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Abstract

Background: Eclampsia is associated with increased intracranial pressure (ICP). Magnesium sulphate (MgSO,) is the
usual treatment and is linked to a significant decrease in cerebral perfusion pressure (CPP) as well as the avoidance of
brain injury. There are various invasive procedures which are still the gold standard for monitoring intracranial pressure
(ICP), however, they are not always practical or easily available choices. Therefore, a non-invasive promising tool can
be used to reflect variations in the intracranial pressure is optic nerve sheath diameter (ONSD) assessment using
ultrasonography.

Objective:  This study aims to measure changes in the Optic nerve sheath diameter in order to identify the impact of
magnesium sulphate treatment; a proxy for elevated intracranial pressure in eclampsia patients.

Methods: In this pilot study the data was collected from sixty pregnant female patients with all signs and symptoms of
eclampsia. The analysis of optic nerve sheath diameter was done using ultrasound prior to the start of magnesium
sulphate treatment and then was measured after 01, 06 and 24 hours.

Results: The mean diameter of optic nerve sheath in women was high at baseline time point and they were presented
with hypertension and disturbed vision. At one, six and twenty-four hours of taking magnesium sulphate, there was a
statistically significant decrease in the mean optic nerve sheath diameter values. However, there is insignificant
relationship between mean arterial pressure and optic nerve sheath diameter.

Conclusion: This study concludes that a high optic nerve sheath diameter value, indicative of elevated intracranial
pressure, was present in the majority of study participants who were significantly eclamptic. This condition was
significantly impacted by magnesium sulphate medication. Thus, ultrasound can be used as a convenient, affordable,
point-of-care bedside technology to indirectly measure intracranial pressure in this high-risk group.
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well-known for causing one of the dangerous acute
pregnancy issues, with a high chance of mortality and
serious issues for both the mother and the unborn child.
The incidence of eclampsia in developed nations is 1.6
to 10 per 10,000 deliveries.” There are reports that
the rate of eclampsia in certain developing or low-
resource nations is between 50 and 151 per 10,000 deli-
veries.” The disparities between industrialized and
poor nations stem from inadequate access to healthcare,
inappropriate and delayed prenatal care, protocols for
surveillance and timely hospitalization and delivery,
antihypertensive medication for women with severe
preeclampsia to prevent stroke, pulmonary edema, con-
gestive heart failure, and magnesium sulphate prophy-
laxis during the pre-partum period. The early diagnosis
is very important using various neurodiagnostic tests
like cerebral angiography, magnetic resonance imaging
(MRI), computed tomography (CT), and electroen-
cephalography (EEG).” Even while invasive procedures
are still the gold standard for monitoring intracranial
pressure (ICP), they are not always a practical or easily
available choice. Therefore, there is a need to assess
this condition through non-invasive way.

Abnormal neuroimaging findings, including cerebral
edema, infarction, and hemorrhage, are observed in
hypertensive encephalopathy and eclampsia. Most clini-
cians agree that if a woman presents with hypertension,
proteinuria, and convulsions; it is a clear case of eclamp-
sia.”® Even though hypertension is a defining feature
of'eclampsia, it may not be present in as many as 25%
of cases. In addition to various manifestations of this
severe pre-eclampsia, an increase in intra-cranial pressure
(ICP) and neurological alterations are commonly
observed.” Itis critical to diagnose and treat brain edoema
and elevated ICP as soon as possible."” The optic nerve is
viewed as window into the central nervous system
(CNS) because of'its dural sheath covering. The space
surrounds the optic nerve, interconnects openly with
cerebral subarachnoid space (SAS). It has been seen
that an increase in ONSD results in increase in the
ICP." A straightforward and useful ultrasonographic
technique for identifying elevated ICP in individuals
suffering from trauma or severe illness is bedside ultra-
sonography assessment of the ONSD." This indirect
relationship shows that change in ICP in eclampsia
patients can be seen through measuring ONSD." To
identify patients with severe preeclampsia or eclampsia

itis suggested that ONSD greater than 5.8 mm is used
as the cutoff."

