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Perinatal results of hemodynamic and conservative 
temporizing treatment in severe preeclampsia 
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Abstract 

Objective 

Patients and Methods 

Results 

Conclusion 

To evaluate maternal and perinatal outcome of hemodynamic 

temporizing management in severe preeclampsia. 

Study group of 57 preeclamptic women, gestational age 35 wks 

or less, treated with plasma volume expansion and vasodilatation 

under invasive hemodynamic monitoring, retrospectively matched 

with a control group treated in another center without volume 

expansion and invasive monitoring. 

In both groups pregnancy was prolonged with 10-11 days. 

Maternal morbidity was low in both groups. No complications of 

hemodynamic monitoring were observed. Perinatal mortality was 

not significantly different between the study group (7.1%) and 

the control group (14.3%). SGA-infants were significantly less 

frequent in the study group (9%) than in controls (33%). 

Temporizing treatment of patients with early severe preeclampsia, 

with or without plasma volume expansion and invasive hemodynamic 

monitoring, may reduce neonatal mortality and morbidity. The 

difference in birth weight between study group and control group 

may be an effect of the therapy or may be caused by selection bias. 

The perinatal outcome in the study group suggests that there may 

be a subgroup of patients who might benefit from hemodynamic 

treatment. 
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Introduction 
In comparison with normotensive pregnancy, preeclampsia in untreated patients is 

characterized by a disturbance of the maternal circulation with a contracted plasma volume, 

low cardiac output, and high systemic vascular resistance.'2 Several studies have shown 

that the abnormal maternal hemodynamic condition can be corrected with plasma volume 

expansion34 and pharmacologic vasodilatation.567 This approach has been used for 

temporizing treatment of preeclamptic women in the second or early third trimester, in an 

attempt to prolong gestation in order to enhance fetal maturity and to reduce neonatal 

morbidity and mortality caused by preterm birth.357 As yet, there are no data on the perinatal 

results of such hemodynamic temporizing management. Therefore, we evaluated the course 

and outcome of pregnancy in 57 nulliparous preeclamptic women with a gestational age 

below 35 weeks, treated in the obstetric intensive care unit of the University Hospital 

Rotterdam Dijkzigt (AZR-D) with bed rest, plasma volume expansion and pharmacologic 

vasodilatation under invasive central hemodynamic monitoring. The findings were compared 

with those in an equal number of nulliparous preeclamptic patients matched for gestational 

age, admitted to the Department of Obstetrics of the University Hospital Amsterdam (AMC) 

for conservative temporizing treatment without volume expansion and central hemodynamic 

monitoring. 

Patients and Methods 
The study population consisted of nulliparous women with severe preeclampsia admitted 

to the AZR-D between 1 January 1985 and 31 December 1988. The control group was 

selected from nulliparous preeclamptic women, admitted to the AMC between 1 January 

1984 and 31 December 1988. Severe preeclampsia was defined as the occurrence after 

20 weeks' gestation of a diastolic blood pressure of 100 mm Hg or more on two occasions 

at least 4 hours apart and proteinuria of 0,5 g/L or more. All patients selected for the study 

met the following criteria: 1 singleton pregnancy with a live fetus; 2 gestational age between 

20 and 34 completed weeks of amenorrhea; 3 not in labor; 4 no antihypertensive medication 

on admission; 5 no known preexisting hypertensive, cardiac or renal disease. Patients in 

both groups were matched retrospectively according to gestational age on admission 

accepting a maximal difference of one week. The matching was done in both centers in a 

blinded fashion, without knowledge of the course or outcome of pregnancy. 

In both centers patients were treated according to protocols that were not changed during 

the study period. The aim of treatment was to reduce maternal morbidity and to prolong 



gestation in an attempt to reduce neonatal complications of preterm birth. Fetal condition 

was monitored by means of cardiotocography and ultrasound. Decisions to deliver were 

made by the attending obstetricians on the basis of their interpretation of the cardiotocogram 

or of maternal condition. No corticosteroids were used to enhance fetal lung maturation. 

