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ORIGINAL ARTICLE

Neonatal haemodynamic effects following foetal exposure to labetalol
in hypertensive disorders of pregnancy

Liesbeth Thewissen1, Lou Pistorius2, Wim Baerts1, Gunnar Naulaers3, Frank Van Bel1, and Petra Lemmers1

1Department of Neonatology and 2Department of Perinatology, University Medical Center Utrecht, Utrecht, Netherlands, and 3Department of

Neonatology, University Hospitals Leuven, Leuven, Belgium

Abstract

Objective: Hypertensive disorders of pregnancy (HDP) affect foetal outcome. Labetalol is
frequently used to lower maternal blood pressure and prolong pregnancy. Conflicting evidence
exists for specific neonatal side effects described after maternal labetalol treatment. Our aim
was to investigate neonatal effects of foetal exposure to labetalol on cerebral oxygenation and
extraction.
Methods: In a prospective observational study, clinical characteristics, vital parameters and
cerebral oxygen delivery and extraction were collected during the first 24 h of life in labetalol-
exposed preterm neonates and compared with two control groups.
Results: Twenty-two infants with a mean gestational age of 28.9 weeks, born from
labetalol-treated mothers with HDP were included and matched with 22 infants with non-
labetalol-treated mothers with HDP and 22 infants without maternal HDP. No significant
differences between groups were found neither in heart rate, blood pressure and inotropic
support, nor in mean regional cerebral oxygen saturation and fractional tissue oxygen extraction.
Conclusion: Foetal labetalol exposure associated effects on preterm heart rate, blood pressure,
cerebral oxygenation and extraction are not demonstrated. Maternal disease severity seems to
play a more important role in neonatal cerebral haemodynamics. Maternal labetalol treatment
has no clinically important short term side effects in the preterm neonate.
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Introduction

Hypertension is a common disorder encountered in about

6–8% of pregnancies. Gestational hypertension is defined as a

blood pressure �140/90 mmHg after 20 weeks of gestation.

When accompanied by proteinuria (�300 mg/24 h), it fulfills

the criteria for diagnosis of preeclampsia, which can deteri-

orate to eclampsia, a life threatening event for mother and

child. Diagnosis and treatment thresholds of hypertensive

disorders in pregnancy (HDP) differ between societies but the

pathology causes increased perinatal morbidity and mortality

when compared with uneventful gestations [1].

The treatment goals of HDP are preventing maternal

complications and improving foetal growth and maturity by

permitting prolongation of pregnancy. Both oral and intra-

venous labetalol are used worldwide as first- or second-line

treatment to normalize acute and chronic elevated maternal

blood pressure in HDP due to its highly effective antihyper-

tensive properties and a better profile than hydralazine

and other b-blockers [2]. Labetalol is a selective a-1 and

non-selective b-receptor antagonist inducing peripheral vaso-

dilation but preventing reflex tachycardia and maintaining

cardiac output [3]. Due to its lipophilic properties labetalol

passes easily the placental barrier. Half-life in hypertensive

pregnant mothers in the third trimester is 4.3–6.9 h [4], but

can increase up to 24 h in an exposed preterm baby [5]. Most

associations of maternal labetalol treatment with adverse

infant outcomes are derived from retrospective cohort studies.

A recent nationwide population-based cohort study found a

b-blocker-associated increase in small for gestational age

infants, preterm birth and perinatal mortality – as described

by others – but confounding by maternal disease could not be

ruled out given the study design [6]. Detailed data on neonatal

tolerance and side effects (bradycardia, hypoglycemia, hypo-

tension) are described [7–10] but definitions differ between

studies and most severe toxicities attributed to labetalol are

published as case reports [11–13].

Scarce detailed information on labetalol-exposed neonatal

systemic and cerebral haemodynamics in HDP is available

[14]. Moreover foetal cerebral circulation is subject to

changes due to brain sparing in severe placental insufficiency

as seen in HDP. This response in hypoxic pregnancies with a

redistribution of foetal cardiac output towards essential

vascular beds such as the brain vasculature, may have an
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impact on cerebral oxygenation as cerebral blood flow

increases. We aimed to investigate labetalol-induced effects

on neonatal haemodynamics and cerebral oxygenation in the

first 24 h after birth. We hypothesized that maternal exposure

to labetalol in preterm offspring would lead to slower heart

rate, lower blood pressure, increased need for inotropic

support and signs of cerebral hypoperfusion reflected in

decreased values of cerebral oxygenation.

