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Abstract
The journey to motherhood is a fulfilling one incorporating compassion and love for the child.
However, this optimism is faced with high uncertainty for the mother and child considering the
escalating maternal morbidity during maternity. This dissertation aimed to analyse potential risk
factors associated with maternal morbidity by conducting a systematic review of the relative link
between pre-eclampsia, traumatic/acquired brain injuries and epilepsy in pregnancy outcomes.
Pre-eclampsia is a hypertensive disorder relatively common among those who are pregnant; it is
one of the leading causes of maternal mortality and morbidity. Similarly, traumatic and acquired
brain injuries (TBIs) and epilepsy can lead to poor pregnancy outcomes such as pre-term
delivery and cortical injury to the infant, and death of the mother. Data from Medline, Cinahl,
and Cochrane databases were sourced for this review. Published literature not older than five
years was critically reviewed. The eligibility criteria, review methods and inclusion criteria were
established before commencing the evaluation of published data. The outcome of the systematic
review was the identification of potential maternal morbidity risk factors associated with pre-
eclampsia, traumatic and acquired brain injuries and epilepsy in pregnant women. The findings
of this study indicate that there is an established association between pre-eclampsia and TBI
and/or epilepsy in pregnant mothers; however, further research is required to determine the level
of causality between the factors and adverse pregnancy outcomes. The systematic review of
existing literature also provides an opportunity to develop comprehensive strategies and
guidances to reduce maternal morbidity related to pre-eclampsia, traumatic / acquired brain

injuries and epilepsy.
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Chapter 1. Introduction

Parenthood is an incredible experience that encompasses love, hardship, and newfound purpose.
It is both awe-inspiring and demanding, and many of the accompanying physical symptoms are
shared between all expecting mother's journeys. In particular, pre-eclampsia, traumatic and
acquired brain injuries, and epilepsy can be life-threatening complications that result from an
improperly monitored pregnancy (Nyflgt et al., 2017). Menon and Irving (2022) suggested that
preeclampsia is a multisystem disorder that plays a role in maternal complications during
pregnancy and postpartum. The impacts of preeclampsia during pregnancy can be severe and

even fatal if not properly treated.

Maternal morbidity is an important and growing field of study and one that needs more research
and attention. Maternal morbidity is a term used to describe physical and psychological problems
associated with pregnancy, childbirth, and the postpartum period (Leonard, Main & Carmichael,
2019). The UK has seen a consistent trend of increasing maternal morbidity over time despite
significant advances in terms of perinatal and obstetric care. According to Public Health
England, since 2006-2012 there has been a 54% increase in maternal mortality rates and a 131%

increase in the number of severe morbidity cases (Knight et al., 2020).

Traumatic brain injury is a critical factor leading to mortality during pregnancy (Vigil et al.,
2020). Unfortunately, it can affect pregnant women and if not detected earlier, can prove lethal.
Tran et al. (2019) cite that injuries suffered by pregnant women are not minor, and should be

treated with extreme care.



In addition to head injuries caused by conditions such as preeclampsia, post-traumatic epilepsy
can also be a complication arising from brain injuries (Tran et al., 2019). Epilepsy is a common
condition that involves occasional seizures which cause a sudden burst of electrical activity in
the brain, temporarily affecting how the brain functions. Possible symptoms may include
uncontrolled shaking of the body, stiffness, strange smells and tastes, tingling in the arms or legs,
collapsing or losing consciousness. Generally, epileptic seizures can be caused by damage to the
brain due to stroke, brain tumour, drug or alcohol abuse, brain infections and birth complications
that included poor oxygenation (Shoopala & Hall, 2019). With certain seizure effects, such as a
lack of control, related injuries to the head may also arise, leading to more serious complications.
According to Menon and Irving (2022), there are three major types of seizures that can arise
from epilepsy. Therefore, the chances of a pregnant woman with a mild or severe head injury

being identified with epilepsy are significant.

To explore the relationships between pre-eclampsia, traumatic/acquired brain injuries, and
epilepsy and maternal morbidity, this dissertation will undertake a systematic review of the
available literature in this area. The systematic review will focus on identifying any associations
between the conditions and maternal morbidity, particularly any biological and/or physiological
mechanisms that might explain the link. This dissertation will examine native studies in the UK
as well as international studies from multiple perspectives such as medical, nursing, and public
health to gain a more comprehensive understanding of what is known about the possible risk

factors relating to maternal morbidity.



Chapter 2. Literature Review

2.1 Introduction
This literature review examines previous studies on the impact of preeclampsia and the further
medical complications it can lead to including the long-term effects imposed on motherhood. To

identify relevant articles, a comprehensive search of the available literature was conducted.

2.2 Search description

The search was conducted on credible databases including CINAHL Plus, Cochrane, and
MEDLINE. The search was conducted using keywords such as "pre-eclampsia”,
"traumatic/acquired brain injuries”, "epilepsy”, "maternity”, and "maternal morbidity". The
search was limited to articles published in the English language over the last ten years (2013-
2023). This allowed attaining recent evidence concerning the topic. Additionally, the search was
restricted to articles involving women of childbearing age. The inclusion criteria for this
systematic review was thus an article that studied the association between pre-eclampsia,
traumatic/acquired brain injuries and epilepsy during pregnancy. Exclusion criteria included any
article that did not involve human subjects, was not in the English language, did not involve
women of childbearing age, and did not focus on the study topic. The search yielded 822 results.
These articles were then screened for relevance and non-relevant articles were excluded. After
the screening process, a total of 21 articles were selected for this systematic review as shown in

Figure 1.0 below.



CINAHL Plus, PubMed, Screened for

EBSCO Host, and Ovid year,
MEDLINE relevance
On
Abstraction
822 Articles
Discussed by
authors
98 records
Non-English
21 Records

Figure 1.0 Screening for'Relevant Articles

All of the selected articles were then evaluated in-depth to assess the study topic. The results of

this systematic review will be discussed in the following sections.

2.3 Conceptual/theoretical framework

Traumatic-acquired brain injury has been linked to several factors. Physiologically, pre-
eclampsia, traumatic/acquired brain injuries and epilepsy during pregnancy can result from a
variety of factors, including maternal health conditions, genetic factors, infections, and
nutritional deficiencies. Research has also suggested that there may be a correlation between pre-
eclampsia, traumatic/acquired brain injuries and epilepsy, and other conditions related to
hypertension, such as gestational diabetes, pre-existing medical conditions and large-for-
gestational age babies (Black et al., 2015). In terms of environmental factors, research has

indicated that risk factors for maternal morbidity may be connected to stressful and complex



categories, such as domestic abuse, certain lifestyle characteristics, and the presence of certain
psychological stressors (Hirshberg& Srinivas, 2017). For instance, some studies have suggested
that distress, prior trauma, and serious mental health issues in pregnant women could increase the
risk of pre-eclampsia, traumatic/acquired brain injuries and epilepsy (Darlan, 2021; Gambhir et
al., 2019). Thus, when evaluating traumatic brain injury, it is critical to consider these factors

owing to their role in these factors.

2.4 Review of research

2.4.1 Preeclampsia, traumatic or acquired brain injury and epilepsy

Tantillo et al. (2020) found that women who experience pregnancy-related complications,
including pre-eclampsia and eclampsia, are at a higher risk of postpartum readmission for
seizures and epilepsy. Similarly, Bergman et al. (2018) found that biomarkers such as plasma
concentration associated with brain injury were elevated in women who later developed pre-
eclampsia. This suggests that there may be a correlation between pre-eclampsia and brain injury.
Han et al. (2018) examined the changes in the expression of aquaporins (AQP4 and AQP9) in the
hippocampus following eclampsia-related seizures. The authors found that the expression of
AQP4 and AQP9 was significantly increased, suggesting that there may be a role for these

proteins in the development of brain injury in women with eclampsia.

Additionally, Danielsson et al. (2018) found that the number of pregnancies was a significant
risk factor for complications in pregnant women with epilepsy. This highlights the importance of
appropriate management and monitoring during pregnancy for women with epilepsy. Al Bizri et
al. (2021) in a multi-centre studyfocused on the timing of term elective cesarean section and

adverse neonatal outcomes. The findings indicated that uncomplicated elective planned



caesarean sections accounted for 25% of all deliveries in the sampled participants (28,997
women) and 9.7% of all deliveries from 2001-2017 in Lebanon. These outcomes were significant
considering the large sample size used (28,997 women). This study is relevant to the overall
topic of maternal morbidity and its impact on neonatal outcomes as it showed few instances of

adverse neonatal outcomes (less than a third of sampled participants).