Study group 
Patients were admitted to the obstetric intensive care unit for central hemodynamic 

monitoring with the use of a triple-lumen Swan-Ganz catheter, as described previously.2 

Patients with a pulmonary capillary wedge pressure (PCWP) of less than 10 mm Hg and/ 

or a cardiac index below 3.5 I.min1.irr2 received an intravenous infusion of pasteurized 

plasma at a rate of approximately 250 ml/hr to reach and maintain PCWP values of 10-12 

mm Hg, and a cardiac index between 3.5-4.6 l.mirr1.rrr2. If, after volume expansion, cardiac 

index was still less than 3.5 and diastolic arterial blood pressure was 100 mm Hg or more, 

patients received an intravenous infusion of dihydralazine (Nepresol) at a rate of 1 mg/hr, 

followed by hourly increments of 1 mg, until the cardiac index had reached a value between 

3.5 and 4.6 l.miiV.rrr2, diastolic blood pressure was between 90 and 100 mm Hg, and a 

systemic vascular resistance index of 1600 dyne.s.cm5.m2 or less had been obtained. 

When cardiac index and systemic vascular resistance had reached normal values but 

diastolic blood pressure was still 100 mm Hg or more, antihypertensive treatment with 

alpha-methyldopa (Aldomet) was added. After a stable normal hemodynamic condition 

had been reached and maintained for 24-48 hours, the Swan-Ganz catheter was removed 

and the patient was transferred to the obstetric ward where plasma volume expansion and 

antihypertensive treatment were continued in the doses established under hemodynamic 

monitoring. All patients kept bed rest and maternal condition was continuously assessed 

by monitoring blood pressure, fluid balance and laboratory values. Anticonvulsive treatment 

with diazepam (Valium) was used in exceptional cases in which eclampsia was thought to 

be imminent or convulsions occurred. Diet was unrestricted. If preterm labor occurred and 

delivery was still to be postponed, uterine contractility was inhibited using intravenous 

fenoterol (Partusisten). 

Control group 
Patients were treated with complete bed rest, no intravenous fluids, and a diet containing 

less than 400 mg sodium per 24 hours. In addition, patients with symptoms such as 

headache, upper abdominal pain or visual disturbances received phénobarbital (Luminal) 

orally 30 mg t.i.d.. Antihypertensive medication was given when diastolic arterial blood 

pressure reached and remained at a level of 115 mm Hg or more. Alpha-methyldopa was 
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the drug of choice, intravenous dihydralazine was used when the desired reduction in 

blood pressure was not obtained. Intravenous magnesiumsulfate was administered as 

anticonvulsive treatment; intravenous tocolysis was not used. 

Course and outcome of pregnancy 
General patient characteristics, laboratory data on admission and the last laboratory data 

obtained before delivery were analyzed. Maternal morbidity and mortality, and the effects 

of treatment on prolongation of pregnancy, mode of delivery and indication for delivery, 

were compared in both groups. 

Neonatal data consisted of gestational age at delivery, birthweight and neonatal 

complications. Perinatal mortality included all stillbirths and neonatal deaths occurring within 

28 days of birth in fetuses with a birth weight of 500 g or more. Infants were defined as 

small-for-gestational age (SGA) when birth weight was below the 10th centile according to 

gestational age for infants born in the Netherlands. All infants were followed until the age 

of 1.5 years. Major handicaps were defined as cerebral palsy, mental retardation, and 

severe visual or hearing defects. 

Data analysis 
The study design was based on intention to treat; all patients who were enrolled in the 

study were analysed, including when they were delivered before the actual start of 

temporizing treatment. Data are presented as median and range, unless stated otherwise. 

Wilcoxon's rank-sum and rank-sign tests, and chi-square tests were used for statistical 

analysis, as appropriate. A p-value < 0.05 was taken as the level of significance. 

