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Part I
The Randomized trial: 

Preeclampsia Eclampsia TRial Amsterdam (PETRA)





A randomized controlled trial comparing two temporizing 
management strategies, one with and one without plasma 

volume expansion, for severe and early-onset preeclampsia
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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
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.

Methods

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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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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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. 

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. 

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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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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Figure 1. Trial profile

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.

Results
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). 
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Table II. Baseline characteristics of patients

Control group
(n = 105)

Treatment group
(n = 111)

Maternal age (year) 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)

Gestational age (weeks) 30.0 (24.1-33.9) 30.0 (24.3-33.7)

Severe preeclampsia† 44 (42) 52 (47)

HELLP syndrome† 27 (26) 27 (24)

FGR† 57 (55) 68 (61)

Eclampsia† 3 (3) 2 (2)

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.

56



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) 0 (0-9) 494 (0-1714)*

Intravenous fluids (total amount) (mL#) 150 (0-7484) 6171 (0-25853)*

Intravenous MgSO4 medication# 47 (45) 42 (38)

Corticosteroid medication 72 (69) 81 (73)

Antihypertensive therapy#

α-methyldopa (n patients treated – number of treatment days) 63 – 754 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 medications# 
(simultaneously used)

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 outcome

Maternal mortality 0 0

Eclampsia (after inclusion) 2 2

HELLP syndrome (newly acquired after inclusion) 20 19

Patients with major morbidity 11 13

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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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 

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.
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Table IV. Perinatal mortality, neonatal morbidity and neurological score at term age

Control group
(n = 105)

Treatment group
(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)

Live births n = 98 (93) n = 98 (88)

Prolongation of pregnancy (days) 10.5 (0.2-44) 7.4 (0.1-35)

Gestational age at delivery (weeks) 31.6 (26.4-38.6) 31.4 (26.3-37.0)

Termination of pregnancy

vaginal delivery 10 (10) 2 (2)

cesarean section 88 (90) 96 (98)*

cesarean section for maternal indication# 13 (15) 26 (27)*

Birth weight (g) 1280 (477-2960) 1253 (525-2495)

Birth weight ratio 0.66 (0.40-0.98) 0.65 (0.33-1.10)

5’ APGAR score <7 11 (11) 11 (11)

Infants on assisted ventilation 40 (41) 45 (46)

Days of ventilation per ventilated child 3 (1-60) 4 (1-42)

Total hospital days (since birth) 35 (0-114) 38 (1-224)

Infants with morbidity 48 (49) 52 (53)

Episodes of neonatal morbidity 80 (82) 93 (95)

RDS†

mild 5 11

severe 27 28

CLD† 8 9

IVH grades 3 and 4† 3 1

PVL grades 2, 3 and 4† 0 3

NEC† 5 3

sepsis/meningitis† 25 29

PDA† 7 9

Postnatal deaths‡ 8 10

pulmonary causes 4 2

NEC 1 0

sepsis 0 4

multiple organ failure 1 2

other causes 2 2

Adverse outcome 22 (21) 33 (30)

Infants tested for primary endpoint n = 91 n = 86

Neurological examination score 59 (49-60) 59 (47-60)
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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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 

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)

Live births 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)

infants with morbidity 27 (45.8) 30 (47.6)

episodes of neonatal morbidity† 45 49

postnatal deaths 5 (8.5) 5 (7.9)

Adverse outcome 12 (19.0) 16 (22.9)

Infants tested for primary endpoint 55 57

Neurological examination score 59 (49-60) 59 (48-60)

Figure 3. Prechtl score
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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. 

Control group Treatment group

Vb. Severe FGR at inclusion (n = 57) (n = 68)

Fetal deaths 5 (8.8) 9 (13.2)

Live births 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)

infants with morbidity 30 (57.7) 35 (59.3)

episodes of neonatal morbidity† 50 62

postnatal deaths 6 (11.5) 9 (15.3)

Adverse outcome 15 (26.3) 24 (35.3)

Infants tested for primary endpoint 47 49

Neurological examination score 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)

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)

infants with morbidity 33 (73.3) 32 (76.2)

episodes of neonatal morbidity† 63 65

postnatal deaths 8 (17.8) 8 (19.0)

Adverse outcome 22 (42.3) 29 (52.7)

Infants tested for primary endpoint 38 34

Neurological examination score 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.
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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. 

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 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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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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