As a treatment, literature guided that magnesium sul-
phate (MgSO0,) is a drug that is commonly used to pre
vent eclampsia fits. In women with severe preeclampsia,
the rate of seizures is 2.0% if magnesium sulphate is
not given, but if given the rate of seizures decrease to
0.6%." It stimulates the required chemicals at the neu-
romuscular junction and stabilizes the nerve axons as
well. This standard preventative treatment for approa-
ching eclampsia has been prophylaxis with MgSO,,
although its impact on ONSD in severely pre-eclamptic
parturients has been least studied. Therefore, this study
focuses on how eclampsia parturients with severe charac-
teristics' ultrasonographically determined ONSD value
changed after receiving MgSO4 medication for seizure
prophylaxis. In simple terms, this study investigates
the intravenous MgSQO, effect on ultrasound measured
ONSD as proxy of ICP in Eclampsia patients.

Methods

The study received ethical approval no. 00/24/23 from
the ethical review board of Lahore General Hospital
on 03/04/23. For every patient, written informed per-
mission was acquired.

In this prospective observational study, sixty patients
who met inclusion criteria which includes 1) pregnancy
and i1) severe symptoms of eclampsia as suggested in
the literature were enrolled." G-Power software was
used to estimate sample size of 60 patients using 90%
power of test with 95% confidence level, while consi-
dering the significant difference identified through t-
test. This difference was based on baseline ONSD and
after 1 hour of taking MgSO4 as mentioned in the litera-
ture.” Patients including in study are within age limit
between 18-40 years, admitted in ICU and having sing-
leton pregnancy. The patients excluded in study are those
having glaucoma, cardiac diseases, chronic hyperten-
sion, cerebral disease, history of cranial or ocular pro-
cedures, and other eye pathologies. Furthermore, patients
who received their MgSO, infusion prior to the initial
ONSD reading were also excluded from study.

All eclampsia patients on MgSO, were admitted to the
ICU for a minimum of 24 hours in accordance with the
established practice mentioned in the literature' and
institutional practice. Hourly assessments were made
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of invasive blood pressure, along with constant moni-
toring of fluid intake and urine output. Every 12 hours,
blood tests were conducted again to track liver trans-
aminases, bilirubin, renal function, electrolytes, and
complete blood count. For the prevention of eclampsia,
4 g of MgSO, was infused intravenously, followed by
a 1 g/hinfusion for 24 hours.

Ultrasound of eyes was performed in supine position
using high frequency linear probe. Patients were asked to
close both eyes and keeping thermal index less than 0.8,
USG scan of both eyes was performed which showed
3 mm ONSD behind optic disc as a hypoechoic.

Demographic characteristics like age, parity, gestatio-
nal age, BMI and symptoms of severe eclampsia like:
headache, visual disturbance, optic nerve sheath dia-
meter and serum magnesium level were observed as
baseline before administration of MgSO, and at 1 hour,
6 hours, and 24 hours after finishing administration of
loading dose of MgSO,.

The data in the proforma was entered on SPSS version
25 and analyzed. Continuous data measured as mean
+ SD using parameters like age, BMI, gestational age,
ONSD and serum magnesium level were calculated
with paired samples t-test and assessed with difference
of means ONSD at various time points; baseline vs 1
hour, baseline vs 6 hours, baseline vs 24 hours. In this
study, normality of quantitative data was also assessed
through Saphrio-wilks test with p-value less than 0.05
as significant level.

Results

This ICU based study included a total of 60 patients who
were recruited after careful observation on abovemen-
tioned criteria especially regarding Eclampsia. Average
age of patients was 27.1 & 5.3 years (range 2040 years),
and having a mean gestational age 33.5 & 3.7 weeks.
Patient’s body mass index (BMI) was also measured
and found that it was 28.5 + 3.0 kg/m’ (range 22.7-40.8
kg/m”). All patients were presented with hypertension
and 78% with visual disturbances. Further, the normality
test; Shapiro—Wilk's test for normality was also used
to test the normality of data which is basic assumption
behind the paired samples t-test. These set of tests was
performed at 5% level of significance. Paired samples
t-test was used to assess the difference in ONSD caused
by administration of MgSO,. Based on time points six
possible combinations were made and the presentation
of these findings is mentioned in Table 1. Pair 1 means
comparison between baseline ONSD and after 1 hour
of taking MgSO4. This comparison shows that mean
value of ONSD at baseline 0.651 that reduced to 0.623
after 1 hour of taking MgSO,. The difference was 0.028
which was statistically significant at 5% level of signifi-
cance as p-value is 0.000. Similar types of differences
can be seen for other pairs as well. It showed that usage
of MgSO, can continuously decrease the ONSD bet-
ween 1, 6 and 24 hours. This decrease is statistically
significant at each time pointand visualized in Figure 1.

