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Health disparities in the obstetric population affect maternal morbidity and
mortality. In the past years, there has been no significant improvement in
disparities in care in the obstetric population. Patients who are pregnant are
known to have a higher risk of pregnancy-associated neurologic conditions
such as stroke and intracerebral hemorrhage. They can also experience
concomitant neurocritical care disease states such as status epilepticus and
traumatic brain injury. Studies exploring the disparities of care among pregnant
patients who are neurotically ill are lacking. We aim to provide the landscape
of disparities of care among the obstetric neurocritically-ill population and
provide potential actionable opportunities to address these disparities in care.
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Introduction

A health disparity is defined as an increased burden of an adverse health outcome
or health determinant within a specific subset of the population (1). These are directly
related to inequality of race, ethnicity, economical and social status, and political and
environmental aspects of the healthcare system. Racial and ethnic minority populations
are projected to grow; thus, the impact of these disparities would become more evident
and can affect outcomes (1). The cost of the race and ethnic health disparity in the
United States (US) is about $245 M (2). Women face increased challenges in the setting
of multi-level disparity in care due to societal and healthcare demands unique to them
such as childbearing, child-rearing, and household responsibilities.

Several studies have demonstrated that severe maternal morbidity and maternal
deaths are preventable by addressing racial and ethnic disparities (1). While it has
also been shown that poverty, lack of education, poor nutritional status, smoking,
alcohol abuse, and neighborhood have been associated with poor maternal and infant
outcomes (3).

Pregnancy is known to increase the risk of cerebrovascular conditions such as
ischemic stroke (IS), intracerebral hemorrhage (ICH), subarachnoid hemorrhage (SAH),
and cerebral venous sinus thrombosis (CVST) (4). Patients who are pregnant can also be
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predisposed to seizures and status epilepticus (SE) (5). Due
to the increased demands on the heart, pregnancy can also
result in sudden cardiac arrest (6). Independent conditions
can also cause traumatic brain injury (TBI) that can result in
potential complications for the obstetric patient. The disparities
in obstetric care and neurocritical care (NCC) and their effect
on patient outcomes have not been widely explored. The aim of
this review was to describe the current state of the disparities in
obstetric and neurocritical care and to propose future directions
to decrease the disparities in care.

Disparities in obstetric and maternal care

Maternal mortality rates (MMRs) have been increasing
over the last three decades in the US despite recent advances in
healthcare technology and infrastructure. MMR is highest in the
US among all the developed countries (7). From 2011 to 2015,
the national pregnancy-related mortality rate (PRMR), defined
as (while pregnant or within 1 year) was 17.2 per 100,000
live births. Black women and American Indian/Alaska Native
women had the highest PRMRs (42.8 and 32.5, respectively), 3.3
and 2.5 times as high, respectively, compared to the PRMR for
non-Hispanic White women (13.0). Hypertension in pregnancy,
cardiomyopathy, and thromboembolic complications are
significantly more common in Black women as compared to
their White patient counterparts, and this disparity is worse in
Black women aged 30-34 years. Hispanic women on other hand
are more likely to die due to hemorrhage (8). Positive predictors
of severe morbidity were also age <20 and >30 years, self-pay
or Medicaid coverage for delivery, low socioeconomic status,
and presence of chronic medical conditions, but these factors
do not completely explain the racial and ethnic disparities seen
in maternal morbidity and mortality (8). Racial differences
in the impact of inflammatory markers such as neutrophil-
to-lymphocyte ratio (NLR), on the outcomes of neurologic,
obstetric, and gynecologic patients, have been found as well
(9-13). Among patients with stroke, it has been found that
a higher NLR is seen among African Americans with both
COVID-19 and stroke (9) while in women with adnexal torsion
(AT), NLR is higher among Caucasians with AT vs. those with
benign ovarian cysts without torsion, while for East Asian
patients, there was no difference detected. Among patients
with preeclampsia, a higher NLR ratio has been noted in severe
cases (14). Another consideration in studying disparities in
care is the genetic predisposition to malignancies that may
occur concomitantly while pregnant. While there is increasing
detection of brain metastasis among patients with breast
cancer (15, 16), endocrine therapy responsiveness is becoming
challenging, especially with resistance development reported
up to 40% (15). The variability of therapy response according
to race has been analyzed among hormone receptor-positive
patients, and it has been shown that African American patients
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had a significantly higher risk of death than White patients (17).
This disparity can be extrapolated toward obstetric patients
with concomitant breast cancer and brain metastases and
should be considered in treatment planning (18, 19). Overall,
the multifactorial interplay of other factors such as educational
background, access to clinical care (20), and pregnancy intent
plays a role in disparity (21).