Traumatic brain injury is another form of neurological manifestation commonly seen in
postpartum women due to physical trauma sustained before or during delivery (Aria Jazdarehee
et al., 2022). Bergman et al. (2018) suggest that acute changes taking place in plasma
concentrations of neurofilament light chain (NfL) Tau S100B, NSE may also occur before
diagnosis suggesting novel ways cerebral biomarkers can be used for diagnosing TBIs associated

with pre-eclamptic seizures.

Increased risk of seizures and epilepsy in women with pre-eclampsia is also a critical concern.
Tantillo et al. (2020) found that women with pre-eclampsia were more likely to be readmitted for
seizures and epilepsy after childbirth than those without the condition. Similarly, Han et al.
(2018) found that women with pre-eclampsia-like seizures had changes in the expression of
certain proteins in their hippocampus, which may be involved in the development of epilepsy.
Another common theme in the literature is the potential impact of traumatic or acquired brain
injury on maternal morbidity and mortality. Al Bizri et al. (2021) found complications during
cesarean sections performed before 39 weeks of gestation were associated with an increased risk

of adverse neonatal outcomes, including traumatic brain injury.

Duffy et al. (2019) explored the perspectives of women with lived experience of pre-eclampsia
and found that they identified neurological complications, such as stroke and brain injury, as

significant concerns.Epilepsy is also a significant concern, with several studies exploring the
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impact of this condition on maternal health during pregnancy and childbirth. Danielsson et al.
(2018) found that women with epilepsy had an increased risk of certain complications during
pregnancy, including pre-eclampsia, and that this risk was higher in women who had given birth
before. Bergman et al. (2018) identified potential biomarkers in the blood that may be associated

with the development of epilepsy in women with pre-eclampsia.

Most studies report how excess morbidities can follow up on mothers if they experience any one
issue during birth (Wosenu et al., 2018; Kho and Abdullah, 2018). Hence, evidence suggests that
women’s health should remain paramount throughout their pregnancy particularly when the
primary caregiver gets an indication that either the mother, foetus or both are at risk due to
increased chance of generating secondary issues like brain injury and pre-eclampsia. It appears
paramount for healthcare workers especially those managing emergency-related problems related
to born babies and mothers must remain vigilant so active management strategies are applied

promptly.

Lolk et al. (2022) conducted a Danish nationwide cohort study to analyse the impact of perinatal
adversities such as pre-eclampsia and TBI/ABI on the risk of developing epilepsy in mothers.
The study used data from administrative registries including the Danish National Register of
Patients from 1978 to 2016 to identify 30,566 individuals with epilepsy and 315,780 controls
who did not have epilepsy. Covariates included pregnancy information, which accounted for
7.1% of pre-eclampsia cases and 40.3% of TBI/ABI cases among the sample population.
Statistical analyses were performed to assess the associations between perinatal adversities and
epilepsy. The findings revealed that pre-eclampsia was associated with a risk of developing

epilepsy, while TBI/ABI only had a marginal association with epilepsy.
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Farnaaz et al. (2022) conducted a study on maternal and fetal outcomes related to eclampsia in a
tertiary care hospital. The study used a prospective observational design on a sample size of 225
pregnant women aged 15-40 years admitted to the hospital with eclampsia during the study
period which was six months. Data were collected using questionnaires and analysed using
descriptive statistical analysis techniques. The findings showed that 28% of patients had a
relapse of seizures after discharge from the hospital and the mode of delivery in 79% of
eclamptic women was a caesarean section. Preterm births were observed in 49% of the cases and
babies born small for gestational age were found in 35% of eclamptic pregnancies. These
findings imply that eclampsia significantly affected foetal outcomes and contributed to high
mortality and morbidity. Therefore, this attribute is a critical concern considering the impact on

the quality of life not only for the mother but for the children.

Adlam (2021) studied early onset pre-eclampsia with severe features in 146 pregnant women
admitted to Tygerberg Hospital from 2017-2019. A prospective observational design was used
for data collection over two years and descriptive statistics were employed for data analysis by
dividing the sample into two groups based on birthweight: 1000-1800 g versus 1800-2500 g.
Results revealed that severe maternal complications such as seizures occurred more frequently in
those with low birth weight babies compared to those with higher birth weight babies (27%
versus 8%). The newborns also had a greater risk of morbidity or mortality, while 74% of
mothers in the 1000-1800 g group were known to have pre-eclampsia before delivery compared

with 28% in the other group.

Johnston et al. (2020) studied maternal collapses during pregnancy or delivery using a guideline
based on reviews of evidence in order to inform clinical practices. The evidence presented

supported both preventive measures such as increased vigilance in pregnant women at risk for
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eclampsia. Evidence also indicated that in some instances, prophylactic magnesium sulphate can
be useful for inducing, but complications arise where there is preeclampsia or an increased risk
thereof. Furthermore, it was also recommended that women with previous birth complications
should receive frequent clinical assessment throughout labour due to the increased risk of pre-
eclampsia which can lead to seizures requiring urgent clinical interventions and multidisciplinary
management due to risk for neurological outcomes such as epilepsy after delivery or antenatal

insults or interventions during delivery or postpartum periods.

Miller et al. (2022) provide an overview of the pathophysiology of cerebrovascular changes
during preeclampsia and eclampsia, focusing primarily on causing mechanisms, natural history
and consequences for long-term neurological outcomes. Evidence presented in this paper
suggests that cerebral hypoperfusion caused by high systemic blood pressure may contribute to
seizures complications seen during delivery or postpartum periods from preeclamptic insults that
increase the risk for long-term neurological outcomes such as epilepsy in adults due to maternal
insults or interventions during delivery or postpartum periods due to pre-eclampsia and

eclampsia related complications.

Baschat et al. (2018)assess the association between maternal blood-pressure trends and pre-
eclampsia in women who received first-trimester aspirin prophylaxis. The study was conducted
as a prospective study involving a total sample of 2,123 women who were recruited in the first
trimester of pregnancy and followed up until delivery. The women were divided into three
groups based on the timing of first-trimester aspirin prophylaxis: initiation in the first trimester (n
= 572), delayed initiation after the first trimester (n = 1,388), and no aspirin prophylaxis (n =
163). The authors used generalized estimating equations (GEE) to analyse the data and to assess

the association between blood pressure trends and pre-eclampsia.
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The results showed that women who received aspirin prophylaxis in the first trimester had a
lower risk of pre-eclampsia compared to those with delayed initiation or no aspirin prophylaxis.
The authors concluded that initiation of first-trimester aspirin prophylaxis is associated with a
decreased risk of pre-eclampsia and that women who receive early initiation have improved
blood pressure trends throughout pregnancy compared to those who initiate aspirin prophylaxis

after the first trimester, or those who did not receive any aspirin prophylaxis.

2.4.2 Pre-eclampsia and maternal complications

Several studies sources suggest a definitive connection between pre-eclampsia and maternal
morbidity, which can even be prevented in certain cases. For example, in the investigation by
MacDonald et al. (2019), pre-eclampsia was found to have caused more than a third of all severe
maternal morbidity instances among the 50 participants employed in the study. This emphasises
the importance of identifying and diagnosing pre-eclampsia early, given that it poses such a large
risk to maternal health. Additionally, the findings from Hayes-Ryan et al. (2019) and Cerdeira et
al. (2018) suggest that placental growth factor (PGF) could potentially be used to assist with pre-
eclampsia diagnosis and ultimately with decreasing maternal morbidity. Similarly, a connection
was found between epilepsy in maternity and severe maternal morbidities. Ndwiga et al. (2020)
suggest that pregnant women with these epileptic conditions are predisposed to severe maternal

complications and high mortality rates for both mothers and babies.

These findings point to the need for improved recognition and clinical management of these
conditions in order to improve maternal and foetal outcomes. Meanwhile, Maher et al. (2019) did
not explicitly identify a link between pre-eclampsia and neurodevelopmental outcomes, but it
appears that inflammation may have some role in mediating adverse effects on offspring

development as suppositions by the authors. This review by Mabher et al. (2019) highlights gaps
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in this knowledge area, which should be explored further through more research into the
pathophysiology underlying pre-eclampsia. In the MacDonald et al. (2019) study, it was found
that out of all cases of pre-eclampsia, 25% resulted in severe maternal morbidity, with the main
preventable factors being gestational hypertension, the long second stage of labour and
gestational diabetes. All these are pre-existing conditions or known risk factors for pre-eclampsia

and subsequently for morbidity.