Additionally, simple linear regression analysis was
also performed between ONDS and MAP for all time
points; baseline, 1, 6 and 24 hours after taking MgSO,.

Table 1: Impact of MgSO4 on average ONSD at various time points

Std. Mean Std. Error of ..

Mean Deviation Difference Mean Difference t-Statistic  P-value

Pair 1 Baseline 0.651 0.028 0.028 0.004 6.456 0.000
After 1 Hour (taking MgSO4) 0.623 0.022

Pair 2 Baseline 0.651 0.028 0.113 0.005 21.441 0.000
After 6 Hours (taking MgSO4) 0.539 0.024

Pair 3 Baseline 0.651 0.028 0.171 0.004 42.181 0.000
After 24 Hours (taking MgSOy4) 0.480 0.016

Pair 4 After 1 Hour (taking MgSOy) 0.623 0.022 0.085 0.004 19.702 0.000
After 6 Hours (taking MgSO4) 0.539 0.024

Pair 5 After 1 Hour (taking MgSOy4) 0.623 0.022 0.143 0.003 42.923 0.000
After 24 Hours (taking MgSO4) 0.480 0.016

Pair 6 After 6 Hours (taking MgSO4) 0.539 0.024 0.058 0.004 16.396 0.000
After 24 Hours (taking MgSOy4) 0.480 0.016
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At all-time points it was observed that there was statis-
tically insignificant relationship between MAP and
ONSD. However, there was a continuous drop between
this relationship and reflected in R2 at each time point
0.041,0.032,0.028 and 0.023, respectively (see Table 2).
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Figure 1: Average level of ONDS overtime after
taking Magnesium sulphate (MgSO4)

Table2: Simple Linear Regression between ONSD and
MAP at Various time points

2 Measurement R- F- P-

No Square statistic value
1 Baseline 0.041 1.29 0.324
2 After 1 hour (taking MgSOs) 0.032 0.85 0.798
3 After 6 hour (taking MgSO4) 0.028 042 0.876
4  After 24 hour (taking MgSO4)  0.023  0.03  0.902

Discussion

The elevated level of ICP in severe eclampsia are detec-
ted by highly sensitive, invasive monitoring techniques
that needs specialised knowledge, tools, and protocols
to handle difficulties, which are not easily accessible
in developing country like Pakistan. Thus, it becomes
crucial to investigate more noninvasive methods of
ICP evaluation which is reflection of eclampsia. Nume-
rous researchers including Kshirsagar et al.,”, Weidner
et al.,” and Miiller et al.,” have become interested in
ONSD measurements due to its ability to quickly quan-
tify ICP at the bedside and their validation in identifying
symptoms of eclampsia with close clinical and labora-
tory surveillance to identify impending eclampsia.
Kshirsagar et al., studied different correlation with
GCS and ONSD which in results in inverse relationship,
patient with low GCS have higher ONSD. Kshirsagar

