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Impact of hypertensive disorders
of pregnancy on short- and
long-term outcomes of
pregnancy-associated
hemorrhagic stroke
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Chuanyuan Tao?, Lu Ma?, Chao You!, Xin Hu** and Fan Xia'**

!Department of Neurosurgery, West China Hospital, Sichuan University, Chengdu, Sichuan, China, ?West
China School of Medicine, Sichuan University, Chengdu, Sichuan, China

Background and purpose: Though hypertension disorders of pregnancy (HDP)
are recognized as independent pregnancy-associated stroke risk factors, few
studies have considered their impact on stroke prognosis. Therefore, we
intended to evaluate the impact of HDP on short- and long-term outcomes of
pregnancy-associated hemorrhagic stroke (HS).

Methods: We conducted a retrospective analysis of patients admitted
to our hospital from May 2009 to December 2021 with a diagnosis of
pregnancy-associated HS. After dividing patients into two groups by the presence
of a diagnosis of HDP or not, the short- (at the time of discharge) and long-term
(after discharge follow-up) outcomes were compared by mRS (modified Rankin
Scale) scores, and poor functional outcome defined as mRS > 2. Adjusted odds
ratios (OR) and 95% confidence intervals (Cl) were reported.

Results: Twenty-two HDP and 72 non-HDP pregnancy-associated HS patients
were enrolled and follow-up after 4.7 + 3.6 years. There was no significant
difference between the two groups regarding short-term outcomes, but patients
with HDP were more likely to reach poor functional outcomes at long-term
follow-up (@OR = 4.47, 95% Cl = 1.28-15.67, p = 0.019).

Conclusions: In this retrospective study, women with hypertension disorders of
pregnancy did not show worse short-term outcomes of pregnancy-associated
hemorrhagic stroke compared to those without but had poorer long-term
functional outcomes. This underlines the importance of prevention, recognition,
and treatment of hypertension disorders in these women.
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1. Introduction

Pregnancy-associated stroke (PAS) is defined as a stroke occurring during pregnancy,
delivery, or within 6 weeks postpartum. It is a rare but catastrophic pregnancy complication
that may seriously affect maternal and infant outcomes. Unlike strokes in the general
population, which are dominated by ischemic, hemorrhagic stroke (HS) accounts for roughly
half of PAS (1, 2). According to previous studies, HS is more highly associated with maternal
mortality compared to other types of strokes (3-5).
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Hypertensive disorders of pregnancy (HDP) are recognized
risk factors of pregnancy-associated HS, affecting 7.3% of all
pregnancies (6-9). These disorders consist of the following five
categories: (1) chronic hypertension, defined as high blood pressure
(BP) predating the pregnancy or discovered before 20 weeks
gestation; (2) gestational hypertension, refers to persistent new
onset hypertension that develops at or after 20 weeks gestation;
(3) pre-eclampsia, refers to diagnosed hypertension between 20
weeks of gestation and puerperium, accompanied by proteinuria
or multisystem organ failure; (4) eclampsia, refers to convulsions
occur during pregnancy and puerperium, and cannot be attributed
to any other pre-existing neurological disease; (5) pre-eclampsia
superimposed upon chronic hypertension (9). In addition, there
is also a HELLP (H = Hemolysis, EL = Elevated Liver enzymes,
LP = Low Platelets) syndrome, which is currently regarded as a
variant of severe preeclampsia in some degree (10). Among all
types of PAS, HS has the greatest correlation with HDP (11).
High-capacity circulation, endothelial dysfunction, and blood-
brain barrier disruption resulting from HDP may play a key role
in increasing the risk of developing HS during pregnancy and
puerperium (6, 12).

Despite HDP having been confirmed as a strong risk factor
for stroke in women of childbearing age, there is a dearth of
literature examining its impact on PAS outcome, as the majority
have conducted prognosis studies in the wider pregnant population
(1, 11, 13). Therefore, in the present study, we intended to evaluate
the impact of HDP on short-term and long-term outcomes of
pregnancy-associated HS to promote a better understanding of
their relevance. To our best knowledge, this is the first study
considering the long-term functional outcome of PAS.