The divide in obstetric care also exists in patients in rural
vs. urban populations, those with substance use disorder (SUD)
and those who identify as LGBTQ (lesbian, gay, bisexual, trans,
and queer). The PRMR analysis by urban-rural classifications
shows that from 2016 to 2018, the PRMRs were lower in larger
metro counties compared to the rural noncore counties (13.8
deaths per 100,000 live births for persons living in large fringe
metro counties which were lower than 24.4 deaths per 100,000
live births for persons living in noncore counties) (22). Women
who are uninsured or have Medicaid coverage living in rural
areas, and living in counties with lower income and educational
attainment, had to travel farther to the nearest hospital with
obstetric services or neonatal care than their counterparts (23).
This disparity of access to care leads to insufficient care in
high-risk pregnancies (24) likely leading to worsened perinatal
outcomes. Compared to heterosexual women, bisexual and
lesbian women were more likely to report miscarriages (OR =
1.77, 95% CI = 1.34, 2.35) and pregnancies ending in stillbirth
(OR = 2.85, 95% CI = 1.40, 5.83). Lesbian women were also
more likely to report low birth weight infants (OR = 2.64,
95% CI = 1.38, 5.07), and bisexual and lesbian women were
more likely to report very preterm births (OR = 1.84, 95% CI
= 1.11, 3.04) compared to heterosexual women (25). Patients
with a SUD history also face implicit bias in their treatment.
A study explored potential stigma and attitudes among medical
providers within a maternal/fetal healthcare setting toward
maternal SUD (26), and it was found that providers who
consider drug abuse as a disease rather than a stigma have
more favorable interactions with obstetric patients with a drug
abuse history.

Disparities in obstetric neurocritical care

Cerebrovascular disease: Ischemic stroke,
cerebral venous sinus thrombosis, and
hemorrhagic stroke

Stroke is a leading cause of morbidity and mortality around
the world, as well as in the US. It is usually grouped into
categories of ischemic stroke (IS) and hemorrhagic stroke
(HS), with cerebral venous sinus thrombosis (CVST) variably
discussed separately in the literature. In the US, data from 2015
to 2018 report a total of 7.6 million patients over age 20 with
stroke over the course of those 3 years (27). Of those, 4.1 million
were female patients, compared to 3.5 million male patients. The
lifetime risk of stroke for women is one in five, and one in six
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for men. A study in the Netherlands showed an increase in the
incidence of stroke from 1998 to 2010 (28). According to their
data in 2010 for women aged 18-49, within the childbearing
age, the incidence of stroke was 18.86 per 100,000 person-
years, compared to 15.64 in their male counterparts. When
broken down for type of stroke (IS vs. hemorrhagic vs. any
type which included CVST), the difference in incidence between
women and men was statistically significant in any type and
IS categories but not significant in HS. They referenced the
possibility that female-specific factors could play a role in this
difference, pregnancy being one of those factors.

For women of childbearing age, the overall incidence
of stroke of all types is reported as 11 per 100,000 (29).
In a meta-analysis reviewing the incidence of stroke in
pregnancy, the pooled data from studies across the world
showed an all-type stroke incidence of 30 per 100,000 live
births (30). These data ranged from regions with higher
incidence such as North America, Taiwan, and India, to
lower incidence countries such as Israel. In the US, an
incidence of 38.6 per 100,000 live births has been reported
(31). The data suggest an increase of three times the
stroke incidence in pregnancy compared to all strokes
during childbearing age with concern that this is still an
underestimated number.

