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ABBREVIATIONS

NHBPEP -National High Blood Pressure Education Program

MgSo,4 -Magnesium Sulphate

BP- Blood pressure

BBB Blood brain barrier

NMDA- N-Methyl-D-Aspartate

CNS-Central nervous system

ECG-Electroencephalogram

HELLP- Haemolysis, elevated liver enzymes, low plateleinto
PET Preeclampsia

MAGPIE- Magnesium sulphate for prevention of eclampsia tria

APGAR-Activity Pulse Grimace Appearance Respiration



OPERATIONAL DEFINITION OF TERMS

Mild pre-eclampsia: The presence of hypertension (BR40/90 mm Hg) on 2
occasions, at least 6 hours apart, but withoutemdd of end-organ damage in the
patient.

Severe pre-eclampsiaThe presence of 1 of the following symptoms gnsiin the
presence of preeclampsia:

o SBP of 160 mm Hg or higher or DBP of 110 mm Hgighkr on 2 occasions at least 6
hours apart

o Proteinuria of more than 5 g in a 24-hour collacts more than-8on 2 random urine
samples collected at least 4 hours apart

Pulmonary edema or cyanosis

Oliguria (< 400 mL in 24 h)

Persistent headaches

Epigastric pain and/or impaired liver function
Thrombocytopenia

O O 0O 0 o o

+« Eclampsia Pre-eclampsia associated with seizures.
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ABSTRACT

Background

About 10% of all pregnancies are complicated byenggmsion especially the first pregnancies of
women older than 35 years or those with multipketises and this can be fatal in severe cases
due to convulsions especially when accompaniediggethinated intravascular coagulation and
multiple organ failure. Magnesium Sulphate the danfgchoice for management of severe
preeclampsia and eclampsia has been shown to thesplacental barrier from maternal

circulation into the foetal blood.

Objective: The main objective was to determine the levels estis:i magnesium in exposed
neonates and correlate the findings with the lewelsion-exposed neonates. The specific
objectives were to determine the serum urea, elgtér and magnesium levels achieved in

mothers treated with magnesium sulphate and toumedise serum levels in their neonates.

Methodology: A quasi-experimental study design was used andstilhdy area was Pumwani
Maternity hospital. The test group comprised mahediagnosed with severe eclampsia and
treated with magnesium sulphate and their neomeltds the control group comprised mothers
who had preeclampsia but were treated using othegsdi.e. nifedipine and methyl dopa.
Sampling was done using simple random technique.stidy consisted of a total of 54 mothers
and 54 neonates. Blood samples were obtained fratim tmothers and neonates and the test
group results compared to the control group. Thenates’ APGAR scores, serum urea and
electrolytes and magnesium levels of both neonates their mothers were determined and

compared. The data obtained was analyzed usingipiige and inferential statistics.

Results There were statistically significant differendasserum sodium (p = 0.015), urea (p =
0.043) and creatinine (p = 0.008) levels betweenmtaternal test and control groups. Serum
sodium was higher in the control group (mean 1388, 3.6 versus 135.9, SD 3.8) while

creatinine (mean 89.8 versus 71.5) and urea (m&aveBsus 2.6) were higher in the test group.

11



Maternal serum levels of potassium (p = 0.495)té (p = 0.371) and calcium (p = 0.629) did
not show significant differences between the tadt@ntrol groups.

There were also significant differences betweennatn test and control groups in levels of
serum urea (p = 0.007) and chloride (p = 0.017gaUevels were significantly higher in test
compared to control groups (mean = 4.0 versus #Bile chloride levels were higher in the
control group (mean = 99.4 versus 97.2). The calcund potassium levels were elevated in the
test group but not to significant levels.

There was a positive correlation between matenmdlreeonatal serum magnesium levels in both
groups. The correlation was stronger in the testig (r = 0.56, p = 0.003) as compared to the
control group (r = 0.35, p = 0.087).

The mean maternal serum magnesium in the test droapn = 2.9, SD = 0.9) was significantly

higher than the control group (mean = 2.3, SD 5,(6= 0.008. The mean neonatal serum
magnesium in the test group (mean = 3.0, SD =Wa3) significantly higher than the control

group (mean = 2.3, SD = 0.6), p = 0.008.

There was a statistically significant differencéviEen the two groups in the birth weight of the
neonates Mann Whitney test p value = 0.003 . Thdianebirth weight in the treatment group
was 2.2 kg (IQR 1.8 to 3.0) compared to a mediad kg (IQR 2.3 to 3.6) in the control group.

The infant birth weight was not significantly asisded with neonatal serum magnesium sulphate
levels after adjusting for treatment group. The msarum magnesium level was 0.66 mmol/L

higher in neonates in the treatment compared toraogroup (p = 0.008).

Conclusion Serum creatinine and urea levels were signiflgaglievated in the test group as
compared to the control group. Maternally admimesie magnesium sulphate during
management of severe preeclampsia and eclampssaaffeet serum urea and electrolyte levels

but not all electrolytes are affected significantly

12



CHAPTER ONE: INTRODUCTION

1.1Background
Pre-eclampsia also referred to as toxemia of pragnais defined as the development of

hypertension accompanied by proteinuria and oedkmiag the third trimester of pregnancy. In
a patient with pre-existing essential hypertensibrs diagnosed if the systolic blood pressure
increases by 30mmHg or the diastolic increasesaomymHg.Almost 10% of all pregnancies are
complicated by hypertension especially the firggmancies of women older than 35 years and
in women with multiple fetusés ?.In severe cases, convulsions may appear and tititicn is

thus termed eclampsia

Eclampsia can be fatal especially when accompamyedisseminated intravascular coagulation
and multiple organ failure. Severe pre-eclampsiarnie of the major causes of high maternal
mortality rate in both developed and developingntoes. It also contributes to high neonatal
morbidity and mortality rates and is strongly assmd with foetal growth restriction
2l Complications may arise from the disease itseffan the drugs used for the management of
the condition.

Pre-eclampsia may be classified as mild or sewild. hypertension is a BP greater than140/90
mmHg on more than one occasion, six hours apamviiitno evidence of end-organ damage.
Severe hypertension refers to presence of any effaghlowing signs in a patient with pre-
eclampsia: BP of 160/110 mmHg or higher on mora thr@e occasion at least six hours apart, a

proteinuria of more than 5g in a 24-hr urine adilen sample or more than3g in two random

samples collected at least four hours apart, dhAgess than 400ml/24hours),cyanosis
,pulmonary oedema, persistent headaches, throndjmey, epigastric pain, elevated liver
enzymes, albumin creatinine ratio(greater than r8§/hmol)decreased foetal growth,
oligohydraminios or placenta abruptibh®.

The NHBPEP classifies hypertension in pregnanceg iiour classes: chronic hypertension,
gestational hypertension, preeclampsia eclampsiasaperimposed preeclampsia on chronic

hypertensiof?'.

13



1.2 Pathophysiology of preeclampsia

Preeclampsia is not primarily a hypertensive disdag a disorder induced by factors due to the
presence of the placenta. It is a syndrome of é&mdiat dysfunction leading to the release of
toxins like cytokines and others, vasoconstricaod platelet activation producing complications
associated with the vascular syst&mBorzychowski AM. et al”! divide preeclampsia into two
stages the first of which begins with poor placgatathus reduced blood supply that results in
placental hypoxia. This initial stage is silent asdollowed by the release of several mediators.
That is inflammatory cytokines, growth factors ahdir soluble receptors, products of placental
oxidative stress and placental debris. These nwdidead to the systemic inflammatory
syndrome and endothelial cell dysfunction that ealr® manifestations of the second stage of
preeclampsiaEvidence suggests that an imbalance of pro-angiogewl anti-angiogenic factors
that the placenta produces plays a role in endathasfunction® ®.According to Cunningham
FG et al*?, factors implicated in the etiology of preeclangpsiclude: maternal immunological
intolerance, cardiovascular and inflammatory changgbnormal placenta implantation and

environmental, genetic and nutritional factors.