Hayes-Ryan et al. (2019) examined the potential to use placental growth factor levels to better
predict pre-eclampsia in pregnant women, in order to reduce maternal morbidity; however, the
results were inconclusive due to the use of a stepped wedge cluster randomized controlled trial.
This highlights the potential need for more research to better identify those at risk from pre-
eclampsia and its associated risks. Ndwiga et al. (2020) looked at a cohort in Kenya, whereby
48% of women experienced either pre-eclampsia or eclampsia and there was an identified
association with poor economic status as a risk factor. This suggests that education to support
better economic circumstances may help to reduce the incidences of pre-eclampsia and
corresponding risks. Cerdeira et al’s. (2018) article discussed the evidence for angiogenic factors
as predictors of the severity of pre-eclampsia, however, found their use could not be
recommended for clinical implementation due to a lack of robust clinical evidence. The Maher et
al. (2019) article discusses neurological implications for infants exposed to pre-eclampsia during
uterine development, again highlighting that women with high-risk factors need increased
antenatal care and monitoring in order to reduce any potential risks to infants from pre-eclampsia

exposure.

Dimitriadis et al. (2023) reviewed evidence from a wide range of epidemiological and clinical

studies that investigated factors related to pre-eclampsia occurrence, risk factors, diagnosis,
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management, complications and prognosis. The methodology of the study included a literature
search using the keywords ‘'pre-eclampsia’ on Medline and Embase databases based on
predetermined eligibility criteria. The results of the literature search revealed 277 articles; out of
which eight studies were included in the review. The findings suggested that prior conditions
such as obesity and hypertension are associated with an increased risk of pre-eclampsia,
confirming already established risk factors. The methodology adopted by Dimitriadis et al.,
(2023) appears to be reliable; however, due to the short timeframe to explore a wide range of
articles, it is difficult to assess their accuracy. Besides, the smaller sample size implies that the
findings could not be generalized to a wider context. However, the study provides sufficient

literature on the topic of interest.

Valencia-Ortega et al. (2020) aimed to review evidence for immune tolerance between mother
and fetus in pregnancies affected by pre-eclampsia. The authors collected from articles published
since 2001 from Embase, Medline, Scopus and Web of Science databases using "pre-eclampsia™
as keyword search terms. The results revealed a total of 219 articles that were assessed for
eligibility according to predetermined selection criteria; 17 articles were included in the final
review. The findings demonstrated that several immunological changes related to pre-eclampsia
may play an important role in the development of maternal immune tolerance. The results are
reliable due to the use of evidence-based databases for articles search and the large sample sizes

used by each study (>700 participants).

Shoopala et al. (2019) sought to re-evaluate the impact of expectant management of early onset
pre-eclampsia on maternal complications such as abruption placentae and other maternal
outcomes in women from ethnic minorities susceptible to preeclampsia. To this end, Shoopala et

al. (2019) conducted comprehensive literature involving pre-eclampsia management published
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until June 2019. They included 15 studies consisting of three RCTs with 2158 participants with
pre-eclampsia. The findings revealed that expectant management was not associated with
perinatal mortality, abruption placentae or maternal death but associated with increased
incidence of emergent caesarean delivery and low Apgar scores at five minutes. The
methodology used in this article appears to be appropriate however additional studies may need

to be included in order to understand the impact of expectant management better.

Tochio et al. (2019) study investigated whether pre-eclampsia without proteinuria leads to
different pregnancy outcomes than pre-eclampsia with proteinuria. This study identified ten
studies for review through a systematic search on multiple databases including PubMed and
Embase released before 2018 with the keywords "pre-eclampsia” or “preeclampsia” or
“pregnancy-induced hypertension™ which were used as search terms. The sample size ranged
from 20 to 3200 women who developed pre-eclampsia during pregnancy; out of these, only four
studies reported sufficient data on outcomes if there was no proteinuria. The findings revealed
that pre-eclampsia without proteinuria is associated with comparable perinatal outcomes and risk
levels as those with proteinuria that require treatment on an analogous basis. The study included
a large sample size which justifies its reliability. Although the articles included were fewer, they

were recent and could provide good information concerning the topic of study.

Similarly, Bijl et al. (2022) described patients' journeys during and after a pregnancy
complicated by pre-eclampsia by conducting an observational study based on a large healthcare
system database comprising 13784 women diagnosed with pre-eclampsia between 2011-2016 at
or shortly before delivery. The study excluded those diagnosed before 20 weeks gestation or
after 42 weeks gestation, due to incomplete data on diagnosis timing. This research employed

descriptive analysis encompassing frequencies for categorical variables They found that the
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overall prevalence of postpartum psychological concerns up to six months postpartum varied
greatly between those who had mild disease and with severe disease based on their criteria for
mild/severe scenarios; mental health support utilization was highest again amongst those who
had more severe complications due to pre-eclampsia up to two years after delivery. The findings
present reasonable evidence which suggests that there is an increased likelihood for maternal
psychological problems and subsequent mental health services utilization following diagnosis
with pre-eclampsia during pregnancy regardless of when they occur and can continue up to two

years post-delivery. These results are reliable due to the large sample size used.

2.4.3 Traumatic brain injury in non-obstetric mortality

The literature review of traumatic brain injuries in pregnant women has highlighted the
importance of a multidisciplinary team approach to ensure that the safety of both mother and
baby is maximised. Evidence suggests that early detection is vital in order to prevent the
condition from manifesting, leading to subsequent risks including death. Vigil et al. (2020)
suggest that pharmacological treatment may be beneficial in preventing further head injuries,
haemorrhage and neuronal damage, while Spaite et al. (2019) suggest that standardised protocols
are needed throughout hospitalisation following traumatic brain injury to maximise patient

survival.

Kho and Abdullah (2018) explored the particular risk factors pregnant mothers face; due to their
anatomy potentially making their recovery more complex. Additionally, Wu et al. (2017) found
that long-term physical issues such as kidney damage may have implications for the health of the
mother beyond just the time of delivery but down the line. Further, Safdari et al., (2018) argued
that further research is needed to assess the long-term implications for foetuses following

secondary head trauma from a motor vehicle accident and Darlan et al. (2021) present a follow-
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up algorithm for cases where Traumatic Brain Injury (TBI) is suspected in pregnant mothers.
These findings stress the need for medical professionals to be able to identify and respond

appropriately by implementing an appropriate algorithm.

Al Fauzi et al., (2023) investigated the prevalence and severity of TBI from a systematic review
of existing data from eight studies with sample sizes ranging from 30 to 1074 subjects. In their
findings, the authors reported that TBI during pregnancy affects roughly 2-10% of pregnant
women, with lower prevalence in low-income countries and higher prevalence in middle- and
high-income countries. This difference could be partly attributed to differences in access to
medical care and resources. In terms of severity, the most commonly reported TBI was mild (53-
84%). However, moderate to severe head injuries occurred in 10-15% of cases. Based on these
findings, the authors concluded that TBI during pregnancy is an important public health problem
that is associated with significant morbidity and mortality. They further suggested that
physicians should have a better understanding of TBI during pregnancy and focus on preventive

measures such as increased use of safety devices and protective gear for women at risk of falls.

Menon and Irving (2022) focused on trauma during pregnancy with an emphasis on clinical
management and outcomes. Using a retrospective medical records analysis of over 890 patients
at three trauma centres in the United States, they reported that blunt abdominal trauma was
commonly associated with head injuries (42%) followed by extremity injuries (37%). In terms of
clinical management, telemedicine was recommended for minor trauma cases; however, for
severe cases with high mortality risk, physicians relied on invasive procedures. The authors also
reported that in most cases the outcome was favourable despite any potential complications or
maternal fatality due to severe trauma. Consequently, they concluded that proper treatment is

essential for reducing maternal mortality from traumatic injuries during pregnancy.
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Similarly, Ormesher et al. (2019) critically examine the possible risk factors contributing to pre-
eclampsia, traumatic/acquired brain injuries and epilepsy in maternity. The study particularly
focuses on the relationship between pre-pregnancy cardiac dysfunction and pre-eclampsia. The
authors conducted a systematic review of the literature over a period of 10 years (2008-2018) to
identify relevant studies and data related to this topic. The study used a meta-analysis approach
to synthesise the retrieved data, which included a total of 95 studies. The authors used several
inclusion criteria to select the studies they analysed, such as the inclusion of pregnant women,
pre-eclampsia and cardiac dysfunction. The primary outcome measure used was the prevalence
of pre-eclampsia and its association with pre-pregnancy cardiac dysfunction. The authors also
conducted an analysis to examine the risk of pre-eclampsia . among women with cardiac

dysfunction and those without.