Maternal stroke and maternal stroke-associated in-hospital
mortality have been found to be higher among Black women
(32). In a study analyzing the National Inpatient Sample
(NIS) 2000-2001 (33), pregnant Black women were found to
have the highest risk of stroke (52.5 per 100,000 deliveries)
compared to Hispanic women or White women. It has been
shown that maternal morbidity and mortality are higher
among Black and Hispanic mothers compared to White
mothers when it comes to hypertensive disorders of pregnancy
(34-36), while among those with chronic hypertension, all
women who were in the minority population including Asian
and Pacific Islanders had higher stroke risk compared to
White women (36). Globally, the geographic disparity in
stroke event rate was reported (21), and it showed variability
among studies from North America, Taiwan, India, and Israel.
This geographic disparity can be attributed to variability in
stroke risk factors, access, and quality of obstetric care, the
consequence of which can translate to a higher prevalence of
cerebrovascular diseases.

Hemorrhagic stroke is the most common stroke subtype in
patients who are pregnant, compared to the general population
where IS is more common (37). It is also responsible for
5%—12% of all maternal deaths with high mortality rates of
35%—83% (38). The hypertensive disorders of pregnancy are
reported to be responsible for the highest risk of maternal HS.
The most common reason for preeclampsia-associated deaths
was ICH (36-40). These disorders occur with co-existent racial
disparities and a continued lack of improvement, as the rate
of these disorders continues to climb (40-43). In terms of HS,
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a study conducted in Japan found a high HS rate (73.5%)
among patients with pregnancy-associated strokes (41) which
is consistent with reports that Asians have an increased risk
of the hemorrhagic type of stroke compared with Caucasians
and African Americans (42). However, in a study analyzing
the NIS for the years 1993 through 2002, it was found that
African American race was an independent risk factor for
ICH in pregnancy (39). In addition to this, a study utilizing
administrative data from New York, California, and Florida
showed consistent findings that non-White race including
African Americans, Asians, and Hispanics, was an independent
predictor of ICH among patients who are pregnant (43). When
analyzing the trends in spontaneous SAH in pregnancy in a
12-year period, it was found that the greatest increase in the
incidence of SAH was among African American women (13.4-
16.39 per 100,000 births) (44). In this population, it was also
shown that pregnant women who were admitted to hospitals
with larger bed sizes or urban teaching hospitals had lower odds
of discharge to long-term facilities.

The above represents alarming data, and with stroke
incidence on the rise overall, there should be a call to action
to address this special population of patients, with attention to
higher incidence countries and regions and modifiable factors, as
well as research to determine causes for this increased risk and
possible treatment mechanisms. It is also important to specify
ways to acknowledge and improve the racial/ethnic and other
disparities that exist within this subset of the population.

Post-cardiac arrest

Cardiac arrest is a rare but feared complication in pregnancy.
The rates of out-of-hospital cardiac arrest in the general
US population is 95/100,000, 67-170/100,000 in Europe, and
60/100,000 in South Korea, with poor outcomes. In-hospital
cardiac arrest rates are 6-7/1,000 in US and 1.5-2.8/1,000
admissions in Europe (45). Taking a closer look at younger
patients, the rate of sudden cardiac arrest in one study was
reported as 4.4/100,000 in patients 25-35 and 1.44/100,000 in
patients 14-24, of all genders combined (46). The prevalence of
maternal cardiac arrest suggested in one review (47) was one
in 12,000 in the US and one in 16,000 in the UK, comparable
to 8.3 and 6.25 per 100,000, respectively, significantly higher
than rates of the general population around childbearing age.
Only minimal data are available to give information on specific
disparities of care among patients with maternal post-cardiac
arrest neurologic morbidity. In a study in California analyzing
64 cardiovascular pregnancy-related deaths, they found that
women were likely to be African American if they died
from cardiovascular disease (48). The implications of this
for post-cardiac arrest care cannot be understated. Guidelines
that involve neurologic resuscitation post-cardiac arrest should
include patients who are pregnant (49-51).
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TABLE 1 Summary of areas of disparities in obstetric care and neurocritical care.

