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Abstract

Introduction: Magnesium sulfate (MgSQ,) is frequently ad-
ministered for maternal and fetal neuroprotection in pre-
eclampsia (PE) and imminent preterm birth, respectively.
Objective: To assess whether MgSQO, affects neonatal cere-
bral oxygenation, blood flow, and cerebral autoregulation
(CAR) during the first postnatal days independently from PE.
Methods: 148 neonates <32 weeks gestational age were in-
cluded. Cerebral fractional tissue oxygen extraction (cFTOE)
was extracted from a daily 2-h period, during which peak
systolic blood flow velocity (PSV) and resistance index (RI) of
the pericallosal artery were obtained. The percent time of
impaired CAR (correlation coefficient between mean arterial
blood pressure and cerebral oxygen saturation >0.5) was
determined. Linear mixed models were applied. Results:

MgSO, exposure was recorded in 77 neonates. Twenty-nine
neonates were born following PE. MgSO, independently
lowered cFTOE (B: —0.026, 95% Cl: —0.050 to 0.002, p < 0.05)
but did not affect PSV and RI. PE was associated with a lower
cFTOE (B: -0.041, 95% Cl: -0.067 to -0.015, p < 0.05) and a
tendency towards both lower PSV (B: -4.285, 95% Cl: -9.067
to0 0.497, p < 0.1) and more impaired CAR (B: 4.042, 95% ClI:
-0.028t08.112, p < 0.1), which seemed to be strongly medi-
ated by fetal brain sparing. MgSO, did not alter CAR.
Conclusions: In contrast to fetal brain sparing in PE, MgSO,
seems to lower cFTOE by lowering cerebral oxygen demands
in preterm neonates without affecting the cerebrovascula-

ture. © 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction
MgSO, is used to prevent maternal seizures in pre-

eclampsia (PE) and protect the fetal brain in preterm de-
livery [1, 2]. Although MgSO, reduces the risk of neonatal
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cerebral palsy, its benefits concerning periventricular leu-
komalacia (PVL), intraventricular hemorrhage (IVH),
and mortality remain controversial [3]. Moreover, its
neuroprotective mechanisms are poorly understood, but
have mainly been attributed to a reduction in hypoxia-
and inflammation-induced glutamate excitotoxicity by
NMDA receptor blockade [4, 5]. In addition, the calcium
entry-blocking properties of magnesium make it a potent
smooth muscle relaxant [5].

We previously reported that antenatal MgSQO, is asso-
ciated with a lower neonatal cerebral fractional tissue ox-
ygen extraction (cFTOE), either due to reduced cerebral
oxygen consumption associated with lower cerebral me-
tabolism or increased cerebral oxygen supply through va-
sodilatory mechanisms [6]. Although MgSO, has been
reported to affect cerebral blood flow (CBF), a confound-
ing effect of maternal PE can frequently not be excluded
[7-9]. Likewise, fetal brain sparing (preferential cerebral
perfusion in response to placental insufficiency) may
have influenced these findings [6, 10].

Given the frequent administration of MgSO, and the
uncertainties regarding its hemodynamic effects on the
neonatal brain, which may be confounded by underlying
maternal PE, we aimed to explore the separate effects of
both MgSO, and PE on the neonatal cFTOE, CBF, and
cerebral autoregulation (CAR) during the first days fol-
lowing preterm birth.

Materials and Methods

Study Design

This was a retrospective observational study based on fetal and
neonatal measurements performed within the scope of routine
clinical care at the obstetric department and the neonatal intensive
care unit of the University Medical Center Groningen between
June 2016 and June 2018. The study was approved by the institu-
tional ethics committee. Inclusion criteria were gestational age
(GA) <32 weeks and simultaneous good-quality cerebral oxygen-
ation and blood flow measurements. Exclusion criteria were major
cardiac or chromosomal abnormalities, IVH of grade 3 or higher
as it can affect cerebral oxygenation, maternal hypertension with-
out PE, and infrequent maternal medication with potential effect
on fetal hemodynamics, such as sildenafil, ketanserin, or indo-
methacin.