1.3 Maternal and foetal impact of severe preeclampsand eclampsia

Hypertensive women and those who develop hypedardiring pregnancy have an increased
risk of developing complications pre-partum, irfpartum and post-partum. Inadequate maternal
blood flow to the placenta leads to ischemia arfiaration of the placenta thus releasing various
complement factors that result in abnormalitiesproduction of vasodilators. This produces
complications associated with the vascular systemdisseminated intravascular coagulation,
bleeding and hepatic and renal organ failure dysotwr perfusion. The HELLP syndrome may
develop, which alongside preeclampsia accountshitigh maternal mortality rate associated
with hypertension™.Preeclampsia also increases the risk of developménlong term
cardiovascular disea$€!. Harskamp and Zeeman noticed an association betpreeclampsia
and an increase in risk of later developing chrdryjpertension with increase in morbidity and
mortality*®!,

The major consequences of preeclampsia on thesf@etuintrauterine growth restriction, foetal

distress, thrombocytopenia, increased risk of dmirly chronic lung disea$é > 1 7 8 high

14



perinatal mortality rates and because of preterdivety advocated for in the definitive
management of preeclampsia, high neonatal mortdify! The perinatal outcome is influenced
by maternal disease severity i.e. hypertensionagegrresence of HELLP syndrome and increase
in proteinuria. Poor outcome is associated witlcgrdal abruption, utero-placental insufficiency
and low gestational adgé" ?> ! A population based study that followed a milliohildren
exposed to preeclampsia over a period of 27 ydavsved an increase in risk of nutritional,
endocrinal and metabolic derangements from adatescdo early adulthoof®.There is
evidence also that such neonates exposed to pmgesita have an increased risk of

cardiovascular and diabetes morbidity in adultHédd

1.4 Mode of action of magnesium sulphate
Magnesium is a calcium antagonist that acts onctieium channels in the vascular smooth

muscles thus decreasing intracellular caléifims a result of the decreased intracellular
calcium, there is inactivation of calmodulin-depentimyosin light chain kinase activity and
decreased contraction leading to arterial relarati@t lowers peripheral and cerebral vascular
resistance, relieves vasospasm and decreaseslaBEri Disruption of the BBB can lead to
vasogenic oedema formation which occurs in eclaatiflsThere have been studies done that
show the effectiveness of MgSo4 in decreasing BBBmgability in response to acute
hypertension in8 trimester pregnant ratd.

Seizures are postulated to consist of an excesslease of excitotoxic neurotransmitters like
glutamate through mediation (at least in part)tohglation of glutamate receptors i.e. NMDA
receptof?® *! Magnesium anti-convulsant activity is thought esthrough its role as an NMDA
receptor antagonist. Studies in rats have shovatntient with systemic magnesium to result in
resistance to electrically stimulated and NMDA ioeld hippocampal seizur€s 32 Magnesium
increases the seizure threshold thus limiting thece of glutamate. To elicit a central anti-
convulsant effect, magnesium ions have to crossBfRB which has been demonstrated in
animals®". The same study shows seizure activity to incrésisenovement.

Depression of neuromuscular transmission by Mg3wt its dose-related has been shown
B33 There has been concern that this may mask theaotitsigns of convulsions without treating
the CNS cause of the convulsion. Studies show tisem@nimal to no change in the ECGs done

during MgSo4 treatment and very few signs of CNfregsion in both eclamptic and normal
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patients®!. However evidence demonstrates the efficacy of ®dAg®ver traditional anti-
convulsant drugs like phenytoin and diazepam inpitevention and management of eclamptic

seizure$® 36

1.5 Treatment of severe preeclampsia/eclampsia
The goals of management of preeclampsia and eclarapsto prevent progression to eclampsia

thus preventing convulsions, to control the blooglspure by stabilizing the diastolic pressure to
between 90- 100 mmHg and to prevent untoward effedthe foetus.

The first-line option for the treatment and prevemtof eclamptic seizures is magnesium sulfate
[36. 37, 38, and 3%rhare is evidence to support its effectivenesth@prevention and treatment of
eclamptic seizure§” ! In the magnesium sulphate for prevention of epim (MAGPIE)
trial, it was found that women with pre-eclampséaa la lower risk of progression to eclampsia
and a lower mortality rate when treated with magmassulphate. For prophylaxis in women
with preeclampsia, MgSo4 was shown to be supeoatidzepam, phenytoin, nimodipine and
placebol®® 41 and 42} \yas shown to reduce the risk of recurrent seiguin women with
eclampsia by 52% when compared to diazepam andhley wompared to phenytoin by 67% in
the multinational Collaborative Eclampsia TFH&l.

MgSo4 is given as a4g intravenous loading dose,adiately followed by 10g IM and then by
5g every 4 hours in alternating buttocks or a Ingdiose of 4g followed by a maintenance
infusion of 1 to 2 g/h by controlled infusion pumihe clinical effect and the toxicity of MgSo4
depend on its serum levels. For treatment of edianggizures, a concentration of 1.8 — 3.0
mmol/L should be achieved. Magnesium is excretethimdy the kidney with the half-life
being 4.66 houré®.

When carefully administered and monitored, toxicgyare. At levels between 3.5 -5 mmol/L,
there is loss of the patellar reflex in the mothmaticating impending toxicity and at 5 — 6.5
mmol/L, respiratory paralysis occurs.CNS depressibith may range from drowsiness to coma
also begins. At concentrations > 7.5 mmol/L cardianduction is altered and when 12.5

mmol/L is exceeded cardiac arrest occurs.
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1.6 Treatment options in severe hypertension.
Severe hypertension refers to persistent elevaielB0/110 mmHg. The goal is to lower the

BP so as to prevent cardiac and cerebrovasculapla@mtions while maintaining utero-placental
blood flow. Recommended drugs include nifedipiradetalol and hydralazine. Atenolol, ACE
inhibitors, diuretics and ARBs are not recommendgeta blockers other than labetalol are
associated with inhibition of foetal growth espdygid used before 28 weeks gestation age. ACE
inhibitor and ARB use in pregnancy has been astmtiavith foetal renal failure,
oligohydraminios, hypotension and intra-uterinetéeeath. If pregnancy occurs while on ACE
inhibitor or ARB therapy, they should be discongdupreferably in the first trimester. Diuretics
have the potential to reduce the circulatory voldurther in women with pre-eclampsi¥!

17



CHAPTER TWO: LITERATURE REVIEW

2.1 Introduction
This chapter details various studies done to ingat the superiority of magnesium sulphate

over other anti-convulsants in managing eclampgizuses and effects on both the mother and
neonate.

2.2 Recommended management of preeclampsia
For prophylaxis in women with preeclampsia, MgSodsvghown to be superior to diazepam,

phenytoin, nimodipine and placeB® ** *It was shown to reduce the risk of recurrent seizu
in women with eclampsia by 52% when compared taetiam and by 67% when compared to

phenytoin in the multinational Collaborative EclasigpTrial**.

2.3 Placental transfer of magnesium sulphate
After MgSo4 is administered,40% is protein bounbe Tree magnesium diffuses into the extra

cellular space, bone and across the placenta atal foembranes into the amniotic fluid and the
foetus. Hallak and Cotton demonstrated in a studiy vats the transfer of magnesium from
maternal circulation into the foetal blodt.Studies have shown an increase in magnesium

serum levels in both mother and foetus after adstration .

2.4 Hypermagnesemia and its effects on the neonate
Dangman and Rosen showed in their study that ih e full-term and premature neonate the

elevated levels persist for up to seven days withlanination half — life of 43.2 houl&!.

Neonates born to mothers treated with MgSo4 foemepreeclampsia and eclampsia may be
born with significant high levels of magnesium cenization ranging from 3 — 11 mmolf!.

Lipsitz P.J. and English I.C in a study on hypernesgemia in the newborn infant showed that
the signs and symptoms of hypermagnesemia in thatiare similar to those in the adult with
hypermagnesemid” Such neonates at birth would be expected to havers asphyxia with
low APGAR scores and absent or feeble reflexesetPKiM et al showed that treatment with
MgSo4 did not lead to low APGAR scores in neonatemothers with eclampsia though the
mean cord level of magnesium, was equal to the mesternal serum levEf’. Macintyre et al

in their study gave evidence that a rise in seruagmasium levels inhibits secretion of

parathyroid hormone which results in increasedanyirexcretion of calciut™. In a study of
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five newborn infants whose mothers had been treaidd IV magnesium sulfate for periods
ranging from 5 to 14 weeks, Lamm CI et al notedagidphic bony abnormalities in two of the
infants°?. The investigators came to the same conclusion asliére et al that the foetal
hypermagnesemia due to long term treatment withnesigm depressed parathyroid hormone
release resulting in foetal hypocalcaerSavory J and Monif GRG reported in their study of
mothers treated with magnesium a mild decreaseond calcium concentratioid.So did
Cruikshank DP et al in their study on effects ofgmesium sulfate treatment on perinatal
calcium metabolisfi’.In contrast, Donovan EF et al reported high caidiom levels following
magnesium therapy. No neonatal symptoms were adedawith either calcium levef$!.Mina
A.G. et al in a study of more than six thousand worspanning over nine years showed an
association between several neonatal complicagodshigh maternal serum magnesium levels
¢l Green KW et al in their study comparing newborfismagnesium-treated mothers with
newborns of untreated mothers found no differemeaseurological behavior between the two
study groups except that the magnesium exposedtinfead a decrease in active tone of the neck
extensors on the first day after biffy.During the Collaborative Perinatal Project in whic
around fifty thousand mother-child pairs were mor&t, in around a hundred pairs who had
exposure to magnesium sulfate during pregnancyetivas no evidence found to suggest any
links between the exposure and congenital malfaomdi®.In a study of several thousands of
neonates of mothers treated with MgSo4 for pregatden Stone SR and Pritchard JA noted no
adverse effects from the therapy in both the fastand the neonatéd.