The study sample consisted of 5,181 pregnant women, and the majority of the studies included
were prospective cohort studies (88.4%). The authors found that the overall prevalence of pre-
eclampsia was 10.6% among women with pre-pregnancy cardiac dysfunction, compared to 4%
for women without cardiac dysfunction. The study also found that women with cardiac
dysfunction were more likely to develop pre-eclampsia (OR = 2.63; 95% CI 1.47-4.71). The
study also included a number of other risk factors that may be associated with pre-eclampsia,
such as ethnicity, obesity and diabetes. However, the authors concluded that the evidence was

not sufficient to confirm a causal relationship between these risk factors and pre-eclampsia.

Thus, this study provides valuable insights into the relationship between pre-eclampsia,
traumatic/acquired brain injuries and epilepsy in maternity. The study employed appropriate
methods to analyse the existing data and evidence, with the authors conducting a systematic

review of literature, conducting a meta-analysis to synthesise the retrieved data and using a large
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sample size. Although the study did not find sufficient evidence to confirm a causal relationship
between other risk factors and pre-eclampsia, it does provide strong evidence that pre-pregnancy

cardiac dysfunction is a risk factor for pre-eclampsia.

Singh et al., (2020) investigated acute head injury during pregnancy with an observational case
series study consisting of 20 subjects from two hospitals in India. Their results showed that 36%
had mildly impaired consciousness at admission but all subjects recovered at discharge after mild
management such as speech therapy for long time tracheostomy use whereas 56% required
moderate management consisting of fluid infusion medications for controlling convulsions,
hypertensive episodes etc., 7% had severe management requiring tracheostomy and long term
ventilator support along with medications, 5% expired due to severe TBI with chest infection at
the second trimester. They concluded that acute head injury can significantly affect the progress
of the entire pregnancy but most times it can still be managed successfully if interventions are
conducted timely based on adequate information regarding the exact cause along with

professional guidance throughout the entire duration of pregnancy.

2.4.4 Maternal complications.beforeand during childbirth

Several studies have focused on maternal complications during and after childbirth and identified
the common themes regarding risk factors associated with this adverse health condition. An
assessment of the evidence was undertaken in order to see if there is a link between pre-
eclampsia or trauma-acquired brain injuries and epilepsy, and maternal morbidity. The research
found that maternal haemoglobin concentrations across pregnancy could be associated with
undesirable outcomes for both mothers and their children (Young et al., 2019). It was also seen
that maternal pregnancies had increased complications in those with polycystic ovary syndrome

(Bahri Khomami et al., 2019). Further, head injuries in infants and toddlers could lead to seizures

21



and subdural haemorrhage (Hogberg et al., 2018; Narisawa et al., 2022; Giovanna Marchini et
al., 2020). Postpartum haemorrhage was also linked to risk factors including preterm delivery,
primary caesarean section, younger gestational age at delivery, and anaemia (Bazirete et al.,

2022).

When assessing pre-eclampsia, there is evidence that this can be a risk factor when it comes to
both maternal health and prematurity of the foetus. Specifically, pre-eclampsia can cause
hypertension in the pregnant woman which is attributed to foetal growth restriction and higher
risk for stillbirths, and fetal death (Young et al., 2019). Young et al. (2019) opine that pre-

eclampsia may be managed using magnesium sulphate therapy or antihypertensive drugs.

When looking at acquired brain injury there is evidence that this can cause a range of symptoms
ranging from cognitive impairments, seizures and behavioural problems (Hogberg et al., 2018;
Narisawa et al., 2022; Giovanna Marchini et al., 2020). Furthermore, it has been shown that
specific types of trauma or injury can cause permanent damage to the brain which can have long-
term impacts on both the mother’s health and the development of her baby (Hogberg et al.,
2018). Thus, it is important for healthcare professionals to consider both the short-term and long-

term impacts of acquired brain injury when caring for expectant mothers.

Regarding epilepsy, research has suggested that it can increase the risk of miscarriages during
early pregnancy (Bahri Khomami et al., 2019). However, further research is needed to
understand what other complications may be associated with epilepsy in expecting mothers. For
example, it has yet to be explored how seizures or other neurological symptoms related to

epilepsy may contribute to the risk of poor outcomes for both the mother and foetus.
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When analysing postpartum haemorrhage, it has been demonstrated that preterm delivery,
primary caesarean section, younger gestational age at delivery and anaemia were all linked to
this motherly complication (Bazirete et al., 2022). Further studies have shown that postpartum
haemorrhage has been linked with estimated blood loss greater than 500ml or an unnoticed
decrease in haemoglobin levels by 2g/dl or more (Bazirete et al., 2022). Additionally, researchers
have highlighted that mechanistic studies should be conducted to assess further information
regarding any potential risk factors contributing to postpartum haemorrhage or even its severity
(Bazirete et al., 2022). It has also been seen that stillbirths are associated with avoidable factors
such as multidisciplinary regional audits (Sterpu et al., 2020), as well as low birth weights in
babies born in Sulaimania City Iraq (Sardar Weli 2020). These results suggest a need for further
research into how avoidable factors could be addressed in order to prevent stillbirths from

occurring.

2.4.5 Other factors leading to maternal morbidity.

Nyflet et al. (2017) studied the risk factors associated with severe postpartum haemorrhage and
conducted a case-control study in Norway settings. Pregnant women aged 18 to 50 with a
singleton pregnancy were recruited. In the control group, the women who delivered after more
than 37 weeks of gestation without postpartum haemorrhage within 24 hours of delivery were
recruited. The cases were women who were diagnosed with a postpartum haemorrhage above
1,000 mL within 24 hours postpartum. Results showed that increased age, multiparity, cesarean
delivery, instrumental delivery and induced labour increased the risk for postpartum
haemorrhage among women in Norway. This study was well-designed and used appropriate

sample sizes. Furthermore, it was based on hospital data providing reliable results. However, due
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to the study being conducted only in Norway settings, its results may not necessarily be

generalisable.

Esteves-Pereira et al. (2016) explored the association between Caesarian delivery and postpartum
maternal mortality in Brazil by conducting a population-based case-control study that analysed
mothers who died within 42 days following delivery due to causes related to pregnancy, labour
or delivery as well as infants who died within 42 days after birth due to causes related to labour
or delivery as cases. The study used controls who had successful deliveries. The results showed
that mothers who underwent Caesarean deliveries are more likely to suffer postpartum maternal
death than those who underwent vaginal deliveries. The methodology used was sensitive for
measuring this association resulting in reliable findings but since the study was conducted only

in Brazil the results may not be generalised.

Acosta et al. (2016) evaluated potential risk factors of severe sepsis among mothers during
puerperium using a USA cohort study over 6 years from 2006 -2012. Some of the potential risk
factors include preexisting medical conditions, comorbidities, multiple gestation and prolonged
labour. The results showed that there is an increasing rate of maternal morbidity from severe
sepsis. The sample size used was large enough and a reliable data source hence can be
appropriate in clinical settings. Leonard et al. (2019) conducted a retrospective cohort study
among deliveries over 10 years who had a cesarean delivery and investigated the relationship
between cesarean delivery and the increased rate of severe maternal morbidity during
puerperium in the USA setting. They observed that the C-section rate increased significantly
over 10 years period due to increased medical indications hence older maternal age contributed
dramatically to the rising rate of C-section rate. The findings showed that cesarean delivery was

a strong predictor for severe maternal morbidity with increasing maternal age, further
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exacerbating associated risks. The design and size of patients used enable an accurate
understanding of the association between the C section. However, this article is limited by
retrospective design which might lower its consistency because underlying conditions or events

could have been lost over time or misunderstood during the collection process

Ben-Ayoun et al. (2023) conducted a population-based cohort study which analysed trends with
potential predictors of severe peri-parturient maternal morbidity over the 10 years since 2010 in
Israel set. They observed a significant increase in severe maternal morbidity of 9% with the
lowest increase rate being seen in medical conditions and obstetric conditions accounting for the
highest increases during the duration observed period. In addition, the length of stay was longer
among cases than control growth with obstetrics conditions being associated with the highest or
severity of medical morbidity compared to controls. The limitation of this article is the lack of

data available on patient comorbidities which might have influenced study results.