CBF and Oxygenation Indices

Regional cerebral tissue oxygen saturation (r.SO,) was routine-
ly measured during the first 5 days after birth with near-infrared
spectroscopy using an INVOS device (Medtronic, Dublin, Ire-
land). The corresponding neonatal sensor was placed on either
frontoparietal side of the infant’s head. Simultaneously, we moni-
tored transcutaneous arterial oxygen saturation (SaO,) to calculate
cFTOE:
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cFTOE = (Sa0, - r.SO,)/Sa0,

Correlation between r SO, and invasively measured mean arte-
rial blood pressure (MABP) was assessed for moving windows of
10-min epochs with 95% overlap. We determined the percentage
of time that the correlation coefficient was >0.5, indicating pres-
sure-passive cerebral oxygenation and thus impaired CAR [11].
All data were retrieved at 0.2 Hz. One hour of good quality mea-
surements within a 2-h period around cranial ultrasound was suf-
ficient for inclusion. Artifacts were manually removed in cases of
sensor misplacement, indicated by nonphysiological changes in
saturation (>20% change between 2 consecutive data points) or
missing physiological variance (flat line). No imputation was per-
formed for missing values.

CBF was routinely assessed once or twice during the first days
after birth, but only once per day, by an experienced pediatric ra-
diologist using Doppler ultrasound. Peak systolic blood flow veloc-
ity (PSV) and end-diastolic blood flow velocity (EDV) were mea-
sured in the pericallosal artery, as the axis of this artery is closely
in line with the angle of insonation, yielding high reproducibility
[12]. The resistance index (RI) was calculated as

RI = (PSV - EDV)/PSV.

Clinical Data Collection

Mothers were treated with MgSO, for fetal neuroprotection in
case of imminent preterm birth <30 weeks GA and/or for the pre-
vention of seizures in PE. Either regimen included an initial intra-
venous 4-g bolus with a maintenance dose of 1 g/h. If MgSO, treat-
ment was stopped at least 24 h before birth, this was registered as
“no exposure” due to its rapid clearance in pregnant women [13].
Antenatal steroids (=24 h before birth) and other maternal medi-
cations were recorded.

PE was diagnosed as pregnancy-induced hypertension with
proteinuria (a protein/creatinine ratio 0.3 g/10 mmol or 0.3 g in
24-h urine). The presence of fetal growth restriction was recorded,
defined as an abdominal circumference or estimated fetal weight
below the 10th percentile. Fetal brain sparing was defined as a cere-
broplacental ratio M1 at the last prenatal ultrasound, calculated by
dividing the pulsatility index of the middle cerebral artery by that
of the umbilical artery [14]. If no cerebroplacental ratio was mea-
sured due to normal umbilical flow (pulsatility index below the
95th percentile) or normal growth, this was registered as no brain
sparing.

Statistical Analysis

A sample size calculation (supplemental material) was carried
out a priori. SPSS 24.0 (IBM Corporation, Armonk, NY, USA) and
GraphPad Prism 8.1.2 (GraphPad Software, San Diego, CA, USA)
were used. A two-tailed p value <0.05 was considered significant.
Depending on normality, population characteristics are presented
as medians (interquartile ranges) or means + SD, tested with the
Mann-Whitney U or Student’s ¢ test, respectively. Physiologic pa-
rameters per day are presented as means * SD regardless of nor-
mality for easier comparability.

First, we explored (per postnatal day) the correlation between
cFTOE/r.SO, and CBF parameters using Pearson or Spearman
rank correlation for infants exposed or unexposed to MgSO,. Sec-
ond, the same was done for infants born following PE and non-PE
pregnancy.

Richter/Scherjon/Dikkers/Bos/Kooi



Table 1. Descriptive characteristics for infants with and without antenatal MgSO,

No antenatal MgSO, Antenatal MgSO,
(n=171) (n=177)

