormal according to Prechtl.10 The medical ethics
committees of both hospitals approved the study. Comprehensive methods and primary
and secondary outcomes (neonatal morbidity and mortality and maternal morbidity)
until term age have been described previously.11

Table I. Definitions of hypertensive disorders of pregnancy
Inclusion diagnosis

Definition

Severe preeclampsia41

diastolic blood pressure ≥ 110 mm Hg and proteinuria (≥ 0.3
grams/24 hours)

HELLP syndrome42

platelet count <100 *109/L and aspartate aminotransferase
≥ 70 U/L and lactate dehydrogenase ≥ 600 U/L

Fetal growth restriction and pregnancy induced hypertension43,44

estimated fetal weight <p10 and diastolic blood pressure ≥ 90 mm Hg

At one year corrected for term age infant mental and psychomotor development were
assessed using the Bayley Scales of Infant Development II.12 The two standardized
development indices measured with these scales have a mean of 100 and a standard
deviation of 15. The Mental Development Index (MDI) and Psychomotor Development
Index (PDI) range between 50 and 145. A MDI or PDI score equal or above 85 is classified
as normal development, a score of 70 to 84 is classified as moderately delayed and a
score below 70 is classified as severely delayed or abnormal development. At the same
visit a neurological examination according to Touwen et al. was performed.13 This was
classified as normal when there were no abnormalities of tone and posture, as suspect
when there were mild abnormalities of tone and posture leading to no or mild delay
in motor development, and as abnormal when there were definite abnormalities in
tone and posture leading to delay in motor development. Adverse neurodevelopmental infant outcome was defined as a MDI score below 70 and / or a PDI score below
70 and / or an abnormal neurological examination. Infants alive at one year corrected
age and a MDI and PDI score equal or above 70 and a normal or suspect neurological
examination were summarized as ‘alive without adverse neurodevelopmental infant
outcome’.
Socio-economic status was determined by the level of education; high (high level
professional education or university), average (medium level secondary school or
professional education) or low (elementary school, lower level secondary school or
professional education). Ethnicity was defined as Caucasian (mostly Dutch) or nonCaucasian (mostly Surinamese, Netherlands Antilles, Turkish or Moroccan).

92

Statistical analysis

One year infant outcome

93

Chapter 4

The analysis was aimed at those infants with complete follow-up. Firstly it was analyzed
how trial allocation influenced one year outcome. Comparison between treatment and
control group was done using Χ2 tests (2-sided) and non-parametric Mann-Whitney U
tests, when appropriate. It was intended that if MDI and PDI were comparable between
randomization groups (similar to neurological examination at term age), further analysis
would refer to the complete study group. Secondly, we explored the prognostic
relationship between maternal, fetal and neonatal factors and the performance on the
Bayley neurodevelopmental test. The following factors were selected for exploration of
their association with Bayley test outcome: A first set of maternal parameters comprised
maternal age, ethnic descent (Caucasian versus remaining participants), parity, body
mass index, smoking during pregnancy, education (both parents higher education
versus remaining participants), HELLP syndrome at inclusion or newly acquired after
inclusion, and major maternal morbidity (eclampsia, encephalopathy, pulmonary
edema, liver hematoma, abruptio placentae, severe infectious morbidity, and severe
thrombotic morbidity). A second set of fetal parameters comprised administration of
corticosteroids for fetal lung maturation, the most abnormal result of the umbilical
artery pulsatility index (PI), the highest ratio of the umbilical artery PI divided by the
median cerebral artery PI (U/C-ratio); gestational age at delivery; birth weight; and birth
weight ratio (birth weight divided by the expected weight for gestational age, using
the Gardosi customized growth chart p50-value, adjusted for maternal weight, length,
ethnic descent and parity).9 A third set of neonatal parameters contained gender,
Apgar score at 5 minutes below 7, major neonatal morbidity (chronic lung disease,
or major sonographic cerebral abnormalities) and neurological outcome at term age
(normal versus suspect/abnormal). The association of the classification parameters
with Bayley outcome was analyzed by comparison of mean MDI and PDI with or
without these parameters and above or below the median as appropriate, using Ttest. For each parameter the difference between the means with 95% confidence limit
was plotted. Parameters with a non-normal distribution (gestational age, birth weight,
birth weight ratio and umbilical pulsatility index), were plotted against MDI and PDI
and explored by linear and polynomial regression.
Thirdly, multivariate, logistic regression analysis (forward stepwise) was performed
with adverse neurodevelopmental infant outcome as dependent. The analysis was first
performed in the maternal parameter set, then in the fetal set keeping the parameters
of the maternal set that reached statistical significance and finally in the neonatal
set with inclusion of the parameters that had a statistically significant effect in the
second model. The probability to enter the model was set at 0.1, for removal at 0.15.
Statistical calculations were performed with SPSS 12.0.2 (SPSS Inc. Chicago Illinois,
USA). Differences were considered statistically significant at P < .05.

Table IIa. Baseline characteristics of patients

Maternal age (yr)

Control group
(n=105)

Treatment group
(n=111)

30.8 (20-41)

29.0 (18-41)

Non-Caucasian

28

Nulliparity

70 (67)

81 (73)

BMI

24

24 (18-41)

Non-smoking
Education level

(27)
(18-40)

31

(28)

80 (76)

84 (76)

high

37

23 (21)

average

35 (33)

45

low

33 (32)

43 (38)

Gestational age at inclusion (wk)

(35)

30.0 (24.1-33.9)

(41)

30.0 (24.3-33.7)

Values expressed as median (range) or absolute numbers (%) as appropriate.
Table IIb. Baseline maternal and fetal characteristics for infants tested at one year post term
Control group
(n=90)
HELLP syndrome†
Severe

37

preeclampsia†

(41)

Treatment group
(n=82)
31

(38)

64 (71)

65 (79)

Fetal growth restriction†

82

73 (89)

Major maternal morbidity

13 (14)

Corticosteroids for fetal lung maturation

62

Umbilical artery

maximal PI

(91)
(70)

1.54 (0.74-4.77)

absent / reversed EDF
Highest U/C-ratio

11 (12)
1.18 (0.30-4.17)

Prolongation of pregnancy (days)

8.7 (0-44)

8 (11)
66 (81)
1.62 (0.87-4.25)
18 (22)
1.27 (0.48-3.40)
8.3 (0-35)

Gestational age at delivery (wk)

31.9 (27.3-37.4)

31.7 (26.3-37.0)

Birth weight (g)

1335 (640-2960)

1260 (600-2495)

Birth weight ratio

0.69 (0.44-0.99)

0.67 (0.33-1.16)

pH umbilical artery

7.22 (6.64-7.38)

7.24 (6.85-7.35)

Apgar score 5’ <7

9 (10)

Infant gender female
Major neonatal morbidity

(7)

50 (56)

39 (48)

total

7 (8)

10 (12)

CLD#

6 (7)

8

(10)

IVH grades 3 and 4#

1 (1)

1

(1)

2

(2)

PVL grades 2, 3 and
Prechtl

6

4#

0 (0)

normal

67 (74)

60 (74)

suspect / abnormal

23 (26)

21 (26)

Values expressed as median (range) or absolute numbers (%) as appropriate.
† Some patients matched more than one diagnosis at discharge, #Some infants had more than one neonatal
morbidity, CLD= Chronic Lung Disease, IVH=intraventricular hemorrhage, PVL= periventricular leucomalacia.
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Results
Total
(n=216)
30.0 (18-41)
59 (27)
151 (70)
24 (18-41)
164 (76)
60 (28)
80 (37)
76 (35)

Figure 1. Trial profile
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30.0 (24.1-33.9)

During the initial study period, 340 women were eligible and all
women were approached (Figure 1). In total, 216 women were
randomized; 105 women to the control group and 111 women
to the treatment group. Baseline characteristics at inclusion were
comparable between groups (Table II). Women who were excluded
had the same baseline characteristics as included patients (data
available from the authors). The results until term age have been
published earlier.5 A short summary of this previous published work
is given below.

Total
(n=172)

One year infant outcome

68 (40)
129 (75)
155 (90)
22 (13)
128 (75)
1.56 (0.74-4.77)
29 (17)
1.24 (0.30-4.17)
8.5 (0-44)
31.9 (26.3-37.4)
1280 (600-2960)
0.68 (0.33-1.16)
7.22 (6.64-7.38)
15 (9)
89 (52)
17 (10)
14 (8)
2 (1)
2 (1)
127 (74)
44 (26)

At discharge, 93 women (43%) had been diagnosed with HELLP
syndrome, 158 women (73%) fulfilled the criteria for severe
preeclampsia, and 198 pregnancies (92%) were complicated with
fetal growth restriction.
Median gestational age at delivery was 31.6 weeks for the total
study population. The median birth weight ratio was 0.7 (the 10th
percentile for a normal population is 0.86). Total fetal and postnatal
loss was 36 (17%). In 17 infants (9%) major morbidity was found.
Of 180 infants alive at term age, neurological examination was
performed in 177 infants: 127 infants (72%) had a normal score,
39 infants (22%) had a suspect score and 11 infants (6%) had an
abnormal score. No statistically significant differences in maternal or
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Table III. Neonatal neurological outcome parameters at 1 year post term
Control group
(n=90)
Bayley#

MDI

Treatment group
(n=82)

Total
(n=172)

88 (66-124)

86 (59-109)

normal

56 (63)

49 (60)

105 (61)

moderately delayed

31 (35)

32 (39)

63 (37)

2 (2)

1 (1)

3 (2)

severely delayed
PDI

88 (59-124)

77 (50-118)

77 (50-113)

77 (50-118)

normal

23 (26)

32 (39)

55 (32)

moderately delayed

48 (54)

39 (48)

87 (51)

severely delayed

18 (20)

10 (12)

28 (16)

Touwen normal

78 (87)

71 (87)

149 (87)

suspect

11 (12)

8 (10)

19 (11)

abnormal

1 (1)

3 (4)

4 (2)

Adverse neurodevelopmental
infant outcome$

20 (23)

11 (14)

31 (18)

Original study population*

n=105

n=105 (+6)

n=210 (+6)

68 (65)

70 (63)

138 (64)

Alive without adverse neurodevelopmental infant outcome†&

Values expressed as median (range) or absolute numbers (%) as appropriate.
No significant differences were observed.
# two infants no MDI, one infant no PDI.
$ adverse neurodevelopmental outcome is defined as MDI<70 and/or PDI<70 and/or abnormal Touwen score.
* six infants were missing for follow-up at one year.†
alive without adverse neurodevelopmental outcome is defined as alive at 1 year post term and
MDI≥70 and PDI≥70 and Touwen score normal or suspect.
& only one child (belonging to the treatment group) required hearing aids, while there were no cases of
severe visual impairment.

neonatal outcome were observed between the control and treatment group. After term
age two children died (one in the control and one in the treatment group) both due to
chronic lung disease.
At the corrected age of one year 178 infants were alive. The Bayley test was performed
on 172 infants (97%); three mothers refused further participation and three mothers
could not be traced. Median gestational age at delivery and median birth weight of
the six missing infants were comparable to participating infants, while in none of the
six infants severe neonatal morbidity was diagnosed. All missing infants belonged to the
treatment group. Additionally, one infant did not cooperate with the Bayley test which was
offered after a successfully performed neurological examination and in one infant PDI was
unavailable due to a spica cast for congenital hip dysplasia.
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Figure 2. Histogram of Bayley MDI and Bayley PDI scores in the control and treatment group.
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As in the original cohort, the baseline characteristics were comparable between the
treatment and control group (Table II). The median MDI and PDI scores were 88
(59-124) and 77 (50-118) respectively in the total study group, while there was no
difference in MDI or in PDI between the randomization groups (Table III). Of 105
infants with a normal MDI, 65 infants (62%) had a moderately delayed or abnormal
development on the PDI scale. Forty infants (23%) had a normal MDI and PDI score (17
infants in the control group and 23 infants in the treatment group). The distribution of
the Bayley scores is depicted in Figure 2.
Univariate exploratory analysis of the total study population showed no effect of a higher
parental education level on mental (MDI) or psychomotor (PDI) infant development at
one year post term (Figure 3). Infants of Caucasian origin had MDI scores comparable
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Figure 3. Point estimate of the mean difference with 95% confidence interval of Bayley MDI (panel A) and
PDI (panel B) between infants with and infants without the indicated parameters. A minus score means
that children with the indicated parameters perform worse; a plus score the opposite. The difference is
significant if 0 is no part of the 95% confidence interval.
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Multivariate logistic regression analysis with adverse neurodevelopmental infant
outcome as endpoint determined an association with multiparity (OR 4.34; 95% CI
1.61-11.73), U/C ratio higher than the median (OR 3.86; 95% CI 1.51-9.86), major
neonatal morbidity (OR 3.51; 95% CI 1.09-11.27), higher education of the parents
(OR 0.39; 95% CI 0.15-1.01) and Caucasian ethnicity (OR 2.95; 95% CI 0.95-9.14).
Gestational age, birth weight, and birth weight ratio were not significantly associated
with adverse neurodevelopmental infant outcome.
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Umbilical artery pulsatility index, gestational age, birth weight and birth weight ratio
had a significant correlation with Bayley MDI in linear regression analysis, while only
umbilical artery pulsatility index and birth weight ratio had a significant correlation
with Bayley PDI. Although significant, the linear fit was poor (square r < 0.05) and nonlinear modeling did not improve the performance of the model.
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to those of non-Caucasian origin, but the PDI scores were significantly higher in the
non-Caucasian infants (78 versus 86; P < .001).
MDI and PDI scores were not influenced by HELLP syndrome or major maternal
morbidity. Development scores were comparable between infants of the six women
with eclampsia and the remaining infants in the major maternal morbidity group. The
most abnormal measured umbilical artery PI above the median (PI umb max >1.66)
was significantly associated with a lower PDI (77 versus 83; P = .004) as was a highest
U/C ratio above the median (77 versus 83; P = .001). Absent or reversed end-diastolic
flow in the umbilical artery was associated with a lower MDI (85 versus 89; P = .01),
but not with a lower PDI. One course of corticosteroids for fetal lung maturation
(two doses betamethasone with a 24-hour interval) was given to 128 women (75%).
Administration of corticosteroids did not influence test results. Infants with a birth
weight below the median (1300 grams) had a significantly lower MDI compared
to infants with a higher birth weight (86 versus 90; P = .01). PDI was not different
between these groups. A non-significant difference in MDI was found for infants with
a birth weight ratio below or above 0.7 (87 versus 90 respectively; P = .054), while PDI
did not differ.
A significant lower PDI was found for infants with severe neonatal morbidity compared
to infants without severe morbidity (74 versus 81; P = .03), the difference in MDI
however did not reach statistical significance (84 versus 88; P = .11). A suspect or
abnormal neurological test score at term age was not associated with a moderately
delayed or abnormal development according to Bayley in comparison to a normal test
score (MDI 89 versus 87; PDI 80 versus 80).

Discussion
This study reports the neurodevelopmental outcome of a cohort of 172 children alive
born to 216 mothers in a randomized controlled trial with severe and early-onset
hypertensive disorders of pregnancy at one year corrected age. Neurodevelopmental
outcome was below average and did not differ between the two randomization groups.
Both normal mental and psychomotor development was observed in 40 infants (23%),
whereas 130 infants (76%) had moderately to severely delayed MDI or PDI and only
one infant had both severe mental and psychomotor delay. Nearly 70% of the 216
infants included in the study were alive at one year and without adverse neurodevelopmental outcome. This outcome was slightly worse compared to the GRIT study, which
randomized preterm growth restricted infants between early and delayed delivery. At
the age of two years 80% survival without disabilities (Griffith’s score > 70, and absence
of cerebral palsy, or hearing or vision deficit) was observed.14 The small difference with
our study may be explained by a higher sensitivity for abnormal development of the
Bayley test and the relative young age of infant assessment in our study.
Some specific characteristics of the study population should be mentioned. All mothers
had severe early-onset hypertensive disorders of pregnancy and nearly all pregnancies
were complicated by fetal growth restriction (92%). Moreover, all but two infants
were born preterm, mostly by cesarean section for reason of fetal distress (83% of
all live births). In this highly selective population, neurodevelopmental outcome was
hardly associated with gestational age. This was comparable to a follow-up study in
early preterm infants with fetal growth restriction, where disabilities or handicaps were
related to major neonatal morbidity and not to obstetric factors such as gestational
age.15 In contrast, in the GRIT study, outcome was associated with gestational age,
probably due to the larger range of gestational age.14 In a follow-up study of very
preterm infants, 40% of infants had moderately to severely delayed MDI or PDI.
Predictive factors for adverse outcome were gestational age, major neonatal morbidity
and male gender, but not fetal growth restriction (below 10th percentile).16 However, only
13% of this cohort were diagnosed with fetal growth restriction. In general, in cohorts
of unselected preterm infants, gestational age and birth weight are strong predictors
of infant outcome.1,16,17 A study comparing early preterm infants of mothers with and
without preeclampsia demonstrated that preeclampsia was associated with fetal growth
restriction and abnormal neurodevelopmental outcome at the age of two years.18
In our highly selected group of preterm infants fetal Doppler abnormalities had a higher
correlation with outcome than gestational age or birth weight, probably because the
timing of delivery was mostly determined by the development of signs of fetal distress
on fetal heart rate tracings, which in turn is highly associated with abnormal fetal
Doppler. Furthermore, the inclusion of neonatal morbidity in multivariate analysis
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absorbed the effect of gestational age and birth weight, comparable to results of
other long term follow-up studies in early preterm infants.17

In an earlier evaluation of the study, we demonstrated that multiparity was associated
with reduced severity of preeclampsia.24 Unexpectedly, in multivariate analysis
multiparity contributes to abnormal neurodevelopment, independent from other
parameters. Literature does not offer a ready explanation for this observation. An
environmental effect could be postulated, or an unknown association with a parameter
unadjusted for in the model.
The weak association between Caucasian ethnicity and lower PDI scores has been
described in other studies.25 On the other hand in many studies a Caucasian ethnicity
is associated with better MDI scores in preterm infants,1,17 while in our study MDI was
comparable in Caucasian and non-Caucasian infants. This might be explained by the
earlier age at assessment in our study (one year compared to two years).
A higher parental education level was associated with a decreased rate of adverse
developmental infant outcome. This is in agreement with other studies on very preterm
children, where a higher maternal education level was associated with improvement
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Although short term parameters, such as umbilical artery Doppler velocity pattern and
major infant morbidity, are associated with later development, the accuracy for the
prediction of long term adverse developmental outcome is insufficient to be useful as
a relevant study outcome. Similarly, although neurological examination (Prechtl) has
been considered by some as most adequate at term age,23 this was a poor predictor
of neurological developmental assessment at one year. Moreover, the increased risk of
cognitive disorders in small for gestational age infants at follow-up later in childhood
after initial good test scores at earlier ages was observed in several studies.2,22.

Chapter 4

We observed that an elevated umbilical Doppler pulsatility index, absent or reversed
end-diastolic flow and elevated U/C ratio all were associated with worse neurodevelopmental infant outcome. Several studies share this conclusion. In the GRIT study, absent
or reversed end-diastolic flow was associated with abnormal neurological outcome
(disability).14 A cohort study of early preterm infants indicated an association between
an elevated umbilical pulsatility index and suboptimal neurological outcome at one year
(Griffith’s test).19 A more variable association over time was described in other studies,
where a better neurological outcome at one year (Touwen test) was reported, equal
neurological outcome at three years (Hempel test), but poorer cognitive development
at five years in infants with an U/C ratio higher than 0.7 compared to infants with a
lower U/C ratio.20-22

in mental development at 18 and 24 months.16,17 This sustains the claimed role of
environmental factors in early development in general.
At one year, motor function and cognitive abilities are still intertwined and especially
motor development greatly influences mental development. Therefore, our endpoint
was a composite measure, adverse neurodevelopmental infant outcome. Risk factors
associated with MDI or PDI should be considered as risk factors for developmental
outcome in general.
Our one-year follow-up results are an intermediate finding. Due to the complexity of
brain development and its dynamic aspects the relative effect of the observed risk
factors may change over time.16,26 The children of this study group will therefore be
reassessed at early school age to determine if the outcome between the randomization
groups will remain in balance and the strength of predictive factors changes.

Conclusion
Assessment of neurodevelopment in preterm infants is important for the evaluation
of the quality of perinatal care and should be the major endpoint of all perinatal
intervention studies. In this study, neurodevelopmental outcome was below average
and did not differ between the two groups randomized for different temporizing
management strategies. The association of abnormal outcome with fetal Doppler
abnormalities and the relatively low incidence of major neonatal morbidity supports
the idea that part of the poor development origins from antenatal deprivation.
Determination of the hypothetical optimal moment for delivery remains difficult and
available diagnostic tests have been investigated insufficiently with respect to optimal
timing. The secondary exploration for risk factors of adverse outcome was intended to
identify risk factors that may be used in future intervention studies.
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Summary
OBJECTIVE: The objective of the study was to study psychosocial impact of severe
hypertensive disorders in pregnancy.
STUDY DESIGN: All women (n=216) in a prospective study cohort with severe
hypertensive disorders of pregnancy were invited at term age, 3 months and 1
year post term to complete the 90-item Symptom Check List (SCL-90) questionnaire
for assessment of their psychosocial condition. The association of hypothesized
determinants was tested by binary logistic analysis.
RESULTS: Psychosocial impact decreased over time in all women (P < .01). Women with
an adverse infant outcome had a worse score at term age (P = .04). The only parameter
relating significantly to SCL-90 score in multivariate analysis was gestational age at
inclusion. One year post term 72% resumed work and 9% were still on sick-leave.
CONCLUSION: Severe hypertensive disorders of pregnancy have a high psychological
impact, especially when gestational age at onset of disease is below 30 weeks or if
adverse infant outcome occurs.

Introduction

Study design
The Preeclampsia Eclampsia TRial Amsterdam (PETRA) was a 2-center, randomized,
open label trial that consecutively enrolled 216 women at a gestational age between
24 and 34 completed weeks with severe preeclampsia, HELLP syndrome or severe fetal
growth restriction with pregnancy induced hypertension (Table I).5-7 The study was
conducted at the Departments of Obstetrics of the VU University Medical Center and
Table I. Definition of the different hypertensive disorders
Inclusion diagnosis

Definition

Eclampsia

generalized convulsions in pregnancy not caused by epilepsy

Severe preeclampsia

diastolic blood pressure ³110 mm Hg and proteinuria (³0.3 grams/24 hours)

HELLP syndrome

platelet count <100 *109/L and aspartate aminotransferase ³70 U/L and
lactate dehydrogenase ³600 U/L

FGR and PIH

estimated fetal weight <p10 and diastolic blood pressure ³90 mm Hg
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Few data exist on the psychosocial impact of severe hypertensive disorders in early
pregnancy (preeclampsia, eclampsia, hemolysis elevated liver enzymes low platelets
[HELLP] syndrome and concomitant fetal growth restriction). Psychosocial deterioration
and feelings of uncertainty may be the consequence of the severity of the disease
(which may affect brain function),1 the stressful experience of a life-threatening
state of mother and child with difficult treatment trade-offs to be made, and the
clinical context of long term admission with feelings of loss of control. In some cases,
coping problems can even lead to a posttraumatic stress disorder, emphasizing that
severe hypertensive disorders of pregnancy should be considered as a major life event
requiring both clinical and psychological attention.2;3
One study observed that, depending on the severity of the disease and underlying
disorders, physical symptoms persisted for more than 6 months in 62% of women.4
However, no prospective data exist on the prevalence and the rate of mental recovery
of psychosocial disability and on prognostic factors that predispose for adverse
psychosocial outcome. Knowledge of these processes could offer opportunities for
providing support. This study prospectively determined the psychosocial status during
the first full year following a severe hypertensive disorder of pregnancy.
We hypothesized that psychosocial impact is influenced by severity of disease, as
characterized by gestational age at onset of disease, disease classification, maternal
complications or adverse infant outcome (mortality or major morbidity).

Table II. Baseline characteristics of women and primary study outcomes
Maternal age – yr

30 (18–41)

Partner (yes)

211 (98)

Non-Caucasian

59 (27)

Nulliparity

151 (70)

Gestational age at inclusion – wk

30.0 (24.1–33.9)

Gestational age at delivery (live births) – wk

31.6 (26.3–38.6)

Birth weight (live births) – gr

1258 (477–2960)

Diagnosis at delivery#
severe preeclampsia

158 (73)

HELLP syndrome

93 (43)

fetal growth restriction
Composite maternal

202 (94)

complications#

74 (34)

HELLP syndrome newly acquired after inclusion

39 (18)

eclampsia (after inclusion)

4 (2)

placental abruption

5 (2)

pulmonary edema

8 (4)

cerebral hemorrhage

0 (0)

liver hematoma

1 (1)

severe renal insufficiency

0 (0)

severe infectious morbidity

3 (1)

severe thrombotic morbidity

2 (1)

encephalopathy

5 (2)

Fetal death

20 (9)

Neonatal death
Adverse infant

18 (8)

outcome$

55 (25)

Neurological score at term age
normal

127 (73)

suspect

39 (21)

abnormal

11 (6)

#

Categories are not mutually exclusive.
Adverse infant outcome is defined as perinatal death, major sonographic cerebral abnormalities or
chronic lung disease.
Values expressed as median (range) or numbers (%) as appropriate.
$
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Maternal psychosocial condition was measured along with the neurodevelopment test
of her child, applying a fixed timeframe (at term age, 3 months post term age and 1
year post term age). This time schedule was also followed in case of fetal or neonatal
death, although some open-end questions were modified for relevance.
At all 3 occasions women were asked to fill out the 90-item Symptom Check List
(SCL-90) questionnaire (the translated and validated Dutch version, including reference
values).11 The SCL-90 is a commonly used sensitive non-diagnostic instrument
covering psychological/psychiatric dysfunction at the symptom level. The 90 items are
grouped into 8 subscales of global mental health: anxiety, agoraphobia, depression,
somatization, distrust, sleep disorders, obsessive-compulsive behavior and anger; the
unweighted total score of these subscales may be regarded as a generic indicator of
psychosocial condition.
Additional open-end or closed (multiple choice) questions concerned physical complaints
(“Do you have physical complaints at this time?“), psychological impact (“Do you have
psychological complaints at this time?“), concentration (“Can you focus your attention
on a single thought?“), work (“Do you have a job?“ “Did you intend to resume after
pregnancy and maternity leave?“ “Have you resumed work?“), subsequent future
family planning (“What are your family planning intentions in the next 2 years?“), and
the influence on the relationship with the partner (“How have the events in the index
pregnancy influenced the relationship?“).
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the Academic Medical Center in Amsterdam, The Netherlands, between April 1, 2000
and May 31, 2003. Comprehensive methods have been described previously.8;9 In this
research setting the primary investigators (AR, WG) informed all women and their
partners in detail about the illness and its possible sequelae, including complications
and possible adverse outcomes. All women who entered the trial were deemed eligible
for temporization and were subjected to a management strategy with plasma volume
expansion or a strategy without plasma volume expansion. Primary study outcome
was the neonatal neurological score according to Prechtl and Beintema at term
age.10 The power of the randomized controlled trial was calculated on this primary
outcome. Therefore the required sample size was calculated to be 216 patients
(power 90%, significance level .05). Secondary endpoints were perinatal mortality,
adverse infant outcome (perinatal death or major neonatal morbidity [chronic lung
disease, or major sonographic cerebral abnormalities]), major maternal morbidity and
maternal psychological impact. When fetal deaths were anticipated based on extreme
fetal growth restriction and very low gestational age, no intervention was performed
after careful discussion between parents, neonatologists and obstetricians. Baseline
characteristics and (primary) study outcomes are described in Table II.

After contact by phone 2 weeks prior to the scheduled appointment for the
developmental test of the child the questionnaires were sent by mail to have them
filled out at home. The questionnaires were returned at pediatric follow-up. In case of
perinatal death, the questionnaire could be returned by prepaid envelope.
The medical ethics committees of both hospitals approved the study.

Statistical analysis
SCL-90 data were processed in accordance with the instructions of the manual. A
global severity index score below 108 is considered to indicate good mental health,
a score above 150 (p80) is accepted as threshold for poor mental health. Answers of
open-end questions were categorized and frequencies were calculated and compared.
Statistical analysis was performed with standard non-parametric Mann-Whitney U tests.
We planned to verify whether psychosocial impact differed according to treatment
randomization outcome at inclusion (standard Χ2 tests). If it did not, we intended to
continue analysis with the data of the 2 treatment groups combined. In case of the
SCL-90 scores, a comparison of the total study population was made for scores at term
age, 3 months post term, and 1 year post term. Thereafter, we compared the scores
between patients in the different subgroups at term age, 3 months, and 1 year post
term. In case of open-end questions a comparison between patients in the different
subgroups was performed. The association of psychosocial test outcome with the
primary study outcome and the composite parameter for maternal complications was
analyzed. Further hypothesized determinants for severity of disease were the subtype of
hypertensive disorder, gestational age at inclusion and delivery, birth weight, perinatal
death, major neonatal morbidity (chronic lung disease, or major sonographic cerebral
abnormalities) and social parameters (ethnic descent and level of education). The effect
of the determinants on SCL-90 scores was tested by nonparametric univariate analysis
and binary logistic analysis at term age, 3 months and 1 year post term. Statistical
calculations were performed with SPSS 12.0.2 (SPSS Inc. Chicago, IL).

Results
Baseline characteristics and primary study outcomes are described in Table II. The
questionnaires were returned by 198 women (92%) at term age, 187 women (87%)
at 3 months post term, and 189 women (88%) at 1 year post term (Table III). Fifteen
women did not complete any questionnaire; 9 women could not read the Dutch
language of whom 5 had an adverse infant outcome and/or maternal complication.
Randomization allocation was not associated with test outcome; therefore in further
analysis treatment arms could be combined.
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Table III. Missing SCL-90 questionnaires

Dutch language difficulties#$
Maternal

complication#

Term age
(n=18)

3 months post term
(n=29)

1 year post term
(n=27)

9

9

9

7

12

12

Adverse infant outcome#

5

9

7

Adverse infant outcome or
maternal complication#

10

19

17

# Categories

not mutually exclusive.
for understanding and filling out written questionnaires.

$ Inadequate
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Psychosocial condition (SCL-90) improved significantly over time from a median score of
129 at term (range 91-336) to 125 (90-338) at 3 months and 116 (90-341) at 1 year post
term (P < .01). Most women showed improvement of their psychosocial condition during
follow-up even if starting values were in the normal range (Figure 1).

Figure 1.

Psychosocial impact

Psychosocial condition of patients according to SCL-90 scores subdivided in 3 subclasses at the 3 different
test moments (SCL-90 score ≥ 150 underscored, SCL-90 score 108-149 in Italic and SCL-90 score 90-107
in bold). The number of patients written down in the bars at 3 months and 1 year post term show the
transfer of patients from the 3 subclasses at term age.
Due to missing questionnaires the number of patients is not equal at all points.

At 1 year 48 women (25%) still had a poor psychosocial condition (score 150 or
greater). Classification of the women according to abnormal infant neurological
score at term age or death and according to maternal complications after inclusion
showed a similar pattern of improving SCL-90 scores over time, with a level effect of
fetal and maternal outcome (Figure 2, A and D). A lower gestational age at inclusion
was significantly related with a higher SCL-90 score at term age (P = .04; Figure 2C).
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Figure 2.

Mean SCL-90 scores with standard error of the mean (SE) tested at term age, 3 months post term and 1
year post term presented for:
A. women with infants with a normal neurological score at term age, infants with a suspect or abnormal
score at term age and non-surviving infants.
B. women whose infant had no adverse outcome, major morbidity or perinatal death.
C. women who were included at 240/7-266/7 weeks, 270/7-296/7 weeks and at 300/7-336/7 weeks gestational age
D. women without or with a major maternal morbidity.

However, a lower gestational age at delivery was not significant related with a higher
SCL-90 score at term age. Women with an adverse infant outcome had a significantly
higher score at term age (137 [96-336] versus 125 [91-333]; P = .04), but at 3 months
and 1 year test results were no longer statistically different for these subgroups. When
adverse infant outcome was subdivided in perinatal death and major infant morbidity a
statistically significant improvement of SCL-90 scores over time (P < .05) was observed
in women with perinatal death and in women with infants without major morbidity,
whereas scores did not decrease in women with infants with major morbidity (Figure
2B). Women experiencing fetal death had similar results compared with women with
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neonatal death at all 3 test moments. There were no differences between primipara
and multipara (term age P = .47; 3 months post term P = .45; one year post term P =
.37). In multivariate analysis, only gestational age at inclusion remained a significant
contributing variable to SCL-90 scores. At term age odds ratio (OR) was 0.89 (95%
confidence interval [CI] 0.79 to 0.99), and at 1 year OR was 0.89 (95% CI 0.78 to 0.99)
per week increase (“the later the better”).
Analysis of the different subscales (e.g. depression, anxiety) of the SCL-90 score demonstrated
an even distribution for the complete study group and for all subgroup calculations.
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One-hundred-seventy women (79%) worked prior to pregnancy, median 36 (range
12-60) hours a week. Twenty-five women had no job and it was unknown for 21
women. At term age 141 women (83%) with a job expressed the intention to resume
work (at a median of 24 hours a week). Actually, at 3 months post term 68 women
(40%) had resumed, 46 women (27%) were on sick-leave, 25 women (15%) were on
maternity leave and 31 women (18%) had no job. Those who resumed work had a
median working week duration of 30 (range 4-55) hours. Women on sick-leave had
significantly higher SCL-90 scores (132 [96-238] versus 117 [91-287] for women on
maternity leave or 108 [90-237] for women who had resumed; P = .009). One year
post term, 123 women (72%) had resumed work at median 24 (range 4-50) hours a
week. Sixteen women (9%) were still home on sick-leave. Fifty-five women (28%) did
not have a job of whom 30 women had decided to remain at home to take care of the
child(ren), 14 women had health problems and 11 women had other reasons.
Half of the women reported intensification of their relationship due to the events in
the index pregnancy. A reported strong effect was present in the women with an
adverse infant outcome or maternal complications (33 [60%] and 43 [58%] women
respectively). Twenty-six women (12%) indicated worsening of the relationship, among
whom 6 women had been divorced. Two of these women explicitly stated that the
index pregnancy caused the divorce.
If asked about potential subsequent pregnancies at 1 year post term, 24 women (13%)
indicated they were pregnant at the time or had been pregnant again. Fifty-three women
(29%) indicated they were planning a pregnancy in the next 2 years. This was more
common in women who had delivered their first child (38% versus 4% for multiparous
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At term age 149 of 193 women (77%) had physical complaints (mainly fatigue [49%]
and headache [28%]). Seventy-nine women (41%) reported psychological complaints
in the open items which was reflected by a higher median SCL-90 score (170 [96-333]
versus 117 [91-272] in noncomplaining women, P < .001). At term age and 3 months post
term women with an adverse infant outcome reported more incompetence on a single
item on concentration, compared with women without an adverse infant outcome (P < .01
and P < .05 respectively). At 1 year this concentration difference had disappeared.

women) and even more so in women without a living child (44%) than in women with
a living child (26%). Eighteen women (10%) considered their family to be complete. An
additional 33 women (18%) had decided not to engage in a new pregnancy because of
the events in the index pregnancy. Fifty-four women (29%) did not exclude the possibility
of a subsequent pregnancy but were not actively considering a pregnancy in the next 2
years. The events during the index pregnancy appeared critical in this decision for 146
women (80%); 92 women (50%) expressed fear for recurrent complications in the next
pregnancy. Women who became pregnant within the first year scored significantly better
on the SCL-90 at 1 year post term than women who were reluctant to become pregnant
because of the previous pregnancy complications (median 114 [91-188] versus 139 [94328]; P = .02). Retrospectively, this difference did not exist at term age.

Comment
This first prospective study on psychosocial well-being after a severe hypertensive
disorder of pregnancy demonstrated a substantial, although in most women transient,
psychosocial impact of this disorder. Scores on the SCL-90 questionnaire improved over
time, with pathological levels (SCL-90 score 150 or greater) decreasing from 35% at term
age to 29% at 3 months post term and 25% at 1 year post term. Psychosocial impact was
strongly associated with fetal and/or maternal complications: early gestational age at
inclusion and adverse infant outcome were associated with higher SCL-90 scores (“worse
outcome”). Significant improvement of psychosocial well-being was observed even in the
subgroup of perinatal death, but not in women whose infant had major morbidity.
This study confirms the evidence that pregnancy complications have a significant
influence on the development of mental disturbances and reproductive decisions.2;3;12;13
Engelhard et al.2 reported an increased incidence of posttraumatic stress disorder after
preeclampsia and in that study also an influence of gestational age at time of onset
was also mentioned. We could not confirm the results by Schaap et al.14 who reported
higher impact from fetal death than from neonatal death, but in that study the focus
was especially on differences in bereavement and communication problems.
It might be speculated that women experience symptoms in specific domains of the
SCL-90. However, in this study, dysfunction was present throughout all domains.
At 1 year post term most women reported their relationship intensified or unchanged.
Obviously, a negative birth experience influences family planning.15 The percentage
of women with fear for recurrent complications in a next pregnancy (50%) was
comparable with an earlier report of patients after a HELLP syndrome, but in that study
even a higher percentage (31% versus here 18%) was reluctant to become pregnant
again.3 All women who did not have a living child wished to become pregnant again.

118

The urge to conceive appeared stronger than the fear of experiencing negative
emotions in a next pregnancy or the reduced desire for sexual activity because of
grieving.16 The better SCL-90 score for women who were already pregnant after 1 year
was in contrast with a study of Hughes et al.17 Although measured during pregnancy,
this latter study reported a speedy pregnancy to be associated with higher levels of
depression and anxiety.
A high percentage of women were able to resume their work and weekly working
hours 3 months post term were even more than intended during pregnancy. We
could not find other reports on work resumption for comparison. Despite the high
psychological impact at term age most women resumed work within the first year
after birth. A small, relevant group (9%) however, still was on sick-leave and another
7% did not have a job because of health problems.