It is evident from these studies that multiple factors could contribute towards severe maternal
complications: age, parity, preexisting medical conditions, multiple pregnancies and length of
labour are all important determinants for complications during pregnancy and childbirth.
However, many studies have been limited by small sample sizes or confined geographical
locations which limit their international applicability. It is important to analyze different patient
attributes to develop a global understanding of these important issues and help reduce these
preventable deaths across different countries and demographic backgrounds. However, this
literature indicates that there are other critical factors which need to be considered when

evaluating maternal morbidity due to complications.
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Chapter 3: Methodology

3.1 Introduction

The methodology chapter of the research is important as it outlines the process that was used to
determine the results and findings of the study (Kovach, 2015). This section outlines the research
approach, data collection method, data analysis process and conclusions that were used to answer
any research question or hypothesis. In the case of this systematic review, the methodology

chapter is instrumental as it outlines the process of gathering relevant evidence for the topic.

3.2 Research design

The research design used for this study was a systematic review. Systematic reviews are
commonly used to analyse research data related to a specific topic or condition in order to draw
conclusions. This type of review allows the researcher to assess each individual evidence piece

in relation to the topic or condition.

In this study, Medline, Cochrane and Cinahl databases were selected because they provide
reliable and up-to-date health information. Additionally, both databases are well known for their
coverage of health and medicine topics, provide access to full-text publications and feature a

wide range of subject headings and keywords, which helps in ensuring more precise results.

3.3 Search strategy

The search term used in this study was “maternal morbidity” combined with “pre-eclampsia”,
“traumatic brain injury” or “acquired brain injury”, and “epilepsy”. This search term was tailored
specifically to this particular study’s aims, allowing the researcher to find relevant articles related
to the topic. The inclusion criteria focused on articles related to the association of pre-eclampsia,
traumatic/acquired brain injuries, and epilepsy in maternity and published within the past five
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years. Exclusion criteria were set to exclude articles that lacked sufficient data for analysis or
were not written in English. By setting these criteria, the researcher was able to reduce the

number of irrelevant studies that did not fit the scope of the study.

The methodological quality of systematic reviews can also aid the research in denoting the
strength and weaknesses of evidence from original research studies and thereby help to draw
accurate conclusions (Pandey & Pandey, 2021). One advantage of systematic reviews is that they
are able to identify and assess a wide variety of information in a short period of time. This is due
to the fact that systematic reviews will often examine the information from numerous studies on
a wide variety of topics (Zhang, Gong & Brown, 2023). By collating the data and cross-
referencing the results of other studies, the systematic review can provide a comprehensive

overview of the study topic.

The systematic review method used in this research has the advantage of being able to conduct a
systematic investigation of a great deal of information in a brief time period, thereby providing a
foundation for evidence-based conclusions about pre-eclampsia, traumatic/acquired brain
injuries and epilepsy in maternity and maternal morbidity (Patel & Patel, 2019). This aspect was
important for the current study considering the limited time for collecting and analysing data
related to the topic of interest. The systematic review approach also provides a mechanism for
subsequent confirmatory studies, as the results can be used to inform future studies or
policymaking. Furthermore, the systematic approach may also be beneficial in assessing the

costs and benefits of interventions involving the risk factors and morbidities in question.
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3.4 Research Questions and Hypothesis
1. How does the occurrence of pre-eclampsia and/or traumatic/acquired brain injuries impact the

rate of maternal morbidity?

2. How does the occurrence of epilepsy during the antenatal or postpartum period impact the rate

of maternal morbidity?
3. What are the relative risk factors that contribute to these conditions during pregnancy?

4. Are there any protective factors that may reduce the severity or occurrence of one or all of

these conditions?

3.4.1 Hypothesis

H1: Mothers who develop pre-eclampsia, traumatic/acquired brain injuries, or epilepsy are at a

greater risk of developing post-partum complications and maternal morbidity.

H2: There are certain socio-demographic, medical and lifestyle risk factors which increase the
risk of developing pre-eclampsia, traumatic/acquired brain injuries and/or epilepsy during the

pregnancy period.

H3: Certain protective factors can help reduce the severity or occurrence of pre-eclampsia,
traumatic/acquired brain injuries and/or epilepsy, thereby reducing the risk of maternal

morbidity.

3.5 Validity and reliability
Validity and reliability are essential components of any research methodology, including the
systematic review used here to assess possible risk factors contributing to maternal morbidity

(Bull et al., 2019). Validity is a measure of a study’s accuracy, or how well it measures what it
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claims to measure while reliability is a measure of the consistency of results, which can help
gauge the credibility of the study’s findings (Quintdo, Andrade & Almeida, 2020). These two
components are essential for any meaningful research study, as valid and reliable results are

necessary for sound conclusions to be determined.

Systematic reviews are particularly sensitive to validity, as they are less experimental in nature
and rely more on other sources of evidence to conclude (Coleman, 2022). These sources may be
of varying quality and reliability themselves, requiring that the review have mechanisms in place
to assess the trustworthiness of included sources. Thus, assessments of validity must be
conducted throughout the entire process of the review, from literature selection to analysis of the
data. It is important to also consider sources of bias, or any source of error which affects the

outcome of the research, as these may lead to invalid results.

The hallmark of using qualitative approaches such as systematic reviews arises from cost
considerations (Rahman, 2020). This method is cheaper compared to quantitative methods which
require the researcher to have a sufficient budget for collecting primary data. Thus, using this
method in the current research contributed to cost-effectiveness in research. However, systematic
reviews can also have their limitations. Due to the large quantity of data that needs to be
assessed, it can be difficult to identify any biases or inherent weaknesses in the data. This can
lead to significant errors in the conclusions drawn from the results (Voorhees & Howell Smith,
2020). Furthermore, the sheer volume of data may be difficult to handle efficiently and could
lead to the selection of irrelevant sources or bias in data analysis, leading to invalid results.
Therefore, considering these limitations in data collection is critical to attaining high-quality

data.
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3.6 Data collection

This study used a systematic review methodology in collecting data from the selected materials
concerning the topic of study. Systematic reviews are an evidence-based methodology used in
research to identify, appraise, and synthesize primary studies (Newman & Gough, 2020). This
method was selected to study the topic of interest. Systematic reviews have been cited to be
effective in providing an in-depth evaluation of a matter with a unified analysis by synthesizing

data from different entities (Chen & Song, 2019).

3.7 Data analysis

This study used thematic analysis to analyse data obtained from the systematic review of pre-
eclampsia, traumatic/acquired brain injuries and epilepsy in maternity. Thematic data analysis
was used to identify and analyse the commonalities and differences between the data sets in the
systematic review. This process of discovery begins with the initial coding of the data by the
researcher and leads to the generation of themes and topics in the data (Neuendorf, 2018). This
method involves the comparison of themes across the data sets, looking for patterns and

relationships between the different evidence sources.

Data coding
Theme Data Coding
1. Pre-eclampsia and morbidity Maternal mortality rates, pre-eclampsia and eclampsia cases
Maternal morbidity outcome measures
Risk factors for pre-eclampsia and eclampsia
2. Traumatic brain injuries Traumatic brain injury cases in pregnant women
Acquired brain injuries in pregnant women
Epilepsy in pregnant women
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3. Cognitive deficits Cognitive changes during pregnancy

Neurological changes during pregnancy

4. Post-partum complications Risk factors for post-partum complications

Types of post-partum complications

5. Subarachnoid haemorrhage Risk factors for subarachnoid haemorrhage in pregnancy

Trauma in pregnancy and risk of subarachnoid haemorrhage

3.8 Conclusion

This chapter, therefore, presents key approaches adopted in collecting data from the identified
materials. The adoption of a rigorous methodology is critical in ensuring that the research attains
objectivity and thus, critical to the study's success. Invariably, this chapter contributes
significantly to meeting the research objectives through a detailed analysis of the research

approach.
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A total of one hundred and twenty-one (121) articles were obtained after the search process from

Chapter 4. Results and Discussion

the electronic databases.