Methods

Patients

An observational case-control study was performed in

neonates of mothers treated with labetalol for HDP with a

gestational age (GA)532 weeks admitted in 2010 to the

NICU of the Wilhelmina Children’s Hospital in Utrecht

(HDPlab), a tertiary referral center in the Netherlands. Infants

participated in a longitudinal study in which cerebral

oxygenation and extraction were monitored using near

infrared spectroscopy (NIRS) for the first 72 h of life.

Exclusion criteria were neonates with known or strongly

suspected congenital abnormalities. HDPlab group infants

were individually matched to infants in two control groups in

the 2009–2010 cohort. The HDPnonlab and noHDP group

consisted of neonates of mothers with HDP without labetalol

treatment and neonates of mothers without HDP, respectively.

Beside sex, matching was performed by GA and birthweight

with median (range) 6 (1–13) days and 212.5 (80–425) grams,

respectively. Definitions used for HDP were the recommen-

dations made by the International Society for the Study of

Hypertension in Pregnancy [1]. First and second line treat-

ment for early (GA535 weeks) HDP in our hospital consists

of the centrally acting a2-receptor antagonist methyldopa and

oral labetalol, respectively. If diastolic blood pressure is

repeatedly4110 mmHg IV treatment is started with labetalol

or dihydralazine sulphate. Magnesium sulphate (MgSO4) is

given in preeclampsia and corticosteroids are given to

promote foetal maturity if indicated. Informed consent was

obtained in all cases. The Medical Ethical committee of the

University Medical Center Utrecht approved the study.

Clinical data

Obstetrical data were collected from the hospital record.

Prenatal maternal exposure and maximum dose and route of

labetalol were noted as was exposure to MgSO4, dihydrala-

zine sulphate and methyldopa. Neonatal data were collected

prospectively. Initiation of blood pressure support was

decided by the attending neonatologist following written

guidelines. Treatment was started if mean arterial blood

pressure (MABP) in mmHg was lower than GA in weeks. A

blood pressure support scoring system, depending on the

intensity of the treatment, was used to assess the intensity of

support as earlier described by Krediet et al. [15]. Mechanical

ventilation was defined as endotracheal intubation and

ventilation during the first 24 h with exclusion of the

INSURE-procedure (INtubate-SURfactant-Extubate).

Surfactant administration in patients with respiratory distress

disease was noted. Using ultrasound, prenatal foetal brain

sparing was defined as a pulsatility index (PI) less than

percentile 3 in the medial cerebral artery with PI of umbilical

artery more than percentile 95 with or without end-diastolic

block during pregnancy [16] and intraventricular haemor-

rhage (IVH) was diagnosed according to the classification of

Papile [17] on neonatal admission.

Monitoring cerebral tissue oxygenation

NIRS-derived regional cerebral oxygen saturation (rScO2)

measured with the INVOS 5100C monitor and adult

SomaSensor (Covidien, Mansfield, MA) was used as a

reliable estimator for changes in tissue cerebral oxygenation

[18]. To investigate the balance between oxygen delivery and

oxygen consumption, a relative cerebral fractional tissue

oxygen extraction (cFTOE) measurement can be formulated

as a ratio with arterial oxygen saturation (SaO2):

cFTOE¼ (SaO2�rScO2)/SaO2. An increase in cFTOE

reflects an increase of oxygen extraction by brain tissue

suggesting a higher consumption than delivery of oxygen.

Conversely, a decrease of cFTOE suggests less utilization of

oxygen by brain tissue in comparison with the supply [19].

Study design

Invasively measured MABP, heart rate (HR), SaO2 and rScO2

were monitored from admission up to 24 h after birth,

collected simultaneously and stored on a personal computer

(software: Poly 5, Inspektor Research Systems, Amsterdam,

NL). Data were analysed offline with 1 Hz sample frequency

(SignalBase, Utrecht, NL). Signals were resampled to median

samples using windows of one minute (a set of one minute

data points around a destination sample) after artefact

removal. Each resulting sample was calculated as the

median value of all data points in the window. A sample

was included if values in the window were present for more

than 50% of time. From resampled data, mean values of

MABP (mmHg), SaO2 (%), rScO2 (%), cFTOE (1/1) were

calculated in six-hourly time frames, started from birth until

24 h afterwards.

