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ABSTRACT

Objectives: To evaluate the correlation between the total dosage and duration of maternal
magnesium sulfate (MgSOa4) administration and umbilical cord blood magnesium levels, and
to determine clinically useful cutoff values associated with elevated neonatal magnesium
concentrations.

Materials and Methods: The cross-sectional study included 47 pregnant women = 24 weeks’
gestation who received MgSOa4 following the regimen of loading dose 4 grams, followed by
a maintenance dose of 2 gram/hour intravenously at Rajavithi Hospital. Maternal serum
magnesium was collected within 1 hour before delivery, and umbilical cord blood samples
were obtained immediately after placenta delivery. Total MgSOa4 dose, infusion duration, and
biochemical parameters were recorded. Pearson’s correlation, linear regression, and receiver
operating characteristic (ROC) curve analysis were performed.

Results: Total dosage of MgSO4 and infusion duration showed significant positive correlations
with cord blood magnesium levels (r = 0.65, p < 0.001). Maternal serum magnesium
demonstrated the strongest correlation (r = 0.73, p < 0.001) and remained an independent
predictor in the multivariable model together with maternal serum creatinine. ROC analysis
identified two clinically useful cutoff values for predicting cord magnesium = 5 mg/dL: a total
dose of 12.8 g (sensitivity 100%, specificity 71.4%) and an infusion duration of 280 minutes
(sensitivity 100%, specificity 68.6%). A higher level of exposure, corresponding to 31.3 g of
total dose or 855 minutes of infusion, yielded 100% specificity.

Conclusion: Both the total dosage of MgSO4 and infusion duration were strong predictors of
neonatal cord blood magnesium levels. The identified cutoff values provided practical guidance
for assessing the risk of elevated neonatal magnesium exposure and support targeted
newborn surveillance following maternal MgSOa therapy.
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Introduction

Magnesium sulfate (MgSO4) has been widely
utilized in obstetrics for various clinical indications. It
is most commonly administered for the prevention of
seizures in pregnant women with hypertensive
disorders or preeclampsia. Additionally, it is used as
a tocolytic agent to inhibit uterine contractions and as
a neuroprotective agent for preterm neonates!-®.

The use of magnesium sulfate during the
peripartum period has become increasingly common,
as magnesium ions can cross the placenta and are
rapidly absorbed into fetal tissues®. A previous study,
however, found that maternal administration of
magnesium sulfate is the most common cause of
neonatal magnesium toxicity. Following intravenous
administration in pregnant women, approximately
40% of circulating magnesium ions bind to plasma
proteins, while the unbound fraction distributes into
the extravascular extracellular compartment or,
various maternal tissues, crossing the placenta into
the fetal tissues and amniotic fluid® ©.

Magnesium exerts its pharmacologic effect
primarily by inhibiting acetylcholine release at the
neuromuscular junction, particularly affecting the
respiratory muscles, although it does not have a direct
central nervous system effect. Specifically, magnesium
sulfate reduces the amount of acetylcholine released,
decreases the sensitivity of the postsynaptic
membrane, and inhibits muscle membrane excitability,
resulting in muscle weakness and respiratory
depression®.

Neonatal outcomes following maternal
magnesium sulfate administration warrant close
monitoring, even though, the effects of magnesium
sulfate on neonates remain unclear. Several studies
have reported elevated serum magnesium levels in
neonates whose mothers received magnesium sulfate
during pregnancy®1%. Furthermore, neonates
exposed to antenatal magnesium sulfate may develop
hypermagnesemia, respiratory depression, apnea,
cyanosis, decreased muscle tone (hypotonia), low
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apgar scores and increased rates of neonatal
intensive care unit (NICU) admission and length of
stay (LOS)® 14, Neonatal magnesium sulfate levels
above 2.5 mmol/L (~ 6.08 mg/dL) may increase the
risk of hypotonia, respiratory depression, and NICU
admission(' 19 Umbilical cord blood magnesium
levels exceeding 4.5 mEq/L (~5.4 mg/dL) are
associated with a higher risk of immediate neonatal
death.