A study done by Savory J and Monif GRG reported hgonates with serum magnesium levels
above 8mg/dL who were severely depressed at Girtkce was a remission of hypermagnesemia
symptoms after 12 hours in one neonate while treorse had residual effects of anoxic
encephalopath{?®.In another investigation head lag, suck reflexptrad suspension and cry
response which all require sustained muscle camtrawere impaired up to 48 hours after birth
in utero magnesium exposed neondt&8rady JP and Williams HC in their study reported a
hypertensive woman who when treated with 11g of meamm sulfate within 3 %2 hours of
delivery gave birth to a depressed neonate wittepdntaneous respirations, reflexes or
movements which was reversed with an exchangeftisina performed at 24 hOLEﬁJé.Brazy JE

et al in their investigation reported hypotoniacm@ased gastrointestinal motility, ileus and

patent ductus in neonates of mothers with severepampsid®?
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2.5 Hypermagnesemia in mothers suffering from pre¢ampsia
Rodis JF et al reported maternal hypothermia witidcardia and also foetal bradycardia in a

woman being treated for preeclampsia when the nsgmesulfate infusion was increased from
2g/hour to 3g/hour. Serum magnesium levels weren@/bBl. Upon discontinuation of the
infusion, within 6 hours all signs and symptomaineed to baseline valu&s!. L’'Hommedieu
CS et al reported a drug interaction between magmeand gentamicin whereby a woman who
had received MgSo4 a day pre-partum gave birthrtewrologically depressed infant who was
given gentamicin every twelve hours for presumegasise The neonate developed respiratory
arrest after the second dose which resolved whemttibiotic was stoppéff.in a study done
by YP Bansal at Pumwani maternity hospital, out28f084 births analyzed for a year, the
incidence of preeclampsia was found to be 3.7%ar@und 800 cases with 31 cases being severe
preeclampsia. Around 22% of the neonates born & rtlothers with preeclampsia were
underweight as compared to 4% in mothers with nbumaomplicated pregnancies.5% were
stillborn as compared to nil in the controls ,26&86 lan APGAR score of less than 8 while in the

controls only 8% scored less thdff8

2.5 Problem statement
Studies done at Pumwani Maternity hospital havewshmeonates born to mothers with

preeclampsia and eclampsia were underweight &t aitl had low APGAR scores. This could
be attributed to in utero magnesium sulphate expossed for the management of preeclampsia
and eclampsia in their mothers. Hypermagnesemighé neonate has been shown to be
associated with asphyxia and decreased serum walBuels on long term use. Neonatal
neurological depression may occur with respiratdepression, loss of reflexes and muscle
weakness. This may result in low APGAR scores.igwwof the above, the study aims to find
out whether there is a link between the low bir#ights and low APGAR scores in neonates of
mothers with preeclampsia/eclampsia and the inouteagnesium sulphate exposure when
mothers were treated with magnesium sulphate.
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2.6 Significance of the study
The study will help determine whether in utero nmegjam sulphate exposure in neonates of

mothers being treated for severe preeclampsia dadhpsia contributes to longer hospital-bed
stay days thus increasing morbidity during thengdiate postnatal period. This will help
towards the achievement of Kenya Millennium Devetept Goal 4 which aims to reduce by

two thirds the mortality rate among children unfiees.

2.7Research question
1. What is the effect of MgSO4 in mothers sufferiingm toxemia of pregnancy and their

neonates?

2.8Study hypothesis

2.8.1Null Hypothesis
Magnesium Sulphate used during management of sgreeclampsia and eclampsia has no

effect on mothers suffering from toxemia of pregrnaand their neonates.

2.8.2Alternative hypothesis

Magnesium sulphate has an effect on mothers soffdrom toxemia of pregnancy and their
neonates.

2.90bjectives

2.9.1 Main Objective
To correlate the serum level of magnesium in negsnborn to mothers treated with magnesium

Sulphate during management of severe pre-eclamgsth eclampsia with the serum

magnesium levels of neonates born to mothers tieatd other drugs.

2.9.2 Specific objectives:
1. To determine the serum levels of Magnesiunménrhothers treated with magnesium sulphate

and those treated using other drugs.
2.To determine the serum magnesium levels in nesnaxposed to Magnesium Sulphate in

utero and those treated with other drugs.
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3. To determine the electrolyte and urea levelsiathers and neonates exposed to magnesium
sulphate in utero and those not exposed.

4. To determine the effect of MgSO4 on APGAR scarfesxposed and non-exposed neonates,

5. To determine the neonatal birth weight of nees&iorn to mothers suffering from toxemia of

pregnancy.
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CHAPTER THREE: METHODOLOGY

3.1 Introduction
This chapter describes the research design, sagnphiclusion and exclusion criteria, data

collection, reliability and validity of the colldon tool and the analysis of the data.

3.2 Research design
The research design was a quasi-experimental studsys chosen because the study involved

collection of blood samples from both the test ammhtrol groups. The serum levels of
magnesium in mothers treated with magnesium suploaitsevere preeclampsia and eclampsia
and the prevalence of hypermagnesemia in theiratesrwas determined .This was compared to
serum magnesium levels of neonates whose motherpiteeclampsia but were treated with

other drugs other than Magnesium Sulphate.

3.3 Study area
The study was conducted at Pumwani Maternity hakpithe facility is located 2km east of the

CBD in Nairobi and is the biggest government matgrhospital in East and Central Africa
catering for both low and middle income earnersisitiocated in Eastleigh in Kamukunji
constituency of Nairobi County. There is one labard, two ante-natal wards and 5 post-natal

wards. Pumwani maternity hospital has an averag® aleliveries per day, 30,000 per year.

3.4 Target population
The target population comprised of mothers admitiedPumwani Maternity hospital for

delivery. The test population was made up of neamaf mothers who had been treated with
magnesium sulphate for severe preeclampsia. These eompared to the controls who were
neonates of mothers who had preeclampsia but westet with other drugs other than
magnesium sulphate such as nifedipine, hydralaamdemethyldopa.
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3.5 Sampling

3.5.1 Sample size determination
Sample size was calculated using the Karl Fischerthod. According to a study done on

public health perspectives of preeclampsia in dgueh countries, the prevalence of
preeclampsia in developing countries was founcetd BY4°°!.

N=1.96* P (1 — P)

5]

= 3.8416 *.018(1- 0.018)

0.0025
=27
Where n= sample size
1.96 = Standard normal deviate at 5% le¥significance.

P = prevalence of severe pre-ectaip developing nations

The test sample size was 27 mothers treated wignesaum sulphate and their neonates. For the
controls, 27 mothers with preeclampsia but treatéth other drugs other than magnesium
sulphate were chosen.

3.5.2 Sampling method

Sampling was by convenient sampling method du&edimited number of patients presenting
with severe pre-eclampsia and eclampsia. Any pagisgsenting with severe preeclampsia and
eclampsia in the labour ward was included in theystOut of 77 mothers enrolled for the study,
23 were dropped as either samples could not benedtafrom the neonate or the sample

obtained gave erroneous results.
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3.6 Inclusion/exclusion criteria
The inclusion criteria was:

» Patients diagnosed with severe preeclampsia amdnpsia and on magnesium sulphate
therapy.

» Babies born to mothers treated with MgSo4 for pesepsia/eclampsia.

» The control group consisted of neonates born tdheretwho have preeclampsia but were
treated with other drugs other than magnesium sitéph

» Patients who had given consent

Exclusion criteria

» Patients who did given consent.

» Patients receiving magnesium for treatment of ahgraailments.

» Patients suffering from the following conditionsiatn might present with symptoms
similar to hypermagnesemia. Adrenal insufficienenal failure, hypocalcaemia,
hypokalemia, hypoparathyroidism, hypothyroidism a@mabdomyolysis which may
precipitate hypermagnesemia.

» Patients from whom samples could not be obtaineddth mother and baby.

3.7 Data collection
Patient's particulars were filled in a data coltactform by the investigators after consent had

been obtained. Data was collected using a data fAppendix 1).The signs and symptoms used
to diagnose the patient were also noted from thiergsfile and confirmed with the patient. The
patients were observed for any signs like incremstecrease of seizures, urine output, presence
or absence of deep tendon reflexes indicating ityxic

With assistance from the nurses in the labour walahd samples were drawn from the mothers
30 minutes after a loading dose of magnesium stéphad been given. The procedure is
indicated in appendix 2. Blood samples were aldleaed from the neonate at birth to measure
the levels of magnesium transferred to the neofdte.samples were then centrifuged and the

serum obtained analysed.
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3.8 Pilot study/pre-testing
After Ethical approval was obtained from the KNHNU&thical committee, a pilot study was

carried out beforehand to determine whether tha daliection tool was adequate and whether
any modifications needed to be done on the instniniiewas found impossible to get more than
one blood sample from the neonates as most of thera underweight and obtaining the first
sample was difficult. The nurses also felt prickihg neonates for a second sample would be

traumatizing for them.