2. Method

The study was approved by the Ethics committee of West China
Hospital of Sichuan University, Chengdu, China, and conducted
according to the Declaration of Helsinki. Written informed consent
was obtained from each patient or legal surrogate.

2.1. Patient selection

From May 2009 to December 2021, we retrospectively reviewed
all patients who suffered from HS during pregnancy or the first 6
weeks of postpartum in West China Hospital, a tertiary hospital.
HS was defined when there was a rapid development of focal
neurological deficit caused by a rupture of a blood vessel, and it
can be further subdivided into intracerebral hemorrhage (ICH)
and subarachnoid hemorrhage (SAH). The selection criteria were
as follows.

2.1.1. Inclusion criteria

(1) ICH or SAH was confirmed by cranial computed
tomography, magnetic resonance imaging, or angiography.
with  highly

In patients suspected SAH with negative
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CT, a diagnosis of SAH could also be made through
a lumbar puncture.
(2) Pregnancy information can be obtained, and patients

confirmed to be within the pregnancy, delivery, or puerperium.

2.1.2. Exclusion criteria
(1) ICH or SAH caused by trauma.
(2) ICH or SAH secondary to malignant tumor stroke.

(3) Presented as  hemorrhage  transformation  after
ischemic stroke.
(4) Intracranial bleeding in the chronic stage.
(5) Ectopic pregnancy was confirmed by ultrasonography.
2.2. Data collection
The following data were collected: age at stroke

onset, previous stroke history, chronic diseases, gestation

comorbidities, BP at admission, consciousness state at

admission, developed stroke type (ICH or SAH or mixed),

stroke  onset time (antepartum/intrapartum/postpartum),
initial symptoms, underlying cerebral vascular structural
changes, length of stay, disposition place, stroke-related

complications, treatment, modified Rankin Scale (mRS) scores
at discharge and last follow-up. The long-term functional
outcomes were obtained through telephone inquiries or
outpatient visits, and the last follow-up was conducted in

May 2022.

2.3. Outcome measured

After including all eligible patients, we would divide the
patients into two groups based on the presence of a diagnosis
of HDP or not. The functional outcomes were assessed by the
modified Rankin Scale (mRS), which measures the degree of
disability or dependence in people’s daily activities. The main
hypothesis we tested was that in pregnancy-associated HS women,
those with HDP are more likely to reach poor functional
outcomes (score 3-6 on the mRS) at discharge and even in
the future when compared to those without HDP. Therefore,
the primary outcomes for this analysis were the comparison
of short-term (at the time of discharge) and long-term (after
discharge follow-up) functional outcomes between the two groups.
The mRS scores were independently assessed by two trained
researchers, and if there were disagreements, a consensus was
reached after discussion. The pre-specified secondary outcomes
included: (1) in-hospital and long-term mortality, discharge
location, and length of hospital stay; (2) incidence of stroke-
related complications (14) (brain hernia, intracranial infection,
secondary epilepsy, pulmonary and urinary tract infection, cardiac
complication (including heart failure and myocardial injury),
acute upper gastrointestinal bleeding) and the necessity for life
support therapy (endotracheal intubation, tracheotomy, blood
transfusion, intravenous nutrition, vasoactive drug therapy).
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TABLE 1 Baseline characteristics of patients.