Obstetric maternal care

Condition/outcome of
interest

Disparities of care

Maternal mortality rate
women

Higher mortality rates among
those living in rural vs.

urban areas

Black women 3-4x than white

Neurocritical care

Condition/outcome of
interest

Disparities of care

Maternal stroke Higher in Black women

- Those with chronic
hypertension, all those from the
minority population had greater
stroke risk compared to
white women

More common in black
compared to white

Hypertension in pregnancy

Maternal stroke-associated
mortality

Higher in Black women

More common in black
compared to white

Cardiomyopathy

Black and Hispanic have higher
morbidity and mortality
compared to white mothers

Hypertensive disorders of
pregnancy

More common in black
compared to white

Thromboembolic complications

Asians have increased risk of ICH
vs. white and African American
mothers

Non-white race an independent
predictor of ICH among
pregnant patients

Hemorrhagic stroke

General obstetric comorbidity Higher occurrence among the
uninsured and those

on Medicaid

Greatest increase in incidence in
12-years were among African-
Americans

Larger bed size or urban teaching
hospitals had lower odds of
discharge to long-term facilities

SAH in pregnancy

Lesbian and bisexual women
were more likely to report
miscarriage, still birth and
preterm births

Miscarriage rate and stillbirth

Cardiovascular
pregnancy-related deaths are
likely to be African-Americans
than White

Cardiac arrest in pregnancy

Post-partum hemorrhage

Higher rate among
mother-mother partnerships

Intimate partner violence
significantly affects ethnic
minorities

Traumatic brain injury in
pregnancy

Status epilepticus in pregnancy Low compliance (associated with
lower socioeconomic status and
inadequate insurance) affects
development of status epilepticus

during pregnancy

ICH, intracerebral hemorrhage; SAH, subarachnoid hemorrhage.

Traumatic brain injury

Traumatic brain injury is a global health crisis, with over
27 M people worldwide experiencing TBI in 2016 alone, along
with over 55 M people living with disability related to prior TBI.
There are numerous literature reviews on TBI in the general
population but few focused on TBI in pregnancy. The rate of
pregnancy-associated trauma has been reported to be 6%—46%
(52), creating a high risk for morbidity and mortality. A study
on women who had moderate-severe TBI showed that fewer
patients with TBI had one or more live births and had more post-
partum issues compared to non-TBI controls (53). It was noted
that in TBI across a woman’s lifespan, women have the highest
incidence of TBI in ages 21-50, encompassing the childbearing
age (54). The difference in mechanisms was noted where TBI in
women was from falls, collisions, and domestic violence unlike
in men, where it is from motor vehicle accidents or combat.
TBI is also associated with pregnancy difficulties (55). Intimate
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partner violence (IPV) that can result in TBI significantly affects
ethnic minorities (Black/African American, Hispanic/Latina,
Native American/Alaska Native, and Asian American) (56), and
TBI from IPV has been found to result in chronic psychiatric
disorders such as posttraumatic stress disorder (57) and post-
partum depression (58). This knowledge is important when
treating a patient who is pregnant in the minority population
with severe TBI in neurocritical care.

Status epilepticus

Status epilepticus has limited literature in regard to
disparities in care among the obstetric population. It is generally
known that seizures are well-controlled even during pregnancy
(59). However, 30%—40% of patients with epilepsy can still have
drug-resistant epilepsy and pregnancy may complicate their
management (60). A study analyzing only pregnant patients with
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refractory epilepsy found that 8.5% of the patients developed
SE over the course of the pregnancy which is higher than
0.6%—2.1%, which has been reported prior (61, 62). Low
compliance is one of the factors that was associated with SE
(59). Poor compliance has been shown to be associated with
lower socioeconomic status and inadequate insurance (63).
Few studies on pregnancy outcomes and seizures in terms of
race/ethnicity have not been conclusive due to the small sample
and lower prevalence in this specific population (64, 65). Studies
on SE associated with pregnancy and disparities in care are
significantly lacking. There is a need for continued focus on this
patient population when it comes to SE as well.

Future steps and directions to eliminate
disparities in obstetric neurocritical care

Disparities in maternal healthcare have been well reported;
however, there is little sign that the disparities are dissipating.
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The summary of the disparities found in obstetric and
neurocritical care is shown (Table 1). These factors may
be considered in the care of neurocritically-ill pregnant
patients since these explore the overlapping risk factors
for neurocritically-ill pregnant patients that can affect acute
neurologic disease states and their outcomes.