Psychosocial impact
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Some limitations of this study should be mentioned. First, study procedures may
have influenced the results: trial duration was from admission until 1 year post term
and in particular during follow-up in this first year the women were subjected to
more frequent contacts with caregivers for research purposes, which might benefit
coping mechanisms.2 Because SCL-90 scores were unavailable at any time during the
study to the caregivers, direct bias from SCL-90 scores is unlikely. Second, because
psychosocial screening is not part of routine prenatal care, we are not informed about
the psychosocial status before the onset of pregnancy or disease. We cannot rule out
pre-existing pathological psychosocial conditions that may explain the presence of high
SCL-90 scores.18 Third, although in general the follow-up rate is very high, there was a
high frequency of fetal/maternal complications among women who did not fill out 1
or more questionnaires. The present results most likely underestimate the psychosocial
impact. Fourth, we can not exclude the possibility that psychological impact is more
related to preterm delivery rather than to the hypertensive disorder of pregnancy
itself. This was addressed in a paper comparing preterm preeclampsia, preterm
birth, term preeclampsia and uncomplicated pregnancies and only gestational age at
admission was found to be significantly related to psychological disorders.2 However,
psychological symptoms were found in both the term and preterm preeclampsia group
suggesting that preeclampsia itself is psychologically stressful. Lastly, we do not know
the psychosocial status of women who were unwilling to participate in the trial.
We conclude that hypertensive disorders of pregnancy are major reproductive events,
inducing, mainly transient, psychosocial sequelae. Women show high compatibility to
accommodate with the support of their social background.
In this medically well-informed group of patients a quarter of the women still had
upper levels psychosocial symptoms at 1 year post term. To decrease the 25% women
with enduring psychosocial problems, one may consider professional support among
the high-risk group (adverse outcome).
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Prediction of maternal complications and adverse infant
outcome at admission for temporizing management of earlyonset severe hypertensive disorders of pregnancy

American Journal of Obstetrics & Gynecology 2006; 195 (2): 495-503

Summary
OBJECTIVE: We explored the association between clinical parameters at admission
and the subsequent development of major maternal complications or adverse infant
outcome in women with hypertensive complications of pregnancy remote from term.
STUDY DESIGN: We drew data from a randomized trial of temporizing management
in 216 patients with hemolysis elevated liver enzymes low platelets syndrome;
severe preeclampsia; eclampsia; or hypertension-related fetal growth restriction and
gestational ages between 24 and 34 completed weeks. Endpoints were adverse infant
outcome (perinatal death, severe morbidity) and Major Maternal Complications (major
morbidity; recurrent and newly acquired hemolysis elevated liver enzymes low platelets
syndrome; eclampsia) after admission. Endpoint prevalences were comparable between
the treatment and the control groups. The association with age, parity, ethnicity, body
mass index, gestational age, estimated fetal weight, blood pressure, antihypertensive
medication, pulse rate, hemoglobin concentration, admitting center, diagnosis at
inclusion, chronic hypertension, and thrombophilia was explored by logistic regression
analysis.
RESULTS: Adverse infant outcome was predominantly influenced by gestational age
(odds ratio 0.4 per week increment). Major Maternal Complications were correlated
to multiparity (odds ratio 0.4) and estimated fetal weight (odds ratio 0.9/100-g
increment).
CONCLUSION: Prediction at admission of the clinical course of the disease and the
development of additional maternal complications was not feasible.

Introduction

Study design
The PETRA trial was a 2-center, randomized, open label trial13,14 that enrolled 216
women at a gestational age between 24 and 34 completed weeks at the Departments
of Obstetrics of the Academic Medical Center and the VU University Medical Center in
Amsterdam, The Netherlands between April 1, 2000 and May 31, 2003, if they met at
least 1 of the inclusion criteria specified in Table I.15-17 Fetal growth restriction (FGR)
was confirmed at birth in all cases. At entry maternal characteristics were comparable
across randomization groups. Chronic hypertension was present in 69 (33%), chronic
renal disease in 1, while no other patients had preexistent medical disease.
All patients who entered the trial were deemed eligible for a temporizing management
strategy. Patients with eclamptic convulsions were entered into the trial (n = 5,
subgrouped as severe preeclampsia) only if a stable situation could be maintained and
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Hypertensive complications of pregnancy are heterogeneous in their presentation, and
should be considered a clinical syndrome rather than a single disease entity.1 Placental
insufficiency and generalized endothelial dysfunction are probably at the basis of
the clinical features, consisting of hypertension, proteinuria, platelet consumption,
peripheral vasoconstriction and hypovolemia.2,3
In severe cases at early gestational ages, management options are either stabilization
of maternal disease and delivery after corticosteroid therapy for fetal lung maturation
or a more temporizing approach with treatment of maternal symptoms and fetal
monitoring, allowing delivery to be delayed until fetal or maternal condition show
deterioration. Temporizing management may be favorable for infant outcome. Two
randomized and 2 case-control studies of women with severe preeclampsia remote from
term demonstrated a reduction of neonatal pulmonary complications after temporizing
management.4-7 Although a number of cohort studies of temporizing management812 demonstrated low maternal risk, the exact balance between maternal and infant
risk has never been addressed in a properly powered randomized study and the choice
between both management options is usually based on personal preference.
Identification of patients who are at an increased risk for the development of perinatal
or maternal adverse outcomes could facilitate this choice for the individual patient.
In this post hoc analysis of a recent trial on temporizing management strategies with
and without therapeutic plasma volume expansion in early-onset preeclampsia,13,14
we aimed to explore the association between clinical parameters at admission and the
development of maternal complications or adverse infant outcome.

if further prolongation of pregnancy was attempted. Patients were excluded if they
refused to participate, there were signs of fetal distress or severe maternal disease
at admission requiring immediate delivery, or a diagnosis of lethal fetal congenital
abnormalities had already been made at admission. In all cases, management con
sisted of intensive monitoring of fetal (among others fetal non-stress tests twice daily,
with increased frequency and duration in case of abnormalities, and twice weekly
Doppler ultrasound) and maternal condition (among others blood pressure 4 times
daily - more frequent if necessary, and laboratory testing at least twice weekly).
Hypertension was managed with fixed protocols (80% of patients receiving 1 or
more medications). Blood pressure values were always estimated from 3 consecutive
readings. Although antihypertensive treatment targets differed somewhat between
randomization groups, in practice, diastolic blood pressure after stabilization in both
types of management was 95 mm Hg on average. Magnesium sulphate was used
for seizure prophylaxis in 43% of the patients. Corticosteroids were administered to
71% of patients, only if delivery was thought to be imminent, based on maternal
disease deterioration or fetal Doppler abnormality. All infants that were delivered alive
before 33 weeks had been given corticosteroids prior to delivery. Fetal indications for
delivery were repeated decelerations or prolonged low variability on fetal heart rate
tracings. Maternal indications were therapy-resistant hypertension, pulmonary edema
and recurrent hemolysis elevated liver enzymes low platelets (HELLP) syndrome.
Amounts of infused fluids were significantly different between the randomization
groups, and there was a significant difference in change of hemoglobin concentration
from baseline in the control group versus the treatment group. Use of medication was
comparable between control and treatment group. Primary outcome (abnormal neonatal
neurological score at term age) and secondary outcomes (neonatal survival and morbidity
and maternal morbidity) were not different between randomization groups.14
Three months post term, all patients were invited for a risk factor evaluation protocol.
No oral contraconceptives, folic acid, vitamin B12, or vitamin B6 supplementation
had been used after delivery. Protein S-deficiency, APC-resistance (APC-ratio 2.0 or
greater), Factor V-Leiden mutation (G1691A) and Factor II mutation (G20210A) were
considered to be hereditary clotting disorders,18-21 anticardiolipin antibodies and lupus
anticoagulant activity were considered to be the antiphospholipid antibodies.22,23 Hyperhomocysteinemia was assessed after overnight fasting and 6 hours after methionine
loading with standardized breakfast.24 Blood pressure was measured during 1 hour
resting. Patients were considered to have chronic hypertension if at the time of testing,
they still required antihypertensive medication and/or had systolic blood pressures of
140 mm Hg or greater and/or diastolic blood pressures of 90 mm Hg or greater.
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Study endpoints
The independent trial monitor committee consisted of 2 gynecologists (WMA and
ATJIG) and 1 pediatrician (RJBJG), who were not involved in the management of
the study. The committee was blinded for treatment allocation insofar as this was
possible for an adequate review of the case. The committee reviewed and classified
all cases of major maternal morbidity and fetal deaths. Two neonatologists (WPFF and
Table I. Inclusion criteria for entry into the trial and definitions of perinatal morbidity
Inclusion diagnosis
platelet count less than 100 *109/L and aspartate
aminotransferase 70 U/L or greater and/or lactate
dehydrogenase 600 U/L or greater

Severe preeclampsia15

diastolic blood pressure 110 mm Hg or greater and proteinuria
(0.3 g or greater per 24 h)

Eclampsia15

Generalized convulsions in pregnancy not caused by epilepsy

FGR and PIH15,17

estimated fetal weight less than 10th centile and diastolic blood
pressure 90 mm Hg or greater

Major maternal morbidity
clinical/pathology diagnosis of retroplacental hematoma at
delivery

Pulmonary edema

tachypnea greater than 40/min, gas diffusion deficit, compatible
chest X-ray

Cerebral hemorrhage

intracerebral bleeding diagnosed by CT scan or MRI

Liver hematoma

liver hematoma diagnosed by ultrasound or CT scan

Severe renal insufficiency

urine output less than 500 mL/d, serum creatinine greater than
100 μmol/L, creatinine clearance less than 20 mL/min

Severe infectious morbidity

clinical diagnosis of sepsis with positive blood cultures

Severe thrombotic morbidity

pulmonary embolism, catheter-associated thrombosis

Encephalopathy

neurological deficits of central origin

Neonatal morbidity
Chronic Lung Disease (CLD)25
Intraventricular Hemorrhage

(IVH)26

oxygen-therapy beyond 36 wk postconceptional age
Volpe classification

Periventricular leukomalacia (PVL)27 De Vries classification
Adverse infant outcome

perinatal death or CLD or IVH grade 3 or above or PVL grade 2
or above

Major maternal complications
major morbidity or eclampsia or HELLP syndrome after inclusion
HELLP, hemolysis elevated liver enzymes low platelets; FGR, fetal growth restriction; PIH, pregnancy
induced hypertension; CT, computed tomography; MRI, magnetic resonance imaging.
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HELLP syndrome16

LvS), unaware of treatment allocation, reviewed and classified all individual cases of
neonatal morbidity and mortality. Major maternal complications and major neonatal
morbidity are defined in Table I.25-27
A HELLP episode was considered recurrent if after the initial episode, the laboratory
values had recovered (thresholds in Table I) and a new HELLP episode occurred more
than 48 hours thereafter.
A composite measure adverse infant outcome (perinatal death, chronic lung disease,
or major sonographic cerebral abnormalities) and a composite measure major maternal
complications (major maternal morbidity, newly acquired or recurrent HELLP syndrome
or eclampsia after inclusion) were constructed (Table I).

Statistical analysis
For this analysis, overlap of the diagnostic classification of hypertensive disease at
inclusion could not be allowed. Firstly, all patients with HELLP syndrome at admission
were grouped. Subsequently from the remaining patients, all patients with severe
preeclampsia at admission formed a second group. The third group consisted of the
remaining patients who presented on admission with fetal growth restriction and
gestational hypertension or preeclampsia with a diastolic blood pressure below 110
mm Hg.
Statistical analysis was performed by Pearson χ2 tests (2-sided), and nonparametric
Mann-Whitney U tests. Differences were considered statistically significant at P < .05.
Relative risks (RRs) with 95% confidence interval (CI) were calculated to examine
associations between prognostic factors and adverse outcomes, and interaction with
treatment allocation (intention-to-treat analysis). Logistic regression was used to
examine the influence of the covariates. Independent variables were demographic
parameters (age, parity, ethnicity, body mass index), parameters assessed at inclusion
(gestational age, estimated fetal weight, blood pressure, antihypertensive medication,
admitting center, pulse rate, hemoglobin concentration, and inclusion group), and
parameters determined three months after the term date (chronic hypertension and
thrombophilic disorders). Gestational age and estimated fetal weight were used as
continuous variable in the logistic analysis. Other continuous variables were subdivided
in two groups, using the median value for classification. Allocation of randomization
was forced as a permanent factor in the model.
Separate prediction models for major maternal complications and adverse infant
outcome were constructed. The convergence criterion for the likelihood function and
for the parameters was set at 0.0005. The P value for entry was set at P = .05 and for
removal at P = .10. Receiver Operating Characteristic (ROC) curves to test prediction
power were constructed. We considered an area under the curve less than 0.75 poor
discriminative capacity, between 0.75 and 0.90 was considered fair, between 0.90 and
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0.97 was considered good, and 0.97 and higher was considered very good. Statistical
calculations were performed with SPSS 12.0.2 (SPSS Inc. Chicago, Illinois, USA).

Results
Median prolongation of pregnancy in the total group was 8.7 days (range 0.1 to 44).
Major maternal complications occurred in 74 (34%) patients. There were 26 episodes of
major maternal morbidity (11%; Table II). All patients recovered after delivery within days.
All patients were admitted to an obstetric high-care unit, 1 patient needed intensive
Table II. Maternal and perinatal outcomes
Trial group
(n = 216)
74

Maternal mortality

0

Eclampsia after inclusion

4

HELLP syndrome (newly acquired after inclusion)

39

HELLP syndrome (recurrent after initial recovery)

14

Episodes of major morbidity (24

patients)†
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Patients with major maternal complications*

26
8

placental abruption

5

liver hematoma

1

severe infectious morbidity

3

severe thrombotic morbidity

2

encephalopathy

5

other

2

Patients with adverse infant outcome‡

55

Fetal death

20

Chronic lung disease

17

Intraventricular hemorrhage grade 3 or greater

4

Periventricular leukomalacia grade 2 or greater

3

Neonatal death

18

* Major maternal complications were major morbidity, eclampsia, or
HELLP syndrome after inclusion.
† Some patients had more than 1 major morbidity.
‡ Adverse infant outcome was perinatal death or CLD or IVH grade 3 or
greater or PVL grade 2 or greater.
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pulmonary edema

care treatment (ventilation for 4 days because of central line sepsis). The 2 cases of
other major morbidity were a patient with peripartum cardiomyopathy and a patient
with a hypocalcemic delirium that developed within hours after the start of magnesium
sulfate therapy (standard dosage, magnesium concentration within the therapeutic
range).28
The 5 patients who were included with eclamptic convulsions had been stabilized prior
to randomization and deemed fit for further prolongation of pregnancy, initially to
allow corticosteroid treatment for fetal lung maturation. Prolongation of pregnancy
was 4 days (range 1 to 18). Additional morbidity was observed in only 1 patient who
developed temporary visual disturbances after 18 days and pregnancy was terminated.
After the diagnosis of HELLP syndrome at inclusion, 14 of 54 patients had a recurrent
episode. Of 43 episodes in 39 patients who developed HELLP syndrome after inclusion,
8 episodes were post partum. Seven patients had their first episode post partum.
Severe neonatal morbidity was observed in 17 surviving infants. Perinatal death
occurred in 38 cases. Twenty deaths were prior to delivery, 17 were anticipated based
on extreme fetal growth restriction and very low gestational age (on this basis no
intervention had been performed when fetal distress was observed). The 3 other
cases were placental abruption (n = 1) and 2 cases of assumed placental insufficiency.
Adverse infant outcome occurred in 55 cases (25%) and was strongly associated with
gestational age at admission (Figure 1).

Figure 1.
Adverse infant outcome plotted against
gestational age at admission. Gray squares,
no adverse outcome; black squares, adverse
outcome.

At 3 months post term, 10 patients refused further evaluation, thus 206 patients
were screened for thrombophilias. Hereditary clotting disorders were observed
in 23 subjects (12%), antiphospholipid antibodies in 29 (14%). Hyperhomocysteinemia was present in 42 (21%) subjects. Folic acid and vitamin B12 levels in these
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Figure 3.
ROC graph of predicting model for adverse infant
outcome, calculated by multivariate analysis.
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Figure 2.
ROC graph of predicting model for major maternal
complications, calculated by multivariate analysis.
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patients were determined in 79% of these subjects, and levels were low in 6 (18%)
and 7 (21%) patients, respectively. Seventy-five patients (36%) were found to have any
thrombophilic disorder; 19 (9%) had more than one. Sixty-nine patients (33%) were
diagnosed with chronic hypertension.
Factors contributing to major maternal complications in univariate analysis were low
estimated fetal weight, non-high diastolic blood pressure at inclusion, thrombophilic
disorders, maternal age below 30 years, and nulliparity (Table IIIa).
Neither inclusion diagnosis nor factors that could be related to decreased plasma
volume (hemoglobin concentration, heart rate) contributed. In all subgroups the
crude treatment effect was comparable with the summary effect. In multivariate
analysis low estimated fetal weight and nulliparity remained in the model (Table IIIc). The
randomization group showed a nonsignificant advantage in major maternal complications
for the treatment group (odds ratio [OR] 0.73; 95% CI 0.4-1.3). The prediction model was
used to create a ROC-curve. Discriminative capacity was poor; the area under the curve
was 0.65 (Figure 2).
Adverse infant outcome was influenced in univariate analysis by gestational age and
estimated fetal weight at inclusion, and admitting center (Table IIIb). In all subgroups the
crude treatment effect was comparable with the summary effect. Multivariate analysis
demonstrated that gestational age at inclusion was the single statistically significant
factor influencing adverse infant outcome (Table IIId). Plasma volume expansion was
forced to remain in the model and was associated with a nonsignificant increase in
adverse infant outcome. Other parameters of maternal condition on admission were
ejected from the logistic model. The logistic model was used to create a ROC-curve.
The area under the curve was 0.91 (Figure 3).

Table IIIa. Parameters at inclusion
Major maternal complications
n/total in
subgroup

Subgroup versus
others

Interaction
with treatment

74/216

--

0.90 (0.62-1.30)

HELLP syndrome

22/54

1.19 (0.77-1.85)

1.75 (0.88-3.47)

Severe preeclampsia

24/80

0.88 (0.56-1.38)

0.86 (0.44-1.68)

Remaining

28/82

1.00 (--)

0.56 (0.29-1.05)

Age ≥30 years

29/111

0.62 (0.42-0.92)*

S (P = .24)

Nulliparity

62/151

2.19 (1.27-3.78)*

S (P = .90)

Body Mass Index ≥25

27/95

0.75 (0.51-1.11)

S (P = .99)

White

53/156

0.95 (0.63-1.44)

S (P = .37)

Gestational age below median (30 weeks)

40/107

1.20 (0.83 - 1.74)

S (P = .38)

Estimated fetal weight below median (1100 g)

44/107

1.49 (1.02-2.18)*

S (P = .23)

Estimated fetal weight ratio below median (0.72)

36/107

0.97 (0.67-1.40)

S (P = .37)

Antihypertensive medication

32/105

0.81 (0.55-1.17)

S (P = .54)

Diastolic blood pressure ≥105 mm Hg

31/113

0.66 (0.45-0.96)*

S (P = .69)

Heart rate ≥80/min

36/119

0.77 (0.53-1.12)

S (P = .79)

Hemoglobin ≥7.8 mmol/L

35/110

0.86 (0.60-1.25)

S (P = .75)

Center A

45/118

1.29 (0.88-1.89)

S (P = .56)

Chronic hypertension

22/69

0.90 (0.60-1.36)

S (P = .90)

Thrombophilic disorders

33/75

1.51 (1.05-2.18)*

S (P = .63)

hereditary clotting disorders

aug-23

1.02 (0.56-1.84)

S (P = .58)

antiphospholipid antibodies

14/29

1.50 (0.98-2.31)

S (P = .40)

hyperhomocysteinemia

19/42

1.43 (0.96-2.13)

S (P = .35)

All
Inclusion diagnosis

Demographical characteristics

Clinical characteristics at inclusion

Determined 3 months post term

S, Crude and summary RRs were similar (interaction P).
Univariate RR with 95% CI.
* χ2 test P < .05.

132

Table IIIb. Parameters at inclusion
Adverse infant outcome
Morbidity in subgroup /
Total patients in subgroup

Subgroup
versus others

Interaction with
treatment

55/216

--

1.42 (0.89-2.27)

HELLP syndrome

11/54

0.62 (0.34-1.14)

1.70 (0.89-3.26)

Severe preeclampsia

17/80

0.65 (0.38-1.09)

0.97 (0.42-2.25)

Remaining

27/82

1.00 (--)

1.70 (0.89-3.26)

Age ≥30 years

24/111

0.73 (0.46-1.16)

S (P = .66)

Nulliparity

38/151

0.96 (0.59-1.57)

S (P = .66)

Body Mass Index ≥25

25/95

1.06 (0.67-1.68)

S (P = .77)

White

37/156

0.79 (0.49-1.28)

S (P = .56)

Gestational age below median (30 weeks)

51/107

13.0 (4.86-34.7)*

†

Estimated fetal weight below median (1100 g)

49/107

8.32 (3.72-18.6)*

†

Estimated fetal weight ratio below median (0.72)

32/107

1.42 (0.89-2.26)

S (P = .56)

Antihypertensive medication

28/105

1.10 (0.69-1.73)

S (P = .74)

Diastolic blood pressure ≥105 mm Hg

24/113

0.71 (0.44-1.12)

S (P = .39)

Heart rate ≥80/min

33/119

1.22 (0.77-1.95)

S (P = .62)

Hemoglobin ≥7.8 mmol/L

29/110

1.07 (0.68-1.70)

S (P = .75)

Center A

42/118

2.68 (1.53-4.70)*

S (P = .38)

23/69

1.53 (0.97-2.41)

S (P = .15)

hereditary clotting disorders

6/23

1.03 (0.50-2.13)

S (P = .55)

antiphospholipid antibodies

8/29

1.10 (0.58-2.08)

S (P = .26)

hyperhomocysteinemia

6/42

0.51 (0.23-1.10)

S (P = .22)

All
Inclusion diagnosis

Demographical characteristics

Chronic hypertension
Thrombophilic disorders

S, Crude and summary RRs were similar (interaction P).
Univariate RR with 95% CI.
* χ2 test P < .05.
† Unable to test for interaction due to zero cell values.
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Determined 3 months post term
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Clinical characteristics at inclusion

Table IIIc. The influence of clinical parameters on major maternal
complications (multivariate analysis)
OR

95% CI

Allocation to plasma volume expansion

0.73

(0.41-1.33)

Estimated fetal weight per 100-g increment

0.93

(0.87-1.00)

Multiparity

0.32

(0.16-0.66)

Randomization allocation forced into the model.

Table IIId. The influence of clinical parameters on adverse infant outcome
(death or major neonatal morbidity) (multivariate analysis)
OR

95% CI

Allocation to plasma volume expansion

1.76

0.77-4.02

Gestational age at inclusion per week increment

0.45

0.36-0.56

Randomization allocation forced into the model.

Discussion
In this first trial on temporizing management with or without plasma volume expansion
for severe and early preeclampsia, HELLP syndrome and FGR, no clear benefit on adverse
infant outcome or major maternal complications was observed from a management
strategy with plasma volume expansion. In the treatment group, patients received
higher amounts of intravenous fluids (median 813 mL/day versus 14 mL/day; P <
.001) with a concomitant decreased hemoglobin count (median -0.6 versus -0.2 mmol/
L; P < .001). Neither infant neurological scores at term age nor composite neonatal
morbidity differed. A trend towards less prolongation of pregnancy (median 7.4 versus
10.5 days; P = .054) and more infants requiring oxygen treatment greater than 21%
(66 versus 46; P= .09) in the treatment group was observed. There was no difference
in major maternal morbidity (total 11%), but there were more cesarean sections in the
treatment group (98% versus 90%; P < .05). We speculate that the lack of benefit from
plasma volume expansion is caused by strong regulatory mechanisms that counteract
hemodynamic manipulation.
In this study perinatal death was high, especially when compared to other studies of
temporizing management.4,5 This is explained by the fact that these studies only included
patients after 28 weeks gestational age and our study started inclusion at 24 weeks.
After logistic regression, estimated fetal weight at inclusion, and parity proved to be
associated with major maternal complications. However, prediction accuracy was poor,
thus insufficient to be of clinical use (Figure 2). Gestational age at admission was the
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single most important factor in the prediction of adverse infant outcome. This inability
to predict the course of the disease and the occurrence of complications, which we
observed, is in accordance with Nisell et al.29
Although at onset we speculated that specific diagnostic subgroups of patients might
preferentially benefit from management with plasma volume expansion, this study
provided no evidence to support this view. In all subgroups that were explored, major
maternal complications and adverse infant outcome were comparable between
treatment and control group. Moreover, there were no significant associations between
subgroups defined by clinical characteristics (high heart rate or high hemoglobin
concentration), which could be associated with hypovolemia. This invalidates theoretical
explanations of how plasma volume expansion could improve maternal and infant
outcome. The similarity between the treatment and control groups in major maternal
complications and in adverse infant outcome, both in the complete study population
and after subgroup analysis, allowed for combining all study data to evaluate risk
factors for these outcome parameters.

Prediction of adverse outcomes
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Studies in literature with a similar objective as this study are rare, although a number
of cohort studies described the incidence of major maternal complications in relation
to HELLP syndrome or severe preeclampsia.
The lack of association between HELLP syndrome at inclusion and maternal complications
adds to the conflicting reports in literature. Some reports show increased maternal
complications,30-32 whereas others do not.10,33 Reports on the association between
HELLP syndrome and adverse infant outcome are also inconclusive, as some show
no increased risk,10,33 whereas others report increased morbidity and mortality.30
This difference can be explained by the fact that the latter study did not correct for
gestational age at inclusion, while the former two studies and the study presented
here did.
The similarity in incidence of major maternal complications among the 3 diagnostic
inclusion groups provides evidence that the current diagnostic criteria defining
subclasses of disease within the clinical spectrum of hypertensive disorders do not
necessarily represent pathophysiologically distinct diseases. Because patients frequently
match more than 1 diagnostic criterion, distinction among clinically labeled categories
is artificial, to some extent irrelevant for clinical practice, and suggests knowledge of
pathophysiology that does not exist. Generally, literature does not take the dynamic
aspect into account because patients are usually classified only once. Especially
retrospective studies are hampered by this, as they classify patients by the most severe
aspect and do not take into account that many had less severe disease on admission.

The finding that gestational age at admission was a strong prognostic indicator for
adverse infant outcome is supported by a body of evidence.10,29,34-37 Gestational
age was not related with major maternal complications, which is in contrast with
Haddad et al, who found that eclampsia decreased with increasing gestational age in a
prospective cohort study of 183 women with HELLP syndrome.38 However, estimated
fetal weight was a prognostic indicator and is strongly correlated with gestational age.

Comment
At admission accurate prediction of the clinical course of the disease and the
development of additional maternal complications of patients with severe hypertensive
disorders of pregnancy was not feasible.
Although morbidity was considerable in some cases, all women recovered completely
within days after delivery. The latter observation contributes to the maternal safety of
temporizing management remote from term, as previously suggested in other cohort
studies.6,8,12,39
It is uncommon to perform temporizing management in women with eclampsia.
However, in our experience, at low gestational ages, intervention can be safely
postponed in individual cases to allow for an increase of infant maturation. There is
also discussion whether to perform temporizing management in HELLP syndrome.
Several cohort studies have shown feasibility.10,11,33,40
Some evidence exists that temporizing management reduces prematurity related
neonatal complications,4,5 which is also supported by our observation that gestational
age on admission (and thus at delivery) is the single most important prediction factor
related to adverse infant outcome.
In the individual patient remote from term, the estimated balance between the
benefits and risks for mother and infant from temporizing management is difficult to
determine. However, temporizing management might be beneficial as the gestational
age at admission was strongly associated with infant outcome.
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Dynamics and incidence patterns of maternal complications
in early-onset hypertension of pregnancy
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Summary
OBJECTIVE: To describe the variable disease expression and the patterns of development
of major maternal morbidity and HELLP (hemolysis elevated liver enzymes low platelet
count) syndrome in women with different subtypes of hypertensive disorders of
pregnancy.
DESIGN: Prospective cohort study.
SETTING: Two university hospitals, tertiary care centers.
POPULATION: Two hundred and sixteen women participating in a randomized trial of
temporizing management in early-onset hypertensive disease (PETRA trial). Women
were between 24 and 34 completed weeks and had either HELLP syndrome, severe
preeclampsia, eclampsia or hypertension and fetal growth restriction. Women were
delivered in the event of fetal marked heart rate abnormalities, pulmonary edema,
therapy-resistant hypertension or recurrent HELLP syndrome.
METHODS: Trial data were reanalyzed to assess the time of onset of major maternal
morbidity (e.g. pulmonary edema, liver hematoma), HELLP syndrome and clinical
disease. Associations between clinical parameters and prolongation of pregnancy
were explored using logistic regression.
MAIN OUTCOME MEASURES: Diagnosis from admittance through discharge, major
maternal morbidity, and prolongation of pregnancy.
RESULTS: The median time to delivery or fetal death was 8.2 (range 0.1 - 44) days.
At study entry, 56 women (26%) had more than one diagnosis; this increased to 171
women (79%) by the time of discharge. The incidence of major maternal morbidity
(total 26) was 4.2% at 2-4 days after inclusion and a mean of 1.7% (range 0-2%)
thereafter per time frame of 3 days. The mean incidence of new or recurrent HELLP
syndrome episodes was 5.5% (range 1.9% - 8.7%) per time frame of 3 days during the
first 3 weeks after inclusion.
CONCLUSIONS: Preeclampsia is a dynamic disease, with extensive overlap of subtypes
of the syndrome. Prolongation of pregnancy in early-onset hypertensive disorders
results in the development of further HELLP syndrome episodes and reversible major
maternal morbidity, but may improve perinatal healthy survival.

Introduction
Hypertensive disorders of pregnancy (preeclampsia, eclampsia, HELLP [hemolysis
elevated liver enzymes low platelet count] syndrome and fetal growth restriction) are
associated with significant maternal and perinatal morbidities and mortalities.1-4 They
are heterogeneous in their presentation and etiology and might be characterized as a
clinical syndrome rather than a single disease entity.5,6
In severe cases at early gestational ages, temporizing management may be beneficial
for the infant.7-9 Some maternal morbidity is inevitable with this strategy, although the
risk of severe complications is low10-13 and these are generally reversible.14 Ideally, the
choice of temporizing management for the individual woman should be dependent on
the balance of estimated risks and benefits for both mother and infant. While adverse
infant outcomes can, to a certain degree, be predicted by gestational age,14-16 the
prediction of major maternal complications is difficult and even the severity of disease
at admission is only of limited value.14

Chapter 7

In a recent randomized trial (PETRA), we studied the effect of plasma volume expansion
in women undergoing temporizing management for early-onset preeclampsia.17,18
There were no significant differences in any of the primary outcomes and so the
treatment and control groups were combined for this post hoc analysis of variations in
disease expression after study entry. We also analyzed the patterns of development of
major maternal morbidity and HELLP syndrome to assess if the short-term prediction
of adverse events might be feasible.

Dynamics

Methods
The PETRA trial was a two-center, randomized, open label trial that consecutively
enrolled 216 women at a gestational age between 24 and 34 completed weeks with
severe preeclampsia, HELLP syndrome or severe fetal growth restriction with associated
pregnancy induced hypertension or moderate preeclampsia.18 Inclusion criteria are
specified in Table I.19-21 The study was conducted at the Departments of Obstetrics of
the Academic Medical Center and the VU University Medical Center in Amsterdam,
The Netherlands, between 1 April 2000 and 31 May 2003. Methods have been
described in full previously.17,18 In line with the institutional review board approval of
both hospitals, informed consent was obtained before inclusion. In summary, women
were subjected to a temporizing management strategy with plasma volume expansion
(treatment group) or a strategy without plasma volume expansion (control group).
Maternal characteristics at entry into the trial were comparable between randomization
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Table I. Definitions of disease and inclusion criteria and definitions of maternal morbidity
Disease diagnosis
Eclampsia19
Severe

preeclampsia19

generalized convulsions in pregnancy not caused by epilepsy
diastolic blood pressure ³ 110 mm Hg and proteinuria (³0.3 g/24
hours)

HELLP syndrome20

platelet count <100 *109/L and aspartate aminotransferase
³70 U/L and lactate dehydrogenase ³600 U/L

Fetal growth restriction19,21

estimated fetal weight <10th centile at admission / birth weight at
delivery

Pregnancy induced hypertension diastolic blood pressure ³90 mm Hg without significant proteinuria
(<0.3g/24 hours)
Moderate preeclampsia

diastolic blood pressure ³90 mm Hg, but ≤110 mm Hg and
proteinuria (³0.3 g/24 hours)

Major maternal morbidity
Placental abruption

clinical/pathology diagnosis of retroplacental hematoma at delivery

Pulmonary edema

tachypnea >40/minute, gas diffusion deficit, compatible chest X-ray

Cerebral hemorrhage

intracerebral bleeding diagnosed by CT-scan or MRI

Liver hematoma

liver hematoma diagnosed by ultrasound or CT-scan

Severe renal insufficiency

urine output <500 mL/day, serum creatinine >100 mmol/L,
creatinine clearance <20 mL/minute

Severe infectious morbidity

clinical diagnosis of sepsis with positive blood cultures

Severe thrombotic morbidity

pulmonary embolism, catheter-associated thrombosis

Encephalopathy

neurological deficits of central origin

Disseminated intravascular
coagulation (DIC)

the presence of three or more of the following criteria: low platelet
count (<100 000 cells/μL), low fibrinogen concentration (<300 mg/
dL), presence of D-dimers (³40 mg/dL), or prolonged prothrombin
time (³14 seconds) and partial thromboplastin time (³40 seconds).

CT, computed tomography; MRI, magnetic resonance imaging.

groups, and all women who entered the trial were deemed eligible for a temporizing
management strategy. In all cases, management consisted of intensive monitoring of
fetal (twice-daily fetal nonstress tests, twice-weekly Doppler ultrasound) and maternal
conditions (among others, blood pressure at least 4 times daily, and laboratory testing
at least twice weekly). Hypertension was managed with fixed protocols (80% of women
receiving one or more medications). Blood pressure values were always estimated
from 3 consecutive readings. Although antihypertensive treatment targets differed
somewhat between randomization groups, in practice, diastolic blood pressure after
stabilization in both types of management was 95 mm Hg on average. Magnesium
sulphate was prescribed for treatment of eclampsia and in women with clinical signs
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of imminent eclampsia. Severe headache or abdominal pain in association with severe
preeclampsia or HELLP syndrome was treated with acetaminophen or morphine.
Corticosteroids were administered to 71% of women, only if delivery was thought to
be imminent, based on maternal disease deterioration or fetal Doppler abnormality. All
but three mothers of infants that were delivered alive before 33 weeks had been given
corticosteroids. Fetal indications for delivery were repeated decelerations or prolonged
low variability on fetal heart rate tracings. Maternal indications were therapy-resistant
hypertension, pulmonary edema and recurrent HELLP syndrome.
Amounts of infused fluids were significantly different between randomization groups,
and there was a significant difference in change of hemoglobin count from baseline
in the control group versus the treatment group. However, neonatal neurological
abnormality at term age (primary outcome), neonatal survival and neonatal morbidity
and maternal morbidity (secondary outcomes) were similar between groups. As the
primary and secondary outcomes were comparable between both groups, we used
the combined data for the present exploration.

For this analysis, study endpoints were the following: diagnosis from study entry
through discharge, major maternal morbidity, and prolongation of pregnancy. Because
the aim of this analysis was to evaluate the occurrence of maternal morbidity during
temporizing management, separate analyses were performed for the period between
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The independent trial monitor committee consisted of 2 gynecologists (WMA, ATJIG)
and 1 pediatrician (RJBJG) who were not involved in the management of the study.
The committee reviewed and classified all cases of major maternal morbidity (criteria
in Table I), which included eclampsia after inclusion and HELLP syndrome recurrence.
Recurrent HELLP syndrome was defined by the reappearance of the typical laboratory
abnormalities (Table I) after these had returned to normal values for at least 2 days.
Because magnesium sulphate or morphine were only administered in women with
clinical symptoms of disease (headache, right upper quadrant abdominal pain), the
time of administration of these medications was determined and defined as ‘clinical
disease’.
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As overlap of the type of hypertensive disease at inclusion would hamper statistical
calculation, we regrouped women by diagnosis at inclusion (see definitions in Table I).
Firstly, all women with HELLP syndrome at admission were selected (irrespective of
whether they also fitted the criteria for one of the other groups). Subsequently, from
the remaining women, all those with severe preeclampsia at admission were selected.
The remaining women - those with pregnancy induced hypertension or moderate
preeclampsia with severe fetal growth restriction - formed the third group.

inclusion and delivery or fetal death and the period thereafter. Although all fetuses at
study entry had reassuring fetal monitoring, fetal death was accepted in a restricted
number of cases because of very early gestational age and low estimated fetal weight.
For analysis of the incidence patterns of major maternal morbidity and clinical disease,
the time interval between inclusion and delivery was divided in time frames. The first
time frame covered the first 24 hours of admission. The subsequent time frames
were periods of 3 days. Major maternal morbidity, HELLP syndrome or clinical disease
were further classified as ‘new’ in the time frame in which they first developed (or
reoccurred), or ‘old’ in subsequent time frames if they were still present. Morbidity in
the postpartum period was combined in one time frame.
The statistical analysis was performed using Pearson Χ2 tests (two-sided) and nonparametric Mann-Whitney tests. The association between clinical parameters on
inclusion and prolonged temporization, defined as more than the median number
of days of prolongation after admission, was assessed by stepwise backward logistic
regression analysis (P[in] 0.05 and P[out] 0.10). The randomization allocation was
forced to remain in the logistic regression model. Other factors entered were
center, use of antihypertensive medication, use of corticosteroid therapy, chronic
hypertension, HELLP syndrome, severe preeclampsia, fetal growth restriction, the
presence of antiphospholipid antibodies, or hereditary thrombophilias, gestational age
at inclusion per week increment, estimated fetal weight (per 100g of increase) or
estimated fetal weight ratio (ultrasound-estimated fetal weight divided by the median
weight for gestational age), hemoglobin count, creatinine clearance, blood pressure
or pulse at inclusion more than the median (7.8 mmol/L, 58 µmol/L, 105 mm Hg, 80/
min, respectively), and body mass index (BMI) more than 25 kg/m2. The analysis was
performed using SPSS 12.0.2 (SPSS Inc. Chicago, IL, USA). Differences were considered
statistically significant at P < .05.

Results
Demographical and clinical characteristics at admittance were comparable between
the three groups (HELLP syndrome, severe preeclampsia, others), except that women
with the HELLP syndrome at inclusion were more likely to be Caucasian and nulliparous
and less likely to have chronic hypertension or a high BMI. Estimated fetal weight, by
definition, was lower in the fetal growth restricted group (Table II).
At inclusion, 56 women (26%) matched more than one diagnosis. If women were
reclassified by diagnosis at discharge, 171 women (79%) matched more than one
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diagnosis. Figure 1 demonstrates the difference in diagnostic subgroup classification
in the study population at study entry and at discharge. At study entry, 25% had a
diagnosis of HELLP syndrome. This proportion had increased to 43% (93/216) by the
time of discharge. Similarly for severe preeclampsia, the proportion increased from
45% (98/216) at study entry to 74% (159/216) at discharge. Initially, 58% (125/216)
of participants had a diagnosis of fetal growth restriction (ultrasound assessment), but
this had increased to 92% (198/216) by the time of delivery (birth weight).
Fifty-four women (25%) had HELLP syndrome on admission (Figures 1 and 2, Table
III). In 14 of these women (26%) the HELLP syndrome did not improve before delivery.
The remaining 40 women improved, although 10 of these women (10/40 = 25%)

Table II. Characteristics at entry into the trial, separately presented for inclusion groups
Total

HELLP

Severe
preeclampsia

Fetal growth
restriction

(n=216)

(n=54)

(n=80)

(n=82)

30 (18-41)

30 (22-41)

31 (20-40)

29 (18-39)

Multiparity

65 (30)

11 (20)*

31 (39)

23 (28)

Multipara with history of PIH

38 (58)

5 (45)

19 (61)

14 (61)

PIH in 1st degree relatives

73 (34)

22 (41)

26 (33)

25 (31)

Body Mass Index >25

94 (44)

16 (30)*

43 (54)

35 (43)

Chronic hypertension

69 (32)

11 (20)*

38 (48)

20 (24)

Caucasian

156 (72)

49 (91)*

48 (60)

59 (72)

Demographical characteristics
Maternal age (years)

30.0 (24.1-33.6)

30.3 (24.1-33.6)

30.3 (24.2-33.5)

29.0 (24.3-33.2)

Estimated fetal weight (grams)

1101 (298-2401)

1214 (427-2226)

1231 (518-2401)

886 (298-1721)*

Estimated fetal weight ratio

0.72 (0.32-1.17)

0.77 (0.48-1.03)

0.80 (0.41-1.17)

0.65 (0.32-0.84)*

Systolic blood pressure (mm Hg)

160 (100-220)

160 (100-200)

170 (140-220)

150 (120-180)

Diastolic blood pressure (mm Hg)

105 (75-140)

100 (75-125)

110 (90-140)

95 (90-115)

Heart rate (beat/min)

80 (44-110)

75 (56-104)

80 (56-110)

76 (44-108)

Hemoglobin count (mmol/L)

7.8 (6.0-9.9)

7.8 (6.2-9.4)

7.6 (6.0-9.8)

7.9 (6.0-9.9)

5 (2.3)

3 (5.6)

2 (2.5)

0 (--)

111 (51)

27 (50)

43 (54)

41 (50)

Eclampsia before inclusion
Randomized to treatment group

* Difference statistically significant at P < .05.
Continuous data are reported as median (range), categorical data as number (percentage).
PIH, pregnancy induced hypertension.
Estimated fetal weight ratio is estimated fetal weight divided by p50 weight for gestational age.
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Clinical characteristics at inclusion

had a recurrence before delivery. The duration of pregnancy prolongation in the
nonimproving group (median 2 days; range 0-6) was significantly shorter than that in
the remainder. This, in turn, was comparable with the other inclusion groups (median
11 days [2-44]). In the total study population, the incidence of new or recurrent HELLP
syndrome episodes was 5.5% (range 1.9% - 8.7%) per time frame of 3 days during the
first 3 weeks after inclusion. At 3 weeks after inclusion, 34 women (16%) remained
undelivered, and of this group, one woman developed HELLP syndrome at 30 days
after inclusion (Figure 2A). Nine women (4.2%) had their first HELLP episode post
partum, and three had recurrent HELLP postpartum. These numbers were similar
between the three inclusion groups.