HDP patients Non-HDP
(n=22) patients (n = 72)

Age at stroke onset 29.7 £ 6.4 31.8£5.1 29.0 £ 6.6 0.077
Blood pressure at admission
Systolic blood pressure 129.7 £ 285 159.1 £ 322 120.7 £ 20.1 <0.001*
Diastolic blood pressure 814+ 16.5 97.6 £ 16.6 76.4+13.0 <0.001*
Hemorrhagic stroke type 0.864
Intracranial hemorrhage 67 (71.3%) 16 (72.7%) 51 (70.8%)
Subarachnoid hemorrhage 27 (28.7%) 6 (27.3%) 21(29.2%)
Initial symptoms
Headache 60 (63.8%) 11 (50.0%) 49 (68.1%) 0.123
Vomiting 37 (39.4%) 7 (31.8%) 30 (41.7%) 0.408
Disturbance of consciousness 24 (23.4%) 10 (45.5%) 14 (19.4%) 0.014*
Nausea 21 (22.3%) 4 (18.2%) 17 (23.6%) 0.808
Weakness/paresis 18 (19.1%) 3 (13.6%) 15 (20.8%) 0.659
Dizziness 14 (14.9%) 3(13.6%) 11 (15.3%) 1.000
Convulsion 11 (11.7%) 4 (18.2%) 7 (9.7%) 0.483
Aphasia/language disturbance 6 (6.4%) 1 (4.5%) 5(6.9%) 1.000
Visual impairment 4 (4.3%) 2(9.1%) 2(2.8%) 0.496
Level of consciousness 0.003*
Awake 44 (46.8%) 4(18.2%) 40 (55.6%)
Lethargy or obtundation 26 (27.7%) 7 (31.8%) 19 (26.4%)
Coma 24 (25.5%) 11 (50.0%) 13 (18.1%)
Previous stroke history 4 (4.3%) 0 (0%) 4 (5.6%) 0.591
Vascular abnormalities <0.001*
Arteriovenous malformations 23 (24.5%) 0(0%) 23(31.9%)
Aneurysm 17 (18.1%) 3 (13.6%) 14 (19.4%)
Cavernous hemangioma 6 (6.4%) 0 (0%) 6(8.3%)
Cerebral venous thrombosis 8 (8.5%) 2(9.1%) 6 (8.3%)
Moyamoya disease 3(3.2%) 0 (0%) 3 (4.2%)
Mixed 3(3.2%) 0 (0%) 3 (4.2%)
None 34 (36.2%) 17 (77.3%) 17 (23.6%)
Stroke onset time 0.733
Before delivery 64 (68.1%) 16 (72.2%) 48 (66.7%)

15 trimester 6 (6.4%) 3(13.6%) 3 (4.2%)

27 trimester 19 (20.2%) 1 (4.5%) 18 (25.0%)

3™ trimester 39 (41.5%) 12 (54.5%) 27 (37.5%)
During delivery 3(3.2%) 1 (4.5%) 2(2.8%)
After delivery 27 (28.7%) 5(22.7%) 22 (30.6%)
Treatment 0.344
Conservative 43 (45.7%) 12 (54.5%) 31 (43.1%)
Surgery 51 (54.3%) 10 (45.5%) 41 (56.9%)

(Continued)
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TABLE 1 (Continued)
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HDP patients Non-HDP
(n=22) patients (n = 72)

Hematoma evacuation 13 (14.0%) 4(18.2%) 8 (12.5%)

External ventricular drains 10 (10.8%) 2(9.1%) 6(8.3%)

Aneurysm clipping 9(9.7%) 4(18.2%) 5(7.0%)

Microsurgical resection 16 (17.2%) - 16 (22.5%)

Endovascular treatment 5(5.4%) - 5(7.0%)

Decompressive craniectomy 2(2.2%) - 1 (1.4%)

Short time follow-up duration (days) 14.2 + 16.0 16.1 +15.7 13.6 £ 16.1 0.529
Long time follow-up duration (years) 47436 48440 46436 0.829

*P < 0.05.
HDP, hypertensive disorders of pregnancy.