Results 
During the study period 68 consecutive patients who met the inclusion criteria for the study 

were admitted to the AZR-D, and 60 to the AMC. From the study group 57 patients could 

be matched with 57 patients in the control group. The characteristics of patients in both 

groups are shown in Table 1. There were no significant differences between groups with 

regard to the severity of the hypertension and the amount of proteinuria. The HELLP 

syndrome was defined as a platelet count below 100x109/L and serum aspartate (ASAT) 

and serum alanine aminotransferases (ALAT) levels of 50 U/L or more. There was no 

difference in the incidence of HELLP or eclampsia on admission between groups. Of the 

11 patients of the study group that could not be matched, gestational age was 27.0 (26.6-

32.7) weeks, compared with 25 (24.1-34.9) weeks in the 3 nonmatched control patients. 



Table I. Characteristics on admission 

Study group 
n=57 

Control group 
n=57 

Age (years) 27(18-39) 26(19-36) 
Gestational age (weeks) 31.1(26.0-35.0) 31.1(24.9-35.0) 

Systolic blood pressure (mm Hg) 160 (130-230) 160 (125-220) 

Diastolic blood pressure (mm Hg) 110 (100-140) 110(100-140) 

Proteinuria (g/L) 1.9 (0.5-35.7) 1.9 (0.5-44.2) 

HELLP (n) 15 11 

Eclampsia (n) 1 2 

values are median (range), or number, as appropriate 

Maternal outcome 
Laboratory data obtained on admission and at delivery are presented in Table 2. Although 

there were statistically significant differences between the study and control groups with 

regard to serum concentrations of creatinine, sodium and potassium, aspartate amino

transferase (ASAT), lactate dehydrogenase (LDH), protein and albumen, the differences on 

admission were small. Hemoglobin concentrations tended to fall during hemodynamic 

treatment and showed a significant rise in the control group. Uric acid levels did not change, 

but serum creatinine concentrations showed a significant increase in both groups. The amount 

of proteinuria doubled in patients under hemodynamic treatment, resulting in a significant 

fall in serum protein concentration; these changes were not observed in the control group. 

Table 2. Laboratory data 

On admission At delivery 

Study Control P Study Control P 

Hemoglobin (mmol/l) 7.9 (6.2-10.7) 8.1 (6.5-9.6) NS 6.7 (5.5-9.3) 8.6 (7.2-10.6) <0.01 
Platelets (X109/L) 173 (13-334) 142 (23—334) NS 119 (20-395) 196 (22-330) <0.01 
Creatinine (umol/l) 72 (47-107) 65 (50-120) <0.05 76 (54-131) 76 (54-137) NS 
Uric acid (mmol/l) 0.40 (0.25-0.88) 0.41 (0.20-0.84) NS 0.40 (0.23-0.68) 0.44 (0.20-0.84) NS 
Sodium (mmol/l) 140 (134-143) 135 (122-139) <0.01 139 (129-143) 134 (121-138) <0.01 
Potassium (mmol/l) 4.4 (3.6-5.7) 4.2 (3.0-5.8) <0.05 4.3 (3.3-6.1) 4.4 3.4-5.4) NS 
Proteinuria (g/l) 1.9 0.5-35.7) 1.9 (0.5-44.2) NS 3.7 (0.2-46.6) 2.3 (0.1-44.2) <0.05 
ASAT (units/I) 27 (11-765) 19 (3-998) <0.05 29 (12-219) 14 (3-1400) <0.01 
ALAT (units/I) 18 (5-348) 22 (2-642) NS 20 (8-192) 10 (1-600) <0.01 
LDH (units/I) 341 (179-2985) 170 (15-1665) <0.01 362 (176-1280) 153 (67-1370) <0.01 
Serum protein (g/l) 57 (45-71) 60 (48-78) <0.01 52 (44-68) 59 (48-76) <0.01 
Serum Albumin (g/l) 31 (24-48) 34 (25-42) <0.01 30 (21-40) 33 (25-40) <0.01 
Antithrombin 3 (%) 83 (11-110) 80 (57-120) NS 74 20-105) 85 (39-180) <0.01 

values are median (range) 
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Fifty-one patients in the study group, and nine in the control group received antihypertensive 

medication. In deviation from the protocol, four patients in the study group were treated with 

intravenous labetalol (Trandate) instead of dihydralazine as part of a clinical pilot study. 