Gestational characteristics
Preeclampsia 6(9) 23 (30)**
Fetal growth restriction 15 (21) 20 (26)
Fetal brain sparing 7 (10) 11 (15)
Antenatal steroids 31 (44) 54 (70)**
Antenatal labetalol 4(6) 20 (26)**
Antenatal methyldopa 0(0) 8 (10)**
Antenatal nifedipine 14 (20) 30 (39)
PPROM 16 (23) 13 (17)
Cesarean section 30 (42) 32 (42)
Neonatal characteristics
Female 34 (48) 30 (39)
Gestational age, weeks 30.3 [29.4-31.3] 28.6 [26.9-29.5]**
Birth weight, g 1,421+368 1,157+£328**

z-score -0.84+1.16 -0.94+1.38
Head circumference, cm 27.5%2.46 26.0+2.4%*

z-score -0.71+1.03 -0.71+1.12
Administration of surfactant 31 (44) 42 (55)
Mechanical ventilation 37 (52) 56 (73)**
Bronchopulmonary dysplasia 5(7) 14 (18)**
hsPDA 11 (16) 23 (30)**
Inotropic therapy! 4 (6) 1(1)
Necrotizing enterocolitis 5(7) 9(12)
Early-onset sepsis 6(9) 2 (3)
Late-onset sepsis 9 (13) 31 (40)**
Transfusion-requiring anemia' 3(4) 2(3)
Polycythemia! 3 (4) 4 (5)
IVH <grade 2 13 (18) 26 (34)**
PVL <grade 2 32 (45) 47 (61)*
Death before discharge 4(6) 4 (5)

Data are presented as medians [interquartile ranges], means + SD, or absolute numbers (%) within the
respective groups. hsPDA, hemodynamically significant (i.e., treatment-requiring) patent ductus arteriosus;
IVH, intraventricular hemorrhage; PPROM, prolonged premature rupture of membranes (>18 h); PVL,
periventricular leukomalacia. * p < 0.1, ** p < 0.05, vs. infants with antenatal MgSO, exposure.

! Within the first 5 days after birth.

Next, separate univariate linear mixed-effect analyses were
used to compare repeated measures of cFTOE, CBF, and CAR
within the first 5 days after birth between infants with and without
MgSO, exposure with MgSOy as fixed effects, subjects as random
effects, and compound symmetry as covariance structure. Post hoc
multiple comparison analyses were used to test for differences in
daily predicted means, the p values of which are graphically pre-
sented. Again, we secondarily ran the same mixed-effect analyses
for infants born following PE and non-PE pregnancy.

Finally, both MgSO, and PE were forced into one multivariate
mixed-effect model with additional adjustment for confounders,
such as fetal brain sparing, as fixed effects. By definition, con-
founders were associated with either MgSO, or PE (p < 0.1) and
changed the estimate of their association with the outcome vari-

Magnesium Sulfate, Preeclampsia, and
Neonatal Cerebral Hemodynamics

able by >10%. In case of high association between confounders,
the one with the largest change in estimate was included to reduce
multicollinearity. Similarly, confounding variables with a variance
inflation factor >5 were removed from the analysis if they raised
the variance inflation factor of PE or MgSO, >5.

Results

Clinical Characteristics of the Study Population
Within the study period, 148 of 271 infants were eligi-
ble for analyses (online suppl. Fig. 1; for all online suppl.
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Table 2. Correlation coefficients (number of analyzed infants) between postnatal cerebral fractional tissue oxygen extraction (FTOE)
and blood flow parameters within the first 5 days after birth for infants with and without antenatal MgSO, exposure (a) and infants born

following preeclampsia (PE) and non-PE pregnancy (b)

a Infants with and without antenatal MgSO,-exposure

Antenatal MgSO, No antenatal MgSO,

RI PSV EDV RI PSV EDV
cFTOE
Day 1 -0.098 (23) 0.154 (23) 0.135 (23) -0.054 (20) 0.573 (20)** 0.580 (20)**
Day 2 0.057 (31) ~0.009 (30) ~0.067 (30) 0.000 (32) 0.112 (31) ~0.017 (31)
Day3 0.381 (20) 0.187 (18) -0.154 (18) 0.079 (14) -0.156 (14) -0.147 (14)
Day 4 0.095 (14) 0.055 (14) -0.108 (14) 0.056 (12) 0.683 (11)** 0.536 (11)*
Day 5 0.104 (10) 0.333 (10) 0.285 (10) -0.117 (9) 0.683 (8)* 0.357 (8)
b Infants born following PE and non-PE pregnancy