Figure 1. Diagnoses on inclusion (left) and total up to discharge (right)
Absolute numbers of women in each subgroup presented, with number of cases of eclampsia in brackets.
PIH, pregnancy induced hypertension; FGR, fetal growth restriction; HELLP, hemolysis elevated liver
enzymes low platelet count.

Twenty-six women had major maternal morbidity (12%; Figure 2), unrelated to diagnosis
at admission. These are set out in Table III. The 2 cases of ‘other’ major morbidity
were a woman with peripartum cardiomyopathy and a woman with a hypocalcemic
delirium, that developed within hours after the start of magnesium sulphate therapy
(standard dose, magnesium concentration in the therapeutic range).22 There were no
maternal deaths.
Of the women in the ‘HELLP group’, 14 (26%) were delivered without improvement
shortly after inclusion (median 2 days; range 0.5-6). The maternal condition was the
indication for delivery in four women; in two women, delivery was induced after fetal
death and 5 women in this group also had major morbidity. The remaining 40 (74%)
women with HELLP improved after inclusion and had a median interval between
inclusion and delivery of 12 days (range 2-44). In this group, 10 women had a recurrent
HELLP syndrome before delivery (without major morbidity) and 3 women developed
major morbidity during temporizing treatment.
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The 5 women who were included after eclamptic convulsions had been stabilized before
randomization and deemed fit for further prolongation of pregnancy, initially to allow
corticosteroid treatment for fetal lung maturation. Prolongation of pregnancy was 4 days
(range 1-18). Additional morbidity was observed in only one woman who developed
temporary visual disturbances after 18 days, and pregnancy was terminated.
In Tables IV and V, the individual cases with major maternal morbidity are described.
Of those with major maternal morbidity before delivery, the onset occurred less than
24 hours before delivery in 15 of 20 women (75%). Of the remaining five women, fetal
death had occurred in three women, and temporizing management was undertaken
to stabilize the maternal condition before delivery. In another woman, eclampsia had
occurred, but after stabilization, the maternal and fetal conditions allowed delay of
delivery to administer corticosteroid therapy. In the last case, mild pulmonary edema

149

Dynamics

Figure 2. HELLP syndrome (A), major maternal morbidity (B), and clinical disease (defined as the clinical
need for the administration of morphine or magnesium sulphate, (C); presented for the day of admission
and thereafter for 3-day periods until delivery, and subdivided in fractions of new-onset symptoms,
persistent ´old´ disease, absence of disease and delivered women. The vertical scale is proportional.

Table III. Morbidity after inclusion, separately presented for groups with diagnosis at admission
Total

HELLP
(n=54)

Severe
preeclampsia
(n=80)

Fetal growth
restriction
(n=82)

(n=216)

HELLP persistent until delivery

14 (6)

14 (26)

0

0

HELLP after inclusion before delivery or
fetal death (primary / recurrent)*

43 (20)

10 (19)

18 (23)

15 (18)

HELLP after delivery or fetal death
(primary / recurrent)*

12 (6)

4 (7)

2 (3)

6 (7)

Major maternal morbidity

26 (12)

8 (15)

8 (10)

10 (13)

eclampsia after inclusion*

4

2

0

2

pulmonary edema*

8

3

4

1

placental abruption *

5

1

0

4

liver hematoma*

1

0

0

1

severe infectious morbidity*

3

0

2

1

severe thrombotic morbidity*

2

0

1

1

encephalopathy*

5

2

1

2

cerebral hemorrhage

0

0

0

0

severe renal insufficiency

0

0

0

0

disseminated intravascular
coagulation

0

0

0

0

other*

2

1

1

0

Clinical disease**

91 (42)

32 (59)

38 (48)

21 (26)

20 ( 9)

5 ( 9)

6 ( 8)

9 (11)

Days from inclusion to delivery
or fetal death

8.2 (0.1-44)

8.4 (0.5-44)

8.2 (0.1-44)

8.2 (0.5-42)

Days from later/recurrent HELLP to
delivery or fetal death

2.8 (0.3-26)

3.0 (0.3-22)

1.5 (0.5-26)

4.0 (0.5-19)

Maternal Outcomes

Fetal death

Prolongation of pregnancy

*Some women had more than one case of morbidity.
**Others versus HELLP or severe preeclampsia P < .05.
Data are presented as number (percentage) or median (range) as appropriate.

was diagnosed with shortness of breath and a compatible chest X-ray. However,
oxygen saturations were good with oxygen therapy, and the woman was managed
conservatively for 7 days, at which time cesarean section was performed.
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Table IV. Individual characteristics of women with major maternal morbidity before delivery
Gestational
age at
morbidity
(weeks)

Gestational
age at
delivery
(weeks)

7

32+2

34+3

34+3

placental abruption

emergency cesarean
section

17

27+6

28+3

29+3

pulmonary edema

conservative

28

30+3

30+5

30+5

eclampsia

emergency cesarean
section

40

31+5

32+5

33+0

eclampsia

induction of labor
after stabilization

43

28+0

28+2

28+3

placental abruption
(leading to fetal death)

delivery

50

28+2

29+0

29+0

infected thrombotic tip
of deep venous line

delivery

52

28+0

29+1

29+2

pulmonary edema

delivery

55

30+3

31+3

31+3

pulmonary edema

delivery

58

28+6

30+1

30+1

pulmonary edema

delivery, short period
of ventilation

74

31+2

31+4

31+4

hypocalcemic delirium

delivery,
supplementation

97

32+6

33+0

33+0

placental abruption

emergency cesarean
section

118

29+0

31+1

31+2

pulmonary edema

delivery

127

27+1

30+4

30+4

placental abruption

emergency cesarean
section

128

29+5

30+1

30+1

pulmonary edema

delivery, short period
of ventilation

131

27+1

27+5

27+6

encephalopathy

delivery

142

30+0

30+6

30+6

placental abruption

emergency cesarean
section

164

25+0

26+2

26+6

pulmonary edema after
fetal death

conservative, delivery

173

24+1

26+3

27+1

eclampsia and encephalopathy after fetal death

magnesium sulphate,
delivery

191

28+0

30+4

30+4

encephalopathy

magnesium sulphate,
delivery

202

24+5

26+1

26+5

infected deep venous
line, adult respiratory
distress syndrome

antibiotics, ventilation,
delivery after fetal
death

151

Diagnosis

Management

Dynamics

Gestational
age at
inclusion
(weeks)

Chapter 7

Case
number

Table V. Individual characteristics of women with major maternal morbidity after delivery
Case
number

Gestational
age at
inclusion
(weeks)

Gestational
age at
delivery
(weeks)

Days
after
delivery

Diagnosis

Management

24

31+2

33+4

2

pulmonary edema

conservative

56

30+2

30+5

3

eclampsia and
encephalopathy

magnesium sulphate

cardiomyopathy

supportive care

subcapsular
liver hematoma,
pulmonary embolism
from deep vein
thrombosis

anticoagulant therapy

79

30+6

31+5

2

105

28+6

29+3

2, 14

160

29+0

29+3

1

encephalopathy

magnesium sulphate

174

26+3

30+0

14

urosepsis

antibiotics

Table VI. Parameters on inclusion that contributed significantly to a model predicting an
interval of >7 days between inclusion and delivery (or fetal death), compared with a shorter interval,
calculated by logistic regression analysis. Treatment allocation was forced to remain in the model. CI,
confidence interval; OR, odds ratio.
OR

95% CI

Plasma volume expansion

0.55

0.31-0.99

Gestational age per 1-week increase

0.65

0.52-0.81

Estimated fetal weight per 100-g increase

1.30

1.14-1.49

Antihypertensive treatment

0.45

0.25-0.81

Hemoglobin ≥7.8 mmol/L

1.82

0.99-3.36

Serum creatinine ≥58 μmol/L

0.56

0.31-1.02

The incidence of major maternal morbidity was 4.2% at 2-4 days after inclusion and 1.7%
(range 0-2%) thereafter per time frame of 3 days (Figure 2B). In 6 of the 26 women with
major maternal morbidity or eclampsia (23%), the onset was after delivery.
All but three mothers who were delivered before 32 weeks had been given
corticosteroids for fetal lung maturation. No difference in incidence of major morbidity
(including HELLP syndrome) was observed between mothers who had been treated
with corticosteroids at admission (12/94 = 13%), mothers who received corticosteroids
later (8/59 = 14%), or mothers who were not given corticosteroids (6/63 = 10%).
During the first day after inclusion, 34 women (15.7%) were treated with magnesium
sulphate or morphine (clinical disease, Figure 2C). In the second time frame, 66
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undelivered women (30.5%) received this medication, which was newly prescribed in
32 women (14.9%). In the third time frame these figures were respectively 41 (24.6%)
and 9 (5.4%). Thereafter, the mean percentage of undelivered women who were
newly treated with magnesium or morphine was 3.4% (range 0-5.6%) for each time
frame during the remaining period until delivery.
Fetal deaths occurred in 20 cases (9%). In 17 cases the parents, neonatologists and
obstetricians had refrained from intervention based on a poor prognosis due to a low
gestational age and estimated fetal weight at the time fetal distress became apparent.
In three cases, fetal death had been unexpected, in one case because of placental
abruption, and in two cases because of sudden placental insufficiency. Adverse
perinatal outcomes and their associations are described elsewhere.14

Dynamics

Figure 3. Receiver Operating
Characteristic (ROC)-graph of
prediction model for prolongation
of pregnancy >7 days.
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Median pregnancy prolongation in the trial population was 8.2 days (range 0.1-44) and
was comparable between the subgroups. In logistic regression analysis, prolongation
>7 days was positively associated with higher estimated fetal weight and higher
hemoglobin on admission, while it was negatively associated with higher gestational
age, antihypertensive treatment and higher serum creatinine on admission and with
allocation to plasma volume expansion strategy (Table VI). Sixty-five % of all cases had
a correct prediction by the model (59 % ≤7 days interval and 71% >7 days interval).
The Receiver Operating Characteristic (ROC) curve had poor predictive power with
an area under the curve of 0.72 (95% CI 0.65-0.79) (Figure 3). Adverse perinatal
outcomes and their associations are described in more detail elsewhere.14
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Discussion
In the literature, HELLP syndrome is frequently associated with increased maternal
morbidity and mortality.2,3 In this study, however, 74% of the women with HELLP
syndrome improved after inclusion and had a low risk of major complications, which
did not differ from the other inclusion groups. All three inclusion groups (HELLP
syndrome, severe preeclampsia or fetal growth restriction with pregnancy induced
hypertension) had a similar rate of major complications, although the median
prolongation of pregnancy was of a similar duration. A similar pattern was observed
for the incidence of administration of morphine and/or magnesium sulphate, a proxy
for clinical subjective disease. Overall risks were in accordance with most publications,
although these publications did not specify the time of occurrence and the association
with the duration of prolongation.4,23
Classification of disease on admission was conspicuously absent from the model
predicting duration of prolongation of pregnancy. Apparently, a larger fetal weight,
when adjusted for gestational age, allowed a longer period of prolongation, possibly
because of the clinician’s assessment of a reduced fetal risk. The negative effect of
higher gestational age was probably because of an increasing preference for delivery
at a higher gestational age. The opposite effects of higher hemoglobin and serum
creatinine might be related to oxygen transfer and severity of disease. The negative
effect of plasma volume expansion in this respect was detected in univariate analysis
in an earlier publication.18 The presence of thrombophilias has been linked to the
development of severe maternal morbidity but was not associated with the length
of prolongation of pregnancy.14 Overall, the performance of the model is poor
and not clinically useful for selection of women who will benefit from temporizing
management.
During the median of 8.2 days of pregnancy prolongation and during the period after
delivery, 26 women had an episode of major morbidity or eclampsia and 3 cases
of unexpected fetal deaths occurred. Whether maternal morbidity would have been
prevented by a strategy that is aimed at immediate delivery after stabilization of
maternal disease is uncertain.13 The three unexpected fetal deaths could have been
prevented through immediate delivery, but this should be balanced with the increased
gestational age in the entire group that, we speculate, may have halved neonatal
morbidity and mortality.7-9,24 In a separate analysis of this cohort, with each increasing
week of gestational age the odds ratio was 0.42 (95% confidence interval 0.330.54) for adverse infant outcome (perinatal death, severe neonatal morbidity).14 The
incidence of accepted perinatal death is higher than in the other randomized studies
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of temporizing management, largely because of the fact that other studies included
women only after 28 weeks,8,9 whereas this study included women from 24 weeks.
Diagnostic criteria define the subclasses within the clinical spectrum of hypertensive
disorders. These subclasses are not necessarily pathophysiologically distinct. In
our opinion, the overlap of diagnostic labels within women, which even increases
during disease progression, supports this notion. This is further stressed by the lack
of association of the labels with baseline characteristics and outcomes. The clinical
distinction between clinically labeled categories is therefore artificial as it suggests a
knowledge of causality that does not exist in the literature. To some extent, therefore,
it is irrelevant for clinical practice. In our view, trials and cohort studies should include
women with all subclasses of disease that are deemed severe (Table I). However,
subgroup analyses and careful phenotype description remain important as the quest
for understanding the underlying pathophysiology continues.

This study has showed that complications from early-onset hypertensive disorders of
pregnancy occur in a more or less steady rate during prolongation of pregnancy and that
prediction of complications or duration of prolongation is not feasible. These findings
may support advocates of a management strategy that aims to stabilize and deliver as
it may prevent some maternal complications and unintentional fetal deaths. However,
as all maternal complications were reversible, and prolongation of pregnancy possibly
diminishes neonatal morbidity and mortality, it remains uncertain which management
option benefits mothers and their infants most. In our opinion, the results of our
study provide sufficient uncertainty in this respect to design a randomized trial of
temporizing management versus stabilization and delivery.
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It is uncommon to perform temporizing management in women with eclampsia.
However, in our experience, after successful stabilization at low gestational ages,
intervention may be safely postponed in individual cases to allow for infant maturation.
There is a comparable discussion about whether temporizing management is
appropriate in HELLP syndrome. Several cohort studies however, have shown that it
may be feasible.4,12,13,23

Chapter 7

It is difficult to find other studies that address the dynamic nature of the disease. Cohort
studies are retrospective in nature and label cases in hindsight, whereas prospective
trial populations label patients at inclusion and describe the onset of new diagnoses
irrespective of timing. The study presented here allows a unique view of the dynamics
of hypertensive disorders of pregnancy and the time-dependent onset of complications
during a temporizing management strategy.

Conclusion
Preeclampsia is a highly dynamic disease, with extensive overlap of subtypes of the
syndrome. The separate presentation of different subgroups of disease should be
used with caution. Prolongation of pregnancy in early-onset hypertensive disorders of
pregnancy by adhering to a careful temporizing strategy allows onset of new HELLP
syndrome episodes, and reversible major maternal morbidity, but may improve overall
perinatal healthy survival.
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Relationship between thrombophilic disorders and type of
severe early-onset hypertensive disorder of pregnancy

Hypertension in Pregnancy; in press

Summary
OBJECTIVE: To find out if with specific subtypes of early-onset hypertensive disorders
of pregnancy (hemolysis elevated liver enzymes low platelets [HELLP] syndrome, severe
preeclampsia, eclampsia and fetal growth restriction) differ in increased prevalences of
thrombophilic disorders.
DESIGN: Cohort study.
SETTING: Two university hospitals in Amsterdam, the Netherlands.
POPULATION: 216 patients participating in a randomized clinical trial with severe and
early-onset hypertensive disorders of pregnancy.
METHODS: More than three months after delivery, all patients were invited for
a thrombophilia screening protocol, including hereditary thrombophilic disorders
(Factor II or V-Leiden mutation, APC-resistance, protein S deficiency), antiphospholipid
antibodies (anticardiolipin antibodies and lupus anticoagulant activity), and hyperhomocysteinemia (before and after methionin challenge). Disease expression
was classified by HELLP syndrome, severe preeclampsia or neonatal birth weight
ratio below the median (0.65). Univariate and multinomial regression analyses
examined the association of disease expression with thrombophilic disorders,
and other associated factors (chronic hypertension, smoking, Body Mass Index,
positive family history of cardiovascular morbidity and demographic parameters).
MAIN OUTCOME MEASURES: Incidence of thrombophilic disorders in different
subtypes of disease.
RESULTS: Overall prevalence of thrombophilic disorders in 206 (95%) screened women
was 36%, chronic hypertension was present in 32%, and 34% had a positive family
history of cardiovascular morbidity. In multinomial regression analysis hereditary
thrombophilia was more frequent among women with infants with a birth weight
ratio <0.65 than in women with HELLP syndrome or severe preeclampsia (P = .01,
OR 5.1 (1.5-7.3) and OR 3.4 (1.1-10.6) respectively). High Body Mass Index was
less frequent in women with HELLP syndrome than in severe preeclampsia or fetal
growth restriction (P = .06, OR 0.5 (0.3-0.9) and OR 0.4 (0.2-1.0) respectively).
CONCLUSION: In this population, the high prevalence of thrombophilic factors and
chronic hypertension was confirmed. Between groups, there were small differences.
Hereditary thrombophilic disorders were associated with fetal growth restriction, but
not with type of maternal disease, suggesting an effect on placental function. Maternal
Body Mass Index was lower in women with HELLP syndrome.

Introduction

In this planned post-hoc analysis of a trial cohort of women with severe early-onset
hypertensive disorders of pregnancy, subjected to temporizing management, we aimed
to find out if specific subtypes of hypertensive disorders of pregnancy are associated
with specific thrombophilic disorders, taking into account the simultaneous occurrence
of different subtypes of disease.

Methods
The PETRA trial was a two-center, randomized, open label trial25,26 that enrolled 216
women at a gestational age between 24 and 34 completed weeks at the Departments
of Obstetrics of the Academic Medical Center and the VU University Medical Center
in Amsterdam, The Netherlands between April 1st 2000 and May 31st 2003. All
patients (with a singleton pregnancy) met at least one of the inclusion criteria of
severe hypertensive disorders of pregnancy specified in Table I4-7 and were deemed
eligible at entry for a temporizing management strategy. In line with the institutional
review board approval of both hospitals, informed consent was obtained prior to
inclusion. Participants were randomized for temporizing management strategy with or
without plasma volume expansion. Full methods have been described previously.25,26
Primary endpoint (neurological development of infants at term age) and secondary
endpoints (maternal and infant morbidity) were comparable between both strategies.
We therefore used the complete study population in the present analysis.
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Thrombophilic disorders

Increased rates of thrombophilic disorders have been associated with preeclampsia/
HELLP syndrome.8-19 Thrombophilic disorders have also been implicated in fetal growth
restriction.8,13,20-24 It may thus be speculated that thrombophilic disorders contribute to
the heterogeneous clinical expression of the syndrome of preeclampsia. Most studies
published to date, however, compare the incidence in a control population with the
incidence in a population that is characterized by one specific subtype of the disease
spectrum of hypertensive disorders of pregnancy, without taking into account the
presence or absence of other subtypes of disease.
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Preeclampsia is a multisystem disorder with heterogeneous causative mechanisms.1
Deficient placentation and uteroplacental insufficiency are associated with the
development of endothelial dysfunction, the cornerstone of the syndrome.2,3 Clinical
manifestations include several subtypes, ranging from maternal pregnancy induced
hypertension or severe preeclampsia or hemolysis elevated liver enzymes low platelets
(HELLP) syndrome to fetal growth restriction in varying degree.4-7

At discharge, clinical diagnosis (of the entire disease episode, including the first seven
days post partum) was determined according to Table I. For diagnosis of fetal growth
restriction, birth weight was corrected for gestational age. The birth weight ratio (=
observed birth weight divided by the 50th centile birth weight for gestational age,
using the customized growth chart by Gardosi, correcting for maternal height, weight,
ethnicity, parity, and baby sex) was used to establish a continuous measure of growth
restriction.6 A birth weight ratio of 0.86 corresponds with the 10th centile that was
used in the inclusion criteria.
Three months post term, all patients were invited for a thrombophilic disorders
screening protocol, which was standard care at the time of the study. Patients took
Table I. Inclusion criteria for entry into the trial and clinical diagnosis at discharge
Inclusion diagnosis
HELLP syndrome4

platelet count <100 *109/L and aspartate aminotransferase ³70 U/L and
lactate dehydrogenase ³600 U/L

Severe preeclampsia5

diastolic blood pressure ³110 mm Hg and proteinuria (³0.3 grams/24 hours)

Eclampsia5

generalized convulsions in pregnancy not caused by epilepsy

Fetal growth restriction
and Pregnancy Induced
Hypertension (PIH)5-7

ultrasound estimated fetal weight at inclusion or birth weight at delivery
<10th centile and diastolic blood pressure ³90 mm Hg

no oral contraceptives, nor folic acid, vitamin B12, or vitamin B6 supplementation
between delivery and testing. Blood was drawn in a fasting state and six hours after
a standardized methionine load of 0.1 gram/kg body weight with protein-restriction
in between.
Citrated blood was collected and centrifuged within 25 minutes after withdrawal at
4°C (3000 RPM for 10 minutes) and stored at –80°C until assayed.
Protein S antigen (normal values ≥65%), was assayed by enzyme-linked immunosorbent
assays (ELISA) using antibodies from DAKO (Glostrup, Denmark).27 Free protein S
(normal values ≥26%) was measured by precipitating the C4b-binding protein fraction
with polyethylene glycol 8000 and measuring the concentration of free protein S in the
supernatant. Resistance to the activated protein C was assessed by the activated protein
C-dependent prolongation of the activated partial thromboplastin time, performed
in both the absence and presence of activated protein C (Coated APC Resistance,
Chromogenix, Mölndal, Sweden.28 Results were expressed as the ratio of the two
values (normal value above 2.0). Factor V Leiden and prothrombin 20210A mutation
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Disease expression was categorized in this analysis by HELLP syndrome at or during
admission, by severe preeclampsia at or during admission (definitions in Table I), and
by a birth weight ratio below the median of the study population. Median birth weight
ratio was used as divider (and not the 10th centile), because 94% of birth weights were
below the 10th centile. Patients could be included in more than one subgroup.
In univariate analysis, the association of disease expression classification (HELLP
syndrome versus no HELLP syndrome, severe preeclampsia versus no severe
preeclampsia, birth weight ratio below the median versus above the median) was
assessed with demographic parameters (age ≥ 30 years, multiparity, ethnicity, Body
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Blood pressure was measured and the patient was defined to have chronic hypertension
if blood pressure was equal or higher than 140/90 mm Hg or if the patient was on
antihypertensive medication.
Hereditary thrombophilia was assumed to be present if the activity of protein S was
below the normal range, if activated protein C resistance was below the normal
range or if the PCR for factor V Leiden or the prothrombin 20210A mutation revealed
heterozygosity or homozygosity. Hyperhomocysteinemia was assumed to be present
if homocysteine levels were above the normal values for women, either fasting, 6
hours after methionine-loading, or both. Antiphospholipid antibodies were assumed
to be present if lupus anticoagulant was present according to the description below,
or if titers of anticardiolipin antibodies (IgM or IgG) were elevated at two separate
occasions (at first visit, and, if positive at a second visit 6 weeks to 6 months later).
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analysis was performed by routine PCR techniques after extraction of genomic DNA
from peripheral leukocytes.29,30
Homocysteine levels were measured using high-performance liquid chromatographic
assay for total homocysteine levels as reported previously.31 Normal ranges for fasting
and post-loading levels were 6-15 mmol/L and 18-51 mmol/L (ranges for premenopausal
women).
To detect the presence of lupus anticoagulant, the samples were screened with a
dilute prothrombin time (PT) using recombinant human tissue factor (Innovin, Baxter
Diagnostics Inc, Deerfield, USA) diluted at 1:200. Positive samples (PT patient/PT
control >1.2) were tested with the diluted Russell’s viper venom time (dRVVT, LAC
Screen, Gradipore, North Ryde, Australia) and were retested after 1:1 mixing with
normal plasma. If the clotting time of mixed plasma compared to normal plasma was
increased by 20% or more, the dRVVT was repeated after addition of an extra amount
of phospholipids (LAC Confirm, Gradipore, North Ryde, Australia). Samples with a
ratio of LAC Screen/LAC Confirm of more than 1.2 were considered positive for lupus
anticoagulant.32 The presence of anticardiolipin antibodies IgG and IgM was tested by
ELISA according to the directives of Harris.33

Mass Index ≥ 25, smoking during pregnancy), the presence of thrombophilic disorders
(hereditary clotting disorders, antiphospholipid antibodies, hyperhomocysteinemia)
and cardiovascular risk factors (chronic hypertension or positive family history for
cardiovascular disease). Statistical analysis was with Fisher’s exact test (two-sided), and
Mantel-Haenszel common odds ratio estimation. Non-parametric Mann-Whitney tested
the relationship between thrombophilic disorders and birth weight ratio and gestational
age (continuous measures). Differences were considered significant at P < .05.
Because overlap of diagnostic categories was observed, we performed a secondary
analysis where patients were exclusively classified in one diagnostic group. Firstly, all
women with HELLP syndrome were selected. From the remaining women, patients
with severe preeclampsia were selected. The third group consisted of women with
a birth weight ratio below the median who did not have HELLP syndrome or severe
preeclampsia. A multinomial regression analysis was performed with these three
groups using the same parameters as in univariate analysis. The P value for entry was
set at 0.1. The aim of this analysis was to test the discriminative capacity of the created
prediction models, and is expressed in percentage of accurate prediction. Statistical
calculations were performed with SPSS 12.0.2 (SPSS Inc. Chicago IL, USA).

Results
From admittance until discharge, 93 patients (43%) matched the criteria for HELLP
syndrome. Severe preeclampsia was diagnosed in 158 cases (73%). Eclampsia had
occurred in 9 patients (5 before inclusion, 4 during prolongation of pregnancy). Five
patients with eclampsia also matched the criteria for HELLP syndrome and eight were
grouped in the severe preeclampsia group. Birth weight was below the 10th centile
(birth weight ratio 0.86) for gestational age in 198 patients (92%). Median birth weight
ratio was 0.65 (range 0.28-1.10). Eighty percent of patients matched more than one
diagnosis. Median gestational age at delivery or fetal death was 31.4 weeks (range 25.438.6), 75 (35%) had a gestational age below 30 weeks, 180 (83%) had a gestational age
below 34 weeks. Median birth weight was 1202 grams (range 300-2960).
At 3 months post term (median 5-6 months after delivery), 10 patients refused further
evaluation, thus 206 patients were screened for thrombophilic disorders (Table II).
Due to errors of the testing procedure, 15 women were not examined completely. The
median interval between delivery and thrombophilia testing was 147 days (range 78318). Hereditary clotting disorders were observed in 23 (12%) cases, antiphospholipid
antibodies in 29 (14%). Hyperhomocysteinemia was present in 42 (21%) cases. Seventyfive patients (36%) were found to have any thrombophilic disorder, 17 (8%) had more
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than one abnormality. Sixty-nine patients (32%) had chronic hypertension. There was
a positive family history of cardiovascular morbidity in 73 patients (34%).

Patients tested
Hereditary clotting disorders

Patients with abnormal test results
23 (11)

203

4 (2)

Activated Protein Cresistance*28

197

14 (7)

Factor V-Leiden mutation
(G1691A)29

204

10 (5)

Factor II-mutation
(G20210A)30

202

3 (1)

protein

Antiphospholipid antibodies
anticardiolipin
lupus

antibodies33

anticoagulant**32

29 (15)
201

18 (9)

195

13 (7)

Hyperhomocysteinemia***31

42 (21)

homocysteine test t=0

202

17 (8)

homocysteine test t=6

196

34 (17)

Any thrombophilic disorder****

206

75 (36)

Multiple disorders

206

17 (8)

Absolute values and percentages presented.
*
Activated Protein C-ratio ≤2.0 was considered to represent true resistance to activated protein C.
** Lupus anticoagulant activity was considered present if the results were 2 standard deviations above
the mean of plasma samples from a pool of healthy subjects.
*** Hyperhomocysteinemia was assessed after overnight fasting and 6 hours after methionine
loading with standardized breakfast. Patients were considered to have hyperhomocysteinemia if
homocysteine concentration of either sample exceeded the 97.5th percentile of that observed in
healthy premenopausal women.
**** Abnormal test of hereditary clotting disorders OR antiphospholipid antibodies OR hyperhomocysteinemia.

In univariate analysis, women with HELLP syndrome were less likely to be of nonCaucasian descent, had a lower body mass index and were more frequently nulliparous
than the remaining women (Table III). Severe preeclampsia was positively associated
with chronic hypertension but negatively with hereditary clotting disorders. A low birth
weight ratio (<0.65) was not significantly associated with any underlying factor. Birth
weight ratios (0.64 versus 0.66; P = .14), birth weight (1160 g versus 1250 g; P = .79),
gestational age at admission (30.0 weeks versus 29.8 weeks; P = .75), or gestational
age at delivery (31.5 weeks versus 31.5 weeks; P = .71) were not different between
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Table II. Number of patients tested and number of abnormal tests for thrombophilic disorders

Table III. Univariate analysis of potential risk factors for HELLP syndrome, severe preeclampsia,
and for very low birth weight for gestational age.
All

HELLP syndrome

Severe preeclampsia

N (%)

N (%)

OR (95% CI)

N (%)

OR (95% CI)

All

216

93
(43)

---

158
(73)

---

Age ≥ 30 years

111
(51)

45
(48)

0.81
(0.47-1.39)

81
(51)

0.98
(0.54-1.79)

Non-Caucasian

60
(28)

18
(19)

0.46
(0.25-0.87)

46
(29)

1.29
(0.65-2.58)

Nulliparous

151
(70)

73
(79)

2.11
(1.14-3.89)

108
(68)

0.75
(0.38-1.47)

Body Mass Index≥ 26

94
(44)

31
(33)

0.48
(0.27-0.83)

69
(43)

0.90
(0.49-1.67)

Smoking

15
(7)

10
(11)

2.8
(0.94-8.63)

10
(6)

0.70
(0.23-2.14)

Chronic hypertension

69
(32)

27
(29)

0.79
(0.44-1.41)

57
(36)

2.16
(1.06-4.42)

Family history of cardiovascular
morbidity

73
(34)

32
(34)

1.05
(0.59-1.85)

53
(34)

0.96
(0.51-1.81)

Factor 2/5-mutation, APC-resistance
or protein S deficiency *(205)

23
(11)

6
(7)

0.43
(0.16-1.14)

11
(7)

0.28
(0.11-0.67)

Positive anticardiolipin antibodies or
lupus anticoagulans *(206)

29
(14)

12
(14)

0.92
(0.41-2.03)

19
(13)

0.65
(0.28-1.50)

Hyperhomocysteinemia *(202)

42
(21)

17
(19)

0.85
(0.43-1.70)

28
(19)

0.69
(0.33-1.43)

women with and without thrombophilic disorders. The results for any of the outcomes
did not change if patients were selected who had two thrombophilic disorders or if
only patients with antiphospholipid antibodies, or hereditary thrombophilic disorders,
or hyperhomocysteinemia were selected.
For multinomial regression analysis, 93 patients were selected in the HELLP syndrome group,
88 patients in the severe preeclampsia group, and 27 patients in the low birth weight ratio
group. Eight patients remained ungrouped (fetal growth restriction with birth weight ratio
between 0.65 and 0.86). Hereditary thrombophilia was more frequent among women
with infants with a birth weight ratio <0.65 than in women with HELLP syndrome or severe
preeclampsia (P = .01, OR 5.1 (1.5-7.3) and OR 3.4 (1.1-10.6) respectively). High body mass
index was less frequent in women with HELLP syndrome than in severe preeclampsia or
fetal growth restriction (P = .06, OR 0.5 (0.3-0.9) and OR 0.4 (0.2-1.0) respectively). With
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Birth weight ratio <0.65

103
(48)

---

50
(49)

0.80
(0.47-1.37)

27
(26)

0.86
(0.47-1.57)

74
(82)

1.19
(0.67-2.14)

45
(44)

1.01
(0.59-1.74)

8
(8)

1.28
(0.45-3.65)

27
(26)

0.60
(0.34-1.07)

30
(29)

0.67
(0.38-1.18)

14
(14)

1.74
(0.72-4.21)

15
(15)

1.16
(0.53-2.54)

21
(22)

1.11
(0.56-2.18)

Data presented as numbers with percentages
between brackets and odds ratios with 95%.
confidence interval between brackets.
*Numbers (percentages) for tested patients.
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OR (95% CI)
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N (%)

this multivariate model the discrimination of HELLP syndrome was correct in 61% of cases,
of severe preeclampsia in 43% and of birth weight ratio <0.65 in 26%.

Discussion
The high prevalence of thrombophilic disorders in this study is in agreement with
an abundance of studies demonstrating an increased rate of thrombophilic disorders
in women with preeclampsia/HELLP syndrome8-19 or fetal growth restriction8,13,20-24
compared with controls, although available evidence is not unequivocal.34-40 Metaanalyses on the subject are equally equivocal and the strength of the association is thus
not without discussion.41-44 Notwithstanding this, a number of studies hypothesize an
association with the origin of the disease.11,14,15,21,22,45
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In this study we did not recruit a contemporary control population, because our aim
was to examine if specific subtypes of hypertensive disorders of pregnancy were
associated with specific thrombophilic disorders. During earlier research by the two
participating centers a control group, consisting of women, who had only normal
pregnancies, had been recruited.11,15 Comparison with this control group (prevalence
11%) confirms that the prevalence of thrombophilic disorders in our study population
was increased.
The large overlap of diagnostic groups in pregnant women, who are admitted with
early-onset hypertensive complications, hampers a proper analysis of the effect of
underlying risk factors. Most studies ignore this issue and many do not even report comorbidity, as was recounted by the review of Morrison et al.38
In this study, we analyzed our population firstly by group classification accepting the
overlap with other diagnoses and secondly by selective group classification. For this
last classification we had to decide for a sequence of importance. Although arguable,
we based this classification on the general assumption that HELLP syndrome is the
worst type of hypertensive complication.
In univariate analysis hereditary thrombophilia was significantly reduced in severe
preeclampsia. Inversely, in multinomial regression analysis of selective diagnostic
groups it was observed that the prevalence was significantly higher in a selective group
of women with infants with a birth weight ratio <0.65 compared to women with
HELLP syndrome or preeclampsia. A relation of hereditary thrombophilia and fetal
growth restriction has been observed by others.8,13,20-24,46
The observation in univariate analysis of a lower body mass index in women with HELLP
syndrome was confirmed in multinomial analysis. In univariate analysis Caucasian and
nulliparity also contributed, but not in multinomial regression. Bodnar et al. have
recently described that body mass index is a strong contributing factor to the risk of
preeclampsia.47 However, they did not describe the co-incidence of HELLP syndrome
or fetal growth restriction.
Within this group of low gestational ages, we did not observe an association of the
prevalence of thrombophilic abnormalities with gestational age at delivery, in contrast
with a number of studies that included women in a broader range of gestational
ages.11,14,21,22,45 We could not confirm the observation that women with severe
preeclampsia had a higher prevalence of multiple abnormalities.14,16
In a previous analysis of the same cohort, aimed at the identification of predictive factors
for the development of adverse maternal outcome, it was shown that there was no
relationship between thrombophilic disorders and the onset of complications from the

170

disease after admission.48 The presence of thrombophilic disorders was associated with
a relative risk for major maternal complications (HELLP syndrome or major morbidity)
of 1.51 (95% CI 1.05-2.18) in univariate analysis. However, in multivariate analysis this
factor was eliminated from the logistic regression model.
Chapter 8

Conclusion
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Most studies published to date on the association between the incidence of
thrombophilias and the incidence of hypertensive disorders of pregnancy, characterize
the disease by one of the subtypes. To our knowledge this is the first study to
comprehensively compare the incidence of thrombophilias in a population of women
with one or more subtypes of severe disease.
In this population, a high prevalence of thrombophilic factors and chronic hypertension
was confirmed. Between groups, small differences may be discerned. Underlying
hereditary thrombophilic disorders were associated with fetal growth restriction,
but not with type of maternal disease. Women with preeclampsia and fetal growth
restriction had a higher body mass index than women with HELLP syndrome. This may
indicate a difference in underlying cardiovascular risk factors between these groups.
The disorders in the spectrum of pregnancy-related hypertensive disease are
heterogeneous in etiology. Although associations observed in this study can at most
partially explain differences in disease expression, some differentiation between
underlying disorders of specific types of clinical expression can be made. However, it
is still far from clear that HELLP, preeclampsia and fetal growth restriction associated
with preeclampsia are any more than variants on a theme.