Maternal outcome is shown in Table 3. With 10-11 days the median prolongation of 

pregnancy obtained in both groups was similar. There were no complications attributable 

to central hemodynamic monitoring in the study group. Six patients in the study group and 

three of the control group developed HELLP during treatment; in five patients from the 

study as well as in five patients from the control group the signs of HELLP disappeared 

completely before delivery. Nine of the 14 pregnant women with HELLP in the control 

group and eight of the 21 HELLP patients in the study group had a normal platelet count 

before delivery. 

Table 3. Maternal outcome 

Study Group Control Group 
n = 57 n = 57 

Prolongation of pregnancy (days) 10(0-57) 11 (0-64) 
Prolongation< 12 h (n) 3 7 
Prolongation 12-24 h (n) 2 1 

Maternal mortality (n) 0 0 
Maternal morbidity (n) 

HELLP-syndrome 6 3 
Eclampsia 2 3 
Partial abruptio placentae 1 1 
Pulmonary edema 3 0 
Post partum cardiomyopathy 1 1 
Post partum renal insufficiency 0 2 

Mode of delivery (n) 
Abdominal 46 39 
Vaginal 11 18 

Indication for delivery (n) 
Spontaneous labor 9 11 
Maternal condition 5 1 
Fetal distress 30 31 
Maternal condition + fetal distress 5 5 
Fetal death 2 7 
Advanced gestational age 6 2 

values are median (range), or number, as appropriate 

Two patients in the study group and three in the control group developed eclampsia after 

admission, before the actual start of treatment. In one of the patients in the study group the 

convulsions were complicated by transient cortical blindness. Reversible renal insufficiency 

developed in the control group after delivery in two patients, one of whom needed temporary 



dialysis. Three patients in the study group had signs of incipient pulmonary edema with 

cardiac failure during treatment with intravenous fenoterol for tocolysis; they improved 

rapidly with diuretic treatment after tocolysis had been stopped. The mode of delivery did 

not differ between groups and was by cesarean section in 70-80% of cases. The occurrence 

of fetal distress was the indication for delivery in 52% of cases in both groups. 

Perinatal and postnatal outcome 
Fetal and postnatal data are summarized in Table 4. Gestational age at delivery was almost 

33 weeks in both groups. Birth weight tended to be higher in the study group, but the 

difference was not statistically significant. However, the relative number of SGA infants 

was significantly smaller in hemodynamically treated patients than in controls, in particular 

the number of very low birthweight (< 2.3 percentile) babies. Perinatal mortality in the 

study group was half that in the control group, but the difference was not significant. In the 

study group, one fetal and one neonatal death occurred in the four patients treated with 

labetalol. In the two patients in the study group and in six of the seven patients with fetal 

death in the control group, fetal distress was recognized but it was decided not to deliver 

because of low estimated birth weight, a low chance of survival or a high estimated risk of 

serious handicap. In the control group an unexplained fetal death occurred at 35.4 weeks. 

Cerebral bleeding classified as grade III on ultrasound scan occurred in a baby in the 

study group born at 28.2 weeks' gestation with a weight of 960 g after unsuccessful 

antihypertensive treatment with labetalol. The infant developed severe respiratory and 

circulatory problems and died 8 days after birth. An infant in the study group with cerebral 

bleeding grade II had a birth weight of 1125 g at 30.5 weeks' gestation, after prolongation 

of pregnancy for 5 days. At the age of 1.5 years the infant had cerebral palsy and a 

developmental delay. The other infants with cerebral bleeding showed normal psychomotor 

development at the age of 1.5 years. In the study group more infants were ventilated than 

in the control group and complications due to patent ductus arteriosus or bronchopulmonary 

dysplasia occurred more often (Table 4). 