3.9 Reliability
The reliability of the research tool was testedimyrthe pilot study to ensure its usability to

collect the right data. The same questions weregatumber of respondents to see if they gave

the same required response.

3.10 Validity
The questionnaire was given to a few respondensge¢ovhether the questions were simple and

easy to understand. All aspects of quality asseramere adhered to. From the specimen
collection to the handling and laboratory analystandard operating procedures were followed.
For external quality assurance, controls were moh @mpared to reagents from South Africa
National hospital laboratory services. Study sasip¥ere run only if the controls were within

acceptable limits.

3.11 Data analysis
The drugs used for management of severe preeclaf@plsimpsia and the dosages used were

compared against the recommended WHO guidelines. sBnum urea and electrolyte levels
were measured and reference made to the normatgaitpe serum levels of magnesium in
mothers treated with magnesium sulphate were cardptr the recommended serum levels
needed to elicit a therapeutic response. The meagnesium levels were determined and the
deviation from reference ranges determined. Thensemagnesium levels in the exposed
neonates were measured and compared to serum magnesmeonates not exposed to MgSo4.

The APGAR scores for the neonates exposed were aratito APGAR scores for normal

healthy neonates. The mean magnesium serum levéleineonates was determined and the

26



deviation from the normal values determined. Tlaadard deviation from which levels became

toxic were determined.

3.12 Ethical considerations
Permission was sought from the Kenyatta Nationadital Ethics Committee and the Pumwani

Maternity Hospital administration before commencthg study. Each of the respondents was
given information on the rationale of the study atsdobjectives. They were then allowed to
voluntarily opt to participate. Confidentiality dhe respondents as well as of all records
evaluated was observed. They were asked to sigmsent form (attached as Appendix 4) if
they agreed to participate and a copy was giveahegm to keep. All patients with pre-eclampsia
and eclampsia were adequately treated. Neonates ypermagnesemia at birth were
adequately managed by ensuring they received fifiet treatment such that their serum

magnesium levels were stabilized before discharge.
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CHAPTER FOUR: RESULTS

4.1 Introduction

This chapter entails the results of the study aed interpretation.The analysis was done at 0.05
level of significance

4.2Characteristics of study participants

4.2.1 Maternal age
The mean age of mothers in the test group wasygafs (SD 4.6) compared to a mean age of

25.7 years (SD 4.7) years among controls. Figugieolvs age distribution by group. The modal
age group in the test group was 21- 25 years (i raid the modal age group in the control
group was 26-30 years (n = 10). There was no sogmif difference in the mean age of mothers
in the two groups (t = 0.29; p = 0.76).

Maternal age distribution
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Figure 1: Age distribution of mothers in the study
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4.2.2 Gestational age
The median gestation age in the test group wasegksvand the range was 34 to 40weeks while

the median gestation and range of the control greagB89 weeks and 36 to 41 weeks
respectively, Table 1 shows the distribution oftipgrants’ gestation age at delivery according to
treatment. Mothers receiving magnesium sulphatdrtirent were mostly delivered during week
37-38 (48.2%) while most (48.2%) mothers in thetaargroup delivered at 39-41 weeks.

Table 1: Gestation age of mothers by group

Controls Tests
Gestation
34-36 weeks 2(7.4%) 6(22.2%)
37-38 weeks 9(33.3%) 13(48.2%)
39-41 weeks 13(48.2%) 4(14.8%)
Not indicated 3(11.1%) 4(14.8%)
Total 27(100%) 27(100%)

4.2.3 Maternal hypertension
The mean diastolic blood pressure among mothdestrgroup was 115.4 mmHg (SD 12.1)

compared to a mean blood pressure of 98.3 mmHdg(BPin the control group (Fig 2).The
difference was statistically significant (p < 0.00%eventeen mothers in test group had severe
hypertension, while there was a bimodal distributsd blood pressure measurement in the
control group; with patients equally likely to haw@d hypertension (n = 11) or normal blood
pressure (n = 11).
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Figure 2: Diastolic blood pressure measurements.

4.3 Maternal serum magnesium
Figure 3 compares mean (SD) maternal serum magnésuels in test and control groups. The

mean serum magnesium in the test group (mean SB.%; 0.9) was significantly higher than
the control group (mean = 2.3, SD = 0.6, p = 0.008)
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4.4 Neonatal characteristics.

4.4.1 Neonatal Apgar scores

There was no significant difference between the ARGcores of the neonatal test and control
groups. 89 % of the neonates in the test had & $fof-8 at 1 minute and at 5 minutes 59% had
a score of 9-10. In the control group, 59% hadaaesof 7-8 at 1 minute while at 5 minutes,59 %
had a score similar to that of the test group.
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Test vs control group APGAR scores

25
20
15

(%]
ri}
=
<
=
[=]
el
=
s
(=]
[=]
=

o L A 1

1 Min 5 Min 1 Min

TEST VS CONTROLGROUP

m>5 ®5-6score 7-8 score 9-10 score

4.4.2 Neonatal birth weight
Most of the neonates in the test group were both avbirth weight of 2-3 kg while the most of

the neonates in the control group were born wibirth weight of 3-4 Kgs.

Neonatal weight distribution
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BIRTH WEIGHT IN KG5
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32



74% of the neonates in the test group were undeghivewith only 19% being of normal birth
weight. In the control group, only 41% were undeghe with 52% being of normal birth

weight.7% of neonates in both groups were overweigh

Under weigh(<3 Kg) Normal weigh (3-4 Kg)
Test group weight AR EL L% 5 (19%)

Control group 11 (41%) 15 (52%) 2 (7%)
weight

The median birth weight in the test group was ZZI1QR 1.8 to 3.0) compared to a median of 3

Overweigh( >4 Kg)

2 (7%)

kg (IQR 2.3 to 3.6) in the control group.There veastatistically significant difference in birth

weight of neonates in the test and interventiorugsp Mann Whitney test p value = 0.003 .
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Box and whisker diagram showing difference in weighbetween the test and control group.

Contral group Treatment group

Birth weight (in kgs)

4.5 Neonatal serum magnesium
Figure 4 compares mean (SD) neonatal serum magnésuels in test and control groups. The

mean serum magnesium in the test group (mean =S8G; 1.0) was significantly higher than
the control group (mean = 2.3, SD = 0.6, p = 0.008)
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Figure 4. Mean (SD) serum magnesium levels in neotes delivered by mothers receiving
magnesium sulphate treatment compared to controls.

4.6 Maternal urea and electrolytes levels
The comparison of mean serum levels of urea ararelgtes between mothers in the test and

control groups are shown in Table 2. There werassitally significant differences in serum
sodium (p = 0.015), urea (p = 0.043) and creatifme 0.008) levels in the test and control
groups. Serum sodium was higher in control groupaim138.4, SD 3.6 versus 135.9, SD 3.8)
while creatinine (mean 89.8 versus 71.5) and umesaf 3.3 versus 2.6) were higher in the test
group. Maternal serum levels of potassium (p = B)46hloride (p = 0.371) and calcium (p =

0.629) did not show significant differences betw#entest and control groups.
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Table 2: Maternal urea and electrolytes in treatmebhand control groups

Tests Controls
Mean SD Mean SD P value
Sodium 135.9mmol/L 3.8 138.4mmol/L 3.6 0.015
Potassium 4.5mmol/L 1.6 4.3mmol/L 0.8 0.495
Chloride 99.6mmol/L 3.8 98.8mmol/L 2.3 0.371
Urea 3.3mmol/L 1.7 2.6mmol/L 0.8 0.043
Creatinine 89.8umol/L 24.7 71.5pmol/L 23.0 0.008
Calcium 2.0mmol/L 0.4 1.9mmol/L 0.3 0.629

4.7 Neonatal urea and electrolytes levels
Table 3 compares neonatal serum electrolytes fonates born to mothers on magnesium

sulphate treatment and controls. There were saifidifferences between tests and controls in
levels of serum urea (p = 0.007) and chloride (2617). Urea levels were significantly higher
in test group as compared to the control group (mea.0 versus 2.9), while mean chloride

levels were 99.4 for the test group versus 97.2Hercontrol group.