2.4. Statistical analysis

Descriptive statistics were addressed. We reported means with
standard deviations for quantitative variables and numbers with
their frequency (%) for qualitative variables. Comparison of ranked
variables or continuous variables with non-normal distributions
was analyzed by the Mann-Whitney U test, and continuous
variables with normal distribution were analyzed by t-test.
Pearson’s chi-squared tests were performed to compare categorical
variables. Then, we implemented multivariable logistic regression
analysis after adjusting for age and admission consciousness level
to investigate the effect of HDP on the prognosis of pregnancy-
associated HS. Length of hospital stay was partitioned according
to the median level (10 days) of total patients, and prolonged
hospital stay was defined as >10 days. Odds ratios (ORs) with 95%
confidence intervals (ClIs) were reported.

All data were analyzed using SPSS, version 26.0 (IBM,
New York, NY), and a two-sided P < 0.05 was considered as
statistical significance.

3. Results

Ninety-four pregnancy-associated HS patients were enrolled,
of whom twenty-two were with diagnosed HDP during recent
pregnancy. Table 1 summarizes the demographic information and
stroke-associated clinical condition. The young women included in
this study had almost no chronic diseases other than hypertension
(only one nephrotic syndrome in the HDP group and one
congenital heart disease in the non-HDP group). Therefore, in
the following data analysis process, we neglected the presence
of comorbidity. Headache [11 (50%) vs. 49 (68.1%)] was the
most common initial symptom in both groups and there was
no significant difference in the initial symptom between the two
groups except disturbance of consciousness (45.5 vs. 19.4%, p
= 0.014). In addition, patients with HS with HDP tended to
present worse consciousness levels when admitted (p = 0.003).
Table 2 summarizes the general conditions of patients in the
HDP group. There were five chronic hypertension, five gestational
hypertension, four pre-eclampsia, five eclampsia, and three pre-
eclampsia superimposed upon chronic hypertension. Among five

Frontiersin Neurology

patients with eclampsia, two had developed HELLP syndrome, and
three of the whole patients (3/22, 13.6%) indicated that they had
also suffered from HDP in the previous pregnancy.

Table 3 summarizes the short-term outcomes of included
patients. Despite patients diagnosed with HDP during recent
pregnancy showed poorer functional outcomes at discharge in
univariate analysis (OR = 3.22, 95% CI = 1.07-9.65, p = 0.037),
there was no significant difference between the two groups after
adjustment (77.3 vs. 51.4%, aOR = 1.43, 95% CI = 0.41-4.96, p =
0.572). Figure 1 summarizes the distribution of mRS scores within
each group at discharge, from which we could directly figure out
that mRS scores are concentrated at high scores in the HDP cohort
but evenly distributed in the non-HDP cohort.

Table 4 summarizes the stroke-related clinical complication
therapy received by patients
hospitalization. Except for univariate analysis on intravenous

and life-support during
nutrition usage, there was no statistically significant difference
in the incidence of stroke-related complications or life-support
therapy between the two groups.

Table 5 summarizes the long-term outcomes among the two
groups. Follow up averaged 4.7 & 3.6 years, the total missing rate
was 10.64% (10/94, two patients in the HDP group and eight
patients in the non-HDP group), and there was still no significant
difference in death rate between the two groups at the last follow-
up (30.0 vs. 12.5%, aOR = 1.55, 95% CI = 0.40-5.92, P = 0.526).
However, patients in HDP groups showed much poorer functional
outcomes than those patients in non-HDP groups, and a significant
difference was maintained even after adjusting for confounders
(70.0 vs. 23.4%, aOR = 4.47, 95% CI = 1.28-15.67, P = 0.019).

4. Discussion

Despite that a considerable part of stroke caused by HDP
could be prevented through early identification and treatment,
the incidence of stroke among women with HDP still increased
over time (15, 16). Our study is the first to systematically evaluate
the impact of HDP on pregnancy-associated HS prognosis. The
main findings of this study are as follows: (1) Among pregnancy-
associated HS patients, the long-term functional outcomes of
patients diagnosed with HDP were significantly poorer; (2) HDP
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TABLE 2 Brief description of all patients in hypertensive disorders (HDP) of pregnancy group.