At 1.5 years follow-up, two infants in the study group and none in the control group had a 

major handicap. One of the babies with a major handicap has been described above. The 

other infant was delivered vaginally at a gestational age of 33 weeks with a weight of 2050 

g, and developed a severe respiratory distress syndrome with circulatory arrest two days 

after birth. He was resuscitated, but suffered severe cerebral damage. At the age of one 

year the infant had a spastic quadriplegia. One baby of the study group, who was bom at 

a gestational age of 32.1 weeks and who had a birth weight of 1100 g, developed 

bronchopulmonary dysplasia. Seven months after birth this baby died because of respiratory 
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failure due to a common cold. In the 11 patients in the study group who could not be 

matched, there was one stillbirth and one neonatal death. In the three patients in the 

control group who could not be matched, there were two stillbirths. 

Table 4. Perinatal and postnatal outcome 

Study Group Control Group 
n = 57 n = 57 

Gestational age at delivery (weeks) 32.9 (27.7 - 38.6) 32.7 (27.7 - 40.9) 
Birthweight (g) 1330(780-2450) 1215(605-2800) 
Birthweight percentile (n) 

< P 10 (%) 29 (51 %) 43 (75 %) * 
< P 5 (%) 13(23%) 33 (58 %) * 
< P 2.3 (%) 5 (9 %) 19(33%)* 

Perinatal mortality (%) 7.1 14.3 
Fetal deaths (n) 2 7 

Gestational age (weeks) 27.7 - 29.3 30 (27.7 - 35.4) 
Birthweight (g) 830 - 860 715(630- 1700) 

Neonatal deaths (n) 2 1 
Gestational age (weeks) 28.3-31.9 30 
Birthweight (g) 960- 1215 675 

Deaths > 1 month after birth 1 0 
Neonatal complications (n) 

Cerebral bleeding 
Grade (n) l-ll 2 2 
Grade (n) III 1 0 

Artificial ventilation (n) 27 8* 
Duration of ventilation (days) 3 (1 - 74) 1.5(1 -10) 

Bronchopulmonary dysplasia (n) 5 2 
Patent ductus arteriosus (n) 9 Q * * 

Sepsis (n) 5 0 
Major handicaps (n) 2 0 

* P<0.01, **P<0.05 
values are median (range), or number, as appropriate 

Discussion 
Comparison of our results of temporizing treatment of patients with early severe 

preeclampsia with those reported in the literature is difficult. In many publications the severity 

of the disease or the gestational age on admission are not exactly reported8 910", often the 

gestational age on admission is not comparable between studies, and in many reports 

patients are excluded for various reasons that cannot be compared.912131415 Also, because 

recent advances in perinatal care have markedly reduced neonatal morbidity and mortality, 

perinatal results obtained in recent years cannot be compared with those reported in earlier ^ 



studies. There is, however, good agreement that the reported perinatal results are closely 

associated with gestational age at delivery.11,12'14'15'16'17'18'19' For that reason, temporizing 

management resulting in prolongation of pregnancy may improve neonatal outcome. 

Two studies14-15 in which a comparison between expectant and non-expectant management 

was performed show that neonatal outcome was indeed improved by expectant 

management. Expectant management usually consists of bedrest, magnesium sulfate and 

antihypertensive therapy. We performed temporizing treatment with plasma volume 

expansion and vasodilatation and assessed the maternal and perinatal outcome of this 

approach with that of the usual expectant management. One other report could be found 

of temporizing treatment with hemodynamic monitoring using a Swan-Ganz catheter.7 In 

ten preeclamptic patients with a mean gestational age of 29 weeks on admission pregnancy 

was prolonged 0-13 days with two perinatal deaths. 