A recent study demonstrated a significant
positive correlation between the cumulative dose of
magnesium sulfate and maternal serum magnesium
levels with cord blood magnesium levels in
neonates". Cord blood samples may be collected
from either the umbilical artery or vein, as the
magnesium concentrations in both vessels have been
shown to be comparable®. In this study, samples
were collected from the umbilical vein due to its larger
size and ease of identification.

The primary objective of this research was to
investigate the correlation between the total dose and
duration of magnesium sulfate administration during
pregnancy before delivery and the umbilical cord
blood magnesium levels in neonates. The secondary
objective was to find the cutoff of cumulative dose
MgSO4 and the duration of MgSO4 administration that
will cause cord blood magnesium level = 5mg/dL
which our research assumed that this value may
cause poor neonatal outcomes. The findings aim to
support neonatal surveillance and preparedness for
potential complications associated with
hypermagnesemia after birth.

Materials and Methods

This was a cross-sectional study conducted at
Rajavithi Hospital between July 2024 and June 2025.
The study was registered with the Research Ethics
Committee of Rajavithi Hospital (Reference number
131/2567, issue on June 25", 2024) before data
collection started. The inclusion criteria were women
with singleton pregnancy = 24 weeks gestation who
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received intravenous magnesium sulfate before
delivery, were aged = 18 years, and had an
understanding of written or spoken Thai. The
exclusion criteria were pregnant people who had renal
impairment (serum creatinine > 1.0 mg/dL) and failure
to collect cord blood. All participants provided
informed consent. MgSO4 was used for treatment
according to obstetric indications (such as prevention
of eclampsia, inhibition of labor, and fetal
neuroprotection). All patients received a standard
loading dose of MgSOa4 4 g, followed by a continuous
infusion at 2g/h until delivery. The cumulative dose
of MgSOa before delivery was calculated as the sum
of the loading dose and the total amount given during
the maintenance infusion, using the following formula:
Cumulative dose (g) = loading dose (@) + [infusion
rate (g/h) x infusion duration (h)]. The duration of
MgSOs infusion was defined as the time from
administration of the loading dose until delivery. In
cases with interruptions or multiple infusion segments,
each segment was calculated separately and
summed. Any additional bolus doses were also
included in the total cumulative dose. Maternal bloods
for magnesium levels were collected within 1 hour
before delivery®®. Umbilical cord bloods were
collected immediately from the umbilical vein, in the
part that connects to the placenta, after placental
delivery, and amounts of 4-6 ml were then immediately
sent for magnesium level testing. All magnesium
serums were analyzed using the Alinity ci-series
Operation Manual. Baseline characteristics, including
obstetric data, total dosage, and duration of MgSO4
were recorded, along with neonate data.

The sample size was calculated based on the
formula for correlation coefficient analysis. A previous
study by Ahmed Altraigey et al'” was used as a
reference, in which the correlation coefficient (r) was
reported as 0.65. With a significance level (o) set at
0.01 and a statistical power of 99%, the sample size
was determined to be 47 participants.

Statistical analyses were performed using IBM
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SPSS Statistics for Windows (version 26.0; IBM
Corporation, Armonk, NY). Descriptive statistics,
including mean, standard deviation, number, and
percentage were used to describe baseline
characteristics and related data. Pearson’s correlation
and linear regression were used to determine the
correlation between total dosage of MgSOa4 and cord
blood magnesium, and a p value < 0.05 was
considered to be statistically significant.

Results

Forty-seven pregnant women were enrolled.
Table 1 shows the baseline characteristics of the
participants, whose mean maternal age was 30.5 +
7.6 years. The average gestational age at delivery was
35.1 = 3.4 weeks, indicating that the majority of
participants (61.7%) delivered preterm (< 37 weeks).
Mean BMI was 30.6 + 5.8 kg/m?2, and the mean birth
weight was 2,201.3 + 738.8 grams, reflecting the high
proportion of preterm births.

More than half of the women (55.3%) were
nulliparous, and the vast majority (87.2%) delivered
via cesarean section.

Table 2 shows that the median total dosage of
MgSO4 was 12.3 grams and the median duration of
MgSOa4 infusion was 280 minutes. Maternal serum
magnesium levels at delivery averaged 5.3 +
1.6 mg/dL, while umbilical cord blood magnesium
levels were slightly lower, with a mean of 4.4 +
1.1 mg/dL (range 2.9-7.2 mg/dL).