etal., also observed that the ONSD examination using
ultrasound has good sensitivity (86.42%) and specificity
(64.29%), further investigations displayed strong rela-
tionship of ONSD of 5.0 mm with ICP greater than 20
mm Hg." Weidner et al. showed use of an intraparen-
chymatic P-tel probe using which real-time measurements
of intracranial pressure (ICP) in awake patients is possi-
ble and results showed ultrasonographic measurement
of ONSD could predict elevated ICP in specific patient
cohort.” Muller et al., reviewed studies for non-invasive
intracranial pressure monitoring including MR-ICP,
TCD, ONSD, Ocular Vessels, Tympanic membranes
and dielectric properties. Since neurological symptoms
are the characteristic of deteriorating pre-eclampsia,
ONSD evaluated by ultrasonography has been the focus
of current study as a surrogate marker of rising ICP in
pregnant women. All parturients involved in the current
study had baseline measurements of ONSD that were
significantly higher than expected, this was in agreement
with the previous work reported by Omran et al., where
correlation of MgSO4 therapy with the ONSD as substi-
tute to ICP were studied in patients with severe traumatic
brain injury and preeclampsia/eclampsia,” Biswas et
al., compared ONSD measurements with the maternal
and neonatal outcomes at cut-offs values of 5.8 and 4.6
mm at which the neurological manifestations became
obvious," Bala et al., demonstrated the relationship
among elevated ICP and ONSD in patients suffering
from preeclampsia and eclampsia when they employed
any ultrasound procedure."*" The results of this study
are also aligned with few other pilot studies of this
domain which have executed their studies in pre-eclamp-
sia patients.” However, the study of Assu, et al., con-
sidered patients who have severe features of pre-
eclampsia.”

In this study the impact of MgSO4 on ONSD in eclamptic
women by employing ocular sonography as a bedside
technique used to detect an increase in the ICP and
monitor the effect of MgSO4. Additionally, the study
demonstrated that at all assessed time points, there was
no association between the MAP and ONSD. The
women who have severe eclampsia or hypertension in
pregnancy should have weekly monitoring to observe
neurological signs and symptoms decreased after taking
MgSO,, and both systolic and diastolic blood pressure
was also decreased. Further, severe maternal morbidity
was significantly reduced when a standardized treatment
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plan using I'V blood pressure medication and MgSO4
was used for sustained severe maternal blood pressure.”
This decrease may have resulted from the delivery of
hypertension drugs or from the vasodilatory and anti-
hypertensive properties of magnesium. It is not possible
to fully ascribe this drop to MgSO, treatment because
this study was not intended to establish a definitive
association between this magnesium therapy and neuro-
logical symptoms or patient vitals. There could be vari-
ous interpretations about the mechanism and function
of magnesium sulphate. Like it can acts as a central
anticonvulsant, guarding the blood-brain barrier (BBB)
to prevent the formation of cerebral edoema, or working
as a vasodilator.” It can also work as a calcium antago-
nist in calcium channels in vascular smooth muscle
both intracellularly and extracellularly. This causes a
drop in intracellular calcium levels, which has a vasodi-
lator effect.”” For hypertension encephalopathy, a
condition in which sudden increases in BP lead to inc-
reased BBB and cerebral edoema, a vasodilator, such
magnesium sulphate, would be a counterintuitive treat-
ment option.

These results imply that patients have reduced values
of ONSD, indicative of decreased level of ICP, because
their neurological symptoms have improved after star-
ting MgSO, medication. However, we must handle
these high-risk patients with extreme vigilance, both
before and after the delivery. Ocular sonography can
be a helpful bedside technique during this time to aid
the management of ICP in this high-risk pregnant popu-
lation by noninvasively monitoring it.

As per our literature survey, there is no such study/
research reported in Pakistan with relationship of MgSO,
dosage with ONSD as substitute of ICP in pregnant
patient suffering from pre-eclamsia/ severe eclampsia.
In observing the main focus is on strict inclusion criteria,
strict observation and hourly invasive assessments.
The use of MgSO, was reported by Dhandapani et al.
for traumatic brain injury which results in decrease in
intraoperative brain swelling and improved neurological
output in the control group.'***

The limitations of current study/research include that
the negative correlation between drop in ONDS and
MAP is due to cofounding effect of antihypertensive
drugs and its withhold to patients (control group).
Anesthesia dose effect on the ONSD measurement in
patients need further estimation.

Conclusion

This study is designed to investigate the impact of
MgSO, on ONSD in eclamptic women by employing
ocular sonography as a bedside technique. This Pakistani
study showed that in individuals with eclampsia, ONSD
might be utilized to identify the presence of ICP and
can track the effects of MgSO4 in eclampsia patients.
Additionally, the study demonstrated that at all assessed
time points, there was no association between the MAP
and ONSD.
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