Table 3: Neonatal urea and electrolytes in test andontrol groups

Tests Controls
Mean SD Mean SD P value
Calcium 2.4mmol/L 0.4  2.3mmol/L 0.3 0.241
Creatinine 99.0umol/L 27.6 82.1umol/L 37.0 0.067
Urea 4.0mmol/L 1.8 2.9mmol/L 1.0 0.007
Chloride 99.4mmol/L 3.2 97.2mmol/L 3.2 0.017
Potassium 5.1mmol/L 1.6  4.9mmol/L 0.7 0.689
Sodium 138.6mmol/L 6.0 138.4mmol/L 4.4 0.883

4.8 Correlation between the neonatal serum magnesiulevels and birth weight
Table 4 shows that infant birth weight was not digantly associated with neonatal serum

magnesium sulphate levels after adjusting for &s¢ group. The mean serum magnesium level
was 0.66 mmol/L higher in neonates in the test ameg to control group (p = 0.008). The
neonatal magnesium serum levels increased by 0r0dl/in for each additional kilogram of

birth weight but this increase was not significgmt 0.605).
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Table 4: Linear regression analysis of the effectfdirth weight and magnesium sulphate treatment
on levels of neonatal magnesium sulphate

Standard | T
Coefficient | error statistic | P value 95 % CI
Tests Control
Magnesium sulphate
treatment 0.66 0.24 2.76| 0.008 0.18 1.14
Birth weight (in Kgs) 0.07 0.13 0.52| 0.605 -0.20| 0.33
Intercept 2.13 0.43 4.95| <0.001 1.27| 3.00

4.9 Correlation between maternal and neonatal serutmagnesium levels

There was a positive correlation between matemm@lneonatal serum magnesium levels in both
the test and control groups as shown in Figur&lte correlation was stronger in the test group
(r =0.56, p = 0.003) compared to the control group0.35, p = 0.087).

Neonatal serum magnesium

0 1 2 3 4 5
Maternal serum magnesium

® Control group Fitted values
& Treatment group Fitted values

Figure 1: Correlation between maternal and neosataim magnesium according to treatment
group
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CHAPTER FIVE: DISCUSSION, CONCLUSION AND RECOMMENDA TIONS

5.1 Introduction
This chapter will entail a comparison of the reswbtained from this study and results from

other studies that have been done before. The wusinok drawn from the study and further

recommendations will also be included.

5.2 Discussion
The first-line option for the treatment and prevemtof eclamptic seizures is magnesium sulfate.
[36. 37. 38, 39 Eyjidence supports its effectiveness in the présenand treatment of eclamptic

seizures®” 4%

Accordingly, in our study, patients presenting wi#bvere preeclampsia (headache, oedema,
blurred vision, confusion and a diastolic BP abdg6)'** were first given a loading dose of 4g
of magnesium sulphate then an infusion of 1g /fesua maintenance dose. This is in line with

the recommended guidelines.

70% of the mothers in the test group presenteddatidered at a gestation age below 38 weeks
as compared to 11% in the control group. This isni@ with studies that recommend delivery as

the definitive treatment for severe preeclampsier &4 week&85°70

The serum magnesium levels were found to be saamifly high in the test group as compared to
the control group. The clinical effect and the tatyi of MgSo4 depend on its serum levels. For
treatment of eclamptic seizures, a concentratiorl.8f — 3.0 mmol/L should be achieved.

Magnesium is excreted mainly by the kidney with iaé-life being 4.66 hour&'®

When carefully administered and monitored, toxiggyare. At levels between 3.5 -5 mmol/L,

there is loss of the patellar reflex in the motheticating impending toxicity and at 5 — 6.5

mmol/L, respiratory paralysis occurs. CNS depressihich may range from drowsiness to

coma also begins. At concentrations > 7.5 mmolMdiea conduction is altered and when 12.5
mmol/L is exceeded cardiac arrest occurs. In thidysthe serum level of magnesium were well

within the recommended levels for treatment andetmiated to toxic levels.
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In our study, maternal serum urea and creatinine faind to be elevated in the mothers in the
test group. Serum creatinine levels are used asr@emfor kidney injury. This is significant
because MgS04 the recommended treatment optioevere preeclampsia and eclampsia is
excreted through the renal rodfd and in view of the damage caused to the kidneyhiey
disease, magnesium toxicity could occur. A systemadview and meta-analysis found an

increased risk for development of kidney injuryeafpreeclampsia and eclampfa.

Sibai BM, Anderson GD and McCubbin JH observed thaclampsia, abnormalities in blood
urea nitrogen and serum creatinine among otheriniysd are statistically significant and

recommended serum creatinine tests in eclamptierpal’ 21!

Serum calcium levels in the controls were lowemntirathe test group. This is in line with the
findings of Mason B.A et al who in his study foulodv calcium levels in pre-eclamptic women
not on treatment with MgSo4 sulphate. After magmastherapy the levels were raised and the
study concluded that ionized calcium levels appéoebe tightly regulated in the presence of

elevated serum magnesium leVés.

In this study the potassium levels were slightlgvated in the maternal test group as compared
to the control group. Iglesias MH et al reportedheir study a case of a woman who when given
MgSo4 first for eclampsia prophylaxis then for treant of eclampsia, developed hyperkalemia
without severe renal failure or any other explamatiThey recommended close monitoring of

serum electrolytes during management of severelamgsia and eclampsia with Mgs©3.

There was no significant difference in the APGARrss of the neonatal test and control groups.
Lipsitz P.J. and English I.C in a study on hypernesgmia in the newborn infant showed that
the signs and symptoms of hypermagnesemia in faatiare similar to those in the adult with
hypermagnesemi&® Such neonates at birth would be expected to havers asphyxia with
low APGAR scores and absent or feeble reflexesetPKiM et al showed that treatment with
MgSo4 did not lead to low APGAR scores in neonatemothers with eclampsia though the

mean cord level of magnesium, was equal to the mesarnal serum levef”
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The neonatal serum magnesium levels in our studyeleded with the maternal serum
magnesium levels. The levels in the neonatal testpgwere higher than in the control group.
Hallak and Cotton demonstrated in a study with théstransfer of magnesium from maternal
circulation into the foetal blodéf’.Studies have shown an increase in magnesium deuats in
both mother and foetus after administratihNewborns of mothers exposed to MgSo4 have

been shown to have elevated serum magnesium lerejing from 3-11 mmol/L%®!

The serum levels of all electrolytes were elevatethe neonatal test group as compared to the
levels in the control group. The urea levels wagmiicantly elevated. The high electrolyte
levels could be explained by the fact that at birénal blood flow is low and the immature
kidney has limited adaptability in case of excedmiaistration of drugs and thus a higher risk of
toxicity. In preterm neonates born at26- 34 weedstagion age, the increase in the glomerular
filtration rate is limited because of incompleteoheogenesis. And thus clearance of drugs from

the circulation is limited resulting in elevatedigm levels’®

In our study the serum creatinine was found tolbeag¢ed in the test group. Creatinine levels are
used as a marker for kidney function. Serum craeihas been shown to be elevated in the first
days of life reflecting maternal creatinine anawa intrinsic glomerular filtration rate. The lower
the gestation age at birth, the more elevatedeisénum creatinine. Because the neonates in the

test group were born before term, this could expilae elevated serum creatinine levels.

The neonatal serum calcium levels in both groupswfstudy were higher than the maternal
serum calcium levels. Studies have shown activestes of calcium from the mother to the
neonate during the last trimester of pregnancy elhethe cord calcium levels are higher than
the maternal serum calcium level€! In our study, neonatal serum calcium levels in test
group were slightly higher than in the control grdaut not significantly different. Macintyre et
al in their study gave evidence that a rise in memagnesium levels inhibits secretion of
parathyroid hormone which results in increasedanirexcretion of calciunt®™ In a study of
five newborn infants whose mothers had been treaidd IV magnesium sulfate for periods

ranging from 5 to 14 weeks, Lamm CI et al notedagidphic bony abnormalities in two of the
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infants®®?. The investigators came to the same conclusioMasintyre et al that the foetal
hypermagnesemia due to long term treatment withnesigm depressed parathyroid hormone
release resulting in foetal hypocalcaerSavory J and Monif GRG reported in their study of
mothers treated with magnesium a mild decreaseoid calcium concentration$®.So did
Cruikshank DP et al in their study on effects ofgmesium sulfate treatment on perinatal
calcium metabolisitIn contrast, Donovan EF et al reported high cotdiga levels following

magnesium therapy. No neonatal symptoms were atedawvith either calcium levels®

The neonatal serum potassium levels in both growgye found to be higher than the maternal
serum potassium levels while the serum sodium $eweke found to be lower in the neonates. A
study was done showing physiological hyponatrenmd hyperkalemia in healthy newborns
which was highly suggestive of functional hypoatgosnism'’® This was postulated to be due
to the adaptive process from intrauterine aquatigrenment where renal sodium reabsorption is
dispensable, to life outside the uterus wheretstodium control by the kidney is essentials. In
our study the serum potassium levels in the testigmwere slightly higher than in the control
group. Nader PJ et al demonstrated higher aldosteand potassium levels in preterm newborns
as compared to term healthy newbdft$? 8%

There was a statistically significant differencebinth weight of neonates in the treatment and
intervention groups in our study. A premature bality an extremely low birth weight of 990g
was found to have severe hypermagneseffiiaBut there was no correlation between the
birthweight and the serum magnesium levels whicplies that the low birth weight was more

of a function of the disease than the effect ohiaistered magnesium sulphate.