PE No PE

RI PSV EDV RI PSV EDV
cFTOE
Day 1 0.100 (5) 0.600 (5) 0.500 (5) -0.058 (38) 0.298 (38) 0.288 (38)
Day 2 0.074 (12) 0.743 (11)** 0.482 (11) -0.043 (51) 0.237 (50) -0.132 (50)
Day 3 0.300 (9) 0.033 (9) -0.183 (9) 0.196 (25) -0.128 (23) -0.119 (23)
Day 4 0.174 (6) ~0.257 (6) ~0.200 (6) ~0.041 (20) 0.418 (19)* 0.371 (19)
Day 5 NC (2) NC (2) NC (2) ~0.151 (17) 0.467 (16)* 0.228 (16)

*p <0.1,** p < 0.05. EDV, end-diastolic velocity; NC, not computable; PSV, peak systolic velocity; RI, resistance index.

Table 3. The association between neonatal hemodynamic
parameters during the first 5 days after birth and either MgSO,
or preeclampsia (PE), as analyzed by univariable linear
mixed-effect analyses without adjustment for confounders

B [95% CI] SE  p

FTOE (n = 148)

MgSO, ~0.020 [-0.041 t0 0.000] 0.010  0.055*

PE ~0.041 [-0.067 to —0.015] 0.013  0.002**
RI (n = 148)

MgSO, 0.015 [-0.009 t0 0.039]  0.012  0.229

PE -0.010 [-0.041 t0 0.020] 0.015  0.506
PSV (n = 145)

MgSO, ~1.533[-5.360 t0 2.294] 1.931  0.429

PE -4.285[-9.067 to 0.497] 2.412  0.079*
Impaired CAR, % time (n = 53)

MgSO, 0.877 [-2.152t0 3.906] 1.505 0.563

PE 4.042 [-0.028 to 8.112] 2.032  0.052*

*p <0.1,** p <0.05. B, regression coefficient (effect estimate);
CAR, cerebral autoregulation; CI, confidence interval; FTOE,
fractional tissue oxygen extraction; PSV, peak systolic velocity; RI,
resistance index; SE, standard error.

334 Neonatology 2020;117:331-340
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material, see www.karger.com/doi/10.1159/000507705).
Median GA was 29.4 [28.0-30.4] weeks, and mean birth
weight was 1,283 g (£371). Seventy-seven infants (52%)
were exposed to MgSO,. These infants were of younger
GA and more frequently required ventilation or devel-
oped a hemodynamically significant patent ductus arte-
riosus (hsPDA), mild IVH, late-onset sepsis, and bron-
chopulmonary dysplasia (Table 1) than infants without
MgSO, exposure. There was also a trend towards more
PVL, which was also associated with IVH (p =0.015). IVH
itself was associated with younger GA (p = 0.015) and a
trend towards more hsPDA (p = 0.073).

In 54 infants, the indication for MgSO,4 was fetal neu-
roprotection, while in 23 infants it was maternal PE. Me-
dian cumulative doses were not different: 10.5 g (6.4-
22.5) versus 10.0 g (9.0-17.0), respectively (p > 0.1). In
total, 29 infants (20%) were born following PE. Com-
pared with infants not born following PE, these infants
had smaller birth weight z-scores (-2.28 vs. -0.55, p <
0.05) and were more frequently subjected to antenatal
steroids (83 vs. 51%, p < 0.05), brain-sparing (52 vs. 3%,
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p < 0.05), and MgSOy (79 vs. 45%, p < 0.5). Moreover,
these infants were exposed to maternal labetalol (83%)
and methyldopa (28%).

The mean r.SO,, Sa0,, cFTOE, RI, PSV, and duration
of impaired CAR within the first 5 days after birth are
given in online supplementary Tables 1 and 2 for (a) in-
fants with and without antenatal MgSO, exposure and
(b) infants born following PE and non-PE pregnancy.

Cerebral Oxygenation and Blood Flow

Only in infants unexposed to MgSOy, cFTOE positive-
ly correlated with the pericallosal PSV and EDV on post-
natal days 1 and 4 (Table 2). In infants born following PE,
cFTOE and PSV positively correlated on postnatal day 2.

Magnesium Sulfate, Preeclampsia, and
Neonatal Cerebral Hemodynamics

There was no correlation between cFTOE and RI. Oppo-
site but similarly significant correlations were seen for
r.SO; (online suppl. Table 3).