Statistical analysis

For statistical analysis, SPSS 20.0 (SPSS Inc., IL) was used.

Data were summarized as mean values ± SD or median values

and ranges when appropriate. Differences between groups

were analysed with the Kruskal–Wallis test, one-way

ANOVA, independent t-test, the Pearson Chi-Square or

Fisher’s Exact test and between and within groups by linear

mixed model analysis, if appropriate. Adjustments for mul-

tiple comparisons were made by the Bonferroni post hoc test.

The degree of relation between variables was tested using

Spearman’s correlation coefficient. A p value of 50.05 was

considered statistically significant.

Results

Study population

The clinical characteristics of the three groups: HDPlab,

HDPnonlab and noHDP are shown in Table 1.

No significant differences were found in Apgar score,

inotropic support, need for mechanical ventilation, surfactant

administration, severe early onset sepsis and occurrence of

2 L. Thewissen et al. J Matern Fetal Neonatal Med, Early Online: 1–6



large IVH (�grade 3) between the three groups. There was a

significant difference in the occurrence of brain sparing

between the three groups (p¼ 0.003), being highest in

HDPnonlab group. No significant differences were found

between the HDPlab and the HDPnonlab group concerning

exposure to MgSO4, methyldopa and dihydralazine sulphate.

The median [range] dose of labetalol was 480 [100–

2400] mg/24 h. Sixteen and six mothers received oral (400

[100–1200] mg/24 h) and IV (740 [300–2400] mg/24 h)

labetalol treatment, respectively.

Patterns of heart rate, blood pressure and cerebral
oxygen delivery and extraction

Heart rate was not significantly different between groups or

within groups during the four periods (Figure 1a) and always

between normal clinical limits (mean ± sd 147 ± 14.6 beats

per minute (bpm)). Heart rate and labetalol dose were not

significantly correlated (Table 2).

An expected physiological increase in mean MABP was

seen during the first day in all groups, only reaching

significance in the noHDP group (mean ± sd HDPlab

35 ± 6.3 to 37 ± 6.6 mmHg, p¼ 0.08; HDPnonlab 36 ± 5.5

to 40 ± 6.9 mmHg, p¼ 0.05; noHDP 31 ± 3.6 to

39 ± 6.5 mmHg, p50.001). MABP was not different between

groups on the different time points and significant correlation

between MABP and labetalol dose was not found (Figure 1b,

Table 2). As already shown in Table 1, no difference between

groups in inotropic support was seen on all time points.

To assess cerebral oxygenation and extraction, patterns of

rScO2 and cFTOE were compared between groups and no

significant differences at any time point were found (Figure

1c,d). In the noHDP group rScO2 increased while cFTOE

decreased significantly over time (from 61 ± 9.1 to 65 ± 11%,

p50.05 and 0.36 ± 0.09 to 0.32 ± 0.11, p50.001, respec-

tively). This finding was lacking in both HDP groups. There

was no significant correlation between labetalol dose and

rScO2 or cFTOE at any time point (Table 2).

Discussion

In this study we compared vital haemodynamic parameters

and cerebral oxygenation and extraction of 22 preterm

neonates prenatally exposed to labetalol with two control

groups during the first 24 h of life. Within the described dose

range of maternal labetalol, no differences compared to

controls concerning neonatal blood pressure, heart rate, blood

pressure support nor differences concerning regional cerebral

oxygen saturation and oxygen extraction were found.

Labetalol dosage had no effect neither on cerebral oxygen-

ation, heart rate nor on blood pressure of the preterm infant

during the first 24 h after birth. To our best knowledge this is

the first paper describing the exclusive effect of maternal

labetalol on NIRS measured cerebral oxygenation.

Contradictory reports concerning neonatal blood pressure

and/or heart rate after foetal labetalol exposure are published.