As shown in Table 3, the total dosage of MgSOa4
and duration of MgSOa4 infusion showed a strong
positive correlation with umbilical cord blood
magnesium levels (r=0.65, p < 0.01). Maternal serum
magnesium levels were highly predictive of cord blood
levels (r = 0.73, p < 0.01). Fig. 1 and Fig. 2 illustrate
significant positive linear correlations between
maternal MgSOa4 exposure and umbilical cord blood
magnesium levels. Increasing total MgSO4 dosage
(Fig. 1) and longer infusion duration (Fig. 2) were both
associated with higher cord magnesium concentrations.
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Table 1. Baseline characteristics of pregnant women and neonates (n = 47).

Characteristics

mean * SD (min-max)

Maternal age (years)
Gestational age (weeks)
Body mass index (kg/m?)
Parity, n (%)

Nulliparity

Multiparity
Indication for MgSO4 administer, n (%)
Hypertension in pregnancy
Route of delivery, n (%)
Vaginal delivery
Cesarean delivery
Neonate characteristics
Birth weight (g)
Preterm (GA < 37 weeks), n (%)
Term (GA = 37 weeks), n (%)

30.5 + 7.6 (18 - 45)
35.1 + 3.4 (26.4 - 40.0)
30.6 + 5.8 (21.9 - 49.6)

26 (55.3)
21 (44.7)

47 (100)

6 (12.8)
41 (87.2)

2,201.3 + 738.8
29 (61.7)
18 (38.3)

MgSO4: magnesium sulfate, SD: standard deviation

Table 2. Characteristics of magnesium sulfate administration and serum biochemical levels.

median (IQR) min - max

Total dosage of MgSQOa4 (g) 12.3 (8.64 - 17.98 5.6 -143.8

Duration of MgSO4 administration (minutes) 280 (162.5 - 444.5) 78 - 4212

mean + SD min - max

Maternal serum magnesium (mg/dL) 5.3+ 160 1.8-12.2
Cord blood magnesium (mg/dL) 4.4 +11 29-72
Maternal serum creatinine (mg/dL) 0.63+0.19 0.4-11

MgSO4: magnesium sulfate, IQR: interquartile range, SD: standard deviation.

Table 3. Correlation between umbilical cord blood magnesium and total dosage of MgSOa4 as well as duration
of MgSOs4 infusion.

Parameters Correlation (r) p value
Total dosage of MgSOs4 0.65 <0.01
Duration of MgSOs4 infusion 0.65 <0.01
Maternal serum magnesium 0.73 <0.01

MgSO4: magnesium sulfate
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Fig. 1. Scatter plot with regression line showing the
relationship between total dosage of MgSO4 and cord
blood magnesium levels.

Table 4 presents that total dosage of
MgSOa4, duration of MgSO4 administration,
maternal serum magnesium levels, and maternal
serum creatinine were significantly associated
with cord blood magnesium level in univariable
analysis (p < 0.01).

In the multiple linear regression model after
adjusting for maternal serum magnesium, birth
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Fig. 2. Scatter plot with regression line showing the
relationship between duration of MgSO4 administration
and cord blood magnesium levels.

weight, and creatinine, total dosage of MgSOa4
remained a significant predictor of cord blood
magnesium levels (Adjusted B = 0.02, 95% CI
0.01, 0.03, p < 0.01), maternal serum magnesium
(Adjusted B = 0.28, 95% CI 0.14, 0.42, p < 0.01)
and maternal serum creatinine ( Adjusted p = 1.98,
95% C10.92, 3.03, p = 0.001) remained significantly
associated with cord blood magnesium level.

Table 4. Univariable and multivariable linear regression for risk factors for cord blood magnesium level.