Reference List
1. Sibai, B. M. Prevention of preeclampsia: a big disappointment. American Journal of Obstetrics & Gynecology 179, 1275-1278 (1998).
2. Redman, C. W., Sacks, G. P. & Sargent, I. L. Preeclampsia: an excessive maternal inflammatory response
to pregnancy. American Journal of Obstetrics & Gynecology 180, 499-506 (1999).
3. Harlow, F. H. & Brown, M. A. The diversity of diagnoses of preeclampsia. Hypertens. Pregnancy 20, 5767 (2001).
4. Sibai, B. M. The HELLP syndrome (hemolysis, elevated liver enzymes, and low platelets): much ado
about nothing? American Journal of Obstetrics & Gynecology 162, 311-316 (1990).
5. Davey, D. A. & MacGillivray, I. The classification and definition of the hypertensive disorders of pregnancy. American Journal of Obstetrics & Gynecology 158, 892-898 (1988).
6. Gardosi, J., Chang, A., Kalyan, B., Sahota, D. & Symonds, E. M. Customised antenatal growth charts.
Lancet 339, 283-287 (1992).
7. Hadlock, F. P., Harrist, R. B., Sharman, R. S., Deter, R. L. & Park, S. K. Estimation of fetal weight with
the use of head, body, and femur measurements--a prospective study. American Journal of Obstetrics
& Gynecology 151, 333-337 (1985).
8. Kupferminc, M. J. et al. Increased frequency of genetic thrombophilia in women with complications of
pregnancy. N. Engl. J. Med. 340, 9-13 (1999).
9. Rigo, J., Jr. et al. Maternal and neonatal outcome of preeclamptic pregnancies: the potential roles of
factor V Leiden mutation and 5,10 methylenetetrahydrofolate reductase. Hypertens. Pregnancy 19,
163-172 (2000).
10. von Tempelhoff, G. F., Heilmann, L., Spanuth, E., Kunzmann, E. & Hommel, G. Incidence of the factor V
Leiden-mutation, coagulation inhibitor deficiency, and elevated antiphospholipid-antibodies in patients
with preeclampsia or HELLP-syndrome. Hemolysis, elevated liver-enzymes, low platelets. Thrombosis
Research 100, 363-365 (2000).
11. Van Pampus, M. G. et al. High prevalence of hemostatic abnormalities in women with a history of
severe preeclampsia. American Journal of Obstetrics & Gynecology 180, 1146-1150 (1999).
12. Benedetto, C. et al. Factor V Leiden and factor II G20210A in preeclampsia and HELLP syndrome. Acta
Obstetrica et Gynecologica Scandinavica 81, 1095-1100 (2002).
13. Schlembach, D. et al. Association of maternal and/or fetal factor V Leiden and G20210A prothrombin mutation with HELLP syndrome and intrauterine growth restriction. Clin. Sci. (Colch. ) 105, 279-285
(2003).
14. Kupferminc, M. J. et al. Severe preeclampsia and high frequency of genetic thrombophilic mutations.
Obstetrics & Gynecology 96, 45-49 (2000).
15. Dekker, G. A. et al. Underlying disorders associated with severe early-onset preeclampsia. American
Journal of Obstetrics & Gynecology 173, 1042-1048 (1995).
16. Kupferminc, M. J., Rimon, E., Ascher-Landsberg, J., Lessing, J. B. & Many, A. Perinatal outcome in
women with severe pregnancy complications and multiple thrombophilias. J. Perinat. Med. 32, 225227 (2004).
17. Dizon-Townson, D. S., Nelson, L. M., Easton, K. & Ward, K. The factor V Leiden mutation may predispose
women to severe preeclampsia. American Journal of Obstetrics & Gynecology 175, 902-905 (1996).
18. Nagy, B. et al. Detection of factor V Leiden mutation in severe pre-eclamptic Hungarian women. Clinical Genetics 53, 478-481 (1998).

172

19. Krauss, T. et al. Activated protein C resistance and factor V Leiden in patients with hemolysis, elevated
liver enzymes, low platelets syndrome. Obstetrics & Gynecology 92, 457-460 (1998).
20. Kupferminc, M. J. et al. High prevalence of the prothrombin gene mutation in women with intrauterine growth retardation, abruptio placentae and second trimester loss. Acta Obstetrica et Gynecologica
Scandinavica 79, 963-967 (2000).

Chapter 8

21. Alfirevic, Z., Roberts, D. & Martlew, V. How strong is the association between maternal thrombophilia
and adverse pregnancy outcome? A systematic review. European Journal of Obstetrics, Gynecology, &
Reproductive Biology 101, 6-14 (2002).
22. Kupferminc, M. J., Many, A., Bar-Am, A., Lessing, J. B. & Ascher-Landsberg, J. Mid-trimester severe
intrauterine growth restriction is associated with a high prevalence of thrombophilia. Br. J. Obstet.
Gynaecol. 109, 1373-1376 (2002).

24. Verspyck, E. et al. Thrombophilia and immunological disorders in pregnancies as risk factors for small
for gestational age infants. Br. J. Obstet. Gynaecol. 109, 28-33 (2002).
25. Ganzevoort, W., Rep, A., Bonsel, G. J., De Vries, J. I. & Wolf, H. A randomized trial of plasma volume
expansion in hypertensive disorders of pregnancy: influence on the pulsatility indices of the fetal umbilical
artery and middle cerebral artery. American Journal of Obstetrics & Gynecology 192, 233-239 (2005).
26. Ganzevoort, W. et al. A randomised controlled trial comparing a temporising management strategy
with plasma volume expansion with one without plasma volume expansion. Br. J. Obstet. Gynaecol.
112, 1358-1368 (2005).
27. Giri, T. K., Hillarp, A., Hardig, Y., Zoller, B. & Dahlback, B. A new direct, fast and quantitative enzymelinked ligandsorbent assay for measurement of free protein S antigen. Thrombosis & Haemostasis 79,
767-772 (1998).
28. Dahlback, B., Carlsson, M. & Svensson, P. J. Familial thrombophilia due to a previously unrecognized
mechanism characterized by poor anticoagulant response to activated protein C: prediction of a cofactor
to activated protein C. Proceedings of the National Academy of Science U. S. A 90, 1004-1008 (1993).
29. Voorberg, J. et al. Association of idiopathic venous thromboembolism with single point-mutation at
Arg506 of factor V. Lancet 343, 1535-1536 (1994).
30. Poort, S. R., Rosendaal, F. R., Reitsma, P. H. & Bertina, R. M. A common genetic variation in the 3’untranslated region of the prothrombin gene is associated with elevated plasma prothrombin levels
and an increase in venous thrombosis. Blood 88, 3698-3703 (1996).
31. Ubbink, J. B., Hayward Vermaak, W. J. & Bissbort, S. Rapid high-performance liquid chromatographic
assay for total homocysteine levels in human serum. Journal of Chromatography 565, 441-446 (1991).
32. Brandt, J. T., Triplett, D. A., Alving, B. & Scharrer, I. Criteria for the diagnosis of lupus anticoagulants: an
update. On behalf of the Subcommittee on Lupus Anticoagulant/Antiphospholipid Antibody of the Scientific and Standardisation Committee of the ISTH. Thrombosis & Haemostasis 74, 1185-1190 (1995).
33. Harris, E. N. Special report. The Second International Anti-cardiolipin Standardization Workshop/the
Kingston Anti-Phospholipid Antibody Study (KAPS) group. American Journal of Clinical Pathology 94,
476-484 (1990).
34. Infante-Rivard, C. et al. Absence of association of thrombophilia polymorphisms with intrauterine
growth restriction. N. Engl. J. Med. 347, 19-25 (2002).
35. Kim, Y. J. et al. Genetic susceptibility to preeclampsia: roles of cytosineto-thymine substitution at nucleotide 677 of the gene for methylenetetrahydrofolate reductase, 68-base pair insertion at nucleotide
844 of the gene for cystathionine beta-synthase, and factor V Leiden mutation. American Journal of
Obstetrics & Gynecology 184, 1211-1217 (2001).

173

Thrombophilic disorders

23. Martinelli, P. et al. Familial thrombophilia and the occurrence of fetal growth restriction. Haematologica
86, 428-431 (2001).

36. Livingston, J. C. et al. Maternal and fetal inherited thrombophilias are not related to the development
of severe preeclampsia. American Journal of Obstetrics & Gynecology 185, 153-157 (2001).
37. Currie, L. et al. Is there an increased maternal-infant prevalence of Factor V Leiden in association with
severe pre-eclampsia? Br. J. Obstet. Gynaecol. 109, 191-196 (2002).
38. Morrison, E. R. et al. Prothrombotic genotypes are not associated with pre-eclampsia and gestational hypertension: results from a large population-based study and systematic review. Thrombosis &
Haemostasis 87, 779-785 (2002).
39. O’Shaughnessy, K. M. et al. Factor V Leiden and thermolabile methylenetetrahydrofolate reductase
gene variants in an East Anglian preeclampsia cohort. Hypertension 33, 1338-1341 (1999).
40. De Groot, C. J. et al. Preeclampsia and genetic risk factors for thrombosis: a case-control study. American Journal of Obstetrics & Gynecology 181, 975-980 (1999).
41. Lin, J. & August, P. Genetic thrombophilias and preeclampsia: a meta-analysis. Obstetrics & Gynecology
105, 182-192 (2005).
42. Kosmas, I. P., Tatsioni, A. & Ioannidis, J. P. Association of Leiden mutation in factor V gene with hypertension in pregnancy and pre-eclampsia: a meta-analysis. J. Hypertens. 21, 1221-1228 (2003).
43. Kosmas, I. P., Tatsioni, A. & Ioannidis, J. P. Association of C677T polymorphism in the methylenetetrahydrofolate reductase gene with hypertension in pregnancy and pre-eclampsia: a meta-analysis. J.
Hypertens. 22, 1655-1662 (2004).
44. Pabinger, I. & Vormittag, R. Thrombophilia and pregnancy outcomes. Journal of Thrombosis and
Haemostasis 3, 1603-1610 (2005).
45. Greer, I. A. Thrombophilia: implications for pregnancy outcome. Thrombosis Research 109, 73-81 (2003).
46. De Vries, J. I. et al. Hyperhomocysteinaemia and protein S deficiency in complicated pregnancies. Br. J.
Obstet. Gynaecol. 104, 1248-1254 (1997).
47. Bodnar, L. M., Ness, R. B., Markovic, N. & Roberts, J. M. The risk of preeclampsia rises with increasing
prepregnancy body mass index. Annals of Epidemiology 15, 475-482 (2005).
48. Ganzevoort, W. et al. Prediction of maternal complications and adverse infant outcome at admission
for temporizing management of early-onset severe hypertensive disorders of pregnancy. American
Journal of Obstetrics & Gynecology 195, 495-503 (2006).

174

Wessel GANZEVOORT
Hans WOLF
Gouke J BONSEL
Otto P BLEKER
and Maarten BUIMER

9

Birth weight ratio is a valuable clinical and research tool
for fetal growth restriction

Submitted

Summary
Accurate assessment of fetal growth is a principal tool in antenatal care and individual
results are usually compared to gestational age-specific centile curves. Reports of
obstetrical outcomes in research populations generally use absolute birth weights,
and secondarily dichotomize birth weights according to the 10th centile for gestational
age. Use of dichotomized data at the extremes discards important information. We
coin the term ‘birth weight ratio’, as the ratio of observed birth weight divided by the
mean birth weight of the population-specific reference growth curve. The practical
advantages are 1. improved classification of growth restriction as the scale is continuous
and not dichotomized. If necessary, tailored dichotomization remains possible; 2. less
influence by outliers in the reference curve, especially at lower gestational ages; 3.
opportunities for statistical analysis by calculation of optimum cut-offs for different
research populations. We advocate giving birth weight ratio a priority position to
complement gestational age and absolute birth weights as predictors in reports on
obstetric research populations.

Introduction

I. No data reduction
Birth weight ratio is a 1-to-1 transformation, as opposed to a n-to-1 transformation
when a percentile is used for classification. Although, by use of a z-score, percentiles
might be used as a semi-continuous parameter, it is customary to dichotomize by the
10th centile, or alternatively the 5th or 2.3rd centile. Dichotomization can be a valuable
simplification, despite the fact that there are no specific cut-offs that delineate normal
from abnormal growth.1 However, in tertiary care centers, the 10th centile of birth
weight as a threshold classifies a majority of premature deliveries with fetal growth
restriction. Thus, in groups at the extremes (e.g. severe fetal growth restriction)
important information is lost. Moreover, in retrospect, original data cannot be deducted
from the transformed variable.

II. Minimized disturbing influence from small sample size (or outliers in
reference curves)
The birth weight ratio makes use of the mean of a population reference curve. Many
population-specific curves have been constructed from cross-sectional data. In a
statistically normal distribution (even if skewed, as birth weights are), the numbers of
observations are largest at the mean and outliers have little influence on the mean.
This applies especially to low gestational age groups, where the number of cases
in most charts is small, and lower or higher centile limits are therefore prone for
bias. For these reasons, when relating an individual observation to a reference curve,
comparisons using the mean are more reliable.
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We would like to discuss three theoretical arguments
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Gestational age and fetal growth restriction at birth are important determinants for
perinatal mortality and morbidity. Accurate assessment of fetal growth in relationship
with gestational age is therefore a principal tool in antenatal care. Results are usually
compared to centile curves, which are calculated from cross-sectionally acquired data
of newborns and dichotomized according to the 10th centile for gestational age.
We coin the term ‘birth weight ratio’ as the ratio of observed birth weight divided
by the mean birth weight of the population-specific reference growth curve. Values
above 1 indicate ‘larger for gestational age than average’ and values below 1 indicate
‘smaller for gestational age than average’. We argue it complements birth weight and
gestational age in clinical practice, and can validly replace dichotomization by centile
score or another alternative, standard deviation score.

III. Superior options for statistical analysis
In contrast to weight centiles, the birth weight ratio is expressed on a continuous
and linear scale. This allows more powerful statistical analysis. The interpretation of
absolute birth weights is gestational age-specific as 1,100 grams may be ‘normal’ for
28 weeks but ‘abnormal’ for 30 weeks, ‘significantly abnormal’ for 32 weeks and
‘very abnormal’ for 34 weeks. While birth weight in the latter three cases is below the
10th centile, the birth weight ratios are 0.92, 0.72, 0.59 and 0.49 respectively. By use
of the birth weight ratio important information is retained for analysis. This provides
better opportunity to assess the quantitative correlation and dose-effect dependency
between growth restriction and possible causative influences or consequences. Birth
weight ratio opens opportunities for the uniform interpretation of research results of
tertiary care centers in meta-analyses.

Clinical application
To demonstrate the advantages of the birth weight ratio as described above,
we explored the data from a recent randomized trial comparing the outcomes of
temporizing management with or without plasma volume expansion.2 Women with
early preterm hypertensive complications of pregnancy and a singleton pregnancy
participated in this study (n=216). At delivery women had a median gestational age
of 31.3 weeks (range 26.1-38.4). The primary endpoint of the study was an infant
neurological test at 40 weeks corrected age.3 This test was performed in 177 of 180
infants alive at term age. It was abnormal in 11 cases. For this study we defined
Abnormal Neurological Outcome as the composite measure of death up to one year or
abnormal neurological test (n=48). As a secondary composite short term outcome we
defined Adverse Neonatal Outcome as death up to one year, major cerebral ultrasound
abnormality (intracerebral hemorrhage >grade 2, periventricular leucomalacia >grade
1, or hydrocephalus) or bronchopulmonary dysplasia (additional oxygen after 36
weeks corrected age).4-6 Fifty-five infants were classified as having Adverse Neonatal
Outcome. Death until one year had occurred in 38 cases.
In the trial, the customized birth weight chart of Gardosi was used for reference
of birth weight. This birth weight chart adjusts for gestational age, infant sex and
maternal physiological variables (weight, length, parity end ethnic descent).7 For the
analysis presented here this chart was compared to the Kloosterman chart that is
commonly used in The Netherlands.8 Statistical analysis was performed with SPSS
12.0.2 (Chicago, U.S.A).
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Figure 1a.
Bland-Altman plot of agreement
between the 50th centile birth
weight from the Kloosterman
chart and the 50th centile birth
weight from the Gardosi chart in
the study population.
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Figure 1c.
Bland-Altman plot of agreement
between birth weight ratio
calculated from the Kloosterman
chart with birth weight ratio
calculated from the Gardosi chart
in the study population.

I. No data reduction
At birth, 198 (92%) of infants had a birth weight below the 10th centile (the 10th
centile corresponds to a birth weight ratio of 0.86). Median birth weight ratio of the
study population was 0.67 (range 0.29-1.16). Obviously birth weight ratio describes
the severity of the fetal growth restriction in the study population more effectively
than a 10th centile distribution.

181

Birth weight ratio

Figure 1b.
Bland-Altman plot of agreement
between 10th centile birth weight
from the Kloosterman chart with
the 10th centile birth weight from
the Gardosi chart in the study
population.

II. Minimized disturbing influence from small sample size or outliers in
reference curves
The mean difference between the 50th centile weight of Kloosterman and Gardosi in the
study population was -82 gram (SD 89, range -94 to -70). In Figure 1a the difference
between the 50th centile weight of the Kloosterman and the Gardosi chart is plotted
against the average of both measures (Bland-Altman plot). The mean difference for the
10th centile of both charts was -289 (SD 128, range -306 to -272), as depicted in Figure 1b.
The 50th centile and the 10th centile weights diverge substantially, with smaller weights in
the Kloosterman chart. In addition, this difference increases with higher birth weight and
is larger for the 10th centile weight than for the 50th centile. In contrast, the difference
between birth weight ratios calculated by the Kloosterman chart or the Gardosi chart is
small (0.030, SD 0.034, range 0.025-0.035), and less dependent of weight, as depicted
in Figure 1c. This demonstrates that even if birth weight charts show differences at the
extremes the birth weight ratios are more comparable, which makes this measure suitable
for international comparison of studies on fetal growth restriction.

III. Superior options for statistical analysis
By use of discriminant analysis we defined the optimum cut-off for the birth weight
ratio to predict Abnormal Neurological Outcome and Abnormal Neonatal Outcome. A
birth weight ratio below 0.65 proved to be the optimum cut-off to predict Abnormal
Neurological Outcome (odds ratio of 2.6 [95% CI 1.3 – 4.9; P = .005; sensitivity 60%,
specificity 63%]) and Abnormal Neonatal Outcome (odds ratio of 2.6 [95% CI 1.4-4.9;
P = .003; sensitivity 60%, specificity 63%]). When using the 10th centile of the Gardosi
weight chart for prediction the odds ratios were respectively 2.5 (95% CI 0.5 - 11; P =
.38; sensitivity 96%, specificity 10%) and 2.9 (95% CI 0.7-13; P = .16; sensitivity 96%,
specificity 10%). This example shows that with a continuous measure, the statistics can
be easily adapted to best fit the needs for each specific situation.

Discussion
The birth weight ratio is not a new parameter,9,10 but so far did not receive formal
acclaim.11,12 To avoid any misunderstanding: birth weight ratio should not replace, but
complement gestational age and absolute birth weights as predictors in reports on
obstetric research populations. We demonstrated that application of a birth weight
ratio allows for better data description, less dependency on the type of birth weight
chart and more appropriate statistics than any centile threshold.
Although dichotomization in itself may be valuable, we believe, along with other
authors,1 there is a need for a continuous measure of the quantity of difference
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We think sufficient arguments exist to give birth weight ratio a priority position: it
improves comparability, it is reliable, it is easy to understand, easy to use, and provides
additional insight. In our opinion, editors of medical journals should encourage that
reports on high-risk perinatal populations contain the birth weight ratio.
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between observed weight and the mean or median for gestational age. Based on
statistical presumption the use of multiples of the standard deviation or a semicontinuous percentile distribution might be preferred. However, in clinical practice
these measures are scarcely used, probably mostly because they require complex
tables. The advantage of the birth weight ratio is that it is easy to implement and that
it allows simple statistics due to its linear nature. The birth weight ratio may also be a
valuable tool in counseling parents in clinical practice: “Your baby weighs about 75%
of what is average for its gestational age” may better convey the message to parents
than “Your baby is more than 2.3 standard deviations from what is average for its
gestational age” or “… below the 1st centile of our reference chart”.
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General Movements in infants born from mothers with
early-onset hypertensive disorders of pregnancy
in relation to one year’s neurodevelopmental outcome

Early Human Development; submitted

Summary
BACKGROUND: Assessment of general movements (GMs) at three months is considered
useful for prediction of adverse neurological outcome in high risk infants.
AIMS: To study the prevalence of abnormal GMs in infants born from women with
early-onset hypertensive disorders of pregnancy and the association of GMs with neurodevelopmental outcome at one year.
STUDY DESIGN: Prospective study, part of a randomized controlled trial of pre-birth
management strategies.
SUBJECTS: Infants born from women with early-onset hypertensive disorders of
pregnancy.
OUTCOME MEASURES: GMs observation and neurological examination at term and
three months corrected age; at one year neurological examination and Bayley Scales
of Infant Development.
RESULTS: From 216 women included, 175 of 178 surviving infants (mean gestational
age 31.6 weeks [SD 2.3], mean birth weight 1346 grams [SD 458]), were examined
at three months. At term age normal, mildly abnormal and definitely abnormal GMs
were observed in 54%, 36% and 10% respectively; and at three months in 47%, 40%
and 13%. Mildly or definitely abnormal GMs at three months were not associated with
abnormal neurological examination at one year, however, they were associated with
delayed psychomotor development at one year (P = .01).
CONCLUSIONS: In this prospective study, including small for gestational age, preterm
infants about half of them did not have normal GMs at term and three months. There
was no association of GMs at term nor three months with neurological outcome at
one year, but there was a significant association of GMs at three months with one year
psychomotor development.

Introduction

Subjects and methods
Subjects
The PETRA trial was a randomized trial that consecutively enrolled 216 women at a
gestational age between 24 and 34 completed weeks with a singleton pregnancy and
with severe preeclampsia, HELLP syndrome or fetal growth restriction with pregnancy
induced hypertension or preeclampsia.14 Inclusion criteria are specified in Table I.15-17
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We here report GMs of infants, born from women with early-onset hypertensive
pregnancy disorders, participating in the Preeclampsia Eclampsia TRial Amsterdam
(PETRA). In this randomized trial we studied the effect of plasma volume expansion on
maternal and perinatal outcome in women with early-onset preeclampsia undergoing
temporizing management. No significant differences were observed in the primary
study endpoint (neurological examination), nor in secondary endpoints (neonatal
survival, neonatal and maternal morbidity) both at term age.14
The aim of the present prospective study was to describe GMs at term age and three
months post term, and their association with neurological examination performed
at the same ages. Furthermore, the predictive validity of GMs at three months for
the observed neurological outcome (neurological examination) and psychomotor
development (Bayley scales) at one year corrected age was evaluated.
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Early-onset hypertensive disorders of pregnancy are associated with increased perinatal
morbidity and mortality.1 Contributing factors are fetal growth restriction and
(iatrogenic) preterm delivery.1,2 Neonatal neurological outcome can be described by
neurological examination, but also by observation of the quality of spontaneous motility
of the infant, the General Movements (GMs).3 GMs are spontaneous movements
involving all parts of the body. Particularly the quality of GMs at 2 to 4 months post
term (so called fidgety GMs) has been found to have a high predictive value for later
development of neurological deficits.3-11 In these studies on GMs, the populations
were relatively small, and the selection of infants was generally based on their risk of
adverse neurological outcome, e.g. abnormal neonatal brain imaging,3,4,6,7 growth
restriction,5,8 being preterm with transient periventricular echodensity6 or repeated
abnormal general movements up to 22 weeks post term.10 It has been reported
recently that even in healthy term born infants mildly abnormal GMs were observed
in 18-24% and definitely abnormal GMs in 0-7% of the infants at three months.12,13
Cohort studies of infants who are characterized by well defined obstetric pathology
are absent.

The study was conducted at the Departments of Obstetrics of the Academic Medical
Center and the VU University Medical Center in Amsterdam, The Netherlands, between
April 1 2000 and May 31 2003. Methods have been described in full previously.14 In
Table I. Definitions of included hypertensive disorders of pregnancy
Hypertensive disorder of pregnancy
Severe preeclampsia15

diastolic blood pressure ≥110 mm Hg and proteinuria ≥0.3
g/24 hours

HELLP syndrome16

platelet count <100 x 109/L and aspartate aminotransferase
≥70 U/L and lactate dehydrogenase ≥600 U/L

Fetal growth restriction and pregnancy
induced hypertension17

estimated fetal weight <p10 and diastolic blood pressure
≥90 mm Hg

line with the institutional review board approval of both hospitals, informed consent
was obtained prior to inclusion. Patients were subjected to a temporizing management
strategy with plasma volume expansion (treatment group) or a strategy without plasma
volume expansion (control group). In all cases, management consisted of intensive
monitoring of fetal (twice daily fetal non-stress tests by means of cardiotocography and
twice weekly Doppler ultrasound) and maternal condition (among others blood pressure
at least four times daily, and laboratory testing at least twice weekly). Hypertension was
managed with fixed protocols (80% of patients receiving one or more medications).
Magnesium sulphate was prescribed for treatment of eclampsia and in patients with
clinical signs of imminent eclampsia. Corticosteroids were administered to patients,
if delivery was thought to be imminent before 33 weeks, based on maternal disease
deterioration or fetal Doppler abnormality. All but three mothers of infants, who were
delivered alive before 33 weeks, had been given corticosteroids. Fetal indications for
delivery were repeated decelerations or prolonged low variability on fetal heart rate
tracings. Maternal indications were therapy-resistant hypertension, pulmonary edema
and recurrent HELLP syndrome.
During the first four weeks of life sonographic examinations of the brain were made
assessing Periventricular Leukomalacia (PVL)18 and Intraventricular Hemorrhages
(IVH).19 Two neonatologists (WPFF and LvS), unaware of treatment allocation, reviewed
and classified all individual cases of neonatal morbidity.

Assessment of spontaneous motor activity, general movements (GMs)
At term age and three months, an observation of 15 minutes of spontaneous GMs
was recorded on videotape. The observations were performed in the outpatient clinic
of the Academic Medical Center, the VU University Medical Center, or the referring
hospital, on the neonatal ward in case the infant was still admitted to the hospital, or
at home in case the infant was recently discharged.
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At term age and at three months, a neurological examination was performed.23,24
Both scores were expressed by a numerical score with a maximum of 60, where 58 or
higher was considered normal, 54-57 suspect and below 54 as abnormal.
At one year a neurological examination according to Touwen et al. was performed.24
This test was classified as normal when there were no abnormalities of tone and
posture, as suspect when there were mild abnormalities of tone and posture, with no
or moderate delay in motor development, and as abnormal when there were definite
abnormalities in tone and posture, resulting in a delayed motor development. During
the same visit the mental and psychomotor development of the child were assessed
according to the Bayley Scales of Infant Development II.25 The standardized mental
(MDI) and psychomotor development indices (PDI) of these scales have a mean of 100
and a standard deviation of 15. A MDI or PDI score equal or above 85 was classified
as normal development, a score of 70 to 84 was classified as moderately delayed and
a score below 70 as severely delayed development.

Statistical procedures
Statistical analysis was performed by Χ2 tests. It was intended that if no differences
were observed between randomization groups, further analysis would be performed
in the complete study group. All test results were analyzed by comparison of normal
outcome with moderate or severe abnormal outcome. Statistical analysis was performed
with SPSS software (version 11.5 SPSS Inc, Chicago). All comparisons were tested twosided with P = .05 as level of significance.
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The infants were in supine position, dressed in a diaper, 30 minutes after a feed, in a
quite room at a comfortable temperature. The infants were not exposed to extraneous
sensory stimuli. When infants were distressed, efforts as extra feeding, change of
diapers, parental comforting or applying a pacifier up till 30 minutes for each parentinfant pair were made to calm them down.
GMs were analyzed ‘off-line’ during replay of the videotape recording by one highly
trained pediatric physical therapist (VS), unaware of the medical history of the infants
and the treatment regime of their mothers. GMs were examined during an awake,
active, non-crying behavioral state (state 4).20 GMs were categorized as normal, mildly
abnormal or definitely abnormal based on the qualitative judgment of their complexity,
variation and fluency as described at first by Prechtl,21 and further specified by HaddersAlgra.22 At three months, if fidgety movements were abnormal, GMs were classified as
mildly abnormal, and if fidgety movements were absent as definitely abnormal.

Results
During the study period, 216 women were assigned randomly to the control group
(105 women) or to the treatment group (111 women). At term age 180 infants were
alive, of which one infant died due to chronic lung disease before three months, and
two women refused follow-up. At three months 177 infants came for examination.
Two infants had to be excluded due to a non-operating video system. In 175 infants
GMs could be evaluated. One of these infants died due to chronic lung disease at the
age of 142 days, two women refused further participation and three could not be
traced at one year. The Bayley test was performed on 169 of the 175 included infants
Table II. Baseline characteristics of the mothers (n=175)
Maternal age (year)

30.4 (5.0)

Non-Caucasian

47 (26)

Nulliparity

121 (69)

Non-smoking

163 (93)

Body Mass Index

24 (4.4)

Educational level

high

52 (30)

average

54 (36)

low

61 (34)

Gestational age at inclusion (weeks)

30.2 (2.2)

Corticosteroids for fetal lung maturation
Maternal diagnoses at discharge

131 (75)

severe

preeclampsia#

133 (76)

HELLP

syndrome#

72 (41)

fetal growth

restriction#

158 (90)

AREDF

29 (17)

Maximal measured PI umbilical artery

1.73 (0.61)

Maximal U/C-ratio

1.38 (0.64)

Prolongation of pregnancy (days)

11.6 (10.2)

Cesarean section/ fetal indication

163 (93)/ 141 (81)

Major maternal morbidity‡

59 (34)

Treatment regime mother without/with PVE

89 (51)/ 86 (49)

Values presented as mean (SD) or numbers (%) as appropriate.
#Categories not mutually exclusive.
‡Major maternal morbidity: eclampsia, encephalopathy, pulmonary edema, liver hematoma, abruptio
placentae, severe infectious morbidity, and severe thrombotic morbidity.
AREDF= absent or reversed end-diastolic flow of the umbilical artery; HELLP= hemolysis elevated liver
enzymes low platelets; PI= pulsatility index; PVE= Plasma Volume Expansion; U/C-ratio= umbilical
artery pulsatility index divided by middle cerebral artery pulsatility index.
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(97%). The PDI was unavailable in one infant due to a spica cast for neonatal hip
dysplasia and in one infant because of non-cooperativeness. Baseline characteristics
were comparable between randomization groups14 and are depicted in Table II. The
mean gestational age at delivery was 31.6 weeks (SD 2.3) and mean birth weight was
1346 (SD 458); 158 infants (89%) were small for gestational age. Twenty six infants
(15%) had neonatal morbidity with one or more of the following diagnoses: chronic
lung disease (n=15), PVL grade I (n=7), PVL grade II (n=2), IVH grade III (n=1) or IVH
grade IV (n=1).

Relation between GMs and neurological examination
at term age and three months
The distribution of neurological examination at term age and three months is
depicted in Table III. Infants with mildly or definitely abnormal GMs at term age had
significantly more often a suspect or abnormal neurological examination at term age
(P = .001). GMs at three months were not related to neurological examination at
three months (P = .12).

GMs at three months and outcome at one year
Mildly or definitely abnormal GMs at three months were not related to neurological
examination at one year (P = .85) or MDI (P = .41)(Table III). However, infants
with mildly or definitely abnormal GMs at three months had significantly more
frequently a moderately or severely delayed PDI at one year than infants with
normal GMs at three months (P = .01). Neurological examination at three months
was related to PDI at one year (P = .04), but not with neurological examination (P
= .16) or MDI (P = .07).
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GM categories were not statistically different between the two maternal management
strategies (P = .331), thus all intended analyses were performed for the whole
group.
At term age, 95 (54%) of the 175 infants had normal GMs, 63 infants (36%) had
mildly abnormal and 17 infants (10%) had definitely abnormal GMs. At three months,
83 infants (47%) had normal GMs, 70 infants (40%) had mildly abnormal and 22
infants (13%) had definitely abnormal GMs (Table III). Less than half of the infants
(n=79; 45%) did not change in GM categories from term age to three months, while
55 infants (31%) deteriorated and 41 infants (23%) improved over time. GMs at
term age were not correlated with GMs at three months.
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Prevalence of normal, mildly abnormal and definitely abnormal GMs

Table III. Neonatal morbidity and test results at term age, three months and one year,
specified for the three months General Movements (GMs) results (n=175)
Total group

PVE

86 (49)

GMs three months
normal
n=83 (47%)

mildly abnormal
n=70 (40%)

definitely abnormal
n=22 (13%)

43 (52)

30 (43)

13 (60)

Neonatal outcome
Male gender

85 (49)

39 (47)

35 (50)

11 (50)

GA at delivery

223 (17)

223 (16)

224 (17)

221 (18)

Birth weight

1346 (458)

1358 (450)

1355 (441)

1266 (549)

Neonatal morbidity

26 (15)

11 (13)

11 (13)

4 (18)

CLD > 36 weeks GA

15 (9)

5 (6)

9 (13)

1 (5)

PVL gr I

7

5

1

1

PVL gr II

2

1

-

1

IVH gr I

21

9

8

4

IVH gr II

-

-

-

-

IVH gr III

1

-

1

-

IVH gr IV

1

-

-

1

normal

95 (54)

47 (57)

38 (54)

10 (46)

mildly abnormal

63 (36)

29 (35)

27 (39)

7 (32)

definitely abnormal

17 (10)

7 (8)

5 (7)

5 (23)

Brain sonography

GM at term age (n=175)

Neurological examination at term age (n=174)
normal

127 (73)

60 (73)

51 (73)

16 (73)

suspect

37 (21)

17 (21)

15 (21)

5 (23)

abnormal

10 (6)

5 (6)

4 (6)

1 (5)

Neurological examination at 3 months (n=175)
normal

112 (64)

58 (70)

46 (66)

8 (36)

suspect

52 (30)

23 (28)

19 (27)

10 (46)

abnormal

11 (6)

2 (2)

5 (7)

4 (18)

Neurological examination at 1 year (n=169)
normal

147 (84)

70 (84)

58 (83)

19 (86)

suspect

18 (10)

8 (10)

8 (11)

2 (9)

abnormal

4 (2)

2 (3)

1 (1)

1 (5)

missing

6 (3)

3 (4)

3 (4)

0

83.87 (13.7)

78.40 (13.4)

75.55 (10.9)

PDI at 1 year (n=167)
normal

57 (33)

34 (41)

18 (26)

5 (23) *

mildly delayed

83 (47)

34 (41)

36 (51)

13 (59)

significantly delayed

27 (15)

10 (12)

13 (19)

4 (18)

8 (5)

5 (6)

3 (4)

0

89.84 (9.6)

87.03 (9.7)

85 (7.8)

missing
MDI at 1 year (n=169)
normal

105 (60)

52 (63)

42 (60)

11 (50)

mildly delayed

61 (35)

27 (32)

23 (33)

11 (50)

significantly delayed

3 (2)

0

3 (4)

0

missing

6 (3)

4 (5)

2 (3)

0
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Values presented as mean (SD) or numbers (%) as appropriate.
*Difference statistically significant at p < .05 (PDI normal versus mildly and significantly delayed).
GA= gestational age; PVL= periventricular leukomalacia; IVH= intraventricular hemorrhage; PDI= psychomotor
developmental index; MDI= mental developmental index.

term age
Number

3 months

1 year

PVL and/or IVH

GM

Neur ex

GM

Neur ex

MDI

PDI

Neur ex

1

IVH IV

n

n

a

n

ma

n

n

2

IVH III

n

n

ma

ma

n

ma

n

3

PVL II + IVH I

a

a

a

ma

n

ma

a

4

PVL II

n

a

n

n

ma

a

a

5

PVL I + IVH I

n

n

n

n

n

n

n

6

PVL I + IVH I

ma

a

n

ma

n

ma

n

7

PVL I

n

ma

n

n

ma

ma

ma

8

PVL I

ma

n

n

ma

ma

n

n

9

PVL I

n

n

ma

n

ma

a

n

10

PVL I

n

n

a

n

ma

ma

n

11

PVL I

n

ma

n

ma

ma

ma

n

PVL= periventricular leukomalacia; IVH= intraventricular hemorrhage; GM= general movement;
Neur ex= neurological examination; MDI= mental developmental index; PDI= psychomotor
developmental index; n= normal; ma= suspect (neurological examination) / mildly abnormal GM
/ mildly delayed MDI or PDI; a= abnormal (neurological examination) / definitely abnormal GM /
severely delayed MDI or PDI.
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Table IV. Individual trajectory of GMs and neurological examination at term and three
months, and outcome at one year in infants with abnormalities in neonatal brain sonography
from PVL and IVH III-IV

Chapter 10

In Table IV the individual developmental trajectories are presented for those infants
with abnormalities on neonatal brain sonography (PVL I-IV and IVH III-IV). These
trajectories demonstrate that GM categorization and neurological examination
change during development. From the four infants with higher grading PVL II or IVH
III-IV, three had mildly or definitely abnormal GMs at three months, two had suspect
neurological examination at three months and two had abnormal neurological
examination at one year.
Abnormalities on neonatal brain sonography were not significantly correlated to
neurological examination at one year (P = .15) or MDI (P = .07) or PDI (P = .69).

Discussion
This is the first large prospective study on the quality of general movements in
infants from mothers with early-onset hypertensive disorders of pregnancy. Because
of placental insufficiency a high proportion of preterm and/or small for gestational
age infants is common after such pregnancies. In our cohort, indeed 98% was born
prematurely, while 89% was small for gestational age. In this patient group, with
high perinatal risk, we found a high (about 50%) prevalence of mildly and definitely
abnormal GMs both at term and three months.
The prevalence of abnormal GMs varies considerably between studies, depending
on the characteristics of the studied populations. Studies in high risk populations,
based on growth restriction or sonographic brain lesions, reported a prevalence of
45% to 100%.4,8 In two low risk populations, one characterized by preterm and term
infants with at most transient echodensities or IVH grade I, and another by preterm
infants born after an uncomplicated pregnancy and delivery and uneventful neonatal
period, a prevalence of 0-17% was found.3,4 In healthy term infants at the age of
three months a prevalence of definitely abnormal GMs was observed 0% to 7% and of
mildly abnormal GMs of 18% to 24%.12,13
The results of our study group of preterm, growth restricted infants selected on
maternal hypertensive disorders of pregnancy were comparable to the low-risk
population as mentioned above (at three months definitely abnormal GMs 13%). The
high prevalence of mildly abnormal GMs at three months (40%) is in agreement with
the study of Hadders-Algra in a mixed high-low risk population.7
The prevalence of abnormal GMs is highly influenced by the severity of cerebral damage
as visualized on ultrasound (PVL and IVH).3,4,7,26,27 For this reason we reported the
individual trajectories of the infants with these sonographic brain abnormalities. Seven
infants in our study had PVL grade I. At the age of three months, one of them had
abnormal GMs and one mildly abnormal GMs (29%). This is lower than the 52%
abnormal GMs in infants with PVL grade I as observed by Bos et al.6 The individual
trajectories between term age and one year appeared to vary substantial, not only in
infants with the same cerebral ultrasound diagnosis but in all infants with respect to
outcome on the different neurodevelopmental tests we performed during the first
year post term.
The prevalence of abnormal GMs is also dependent on the severity of fetal growth
restriction. In two studies, including 31 and 19 small for gestational age infants the
prevalence varied from 41% to 78%.5,8 Our results are closer to those of Zuk et al.8
Like in their study, we also included growth restriction below the 10th percentile, and
not only below the 5th percentile, like Bos et al.5
Moreover, there is an ongoing discussion on the influence of prematurity itself on the
quality of GMs. Preterm infants, even in good condition, more often have affected
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In follow-up studies, the mildly abnormal GMs group often shows variable outcomes.7
One year of age is probably a too young age to differentiate between more subtle neurodevelopmental abnormalities and is also too young to diagnose cerebral palsy.
As mentioned above GMs at three months were related to psychomotor development.
The PDI measures the achievement of a broader set of motor milestones, and in
our cohort 65% of the infants had a mildly or significantly delayed psychomotor
development. We are currently performing follow-up in our cohort at the age 4.5
years. It will be interesting to know whether the infants with both a subnormal GM
registration at three months and a subnormal PDI at one year are those of risk at
(minor) neurological dysfunction at early school age. GMs at three months then might
discriminate between infants that improve spontaneously and those in which delay is
one of the markers of neurological damage.
In conclusion, this prospective study indicates a high prevalence of mildly and definitely
abnormal GMs at three months in small for gestational age, preterm infants. Abnormal
GMs at three months had no association with neurological examination at one year,
but were related to PDI at one year. The GM assessment in this perinatal high risk
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quality of GMs than term infants,28 which also can explain the high prevalence of
especially mildly abnormal GMs in our study. This was not confirmed by Zuk et al.8
however, who reported that low risk preterm infants have identical quality of GMs as
term infants, indicating that GM quality is not affected by prematurity itself, but by the
neurological status of the infant.
Abnormal GMs at three months were not related with neurological examination at
one year. Moreover GMs at term age and three months were also not related to
each other, while GMs at term but not at three months were related to neurological
examination at the same time point. GMs at three months were, however, related to
one year psychomotor development.
GMs measure the quality of spontaneous motor activity, whereas neurological
examination especially focus on elicited motor output. Our observation that abnormal
GMs can normalize and vice versa has been shown by others.7 However, especially
GMs at three months, the fidgety age, have been found to be most predictive, not
only for cerebral palsy at age two21 but for infants with mildly abnormal GMs for all
sorts of minor neurological dysfunctions even up to puberty.7,28,29 Deviations found at
early ages are often transient to reappear later when a new function is established. A
reduced primary repertoire of the neural network early in life may lead to inappropriate
processing of afferent information which at a later age may be recognizable as
restrictions of variability of the nervous system.30,31 Not only sonographically visible
brain abnormalities are important attributing factors in neurological outcome, but
prematurity also induces more subtle anomalies like reduced cerebellar growth with
consequences for neurological outcome.32

population should be seen as an additional tool in the evaluation of the dynamic
process of neurological development. Further follow-up of this cohort is necessary
to assess a possible association of GMs with more subtle neurological abnormalities
which become only detectable at a later age.