Attempts to execute in the AZR-D a randomized controlled trial of conservative and 

hemodynamic temporizing treatment of patients with early severe preeclampsia met with 

considerable ethical and practical problems. Forthat reason we resorted to a retrospective 

study using matched controls managed according to a different protocol in another University 

hospital, the AMC, in the Netherlands during the same period of time. Because the number 

of preeclamptic patients in the AMC was somewhat smaller than that in the AZR-D, we 

added one more year to the control group. Values of blood pressure, proteinuria and serum 

uric acid levels on admission are similar in both groups, which indicates comparable severity 

of preeclampsia. Antihypertensive medication was used in 16% of the patients of the control 

group and in 89% of the patients of the study group which, accepting a similar severity of 

preeclampsia and absence of maternal hypertensive complications in both groups, may 

indicate that antihypertensive treatment was overused in the study group. 

The marked rise in protein excretion that occurred in the study group may be due to plasma 

volume expansion, which is known to magnify proteinuria in patients with nephrotic 

syndrome.20 Neither the number of days that pregnancy was prolonged, maternal morbidity 

and mortality, nor perinatal mortality differed significantly between both groups. In both 

groups the presence of the HELLP syndrome was not considered an indication for immediate 

delivery. The observation that platelet counts and liver enzymes returned to normal values 

during treatment in 24% of patients in the study group and 36% in the control group supports 

anecdotal data reported in the literature212223 The improved maternal circulation in patients 

receiving plasma volume expansion may be responsible for the finding that none of the 

patients in the study group, compared with two in the control group, developed renal 

insufficiency, a known complication of preeclampsia.1324 

Pulmonary edema is a frequently reported complication of beta-agonist therapy, in particular 
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in combination with volume expansion and in conditions in which an increased pulmonary 

capillary permeability could exist.25 The observation that incipient pulmonary edema without 

signs of cardiac failure occurred in three patients receiving both plasma volume expansion 

and tocolytic treatment supports the view that this combination in preeclamptic patients is 

potentially dangerous and should be avoided.25 Although perinatal mortality did not differ 

significantly between the study and the control group, it tended to be less in the study 

group. It is of note that two of the neonatal deaths in the study group occurred in infants 

whose mothers were treated with intravenous labetalol, a potent alpha and beta adrenergic 

inhibitor. The neonates had intractable hypotension and bradycardia most likely due to 

adrenergic blockade, which may be deleterious in compromised preterm infants of the 

preeclamptic mother.2627 

The number of very low birth weight infants was significantly smaller in the study group 

than in the controls. The severity of the disease and the duration of prolongation of pregnancy 

did not differ between both groups, which suggests that plasma volume expansion and 

vasodilatation may enhance fetal growth by improving placental perfusion. Improved fetal 

blood flow during plasma expansion therapy has been reported.2829 On the other hand, 

because this is not a randomised study the fetuses in the study group may have been less 

growth-retarded on admission than in the control group because of differences with regard 

to referral practices. 

Neonatal morbidity caused by respiratory and circulatory complications was significantly 

higher in the study group than in controls. This may be due in part to survival of more 

fetuses at risk in the study group, but differences in neonatal care between both centers 

may also be important. In the AMC, where the control group was delivered, the neonatal 

intensive care unit is next to the delivery suite, whereas in the AZR-D the neonatal intensive 

care unit is located in a different building and a neonate at risk is usually intubated 

prophylactically before transfer. 

Plasma volume expansion and vasodilatation under central hemodynamic monitoring 

constitute invasive treatment which requires intensive care facilities and a skilled medical 

and nursing staff. If these prerequisites are met, treatment-related complications are rare.30 

The results obtained in both groups suggest that expectant, temporizing treatment of patients 

with early severe preeclampsia is safe and may even improve maternal condition. The 

good perinatal results in the control group support the view that temporizing treatment of 

preeclamptic patients may also be accomplished without plasma volume expansion and 

vasodilatation under hemodynamic monitoring. However, the smaller number of perinatal 

deaths and of severely growth-retarded infants in the study group suggest that there may 

be a subgroup of preeclamptic women who might benefit from hemodynamic temporizing 



management. Controlled studies are needed to further define or refute the existence of 

such a subgroup. 
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