Variables Univariable analysis Multivariable analysis

Crude 3 95% ClI p value  Adjusted 3 95% ClI p value

Total dosage of MgSOa (g) 0.03 0.02, 0.04 < 0.001* 0.02 0.01-0.03 <0.01*

Duration of MgSOa4 (hours) 0.05 0.04, 0.07 <0.001*

Maternal serum Mg level (mg/dL) 0.52 0.37,0.66 <0.001* 0.28 0.14-0.42 <0.01*

Serum Cr (mg/dL) 2.79 1.17, 4.40 0.001* 1.98 0.92-3.03 0.001*

Maternal BMI (kg/m?) -0.02 -0.08, 0.04 0.501

Birth weight (g) -0.00 -0.00, 0.00 0.018* 0.00 0.00-0.00 0.790

Adjusted for duration of MgSOa4, maternal Mg level and maternal creatinine.
MgSO4: magnesium sulfate, Mg: magnesium, Cr: creatinine, BMI: body mass index, Cl: confidence interval

*Significant at p < 0.05

Receiver operating characteristic (ROC)
analysis demonstrated that both total dose and
duration of MgSO4 administration were strong
predictors of elevated cord magnesium levels ( = 5
mg/dL). The ROC curve for total MgSO4 dose
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demonstrated excellent discriminative ability, with
an area under the curve (AUC) of 0.926 (95% ClI
0.850, 1.000, p < 0.001). The optimal cutoff point,
based on the Youden Index, was identified at 12.80
grams (a sensitivity of 100% and specificity of
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71.4%) and 31.37 grams (a sensitivity of 58.5%
and specificity of 100%) (Fig. 3, Table 5). The ROC
curve for duration of MgSOs4 infusion also showed
strong predictive performance, with an AUC of 0.919
(95% C10.836, 1.000, p < 0.001). The optimal cutoff
point was 280 minutes (a sensitivity of 100% and

ROC Curve for total MgS04 dose

Sensitivity

00
A 00 01 02 03 04 05 06 07 08 09 10

1- Specificity

B

specificity of 68.6%) and 855 minutes (a sensitivity
of 58.6% and specificity of 100%) (Fig. 3, Table 6).
These findings suggested that both total dose and
duration of MgSO4 administration were accurate
predictors of elevated neonatal magnesium
exposure.

ROC Curve for duration of magnesium sulfate (MgSO4) infusion
1.0

Sensitivity

00
00 01 02 03 04 05 06 07 08 09 10

1- Specificity

Fig. 3. Cutoff values of total dosage of MgSOa4 for predicting cord blood magnesium = 5 mg/dL.

Table 5. Cutoff values of total dosage of MgSOa4 for predicting cord blood magnesium = 5 mg/dL.

Cutoff (g) Sensitivity Specificity Positive likelihood ratio
12.80 100.0 714 3.50
31.37 58.5 100.0 oo

Table 6. Cutoff values of duration of MgSOa infusion for predicting cord blood magnesium > 5 mg/dL.

Cutoff (minutes) Sensitivity Specificity Positive likelihood ratio
280 100.0 68.6 3.18
855 58.6 100.0 oo

ROC curves for (A) total dosage of MgSOa4
and (B) duration of MgSO4 infusion in predicting
elevated umbilical cord serum magnesium level >
5 mg/dL. Both parameters demonstrated excellent
predictive performance, with AUC values of 0.919
and 0.926 respectively.

Discussion
This study demonstrated a strong positive
correlation between both the total dosage and

150 Thai J Obstet Gynaecol

duration of MgSO4 administration and umbilical cord
blood magnesium levels. These findings were
consistent with those of previous studies in the
literature, including the work by Ahmed Altraigey
et al®, which reported similar trends in elevated cord
magnesium concentrations in neonates exposed to
antenatal MgSOa therapy.