5.3Conclusion.
Maternally administered magnesium sulphate durirmgnagement of severe preeclampsia and

eclampsia does affect serum urea and electrolyteldebut not all electrolytes are affected

significantly.
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5.4 Recommendations

5.4.1Recommendations for practice and policy
Due to the elevated serum urea and electrolyteldaweboth mother and neonate, the study

recommends that in cases whereby magnesium sulpbaselministered, serum urea and

electrolyte levels be closely monitored.

5.4.2 Recommendations for research
The study recommends further research be dondlawiag up the mothers treated with MgSo

and their newborns for a period of time and testitegr serum urea and electrolyte levels to find

out whether the findings of this study persistr@ytresolve.

43



REFERENCES

1.Sibai BM. Diagnosis and management of gestatiogpefiension and preeclampsf@bstet
Gynecol Jul 2003; 102(1):181-92

2.WHO, 2004. Bethesda, MD. Global Burden of Disefsethe Year 2001 by World Bank
Region, for Use in Disease Control Priorities invBleping Countries, National Institutes of
Health: WHO.

3. Cooray SD, Edmonds SM, Tong S, SamarasekeraMBRehead CL. Characterization of
symptoms immediately preceding eclamp§ibstet GynecoNov 2011; 118(5):995-9

4. Sibai BM. Diagnosis, controversies, and managemethe syndrome of hemolysis, elevated
liver enzymes, and low platelet cou@bstet GynecoMay 2004; 103(5 Pt 1):981-91

5.Report of the National High Blood Pressure EdocaProgram Working Group on High
Blood Pressure in Pregnanéymn J Obstet Gynecalul 2000; 183(1):S1-S22

6.Silasi M, Cohen B, Karumanchi AS, RanaS.Abnormatehtation, angiogenic factors, and the
pathogenesis of preeclampsizbstet Gynecol Clin North Am. 2010; 37:239-253

7. Borzychowski AM, SargentlL, RedmanCWG. Inflammatiand pre-eclampsi&emin Fetal
Neonatal Med. 2006; 11:309-316

8. Romero R, Nien JK, Espinoza J. et al. A longitadlistudy of angiogenic (placental growth
factor) and anti-angiogenic (soluble endoglin aotlilsle VEGF receptor-1) factors in normal
pregnancy and patients destined to develop pregsianand deliver a small for gestational age
neonateJ Matern Fetal Neonatal Med. 2008; 21:9-23

9. Kulkarni AV, Mehendale SS, Yadav HR, Kilari ASaralekar VS, Joshi SR. Circulating
angiogenic factors and their association with botlicomes in preeclampsiblypertens Res.
2010; 33:561-567

10.Cunningham FG, Veno KJ, Bloom SL, et al. Preggahlypertension.In: Williams
Obstetrics 23e. 2010

11.Gasem T, al Jama FE,Burshaid S,Rahaman J, ginsaih AS,Rahamn MS. Maternal and
fetal outcome of pregnancy complicated by HELLPd&sgme.J Matern Fetal Neonatal Med.
2009; 22:1140-1143

12.Bellamy L, Casas JP, Hingorani AD, et al. Premapsia and risk of cardiovascular disease
and cancer in later life: systematic review andayaatalysisBMJ. Nov 10 2007; 335(7627):974.

13. Harskamp RE, Zeeman GG. Preeclampsia: at oiskeinote cardiovascular diseagen J
Med SciOct 2007; 334(4):291-5

44



14..Koenig JM, Christensen RD. The mechanism resplen for diminished neutrophil
production in neonates delivered of women with peegy-induced hypertensioAmerican
Journal of Obstetrics and Gynecolod®91;165(2):467-473

15. Castle V, Andrew M, Kelton J. Frequency and ma@tsm of neonatal thrombocytopenia.
Journal of Pediatrics1986; 108(5, part 1):749-755

16. Mehta P, Vasa R, Neumann L, Karpatkin M. Throaoyopenia in the high-risk infant.
Journal of Pediatrics1980; 97(5):791-794

17.Mouzinho A, Rosenfeld CR, Sanchez PJ, RisseEffect of maternal hypertension on
neonatal neutropenia and risk of nosocomial indectediatrics1992;90:430-435

18.Hansen AR, Barnés CM, Folkman J, McElrath TF.tevfeal preeclampsia predicts the
development of bronchopulmonary dysplas@urnal of Pediatric010;156(4):532-536

19.Roberts CL, Algert CS, Morris JM, Ford JB, Hender8mart DJ. Hypertensive disorders in
pregnancy: a population based studyA. 2005; 182:332-335

20. ShahDM.Perinatal implications of maternal hygesion. Semin Pediatr Neurol. 2001,
8:108-119

21. Haddad B, SibaiBM. Expectant management in pregeanwith severe pre-eclampsia
Semin Perinatol. 2009; 33:143-151

22.Sibai B, Dekker G, Kupferminc NPre-eclampsia. Lancet. 2005; 365:785-799

23Hauth JC, Ewell MG, Levine RJ, et al. Pregnancycontes in healthy nulliparas who
developed hypertension. Calcium for Preeclampsevddtion Study GroupObstet Gynecol
Jan 2000; 95(1):24-8

24 Wu CS, Nohr EA, Bech BH, Vestergaard M, Catily @lsen J. Health of children born to
mothers who had preeclampsia: a population-baseortstudy American Journal of Obstetrics
and Gynecology2009; 201(3):269-e1-269-e10

25.Simmons RA. Developmental origins of adult dsge&ediatric Clinics of North America
2009;56(3):449-466

26. Altura BM, Altura BT, Carella A, Gebrewold A, whakawa T, Nishio A. Mg - Cc&*
interaction in contractility of vascular smooth roles Mcf* versus organic calcium channel
blockers on myogenic tone and agonist-induced respeness of blood vesse{San J Physiol
Pharmacol. 1987; 65: 729-745.

27. Esen F, Erdem T, Aktan D, Kalayci R, Cakar N, K&yaTelci L. Effects of magnesium
administration on brain edema and blood-brain baftreakdown after experimental traumatic
brain injury in ratsJ Neurosurg Anesthesiol. 2003; 15: 119-125

45



28 Hallak M, Berman RF, Irtenkauf SM, Evans MI, ©ot DB. Peripheral magnesium sulfate
enters the brain and increases the threshold fgoolsampal seizures in ratdm J Obstet
Gynecol. 1992; 167: 1605-1610.

29.Cotton DB, Hallak M, Janusz C, Irtenkauf SM, ilBan RF. Central anticonvulsant effects of
magnesium sulfate on N-methyl-D-aspartate-induetrlises. Am J Obstet Gynecol. 1993; 198:
974-978.

30Dingledine R, Hynes MA, King GL. Involvement of-Nethyl-D-aspartate receptors in
epileptiform bursting in the rat hippocampal slid&hysiol. 1986; 380: 175-189.

31. Donaldson JO. Does magnesium sulfate treat eciarmpbvulsions?lin Neuropharmacol.
1986; 9: 37-45

32. Hallak M, Berman RF, Irtenkauf SM, Janusz Cit@oDB. Magnesium sulfate treatment
decreases N-methyl-D-aspartate receptor bindinfpenrat brain: An autoradiographic study.
Soc Gynecol Invest. 1994; 1: 25-30

33. Ramanathan J, Sibai BM, Pillai R, Angel JJ. Neursoular transmission studies in pre-
eclamptic women receiving magnesium sulféte J Obstet Gynecol. 1988; 158: 40—46.