Number HDP types Bleeding Onset Complications Treatments Poor Poor
type timex outcome outcome
at dlschargeJr at follow—upJr

1 Pre-eclampsia + ICH 3rd Pulmonary infection, Hematoma 1 1
chronic AUGIB evacuation
hypertension

2 Pre-eclampsia + ICH Postpartum Pulmonary infection, Conservative 0 0
chronic AUGIB, secondary
hypertension epilepsy

3 Gestational SAH Postpartum Pulmonary infection Aneurysm 1 1
hypertension clipping

4 Gestational SAH 31 Aneurysm 1 0
hypertension clipping

5 Chronic SAH 3rd Cerebral herniation Conservative 1 1
hypertension

6 Pre-eclampsia ICH 31 Cardiac dysfunction Conservative 0 1

7 Eclampsia ICH 3rd Cerebral herniation, Conservative 1 1

cardiac dysfunction

8 Eclampsia ICH 31 Pulmonary infection, Conservative 1 1
urinary infection,

secondary epilepsy,
cardiac dysfunction

9 Gestational SAH Postpartum Aneurysm 0 1
hypertension clipping
10 Eclampsia ICH 31 Urinary infection Conservative 1 1
11 Chronic ICH 31 Cerebral herniation, External 1 1
hypertension cardiac dysfunction ventricular drains
12 Pre-eclampsia ICH Postpartum Conservative 1 1
13 Eclampsia ICH Intrapartum Conservative 0 0
14 Chronic ICH Postpartum Conservative 1 Missing
hypertension
15 Pre-eclampsia ICH 31 Pulmonary infection, Hematoma 1 1
cerebral herniation evacuation
16 Chronic ICH 1 External 1 Missing
hypertension ventricular drains
17 Eclampsia SAH 3rd Urinary infection Conservative 1 0
18 Pre-eclampsia ICH 3rd Intracranial infection, Hematoma 1 1
Pulmonary infection evacuation
19 Pre-eclampsia + ICH 31 Secondary epilepsy, Conservative 0 1
chronic cardiac dysfunction
hypertension
20 Chronic SAH 1 Cardiac dysfunction Aneurysm 1 0
hypertension clipping
21 Gestational ICH 1 Conservative 1 0
hypertension
22 Gestational ICH Intrapartum Intracranial infection, Hematoma 1 1
hypertension urinary infection, evacuation +
cardiac dysfunction external

ventricular drains

*Patients suffered stroke during pregnancy were indicated by their trimester.
TPoor outcome refers to score 3-6 on the mRS scores, and 1 indicates poor outcome, 0 indicates the opposite.
AUGIB, acute upper gastrointestinal bleeding.
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TABLE 3 Odds ratios (ORs) with confidence interval (Cl)* for short-term outcomes by hypertensive disorders of pregnancy (HDP) status among
pregnancy-related hemorrhagic stroke.

Short-term outcomes Total number of events OR with 95% CI* P-value
HDP group Non-HDP Unadjusted Adjusted’

(n=22) (n=72)
In-hospital death 1(4.5%) 5 (7.0%) 0.64 [0.07, 5.77] 0.36 [0.04, 3.59] 0.385
mRS scores at discharge
mRS 3-6 17 (77.3%) 37 (51.4%) 3.22 [1.07, 9.65]% 1.43 [0.41, 4.96] 0.572
Length of stay 1.93 [0.71, 5.24] 1.20 [0.40, 3.57] 0.746
<10 13 (59.1%) 53 (73.6%)
>10 9 (40.9%) 19 (26.4%)
Disposition place 2.72[0.91, 8.17] 2.01 [0.61, 6.57] 0.249
Home 5 (22.7%) 32 (44.4%)
Non-routine* 17 (77.3%) 40 (55.6%)

*Referent group: hospitalizations with non-hypertensive disorders of pregnancy-associated hemorrhagic stroke.