Our data further support the hypothesis that
transplacental transfer of magnesium is dose-
dependent and influenced by the duration of maternal
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exposure®17),

In this study, the mean cord blood magnesium
concentration was 4.4 + 1.1 mg/dL, aligning with prior
reports of neonates exposed to antenatal magnesium
sulfate. Large-scale studies, including the BEAM trial,
have documented average levels of between 3.7 and
4.4 mg/dL, particularly in the context of neuroprotection
for preterm birth(® ™. Clinically, serum magnesium
concentrations up to 2.0 mmol/L (~ 4.8 mg/dL) in
neonates are generally considered safe and well
tolerated® 2", Although there is no universally
accepted cutoff to define hypermagnesemia in
neonates, several studies suggest that levels above
2.5 mmol/L (~ 6.08 mg/dL) may increase the risk of
hypotonia, respiratory depression, and NICU
admission>'®_QOne study by Basu et al® found that
cord blood magnesium levels exceeding 4.5 mEqg/L
(~ 5.4 mg/dL) were associated with a 16.9-fold
increased risk of immediate neonatal death.
Considering the standard deviation in our data, it is
plausible that a subset of neonates had magnesium
concentrations exceeding this threshold, warranting
attention. Therefore, this study adopted a cutoff value
of cord blood magnesium > 5 mg/dL as a potential
threshold associated with adverse neonatal outcomes,
based on both prior clinical evidence and the
distribution of cord blood magnesium levels observed
in our own cohort.

This study demonstrated that both the total
dose and the duration of antenatal magnesium sulfate
(MgSO4) infusion were strongly associated with
elevated cord blood magnesium levels ( = 5 mg/dL),
which may potentially increase the risk of adverse
neonatal outcomes. ROC curve analysis revealed
excellent discriminatory performance of both
predictors.

With regard to the total MgSO4 dose, AUC was
0.926, indicating high accuracy in predicting elevated
cord magnesium levels. Similarly, the duration of
MgSOu4 infusion yielded an AUC of 0.919, which also
reflects excellent predictive ability. These findings
suggested that both cumulative exposure and infusion
time were reliable indicators of fetal magnesium
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transfer.

Our findings indicated that a cutoff value of
approximately 12.80 grams for the total MgSO4 dose
and 280 minutes for infusion duration may serve as
an early threshold for clinical consideration.
Furthermore, when maternal cumulative exposure
exceeds 31.3 grams or the infusion duration reaches
855 minutes or longer, neonatal serum magnesium
level monitoring becomes necessary. These
thresholds hold clinical significance, especially in
contexts where prolonged MgSO4 exposure is
anticipated or when there is a concern regarding
neonatal hypermagnesemia, emphasizing the
importance of postnatal biochemical surveillance in
infants identified as at risk.

Furthermore, within the scope of our research,
umbilical cord magnesium levels equal to or
exceeding 5 mg/dL can be predicted using the
following equation:

Calculated umbilical cord magnesium = 1.268
+[1.976 x serum creatinine (mg/dL)] + [0.729 x serum
magnesium (mg/dL)] + [0.019 x total magnesium
dosage (grams)]

The calculated umbilical cord magnesium
showed a robust positive correlation with the actual
measured umbilical cord magnesium (r = 0.83,
p < 0.01). ROC curve analysis indicated that a
calculated umbilical cord magnesium threshold of 7.4
can effectively identify cases with true umbilical cord
blood magnesium levels of 5 mg/dL or higher, with a
sensitivity of 91.7% and a specificity of 94.3% (AUC
of 0.96).

A key strength of this study lies in its prospective
design and the use of direct biochemical measurements
from both maternal serum and umbilical cord blood.
The analysis comprehensively evaluated total dosage
and duration of magnesium sulfate administration,
alongside maternal renal function, as potential
predictors of cord blood magnesium levels. The
inclusion of both univariate and multivariate regression
models enhances the robustness of the findings by
accounting for potential confounders.

The limitation of this study was the relatively
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small sample size, which restricted our ability to
demonstrate a definitive association between
maternal MgSO4 dose or duration of infusion and
neonatal outcomes. Nevertheless, the study provides
meaningful preliminary guidance for clinical practice
and highlights the need for future studies with larger
cohorts to validate and refine these observations.

Conclusion

Total dose and duration of magnesium sulfate
infusion were strong predictors of neonatal cord blood
magnesium levels. Importantly, our study identified
preliminary clinically meaningful thresholds: 12.8 g
total dose and 280 minutes of infusion as early
indicators, and 31.3 g or 855 minutes as critical points
warranting neonatal monitoring. These findings
provide practical guidance for clinicians and highlight
the need for future studies with larger cohorts to
validate and refine these cutoffs for safer perinatal
management.
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