34. Sibai BM, Spinnato JA, Watson DL, Lewis JA, A&nsbn GD. Effect of magnesium sulfate
on electroencephalographic finding in preeclampsiampsiaObstet Gynecol. 1984; 64: 261—
266

35. Dr Aleksandra Bojarska, Consultant Anaesthafisithenshawe Hospital, Manchester, UK
Dr Christine Edwards, Consultant Obstetrician and/n&&cologist, Lamb Hospital,
Parbatiputlanagement of eclampsia and pre-eclampsia Banghades

36. Sibai BM. Magnesium sulfate prophylaxis in ptampsia: Lessons learned from recent
trials. Am J Obstet Gynecalun 2004; 190(6):1520-6

37. The Eclampsia Trial Collaborative Group. Whagtticonvulsant for women with eclampsia?
Evidence from the collaborative eclampsia triancet. 1995; 345: 1455-1463

38.Witlin AG, Sibai BM. Magnesium sulfate therapy preeclampsia and eclamps@bstet
Gynecol Nov 1998;92(5):883-9

39. Sibai BM. Eclampsia VI. Maternal-perinatal aute in 254 case®m J Obstet Gynecol.
1990; 163 1049-1055

40. Altman D, Carroli G, Duley L, Farrell B, Moodley Neilson J, Smith D. The Magpie Trial

Collaboration Group. Do women with pre-eclampsia] &eir babies, benefit from magnesium
sulphate? The Magpie Trial: A randomised placebarotled trial. Lancet. 2002;359: 1877—

1890

46



41. Duley L, Henderson-Smart D. Magnesium sulphatesus phenytoin for eclampsia.
Cochrane Database Syst Rev. 2003; 4.

42.The Eclampsia Trial Collaborative Group. Whictti@nvulsant for women with eclampsia?
Evidence from the collaborative eclampsia triancet. 1995; 345: 1455-1463.

43. T.ldama,S.LindowMagnesium Sulphate: a review ohichl pharmacology applied to
obstetricsBritish Journal of obstetrics and gynaecology.Mad®98,vol 105:260-268

44.Williams B, Poulter NR, Brown MJ, Davis M, McInn&T, Potter JF, et al. Guidelines for
management of hypertension: report of the fourthrkimg party of the British Hypertension
Society, 2008HS IV. J Hum Hypertens 2004; 18: 139-8

45Hallak M, Cotton DB Transfer of maternally admieisgd magnesium sulfate into the fetal
compartment of the rat: assessment of amniotia flbiood, and brain concentrationsm J
Obstet Gynaecol 1993 Aug; 169(2 Pt 1):427-31

46.Chesley LC, Tepper I. Plasma levels of magnesiuaingd in magnesium sulfate therapy for
preeclampsia and eclampsgurg Clin North Am 1957; 37:35367

47. Dangman BC, Rosen TS. Magnesium levels in tafafi mothers treated with MgSO4.
Pediatr Res 1977; 11:415 (Abstract #262

48. Widdowson E.M.,Mccance R.A The metabolism ofcioan,phosphorus,magnesium and
strontium Pediat.Clin. N.Amer.12:595,1965

49. Lipsitz P.J. and English I.C.:Hypermagnesemm the newborn infant.Pediatrics
40:856,1967

50.Pruett KM, Kirshon B, Cotton DB, Adam K, Doody Klhe effects of magnesium sulfate
therapy on Apgar scoreAm J Obstet Gynecol 1988; 159:10478

51. Macintyre I, Boss S. and Troughton V.A.:Payatid hormone and magnesium
homeostasisNature 198:1058;1963

52.Lamm CI, Norton KI, Murphy RJC, Wilkins IA, Raimwitz JG. Congenital rickets
associated with magnesium sulfate infusion for tygis. J Pediatr 1988;113:107882

53.Savory J, Monif GRG. Serum calcium levels indceera of the progeny of mothers treated
with magnesium sulfate for toxemia of pregnarsm J Obstet Gynecol 1971; 110:5569

54.Cruikshank DP, Pitkin RM, Reynolds WA, Williar®A, Hargis GK. Effects of magnesium

sulfate treatment on perinatal calcium metabolisrVaternal and fetal responséan J Obstet
Gynecol 1979; 134:2439.

47



55. Donovan EF, Tsang RC, Steichen JJ, Strub REnClW, Chen M. Neonatal
hypermagnesemia: effect on parathyroid hormone aaltium homeostasisJ Pediatr
1980;96:30510

56.Mina Abbassi-GhanavatiJames M. Alexander, Donald D. McinfireRashmin C. Savani
Kenneth J. Leveno.Neonatal Effects of MagnesiumfafilGiven to the MotheAmer J
Perinatol 2012; 29(10): 795-800

57.Green KW, Key TC, Coen R, Resnik R. The effeftmaternally administered magnesium
sulfate on the neonatdm J Obstet Gynecol 1983;146:2933

58.Heinonen OP, Slone D, Shapiro S. Birth Defectd Brugs in Pregnancy. Littleton, MA:
Publishing Sciences Group, 1977:440

59.Stone SR, Pritchard JA. Effect of maternally sstered magnesium sulfate on the neonate.
Obstet Gynecol 1970; 35:5747

60.Rasch DK, Huber PA, Richardson CJ, L'Hommedie8, QNelson TE, Reddi R.
Neurobehavioral effects of neonatal hypermagnesehitadiatr 1982; 100:2726

61.Brady JP, Williams HC. Magnesium intoxication anpremature infantPediatrics 1967,
40:1003.

62.Brazy JE, Grimm JK, Little VA. Neonatal manif@sbns of severe maternal hypertension
occurring before the thirty-sixth week of pregnantiPediatr 1982;100:26571

63.Rodis JF, Vintzileos AM, Campbell WA, Deaton Ngchimson DJ. Maternal hypothermia:
an unusual complication of magnesium sulfate therdam J Obstet Gynecol 1987; 156:4356

64.L'Hommedieu CS, Nicholas D, Armes DA, Jones &lsbh T, Pickering LK. Potentiation of
magnesium sulfate-induced neuromuscular weakneggbtamicin, tobramycin, and amikacin.
J Pediatr 1983; 102:62931.

65. Bansal.Preeclampsia/eclampsia: a profile framm®ani Maternity Hospital Keny&ast
Afr.Med.J 62(10):691-8 1985

66.Kayode O. Osungbade and Olusimbo K.Ige.Publadtiheperspectives of preeclampsia in
developing countries:Implication for health systatmengthening.Review articlnurnal of
pregnancy,vol 2011 article ID 481095

67. Riaz M, Porat R, Brodsky NL, Hurt H.The effectsro&ternal magnesium sulfate treatment
on newborns: a prospective controlled study.

68.Sibai BM. Diagnosis, prevention, and managemériclampsiaObstet GynecolFeb 2005;
105 (2):402-10.

48



69. Wagner LK. Diagnosis and management of pregdarmAm Fam PhysicianDec 15 2004;
70(12):2317-24.

70. Barton JR, Witlin AG, Sibai BM. Management oildrpreeclampsiaClin Obstet Gynecol
Sep 1999; 42(3):455-69.

71.McDonald SD, Han Z, Walsh MW, et al. Kidney dise after preeclampsia: a systematic
review and meta-analysis. Am J Kidney Dis 201018636.

72.Sibai BM, Anderson GD, McCubbin JH. EclampsiaGlinical significance of laboratory
findings.Obstet Gynecol. 1982 Feb; 59(2):153-7

73.Ries A, Kopelman JN, Macri C.Laboratory testing for plaeewpsia: result trends and
screening recommendations. Mil Med 2000 Jul; 16548-8.

74.Mason BA, Standley CA, Whitty JE, Cotton DB.Fatmized magnesium levels parallel
maternal levels during magnesium sulfate therapyfeeclampsia.Am J Obstet Gynecol. 1996
Jul; 175(1):213-7

75.lglesias MH, Giesbrecht EM, von Dadelszen P, é&éad A. Postpartum hyperkalemia
associated with magnesium sulfate. Hypertens Pregri2011; 30:481.

76.Discussion paper on the impact of renal immibtwhen investigating medicinal products
intendedfor paediatric use. European Medicines Agé&mondon, 16 December 2004
CPMP/PEG/35132/03

77. Schauberger CW, Pitkin RM, Maternal-perinatdticim relationships.Obstet Gynecol 1979;
53:74-6

78. Laetitia Martinerie , Eric Pussard , Laureno&'hélias, Francois Petit , Claudine Cosson ,
Pascal Boileau , Marc LombePhysiological partidbaterone resistance in human newborns

79. Nader PJ, Procianoy RS. 1996; Hyperkalemiany low birth weight infants: incidence and
associated factors. J Pediatr (Rio J). 72: 143)- 15

80. Semama DS, Martin-Delgado M, Gouyon JB. 20@&tabolism of potassium in preterm
infants. Arch Pediatr. 14: 249 - 253

81. Mildenberger E , Versmold HT . 2002 ; Pathagen and therapy of non-oliguric
hyperkalaemia of the premature infant . Eur J RediE61 : 415 — 422

49



82.Hyun HS, Choi HS, Kim JK, Ahn SY, Yoo HS, Kim EShang YS, Park WS. Idiopathic
severe hypermagnesemia in an extremely low birtighténfant on the first day of life. Korean
J Pediatr. 2011 Jul; 54(7):310-2. doi: 10.3345201.1.54.7.310. Epub 2011 Jul 31.