Figure 1 shows how clinicians, policymakers, organizational
leaders, and patients can potentially approach the challenge
caused by the disparities in obstetric and neurocritical care
along the continuum of care. Table 2 shows potential actionable
solutions that can promote the decrease in disparities of care at
the institutional, regional, national, and global levels. Leveraging
organizational resources that can provide sets of bundled
guidance to provide standardization for maternal healthcare
services can be helpful (16). Such standardization can likely
help address structural racism (66) that is prevalent in the
healthcare industry due to pre-existing economic and social
barriers (67). Collaboration among national and international
societies should also be done to broaden the outreach for
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TABLE 2 Potential targeted and actionable interventions to address disparities in obstetric care and neurocritical care of pregnant patients who are

neurotically ill.

Institutional

Educational curriculum on implicit
bias, systemic racism and cultural
competency

Regional

Policy prioritization at the state,
country and global public health
levels

National

Global

Establish and coordinate national and global multicenter registries on
obstetric and neurocritical care outcomes

Simulation and virtual reality
incorporation for competency
testing

funding for improving access in
obstetric care and neurocritical
care

Inter-organization and
inter-societal collaboration on
advocacy and initiatives (ACOG,
SMFM, NCS, AAN, ANA, AES,
BTEF)

Global public health prioritization
through the World Health
Organization advocacy

Institutional nurse navigator for

Interprofessional collaboration for

Federal government advocacy for

Collaboration of international

the neurocritically-ill patient with education and research
prioritization of those considered a

minority

prioritization of obstetric
neurocritical care issues

societies to establish guidance of
care accounting for disparities
globally

Telehealth use with collaboration
between neurocritical care and
maternal fetal medicine

Advance policies to safely be able
to integrate pregnant patients in
research

Inter-hospital agreements and
affiliations for neurocritically-ill
pregnant patients

ACOG, American College of Obstetricians and Gynecologists; SMFM, Society for Maternal-Fetal Medicine; NCS, Neurocritical Care Society; AAN, American Academy of Neurology;
ANA, American Neurological Association; AES, American Epilepsy Society; BTF, Brain Trauma Foundation.

research, education, and information sharing among clinicians.
One example of this is the United Kingdom registry of high-
risk obstetric anesthesia with a focus on neurologic disease
which collected data from 1997 to 2002 (68). Such a model
entailed organization members to report, via a data collection
form, any neurologic cases that they encountered in their
obstetric units.

Research has shown that nearly half of these maternal deaths
and morbidity events are preventable by good quality healthcare
services from preconception up until delivery. Attempts should
be made to improve healthcare delivery to the underserved
population possibly utilizing telehealth in collaboration with
NCC and obstetric services (69-71). Obstetric tele-neurology
has been explored globally as a means to bridge the gap
to access; however, more robust data on metrics as well as
optimization of available technological devices are needed (70).
There are those with no access to the Internet that may
benefit from telehealth services by collaborating with their
local medical team closer to their home, an example of which
is a telemedicine program in rural Panama (71). This type
of undertaking requires not only healthcare support but also
government support as well to be able to initiate and sustain
this program.

The conceptual model approach to disparities in obstetric
care has been explored before (1). The patient’s socioeconomic
status, age, ethnicity, race, education, marital status, insurance,
language, employment, psychosocial support, and literacy
all play a role in patient disparity analysis in addition to
community, provider, and system factors.

Frontiersin Neurology

There is a paucity of data on the best way to approach
disparities of care in obstetric neurocritical care. Novel to this
review, the major gaps in research in disparities of care among
the obstetric neurocritically-ill population were delineated. The
possible directions to take to move toward decreasing disparities
in care for this population were also described.

Conclusion

Disparities in the care of the obstetric population affect
maternal outcomes. Due to the increased risk of acute
neurologic comorbidities and the risk of concomitant acute
neurologic conditions among the obstetric population, the
effect of these disparities on the management and outcomes
of the patient who is neurocritically-ill should be studied.
There is a large gap in information regarding disparities
in the care of obstetric neurocritically-ill patients. Further
research should be done to delineate this as part of the
multidimensional approach to eliminate the disparities in
obstetric and neurocritical care.
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