T Adjusted for age and level of consciousness at admission.

*Non-routine disposition: death, short-term hospital, and other facilities.
§p < 0.05.

mRS, modified Rankin Scale.

may not impact the short-term outcomes of pregnancy-associated
HS neither increase the occurrence of stroke-related complications
or usage for life-support therapy.

For PAS, HDP has always been the focus of attention. Previous
studies have established that HDP is an important independent risk
factor for HS in women of childbearing age (16-19). In addition,
compared with other etiologies of HS such as aneurysms or
arterial malformations, HDP possesses the valuable characteristic
of “preventable” (4, 18, 20). Inadequate BP control is blamed as the
most common mistake for stroke-related maternal death, in other
words, adequate BP control may give maximum preventability
to stroke-induced poor outcomes in these patients (21). As is
known to all, elevated BP is the cornerstone of HDP, which
means a considerable proportion of HDP-related stroke deaths
can be avoided if timely and correctly treated. Oral labetalol,
methyldopa, and nifedipine are the frequently recommended
antihypertensive medications during pregnancy, and intravenous
hydralazine should be additionally added for acute hypertensive
urgency (22). However, despite all guidelines acknowledging the
significance of BP control, there is still no consensus on the target
BP level for pregnant women due to a lack of high-quality evidence.
Further studies on lowering BP therapy among pregnant women
with HS are warranted.

Another key element to treat HDP is “placenta delivery”
(23). Though the pathophysiology of HDP has yet to be fully
elucidated, the theory that the release of antiangiogenic factors
caused by placental vascular maldevelopment leads to maternal
endothelial dysfunction and resulting hypertension is generally
accepted (24). According to the International Society for the
Study of Hypertension in Pregnancy guidelines and the American
College of Obstetricians and Gynecologists Task Force, in women
with preeclampsia with severe features or eclampsia, emergency
delivery soon after maternal stabilization is indicated irrespective of
gestational age (9, 25). Although our study eliminated the obstetric
complication analysis due to its high data missing rate, the roughly
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FIGURE 1

Distribution (expressed as a percentage) of mRS scores at discharge
in patients with HDP and without HDP in pregnancy—associated
hemorrhagic stroke. In patients without HDP, their discharge mRS
score were evenly distributed, but in patients with HDP, discharge
with mRS = 4 (22.7%) or mRS = 5 (40.9%) accounted for the main
proportion. HDP, hypertensive disorder of pregnancy; mRS scores,
modified Rankin Scale.

estimated preterm birth rate was extremely higher within the HDP
group (40.9 vs. 16.9%).

It can be seen that most of our patients (both in the HDP
and non-HDP groups) had their onset in the third trimester and
puerperium, which is in line with the previous study’s findings (11,
26). This may be related to the dramatic increase in plasma volume
and cardiac output in the third trimester, which is attributed to the
general vasodilatation of the cardiovascular system combined with
an increase in water volume due to water retention (27, 28). While
in the puerperium, all the above changing parameters rapidly return
to normal, leading to an increase in vascular osmotic pressure, a
decrease in blood volume, and a relatively vascular constriction,
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TABLE 4 Odds ratios (ORs) with confidence interval (Cl)* for complications and life-support therapy by hypertensive disorders of pregnancy (HDP)

status among hemorrhagic stroke related to pregnancy.

Total number of events

Complications and
life-support therapy

OR with 95% CI*

HDP group Non-HDP Unadjusted AdjustedJr
(n=22) (n=72)