50



APPENDIX 1: ACKNOWLEDGEMENT OF FUNDING

The funding is from the Linked-Strengthening MatdrrNewborn and Child Health Research
Training in Kenya. The grant is linked to Partngodior Innovative Medical Education in Kenya
(PRIME-K). The project described was supportediisxard Number 5R24TW008907 from the
US National Institutes of Health. The content ikegothe responsibility of the authors and does

not necessarily represent the official views of tf& National Institutes of Health.

51



Tests

PPENDIX 2: QUESTIONNAIRE

(A)IMOTHER'S
DETAILS
S.no of patient(mother)

Age in years
Weight

Gestation age

Signs & tests used tc

diagnose preeclampsia

Headache[ ] Thrombocytopenia[ ] Blurred vision] ] Deranged
LFTs [ ] Proteinuria| ]

Signs and tests used t
diagnose eclampsia

bHeadache[ ] Thrombocytopenia[ ] Blurred vision ] Deranged

LFTs [ ] Proteinuria[ ]JConvulsions| ]

BP
RR
Temp.

Loading Dose of MgSo4

Serum Mg levels after
loading dose of MgSo4

Serum Mg levels at

delivery.

(B)EXPOSED
NEONATE’S DETAILS

Weight of baby at birth

APGAR score

Mg serum levels at birth
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(c)Questionnaire for controls

(2)S.no of patient(MOtNEr) | .....couii e e it

5

Drug managed With: | L. o e e

Serum magnesium leVvelS: | .. ... e

NEONATE'S DETAILS

(b)Weight of baby at birth | .......cooiii i

AP G AR SCOME | i

Mg serum levels at birth | .. ... i

Mg levels after 12 hrs
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APPENDIX 3:LABORATORY PROCEDURE

The venous blood was drawn from the patients from arm away from that receiving the
infusion and transferred into vacutainers. It waanttaken to the Pumwani hospital laboratory
where it was centrifuged to obtain the serum.Thapda was marked with the patient’s serial
number and time of collection, put in a safe bagawl box and transferred to the university of
Nairobi clinical chemistry laboratory for analydisl of serum was then transferred into a serum
vial for chemical analysis using the photometrictimd. The principle of the test is that
magnesium ions in alkaline medium form a colourenhglex with xylidyl blue at a wavelength

of 520nm.The absorbance is proportional to the rasigm concentration in the sample.
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APPENDIX 4: APGAR SCORING FOR NEWBORNS

The neonates will be scored for APGAR scores i bir

APGAR Scoring for Newborns

A score is given for each sign at 1 minute and Butas after the birth. If there are any problems
with the baby, an additional score is given at 10utes. While a score of 7-10 is considered
normal, 4-7 might require some resuscitative messswand a baby with Apgars of 3 and below
requires immediate resuscitation.

Sign 0 Points 1 Point 2 Points
A |Activity (Muscle Tone) Absent Arms and Legs Flexed Active Movement
P |Pulse Absent Below 100 bpm Above 100 bpm
Grimace (Reflex . Sneeze, cough, pulls
G, . . No Response Grimace
Irritability) away
A Appearance (Skin Blue-gray, pale all |Normal, except for Normal over entire
Color) over extremities body
R |Respiration Absent Slow, irregular Good, crying

Adopted from America Academy of Pediatrics
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APPENDIX 5: CONSENT FORM FOR PATIENTS USING MAGNESI UM SULPHATE
To be read and explained in a language the respbbeést understands.

Study title: Assessment of the utilization of magnesium supiramanagement of severe
preeclampsia and eclampsia at Pumwani maternityitabs

Introduction

| am Dr Faith Rachel a student from University @ifdbi.l am requesting you to participate in a
study | am carrying out. This study will involvetaiming blood samples from both you and your

newborn.

Purpose

The purposef this study igo determine the serum level of magnesium in bothgmd your
newborn baby.

Consent: Your participation in this study is voluntary.YoulMnot be penalized for failure to
participate.

Procedure to be followed With your permission, blood samples will be drafseom you to
measure the levels of the drug being used to y@ain the blood thirty minutes after the drug is
administered and just before delivery .With yournpiesion blood samples will also be drawn

from your baby immediately after birth and twehaubs after birth.

Risks: There will be minimal risks involved in the prage. Care will be taken to minimize
pain and any infection.This will be achieved byngsaseptic techniques and qualified personnel

to obtain the blood samples.

BenefitsThe blood magnesium levels will be determined amgnhmared to the normal
therapeutic values. If the level is low informatwmril be conveyed to the clinician to ensure that
the appropriate therapeutic levels are achievethelfmagnesium levels are high in the neonate
measures will be taken to avoid harm. The resilthestudy will be used in subsequent dosing

of magnesium sulphate among other patients.
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Confidentiality: Your name will not be recorded in the data adien instrument. Data
obtained will be confidential and only the inveatiyy will have access to it during the entire
study period. Your identity will only be revealelrdugh your permission or through a legal
process.

ContactsIn case of any enquiries please contact any ofaf@ving.

* The investigator.Faith RachelTel no. 0718-486-375

* ERC: Prof A.N.Guantai, Chairperson KNH/UoN-Ethics ReviCommittee P.O BOX
20723-00100, Nairobi.Tel.no. 2726300/2716450 .E2356.

» Supervisors Dr P.N Karimi, Department of Pharmaceutics andrRfacy Practice, Dr
Wandolo: Department of Pathology ;Clinical chenyisinit

 Institution :Department of Pharmaceutics and Pharmacy Pra8thbepl of Pharmacy;
University of Nairobi. P.O BOX 30197-0400 Nairobi.

Ethical approval:The study has been approved by the Ethics andaRdseCommittee of
Kenyatta National Hospital/University of Nairobi @°.BOX 20723-00100,Nairobi.Tel.no.
2726300/2716450.Ext 44355.Attached is a copy okdree.

Patient consent

| have read the above consent form and understdduteinature of the study has been explained
to me by Dr Faith Rachel. | voluntary agree tdipgrate in the study.

Name of partiCipant..........coovviiiiiii e e

Signature of partiCipant.............ooiiiii i
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APPENDIX 6: CONSENT FORM FOR PATIENTS NOT USING MAG NESIUM
SULPHATE
To be read and explained in a language the respbbést understands.

Study title: Assessment of the utilization of magnesium supiamanagement of severe
preeclampsia and eclampsia at Pumwani maternityitabs

Introduction

I am Dr Faith Rachel a student from University @fifdbi. | am requesting you to participate in
a study | am carrying out. This study will involebtaining blood samples from both you and

your newborn.

Purpose

The purposef this study igo determine the serum level of magnesium in bothgmd your
newborn baby.

Consent: Your participation in this study is voluntary. Youll not be penalized for failure to
participate.

Procedure to be followed With your permission, blood samples will be drafsom you to
measure the levels of the drug being used to y@ain the blood thirty minutes after the drug is
administered and just before delivery .With yournpiesion blood samples will also be drawn

from your baby immediately after birth and twehaubs after birth.

Risks: There will be minimal risks involved in the pratge. Care will be taken to minimize
pain and any infection. This will be achieved bingsaseptic techniques and qualified personnel

to obtain the blood samples.
BenefitsThe serum magnesium levels will be determined aothpared to the normal

therapeutic values. If not found to be normal, meas will be taken to facilitate treatment. The

results of the study may also be used in subsegiadies.
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Confidentiality: Your name will not be recorded in the data adien instrument. Data
obtained will be confidential and only the inveatiyy will have access to it during the entire
study period. Your identity will only be revealelrdugh your permission or through a legal
process.

ContactsIn case of any enquiries please contact any ofaf@ving.

» The investigator.Faith Rachel Tel no. 0718-486-375

* ERC: Prof A.N.Guantai, Chairperson KNH/UoN-Ethics ReviCommittee P.O BOX
20723-00100,Nairobi.Tel.no. 2726300/2716450 .Ex35%4

» Supervisors Dr P.N Karimi, Department of Pharmaceutics andrRfacy Practice, Dr
Wandolo: Department of Pathology ;Clinical chenyigtnit

» Institution : Department of Pharmaceutics and Pharmacy Pra&w®ol of Pharmacy;
University of Nairobi. P.O BOX 30197-0400 Nairobi.

Ethical approval: The study has been approved by the Ethics an@dRgds Committee of
Kenyatta National Hospital/University of Nairobi@.BOX 20723-00100, Nairobi. Tel.no.
2726300/2716450.Ext 44355.Attached is a copy oktme.
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Patient consent

I have read the above consent form and understodte nature of the study has been explained
to me by Dr Faith Rachel. | voluntary agree tdtipgrate in the study.

Name of partiCipant..........coovvi i e e

Signature of partiCipant......... ..o
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