Macpherson et al. found no difference in heart rate and a

small subclinical difference in systolic blood pressure in 11

term babies of mothers treated with labetalol versus placebo

[7]. Plouin et al. found no difference in heart rate and blood

pressure in offsprings of mothers treated with labetalol versus

methyldopa for mild to moderate hypertension [8]. Hjertberg

et al. found no difference in neonatal heart rate and blood

pressure up to seven days after birth comparing hydralazine

and labetalol for mothers with moderate to severe hyperten-

sion [9]. However, in a well-described cohort of preterm

Table 1. Clinical characteristics of offsprings of mothers with HDP with and without labetalol-treatment (HDPlab and HDPnonlab) and offsprings of
mothers without HDP (noHDP).

HDPlab n¼ 22 HDPnonlab n¼ 22 noHDP n¼ 22 p values

GA [weeks: median (range)] 28.9 (24.7–31.3) 29.8 (26.6–31.9) 29.1 (25.1–31.0) 0.604
BW [grams: median (range)] 1000 (570–1450) 960 (540–1585) 1095 (740–1530) 0.1
SGA [n (%)] 2 (9.1) 6 (27.3) 1 (4.5) 0.126
Sex [m/f] 11/11 11/11 11/11 1
Prenatal corticosteroids [n (%)] 22 (100) 19 (86.4) 21 (95.5) 0.312
Exposure to MgSO4 [n (%)] 16 (72.7) 10 (45.5) 0.066y
Exposure to methyldopa [n (%)] 18 (81.8) 16 (72.7) 0.472y
Exposure to dihydralazine sulphate [n (%)] 6 (27.3) 7 (31.8) 0.741y
Brain sparing [n (%)] 9 (40.9) 11 (50) 1 (4.5) 0.003*
Apgar score [median (range)]
1 min 7 (1–9) 7 (1–9) 7 (1–10) 0.710
5 min 8 (7–9) 8 (5–9) 8 (4–10) 0.866
Inotropic support [n (%)](15) 0.478
No support 10 (45.5) 12 (54.5) 11 (50)
Volume or dopamine �5 4 (18.2) 8 (36.4) 7 (31.8)
Dopamine45 �10 3 (13.6) 0 (0) 3 (13.6)
Dopamine410 or/and dobutamine �10 4 (18.2) 0 (0) 0 (0)
Dopamine and dobutamine410 0 (0) 1 (4.5) 0 (0)
Additional adrenaline and/or corticosteroids 1 (4.5) 1 (4.5) 1 (4.5)
Mechanical ventilation [n (%)] 14 (63.6) 12 (54.5) 11 (50) 0.449
Surfactant administration [n (%)] 16 (72.7) 13 (59.1) 10 (45.5) 0.184
IVH 3–4 [n (%)] 2 (9.1) 2 (9.1) 0 (0) 0.535

HDP: hypertensive disorders of pregnancy; GA: gestational age; BW: birth weight; SGA: small for gestational age; IVH: intraventricular haemorrhage.

yHDPlab versus HDPnonlab.

*noHDP and brain sparing z-score: �2.3.
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infants exposed to labetalol in utero Heida et al. found no

association with heart rate 5100 bpm in the first 48 h after

birth but higher incidence of hypotension irrespective of

dosage and route of administration. Differentiation between

labetalol versus patent ductus arteriosus (PDA) effects was

difficult since PDA appeared independently associated with

hypotension. Absence of a dose dependent effect suggested

that the observed association with labetalol may be due to

other factors such as maternal disease severity rather than

pharmacological effects of labetalol [10].

In our case-control study, with detailed measurements of

heart rate and blood pressure, but also cerebral oxygenation,

an expected physiological increase in mean MABP was seen

during the first day [20] but significance was only reached in

the noHDP group. Also, the significant increase of rScO2 and

decrease of cFTOE during the first day in the noHDP group

was not seen in both HDP groups. A possible explanation for

this, besides the small sample size, could be disease severity

with a less effective regulation of the vascular tone in preterm

infants exposed to maternal HDP [21] and/or central/periph-

eral vasodilating effects of other vaso-active drugs (i.e.

MgSO4, methyldopa, dihydralazine sulphate). Prevalence of

hypotension and inotropic support being not different between

groups remains a favorable finding since both conditions are

associated with adverse neurodevelopmental outcome [22].

However, whether the lack of increase of blood pressure and

rScO2 in the first 24 h in both HDP groups has any effect on

long term outcome remains unknown.