198

Reference List
1. Aslan, H., Gul, A. & Cebeci, A. Neonatal outcome in pregnancies after preterm delivery for HELLP
syndrome. Gynecol. Obstet. Invest 58, 96-99 (2004).
2. Kok, J. H., Den Ouden, A. L., Verloove-Vanhorick, S. P. & Brand, R. Outcome of very preterm small for
gestational age infants: the first nine years of life. Br. J. Obstet. Gynaecol. 105, 162-168 (1998).
3. Prechtl, H. F. et al. An early marker for neurological deficits after perinatal brain lesions. Lancet 349,
1361-1363 (1997).
4. Ferrari, F., Cioni, G. & Prechtl, H. F. Qualitative changes of general movements in preterm infants with
brain lesions. Early Hum. Dev. 23, 193-231 (1990).

6. Bos, A. F., Martijn, A., Okken, A. & Prechtl, H. F. Quality of general movements in preterm infants with
transient periventricular echodensities. Acta Paediatr. 87, 328-335 (1998).

Chapter 10

5. Bos, A. F. et al. Spontaneous motility in preterm, small-for-gestational age infants. II. Qualitative aspects.
Early Hum. Dev. 50, 131-147 (1997).

7. Hadders-Algra, M. et al. Quality of general movements and the development of minor neurological
dysfunction at toddler and school age. Clin. Rehabil. 18, 287-299 (2004).

9. Adde, L., Rygg, M., Lossius, K., Oberg, G. K. & Stoen, R. General movement assessment: predicting
cerebral palsy in clinical practise. Early Hum. Dev. 83, 13-18 (2007).
10. Nakajima, Y., Einspieler, C., Marschik, P. B., Bos, A. F. & Prechtl, H. F. Does a detailed assessment of
poor repertoire general movements help to identify those infants who will develop normally? Early
Hum. Dev. 82, 53-59 (2006).
11. Sival, D. A., Visser, G. H. & Prechtl, H. F. The relationship between the quantity and quality of prenatal
movements in pregnancies complicated by intra-uterine growth retardation and premature rupture of
the membranes. Early Hum. Dev. 30, 193-209 (1992).
12. Wildschut, J. et al. Acid-base status at birth, spontaneous motor behaviour at term and 3 months and
neurodevelopmental outcome at age 4 years in full-term infants. Early Hum. Dev. 81, 535-544 (2005).
13. Bouwstra, H. et al. Relationship between umbilical cord essential fatty acid content and the quality of
general movements of healthy term infants at 3 months. Pediatr. Res. 59, 717-722 (2006).
14. Ganzevoort, W. et al. A randomised controlled trial comparing a temporising management strategy
with plasma volume expansion with one without plasma volume expansion. Br. J. Obstet. Gynaecol.
112, 1358-1368 (2005).
15. Davey, D. A. & MacGillivray, I. The classification and definition of the hypertensive disorders of pregnancy. American Journal of Obstetrics & Gynecology 158, 892-898 (1988).
16. Sibai, B. M. The HELLP syndrome (hemolysis, elevated liver enzymes, and low platelets): much ado
about nothing? American Journal of Obstetrics & Gynecology 162, 311-316 (1990).
17. Gardosi, J., Chang, A., Kalyan, B., Sahota, D. & Symonds, E. M. Customised antenatal growth charts.
Lancet 339, 283-287 (1992).
18. De Vries, L. S., Eken, P. & Dubowitz, L. M. The spectrum of leukomalacia using cranial ultrasound.
Behav. Brain Res. 49, 1-6 (1992).
19. Levene, M. I., Fawer, C. L. & Lamont, R. F. Risk factors in the development of intraventricular haemorrhage in the preterm neonate. Arch. Dis. Child 57, 410-417 (1982).

199

Neurodevelopmental outcome

8. Zuk, L., Harel, S., Leitner, Y. & Fattal-Valevski, A. Neonatal general movements: an early predictor for
neurodevelopmental outcome in infants with intrauterine growth retardation. J. Child Neurol. 19, 1418 (2004).

20. Hadders-Algra, M., Nakae, Y., van Eykern, L. A., Klip-Van den Nieuwendijk AW & Prechtl, H. F. The
effect of behavioural state on general movements in healthy full-term newborns. A polymyographic
study. Early Hum. Dev. 35, 63-79 (1993).
21. Prechtl, H. F. Qualitative changes of spontaneous movements in fetus and preterm infant are a marker
of neurological dysfunction. Early Hum. Dev. 23, 151-158 (1990).
22. Hadders-Algra, M., Klip-Van den, N. A., Martijn, A. & van Eykern, L. A. Assessment of general movements: towards a better understanding of a sensitive method to evaluate brain function in young
infants. Dev. Med. Child Neurol. 39, 88-98 (1997).
23. Prechtl, H. F. & Beintema, D. The Neurological Examination of the Full-Term Newborn Infant. Spastics
International Medical Publications/William Heinemann Medical Books, London (1964).
24. Touwen, B. C. Neurological Development in Infancy. London, UK (1976).
25. Bayley, N. Bayley Scales of Infant Development. The Psychological Corporation, San Antonio, USA (1993).
26. Seme-Ciglenecki, P. Predictive value of assessment of general movements for neurological development
of high-risk preterm infants: comparative study. Croat. Med. J. 44, 721-727 (2003).
27. Paro-Panjan, D., Sustersic, B. & Neubauer, D. Comparison of two methods of neurologic assessment in
infants. Pediatr. Neurol. 33, 317-324 (2005).
28. Groen, S. E., de Blecourt, A. C., Postema, K. & Hadders-Algra, M. General movements in early infancy
predict neuromotor development at 9 to 12 years of age. Dev. Med. Child Neurol. 47, 731-738 (2005).
29. Einspieler, C. et al. Are abnormal fidgety movements an early marker for complex minor neurological
dysfunction at puberty? Early Hum. Dev. (2006).
30. Stoelhorst, G. M. et al. Developmental outcome at 18 and 24 months of age in very preterm children:
a cohort study from 1996 to 1997. Early Hum. Dev. 72, 83-95 (2003).
31. Kakebeeke, T. H., von, S. K. & Largo, R. H. Differences in movement quality at term among preterm
and term infants. Biol. Neonate 71, 367-378 (1997).
32. Limperopoulos, C. et al. Late gestation cerebellar growth is rapid and impeded by premature birth.
Pediatrics 115, 688-695 (2005).

200

Part III
Pathophysiological studies

Mariken NM VOLMAN
Annelies REP
Izabela KADZINSKA
Johannes BERKHOF
Herman P VAN GEIJN
Rob M HEETHAAR
and Johanna IP DE VRIES

11

Hemodynamic changes in the second half of pregnancy:
a longitudinal, non-invasive study
with thoracic electrical bioimpedance

British Journal of Obstetrics & Gynaecology 2007; 114 (5): 576-581

Summary
OBJECTIVE: Maternal cardiovascular adaptations to pregnancy are necessary for
an adequate fetomaternal circulation. However, the time course of physiological
hemodynamic changes during the second half of pregnancy remains unclear. Various
methods, invasive and non-invasive, are described to measure these changes. The
thoracic electrical bioimpedance technique (TEB) is a method which is especially suitable
to measure hemodynamic changes over time. The aim of the study was to determine
both individual and group trends of hemodynamic changes in healthy pregnant women
during the second half of pregnancy by means of TEB. Outcome variables are heart
rate (HR), stroke volume (SV), cardiac output (CO) and blood pressure.
DESIGN: Longitudinal study.
SETTING: Outpatient antenatal care clinic of university hospital.
POPULATION: A total of 22 healthy nonsmoking women with an uncomplicated
singleton pregnancy and without pre-existing vascular disorders were invited.
METHODS: TEB and blood pressure measurements were performed at each regular
visit from about 24 weeks of gestation through term age.
MAIN OUTCOME MEASURES: Trends were calculated with the random effects model.
RESULTS: Data obtained from 19 women were analyzed, with a median of eight (range
3-11) measurements. HR showed a linear increase (P < .0005) and a quadratic trend (P
< .0005). SV decreased linearly (P = .046), without a quadratic course. CO remained
stable over time.
CONCLUSION: During the second half of physiological pregnancy significant trends
could be determined. An increase in HR, a decrease in SV, a stable CO and an increase
in systolic and diastolic blood pressures were found.

Introduction

Study design
Participants were selected from the obstetric outpatient clinic of the VU University
Medical Center, Amsterdam, The Netherlands, between June and November 2002.
Healthy, nonsmoking women with an uncomplicated singleton pregnancy were
enrolled between 22 and 26 weeks of gestation.
Exclusion criteria were pre-existing vascular disorders (e.g. hypertension and diabetes
mellitus) or a medical history of hypertensive complications during pregnancy.
Gestational age was determined by ultrasound dating in the first trimester. Written
informed consent was obtained from all participants. The medical ethics committee of
VU University Medical Center approved the study protocol.
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Maternal cardiovascular changes in pregnancy are necessary to facilitate adequate
circulation. In hypertensive disorders of pregnancy, such as preeclampsia, these
physiological hemodynamic adaptations tend to be seriously disturbed.1-3 Although
the time course of physiological hemodynamic changes during the first trimester
of pregnancy have been elucidated, changes during the second half of pregnancy
remain unclear. Despite the large number of women studied during the second half
of pregnancy, in most studies only 2 or 3 measurements were performed per woman,
preventing determination of a precise time course of hemodynamic changes during
this specifically important period.4-6
Various methods are described to measure these changes. As early as 1915, Lindhard
used the dye-dilution technique to determine cardiac output (CO).7 Since its introduction
in 1970, the thermodilution technique has been the gold standard technique to measure
hemodynamic changes.8 Due to its invasiveness this technique is neither applicable for
longitudinal and comparative studies in healthy subjects nor in moderately ill women.
More recent non-invasive techniques of determining hemodynamic changes are Doppler
echocardiography9 and thoracic electrical bioimpedance (TEB). TEB, introduced by
Kubicek10 in 1966, is especially suitable to measure hemodynamic changes over time.6,11
TEB has been validated in normal pregnancies.12-15 In recent years, adaptations have
been made to improve this technique, including reduction of the number of electrodes
and a change in the position. Furthermore, improvements in signal analysis have been
made, for example, corrections for breathing and calculations from less cardiac cycles.
In this study, both individual and group hemodynamic changes have been investigated
in healthy pregnant women from 24 weeks of gestation to term. An improved TEB
technique was applied longitudinally for this purpose.

Technique
The bioimpedance apparatus used (MFI 9404)16,17 was connected to the thorax by four
electrodes: two transmitting and two recording electrodes. The transmitting electrodes
were placed in the middle of the forehead and at the lateral iliac crest and transmitted
an unnoticeable, harmless, electric alternating current of 350 µΑ at a frequency of 64
kHz through the body. The recording electrodes were placed at the thorax just above
the left clavicle and in the mid-axillary line at the level of the xyphoid process. During
each visit, the distance between the recording electrodes was measured and used as
one of the parameters to calculate stroke volume (SV). Other parameters to calculate
SV were the maximum change of the impedance during the cardiac cycle and its first
derivative. CO was calculated as the product of SV and heart rate (HR). Heart function
parameters were calculated off-line with a software package that allowed filtering to
eliminate breathing artefacts, coherent averaging and manual selection of appropriate
tracings. Full technical details have been previously described.11,12 For the algorithm,
a Kubicek like algorithm was used, in which the specific resistivity of the blood was
taken as constant.15

Study procedures
The measurements were carried out by one researcher (A.R.) and were performed at the
obstetrical ward of the outpatient clinic of the VU University Medical Center. Measurements
were performed throughout pregnancy from 24 weeks of gestation, in combination with
regular visits: one measurement every 3 weeks from 24 to 30 weeks, every 2 weeks from
30 to 36 weeks and weekly after 36 weeks. Blood pressure was measured during each visit
(standard sphygmomanometer [aneroid], Korotkoff 5 for diastolic blood pressure [DBP]).
No medications were used, except vitamin or folic acid supplementation. Measurements
were carried out in the semirecumbent position to prevent supine hypotension syndrome
and to assure that no asymmetrical distribution of blood influences the results. Instructions
were given not to move or talk during the recording.

Data handling
All data handling and data storage was performed in accordance with the guiding
rules for good clinical practice.

Statistical analysis
For each measurement, ten successive beats from the most stable part of the signal
were chosen for analysis. HR was calculated from the electrocardiogram signal, which
was also measured with the TEB technique.
The random effects model (REM),18 a variant of the multiple regression model suitable
for longitudinal data, was used for statistical analysis. We postulated a quadratic
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trajectory with three parameters representing 1) onset level of the hemodynamic
measure, 2) rate of change of the hemodynamic measure during pregnancy and 3)
curvature or acceleration.
In the main model, each woman had an individual onset level, but women had the
same rate of change and the same curvature. In subsequent analyses, both the onset
level and rate of change were allowed to differ among women.
Statistical significance of the overall rate of change and curvature were assessed using
the Z test. Individual onset levels and rates of change were estimated with the empirical
Bayes method.19 Variability among individual onset levels and among rates of change were
assessed with the likelihood ratio test. Association between the individual rates of change
of two different hemodynamic measures was measured by Spearman’s rank correlation.
Software packages MLwiN1.1 and STATA8.0 were used for the statistical analysis.

Results
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Twenty-two women were enrolled in the study. Three women were excluded from
analysis because of complications during pregnancy: one woman with fetomaternal
transfusion (gestational age 320/7 weeks) and two women with a spontaneous preterm
delivery (gestational age 300/7 and 306/7 weeks, respectively).
Baseline characteristics of the 19 remaining women, whose data were analyzed, are
summarized in Table I. Throughout pregnancy 155 measurements were performed,
with a median of eight per woman (range 3-11). Median gestational age at delivery
was 39.6 weeks (range 37.0-42.1).
The REM being used to assess trends in hemodynamic parameters determined
both curved and linear shaped trends and assessed their significance. The amount
of decrease or increase is estimated from 24 weeks to 40 weeks of pregnancy: HR
showed a significant increase of 7.2 (95% CI 3.5-10.9) beats per minute (P < .0005)
and a significant curvature (P < .0005) and peaked between 35 and 36 weeks (Figure
1). SV decreased 4.3 mL (95% CI 0.1-8.6; P = .046; Figure 2). No significant trend was
found in CO (P = .867 for rate of change, P = .207 for curvature; Figure 3). Systolic
blood pressure (SBP) increased significantly (7.3 mm Hg; 95% CI 3.3-11.4) ; P < .0005;
Figure 4). DBP showed a significant increase of 10.9 mm Hg (95% CI 8.6-13.3; P
< .0005) and a significant curvature and attained the minimum value at about 26
weeks (P < .0005; Figure 5). The estimated time courses of HR, SV, DBP and SBP are
presented in Table II.
The individual slopes varied significantly among individuals for HR (P = .041), SV (P =
.011), and SBP (P = .025). No interindividual variation in slopes was found for CO. The
individual slopes of SV and HR as calculated from the REM were negatively correlated
(Spearman’s ρ = –0.67).

Discussion
This study elucidates the physiological time course of hemodynamic variables
throughout pregnancy from 24 weeks of gestation. HR curves showed a clear
increase and a curvature, with a peak value between 35 and 36 weeks. SV decreased
significantly. Group and individual CO remained stable. As expected in our population
with a physiologic course of pregnancy, there was a significant increase in SBP and
DBP during this period.

Figure 1.
Rate of change in HR as calculated from the REM:
HR = -30 + 7.1t – 0.10t2. Curvature P < .0005,
increase P < .0005. bpm, beats per minute.

Figure 2.
Rate of change in SV as calculated from the REM:
SV = 74 – 0.27t, decrease P = .046.

Figure 3.
Rate of change in CO as calculated from the REM:
stable (P = .867).

Figure 4.
Rate of change in SBP as calculated from the REM:
SBP = 103 + 0.46t, increase P < .0005.

Figure 5.
Rate of change in DBP as calculated with the REM:
DBP = 105 – 3.08t + 0.059t2. Curvature P < .0005,
increase P < .0005.
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Table I. Baseline characteristics of women
Age (years)

34 (31 – 40)

Height (cm)

170 (158 – 182)

Pre-pregnancy weight (kg)

66 (52 – 80)

Nulliparity
Gestational

8 (42)
age†

(weeks)

24.5 (20.3 – 27.0)

SBP† (mm Hg)

120 (100 – 130)

DBP† (mm Hg)

65 (55 – 75)

Values presented as medians and ranges or number and %.
†At first measurement.

=

-30 (21) + 7.1 (1.4) t - 0.10t2 (0.02)

SV (mL)

=

74 (5.2) - 0.27 (0.14) t

SBP (mm Hg)

=

103 (4.6) + 0.46 (0.13) t

DBP (mm Hg)

=

105 (14) - 3.1 (0.91) t + 0.059t2 (0.01)

bpm, beats per minute; t = time in weeks.
Standard error is given between brackets.

Our study provides three indications that support the finding that the average CO time
course is unchanged. First, the average increase in HR and the decrease in SV were
of the same magnitude. Second, the individual slopes of CO were not significantly
different. Third, the correlation between the slopes of SV and HR being –0.67 shows
that women with the largest increase of HR also have the largest decrease in SV.
Apparently, maintenance of a stable CO is important during the period from 24 weeks
of pregnancy through term. An unchanged CO was found in various studies.5,20-22
Desai et al.23 reported an unchanged CO from 28 to 31 weeks. Bosio et al.2 described
a plateau in CO from 24 weeks followed by a small decrease closer to term. Others
described a change in CO.4-6,20,24-27 Most authors agree on a rise in blood pressure
near term.4,6,21-27
The increase in HR is in agreement with others, although individuals were measured
in various positions and the increase was not the same in each study, sometimes even
not significant.20,25,27 The parabolic time course in HR with a peak value between the
35th and 36th week, is in concurrence with others, where peak values were reached
at 29-32 weeks,27 32 weeks21 and 32-36 weeks.26 Other studies, however, reported a
stable5,6,23 or a decreased4 HR.
Group SV decreases throughout pregnancy, which was comparable with the sometimes
minimal and position-dependent decrease in several other reports.4-6,21,24,27 A parabolic
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Table II. Equations of estimated time courses of hemodynamic changes
from 24 weeks of pregnancy through term as determined by the REM

time course is also reported with a peak value at 31 and 36 weeks.25,26 In addition,
distinct contradicting results are shown.5,20,23
Discrepancies in literature are generally considered to be because of either individual
patient factors or different maternal position5 rather than measurement error or
different or inadequate measurement techniques.6,28 We propose another explanation:
inadequate frequency and timing of sampling. Most well-performed studies measure
changes during the entire pregnancy rather than changes in the latter half of pregnancy.
Therefore, the description of the time course of the variables in late pregnancy is based
on only two or three measurements per woman during the period from 24 weeks
of gestation through term. This limits the determination of a precise time course of
hemodynamic changes. In this study, the number of measurements per woman during
this period was eight (median). This set up was chosen to facilitate this examination
over time. A further factor is that in few studies, trends are presented only graphically,
without reporting the amount of change and the significance, although absolute values
are presented. Changes or trends in cardiovascular parameters and their significance are
usually determined by comparing the mean value at a certain time point in pregnancy to
a non-pregnant, an early gestation or a postpartum value. This indicates whether values
during a specific period are significantly higher, lower or equal to such a value, but it is
not possible to conclude that values are significantly increasing or decreasing during a
certain period during pregnancy. Therefore, changes and the statistical significance of
these changes during the period between 24 and 40 weeks of gestation are not fully
considered. In contrast, by means of the REM, we were able to examine time trends and
interindividual variation during the 24 to 40 weeks of gestation period. The model has
several desirable features. There are no requirements with regard to the spacing and
number of time points per woman. This also means that each woman is allowed to have
a different onset time. Besides, the development of each woman during pregnancy is
represented by an individual trajectory with well-interpretable parameters.
This study has several limitations. As thermodilution and not TEB is considered the gold
standard technique for the measurement of SV and CO, our results can be disputed.
Obviously, the use of thermodilution in uncomplicated pregnancies is unethical. In
addition, TEB has been validated in normal pregnancy.12-15 Several authors13-15 report
correlation coefficients of 0.77-0.94 of SV as measured with TEB compared with dye
dilution and thermodilution in the left lateral, right lateral and supine positions. In a
study comparing cardiac index as measured with TEB against the oxygen extraction
technique in the left and right lateral position, correlations of 0.915 and 0.863 were
found respectively.12 However, in the supine and sitting positions considerable lower
correlations (0.423 and 0.554) were measured.13-15 Although no explanation is
found in literature for this effect, disturbed circulation in the supine position (supine
hypotension) may contribute to this. In the semirecumbent position used, no circulatory
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Since deviation in hemodynamic adaptations throughout pregnancy may relate to
serious complications, such as preeclampsia and hemolysis elevated liver enzymes
low platelet count syndrome, knowledge of the time course of the adaptations is
important. Using TEB, clear and significant trends can be determined. An increase in
HR, a slight decrease in SV, a stable CO and an increase in blood pressure normally
occur. Further studies are necessary to assess the value of TEB for early deviations in
abnormally developing pregnancies.
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discomfort is experienced by pregnant women, so we feel it justified to use the TEB
technique. The TEB technique used is based upon the principle that a current applied
to the thorax causes a potential distribution at the skin, which is modulated by cardiac
contraction. Bioimpedance devices are being used in medicine over the past 40 years,
using currents up to 10 mA. No harmful effects have been reported yet. Our device
is using only 0.35 mA. This current flows through the maternal thorax. As the fetus is
mainly outside the measuring volume no harm is expected.
Due to its non-invasiveness, easy use and patient friendliness, the technique is very
suitable for the measurement of changes over time.6,11 In addition, no significant
difference in change of SV during serial measurements was found between TEB and
dye dilution.13,14 Furthermore, in contrast to echocardiography, TEB does not need to
be carried out by a specialist and makes continuous registration possible.
Another limitation to the study is the small number of subjects included, only 19
women. However, 155 measurements have been carried out to facilitate examination
of changes over time by means of the longitudinal approach in which each woman is
her own control. We did realize that a cross-sectional approach would have the advantage
of better normal reference values and less influence of interindividual differences.
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The maternal circulation in early-onset
hypertensive disorders of pregnancy;
measurements with the thoracic electrical bioimpedance technique
Hypertension in Pregnancy; submitted

Summary
OBJECTIVE: To measure hemodynamic effects of plasma volume expansion in severe
early-onset hypertensive disorders of pregnancy by means of thoracic electrical
bioimpedance.
METHODS: Measurements were performed in 35 patients participating in a randomized
controlled trial on management with (n=16) or without (n=19) plasma volume expansion
between 24 - 34 weeks gestation and in 19 healthy low-risk pregnant women.
RESULTS: Plasma volume expansion did not influence maternal hemodynamic
parameters, only a marginal decreased systemic vascular resistance (P = .06) was
observed. The hypertension group and controls differed in heart rate (P < .001), cardiac
output (P = .008) and systemic vascular resistance (P < .001).
CONCLUSION: Plasma volume expansion has no significant influence on hemodynamic
parameters as measured with the bioimpedance technique.

Introduction

Study population
The study was performed at the Department of Obstetrics of the VU University
Medical Center in Amsterdam, The Netherlands, between 2000 and 2003. Subjects
in the present study consisted of participants in a randomized controlled clinical trial,
comparing two management strategies in severe hypertensive disorders of pregnancy;
i.e. preeclampsia, hemolysis elevated liver enzymes low platelets (HELLP) syndrome,
pregnancy induced hypertension with fetal growth restriction or eclampsia; Table I.1214 Seven patients (20%) fulfilled the criteria for HELLP syndrome, 18 patients (51%)
had severe preeclampsia and 16 patients (46%) were diagnosed with fetal growth
restriction. Patients were enrolled at a gestational age between 24 and 34 completed
weeks and were allocated to a management strategy with or without plasma volume
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Methods
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Hypertensive disorders of pregnancy are caused by a maladaptation of the maternal
cardiovascular system to pregnancy.1,2 This adaptation has to occur early in pregnancy
at the time of trophoblast invasion into the uterine spiral arteries. When adaptation
fails, a hyperdynamic situation with a decreased cardiac output, increased systemic
vascular resistance, reduced plasma volume and hypertension occurs later on in
pregnancy.3-5 Plasma volume expansion to correct this hyperdynamic situation is
applied in the management of hypertensive disorders of pregnancy, necessitating
monitoring of the maternal circulation. Diverse methods (non-invasive and invasive)
have been described,4,6,7 of which the thermodilution technique, an invasive method,
is considered to be the gold standard.8 This invasive technique has several side effects,
due to the use of a pulmonary artery catheter and has to be performed in an Intensive
Care Unit. A non-invasive method with the possibility of bedside measurements is
preferable in critically ill patients. Thoracic electrical bioimpedance, a non-invasive
technique, is easy to perform and relatively low-cost. The technique has been validated
for the measurement of cardiovascular parameters throughout pregnancy6,9 and for
the measurement of cardiac output in preeclampsia.10 The bioimpedance technique
has recently been used to examine individual and group hemodynamics in the second
half of uncomplicated pregnancies by a variant of multiple regression analysis (random
effects model).11
In the current prospective study the effect of plasma volume expansion on cardiovascular
parameters was measured with thoracic electrical bioimpedance in severe hypertensive
disorders of pregnancy. We hypothesized that plasma volume expansion increases
cardiac output and decreases systemic vascular resistance.

Table I. Definitions of hypertensive disorders of pregnancy
Inclusion diagnosis
Severe

preeclampsia13

Definition
diastolic blood pressure ³110 mm Hg
and proteinuria (³0.3 grams/24 hours)

HELLP syndrome12

platelet count <100 *109/L
and aspartate aminotransferase ³70 U/L
and lactate dehydrogenase ³600 U/L

Fetal growth restriction
and pregnancy induced hypertension13,14

estimated fetal weight <p10
and diastolic blood pressure ³90 mm Hg

expansion (PVE).15,16 Patients in the hypertension with PVE group received 250 mL
HydroxyEthylStarch (HES) 6% (200/0.5) twice daily in 4 hours. Restricted amounts of
NaCl 0.9% were given with intravenous medication and in-between doses of HES. The
amount of administered intravenous fluid a day was, per protocol, significantly higher
in the hypertension with PVE group (median 46 mL versus 863 mL; P < .001) as was
the amount of total administered fluid intravenously during the study period (median
401 mL versus 9113 mL; P < .001). A protocol for antihypertensive medication was
performed in both groups. Medications used were a-methyldopa, labetalol, nifedipine,
ketanserine, and magnesium sulphate.
The control group consisted of patients selected from the low-risk population of the
obstetric outpatient clinic of the VU University Medical Center, between June and
November 2002. They were all healthy, non-smoking women with an uncomplicated
singleton pregnancy. Subjects were enrolled between 22 and 26 weeks gestation.11
Exclusion criteria were pre-existing vascular disorders (e.g. hypertension, diabetes
mellitus), or a medical history of hypertensive complications during pregnancy.
In all groups gestational age was verified by ultrasound dating scan in the first trimester.
Written informed consent was obtained from all patients and study procedures were
approved by the VUmc medical ethics committee.

Technique
The thoracic electrical bioimpedance technique used, is based upon the principle that
a current, injected in the thorax, causes a potential distribution at the skin, which is
modulated by cardiac contraction. Heart function parameters were assessed from the
synchronic changes caused by cardiac contraction. The bioimpedance apparatus used
(MFI 9404)17,18 was connected to the thorax by 4 electrodes: two transmitting and
two recording electrodes. The transmitting electrodes were placed in the middle of
the forehead and at the lateral iliac crest and transmitted an unnoticeable, harmless,
electric alternating current of 350 microamperes at a frequency of 64 kHz through the
body. The recording electrodes were placed at the thorax just above the left clavicle
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and in the mid-axillary line at the level of the xyphoid process. At each measurement
the distance between the recording electrodes was determined and used as one of
the parameters to calculate stroke volume (SV). Other parameters to calculate SV were
the maximum change of the impedance during the cardiac cycle and its 1st derivative.
Cardiac output (CO) was calculated as the product of SV and heart rate (HR). The
systemic vascular resistance (SVR) was determined as the product of mean arterial
pressure (MAP; mm Hg) and 80 divided by CO (L/min). Heart function parameters were
calculated off-line with a software package that allows filtering to eliminate breathing
artefacts, coherent averaging and manual selection of appropriate tracings.

Study procedures

All data handling and data storage was performed in accordance with the guiding
rules for Good Clinical Practice.

Statistical analysis
For each measurement ten successive beats from the most stable part of the signal
were chosen for analysis. HR was calculated from the ECG signal, which was also
measured with the thoracic electrical bioimpendance technique. First, we compared
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Two investigators performed the measurements at the obstetrical ward and at the
outpatient clinics. In the hypertension group the measurements were performed
at time of inclusion in the initial study or within 12 hours after inclusion (t0), the
morning following on the first measurement (t1) and once every day thereafter.
Measurements were performed at about the same time in the morning, till the patient
had delivered. When, at the first measurement, patients had already received plasma
volume expansion, this measurement was expressed as t1. The mean values of the
measurements performed at t1 and thereafter is expressed as t2. All patients were
managed with bed rest.
In the control group measurements were performed on occasion of a check-up from
24 weeks gestation onwards. The average number of measurements per patient was
9; from 24 until 30 weeks a measurement every 3 weeks, from 30 until 36 weeks every
two weeks, after 36 weeks weekly. For the present study only the mean values of the
measurements between 24 and 32 weeks gestation were used to compare with the
mean values in the hypertension groups.
Measurements were carried out in a semirecumbent position. Instructions were given
not to move or talk during the recording. Blood pressure was measured before start
of impedance performance (standard sphygmomanometer, Korotkoff 5 for diastolic
blood pressure). Medications used were written down in the patient record form.

hemodynamic parameters at t0, and t1 between patients in the hypertension group
with and without PVE. Second, changes between the measurements at t0 and t1
were compared between patients in the hypertension group with and without PVE.
Third, the mean values of measurements performed at t1 and thereafter (=t2) in the
hypertension groups and the mean values of measurements of patients in the control
group were compared. Statistical calculations were performed with SPSS 12.0.2
(SPSS Inc. Chicago, Illinois, USA). Statistical analysis was performed with standard
non-parametric Mann-Whitney U tests. Values were expressed by mean and standard
deviation. Differences were considered statistically significant if P < .05.

Results
In total, 54 women were analyzed; 35 patients were enrolled in the hypertension
group, of whom 19 were allocated to a management strategy without PVE and 16 to
a management strategy with PVE, and 19 women were analyzed in the control group.
Seven out of 16 patients in the hypertension with PVE group had their first bioimpedance
measurement before PVE was started. Median gestational age at inclusion was 213
(178-233) days in the hypertension without PVE group versus 207 (181-235) days in
the hypertension with PVE group (Table II). Baseline characteristics were comparable
between hypertension groups, except for the use of antihypertensive medication, which
was significantly more frequent in the hypertension without PVE group (P = .03). At the
first bioimpedance measurement 4 patients were treated with intravenously administered
magnesium sulphate and 19 patients used mono- or combination antihypertensive
medication: α-methyldopa (n=16), labetalol (n=5), nifedipine (n=3), ketanserine (n=4).
During admission 13 patients were treated with magnesium sulphate intravenously.
A median of 5 measurements (range 1-20) was performed per patient, equally
distributed between hypertension group with and without PVE. In 7 patients (5 from
the hypertension without PVE group and 2 from the hypertension with PVE group)
only one measurement was performed.
At the two different test moments (t0 and t1) no differences were found in CO,
SV, HR, and SVR between patients managed with and patients managed without
PVE (Table III). A marginal decreased SVR in the hypertension with PVE group was
observed at t1 compared to t0 (+303.68 dyne x sec/cm5 in the hypertension without
PVE group versus -469.91 dyne x sec/cm5 in the hypertension with PVE group; P =
.053). The 7 patients in the hypertension with PVE group who had not received PVE at
t0 showed a non-significant decrease in SVR at t1 (2149,40 dyne x sec/cm5 at t0 versus
1726,49 dyne x sec/cm5 at t1; P = .06). The mean values of measurements after t1
(=t2) compared to t0 showed no differences between the hypertension without PVE
group and hypertension with PVE group for all maternal cardiovascular parameters.

222

Comparison of these parameters between the hypertension without PVE group and
hypertension with PVE group and the controls showed a significant difference in HR (P
< .001), CO (P = .008) and SVR (P < .001), while SV did not differ (P = .78; Figure 1).
Table II. Baseline characteristics at inclusion

Maternal age (years)
Caucasian

hypertension without
PVE group
(n=19)

hypertension
with PVE group
(n=16)

control group

32 (24-39)

30 (22-41)

34 (31-40)

14 (74)

15 (94)

16 (84)

(n=19)

3 (18)

0 (0)

14 (74)

13 (81)

8 (42)

Height (cm)

170 (158-185)

169 (162-178)

170 (158-182)

Pregestational weight (kg)

75 (60-115)

67 (56-89)

66 (52-80)

Weight at first measurement (kg)

84 (67-121)

79 (62-96)

72 (56-87)

Gestational age at inclusion (days)

207 (181-235)

213 (178-233)

172 (142-189)

14 (74)

5 (31)

0 (0)

4 (21)

3 (19)

0 (0)

3 (16)

1 (6)

0 (0)

Systolic blood pressure (mm Hg)

160 (110-190)

140 (130-200)

120 (100-130)

Diastolic blood pressure (mm Hg)

110 (75-125)

105 (80-115)

65 (55-75)

Heart rate (bpm)

72 (56-100)

80 (60-108)

86 (78-100)

Antihypertensive medication
≥2
Magnesium sulphate therapy

Values are expressed as median (range) or number (%) as appropriate.
PVE = plasma volume expansion.

Table III. Cardiovascular parameters in patients with hypertensive disorders of pregnancy
managed with or without plasma volume expansion
hypertension without PVE

hypertension with PVE

(n=19)

(n=7)

HR (bpm)

70.52 (± 13.01)

67.43 (± 8.68)

SV (mL)

61.21 (± 20.62)

70.71 (± 13.15)

t0

CO (L/min)
SVR (dyne x sec/cm5)
MAP (mm Hg)

4.25 (± 1.54)

4.84 (± 1.41)

2370.65 (± 1218.93)

2129.40 (± 714.24)

109.17 (± 6.50)

118.57 (± 14.12)

(n=14)

(n=14)

HR (bpm)

66.92 (± 11.24)

67.13 (± 8.69)

SV (L)

63.13 (± 34.62)

67.66 (± 29.38)

t1

CO (L/min)
SVR (dyne x sec/cm5)
MAP (mm Hg)

4.22 (± 2.73)

4.55 (± 2.03)

2758.26 (± 1630.62)

2606.64 (± 2073.05)

112.18 (± 9.78)

107.98 (± 8.72)

Values are expressed as mean (± standard deviation).
PVE= plasma volume expansion; CO= cardiac output; HR= heart rate; SV= stroke volume; SVR=
systemic vascular resistance; MAP= mean arterial pressure.
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4 (21)

Nulliparous
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Smoking

Figure 1. Box plot of mean values of measurements for heart rate (A), stroke volume (B), cardiac output
(C) and systemic vascular resistance (D) in the hypertension without PVE group, the hypertension with
PVE group and control group.

Discussion
This study reports the hemodynamic effects of plasma volume expansion on maternal
hemodynamics in the management of severe hypertensive disorders of pregnancy as
measured with the thoracic electrical bioimpedance technique. The positive effects of
PVE as there are an increase in cardiac output and a reduced systemic vascular resistance,
which has been reported earlier, could not be confirmed.19-21 A trend only could be
demonstrated in reduction of systemic vascular resistance before and after PVE in the
hypertension with PVE group in which patients served as their own controls.
Another, non-invasive, study on hemodynamic parameters in pregnancies complicated
by hypertensive disorders could not find any effect by PVE as well.22 The significantly
higher infused volume in the PVE group is probably counteracted by strong homeostatic
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mechanisms,23 causing increased diuresis and capillary permeability with leakage of
fluids in the interstitial space.21,24 This regulatory mechanism probably also keeps
cardiac output stable over time as was measured in non-complicated pregnancies.11

Our study demonstrated the differences of the hemodynamic parameters between
women with early-onset hypertensive disorders of pregnancy and normal pregnancy
by means of repeated measurements during the third trimester of pregnancy. They
concerned a lower heart rate and cardiac output, and a higher systemic vascular
resistance. Another longitudinal study on hemodynamic parameters in hypertensive
pregnancies measured by the bioimpedance technique presented similar findings.29
These differences were found in the singleton bioimpedance measurements at term and
48 h postpartum and disappeared at 2 and 6 months postpartum. Their study confirms
that the bioimpedance technique is useful in the observation of longitudinally collected
hemodynamic changes over time at longer intervals in women with preeclampsia. Our
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Some limitations of the study should be mentioned. In the first place only 7 patients
in the hypertension with PVE group had their first measurement without PVE. The
observed effect on SVR could have been stronger in a larger population. Secondly,
antihypertensive medication was frequently used. The effect of antihypertensives
on heart rate is well known, but also other hemodynamic parameters could be
influenced.26,27 Magnesium sulphate infusion has been shown to increase CO estimates
in preeclampsia.28 Although in our population finally 13 patients were treated with
intravenously administered magnesium sulphate, no differences were found in CO.
The use of antihypertensive medication in combination with magnesium sulphate could
have counteracted the effect. Thirdly, patients were enrolled at different gestational
ages. A reasonable median of 5 measurements per patient was performed. As nearly
all measurements per patient were performed within one week no effect of gestational
age had to be expected.