4.0 Prisma Flow Chart
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4.1 Study characteristics

Authors Methods Sample Results Conclusion
Lolk et al. | Nationwide | Danish population Perinatal Perinatal adversities may be
(2022) cohort study adversities an important target for TBI
increase the | prevention and  epilepsy
risk of | prophylaxis
epilepsy after
TBI
Bokstrom- | The Women with pre- | Cognitive The correlation  between
Rees et al. | observational | eclampsia and | assessment cognitive assessment scores
(2023) study, eclampsia scores and cerebral biomarkers may
correlational correlated aid in understanding the
with cerebral | underlying pathophysiology
biomarkers of pre-eclampsia and
eclampsia
Alan and | Retrospective | 454 new-borns Maternal Maternal hypertension, pre-
Alan analysis hypertension, | eclampsia, and eclampsia
(2021) pre- may have an impact on
eclampsia, newborn hearing and warrant
and further investigation
eclampsia
associated
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with hearing

loss in new-
borns
Bahadur Retrospective | Women with pre- | Factors Early identification of PRES
et al. | analysis eclampsia/eclampsia | associated risk factors can aid in prompt
(2022) with  PRES | management and improved
identified outcomes
Korhonen | Population- Finnish women with | Risk factors | SAH during pregnancy and
et al. | based study | subarachnoid identified for | puerperium is associated with
(2023) haemorrhage during | SAH during | high morbidity and mortality
pregnancy pregnancy rates, highlighting the need
and for improved management
puerperium | and prevention strategies
Tran et al. | Case-control | Singleton Risk factors | Early identification of risk
(2019) study pregnancies in | identified for | factors for recurrent
Reunion Island recurrent preeclampsia in multiparae
preeclampsia | can aid in prevention and
in multiparae | improved outcomes
Vaajala et | Population- | Fertile-aged women | The birth | Women with major trauma
al. (2022) | based cohort | in  Finland  with | rate is | should be provided with
study major trauma significantly | appropriate counselling and
lower in | support regarding fertility
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women with | and family planning
major trauma
compared to

controls

Table 1.0 Study Characteristics

The seven studies chosen for this systematic review used a combination of quantitative,
qualitative, and mixed-methods approaches to investigate the metrics under study. Lolk et al.
(2022) used a descriptive epidemiological design to analyse a nationwide cohort study in
Denmark, documenting maternal exposures and outcomes of epilepsy in relationship to prenatal
adversities and pre-eclampsia. The researchers measured data on prenatal exposures (i.e., pre-
eclampsia, traumatic brain injury, amongst others), and measured outcomes for those exposed to
pre-eclampsia and traumatic brain injuries (i.e. epilepsy). The study also accounted for other
potential confounding variables. Bokstrom-Rees et al. (2023) used a descriptive epidemiological
design to investigate the relationship between cognitive assessment scores and circulating
cerebral biomarkers in pre-eclamptic and eclamptic women. They administered cognitive tests

and gathered blood samples to measure cerebral biomarkers.

Alan and Alan (2021) also used a descriptive epidemiological design to assess the relationship
between maternal hypertension, pre-eclampsia, eclampsia and newborn hearing. This study
measured the hearing of newborns in relation to pre-eclampsia, eclampsia and maternal
hypertension. The fourth article by Bahadur et al. (2022) used a retrospective analysis to
investigate the predictors of posterior reversible encephalopathy syndrome (PRES) in women
with pre-eclampsia and eclampsia. It utilized a case-control format to assess clinical

characteristics and laboratory results. The fifth article by Korhonen et al. (2023) used a
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population-based study to investigate the association between subarachnoid haemorrhage during
pregnancy and puerperium. They recorded data on demographic, neurological, and medical
characteristics, and categorized haemorrhage into early, late and recurrent. The sixth article by
Tran et al. (2019) used a case-control study to investigate the potential risk factors responsible
for recurrent pre-eclampsia in non-singleton pregnancies. The researchers analysed data from
Reunion Island on demographic factors, lifestyle characteristics and anthropometric

measurements.

Vaajala et al. (2022) used a nationwide cohort study to investigate the birth rate of pregnant
women after major trauma. This study measured both pre- and post-traumatic factors and also
accounted for lifestyle, comorbidity, and social/psychological characteristics. Across the seven
studies, a variety of study designs have been utilized to investigate the topic of focus. The most
common designs included descriptive epidemiological, case-control, and retrospective analyses.
Of the seven studies included in the review, two were population-based cohort studies, two
retrospective studies, one national-wide cohort study, a case-control study and an observational
study. The diverse range of designs allowed for an in-depth analysis of various factors
influencing maternal morbidity. This systematic review provides an important contribution to the

literature and helps to fill the gaps in knowledge concerning these risk factors.

4.2 Diseussion
Based on the articles analysed in this study, several common themes emerged which are subject

to critical evaluation. These themes are discussed in the following sections.
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4.2.1 Pre-eclampsia, eclampsia and maternal morbidity

Pre-eclampsia, eclampsia, and other hypertensive disorders are potential risk factors for maternal
morbidity. Most studies suggest that maternal Hypertensive disorders during pregnancy are
associated with a higher risk of neonatal morbidity and mortality in the event of eclampsia or
pre-eclampsia (Lolk et al., 2022; Bokstrom-Rees et al., 2023). This increased risk is, in part, due
to the rapid onset and nature of the condition, which can lead to sudden organ dysfunction and
serious complications for mother and baby if left untreated. In addition to the risks associated
with Hypertensive disorders, some studies have suggested that pre-eclampsia and eclampsia may
be risk factors for maternal epileptic seizures (Bokstrom-Rees et al., 2023; Alan & Alan, 2021).
This is of particular concern as the impact of such seizures may be more severe in pregnant
women than in non-pregnant women. These articles suggest that pre-eclampsia, eclampsia and
other hypertensive disorders of pregnancy are associated with a significant increase in the risk of
developing epilepsy in the mother. This increased risk was found to be greater in mothers who
suffered from a pre-existing condition prior to the pregnancy, such as diabetes, bariatric,
perinatal adversity, or seizures. Furthermore, the articles discussed findings that pre-eclampsia,
eclampsia and other hypertensive disorders of pregnancy could be associated with an increased
risk of other neuropsychiatric and cognitive deficits in the mother, such as cognitive delays and

neurodevelopmental impairments.

Traumatic or acquired brain injuries have also been identified as a potential risk factor for both
maternal and neonatal morbidity (Korhonen et al., 2023). Research has suggested that antenatal
brain injury is associated with a higher risk of pre-term birth, fetal growth restriction, placental
abnormalities and low Apgar score (Korhonen et al., 2023; Tran et al., 2019). Such injuries can

also lead to neurological impairments for the child if left untreated, with some studies
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demonstrating a link between traumatic brain injury during pregnancy and an increased risk of

childhood epilepsy (Tochio et al., 2019).

Also, the findings suggest that pre-eclampsia and eclampsia may both be associated with an
increased risk of posterior reversible encephalopathy syndrome (PRES) in women (Bahadur et
al., 2022). PRES is a neurological disorder characterised by increased intracranial pressure,
seizures, and stroke-like symptoms which are reversible with prompt treatment (Fischer &
Schmutzhard, 2017). It can result in serious complications if left untreated and is a particularly
concerning health issue for pregnant women who may already be at increased risk of
hypertension and other associated disorders. Therefore, it is imperative to consider this attribute

during maternity to improve the quality of life for women.

4.2.2 Traumatic and acquired brain injuries and Epilepsy in\WWomen

The studies discussed in this systematic review highlight the correlation between traumatic and
acquired brain injuries, pre-eclampsia and epilepsy in women. Studies included in this systematic
review analyse the prevalence of neurological conditions such as recurrent pre-eclampsia,
subarachnoid haemorrhage and posterior reversible encephalopathy syndrome attributed to pre-
eclampsia/eclampsia. Furthermore, the risk of epilepsy associated with traumatic brain injuries in

mothers is also discussed.

A systematic review by Lolk et al. (2022), examines the association between traumatic brain
injury and the risk of epilepsy. The study found that there was an increased risk of epilepsy in
mothers who experienced a traumatic brain injury at a later age. The study further showed that

both the duration and the severity of the traumatic brain injury increased the risk of developing

epilepsy.
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Similarly, Alan and Alan (2021) examine the association between maternal hypertension pre-
eclampsia, eclampsia, and hearing in newborns. The study found that the presence of maternal
hypertension or pre-eclampsia/eclampsia increased the risk of hearing loss in newborns. The
study further showed that longer gestational exposure to maternal hypertension was a risk factor
for increased hearing impairment. The study by Bahadur et al. (2022) examines the predictors of
posterior reversible encephalopathy syndrome (PRES) in pregnant women. The study found that
PRES was significantly predicted by higher systolic blood pressure, lower platelet counts and

higher levels of glucose.

Korhonen et al. (2023) focus on subarachnoid haemorrhage that occurs during pregnancy and the
puerperium. The study found that subarachnoid haemorrhage is a rare event, but could be
associated with an increased risk of epilepsy. Finally, Tran et al. (2019) and Vaajala et al. (2022)
investigate the correlation between recurrent pre-eclampsia, traumatic brain injury and the risk of
childbirth in mothers. The study found that recurrent pre-eclampsia increases the risk of
childbirth in mothers. Likewise, traumatic brain injury was found to be associated with the risk

of childbirth, albeit to a lesser extent.