In univariate linear mixed model analyses, MgSO, ex-
posure tended to be associated with a lower cFTOE with-
in the first 5 days, particularly on days 2 and 4
(Table 3; Fig. 1), but was not associated with RI or PSV.
Maternal PE was associated with significantly lower post-
natal cFTOE, which was twice the estimated effect as seen
for MgSO, (Table 3). This was particularly evident on
days 2-4 (Fig. 1). Moreover, there was a tendency towards
alower postnatal PSV following PE, which was significant
on day 1 after birth. Despite a tendency towards lower RI
on day 2, overall RI was unaffected.

Neonatology 2020;117:331-340 335
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After forcing both MgSO, and PE into a linear mixed
model and adjusting the analyses for other confounders,
the association between PE and cFTOE became insignifi-
cant, while the association between MgSO, and cFTOE
now reached statistical significance (Table 4). Addition-
ally, GA and fetal brain sparing were significantly associ-
ated with lower postnatal cFTOE, with fetal brain sparing
having the largest estimated effect. Moreover, the tenden-
cy towards a lower PSV following PE was lost. Other as-
sociations did not change. Of note, hsPDA significantly
increased RI, which was particularly true on days 3 (p =
0.003) and 4 (p = 0.048). Effect dependency between PE
and MgSO, on our outcome variables was tested by the
inclusion of an interaction term. However, as it had an
insignificant effect on the regression coefficients (data
not shown), it was removed from the models.

336 Neonatology 2020;117:331-340
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We found no significant correlations between cumula-
tive dose and daily cFTOE in MgSO,-exposed infants.

Cerebral Autoregulation

CAR was determined in 53 infants. These infants re-
quired an arterial line for invasive MABP measurements,
were of significantly lower GA and more often ventilated,
and they more often developed an hsPDA, early-onset
sepsis, and mild IVH than infants without an arterial line
(all p < 0.05). Twenty-seven infants with invasive MABP
and CAR measurements were exposed to MgSO,4 and 8
were born following PE. In descriptive analyses, MABP
was not different between infants with and without
MgSO, exposure or infants born after PE or non-PE preg-
nancy, but there was a trend towards a higher heart rate
after MgSO, exposure (day 4: p = 0.093) and a signifi-

Richter/Scherjon/Dikkers/Bos/Kooi



Table 4. The association between MgSOy, preeclampsia (PE), and neonatal hemodynamic parameters during the
first 5 days after birth analyzed using linear mixed-effect analyses with adjustment for confounders

B [95% CI] SE p VIF
FTOE (n = 144)
MgSO, ~0.026 [-0.050 to —0.002]  0.012 0.035%* 1.48
PE -0.005 [-0.039 to 0.028] 0.017 0.736 1.75
GA -0.008 [-0.014 to -0.002] 0.003 0.010** 1.34
Antenatal steroids -0.020 [-0.041 to 0.002] 0.011 0.075* 1.20
Fetal brain sparing -0.039 [-0.077 to -0.002] 0.019 0.041** 1.53
RI (1 = 148)
MgSO, 0.012 [-0.014 to 0.037] 0.013 0.372 1.28
PE -0.023 [-0.054 to 0.007] 0.015 0.133 1.16
GA 0.001 [-0.007 to 0.008] 0.004 0.891 1.91
hsPDA 0.054 [0.022 to 0.087] 0.016 0.001** 1.60
PPROM -0.036 [-0.065 to —0.006] 0.015 0.017** 1.11
PSV (n=141)
MgSO, 0.411 [-4.174 to 4.996] 2.307 0.859 1.34
PE -3.176 [-9.846 to 3.494] 3.363 0.347 1.79
GA 0.661 [-0.506 to 1.828] 0.586 0.263 1.32
Fetal brain sparing -2.504 [-9.899 to 4.892] 3.728 0.503 1.64
Impaired CAR, % time (n =51)
MgSO, -0.257 [-3.741 to 3.226] 1.723 0.882 1.40
PE 1.453 [-4.183 to 7.088] 2.799 0.606 1.66
GA -0.335 [-1.035 to 0.366] 0.347 0.341 1.19
Fetal brain sparing 6.071 [0.959 to 11.183] 2.543 0.021** 1.42

*p<0.1,** p <0.05. B, regression coefficient (effect estimate); CAR, cerebral autoregulation; CI, confidence
interval; FTOE, fractional tissue oxygen extraction; GA, gestational age; hsPDA, hemodynamically significant
(i.e., treatment-requiring) patent ductus arteriosus; PSV, peak systolic velocity; PPROM, prolonged premature
rupture of membranes; R, resistance index; SE, standard error; VIF, variance inflation factor.

cantly higher heart rate in infants born after PE (day 5:
p =0.017; online suppl. Table 2).