Chapter 12

Within the non-invasive techniques, the bioimpedance technique has been validated
for uncomplicated pregnancies,9 and group and individual hemodynamic trends
have been described.11 Till now, only two studies tried to validate the bioimpedance
technique in pregnancies complicated by hypertension with contradictory results, but
in both studies only one measurement was performed during pregnancy.10,25 The
latter study observed lower values of CO by the bioimpedance technique compared
to the thermodilution technique.25 In our study measurements of CO were also lower
than in earlier reports.3,5 In those reports measurement of CO was performed with the
thermodilution technique, the golden standard technique till know. No literature on
hemodynamic effects of plasma volume expansion as measured with thoracic electrical
bioimpedance is available to compare with.

study demonstrates that the technique is lacking to show short-term variations. Since
severe hypertensive disorders of pregnancy can cause major maternal complications,
a reliable assessment of hemodynamic parameters is essential. In these critically ill
patients, cardiovascular parameters have to be evaluated at least once a day and
management of hypertension and subsequent disorders has to be adjusted when
necessary. Therefore, we conclude that in severe preeclampsia, where short-term
variations influence management strategies, thoracic electrical bioimpedance can only
be used in a research setting.
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Increased sympathetic activity present in
early hypertensive pregnancy is not lowered
by plasma volume expansion

Hypertension in Pregnancy 2006; 25 (3): 143-157

Summary
OBJECTIVE: To evaluate whether sympathetic activity is increased in early-onset
hypertensive pregnancy and whether this can be influenced by management with
plasma volume expansion.
METHODS: The study group consisted of 74 subjects, of which 37 had early-onset
hypertensive disorders of pregnancy (preeclampsia or gestational hypertension with fetal
growth restriction), who were included at 24 to 34 weeks in a randomized controlled
trial of management with (n=18) or without (n=19) plasma volume expansion. Heart
rate and blood pressure variabilities, LF/HF ratio for heart rate, baroreflex sensitivity
and phase difference at low frequency (LF≈0.1 Hz) were calculated by spectral analysis
from continuous heart rate and blood pressure recordings of the finger pulse wave
(Portapres™, TNO). Measurements were performed at inclusion, after 20 to 40 hours
and after 65 to 100 hours. The control group consisted of 29 women with a normal
pregnancy and 8 women who had late-onset preeclampsia after 34 weeks. Controls
were measured at 32 weeks. All controls had a normal blood pressure at that time.
RESULTS: LF variability of heart rate and blood pressure were significantly higher
and baroreflex sensitivity was significantly lower in early-onset patients compared to
normal controls. A significant trend towards higher LF variability of blood pressure and
lower baroreflex sensitivity was found from normal controls to late-onset controls to
early-onset patients. Parameters of sympathetic activity were not influenced by plasma
volume expansion.
CONCLUSION: Sympathetic activity was increased in early-onset hypertensive pregnancy.
However, this was not affected by management with plasma volume expansion,
suggesting that hypovolemia in preeclampsia is a secondary phenomenon.

Introduction

Methods
Subjects and protocol
All studies were performed in the Academic Medical Center, the university hospital of the
University of Amsterdam, the Netherlands. Subjects and patients gave written informed
consent and all procedures were approved by the local medical ethics committee.
The research group consisted of consecutively recruited participants in a randomized
controlled trial, that compared management strategies with or without plasma volume
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The first aim of this study was to compare sympathetic activity in subjects with a
normal pregnancy, subjects who would later develop preeclampsia after 34 weeks
and patients with clinical signs of early hypertensive disorders of pregnancy before 34
weeks. We hypothesized, that sympathetic activity would be elevated in the pre-clinical
stage, and still higher in patients with overt disease. The second aim was to evaluate
the effect of management with plasma volume expansion on sympathetic activity in
patients with overt disease. We hypothesized that management with plasma volume
expansion would decrease sympathetic activity.
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Hypertensive disorders of pregnancy are characterized by increased blood pressure,
systemic vascular resistance, and reduced plasma volume.1,2 The vascular regulation
by the autonomic nervous system has been implicated in the pathophysiology of
the disorder. Higher sympathetic activity, measured by microneurography, has
been reported in pregnancy induced hypertension and preeclampsia.3-5 Evidence on
autonomic nervous system activity estimated by non-invasive methods are inconclusive,
but in established pregnancy induced hypertension and preeclampsia an attenuation of
parasympathetic influence and increase of the sympathetic influence of the autonomic
nervous system, and a decrease in baroreflex control of heart rate have been shown.6-8
Sympathetic hyperactivity might already be present before the clinical presentation of
the disorder.9
In a state of reduced plasma volume, increased vasoconstriction is probably essential
to secure blood flow to vital organs. Assuming an association between low plasma
volume, vasoconstriction and high sympathetic activity, it could be hypothesized that
plasma volume expansion would diminish sympathetic activity. Especially in a group
of patients with early hypertension of pregnancy (i.e., between 24 and 34 weeks of
gestational age), reduction of sympathetic activity by plasma volume expansion may
be an important target for therapy.

expansion.10 This study included patients with a gestational age between 24 and 34
weeks and either severe preeclampsia, pregnancy induced hypertension with fetal
growth restriction, hemolysis elevated liver enzymes low platelets [HELLP] syndrome or
eclampsia.11-13 Recruitment for the present study was in 2001/2002 and was restricted
to one of the participating centers. Severe preeclampsia was defined as a diastolic
blood pressure of ≥110 mm Hg, (measured auscultatory using Korotkoff 5), and
proteinuria ≥0.3 g/24h (or 0.5 gr/L or ≥++ dipstick); pregnancy induced hypertension
as a diastolic blood pressure of ≥90 mm Hg (Korotkoff 5) measured on two occasions;
fetal growth restriction as an estimated fetal weight below the 10th centile;13 HELLP
syndrome as a platelet count <100 x 109/L and aspartate aminotransferase ≥70 U/L
and lactate dehydrogenase ≥600 U/L or haptoglobin <0.4; eclampsia as generalized
convulsions in pregnancy, not caused by epilepsy.
Patients who were allocated to the plasma volume expansion group received 250 mL
HydroxyEthylStarch (HES) 6% (200/0.5) twice daily in 4 hours. Restricted amounts of
NaCl 0.9% were infused with intravenous medication and in-between doses of HES.
In both randomization groups antihypertensive medication strategies were logged
and medications used were a-methyldopa, labetalol, ketanserine, nifedipine and
magnesium sulphate.
One control group consisted of women who remained normotensive (diastolic
blood pressure <90 mm Hg) during pregnancy and delivered an infant with a birth
weight >10th centile. A second control group consisted of women who developed
preeclampsia (diastolic blood pressure ≥90 mm Hg and proteinuria ≥0.3 g/24h or
dipstick more than 1+) after 34 weeks of gestation. Both the normal control group
and the late-onset control group had been recruited between June 1999 and February
2001, and had participated in a previously published longitudinal study of autonomic
control before and during pregnancy.9 The measurements performed at 32 weeks
were used as reference in this study. All women in both control groups had normal
blood pressure at that time (diastolic blood pressure <90 mm Hg).

Measurement procedure
Continuous heart rate and blood pressure registration was performed by non-invasive
finger arterial pressure waveform registration of the left hand by Portapres™ (TNO/
BMI Amsterdam, the Netherlands), as previously described.9 In summary, studies
took place in a quiet room with an ambient temperature between 20 and 22 °C.
An appropriate size finger cuff was applied at the middle finger, which was held at
heart level, to avoid hydrostatic pressure influences. Portapres™ is a device for the
measurement of finger arterial blood pressure on a beat-to-beat basis, validated for
continuous recordings by spectral analysis. At a stable signal the pressure registration
was corrected for the pressure decay over the arm by the return to flow method. Data
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were collected after stabilization for a period of 10 minutes supine rest. In the earlyonset group the procedure was performed at admission (t0), and was repeated after
20 to 40 hours (t1) and after 65 to 100 hours (t2), unless the subject had delivered.
In both control groups a similar measurement procedure had been performed at 32
weeks.

Data-analysis
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Data-analysis was performed using the Beatfast program (TNO/BMI, Amsterdam, the
Netherlands), as previously described.9 Continuous recordings of blood pressure and
pulse interval during 10 minutes supine rest were quantified in the low frequency (LF,
0.04 to 0.15 Hz) and high frequency (HF, 0.15 to 0.4 Hz) bands by the Discrete Fourier
transform algorithm (Matlab™). The HF oscillations of heart rate and blood pressure
are mainly due to vagus nerve activity, and are linked with the breathing pattern.
The LF oscillations of blood pressure are mediated by sympathetic activity and the LF
oscillations of heart rate are baroreflex mediated by combined vagal and sympathetic
activity.14 Sympathetic dominance of heart rate was estimated by dividing heart rate
power in the LF-band by that in the HF-band (LF/HF ratio).15,16 From simultaneous
spectral analysis of heart rate and blood pressure variability, a quantitative assessment
of the overall sensitivity of the cardiac branch of the baroreflex was obtained. Baroreflex
sensitivity (BRS) was quantified by a-index, which was computed as the square root
of the ratio between the powers of the pulse interval (RRI) and systolic blood pressure
(SBP) (a = Ö [RRI power / SBP power]) for the LF-band; additionally, the phase difference
between blood pressure and heart rate in the LF-band was computed. Modulation of
vagus nerve activity causes changes in heart rate within the same or the next beat after
a change in blood pressure, whereas sympathetically mediated changes in heart rate
occur after 2-3 seconds. This reflex delay leads to a phase difference between blood
pressure and heart rate oscillations. The larger the contribution of the sympathetic
nervous system at a specific frequency, the larger the phase difference. We considered
BRS and phase difference significant if coherence between blood pressure and heart
rate oscillations exceeded 0.5.17
First, we compared baseline characteristics of the early-onset hypertensive patients
on admission in the study with normal controls and late-onset controls. As heart rate
significantly influences spectral analysis, the groups were matched for heart rate, with
a maximum difference <10 bpm. Matching was at random by computer between earlyonset patients and normal controls (1:1) and between late-onset controls and normal
controls (1:3).18 Second, the intra-individual changes between the measurement at t0
and t1, and at t0 and t2 were compared between the early-onset patients treated with
and those treated without plasma volume expansion. To examine possible interfering
factors, we also analyzed differences in clinical subgroups, as well as the influence

of medication on outcome. Statistical analysis was performed with SPSS version.12
Values were expressed by median and range. Data between groups were compared
by Kruskal-Wallis non-parametric tests and differences were considered statistically
significant if P < .05.

Results
Autonomic regulation in early-onset hypertensive pregnancy and controls
In total 74 subjects underwent the procedures, 37 patients with early-onset hypertensive
disorders of pregnancy, of whom 18 were treated with plasma volume expansion
(trial treatment) and 19 without (trial control); 29 normal controls and 8 late-onset
preeclampsia controls were also included. Baseline characteristics between groups were
comparable, except for ethnicity with 24% non-Caucasian in the early-onset patients
(Table I). In this group 11 patients had HELLP syndrome, 7 had severe preeclampsia
and the remaining 19 patients had hypertension and fetal growth restriction. Diastolic
and systolic blood pressures were by definition significantly higher in the early-onset
patients group than in the normal control group or the late-onset control group. In
both control groups no subjects used medication. Five of the early-onset patients used
MgSO4 and 14 used mono- or combination antihypertensive therapy: a-methyldopa
(n=10), nifedipine (n=7), ketanserine (n=4) or labetalol (n=3) on admission.
The data were matched for heart rate as described in the methods, and as a result, 26
early-onset patients were matched with 26 normal controls, and 8 late-onset controls
were matched with 24 normal controls (1:3) (Table II). Three normal controls could not
be matched due to differences in heart rate. Notwithstanding the matching procedure
heart rate in early-onset patients group was lower than in both control groups. Total
blood pressure variability and blood pressure variability in the LF-band were significantly
higher in the early-onset patients group compared to both controls groups, and a
significant trend towards higher values in the LF variability was found from normal
controls to late-onset controls to early-onset patients (Figure 1-A). Heart rate variability
in the LF-band was significantly higher in early-onset patients than in normal controls
and non-significantly higher than in late-onset controls. Total heart rate variability and
LF/HF ratio were non-significantly higher in early-onset patients compared to both
control groups. The BRS was significantly lower in early-onset patients than in normal
controls, and a significant trend towards lower values of BRS was found from normal
controls to late-onset controls to early-onset patients (Figure 1-B). Phase difference in
the LF-band was non-significantly larger in early-onset patients than in normal controls.
Coherence in the LF-band was >0.5 in all groups. No differences in power, BRS or phase
difference were found between early-onset patients with antihypertensive medication
and those without medication.
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Thirty-two early-onset patients were still pregnant at t1 (trial treatment n = 15, trial
control n = 17) and 24 were still pregnant at t2 (trial treatment n = 13, trial control
n = 11) (Table III). The trial treatment group received significantly more fluid during
the study period than the trial control group (P < .001). Median infused HES during
the time period after the first measurement in the trial treatment group was 500 mL
(range, 250 to 1,500 mL) at t1 and 2,000 mL (range, 250 to 3,000 mL) at t2, versus 0
mL (range, 0 to 0 mL) at t1 and t2 in the trial control group. Hemoglobin levels were
significantly lower at t2 in the trial treatment group than in the trial control group
(difference 0.65 mmol/L). Heart rate and blood pressure did not show consistent
differences. No significant differences were observed in intra-individual changes of the
results of spectral analysis between t0 and t1 or t0 and t2. Furthermore, no differences
were observed between the trial treatment and trial control group in specific subgroups
(severe preeclampsia, HELLP syndrome, pregnancy induced hypertension with fetal
growth restriction, with or without use of medication).
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Figure 1. Sympathetic activity presented by Low Frequency (LF) blood pressure variability (A) and baroreflex
sensitivity (BRS) (B) in normal pregnant controls, controls who developed late-onset preeclampsia (after 34
weeks), and early-onset hypertensive patients (before 34 weeks). All controls were measured at 32 weeks
and were normotensive at that time. A significant trend towards higher values of sympathetic activity
was found from normal controls to late-onset controls to early-onset hypertensive patients, presented by
gradually higher LF-power and a gradually lower BRS (P <.05).
Data are presented by boxplots, where the box represents 0.5 limits, the middle transverse bar the median
and the outer transverse bars the 0.95 limits. LF-power was calculated between 0.04 and 0.15 Hz.

Table I. Baseline characteristics at inclusion of normal controls, late-onset controls and early-onset
Normal controls

Late-onset controls

(n=29)

(n=8)

Total subjects
Age (years)
Gestational age

30 [24-30]

30 [22-39]
(weeksdays)

320

Early-onset hypertensive patients

[313-324]

320

[313-324]

76 [58-84]

(n=37)
30 [20-40]
285 [242-335]

Pregestational weight (kg)

65 [48-125]

67 [49-130]

Nulliparous

16 [55]

2 [25]

27 [73]

Caucasian

29 [100]

8 [100]

28 [76]

Medication

0 [0]

0 [0]

19 [51]

Systolic blood pressure (mm Hg)

97 [80-123]

113 [104-150]

156 [123-221]

Diastolic blood pressure (mm Hg)

57 [39-73]

65 [57-93]

88 [66-109]

Heart rate (bpm)

85 [74-109]

84 [70-100]

72 [55-94]

Table II. Spectral analysis in normal controls, late-onset controls and early-onset hypertensive patients
Normal controls
Number

Late-onset controls

(n=26)

(n=8)

Heart rate (bpm)

84 [74-98]

84 [70-100]

Systolic blood pressure (mm Hg)

98 [78-123]

113 [104-150]

57 [39-73]

67 [57-93]

18 [3.4-81]

19 [7.4-36]

1.34 [0.01-16]

3.16 [0.2-3.9]

810 [160-3,590]

695 [190-2,560]

Diastolic blood pressure (mm Hg)
Blood pressure variability

total power (mm

Hg2)

low frequency power (mm
Heart rate variability

total power

Hg2)

(ms2)

low frequency power

(ms2)

80 [4-1,560]

80 [30-370]

high frequency power (ms2)

140 [3-1,060]

115 [40-1,240]

LF/HF ratio

0.57 [0-9.6]

0.56 [0.07-1.6]

Baroreflex sensitivity (ms/mm Hg)

8.5 [3.2-40.3]

6.7 [2.7-14]

LF phase difference (degree)

-70 [-108- -39]

-95 [-99- -47]
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hypertensive patients
Trial treatment

Trial control

18 [49]

19 [51]

30 [20-38]

30 [20-40]

286 [242-335]

285 [246-332]

66 [50-130]

68 [49-91]

14 [78]

13 [68]

12 [67]

16 [84]

8 [44]

11 [58]

151 [125-221]

167 [124-195]

85 [70-109]

89 [66-106]

75 [55-88]

70 [57-94]

Values are expressed as median [range] or numbers
[percentage] as appropriate.
The last two columns specify patients for randomized
allocation to treatment with and without plasma volume
expansion.
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Early-onset hypertensive patients

Significance

(n=26)
*

150 [124-206]

*^†

88 [66-106]

*^†

35 [4.3-132]

*^

6.36 [0.09-55]

*^

1800 [500-8,510]

** ^^

270 [11-1,150]

*

Values are expressed as median [range] or numbers
as appropriate. LF; low frequency (0.04-0.15 Hz), HF;
high frequency (0.15-0.4 Hz), Baroreflex sensitivity was
quantified by a-index in the LF-band.
Significant difference between early-onset hypertensive
patients and normal controls with * P < .05, ** P < .10.
Significant difference between early-onset hypertensive
patients and late-onset controls with ^ P < .05, ^^ P < .10.
Significant difference between late-onset controls and
normal controls with † P < .05.9

210 [0-3,220]
1.15 [0.03-14]

** ^^

4.7 [1.7-22]

*

-80 [-119- -6 ]

** †
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79 [67-94]

Table III. Intra-individual changes (D) between measurements at t0 (baseline), t1 (20 to 40 hours after
inclusion) and t2 (65 to 100 hours after inclusion) in trial treatment and trial control group
t0-t1
Trial treatment

Trial control

(n=15)

(n=17)

Number
Infused HES (mL)

500 [250-1,500]

DHemoglobin count (mmol/L)

N/A

DHeart rate (bpm)

-2.7 [-21-23]

-0.89 [-23-9.6]

0.95 [-67-16]

0.1 [-32-21]

1.5 [-17-9.2]

1.1 [-11-19]

11 [-33-52]

-0.68 [-12-40]

-0.95 [-31-10]

-0.64 [-38-15]

DSystolic blood pressure (mm Hg)
DDiastolic blood pressure (mm Hg)
Blood pressure variability

Heart rate variability

Dtotal power (mm
Dtotal power

(ms2)

Dtotal power

(ms2)

Hg2)

Dlow frequency power

(ms2)

Dhigh frequency power

(ms2)

DLF/HF ratio

440 [-6900-5100]

-630 [-3900-1400]

170 [-1400-930]

-28 [-7000-360]

54 [-3900-2600]
-0.15 [-6.0-20]

DBaroreflex sensitivity (ms/mm Hg)

-0.34 [-7.3-8.6]

DLF phase difference (degree)

0 [0-0]*
N/A

-5.8 [-58-140]

59 [-2800-1400]
-0.055 [-44-11]
-0.18 [-1.8-5.7]
-0.089 [-62-46]

Discussion
Our results suggest increased sympathetic activity in early-onset hypertensive disorders
of pregnancy, as both heart rate power and blood pressure power of the LF-band
were significantly higher, and BRS was significantly lower in early-onset hypertensive
patients compared to normal pregnant controls. Total heart rate variability, LF/HF ratio
and LF phase difference were non-significantly higher. Furthermore, both LF blood
pressure power and BRS demonstrated a significant trend to higher sympathetic activity
from normal controls to late-onset controls to early-onset hypertensive patients. We
observed no evidence to suggest that therapeutic plasma volume expansion had any
effect on sympathetic activity.

Autonomic regulation in hypertensive pregnancy
Higher blood pressure and heart rate variabilities in this study are partly consistent
with data from Ekholm et al., who suggested higher sympathetic and parasympathetic
activity in their population of late-onset pregnancy induced hypertension.19 They
observed higher heart rate and blood pressure variabilities in both the LF and HF-band,
with the greatest difference in the HF-band both for heart rate and blood pressure. In
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t0-t2
Trial treatment

Trial control

(n=13)

(n=11)
0 [0-0]

*

-0.85 [-2.3-0.10]

2 [500-3,000]

-0.20 [-1.8-0.8]

*

-6.3 [-23-19]

-1.6 [-23-5.2]

18 [-11-39]

-3.9 [-13-24]

-2.3 [-8.0-6.7]

-0.78 [-6.2-9.0]

-45 [-102-0.99]

-31 [-125- -8.6]

-0.71 [-7.1-9.1]

0.94 [-21-11]

1800 [-4700-7400]

1800 [-4600-8800]
13 [-3400-3800]

58 [-1800-900]

-61 [-2600-4500]

-0.83 [-4.3-0.30]

15 [15-160]
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-90 [-1100-370]

-0.66 [-7.0-1.8]

LF: low frequency (0.04-0.15 Hz);
HF: high frequency (0.15-0.4 Hz);
* Denotes a significant difference,
P < .05.
N/A: not available.

-0.081 [-44-1.8]
-0.15 [-5.4-107]
30.74 [-28-97]
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contrast, a study from Eneroth et al. demonstrated lower heart rate variability in the
HF-band, and found no differences in other heart rate and blood pressure variabilities.20
They considered this suggestive for lower parasympathetic control. The results from
the present study are complementary to the above findings, as not only higher LF blood
pressure and heart rate variabilities in early-onset patients were observed, but also a
significant trend towards higher LF blood pressure variabilities from normal controls
to late-onset controls to early-onset patients. These results are suggestive for higher
sympathetic activity in patients with early-onset hypertensive pregnancies compared
to normal pregnant women, and suggest a gradual increase in sympathetic activity
during the development of hypertensive pregnancy. Facilitation of the sympathetic
nervous system was also reported by Yang et al. who found a higher LF/HF ratio in
heart rate variability.6 Although there was no statistically significant difference in LF/HF
ratio in our study (P < .10), higher values in early hypertensive pregnancy were found.
Heart rate variability analysis has further shown conflicting results for sympathetic and
parasympathetic activity.14,20,21 The inconsistency of previous data may be explained
by methodological factors and selection of cases. The severe disease in this patient

group with early-onset hypertensive disorders of pregnancy in comparison to other
studies may explain the observed higher sympathetic activity.
The early-onset patients had a significantly higher blood pressure and lower heart rate
than the both control groups. At lower heart rates, the vagal influence on heart rate
is probably larger resulting in higher heart rate variability in the HF-band.22 However,
this supposed vagal predominance was not accompanied by sympathetic withdrawal.
Despite the lower heart rate in early-onset patients, all parameters of sympathetic
activity were higher compared to both control groups, and baroreflex sensitivity of the
LF-band was significantly lower in early-onset patients compared to normal controls.
This implies that in these patients with hypertensive disorders of pregnancy higher
sympathetic activity overrules vagal influences.
Analysis of heart rate and blood pressure variabilities combined provides a more detailed
view on the regulatory mechanisms than heart rate variability alone, as a quantitative
assessment of the baroreflex sensitivity can be obtained. BRS was significantly lower in
early-onset patients compared with normal controls in our study, in accordance with
Molino et al. in their study on preeclamptic patients.8 The higher LF-phase difference
found in this study, although not significant (P < .10), supports the findings on BRS,
suggesting sympathetic dominance. Furthermore, the significant decrease in BRS from
normal controls to late-onset controls to early-onset patients suggests a gradually
higher sympathetic activity from healthy pregnancy to disease. This also supports the
results of Rang et al., who showed in a longitudinal study that phase difference was
progressively larger towards the end of pregnancy in patients who developed lateonset preeclampsia compared to patients who remained normotensive throughout
pregnancy.9
The results from this study are also compatible with the study by Schobel et al., who
analyzed sympathetic activity to skeletal muscle vessels by microneurography, and
found increased sympathetic activity in preeclampsia.3 However, some have argued
that increased sympathetic outflow to skeletal muscle may not reflect sympathetic
activity to other organs. The results of heart rate and blood pressure regulation in this
study support the presence of sympathetic hyperactivity at the systemic level.

Autonomic regulation after plasma volume expansion
We could not confirm the second hypothesis regarding an effect of therapeutic plasma
volume expansion on sympathetic activity in patients with hypertensive disorders
in early pregnancy. A number of controlled and randomized studies could observe
an increased cardiac output and a reduced systemic vascular resistance as a result
of plasma volume expansion.23-26 However, no study has described the duration of
these effects. It may well be that strong homeostatic mechanisms27 causing increased
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diuresis,23,28 and endothelial leakage of fluids into the interstitial space neutralize longterm effects. The infused volume in the treatment group in this study was comparable
to other studies of plasma volume expansion and a statistically significant decrease of
hemoglobin count was observed in the plasma volume treatment group compared to
the control group. It may be inferred that vasoconstriction and increased sympathetic
activity may constitute the primary process rather than a constricted plasma volume.

In conclusion, our study provides evidence that sympathetic activity gradually increases
during the development of disease. We also demonstrated that in hypertensive disorders
of pregnancies clinically overt between 24 and 34 weeks of pregnancy, hyperactivity of
the sympathetic nervous system is an important feature. Furthermore, treatment with
plasma volume expansion did not cause long-term changes in sympathetic activity,
suggesting that the hypovolemia in preeclampsia is a secondary phenomenon.
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Measurements were performed in clinical test circumstances. Many patients in the earlyonset hypertensive group had symptoms and complaints due to severe preeclampsia.
Antihypertensive treatment, which interferes with autonomic cardiovascular control,
could not be withheld. Although medication may have influenced results, spectral
analysis at baseline did not show differences between patients using medication and
patients not using medication. Furthermore, medication was used equally in both
randomization groups and a separate analysis of the patients without medication did
not lead to different results.
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To our knowledge, no literature of the effect of plasma volume expansion on sympathetic activity in hypertensive pregnancy exists for comparison with our data. In
normal healthy subjects, stimulation of baroreceptors by atrial stretch and release of
atrial natriuretic peptide in response to volume expansion, and the hemodilutory effect
are important stimuli for a prompt and sustained suppression of renin release.29-31 One
of these studies demonstrated that this effect from plasma volume expansion in normal
healthy subjects was seen within 30 to 60 minutes, and that values returned to normal
after 60-90 minutes. They suggested that a direct baroreflex-mediated inhibitory effect
on sympathetic activity might be found after plasma volume expansion, with a prompt
renin release inhibition. This relatively fast-acting mechanism may limit a lasting effect
of plasma volume expansion. Therefore we cannot exclude that the plasma volume
expansion in our study may have had a short-term effect that went unnoticed at our
measurement intervals. Follow-up studies with measurements during volume loading
are currently underway to study these short-term effects. Similarly, we have no data
in our research on alterations of hormonal parameters possibly influencing plasma
volume. This might be an interesting line of future research.
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General Discussion
Hypertensive disorders of pregnancy are the most important single cause of perinatal
and maternal morbidity and mortality in developed countries. Delivery is the ultimate
cure. At an early gestational age, temporizing management could benefit the infant
by reducing the incidence of neonatal complications associated with preterm birth.
During prolongation of pregnancy, treatment of maternal symptoms and prevention
of complications is essential.
A number of observational studies support the use of plasma volume expansion in
temporizing management of severe and early-onset hypertensive disorders of pregnancy.
A survey of fluid management and monitoring in severe preeclampsia by members of
the ISSHP (International Society for the Study of Hypertension in Pregnancy) indicated
that there were wide variations in the use of plasma volume expansion as a treatment
modality.1 The majority of respondents were very keen to develop the questions raised
further in the context of multicenter clinical trials.
Two academic centers in Amsterdam, each with their own (and different) management
strategy in the past, joined forces and conducted a randomized controlled clinical trial
comparing treatment with or without plasma volume expansion, sponsored by public
funds (ZonMW). The objective of the study was to evaluate the effects of plasma volume
expansion on maternal hemodynamics and neonatal and maternal outcome. After a
half year period to fine-tune both treatment strategies and accustom both centers
to the study protocols, the Preeclampsia Eclampsia TRial Amsterdam (PETRA) started
on April 1, 2000. Thanks to the close collaboration between the two randomizing
centers, and the excellent collaboration with all regional referring hospitals, the
calculated number of 216 women was reached on May 31, 2003. One-hundred-andfive women were randomized to the control group (management without plasma
volume expansion) and 111 women to the treatment group (management with plasma
volume expansion), with for both groups at least one year of follow-up.

Temporizing management in early-onset hypertensive disorders of
pregnancy and the effect on maternal outcome
During the last decade maternal mortality associated with hypertensive disorders
of pregnancy has decreased dramatically in developed countries. However, even
nowadays, hypertensive disorders of pregnancy are the most frequent underlying
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This thesis presents the primary and secondary endpoints of the study. Furthermore,
we were able to present a number of observational studies regarding the physiological
effect of plasma volume expansion and regarding the natural progress of the disease
and risk factors for the development of complications.

cause for maternal mortality in the Netherlands.2 The ultimate cure of the disease is
delivery of the placenta. With prolongation of pregnancy, persisting maternal disease
is thus accepted. Although temporizing management is an active symptom-directed
management strategy, maternal complications can still become manifest. Severe
maternal complications are HELLP syndrome, liver hematoma, pulmonary edema,
eclampsia, encephalopathy, severe infectious morbidity, and severe thrombotic
morbidity. Management is focused on prevention and early treatment of these
complications. In a post-hoc analysis of our study we could not define an adequate
model, based on clinical parameters at admission, for the prediction of maternal
complications.3 The ‘natural course’ of the disease was characterized by a large variation
in disease severity between patients and approximately 7% of patients developed
HELLP syndrome or another complication during each 3-day period prolongation.4
It may be postulated that postnatal complications would not be prevented by an
approach of stabilization and quick delivery. In this study no maternal death occurred
and all major complications were reversible.5 Several other cohort studies confirmed
the safety of temporizing management.6-10 In these studies a total number of 1295
patients were managed with a temporizing management strategy and two maternal
deaths, in one study, were reported. Two randomized trials comparing immediate and
delayed delivery in women with preterm hypertensive complications lacked power to
determine maternal safety.11,12 We argue that, with adequate surveillance and care,
even unpredictable and unpreventable morbidity can be managed with supportive
measures until spontaneous remission.3,5 It should be noticed that the current results
were obtained in an academic setting. All women were intensively monitored and
received supportive care by dedicated doctors and specifically-trained nurses in a High
Care setting. Adequate facilities are mandatory for temporizing treatment of severe
hypertensive disorders of pregnancy and this treatment should be restricted to a tertiary
care center.13 Although we currently find sufficient arguments to continue our practice
of temporizing management of women with preterm hypertensive complications, we
are aware of the lack of sufficient scientific proof and we advocate to address this
question with an adequately powered randomized trial.
A high psychosocial impact was found in all mothers as measured at term, three and
12 months post term. No difference could be demonstrated in the women with and
without plasma volume expansion. The impact decreased over time. The earlier the
delivery, the more impact was found. A positive finding was that at one year nearly 90%
of the women who had the intention to resume work actually did so. However, still 9%
was on sick-leave. Engelhard14 evaluated posttraumatic stress disorder symptoms in
women after pregnancy related hypertensive disorders and expressed the importance
of adequate information of the disease to reduce anxiety. We should be aware that
the set-up of the present study may flatter the results. All women did receive extensive
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explanation of the disease and possible development from the moment of inclusion by
the same two investigators throughout the whole period of admission.

Temporizing management in early-onset hypertensive disorders of
pregnancy and the effect on perinatal outcome
Hypertensive disorders of pregnancy are strongly associated with perinatal morbidity
(chronic lung disease, major sonographic intracerebral abnormalities, necrotizing
enterocolitis, sepsis/meningitis or patent ductus arteriosus) and mortality. This
study confirmed the critical role of gestational age in the development of perinatal
morbidity and mortality.3 Two randomized trials in women with preterm hypertensive
complications demonstrated a reduction of neonatal respiratory complications by
temporizing management.11,12 In the GRIT study, delayed delivery in women with a
gestational age below 31 weeks at inclusion was associated with a better neurological
outcome at the age of 2 years.15 However, similar as in the GRIT study, delay of
delivery could result in unanticipated fetal death due to rapid progress of disease
(placental insufficiency, placental abruption) or failed interpretation of fetal heart
rate monitoring. Also in this study, there were three patients, who experienced fetal
death unexpectedly, in one case due to placental abruption, and in two cases due to
acute deterioration of fetal condition in association with placental insufficiency. An
immediate delivery at the onset of disease could have prevented the latter two. On
the other hand, we speculate that a higher percentage of neonatal deaths might have
occurred with a treatment strategy of immediate delivery after maternal stabilization.
The perinatal mortality rate in this study was comparable with that of other studies,
as was the distribution between stillbirths and neonatal deaths.12,16 Hence, methods
of monitoring the fetus and optimal timing of delivery should be at the core of future
studies in the management of severe hypertensive disorders of pregnancy.

Use of plasma volume expansion in temporizing management does not
reduce the incidence of maternal complications
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In previous cohort studies an improvement of several clinical parameters by plasma
volume expansion has been reported.17-19 We could not confirm these results in
a randomized trial. Furthermore, we could not observe differences in maternal
hemodynamic parameters or maternal morbidity.5,20-22 The only measurable effects
of plasma volume expansion were a small decrease of hemoglobin and an increase in
urinary output. Our lack of a positive clinical effect cannot be explained by insufficient
plasma volume expansion. Although only in a few cases plasma volume expansion
was performed with invasive hemodynamic monitoring, patients in the treatment
group received significant amounts of fluids that were comparable to other studies.

Moreover, these amounts of infused fluids effected a significant hemoglobin count
decrease, comparable to that in other studies.23
We assume that the volume load by plasma volume expansion is quickly counteracted by
strong homeostatic mechanisms. These regulatory mechanisms are still intact, despite
of having a different set point.24 Increases in, among others, Atrial Natriuretic Peptide
(ANP) as reported in other studies25-27 and subsequent increases in urine output28
probably antagonize the hemodilution. In the plasma volume expansion protocol, we
tried to anticipate on this by giving plasma volume expansion twice a day until delivery.
Although this did lead to a significant lowering of the hemoglobin count, this was not
accompanied by an effect on hemodynamic parameters.21,22
Experts in support of plasma volume expansion, propose the need for plasma volume
expansion for the prevention of hypotensive episodes at the start of intravenous
antihypertensive vasodilatory medication. Our study did not support this logic. In patients
who were managed without plasma volume expansion, intravenous antihypertensive
medication was given without previous volume loading. In all patients blood pressure
was frequently measured (at least 4 times a day) and hypotensive episodes were
rarely observed and were only of short duration. Fetal distress necessitating delivery
associated with hypotension was not observed in our study. Our data do not confirm
the relevance of clinically significant hypotension episodes, neither the effectiveness of
anticipatory volume loading. This could be the result of our treatment protocol without
plasma volume expansion, where a preference for oral treatment was specified.
It is common practice to use plasma volume expansion for the treatment of oliguria,
but the rationale is unclear in the absence of apparent renal insufficiency. We did not
observe a difference in renal function between both randomization groups during
the hospital period or at follow-up after three months. Pulmonary edema was clearly
associated with volume overload in our study.

Plasma volume expansion in temporizing management does not improve
perinatal outcome
Plasma volume expansion in the management of severe hypertensive disorders of
pregnancy has no perinatal outcome benefits. The only available retrospective casecontrol study suggested better fetal growth and less perinatal mortality from plasma
volume expansion.16 Historical comparative cohort studies reported after plasma
volume expansion an improvement on umbilical artery Doppler profile, a decrease
in neonatal mortality and an improvement in neonatal outcome.17,18,23 Our study
could not confirm these findings and no improvement after plasma volume expansion
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was observed in umbilical artery Doppler profile. In this large randomized controlled
clinical trial a trend towards longer prolongation of pregnancy in the control group
and no significant difference in perinatal mortality, neonatal morbidity, and neonatal
neurological outcome was observed.

Sufficient evidence for guideline adaptation
The results reported in this thesis have prompted a change in the guideline “Hypertensieve
aandoeningen in de zwangerschap”, of the Nederlandse Vereniging voor Obstetrie en
Gynaecologie for the treatment of hypertensive disorders of pregnancy.13 The previous
guideline stated plasma volume expansion was an option in research and academic
settings, and that plasma volume expansion could be given before starting intravenous
antihypertensive medication to prevent a hypotensive episode. The new guideline
states that plasma volume expansion is not advised, as with equal maternal morbidity
a trend towards less prolongation of pregnancy and more adverse neonatal outcome
with plasma volume expansion was observed.

Conclusions and implications for future research
Considering the statements above, we now unequivocally conclude that there is no
therapeutic role for plasma volume expansion in the temporizing management of
severe and early-onset hypertensive disorders of pregnancy.
The major unanswered question after this study regards the balance of risks and
benefits for the mother and the infant between temporizing management and
immediate delivery. Future randomized studies should address this question. For the
safety of temporizing management improvement of fetal monitoring is mandatory.
A present study comparing electronic fetal monitoring with or without fetal venous
Doppler measurement may provide more information on this topic in the near future.
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Summary
This thesis reports the effect of plasma volume expansion in the management of
severe early-onset hypertensive disorders of pregnancy. Theoretical advantages
and practical disadvantages are tested on maternal and fetal / neonatal outcome
parameters. The Preeclampsia Eclampsia TRial Amsterdam (PETRA) enrolled 216
patients with severe and early-onset hypertensive disorders of pregnancy between
April 1, 2000 and May 31, 2003.
In the introduction the current knowledge on the effects of iatrogenic manipulation of
plasma volume is outlined. An elaborate overview of the choices and strategies within
the trial is presented. Chapters 2-4 compare the primary and secondary endpoints
between the randomization groups. Chapters 5-10 present post-hoc analysis of disease
characteristics as observed in the PETRA-study. Chapters 11-13 present supplementary
studies on the physiological effect of plasma volume expansion.
In chapter 1 we present an overview of the literature regarding (a) plasma volume
regulation and blood pressure control mechanisms outside pregnancy, (b) the changes
in normal pregnancies and (c) the changes in pregnancies complicated by hypertensive
disorders. In hypertensive disorders of pregnancy a vasoconstrictive state is present
with low plasma volume, low cardiac output, high blood pressure and high systemic
vascular resistance. Signs and symptoms are proteinuria, the hemolysis elevated
liver enzymes low platelets (HELLP) syndrome, physical complaints and eclampsia.
Therapeutic counteraction of low circulating volume by plasma expanders is presented
as a subject of considerable controversy.