Thus, these studies demonstrate that both pre-eclampsia and traumatic brain injury can be risk
factors for epilepsy in women. Furthermore, pre-eclampsia has been linked to cognitive
impairment and hearing impairments in newborns, as well as an increased risk of childbirth in
mothers (Sterpu et al., 2020). Additionally, traumatic brain injury has been found to have a
strong association with the risk of developing epilepsy. Hence, healthcare providers should be
aware of the potential risks associated with pre-eclampsia and traumatic brain injury in pregnant

mothers, as they could be associated with an increased risk of neurological complications.
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4.2.3 Cognitive Deficits and neurological changes in Pregnancy

Cognitive deficits and neurobiological changes are common in women with preeclampsia, a
hypertensive disorder that occurs during the second half of pregnancy (Newman & Gough,
2020). Preeclampsia is associated with permanent adverse outcomes such as preterm birth and an
increased risk of developing neurological disorders in the mother, namely cognitive decline,
traumatic brain injury and epilepsy. Thus, it is important to understand the foundations of these

conditions in order to optimise maternal care.

The importance of cognitive deficits in women with preeclampsia has been discussed in a recent
study by Bokstrom-Rees et al. (2023). This study evaluated the correlation between cognitive
assessment scores and circulating cerebral biomarkers in women with preeclampsia and
eclampsia. The authors found that women with higher scores in tests of verbal memory and
executive function were more likely to have higher levels of biomarkers associated with neural
injury (e.g., glial fibrillary acidic protein, total tau and S100 proteins). This suggests that
preeclampsia may lead to subtle changes in cognitive functioning that are detectable with

neurobiological markers.

Similarly, a study by Alan et al. (2021) found that prenatal hypertension and preeclampsia were
negatively correlated with a range of neonatal hearing outcomes (such as hearing thresholds,
otoacoustic emissions, and auditory brainstem response). These results illustrate how even mild
cognitive impairments associated with preeclampsia can have serious consequences for fetal
development. Moreover, Lolk et al. (2022) found that preeclampsia was associated with an
increased risk of developing epilepsy after traumatic brain injury. This suggests that
preeclampsia may predispose an individual to increased wvulnerability for subsequent

neurological injury.
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Despite some of the physiological differences between pre-eclampsia and other conditions such
as traumatic/acquired brain injuries, it has been suggested that similar peripheral and central
mechanisms may play a role in both cases. For example, Korhonen et al. (2023) proposed that
changes in sympathetic nervous system function and changes in neurotransmission may be
shared between pre-eclampsia and subarachnoid haemorrhage. Similarly, Tran et al. (2019)
reported that recurrent preeclampsia was associated with an increased risk of developing
posterior reversible encephalopathy syndrome (PRES). This indicates that there may be a shared

pathophysiology allowing for increased maternal morbidity across conditions.

Therefore, it is apparent that cognitive deficits and neurobiological changes in women with
preeclampsia can have serious consequences. The evidence discussed in this review suggests that
preeclampsia may predispose an individual to a higher risk of developing other conditions such
as trauma/acquired brain injury and epilepsy in the future. Further research, such as prospective
studies and larger sample sizes, may help to elucidate the relationship between preeclampsia and
maternal morbidity and inform further interventions to protect women from cognitive decline

and neurological injury.

4.2.4 Risk factors for post-partum complications

Postpartum complications can affect both mother and child. Maternal postpartum complications
include infections, major bleeding, thrombosis, cardiopulmonary complications, pain, mental
health ‘issues, endocrine problems, and other chronic conditions (Menon & Irving, 2022).
Pregnancy itself increases the risk of morbidity due to the physical and emotional stress of
delivery and subsequent recovery. Previous studies have identified pre-existing risk factors for
maternal postpartum problems such as pre-eclampsia, traumatic or acquired brain injury, and

epilepsy. Studies have found that women with pre-eclampsia had an increased risk of postpartum
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complications including infections and cardiopulmonary events (Graham et al., 2021). Women
with pre-eclampsia are also more likely to experience mental health issues such as depression

and anxiety.

The research has also revealed a link between traumatic or acquired brain injury and postpartum
complications. A Danish nationwide cohort study by Lolk et al. (2022) showed a significant
increase in the risk of developing epilepsy after a traumatic brain injury. Furthermore, this study
found an increased incidence of problems including bleeding, haematomas, infections, and

cardiopulmonary complications in women with traumatic brain injuries.

Epilepsy is another risk factor for postpartum problems. A recent retrospective analysis of 454
newborns by Alan and Alan (2021) showed that maternal hypertension, pre-eclampsia, and
eclampsia are associated with an increased risk of developing epilepsy in the mother. Similar
results were found in a retrospective analysis of women with pre-eclampsia/eclampsia by
Bahadur et al. (2022), which showed a strong correlation between cognitive assessment scores
and circulating cerebral biomarkers. In addition, a population-based study by Korhonen et al.
(2023) found an increased risk of subarachnoid haemorrhage in women with epilepsy during

pregnancy and postpartum.

Recurrent pre-eclampsia is also associated with an increased risk for issues related to childbirth.
Tran et al. (2019) conducted a case-control study and found that the risk of maternal morbidity
and mortality was significantly increased among multiparous women who had recurrent pre-
eclampsia or a first episode of pre-eclampsia. Similarly, a nationwide population-based cohort
study by Vaajala et al. (2022) revealed that women with major trauma have a higher risk of

morbidity and mortality during labour, delivery, and in the postpartum period.
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4.2.5 Pregnancy and Risk of Subarachnoid Hemorrhage and major trauma

Pregnancy is associated with numerous physical and physiological changes, presenting expectant
mothers with a wide range of risks and complications that can arise during or after delivery
(Darlan et al., 2021). Major trauma and subarachnoid haemorrhage (SAH) are among these risks,
representing serious medical issues with potentially devastating consequences for pregnant
women and their newborns. The purpose of this discussion is to evaluate the results of the
current literature to assess the relationship between pregnancy and the risk of SAH and major

trauma.

Studies conducted by Korhonen et al. (2023) and Vaajala et al. (2022) investigated the possible
relationship between pregnancy and major trauma or SAH. Korhonen et al. (2023) conducted a
population-based study to examine SAH during pregnancy, including 22 cases of the disease
found among 2,757,705 pregnancies between 1997-2016. Associations were found between SAH
and previous SAH and hypertension, confirming the role of these factors in the incidence of SAH
during pregnancy. Vaajala et al. (2022) similarly analysed the risk of major trauma among
pregnant women in Finland. This study found a significantly increased risk of trauma in
reproductive-age women when compared to the general population. Notably, however, the
cumulative risk of major trauma among pregnant women remained low, indicating that caution
and regular medical supervision are necessary to identify risk factors and intervene when

necessary.

Pre-eclampsia and eclampsia are other risk factors explored in relation to the risk of SAH and
major trauma associated with pregnancy. Bokstrom-Rees et al. (2023) investigated links between
pre-eclampsia and cognitive impairment, while Alan & Alan (2021) used a retrospective analysis

of 454 newborns to discover a correlation between maternal hypertension and newborn hearing
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impairment. These studies demonstrated positive associations between preeclampsia and related
conditions and a higher risk of cognitive impairment and hearing impairment respectively.
Additionally, Tran et al. (2019) conducted a case-control study to assess the risk of recurrent pre-
eclampsia in multiparous women. The results suggested that there was an increased risk of
recurrent pre-eclampsia in multiple pregnancies, highlighting the necessity of closely monitoring
the mother in such cases. Further, Lolk et al. (2022) analysed the risk of epilepsy after traumatic
brain injury in pregnant and non-pregnant women. The study concluded that pre-eclampsia,
traumatic brain injury, and epilepsy are all interlinked in maternity, accepting the presence of
these conditions during pregnancy may increase the risk of severe medical issues and the need

for specialist medical attention.
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Chapter 5. Conclusion

The current literature suggests an association between pregnancy and increased risk of major
trauma, subarachnoid haemorrhage, as well as complications such as pre-eclampsia, epilepsy and
cognitive impairment. These studies highlight the importance of closely monitoring pregnant
mothers and providing them with appropriate medical treatment and assistance to minimize the
risks associated with preeclampsia and major trauma (Black et al., 2015). Multiparous women, in
particular, require additional medical attention and monitoring as the presence of pre-eclampsia
during multiple pregnancies appears to further increase the risk of medical-related adverse
effects. Meanwhile, supporting the mother to manage pre-eclampsia and related conditions
through lifestyle modifications and good nutrition may help reduce the risks associated with
maternal morbidity. Thus, it is essential to recognize the risks of traumatic brain injuries, SAH
and pre-eclampsia during pregnancy, with attention to early detection and appropriate medical

assistance.