MgSO, did not affect CAR in either uni- or multivari-
ate linear mixed model analysis (Tables 3, 4; Fig. 2). Ac-
cording to the univariate regression analysis, being born
following PE was associated with an overall tendency to-
wards impaired CAR within the first 5 days after birth but
not on any postnatal day in particular (Table 3; Fig. 2). In
the multivariate regression analysis, the tendency to-
wards an association between PE and impaired CAR dis-
appeared (Table 4). Instead, fetal brain sparing signifi-
cantly increased the duration of impaired CAR.

Discussion
We investigated the effect of antenatal MgSO, on neo-

natal cFTOE, CBF, and CAR following preterm birth, en-
tangling it from concomitant PE-associated changes in

Magnesium Sulfate, Preeclampsia, and
Neonatal Cerebral Hemodynamics

fetal cerebral hemodynamics. We found that antenatal
MgSO, was associated with lower cFTOE after birth, but
did not affect CAR or CBF, suggesting reduced oxygen
consumption rather than increased oxygen supply. More-
over, the effect on cFTOE was independent from PE,
which was itself associated with a lower cFTOE and a ten-
dency towards lower PSV, suggesting increased oxygen
supply from an increased CBF. In addition, PE tended to
be associated with impaired CAR. Adjustment for con-
founders suggested that PE-associated alterations in cere-
bral hemodynamics were mediated by fetal brain sparing.

The fact that MgSO, independently lowers cFTOE by
a reduction in regional oxygen consumption rather than
increased oxygen supply has also been suggested by Stark
etal. [15], who found that MgSO, treatment for fetal neu-
roprotection was associated with lower cFTOE but not
altered internal carotid blood flow on postnatal day 1. We
demonstrate that this effect endures until at least postna-
tal day 4 or 5, which was independent from cumulative
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dose but may reflect a prolonged elimination half-life of

Reduced cerebral oxygen consumption following
MgSO,4 may result from decreased cerebral metabolism
by blockade of excitatory glutamate NMDA receptors by
magnesium [17]. Glutamate receptor blockade has been
proposed as the major neuroprotective mechanism of
MgSO,, reducing inflammation- and hypoxia-induced
excitotoxicity [18]. An associated decrease in cerebral ox-
ygen demands may further contribute to MgSO4-related
neuroprotection, as it may reduce cerebral susceptibility
to hypoxic insults. Previous studies relating high cFTOE
levels to PVL may support this theory [19]. However, the
difference in ¢cFTOE was small (2-5%), possibly even
within the margin of error for detection of the device, and
its clinical significance may be questioned. Moreover, in
our study population, a trend existed towards more PVL
following MgSO,, which may relate to more IVH in these
infants.

Whether MgSO, prevents or increases the risk of IVH
is controversial [3, 20]. While in our study mild IVH was
more common following MgSQO,, this may also be associ-
ated with lower GA. Although low cFTOE has ambigu-
ously been associated with both an increased and reduced
risk of IVH, potentially reflecting perfusional differences
prior and following IVH, a lower cFTOE by MgSO, was
not associated with CBF [21, 22]. In general, MgSO, did
not affect CBF. This was not supported by Shokry et al.
[23], who reported a lower PSV, EDV, and mean flow ve-
locity following MgSO, but no difference in RI. Although
they excluded infants born following PE, they suggested
that a higher incidence of PDA in MgSO,-exposed infants
may have confounded their results, but they did not ad-
just their analyses. Rantonen et al. [24], in contrast, also
reported no effect by MgSO, on pericallosal flow veloci-
ties and resistance. Instead, they demonstrated a decrease
in cerebral perfusion pressure due to lower systolic blood
pressure following MgSO, exposure. They speculated
that together with reduced cerebrovascular reactivity this
may prevent IVH [24]. However, we did not find CAR to
be altered by MgSO,, which is supported by experimental
data [25]. MgSOy is therefore unlikely to decrease or in-
crease the risk of IVH by altering cerebrovascular reactiv-
ity, especially if it does not affect systemic blood pressure,
as was the case in this study and large-scale meta-analyses
[3]. Yet, an increased use of volume expansion and high-
er heart rates following MgSO, have been reported [26],
possibly reflecting the hypotensive potential of MgSO,. If
profound, this could still cause cerebral perfusion pres-
sures outside the autoregulatory range and cerebral hyp-
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oxia, in particular in those being very preterm or showing
ongoing fetal brain sparing.