In chapter 3 the effect of plasma volume expansion on pulsatility indices of the fetal
umbilical and middle cerebral arteries in the PETRA study is reported. A series of
measurements performed at admission, after 16 to 48 hours, 60 to 120 hours and
7 to 11 days was analyzed. Although treatment group patients received per protocol
higher amounts of intravenous fluids resulting in a significant decrease in hemoglobin
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Chapter 2 reports the influence of PVE on the primary outcome of the study, i.e.
neonatal neurological development at term age (Prechtl score), and on perinatal death,
neonatal morbidity and maternal morbidity. Although a trend towards less prolongation
of pregnancy was observed in the treatment group, neonatal neurological development,
morbidity and mortality did not differ. Total fetal and postnatal loss was 18%. Onehundred-twenty-seven children had a normal score on neurological examination at term
age and eleven children had an abnormal score. Major maternal morbidity was equally
distributed among groups and all maternal morbidity appeared reversible.

count, the pulsatility indices in the umbilical artery and median cerebral artery did not
differ between the treatment and control group at least during the first 7-11 days. We
conclude that PVE had no effect on the fetal hemodynamics as measured by Doppler
flow velocity parameters.
At one year post term no differences in infant outcome were observed between
randomization groups (chapter 4). The Bayley development test was performed on
171 children out of 178 alive. The mean of MDI and PDI scores were low (88 [59123] and 80 [50-118] respectively), but there was no difference in MDI or in PDI
between the groups. In both groups a normal distribution of Bayley scores was found.
In logistic regression analysis, fetal indication for delivery was the only factor predicting
an abnormal MDI. Caucasian ethnicity and low birth weight were the only factors
predicting an abnormal PDI.
In chapter 5 the psychosocial impact of severe hypertensive disorders in pregnancy
was studied. The 90 item Symptom Checklist was administered at three different test
moments: term age, 3 months post term and 1 year post term. A high psychological
impact was found, especially when gestational age at onset of disease is below 30
weeks or when adverse infant outcome occurs. However, psychosocial impact decreased
over time in all women. In multivariate analysis gestational age at inclusion was the
single relevant parameter related to SCL-90 score (‘the earlier the worse’). One year post
term 87% of women who, at inclusion, had expressed the intention to resume work
after pregnancy, had actually resumed work. Nine percent were still on sick-leave.
Chapter 6 explores the association between clinical parameters at admission and the
subsequent development of major maternal complications or adverse infant outcome.
The association with age, parity, ethnicity, body mass index, gestational age, estimated
fetal weight, blood pressure, antihypertensive medication, pulse rate, hemoglobin
concentration, admitting center, diagnosis at inclusion, chronic hypertension, and
thrombophilia was explored by logistic regression analysis. Adverse infant outcome
was predominantly influenced by gestational age (odds ratio 0.4 per week increment).
Major maternal complications were correlated to multiparity (odds ratio 0.4) and
estimated fetal weight (odds ratio 0.9 per 100 g increment). It was concluded that
prediction at admission of the clinical course of the disease and the development of
additional maternal complications was not feasible.
Chapter 7 describes the variable disease expression and the patterns of development
of major maternal morbidity and HELLP syndrome in women with different subtypes
of hypertensive disorders of pregnancy. As in this cohort of patients the strategy aims
at prolongation of pregnancy, the ‘almost natural history’ of the disease is captured.
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The median time to delivery or fetal death was 8.2 (range 0.1-44) days. At study entry,
56 women (26%) had more than one diagnosis; this increased to 171 women (79%) by
the time of discharge. The incidence of major maternal morbidity (total 26) was 4.2%
at 2-4 days after inclusion and a mean of 1.7% (range 0-2%) thereafter per time frame
of 3 days. The mean incidence of new or recurrent HELLP syndrome episodes was 5.5%
(range 1.9-8.7%) per time frame of 3 days during the first 3 weeks after inclusion.
Preeclampsia appeared to be a dynamic disease, with extensive overlap of subtypes of
the syndrome. Prolongation of pregnancy in early-onset hypertensive disorders results
in the development of further HELLP syndrome episodes and reversible major maternal
morbidity but may improve perinatal healthy survival.
Chapter 8 investigated the association of thrombophilic disorders with specific subtypes
of hypertensive disorders of pregnancy. Three months post term, all patients were
invited for a thrombophilia screening protocol. In this population, the high prevalence
of thrombophilic factors and chronic hypertension was confirmed. In 75 patients
(36%) a thrombophilic disorder was observed, 19 patients (9%) had more than two.
Chronic hypertension was present in 32%, and 34% had a positive family history of
cardiovascular morbidity. Between groups of subtypes of hypertensive disorders of
pregnancy, there were small differences. In multinominal regression analysis hereditary
thrombophilia was more frequent among women with infants with severe fetal growth
restriction than in women with HELLP syndrome or severe preeclampsia.
Chapter 9 introduces the birth weight ratio (the ratio of observed birth weight divided by
the mean birth weight of the population-specific reference growth curve). The practical
advantages such as improved classification of growth restriction, less influence by outliers
in the reference curve and opportunities for statistical analysis are explained. Arguments
are presented (easy use and understanding, reliability and improvement comparisons in
meta-analysis), to give the birth weight ratio a priority position.
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The prevalence of abnormal General Movements in infants of the trial was reported
in chapter 10. Relations between General Movements at term age and 3 months
post term and neurological development at 3 months and 1 year post term were
investigated. Definitely abnormal General Movements were observed in 10% at term
age and in 13% at 3 months post term. Mildly abnormal in 36% and 40% respectively.
Mildly or definitely abnormal General Movements at three months were not related
to neurological examination at one year, but significantly related to the psychomotor
developmental index. The high prevalence of mildly and definitely abnormal General
Movements at term and three months and the absence of a relation to neurological
examination at one year support the findings of others of the dynamic neurodevelopment
over time. The delay in psychomotor development at one year stresses the need to

combine various assessment techniques to identify infants at risk for affected neurodevelopmental outcome.
In chapter 11,12 and chapter 13 we explored noninvase methods to measure
hemodynamic changes during pregnancy.
In chapter 11 the improved thoracic electrical bioimpedance technique to measure
cardiac output, stroke volume and systemic vascular resistance was evaluated.
Nineteen healthy non-smoking women with an uncomplicated singleton pregnancy
and no history of pre-existing vascular disorders participated in this study. During the
second half of low-risk pregnancies significant individual and group trends could be
determined (an increase in heart rate, a decrease in stroke volume, and an increase in
systolic as well as diastolic blood pressure) by means of thoracic electrical bioimpedance
with the random effects model.
The effect of plasma volume expansion on maternal hemodynamic parameters in
early-onset hypertensive disorders of pregnancy was measured by means of thoracic
electrical bioimpedance in chapter 12. Measurements were performed in 35 patients
of the PETRA study group in the VUmc (16 managed with and 19 without plasma
volume expansion). The mean values of measurements in the hypertension group
were compared to the mean values of measurements between 24 and 32 weeks
gestation in a group of 19 healthy low-risk pregnant women. As expected, a significant
difference in heart rate, cardiac output and systemic vascular resistance was observed.
Maternal hemodynamic parameters did not differ between patients managed with and
without plasma volume expansion. A marginal decreased systemic vascular resistance
was observed after plasma volume expansion.
In chapter 13 the PortapresTM was used to evaluate whether sympathetic activity is
increased in early-onset hypertensive pregnancies and whether sympathetic activity
can be influenced by management with plasma volume expansion. A subset of 37
consecutive patients of the PETRA study group in the AMC was studied (18 managed
with plasma volume expansion and 19 without plasma volume expansion) and
compared with 29 women with a normal pregnancy and 8 women who had late-onset
preeclampsia after 34 weeks. Increased sympathetic activity was indeed observed in
early-onset hypertensive pregnancy. However, sympathetic activity was unaffected by
management with or without plasma volume expansion.
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Samenvatting
Dit proefschrift beschrijft het effect van plasma volume expansie in de behandeling
van ernstige vroege hypertensieve aandoeningen in de zwangerschap. Mogelijke
theoretische voordelen en praktische nadelen worden getoetst op diverse maternale
en foetale/neonatale uitkomst parameters. In de Preeclampsie Eclampsie TRial
Amsterdam (PETRA) zijn 216 patiënten met een vroege ernstige hypertensieve
aandoening in de zwangerschap geïncludeerd. De inclusie vond plaats tussen 1 april
2000 en 31 mei 2003.
In de introductie wordt de huidige kennis van de effecten van het gebruik van plasma
volume expansie uiteengezet. Tevens wordt een uitgebreid overzicht gegeven van de
gemaakte keuzes en gevoerde strategieën in de trial. Hoofdstuk 2 tot en met 4 vergelijkt
de primaire en secundaire eindpunten van de studie tussen de 2 randomisatie groepen.
In de hoofdstukken 5-10 worden de ‘post-hoc’ analyses van de karakteristieken van dit
ziektebeeld, zoals gevonden in de PETRA studie gepresenteerd. De resultaten van de
aanvullende studies, gericht op niet-invasieve metingen van maternale hemodynamische
parameters, worden gepresenteerd in de hoofdstukken 11, 12 en 13.
In hoofdstuk 1 wordt een overzicht gegeven van de literatuur aangaande (a) plasma
volume regulatie en bloeddruk controle mechanismen buiten de zwangerschap, (b)
de veranderingen in normotensieve zwangerschappen en (c) de veranderingen in
zwangerschappen gecompliceerd door hypertensieve aandoeningen. Kenmerkend
voor een hypertensieve zwangerschap is een vasoconstrictie welke gepaard gaat met
een verlaagd plasma volume en een verlaagde cardiac output, hoge bloeddruk en een
verhoogde systemische vasculaire weerstand. Proteïnurie, het hemolyse verhoogde
leverenzymen verlaagde bloedplaatjes (HELLP) syndroom, fysieke klachten en eclampsie
zijn kenmerkende symptomen. De mogelijke voor- en nadelen van therapeutische
correctie van het verlaagde plasma volume met behulp van plasma expanders worden
gepresenteerd.
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Het effect van plasma volume expansie op de primaire uitkomst van de studie, de
neonatale neurologische ontwikkeling op de à terme datum van de zwangerschap
(Prechtl score) en op de secundaire uitkomsten als perinatale sterfte, neonatale
morbiditeit en maternale morbiditeit, wordt weergegeven in hoofdstuk 2. Hoewel
een trend werd gezien in een kortere zwangerschapsverlenging in de behandelgroep,
werd geen verschil gevonden in de neonatale neurologische ontwikkeling, morbiditeit
en mortaliteit. Totale foetale en postnatale sterfte was 18%. Op de à terme leeftijd
hadden 127 kinderen een normale score voor de neurologische test en 11 kinderen een

abnormale score. Ernstige maternale morbiditeit was gelijk verdeeld over de groepen
en alle maternale morbiditeit bleek reversibel.
In hoofdstuk 3 wordt, binnen de PETRA studie, het effect van plasma volume expansie
op de pulsatility index van de foetale arteria umbilicalis en de foetale arteria cerebri
media beschreven. Metingen verricht bij opname, na 16 tot 48 uur, na 60 tot 120
uur en na 7 tot 11 dagen werden geanalyseerd. Hoewel, volgens protocol, in de
behandelgroep een grotere hoeveelheid intraveneus vocht werd toegediend, welke
leidde tot een significante daling van het hemoglobine gehalte, konden, in ieder geval
gedurende de eerste 7 tot 11 dagen, geen verschillen worden aangetoond in de
pulsatility indices van de arteria umbilicalis en de arteria cerebri media. Hieruit werd
geconcludeerd dat plasma volume expansie in de onderzochte periode geen effect
had op de foetale hemodynamica gemeten aan de hand van Doppler doorstromingsprofielen.
Een jaar na de uitgerekende datum van de zwangerschap was de kinderlijke
ontwikkeling in beide randomisatie groepen gelijk (hoofdstuk 4). Van de 178 levende
kinderen, werden 171 kinderen getest met behulp van de Bayley ontwikkelingstest.
De gemiddelde MDI en PDI scores waren laag (respectievelijk 88 [59-123] and 80 [50118]), maar er was geen verschil in MDI of PDI score tussen de groepen. In beide
groepen werd een normale verdeling van de Bayley score gevonden. Met behulp van
logistische regressie analyse werd ‘bevallen op foetale indicatie’ als enige voorspellende
factor voor een abnormale MDI aangetoond. Een Kaukasische ethniciteit en laag
geboortegewicht waren de enige voorspellende factoren voor een abnormale PDI.
In hoofdstuk 5 wordt de psychosociale impact van ernstige hypertensieve aandoeningen
in de zwangerschap bestudeerd. De 90-item Symptom Checklist werd op 3 verschillende
momenten afgenomen: à terme, 3 maanden post terme en 1 jaar post terme. Een
grote psychologische impact werd met name gevonden indien de zwangerschapsduur
bij inclusie beneden de 30 weken was, of wanneer er een slechte kinderlijke uitkomst
was. Voor alle vrouwen nam de psychosociale impact in het verloop van de tijd af.
In multivariate analyse was de zwangerschapsduur bij inclusie de enige relevante
parameter die gerelateerd was aan de SCL-90 score (“hoe vroeger, hoe slechter”). Eén
jaar post terme had 87% van de vrouwen, die bij inclusie had aangegeven weer te
willen werken na de zwangerschap, hun werk daadwerkelijk hervat. 9% Bevond zich
in de ziektewet.
Hoofdstuk 6 onderzoekt het verband tussen klinische parameters bij opname en het
hierop volgende optreden van ernstige maternale complicaties of slechte kinderlijke
uitkomst. Het verband met leeftijd, pariteit, etniciteit, gewicht (Body Mass Index),
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zwangerschapsduur, geschat foetaal gewicht, bloeddruk, antihypertensieve medicatie,
hartslag, hemoglobine concentratie, ziekenhuis van opname, diagnose bij opname,
chronische hypertensie en trombofilie werd met behulp van een logistische regressie
analyse onderzocht. Slechte kinderlijke uitkomst werd beïnvloed door zwangerschapsduur
(odds ratio 0,4 per week langer). Ernstige maternale complicaties waren gecorreleerd
aan multipariteit (odds ratio 0,4) en geschat foetaal gewicht (odds ratio 0,9 per 100 gr
zwaarder). Concluderend was het bij opname voorspellen van het klinische beloop van
het ziektebeeld en het ontwikkelen van eventuele maternale complicaties niet mogelijk.
Hoofdstuk 7 beschrijft de variatie in de expressie van het ziektebeeld en de ontwikkelingspatronen van ernstige maternale morbiditeit en HELLP syndroom in de verschillende
uitingsvormen van hypertensieve aandoeningen in de zwangerschap. Omdat in deze
patiënten populatie de strategie gericht was op het verlengen van de zwangerschap,
werd een “bijna natuurlijk beloop” van het ziektebeeld waargenomen. De mediane
duur tot aan de bevalling of intra uteriene vruchtdood was 8,2 (range 0,1-44) dagen.
Ten tijde van de inclusie hadden 56 vrouwen (26%) meer dan één diagnose; dit nam
toe tot 171 vrouwen (79%) ten tijde van het ontslag uit het ziekenhuis. De incidentie
van ernstige maternale morbiditeit (totaal 26 keer) bedroeg 4,2% in 2-4 dagen na
inclusie en gemiddeld 1,7% (range 0-2%) per tijdsinterval van 3 dagen in de resterende
tijd. De gemiddelde incidentie van een nieuw optredend of recidief HELLP syndroom
was 5,5% (range 1,9-8,7%) per tijdsinterval van 3 dagen gedurende de eerste 3 weken
na inclusie. Preeclampsie bleek een dynamisch ziektebeeld, met een grote mate van
overlap binnen alle subtypen van het syndroom. Verlenging van de zwangerschap,
bij een vroeg ontstaan ziektebeeld, leidt tot de ontwikkeling van episodes van het
HELLP syndroom en reversibele ernstige maternale complicaties, maar kan gezonde
overleving van het kind doen toenemen.

In hoofdstuk 9 wordt de ‘birth weight ratio’ (de ratio van het daadwerkelijke
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Hoofdstuk 8 onderzoekt de associatie tussen trombofilie afwijkingen en specifieke
subtypen van hypertensieve zwangerschapsaandoeningen. Drie maanden na de à
terme datum werd alle patiënten een trombofilie screenings onderzoek aangeboden.
In deze populatie werd de hoge prevalentie van trombofilie factoren en chronische
hypertensie bevestigd. Bij 75 patiënten (36%) werd een trombofilie afwijking
gevonden, 19 patiënten (9%) hadden er meer dan 2. Chronische hypertensie werd in
32% van de patiënten vastgesteld en 34% had een positieve familie anamnese voor
cardiovasculaire aandoeningen. Er waren kleine verschillen tussen de verschillende
subtypes van het ziektebeeld. In de multinominale regressie analyse kwam een erfelijke
trombofilie afwijking vaker voor bij vrouwen met een kind met ernstige foetale groei
restrictie dan bij vrouwen met HELLP syndroom of preeclampsie.

geboortegewicht gedeeld door het gemiddelde geboortegewicht van de populatiespecifieke referentie groei curve) geïntroduceerd. Praktische voordelen, zoals verbeterde
classificatie van groei restrictie, minder invloed van ‘outliers’ op de referentie curve
en voordelen voor statische analyses, worden uitgelegd. Er worden argumenten
aangegeven (eenvoudig in gebruik en begrip, toepasbaarheid en betere vergelijkingsmogelijkheden in meta-analyses) om de ‘birth weight ratio’ een vooraanstaande plaats
te geven.
De prevalentie van abnormale General Movements in kinderen van de trial wordt
beschreven in hoofdstuk 10. De relatie tussen General Movements op de à terme leeftijd
en 3 maanden post terme en neurologische ontwikkeling op 3 maanden en 1 jaar post
terme werden onderzocht. Abnormale General Movements werden in 10% van de
kinderen gevonden op de à terme leeftijd en in 13% 3 maanden post terme. Suspecte
General Movements in respectievelijk 36% en 40%. Suspecte of abnormale General
Movements op 3 maanden vertoonden geen relatie met het neurologisch onderzoek
op 1 jaar, maar waren wel significant gerelateerd aan de psychomotore ontwikkelings
index. De hoge prevalentie van suspecte en abnormale General Movements à terme
en op 3 maanden en de afwezigheid van een relatie met het neurologisch onderzoek
op 1 jaar, ondersteunen de bevindingen van anderen, dat neurologische ontwikkeling
een dynamisch proces is in de tijd. De vertraagde psychomotore ontwikkeling op 1 jaar
bevestigt de noodzaak om verschillende meetmethoden te combineren, om kinderen
die een risico lopen op neurologische ontwikkelingsproblemen op te sporen.
In hoofdstuk 11,12 en hoofdstuk 13 zijn niet-invasieve methoden om hemodynamische veranderingen in de zwangerschap te meten onderzocht.
In hoofdstuk 11 wordt de verbeterde thoracale elektrische bio-impedantie techniek,
om cardiac output, slagvolume en systemische vaatweerstand te meten, geëvalueerd.
Negentien gezonde, niet rokende, vrouwen met een ongecompliceerde éénling
zwangerschap, zonder voorgeschiedenis van preëxistente vaatafwijkingen, namen
aan de studie deel. Tijdens de 2e helft van laag-risico zwangerschappen werd met het
‘random effects model’ een significante individuele en groep trend gevonden (een
toegenomen hartslag, een gedaald slagvolume en een toegenomen systolische en
diastolische bloeddruk) in metingen verricht met de bio-impedantie techniek.
Het effect van plasma volume expansie op maternale hemodynamische parameters
in vroeg optredende hypertensieve aandoeningen van de zwangerschap, wordt in
hoofdstuk 12 gemeten met behulp van thoracale elektrische bio-impedantie. De
metingen werden verricht in 35 patiënten van de PETRA populatie van het VUmc (16
behandeld met en 19 zonder plasma volume expansie). De gemiddelde waarden van
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de metingen in de hypertensie groep werden vergeleken met de gemiddelde waarden
tussen de 24 en 32 weken in een groep van 19 gezonde, laag-risico zwangeren.
Zoals verwacht, werd een significant verschil gevonden in hartslag, cardiac output
en systemische vaatweerstand. Maternale hemodynamische parameters waren niet
verschillend in patiënten behandeld met of zonder plasma volume expansie. Er werd
wel een marginaal gedaalde systemische vaatweerstand gevonden na plasma volume
expansie.
In hoofdstuk 13 wordt de PortapresTM gebruikt om te evalueren of de sympathische
activiteit in zwangerschappen met vroeg optredende hypertensie is verhoogd en of
de sympathische activiteit beïnvloed kan worden door plasma volume expansie. Een
groep van 37 opeenvolgende patiënten uit de PETRA populatie van het AMC werd
onderzocht (18 behandeld met plasma volume expansie en 19 zonder plasma volume
expansie) en vergeleken met 29 vrouwen met een ongecompliceerde zwangerschap
en 8 vrouwen bij wie preeclampsie optrad na 34 weken. Een verhoogde sympathische
activiteit werd inderdaad gevonden in zwangerschappen met vroeg optredende
hypertensie. Echter, de sympathische activiteit werd niet beïnvloed door behandeling
met of zonder plasma volume expansie.

Summary

269

Samenvatting voor niet-medici
Er is sprake van een zwangerschapsvergiftiging, wanneer bij een zwangere vrouw
een te hoge bloeddruk wordt gemeten in combinatie met eiwitverlies in de urine, of
andere tekenen van schade aan organen (nieren, lever, hersenen). Bij een groot deel
van deze patiënten treedt tijdens de zwangerschap ook een groeivertraging op van de
baby. Zwangerschapsvergiftiging kan, vanaf ongeveer 20 weken, op ieder moment in
de zwangerschap optreden. De enige werkelijke behandeling van de ziekte is bevallen,
maar als de ziekte vroeg optreedt (voor 34 weken), kan het voor de baby gunstig
zijn een wat langere zwangerschapsduur te proberen te bereiken, om de kansen op
gezond overleven van de baby zo groot mogelijk te maken. Een klein percentage
van de zwangere vrouwen krijgt vroege ernstige zwangerschapsvergiftiging. Bij deze
vrouwen is de behandeling gericht op verlenging van de zwangerschap, om zo de
kansen voor de baby zo goed mogelijk te maken. Uiteraard worden moeder en baby
nauwlettend in de gaten gehouden. Bij twijfel over de conditie van de baby (meestal
op basis van een hartfilmpje, het CTG), of als de moeder te ziek wordt, dan wel de
bloeddruk niet voldoende behandeld kan worden, zal besloten worden dat de baby
geboren moet worden. Tot nu toe weten we dat de zwangerschap gemiddeld 14
dagen verlengd kan worden. Dit houdt dus in dat het grootste deel van deze vrouwen
alsnog (veel) te vroeg bevalt.
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De Preeclampsie Eclampsie TRial Amsterdam (PETRA) heeft bij bovengenoemde groep
vrouwen het effect onderzocht van het toedienen van extra vocht. Er waren namelijk
veel aanwijzingen dat dit mogelijk een positief effect zou hebben op de conditie van de
moeder en haar baby. Het onderzoek is uitgevoerd in het VU medisch centrum en het
Academisch Medisch Centrum in Amsterdam en heeft plaats gevonden tussen 1 april
2000 en 31 mei 2003. Indien vrouwen aan de voorwaarden voor deelname aan het
onderzoek voldeden werden zij door één van de arts-onderzoekers uitvoerig ingelicht
over de aard van het ziektebeeld en de opzet en het doel van het onderzoek. Het was
niet makkelijk om over deelname aan een onderzoek na te denken, als er net is verteld
dat je ernstig ziek bent en waarschijnlijk veel te vroeg zult gaan bevallen. Toch zijn er
216 vrouwen geweest, die in deze moeilijke situatie, hebben toegestemd in deelname
aan het onderzoek. Met behulp van een computer werd vervolgens de behandelmanier
geloot; met of zonder extra vocht. In de praktijk werd dit ook wel samengevat onder
‘vullen’ of ‘niet vullen’. Patiënten in de vulgroep kregen een infuus en vervolgens, tot
aan de bevalling, extra vocht toegediend (2x per dag 250 ml speciale vloeistof die
langer in de bloedvaten blijft zitten [HES] en gemiddeld circa 300 ml vloeistof per dag
om het infuus open te houden, maar wat korter in de bloedvaten blijft [fysiologisch
zout]). In beide groepen werden zo nodig medicijnen gegeven om de bloeddruk te
verlagen. In de vulgroep was het medicijn van eerste voorkeur een medicijn via het

infuus, eventueel aangevuld met medicijnen in tabletvorm. In de niet-vulgroep was
het medicijn van eerste voorkeur een medicijn in tabletvorm, eventueel aangevuld met
medicijnen via het infuus. Ook kregen alle patiënten zonodig medicijnen via het infuus
om de prikkelbaarheid van het zenuwstelsel te onderdrukken. Als in de niet-vulgroep
medicijnen via een infuus werden gegeven, werd hierbij zo weinig mogelijk extra vocht
toegediend. Tijdens de opname werden zowel van de moeder als van het ongeboren
kind gegevens verzameld: 4x per dag of vaker bloeddruk controle van de moeder,
2x per week of vaker bloed- en urineonderzoek, 1-2x per dag een hartfilmpje van de
baby en 2x per week echoscopisch onderzoek van de baby. Na de geboorte werd ook
aan de kinderartsen gevraagd gegevens te verzamelen over de baby. Tevens werd
rond de uitgerekende datum van de zwangerschap, 3 maanden na de uitgerekende
datum en een jaar na de uitgerekende datum van de zwangerschap gekeken naar
de ontwikkeling van het kind. Op diezelfde momenten werd de moeders gevraagd
een vragenlijst in te vullen betreffende het psychisch functioneren van henzelf. Drie
maanden na de uitgerekende datum van de zwangerschap werd bij de moeder
bloedonderzoek verricht om eventuele stollingsstoornissen, die een risicofactor zijn
voor het ontstaan van deze zwangerschapscomplicatie, op te sporen. Het laatste
vervolgonderzoek dat opgenomen is in dit proefschrift vond 1 jaar na de uitgerekende
datum van de zwangerschap plaats. Ondertussen is ook het vervolgonderzoek na 3
jaar uitgevoerd en het vervolgonderzoek na 5 jaar gestart.
In dit proefschrift worden de uitkomsten van de verschillende delen van het onderzoek
besproken. In ieder hoofdstuk komt weer een ander deel aan bod. De verschillende
hoofdstukken zullen hierna kort worden samengevat.
In de introductie wordt behandeld wat tot nu toe bekend is over het effect van plasma
volume expansie (extra vocht via een infuus). Tevens wordt in dit hoofdstuk uitgelegd
waarom en op welke manier de vrouwen in het onderzoek werden behandeld. In
hoofdstuk 2 t/m 4 wordt gekeken naar de meest belangrijke vragen van het onderzoek.
Hiertoe worden de ‘vulgroep’ en de ‘niet-vulgroep’ met elkaar vergeleken. In hoofdstuk
5 t/m 10 worden de overige deelonderzoeken besproken. In beide ziekenhuizen is
bij een deel van de patiënten onderzoek verricht naar een patiëntvriendelijke (nietinvasieve) manier om de moederlijke bloedsomloop te meten. De uitkomsten van deze
studies worden gepresenteerd in hoofdstuk 11,12 en 13.
In hoofdstuk 1 wordt een overzicht gegeven van wat tot nu toe bekend is over (a) het
op peil houden van de hoeveelheid vocht in de bloedsomloop en de manier waarop
het lichaam de bloeddruk onder controle houdt buiten de zwangerschap, (b) de
veranderingen in zwangerschappen waarin vrouwen een normale bloeddruk hebben
en (c) de veranderingen in zwangerschappen die gecompliceerd worden door hoge
bloeddruk en bijbehorende problemen. Bij een hoge bloeddruk in de zwangerschap
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is sprake van een samenknijpen van de bloedvaten, waardoor er een verminderde
hoeveelheid vocht in de bloedsomloop aanwezig is. Hierdoor kan het hart minder
bloed rondpompen, is de weerstand in de bloedvaten verhoogd en treedt hoge
bloeddruk op. Symptomen die hierdoor op kunnen treden zijn eiwitverlies in de urine,
het hemolyse verhoogde leverenzymen verlaagde bloedplaatjes (HELLP) syndroom,
fysieke klachten en insulten. De mogelijke voor- en nadelen van het toedienen van
extra vocht via een infuus worden besproken.
De belangrijkste vraag van het onderzoek was of het wel of niet geven van extra
vocht via een infuus van invloed is op de neurologische ontwikkeling van het kind
op de uitgerekende datum van de zwangerschap (Prechtl score). Deze vraag wordt
beantwoord in hoofdstuk 2. In ditzelfde hoofdstuk wordt ook gekeken naar het effect
van wel of geen extra vocht op het risico op overlijden van de baby voor, tijdens, of
vlak na de geboorte en het effect op ziekteverschijnselen bij het kind en de moeder.
In de vulgroep werd (volgens protocol) een grotere hoeveelheid vocht gegeven via
het infuus. Hierdoor werd een duidelijke verdunning van het bloed gezien bij deze
groep patiënten. Bij de vrouwen die behandeld werden met extra vocht, bleek dat de
zwangerschap iets minder lang verlengd kon worden. Dit leidde echter niet tot een
verschil in overlijden en ziekteverschijnselen. In totaal overleed 18% van de kinderen
voor of na de geboorte. Op de uitgerekende datum van de zwangerschap hadden
127 kinderen een normale score bij het ontwikkelingsonderzoek en 11 kinderen een
abnormale score. Ernstige ziekteverschijnselen bij de moeder werden in beide groepen
ongeveer even vaak gezien. Er waren geen vrouwen met blijvende ziekteverschijnselen!
In hoofdstuk 3 wordt het effect van extra vocht op de doorstroming van de navelstreng
en op de doorstroming van een bloedvat in de hersenen van het ongeboren kind
bestudeerd. Deze metingen zijn met behulp van echoscopisch onderzoek verricht. Er
is een vergelijking gemaakt van de metingen verricht direct bij opname, na 16 tot 48
uur, na 60 tot 120 uur en na 7 tot 11 dagen. Er was geen verschil in de doorstroming
van de navelstreng en het hersenbloedvat, tussen de beide groepen, in de eerste 11
dagen. De conclusie was dan ook dat het geven van extra vocht geen effect heeft op
de bloedsomloop van het ongeboren kind gemeten met behulp van bovengenoemde
methode.
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De ontwikkeling van het kind één jaar na de uitgerekende datum van de zwangerschap
wordt beschreven in hoofdstuk 4. Er worden geen verschillen gevonden tussen de
vulgroep en de niet-vulgroep. Van de 178 levende kinderen, werden 171 kinderen
getest met behulp van de Bayley ontwikkelingstest. Het resultaat van deze test wordt
uitgedrukt in een mentale en een motorische score, respectievelijk de MDI en PDI. De
gemiddelde MDI en PDI scores waren laag, wat past bij het te vroeg geboren zijn. Er

was geen verschil in MDI of PDI score tussen de beide behandelgroepen. Met behulp
van een hiervoor specifiek bedoelde statistische methode (logistische regressie analyse)
kon worden onderzocht of er bepaalde factoren waren die vaker voorkwamen bij
abnormale uitslagen en dus een voorspellende waarde hadden. Bevallen op foetale
indicatie (dus omdat uit de metingen bleek dat de baby niet meer in goede conditie
was om nog langer in de baarmoeder te blijven), bleek, als enige, een voorspellende
factor voor een abnormale MDI. Een Kaukasische ethniciteit en laag geboortegewicht
waren de enige voorspellende factoren voor een abnormale PDI.
In hoofdstuk 5 worden de psychosociale gevolgen van ernstige hoge bloeddruk
problemen in de zwangerschap bestudeerd. Hiertoe werd op 3 verschillende
momenten een speciale vragenlijst (de 90 vragen bevattende Symptom Checklist =
SCL-90) afgenomen: rond de uitgerekende datum van de zwangerschap, 3 maanden
na de uitgerekende datum en 1 jaar na de uitgerekende datum. Vrouwen die op
het moment van de start van deelname aan het onderzoek minder dan 30 weken
zwanger waren, of vrouwen van wie het kind overleed of (blijvend) ernstig ziek
was, ondervonden de grootste psychologische gevolgen. Voor alle vrouwen nam de
psychosociale impact in het verloop van de tijd af. Een vergelijking van de verschillende
factoren die van invloed kunnen zijn op de psychische impact liet zien dat de duur van
de zwangerschap de enige factor was die gerelateerd was aan de SCL-90 score (“hoe
vroeger, hoe slechter”). Eén jaar na de uitgerekende datum van de zwangerschap had
87% van de vrouwen, die bij de start van het onderzoek had aangegeven weer te
willen werken na de zwangerschap, hun werk daadwerkelijk hervat, terwijl 9% in de
ziektewet zat.
In hoofdstuk 6 wordt gekeken of er al bij opname voorspelbaar is of er ernstige ziekteverschijnselen bij de moeder zullen optreden, of dat er een slechte kinderlijke uitkomst
zal zijn. Als dit zo zou zijn, zou een beleid gericht op uitstellen van de bevalling minder
zinvol zijn. Hiervoor werden verschillende factoren die al bij opname bekend zijn (zoals
de leeftijd en het gewicht van de moeder, duur van de zwangerschap, waarden van
nierfunctie, ijzergehalte en tekenen van orgaanschade in het moederlijke bloed, de
bloeddruk, etc) geanalyseerd. Er werd een vrij sterk verband gevonden tussen een
slechte kinderlijke uitkomst en de duur van de zwangerschap bij start deelname: hoe
jonger de zwangerschap, hoe groter de kans op een slechte kinderlijke uitkomst.
Verder bleek dat hoe zwaarder de baby was en als een vrouw al eerder was bevallen,
hoe kleiner de kans op ernstige moederlijke complicaties. Dit verband was echter
niet sterk genoeg om al bij opname een betrouwbare voorspelling te kunnen doen
met betrekking tot het ontwikkelen van eventuele ernstige ziekteverschijnselen bij de
moeder.
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Hoge bloeddrukproblematiek in de zwangerschap kan op verschillende manieren tot
uiting komen: ernstige hoge bloeddruk met eiwitverlies in de urine (preeclampsie),
HELLP syndroom, hoge bloeddruk met of zonder eiwitverlies in de urine, maar met een
groeivertraging van het ongeboren kind, of insulten (eclampsie). Deze verschillende
uitingsvormen kunnen bij één patiënt tegelijk optreden. In hoofdstuk 7 worden deze
verschillende uitingsvormen beschreven. Tevens wordt beschreven wanneer ernstige
moederlijke ziekteverschijnselen of het HELLP syndroom optreden en wordt gekeken of
er een verschil is in optreden van deze complicaties in de verschillende uitingsvormen.
Omdat, in deze patiëntengroep, de behandeling was gericht op een verlenging van de
zwangerschap, werd een “bijna natuurlijk beloop” van het ziektebeeld waargenomen.
De mediane (meest voorkomende) duur tot aan de bevalling of in de baarmoeder
overlijden van de baby, was 8,2 dagen (variërend tussen 0,1 en 44 dagen). Op het
moment van start deelname aan het onderzoek was er bij 56 vrouwen (26%) sprake
van meer dan één uitingsvorm van het ziektebeeld; dit nam toe tot 171 vrouwen
(79%) ten tijde van het ontslag uit het ziekenhuis. Het vóórkomen van ernstige ziekteverschijnselen bij de moeder (dit trad in totaal 26 keer op) bedroeg 4,2% in 2-4
dagen na start van het onderzoek en gemiddeld 1,7% (variërend tussen 0 en 2%) per
tijdsinterval van 3 dagen in de resterende tijd. Het HELLP syndroom kwam gemiddeld
5,5% (variërend tussen 1,9 en 8,7%) voor per tijdsinterval van 3 dagen gedurende de
eerste 3 weken na inclusie. Dit betrof zowel een herhaling van het HELLP syndroom
bij eenzelfde patiënt als een 1e episode van HELLP syndroom bij een patiënt. Zwangerschapsvergiftiging is dus een dynamisch ziektebeeld, met een grote overlap van
de verschillende uitingsvormen van dit syndroom. Verlenging van de zwangerschap,
bij een vroeg ontstaan ziektebeeld, leidt tot de ontwikkeling van episodes van het
HELLP syndroom en het optreden van ernstige complicaties bij de moeder (die restloos
genezen), maar kan gezonde overleving van het kind doen toenemen.
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Summary

Of er een verband bestaat tussen stollingsstoornissen en de verschillende uitingsvormen
van hoge bloeddrukproblemen in de zwangerschap wordt onderzocht in hoofdstuk 8.
Drie maanden na de uitgerekende datum van de zwangerschap werd aan alle vrouwen
een screeningsonderzoek aangeboden naar eventuele stollingsstoornissen. Er is gekeken
naar aangeboren stollings-stoornissen en naar stollings-stoornissen die in de loop van
het leven kunnen ontstaan. In de groep vrouwen van dit onderzoek kwamen stollingsstoornissen veelvuldig voor. Dit was ook al in andere onderzoeken beschreven. Ook
werd op dit tijdstip bij een groot deel van de vrouwen nog steeds een hoge bloeddruk
gemeten (= chronische hypertensie). Bij 75 vrouwen (36%) werd een stollingsstoornis
gevonden, 19 vrouwen (9%) hadden er meer dan 1. Chronische hypertensie werd bij
32% van de vrouwen vastgesteld en 34% van de vrouwen meldde het vóórkomen van
hart- en vaatziekten in de familie. Er waren kleine verschillen tussen de verschillende
uitingsvormen van het ziektebeeld. In de multinominale regressie analyse (weer een

specifieke statistische methode) werd een aangeboren stollingsstoornis vaker gezien
bij vrouwen met een kind met een ernstige groeivertraging tijdens de zwangerschap
dan bij vrouwen met HELLP syndroom of preeclampsie (ernstige hoge bloeddruk met
eiwitverlies in de urine).
In hoofdstuk 9 wordt de ‘birth weight ratio’ geïntroduceerd: dat is het daadwerkelijke
geboortegewicht gedeeld door het gewicht dat het gemiddelde kind van dezelfde
zwangerschapsduur heeft. De uitslag vormt een uitdrukking van de mate van
groeivertraging, bijvoorbeeld: dit kind weegt circa 65% van wat gemiddeld is voor
de zwangerschapsduur. Tot nu wordt als alternatief meestal een percentielgrens
gebruikt, oftewel: dit kind hoort bij de 10% kleinsten. Bijvoorbeeld in het PETRAonderzoek hoorde 92% in de laatste categorie. Met behulp van de ‘birth weight ratio’
kan de groeivertraging beter ingedeeld worden, is er minder invloed van ‘uitschieters’
(waarden die ver onder of boven het gemiddelde liggen) op de referentiecurve en
kunnen statistische berekeningen makkelijker uitgevoerd worden. Deze praktische
voordelen worden uitgelegd. Er worden argumenten aangegeven (eenvoudig in
gebruik en begrip, toepasbaarheid en betere vergelijkingsmogelijkheden in metaanalyses) waarom het gebruik van de ‘birth weight ratio’ de voorkeur verdient.
Al in de baarmoeder hebben kinderen spontane bewegingspatronen. Ook na de
geboorte blijven deze bewegingspatronen bestaan, echter deze veranderen in de
tijd wel. De meest voorkomende bewegingen worden General Movements (GMs)
genoemd. Van belang is de kwaliteit van de spontane bewegingen oftewel de manier
waarop de bewegingen worden uitgevoerd (moeilijkheidsgraad, variatie, vloeiendheid
van de bewegingen). De aanwezigheid van abnormale GMs bij de kinderen van het
onderzoek wordt beschreven in hoofdstuk 10. Er is gekeken of er een verband bestaat
tussen GMs gezien op de uitgerekende datum van de zwangerschap en 3 maanden
na de uitgerekende datum van de zwangerschap en de neurologische ontwikkeling
(gemeten met behulp van een andere ontwikkelingstest) 3 maanden en 1 jaar na
de uitgerekende datum van de zwangerschap. Op de uitgerekende datum van de
zwangerschap werd bij 10% van de kinderen duidelijk abnormale GMs gevonden en
na 3 maanden bij 13%. De GMs waren suspect (mild afwijkend) in respectievelijk 36%
en 40%. Er werd geen verband gevonden tussen het aanwezig zijn van suspecte of
duidelijk abnormale GMs na 3 maanden en het neurologisch onderzoek op 1 jaar. Wel
werd een duidelijk verband gezien met de motorische ontwikkeling na 1 jaar (PDI; zie
eerder). De gevonden frequente aanwezigheid van suspecte en duidelijk abnormale
GMs op de uitgerekende datum van de zwangerschap en na 3 maanden en de
afwezigheid van een verband met het neurologisch onderzoek op 1 jaar ondersteunen
de bevindingen van anderen, dat neurologische ontwikkeling een dynamisch proces
is in de tijd. De vertraagde motorische ontwikkeling op 1 jaar bevestigt de noodzaak
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om verschillende meetmethoden te combineren, om kinderen die een risico lopen op
neurologische ontwikkelingsproblemen op te sporen.
Twee patiëntvriendelijke methoden om veranderingen in de moederlijke bloedsomloop
tijdens de zwangerschap te meten worden beschreven in hoofdstuk 11,12 en 13.
In hoofdstuk 11 wordt de verbeterde thoracale elektrische bio-impedantie techniek
beoordeeld. Deze meetmethode lijkt op de methode die gebruikt wordt bij het maken
van een hartfilmpje (ECG). Op de borstkast en in de hals worden in totaal 4 elektrodes
geplakt. Twee daarvan zenden een voor de patiënt niet gevaarlijke en niet waarneembare
kleine elektrische wisselstroom door het lichaam, die elektrische spanningen (weerstandsveranderingen) op de huid tot gevolg heeft en door de andere 2 elektrodes
wordt opgevangen. Op deze manier kan, met behulp van verschillende formules, de
hartfunctie en de weerstand in de bloedvaten berekend worden. Negentien gezonde,
niet rokende, vrouwen met een ongestoorde zwangerschap, namen aan de studie
deel. Door middel van een statistisch model (het ‘random effects model’) werd in de
2e helft van deze zwangerschappen een verandering waargenomen in de richting van
een toegenomen hartslag, een daling van de hoeveelheid bloed die het hart per slag
uitpompt en een toename van de bovendruk en onderdruk van de bloeddruk. Deze
verandering werd per patiënt gezien, maar ook in de hele groep.
De bio-impedantie techniek is ook gebruikt voor het bepalen van het effect van
extra vocht op de moederlijke bloedsomloop in vroege ernstige zwangerschapsvergiftiging. De uitkomsten hiervan worden beschreven in hoofdstuk 12. De metingen
werden verricht bij 35 patiënten die deelnamen aan het PETRA onderzoek in het
VUmc (16 uit de vulgroep en 19 uit de niet-vulgroep). De gemiddelde waarden van
de metingen in de patiënten uit het PETRA onderzoek werden vergeleken met de
gemiddelde waarden tussen de 24 en 32 weken in de groep van 19 patiënten met een
ongestoorde zwangerschap. Zoals verwacht, werd een duidelijk verschil gevonden in
hartslag, hoeveelheid bloed dat het hart per minuut rond pompt en de weerstand in de
bloedvaten. Er werd geen verschil gevonden in waardes van de moederlijke hartfunctie
gemeten met of zonder extra vocht. Wel werd een zeer klein verschil gevonden in de
weerstand in de bloedvaten, deze was iets lager in de vulgroep.
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Summary

Het autonome zenuwstelsel (parasympathisch en sympathisch) heeft een groot
aandeel in de regulering van de bloeddruk. Het beste valt dit te meten aan de
sympathische activiteit. Er was al beschreven dat dit gestoord is bij zwangerschapsvergiftiging. De activiteit van het autonome zenuwstelsel kan gemeten worden
door specifieke zenuwmetingen te doen, maar dat is een vervelende procedure. In
hoofdstuk 13 wordt de PortapresTM gebruikt. Dat is een apparaat dat met behulp

van een vingermanchet continu de bloeddruk in de vinger meet en met behulp van
rekenmodellen ook continu de centrale bloeddruk berekent. Omdat er van hartslagop-hartslag hele exacte meetgegevens zijn is het apparaat ook heel geschikt om
onderzoek te doen naar de regelmechanismen van de bloeddruk. In het onderzoek
dat wordt beschreven in dit hoofdstuk, werd gekeken of de sympathische activiteit
in zwangerschappen met vroeg optredende hoge bloeddruk inderdaad is verhoogd
en of de sympathische activiteit verminderd kan worden door het geven van extra
vocht. Een groep van 37 opeenvolgende patiënten uit de PETRA populatie van het
AMC werd onderzocht (18 uit de vulgroep en 19 uit de niet-vulgroep) en vergeleken
met 29 vrouwen met een ongecompliceerde zwangerschap en 8 vrouwen bij wie
preeclampsie optrad na 34 weken. Een verhoogde sympathische activiteit werd
inderdaad gevonden in zwangerschappen met vroeg optredende zwangerschapsvergiftiging, maar de sympathische activiteit werd niet beïnvloed door behandeling met
of zonder extra vocht.