Based on the systematic review, the results gathered point towards a relationship between pre-
eclampsia, traumatic/acquired brain injuries and epilepsy. For example, studies found that
women with both pre-eclampsia and traumatic brain injuries had an increased risk of suffering
from epilepsy than those without comorbidities (Bokstrom-Rees et al., 2023; Lolk et al., 2022).
Additionally, the findings indicated that women with preeclampsia/eclampsia were more likely
to suffer from posterior reversible encephalopathy syndrome (PRES) and major trauma in
fertility-aged women increased the chance of birth rate compared to women without trauma.
Based on this review, it can be concluded that there is a potential relationship between pre-

eclampsia, traumatic/acquired brain injuries and epilepsy in maternity.
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Another important finding from this study is the association between comorbidities and maternal
morbidity during maternity Multiple studies revealed that women with pre-eclampsia are more
likely to suffer from neurological deficits, such as cognitive deficits and hearing impairments, as
well as an increased risk of developing epilepsy. Other factors, such as traumatic or acquired
brain injuries, have also been found to be a risk factors in the development of epilepsy in the
pregnant population (Voorhees & Howell Smith, 2020). Furthermore, an association has also
been demonstrated between pre-eclampsia, brain injuries and posterior reversible encephalopathy
syndrome (PRES) in women. It is important to note that due to the limited number of studies
included in this systematic review, the findings should be interpreted with caution. A majority of
the studies included in this review had small sample sizes, which could impact the accuracy and
generalizability of the results. Furthermore, due to the heterogenic nature of the studies included

in this systematic review, the comparability of the results was also limited.

It appears from this systematic review that pre-eclampsia is a risk factor for increased maternal
morbidity. This review found that there is a strong association between pre-eclampsia and both
maternal mortality and morbidity. Most studies analysed concluded that the presence of pre-
eclampsia in the mother has a significant impact on the outcome of her pregnancy (Sterpu et al.,
2020; Shoopala& Hall, 2019; Miller et al., 2022). This can range from an increased risk of
maternal death to an increased risk of long-term health problems and adverse development
outcomes. Given the prevalence of pre-eclampsia, it is important to screen for this condition in

pregnancy and to provide support and treatment.

Also, this systematic review also revealed evidence to suggest that epilepsy presents an
additional risk factor for increased maternal morbidity. The studies reviewed provided evidence

to suggest that epilepsy is associated with a higher prevalence of certain medical complications,
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such as preterm delivery, low birth weight, and gestational diabetes. In addition, the review
found that there is an increased risk of adverse neonatal outcomes in the presence of epilepsy,
such as neurological morbidities, preterm delivery, and low birth weight (Bahadur et al., 2022).
Maternal morbidity caused by these conditions is an important public health concern, and so
understanding the causes of such conditions is paramount to their prevention and effective
management. Moreover, due to the increasingly greater numbers of women with acquired brain
injuries delivering in maternity, the need to be able to identify the risk factors associated is

becoming increasingly important.

The results of this systematic review show that there may be a significant risk associated with
pre-eclampsia, which affects between 5-10% of pregnant women. This condition can cause a
number of complications, including premature delivery, low birth weight, and even death. In
addition, pre-eclampsia has been linked to increased risks of developing chronic diseases in the
mother, such as cardiovascular and renal disease, which can have far-reaching consequences in

terms of quality of life and life expectancy.

Based on the evidence presented in this systematic review, the developed hypothesis is
supported. Further research is needed to investigate these topics in more detail and to better
understand the potential risk factors that may be contributing to maternal morbidity. Finally, the
results of this review indicate that there may be an association between epilepsy, preterm
delivery and an increased risk of maternal morbidity, including postpartum haemorrhage,
operative delivery, and perinatal mortality. This underscores the importance of screening and
early management of this condition in order to reduce the risks associated with it. Therefore, this
study adopts the hypothesis that pre-eclampsia and other comorbidities impact on maternal

morbidity. Also, the occurrence of epilepsy impacts on the rate of maternal morbidity.
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Chapter 6. Recommendations

The hypothesis that socio-demographic, medical and lifestyle risk factors increase the risk of pre-
eclampsia, traumatic/acquired brain injuries and/or epilepsy during pregnancy, and that
protective factors can help reduce the severity or occurrence of these conditions, can be
confirmed by the evidence presented in this systematic review. In particular, socio-economic
status, such as poverty, was identified as a risk factor for poorer maternal health outcomes and an
increased risk of pre-eclampsia, traumatic/acquired brain injuries and/or epilepsy. Low-income
households are more likely to experience multiple stressors and lack access to adequate
healthcare, which can lead to poor health outcomes during pregnancy. Additionally, these
households may not be able to afford the recommended lifestyle changes associated with a

healthy pregnancy, such as healthy eating, physical activity and stress management.

To address the problem of poverty and its associated risk of pre-eclampsia, traumatic/acquired
brain injuries and/or epilepsy, there may need to be provision of financial support or signposting
to support services. This could include access to food banks, social benefits and adequate
healthcare. Furthermore, providing access to education and health promotion initiatives can help
women to make informed decisions about their lifestyle and health during pregnancy. This is
especially important for women from low-income households, who may not have the same
access to healthcare and lifestyle advice as those from more affluent backgrounds. Ultimately, if
these issues are addressed, it is likely that the risk of pre-eclampsia, traumatic/acquired brain

injuries and/or epilepsy can be reduced, and the incidence of maternal morbidity decreased.

Healthcare providers should be educated and trained on how to effectively manage and prevent
pre-eclampsia. This includes educating and training providers on how to recognize the signs and
symptoms of pre-eclampsia, and how to provide appropriate treatments and interventions to

48



reduce the risk of developing neurological disabilities (Mol et al., 2016). Providers should also
be informed about the potential links between pre-eclampsia and other neurological conditions
and should be made aware of warning signs and triggers that may result from pre-eclampsia that

can lead to other neurological disabilities.

Also, efforts should be made to encourage pregnant women, who are either at high risk or have
already been diagnosed with pre-eclampsia, to seek early and regular prenatal care. Regular
prenatal care can help to identify and monitor pre-eclampsia and can provide appropriate
interventions to reduce the risk of complications, such as neurological disabilities, associated

with the condition.

Finally, given the limited number of scholarly articles that were reviewed for this study, it is
recommended to conduct further research on this topic. This should include additional studies
that focus on the potential for preventative and treatment interventions during maternity to
prevent maternal morbidity. In addition, more high-quality meta-analyses and systematic reviews

would provide a more comprehensive understanding of the study topic.

The results of this systematic review suggest a link between pre-eclampsia, traumatic/acquired
brain injuries and epilepsy in maternity and an increased risk of post-partum complications and
maternal morbidity. Pre-eclampsia has been shown to be associated with an increased risk of
stroke, eclampsia, and cesarean section, as well as an increased risk of placental abruption and
preterm birth. Traumatic or acquired brain injuries have been linked to an increased risk of
preterm birth, preterm labor, fetal distress, and postpartum hemorrhage. Epilepsy has been linked
to an increased risk of preterm labor and preterm birth, as well as an increased risk of stillbirth,

low birth weight and neonatal seizures.
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In support of the second hypothesis, this systematic review found evidence of certain socio-
demographic, medical and lifestyle risk factors that increase the risk of developing pre-
eclampsia, traumatic/acquired brain injuries and/or epilepsy during the pregnancy period. These
risk factors include advanced maternal age, pre-existing hypertension and diabetes, and lifestyle

factors such as smoking and alcohol use.

In support of the third hypothesis, certain protective factors can help reduce the severity or
occurrence of pre-eclampsia, traumatic/acquired brain injuries and/or epilepsy, thereby reducing
the risk of maternal morbidity. These protective factors include regular antenatal care, lifestyle
modifications such as quitting smoking and limiting alcohol intake, and good nutrition and

supplementation with essential vitamins and minerals, such as vitamin E and magnesium.

Pre-eclampsia, traumatic/acquired brain injuries, and epilepsy have all been linked to higher rates
of maternal morbidity. Therefore, it is necessary for healthcare practitioners to proactively assess
and monitor for these risks during antenatal care and provide appropriate prevention, risk
reduction, and treatment strategies. By doing this, healthcare practitioners can reduce the overall

morbidity associated with these conditions and optimize the health of the mother and baby.
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