Using trend monitoring of cerebral oxygenation as an

estimator of cerebral blood flow after birth, cerebral oxygen

delivery and consumption remained stable and without dose

correlation following foetal exposure to labetalol. In particu-

lar, no compromised oxygenation at risk for hypoxic brain

injury (rScO2540–45%) was seen [18]. Comparable to this

important finding, stable foetal cerebral blood flow during

and after intravenous maternal labetalol treatment in HDP is

described by others in two studies where no alterations in

foetal blood flow measured by 133Xenon isotope clearance

method and foetal Doppler ultrasound parameters were found

[23,24].

Although not significant, possibly due to small sample

size, a remarkable trend of higher mean rScO2 and lower

mean cFTOE in both groups with HDP was observed in the

first 12 h of life, in contrast to our hypothesis. Verhagen et al.

[14] described lower cFTOE values in nine preterm neonates

prenatally exposed to labetalol and/or MgSO4 versus no

exposure but could not differentiate between drugs and

maternal disease severity. This current study demonstrates

Figure 1. Clustered boxplots of mean heart rate (a: HR, bpm), mean arterial blood pressure (b: MABP, mmHg), mean cerebral oxygen saturation (c:
rScO2, %) and mean cerebral fractional tissue oxygen extraction (d: cFTOE, 1/1) during the first 24 h of life in offsprings of hypertensive mothers
exposed to labetalol (HDPlab), offsprings of hypertensive mothers not exposed to labetalol (HDP-lab) and offsprings of non-hypertensive mothers
(noHDP). Mean heart rate did not differ significantly between and within groups. Mean MABP increased over time in all groups but only reached
significance in the noHDP group. No significant differences were measured between groups for mean rScO2 and mean cFTOE at any time point. In the
noHDP group rScO2 increased while cFTOE decreased significantly over time (#p50.001, *p50.05).
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labetalol exposure by itself is not associated with differences

in preterm cerebral haemodynamics when compared to

exposure to other antihypertensive treatment.

The trend of higher mean rScO2 and lower mean cFTOE

could be explained by occurrence of brain sparing in almost

half of the HDP infants as a result of longstanding hypoxic

state in utero. Although still within normal values, some

important remarks regarding oxygenation of the immature

brain of preterm infants with brain sparing and exposure to

labetalol and other antihypertensive drugs have to be made.

Postnatal cerebral vasodilation after foetal brain sparing as

described by Scherjon et al. [25] together with the possible

effect of vaso-active antihypertensive drugs could have a

negative effect on the autoregulatory capacity of the brain in

these immature infants [26]. Pressure passive cerebral circu-

lation in infants of mothers with antihypertensive medication

is possible. If autoregulatory mechanisms fail during blood

pressure instability, both cerebral hypoxia and cerebral

hyperoxia render the foetal and neonatal brain at risk for

the occurrence of intraventricular haemorrhage [27].

Continuously monitored rScO2 and MABP can be used to

estimate the autoregulatory capacity of the brain [28].

Caicedo showed in his model that infants of mothers treated

with labetalol have evidence of decreased autoregulatory

capacity but these results need to be confirmed [29].

We are aware of limitations in this case-control study.

First, power calculation was not performed but up to date, this

is the largest study in literature describing neonatal cerebral

oxygenation after foetal labetalol exposure. Using small

sample sizes and three defined groups we were able to

elucidate the specific effects of labetalol on cerebral circu-

lation. Secondly, labetalol blood levels were not measured to

give information about pharmacokinetic effects of labetalol.

We studied the first 24 h of life in the assumption labetalol

concentration and thus pharmacodynamic effects would be

highest in that time frame. Finally, the effect of labetalol on

maternal blood pressure was not investigated and disease

severity was based on treatment given to the mother.

In conclusion, we report a group of preterm neonates with

foetal labetalol exposure carefully matched with two control

groups in which haemodynamic vital parameters and cerebral

oxygenation and extraction were monitored. Clinically

important negative effects of labetalol in preterm newborns

on heart rate, blood pressure, cerebral oxygenation and

extraction were not seen. Within the dose range and patient

group described, maternal treatment with labetalol to prolong

pregnancy is not associated with clinically important short

term neonatal side effects concerning cerebral haemo-

dynamics in the transitional phase.
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