PE lowered cFTOE twice as much as MgSO,. Addi-
tionally, our data suggested PE-induced cerebral vasodi-
lation and interference with CAR. These findings ap-
peared to be mediated by fetal brain sparing, which lit-
erature supports [10, 27]. Although brain sparing in fetal
growth restriction has been associated with higher cere-
bral PSV through an increase in left-ventricular cardiac
output, PSV may also decrease upon cardiac decompen-
sation and continued cerebral vasodilation [28, 29]. In
support of this theory, growth-restricted neonates have
demonstrated reduced left-ventricular output [30]. More-
over, continued cerebral vasodilation and cerebrovascu-
lar remodeling in chronic fetal hypoxia have been pro-
posed to be responsible for impaired CAR after fetal brain
sparing, although we were unable to confirm this due to
sample size issues [31].

Although we expected a lower RI following PE due to
cerebral luxury perfusion, we only observed a tendency
towards lower RI on day 2 after birth [32]. This may relate
to a weaker correlation with CBF due to unresponsive-
ness of RI if PSV and EDV are equally affected [32, 33].
Moreover, the upward slope in RI (and PSV) on days 3
and 4 suggested interference by PDA, which is known to
increase RI, predominantly by affecting EDV but also
PSV [32]. Indeed, PDA revealed to be a strong confound-
er on these days.

We recognize some limitations. First, data were retro-
spectively collected from routine clinical care. Although
this allowed us to include a relatively large number of pa-
tients, it also reduced the completeness of data, in particu-
lar with respect to CBF and CAR. Moreover, we do not
have information on the pCO, at the time of hemodynam-
ic assessment, which may have confounded our findings.
Second, since CAR depends on invasive MABP measure-
ments, which were only given in patients with an arterial
line, this may also introduce a selection bias, as these in-
fants were sicker. However, this should not have affected
our conclusion, since infants born following PE, brain
sparing, or MgSO, did not require an arterial line more
often than control infants. Third, CAR is a dynamic pro-
cess and the presentation of 2-h data per day may not be
fully representative. Future studies evaluating 24-h mea-
surements should confirm our findings. Fourth, we did
not correct for multiple testing to reduce the chance of
type 2 error as we consider this study exploratory. How-
ever, this may have also increased the chance of random
false-positive findings. Finally, cerebral activity and me-
tabolism were not assessed during the first days after birth
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and our conclusions regarding any relationship between
MgSO, and cerebral metabolism are merely based on the
lack of effect on CBF in the face of an altered cFTOE.

In conclusion, MgSO, exposure is associated with low-
er cFTOE within the first 5 days after preterm birth. This
seems independent from CBF and may therefore more
likely relate to reduced cerebral metabolism and oxygen
consumption. Moreover, MgSO, exposure at doses which
do not induce neonatal hypotension does not alter CAR.
Fetal brain sparing in concomitant PE, on the contrary,
lowers cFTOE through an increase in neonatal CBF and
impairs CAR, possibly by cerebrovascular vasodilation
and remodeling. Our data therefore suggest that MgSO,
is unlikely to affect cerebrovascular reactivity, but it may
reduce cerebral susceptibility to hypoxia by reducing ce-
rebral oxygen demands. Whether this is clinically rele-
vant and outweighs a potential risk of cerebral hypoxia in
infants with impaired CAR and/or MgSO4-induced hy-
potension needs to be investigated.
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