Uit dit onderzoek blijkt dat de behandeling met extra vocht (vullen):
• geen zwangerschapsverlengende werking heeft
• de doorstroming van de navelstrengvaten niet verbetert
• de uitkomst van het kind rond de uitgerekende datum van de zwangerschap niet
beïnvloedt
• de uitkomst van het kind 1 jaar na de uitgerekende datum van de zwangerschap niet
beïnvloedt
• geen invloed heeft op de psychosociale gevolgen voor de moeder
• resulteert in een iets lagere weerstand in de bloedvaten, zoals gemeten met behulp
van de bio-impedantie methode
• de bij dit ziektebeeld aangepaste regelmechanismen voor de bloeddruk (verhoogde
sympathische activiteit), zoals gemeten met de PortapresTM techniek, niet
beïnvloedt
De resultaten van dit onderzoek hebben geleid tot een aanpassing van de richtlijn
‘Hypertensieve aandoeningen in de zwangerschap’ van de Nederlandse Vereniging
voor Obstetrie en Gynaecologie, waarbij het geven van extra vocht niet meer wordt
geadviseerd, terwijl dit in het verleden nog als mogelijkheid werd beschouwd in
onderzoeksverband.
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Curriculum Vitae Annelies Rep
Annelies Rep werd op 26 februari 1970 geboren te Alkmaar. In 1988 slaagde zij
voor haar VWO examen aan het C.S.G. Jan Arentsz te Alkmaar. Na uitloting voor
de studie geneeskunde werkte zij een jaar als administratief medewerkster op het
Gemeenschappelijk AdministratieKantoor te Alkmaar. In 1989 begon zij haar studie
geneeskunde aan het Academisch Medisch Centrum te Amsterdam, waar op 31 juli
1996 het artsexamen werd behaald.
Zij was als AGNIO verloskunde en gynaecologie werkzaam in het Diaconessenhuis te
Leiden, het Kennemer Gasthuis, locatie Deo te Haarlem en het VU medisch centrum
te Amsterdam. Op 1 april 2000 begon zij als arts-onderzoeker van de Preeclampsie
Eclampsie TRial Amsterdam (PETRA); een gezamenlijk project van de afdelingen
gynaecologie en verloskunde van het VU medisch centrum en het Academisch Medisch
Centrum te Amsterdam.
Op 1 april 2004 werd de opleiding tot gynaecoloog aangevangen binnen het cluster VU
medisch centrum (opleider: prof. dr. H.P. van Geijn, thans prof. dr. H.A.M. Brölmann)
in het Medisch Centrum Alkmaar te Alkmaar (opleider: dr. Y.M. van Kasteren). In
oktober 2005 werd deze vervolgd in het VU medisch centrum.
Annelies is getrouwd met Bas Noomen. Zij kregen twee zonen, Thijs en Jeroen.
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Curriculum Vitae Wessel Ganzevoort
Wessel Ganzevoort werd op 1 juli 1973 geboren in het oude Militair Hospitaal
te Paramaribo, Suriname. Hij groeide op in Gorinchem, alwaar in 1985 het
Gymnasiumdiploma werd behaald aan het Gymnasium Camphusianum. Hij ging
Geneeskunde studeren aan de Universiteit van Amsterdam, het doctoraal examen
werd behaald in 1996 en het artsexamen cum laude in januari 1999. Van maart 1999
tot juni 2004 werd hij in het Academisch Medisch Centrum te Amsterdam (AMC)
aangesteld als arts-onderzoeker voor de PETRA studie, waarvan de resultaten worden
beschreven in dit proefschrift. In juli 2004 begon hij aan de opleiding Verloskunde en
Gynaecologie in het Spaarne Ziekenhuis te Haarlem en Hoofddorp (opleider Dr. M.H.
Emanuel). In januari 2006 zette hij de opleiding voort in het AMC (opleiders Prof.dr.
O.P. Bleker en Prof.dr. M.J. Heineman).
Wessel is getrouwd met Arianne Banink. Zij hebben twee zonen, Jannes en Karel. En
een derde kind is op komst.
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Dankwoord Annelies
Alweer enige jaren geleden werd mij tijdens een sollicitatiegesprek de vraag gesteld:
“Ben jij meer een denker of een doener?” Over het antwoord hoefde ik niet lang na
te denken: een doener. Aan promoveren wilde ik liever niet denken. Dat het leven vol
verrassingen zit blijkt maar weer. Het proefschrift is klaar. Dit was nooit gelukt zonder
de hulp van zeer veel mensen, die ik allemaal erg dankbaar ben.
In de eerste plaats natuurlijk de patiënten en hun partners (en - gelukkig van een
groot deel - later ook de kinderen). Het besef van ernstig ziek zijn was vaak nog
niet eens doorgedrongen, of de vraag om aan een onderzoek deel te nemen was
daar. Ondanks de prikangst die sommigen van jullie parten speelden, hebben jullie in
deelname toegestemd. Super! Gelukkig heeft niemand van jullie de pech gehad voor
de verkeerde groep geloot te hebben.
Uiteraard wil ik ook de patiënten bedanken die hebben deelgenomen aan het bioimpedantie onderzoek op de polikliniek. Zonder jullie was er geen vergelijking mogelijk
geweest.
Mijn onderzoeksmaatje in voor- en tegenspoed, beste Wessel, drie jaar lang, 24 uur per
dag, 7 dagen per week, beschikbaar zijn is ons niet altijd meegevallen. De samenwerking
daarentegen was geweldig en het resultaat mag er zijn; een prachtig proefschrift,
allebei getrouwd en allebei twee prachtige mannetjes. Samen onderzoek doen had
ook als voordeel dat we onze frustraties, die dit onderzoek met zich meebracht, bij
elkaar kwijt konden. De vele autoritjes voor onze PR activiteiten (uiteraard wel met
onze mobieltjes aan) waren nuttig en gezellig, evenals de congressen die we mochten
bezoeken. Dat jij je bleef inzetten om samen op één dag te promoveren (terwijl je
zelf al genoeg materiaal had) heb ik enorm gewaardeerd. We hebben er heel wat
rondgebracht, maar nu kan onze fles champagne eindelijk open. Bedankt voor alles!
Prof. dr. J.I.P. de Vries, beste Hanneke, jij haalde mij als AGNIO binnen in de VU, niet
wetende dat we zo veel contact zouden hebben en dat ik uiteindelijk jouw eerste
promovenda zou worden. Het klinisch deel van het onderzoek verliep niet altijd even
soepel. Heel erg bedankt voor alle steun die je me hebt gegeven. We hebben beide
met groot genoegen ons mobieltje ‘definitief’ uit gezet. Jouw absolute vertrouwen
in mijn werken en het vernuftig aanbieden van tijd om iets te kunnen lezen, waren
een ware stimulans toen er ook nog artikelen geschreven moesten worden. Dat je
hierbij ook altijd belangstelling had voor mijn gezin, was fijn. Hopelijk volgen de andere
meiden snel; “Aan de slag!”
Prof. dr. G.J. Bonsel, beste Gouke, je zult je vast soms afgevraagd hebben of het ooit
nog wat zou worden met mijn schrijfactiviteiten en mijn Engels. Tijdens de veelvuldige
vergaderingen bleek het soms lastig je aan het tijdschema van de agenda te houden,
maar je inbreng was verhelderend. Mede dankzij jouw kritische visie op de manuscripten
is er een prachtig proefschrift gekomen. Bedankt.
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Dr. H. Wolf, beste Hans, al tijdens het klinische deel van het onderzoek bleek jouw
gedrevenheid keer op keer. Geen patiënt kon in jouw bijzijn deelname aan het onderzoek
weigeren. Ik denk dat je meer analyses hebt verricht dan Wessel en ik samen en mijn
blondheid moet jou zo nu en dan tot wanhoop hebben gedreven. Je kritische visie op
manuscripten (en presentaties) betekende vaak een hele omschakeling, maar het werd er
wel weer beter door. Heel veel dank voor alle steun en (eigen)wijsheid. Bovendien vond ik
het erg gezellig deel uit te mogen maken van het ‘AMC team’ tijdens diverse congressen.
Mijn meander maatjes, medeonderzoekers, nu besef ik dat ik toch best lang op de
meander, die ik de eerste dag niet eens kon vinden, heb vertoefd. Er zijn dan ook
heel wat mensen gekomen en gegaan. Lieve Tatjana, jij voelt je vereerd dat je mijn
paranimf mag zijn, maar dat is wederzijds. De komst van de HRT onderzoekers op
de meander bracht een hoop extra gezelligheid (en deskundigheid). Er zijn mensen
die zich afgevraagd hebben of het niet ‘te’ gezellig was. Wij wisten echter wel dat
het ook zeer nuttig was om zo dicht bij elkaar te zitten. Het bewijs is nu wederom
geleverd. Een goed begin voor onze maatschap voor leuke artsen, die er echt moet
gaan komen. Lieve Marinka, Bianca, Marja, Franca, Melanie, Marieke, Koen, Mireille,
Ramon, Majoie, Monique, Coby, Hester, Gijs, Titia, Erik en Elbert-Jaap, mijn lach had
niet zo veelvuldig geklonken zonder jullie. Dank voor alle hulp in barre tijden, het
beschikbaar zijn als klaagmuur, maar bovenal de gezelligheid. Patricia, het verruilen
van je onderzoeksplaats voor een opleidingsplaats betekende voor veel mensen een
omschakeling. Voor mij betekende het de kans op een prachtig promotie onderzoek.
Dank voor al je voorbereidende werkzaamheden aan de ‘PETRA’.
Prof. dr. H.P. van Geijn, beste Herman, ik stond niet te juichen om als onderzoeker aan
het werk te gaan. Jij was betrokken bij het verkrijgen van subsidie voor de trial en wist
mij te overtuigen dat het een mooie kans was op een goed onderzoek. Nu het allemaal
achter de rug is, ben ik je dankbaar dat je mij deze kans hebt gegeven. Het bleek niet
altijd even makkelijk om in een ziekenhuis waar zo ontzettend werd geloofd in ‘vullen’,
patiënten zonder (extra) vocht te behandelen. Dank voor je vertrouwen in mij, het zo
nodig superviseren van de trial en je kritische blik op bio-impedantie gebied.
Dr. A. Bolte, beste Annemieke, bedankt voor je werkzaamheden als PETRA achterwacht
in de VU en met name ook voor de steun, de belangstelling en het organiseren van
vrije (schrijf) uurtjes in de afgelopen maanden.
(Bijna dr.) A.T.J.I. Go, beste Atti, dank voor het beschikbaar stellen van je tijd als
PETRA achterwacht en het nauwkeurig evalueren van casuïstiek als lid van de
monitorcommissie. Hopelijk volgt jouw promotiedag snel.
Prof. dr. J.A.M. van der Post, beste Joris, op de één of andere manier waren wij niet
het beste team voor de inclusie aantallen (slechte CTG’s; placenta loslating en alles het
liefst in de nacht). Als PETRA achterwacht bleek je een grote steun, m.n in Wessel zijn
vakanties. Dat jij nu, als professor, Wessel zijn promotor bent is een waar genoegen.
Dank voor al je hulp en gezelligheid.
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Dr. K. Boer, beste Kees, als achterwacht van het AMC PETRA team wil ik ook jou
bedanken voor je steun en beschikbaarheid.
Alle collegae, gynaecologen en arts-assistenten, dat behandeling van deze zieke
patiënten ook zonder infuus mogelijk was, konden jullie soms maar moeilijk geloven.
Feit is wel, dat er altijd aan de PETRA gedacht werd. Samen met alle verpleegkundigen,
die zo trouw op gezette tijden de controles uitvoerden, lijstjes invulden etc., hebben
jullie dit onderzoek mogelijk gemaakt. Allemaal enorm bedankt. ‘Vullen’ hoeft nu echt
niet meer en PETRA is weer gewoon Annelies.
Prof. dr. W.P.F. Fetter, beste Willem, het was een heel gesjouw om alle (dikke) status
van de kinderen op je kamer te krijgen. Vervolgens moesten er ook nog een flink
aantal vragen voor het CRF beantwoord worden. Met enig filosoferen over het vak en
onderzoek doen bleek dat een leuk uurtje te zijn. Bedankt voor al je tijd, je continue
belangstelling en het mede organiseren van de praktische uitvoering van het onderzoek
op de NICU. Beste Ruurd en Frank, bedankt dat jullie steeds probeerden op tijd de
hersenecho’s van de kinderen te maken.
Afdeling kinderfysiotherapie, beste Veronique, jouw enthousiasme, deskundigheid en
reislust hebben zeker een rol gespeeld in het hoge follow-up percentage dat we hebben
behaald. Samen met Petra en Wil waren jullie een leuk team om mee te werken. Bedankt!
Beste Laila, jouw bewegingswetenschappelijke visie leidde vaak tot boeiende discussies.
Dank dat je ondanks je pensionering tot het eind toe mee bent blijven denken.
Het onderzoeksteam op 1-jarige leeftijd, beste Ageeth, Judy, Aleid, Jolanda, dat waren
soms lange vrijdagmiddagen. Ik waardeer het enorm dat jullie zo vol enthousiasme en
deskundigheid de follow-up uitgevoerd hebben (en nog steeds uitvoeren).
H.K. Joosten, beste Hannie, alle data van de trial zijn door jouw vingers gegaan en ingevoerd
in de door jouw gemaakte database. Wat een ongelooflijke hoeveelheid werk. Dank voor
al je ondersteuning, ook als mijn computer weer eens niet wilde wat ik wilde.
Prof. dr. R.M. Heethaar, het is niet geworden wat we tevoren bedacht hadden, maar
de bio-impedantie bleek toch een waardevolle aanvulling op de PETRA. Dank voor uw
kritische beschouwingen. Beste Jan, de RSI weerhield je niet van het uitvoeren van de eerste
analyses, waaruit vervolgens weer nieuwe ideeën naar voren kwamen. Dank daarvoor. Iza,
aan jou was de taak om alle bio-impedantiemetingen te verwerken. Bedankt. Mariken, jij
bleek de grote aansporing voor het analyseren van de gegevens en het schrijven van de
bio-impedantie artikelen. Je vragen waren soms lastig, maar zeker nuttig. Ik hoop dat de
publicatie een aanzet is voor een mooie wetenschappelijke carrière. Yvonne, bedankt voor
je hulp bij het uitvoeren van de bio-impedantiemetingen op de polikliniek.
T. Korssen, beste Ted, je logistieke ondersteuning bij en uitvoering van het trombofilie
screeningsonderzoek van de moeders heb ik zeer gewaardeerd.
Dr. R. Strack van Schijndel en alle medewerkers van de Intensive Care wil ik bedanken
voor hun voorbereidingen en inzet om het onderzoek ook op de IC goed te kunnen
laten verlopen. We hebben jullie medewerking echter maar zelden nodig gehad.
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Uiteraard ook dank aan alle secretaresses / MAMK’s die mij op enigerlei wijze
behulpzaam zijn geweest bij het opvragen van status, het aanvragen van onderzoeken
en het aanleveren van materialen voor presentaties en dergelijke.
Inge Kos, beste Inge, het begon met een druppel en het eindigt met een druppel.
Dank voor alle figuren en vormgeving aan het proefschrift.
Drie jaar lang werd in de perifere ziekenhuizen bijna dagelijks gedacht aan ‘PETRA’.
Indien de aandacht even verzwakte mochten wij die altijd weer komen opfrissen
met een presentatie of een fles champagne. Alle gynaecologen en arts-assistenten
werkzaam in deze ziekenhuizen wil ik bedanken voor hun enthousiaste bijdragen.
Ook de kinderartsen en arts-assistenten die vervolgens de ‘PETRA kinderen’ weer
teruggeplaatst kregen wil ik bedanken voor de bereidwilligheid de informatie die wij
nodig hadden, steeds opnieuw, te verschaffen.
De leden van de leescommissie, professor Bruinse, professor Fetter, professor van
Geijn, professor Heethaar en professor Steegers. Bedankt voor de tijd die u hebt willen
besteden aan het lezen en beoordelen van het proefschrift.
Alle overige medewerkers van de ‘PETRA’, bijvoorbeeld als lid van de monitorcommissie,
als co-auteur, of behulpzaam bij de klinische werkzaamheden of follow-up, wil ik
bedanken voor hun aandeel in het voltooien van dit proefschrift.
Lieve vriendinnen en vrienden, bedankt voor alle etentjes, telefoontjes en uitstapjes,
die een welkome afwisseling waren in de soms hectische tijden.
Lieve meiden, Josita, Linda en Wendy, ook al is het contact wat minder dan 20 jaar
geleden, jullie zijn me zeer dierbaar. Soms moet er iets verschrikkelijks gebeuren om
dat nog meer te beseffen. Lieve Lin, zet hem op! Lieve Joost, we hebben samen al
heel wat meegemaakt, daarom ben ik blij dat je mij ook op deze belangrijke dag als
paranimf bij wilt staan. Ik hoop dat onze vriendschap nog heel lang zal duren.
Lieve broers, dat jullie zus(je) ook nog zou promoveren hadden jullie vast nooit gedacht.
Daar moet een goede basis aan ten grondslag liggen en daar hebben jullie zeker deel
van uit gemaakt. Bedankt!
Lieve Pap en Mam, ik ben blij dat jullie deze dag meemaken. Jullie hebben altijd
vertrouwen gehad in mijn keuzes en me daarin ook gesteund. Ook al is het soms lastig
te begrijpen waar ik mee bezig ben, de interesse is er niet minder om. Lieve beiden,
dank voor alles!
Lieve Thijs en Jeroen, kleine grote mannen! Wat is het geweldig dat jullie er zijn en wat
zijn jullie geweldig. Waarom het boekje nu klaar is? Er is voorlopig genoeg geschreven.
De computer kan eindelijk voor leuke dingen gebruikt worden. Tijd om nog meer te
genieten.
Lieve Bas, we hebben elkaar ooit beloofd altijd vriendjes te zullen blijven en daar kan
zelfs een proefschrift geen wig tussen drijven. Jouw onvoorwaardelijke steun en liefde
zijn niet te beschrijven. Je bent een kanjer!
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Dankwoord Wessel
Dit proefschrift maken duurde ruim 8 jaar van begin tot eind. Dat doe je dus niet
alleen. In die tijd hebben heel wat mensen meer of minder intensief de route met me
gedeeld. Ik ben ze om uiteenlopende redenen dankbaar daarvoor. Ik deed het dus
samen met…
…Annelies, we hadden het zonder elkaar niet gered. We hebben lange tijd uitstekend
samengewerkt in soms moeilijke omstandigheden (100% dienst, pfff…) en hebben
veel aan elkaar gehad. Fijn dat we onze boekjes op dezelfde dag kunnen verdedigen.
…Hans, grote inspirator en aanjager. Altijd betrokken, eigenwijs, humoristisch,
meewerkend bij analyse en schrijven, jouw rol in dit boekje is héél erg groot. De
samenwerking gaat door, ik hoop nog veel van je te leren.
…Hanneke, dank voor je grote betrokkenheid en optimisme, en voor het feit dat de
stukken die ik je opstuurde zo snel becommentarieerd terugkwamen.
…Gouke, bij de planning, uitvoering en afronding van de trial heb je ervoor gezorgd
dat alles volgens de spelregels verliep, het was heel erg prettig om iemand te hebben
voor die methodologische harde noten.
…Joris, tijdens de trial was het erg leerzaam en leuk om samen de patiënten te
bespreken en zocht je altijd constructief naar wat er nog beter geregeld kon worden.
Leuk dat ik jouw ‘eerste’ mag zijn.
…Otto Bleker en Herman van Geijn, de grote bazen op de achtergrond, bedankt voor
het mogelijk maken van de trial en jullie voortdurende interesse.
…Joris, Kees, Hans en Hanneke, Atti, Herman, Annemiek, bedankt voor alle PETRAachterwachten.
…de commissie, Dr. K. Boer, Prof. dr. H.W. Bruinse, Prof. dr. J.H. Kok, Dr. G.A.
van Montfrans, Prof. dr. E.A.P. Steegers, Prof. dr. J.G.P. Tijssen, bedankt voor het
beoordelen van het manuscript.
…de patiënten die in moeilijke situaties hun vertrouwen in het behandelteam en
onderzoekers stelden.
…de verwijzende gynaecologen, die vaak al voor verwijzing de patiënten hadden
overtuigd van deelname aan de studie (bedankt Tjeerd)
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…de perifere kinderartsen voor het beschikbaar stellen van alle gegevens van
overgeplaatste kinderen
…verpleegkundigen van H3 en H4, die voor veel boeiende discussies en veel
meetgegevens garant stonden: vullen hoeft niet meer!
…Loekie van Sonderen en Willem Fetter, bedankt voor de hulp bij het classificeren van
de neonatale morbiditeit.
…de afdelingen Neonatologie van beide ziekenhuizen, die steeds weer bereid waren
die extra hersenecho’s te maken.
…Aleid van Wassenaer, Veronique Schaaf, Petra van Schie, Laila de Groot, Jannie
Samsom, Ageeth Kaspers, Jolanda Westera, Judy Briet, Bregje Houtzager, die (nu nog)
betrokken zijn bij de goed verzorgde follow-up. Ik zie vooruit naar onze doorgaande
samenwerking.
…Hannie Joosten-van Brummelen, bedankt voor je consciëntieuze datawerk.
…Inge Kos, een mooi protocol, een mooi logo, een paar mooie figuren. En nu een
mooi boekje, sorry dat je af en toe gek van ons werd, en bedankt voor je hulp!
…Wieneke, je hebt er met veel plezier, inzet en doorzettingsvermogen een leuk artikel
van gemaakt.
…de mede-onderzoekers: Moira (buurvrouw) en later Pieternel en Liesbeth, Maarten
‘BWR’ Buimer, maar natuurlijk ook Marja, Judith, Saskia, Karlijn, Jiska, Wouter, Wouter,
Jan-Willem, Bas, Neriman, Christianne, Madelon, Henrike, Etelka, Stef en de rest.
…het secretariaat, Thea, Debbie, Marijke, Ria en collega’s, bedankt voor jullie
ondersteuning en gezelligheid.
… van het AMC: collega-assistenten, stafleden, echokamer, polidames, bedankt voor
jullie interesse in de voortgang en al jullie hulp tijdens de studie en bij de voorbereidingen
van de promotie.
…van het Spaarne: Annemieke, Dirk, Dominique, Irene, Jan, Jan, Haye, Mark Hans, Niek,
Dennis, Freek, Huib, Janne Meije, Jantien, Lisanne, Marjolein, Marleen, Matthijs, Luc,
Mirjam, Monique, Paulien, Robbert, verpleegkundigen, poliassistenten, echoscopisten,
bedankt voor jullie interesse tijdens mijn eerste opleidingsdeel.
…de afdeling TNO-BMI en Interne Geneeskunde en Fysiologie, onder wie Jeroen van
Goudoever, Han van Lieshout, John Karemakers en Gert van Montfrans. Dank jullie wel!
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…Odiamo, Merijn, Ward, Pascal, Bas, bedankt voor het samen groot worden.
…Las Margaritas, Hans (Cummie), (Don) Arnon, Sanne (is een meisjesnaam), Narender,
Bob, Guus, Maarten (PPP), Arjan, Johan, bedankt voor een vormende studietijd en de
jaarlijkse hengstenballen, die nog steeds tot de verbeelding spreken.
…mijn familie, Pa, Ma, broers, zussen en vrienden, bedankt voor jullie steun en liefde.
…paranimfen Ward (ver weg, maar heel dichtbij) en Job, leuk om deze dag samen met
jullie te delen,dank voor jullie hulp!
…Arianne, Wow, wat een vrouw! Alle clichés zijn waar, die hoeven niet hier
uitgesproken. Jannes en Karel en: Ik hoop dat jullie net zo trots op mij zijn als ik op
jullie. Ik houd honderd van jullie. Er verandert niets. Nou ja, een beetje dan….

.
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Appendix
PETRA-investigators (in alphabetical order):
Otto P. Bleker MD PhD;
		 Department of Obstetrics and Gynecology, AMC
Kees Boer MD PhD;
		 Department of Obstetrics and Gynecology, AMC
Gouke J. Bonsel MD MPH PhD;
		 Department of Social Medicine – Public Health Epidemiology, AMC; 		
		 Institute for Health Policy and Management, Erasmus MC
Judy M. Briët PhD;
		 Department of Neonatology, AMC
Willem P.F. Fetter MD PhD;
		 Department of Neonatology, VUmc
Wessel Ganzevoort MD;
		 Department of Obstetrics and Gynecology, AMC
Herman P. van Geijn MD PhD;
		 Department of Obstetrics and Gynecology, VUmc
Laila de Groot MCSP PhD;
		 Department of Movement Sciences; VUmc
Johanna H.K. Joosten MSc;
		 Department of Obstetrics and Gynecology, VUmc
Ageeth G. Kaspers MD;
		 Department of Neonatology, AMC
Joke H. Kok MD PhD;
		 Department of Neonatology, AMC
Joris A.M. van der Post MD PhD;
		 Department of Obstetrics and Gynecology, AMC
Annelies Rep MD;
		 Department of Obstetrics and Gynecology, VUmc
Veronique A.M. Schaaf PT;
		 Department of Physiotherapy, VUmc
Petra E.M. van Schie PT;
		 Department of Physiotherapy, VUmc
Loekie van Sonderen MD;
		 Department of Neonatology, AMC
Johanna I.P. De Vries MD PhD;
		 Department of Obstetrics and Gynecology, Department of Movement 		
		 Sciences, VUmc
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Aleid G. Van Wassenaer MD PhD;
		 Department of Neonatology, AMC
Jolanda Westera MSc;
		 Department of Neonatology, AMC
Hans Wolf MD PhD;
		 Department of Obstetrics and Gynecology, AMC

Monitoring committee
Pim A.M. Ankum MD;
		 Department of Obstetrics and Gynecology, AMC
Reinoud J.B.J. Gemke MD PhD;
		 Department of Pediatrics, VUmc
Atti T.J.I. Go MD;
		 Department of Obstetrics and Gynecology, VUmc
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Publications & presentations
Published manuscripts (not in this thesis)
Hypocalciemisch delier door magnesiumsulfaatbehandeling bij een zwangere met
preeclampsie (casuistische mededeling); Wessel Ganzevoort, Edo M Hoogerwaard,
Joris AM van der Post; Nederlands Tijdschrift voor Geneeskunde 2002; 146 (31):
1453-1456.
Magnesiumsulfaat vermindert de incidentie van eclampsie bij vrouwen met preeclampsie
(referaat); Wessel Ganzevoort, Joris AM van der Post; Nederlands Tijdschrift voor
Geneeskunde 2002; 146 (46): 2215.
Niet duidelijk welk antihypertensivum te gebruiken bij zwangerschapshypertensie
(referaat); Joris AM van der Post, Wessel Ganzevoort; Nederlands Tijdschrift voor
Geneeskunde 2004;148 (19): 959.
Insufficient correction for confounders (letter to the BMJ, response to “effects on
pregnancy outcome of changing partner between first two births: prospective
population study” by Vatten et al.); Wessel Ganzevoort, Otto P Bleker, Ben-Willem
Mol; British Medical Journal 2004 e-pub.
Transient hypothyroxinemia in severe hypertensive disorders of pregnancy; Maarten
Buimer, Aleid G van Wassenaer, Wessel Ganzevoort, Hans Wolf, Otto P Bleker, and
Joke H Kok; Obstetrics & Gynecology 2005; 106 (5): 973-979.

Oral presentations
Oral Presentation at the Leeds, UK conference of the International Society for the
Study of Hypertension in Pregnancy; September 2001; “A randomised clinical trial on
plasma volume expansion in severe and early-onset preeclampsia”; A. Rep (presenting
author), W. Ganzevoort, H. Wolf, G.J. Bonsel, J.I.P. de Vries
Oral Presentation at the Leeds, UK conference of the International Society for the
Study of Hypertension in Pregnancy; September 2001; “Short term effects of plasma
volume expansion on haemodynamic parameters in women with preeclampsia”; W.
Ganzevoort (presenting author), A. Rep, J.I.P. de Vries, H. Wolf
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Oral presentation at the combined Dutch and Belgian Antwerp conference of the
Societies for Obstetrics and Gynecology (Gynaecongres); June 2002; “Treatment of
severe and early preeclampsia: the role of plasma volume expansion”; W. Ganzevoort
(presenting author), A. Rep, H. Wolf, J.I.P. de Vries
Oral presentation at the New Orleans, USA conference of the Society for Maternal
Fetal Medicine; American Journal of Obstetrics and Gynecology 2004; 189(6): S15;
February 2004; “A randomized trial of temporizing management with or without plasma
volume expansion in severe and early preeclampsia: maternal morbidity”; Annelies Rep
(presenting author), Wessel Ganzevoort, Hans Wolf, Gouke Bonsel, Hanneke De Vries
Oral presentation at the Houston, USA conference of the Society for Gynecological
investigation; March 2004; “Effects of temporizing management with plasma volume
expansion of preeclampsia and fetal growth restriction on Doppler measurements of
the umbilical artery and middle cerebral artery”; W. Ganzevoort (presenting author),
A. Rep, K. Boer, J.A.M van der Post, J.I.P. De Vries, Gouke Bonsel, H. Wolf
Oral presentation at the Vienna, Austria conference of the International Society for the
Study of Hypertension in Pregnancy (ISSHP); November 2004; “PVE has no beneficial
effect in severe hypertensive complications of pregnancy”; Wessel Ganzevoort
(presenting author), Annelies Rep, Gouke J Bonsel, Johanna IP de Vries, Hans Wolf;
Oral presentation at the Vienna, Austria conference of the International Society for the
Study of Hypertension in Pregnancy (ISSHP); November 2004; “Sympathetic hyperactivity
in early onset severe hypertension of pregnancy”; Wieneke Metsaars (presenting author),
Wessel Ganzevoort, Saskia Rang, John Karemaker, Hans Wolf;
Oral presentation at the Vienna, Austria conference of the International Society for
the Study of Hypertension in Pregnancy (ISSHP); November 2004; “Temporising
management with plasma volume expansion in severe and early preeclampsia”; Annelies
Rep (presenting author), Wessel Ganzevoort, Gouke J Bonsel, Hans Wolf, Johanna IP de
Vries; Winner of the Zuspan Award.

Poster presentations
Poster presentation at the Münster, Germany International Congress for Children
(Endoscopy – Laparoscopic Surgery); February 1994; “Endosonography of the upper
and lower gastro-intestinal tract in children”; J.A.J.M. Taminiau (presenting author), A.
Rep, P. Fockens;
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Poster presentation at the Pediatric Research, San Diego, USA 1995; “Cerebral
calcifications on Computed Tomography are a valid measure of underlying
neuropathology in children with AIDS”; HN Lee (presenting author), P Brouwers, C De
Carli, LA Civitello, JW Ganzevoort, PA Pizzo;
Poster presentation at the Amsterdam, the Netherlands annual meeting of the Institute
for Cardiovascular Research VU University (ICAR-VU); December 2000; “Severe and
early onset preeclampsia: the role of plasma volume expansion” A. Rep (presenting
author), J.W. Ganzevoort, L. de Groot, R.M. Heethaar, H.P. van Geijn, O.P. Bleker, G.J.
Bonsel, H. Wolf, J.I.P. de Vries;
Poster presentation at the Toronto, Canada conference of the International Society for
the Study of Hypertension in Pregnancy (ISSHP); June 2002; “An ongoing randomized
trial on plasma volume expansion in severe and early preeclampsia”; W. Ganzevoort
(presenting author), A. Rep, J.I.P. de Vries, H. Wolf
Poster presentation at the Edinburgh, Scotland conference of the European Thyroid
association (ETA) October 2003; “Thyroid function in pregnant women with severe
hypertensive complications and their neonates” Maarten Buimer (presenting author),
AG van Wassenaer, W Ganzevoort, H Wolf, E Endert, JH Kok
Poster presentation at the San Francisco, USA annual meeting of the Pediatric Academic
Society May 2004; “Effects of severe hypertensive complications of pregnancy on
maternal and neonatal thyroid function” Maarten Buimer (presenting author), AG van
Wassenaer, W Ganzevoort, H Wolf, JH Kok
Poster presentation at the Vienna, Austria conference of the International Society for
the Study of Hypertension in Pregnancy (ISSHP); November 2004; “Birth Weight Ratio
is a valuable clinical and research tool for foetal growth restriction”; Wessel Ganzevoort
(presenting author), Hans Wolf, Gouke J Bonsel, Otto P Bleker, Maarten Buimer;
Poster presentation at the Vienna, Austria conference of the International Society for
the Study of Hypertension in Pregnancy (ISSHP); November 2004; “Effect of therapeutic
plasma volume expansion on sympathetic hyperactivity in preeclampsia”; Wieneke Metsaars
(presenting author), Wessel Ganzevoort, Saskia Rang, John Karemaker, Hans Wolf;
Poster presentation at the Reno, USA conference of the Society for Maternal Fetal
Medicine; February 2005; “Dynamic aspects of preeclampsia”; Wessel Ganzevoort,
Annelies Rep, Hanneke de Vries, Gouke Bonsel, Hans Wolf (presenting author);
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Poster presentation at the Reno, USA conference of the Society for Maternal Fetal
Medicine; February 2005; “Long-term infant outcome of a randomized trial of plasma
volume expansion in women with preeclampsia remote from term”; Wessel Ganzevoort,
Annelies Rep, Aleid van Wassenaer, Ageeth Kaspers, Hanneke de Vries, Gouke Bonsel,
Hans Wolf (presenting author);
Poster presentation at the Reno, USA conference of the Society for Maternal Fetal
Medicine; February 2005; “Are maternal complications predictable at admission for
early preterm hypertensive disorders of pregnancy?”; Annelies Rep, Wessel Ganzevoort,
Hanneke de Vries, Gouke Bonsel, Hans Wolf (presenting author);
Poster presentation at the Reno, USA conference of the Society for Maternal Fetal
Medicine; February 2005; “Is neonatal adverse neurological outcome or death
predictable at admission of women with early preterm hypertensive disorders of
pregnancy?”; Annelies Rep, Wessel Ganzevoort, Laila de Groot, Hanneke de Vries,
Gouke Bonsel, Hans Wolf (presenting author);
Poster presentation at the Lisbon, Portugal conference of the International Society
for the Study of Hypertension in Pregnancy (ISSHP); July 2006; “Disease dynamics and
incidence patterns of maternal complications in early onset hypertensive disorders of
pregnancy”; Wessel Ganzevoort (presenting author), Annelies Rep, Gouke J Bonsel,
Johanna IP de Vries, Hans Wolf;
Poster presentation at the Lisbon, Portugal conference of the International Society
for the Study of Hypertension in Pregnancy (ISSHP); July 2006; “Relationship between
thrombophilic disorders and type of severe early onset hypertensive disorder of
pregnancy”; Wessel Ganzevoort (presenting author), Annelies Rep, Gouke J Bonsel,
Johanna IP de Vries, Hans Wolf;
Poster presentation at the Lisbon, Portugal conference of the International Society for the
Study of Hypertension in Pregnancy (ISSHP); July 2006; “Psychological sequelae of severe
hypertensive disorders and related complications in pregnancy”; Annelies Rep, Wessel
Ganzevoort (presenting author), Gouke J Bonsel, Hans Wolf, Johanna IP de Vries;
Poster presentation at the Toronto, Canada conference of the Society of Pediatric
Research (SPR); May 2007; “Maternal depressive symptoms during the first year after
pregnancy complicated by severe hypertensive disorders, are not associated with one
year Bayley scores of the offspring”; Ageeth Kaspers (presenting author), Jolanda
Westera, Annelies Rep, Joke H Kok, Wessel Ganzevoort, Aleid Van Wassenaer.