Complication

Cerebral herniation 4(18.2%) 8 (11.1%) 1.78 [0.48, 6.5 8] 0.73[0.17, 3.16] 0.669
Intracranial infection 2(9.1%) 2(2.8%) 3.50 [0.46, 26.44] 2.31[0.28,19.33] 0.440
Secondary epilepsy 3 (13.6%) 10 (13.9%) 0.98 [0.24, 3.93] 1.08 [0.23,5.21] 0.919
Pulmonary infection 6 (27.3%) 16 (22.2%) 1.31[0.44, 3.91] 0.66 [0.19, 2.27] 0.513
Urinary tract infection 4(18.2%) 8 (11.1%) 1.78 [0.48, 6.58] 3.29 [0.66, 16.39] 0.146
Cardiac <:omplicattionrt 7 (31.8%) 13 (18.1%) 2.12[0.72, 6.23] 1.44[0.43, 4.89] 0.556
AUGIB 2(9.1%) 1(1.4%) 7.10 [0.61, 82.38] 4.94 [0.34, 71.86] 0.242
Life-support therapy

Tracheotomy 4(18.2%) 4 (5.6%) 3.78 [0.86, 16.60] 1.67[0.33, 8.41] 0.531
Endotracheal intubation 13 (59.1%) 35 (48.6%) 1.71 [0.65, 4.50] 0.88 [0.29, 2.67] 0.826
Intravenous nutrition 11 (50.0%) 17 (23.6%) 3.24[1.19,8.77]8 2.07 [0.71, 6.07] 0.185
Blood transfusion 8(36.4%) 13 (18.1%) 2.59 [0.90, 7.46] 1.73 [0.51, 5.84] 0.378
Vasoactive drugs 7 (31.8%) 12 (16.7%) 2.33[0.78, 6.94] 1.33 [0.40, 4.36] 0.643

*Referent group: hospitalizations with non-hypertensive disorders of pregnancy-associated hemorrhagic stroke.

T Adjusted for age and level of consciousness at admission.

*Cardiac complication includes heart failure and myocardial injury.
8p < 0.05.

AUGIB, acute upper gastrointestinal bleeding.

TABLE 5 Odds ratios (ORs) with confidence interval (Cl)* for long-term outcomes by hypertensive disorders of pregnancy (HDP) status among

pregnancy-related hemorrhagic stroke.

Total number of events?

Long-term outcomes

OR with 95% CI*

HDP group Non-HDP Unadjusted AdjustedJr
(n = 20) (n=64)
Death at last follow up 6 (30.0%) 8 (12.5%) 3.00 [0.90, 10.06] 1.55[0.40, 5.92] 0.526
mRS scores at last follow up
mRS 3-6 14 (70.0%) 15 (23.4%) 7.62 [2.49,23.31]8 4.47 [1.28,15.67]8 0.019

*Referent group: hospitalizations with non-hypertensive disorders of pregnancy-associated hemorrhagic stroke.

T Adjusted for age, level of consciousness at admission.

*Total missing rate was 10.64% (10/94, two in HDP group and eight in non-HDP group).
8p < 0.05.

mRS, modified Rankin Scale.

which eventually leads to a mild increase in blood pressure (28).
This set of changes may noticeably increase the risk of postpartum
intracranial bleedings.

There is limited literature on the clinical outcomes of pregnant
women with HS, especially on long-term outcomes. In a study
compared the short-term outcomes (in-hospital mortality and
home-discharge rate) between pregnant and non-pregnant HS
patients, they found that pregnant SAH patients had lower
in-hospital mortality, higher home discharge and independent
ambulation rate than their non-pregnant counterparts, and
pregnant ICH patients also had lower odds of in-hospital mortality
than non-pregnant ICH patients (13). The reported overall
(ICH+SAH) in-hospital mortality of pregnant-associated HS in

Frontiersin Neurology

this study was 6.7%, which is similar to our results (6.4%). A
previous study using the 1994-2011 Nationwide Inpatient Sample
examined the stroke-related complication and showed that among
stroke hospitalizations, patients with HDP had higher rates of
complications than those without it (16). However, this study did
not conduct further analysis based on stroke subtypes, and worse
outcomes in the HDP group may be associated with a higher
proportion of HS which generally induces more severe clinical
conditions. Race is a proven independent risk factor for stroke
occurrence whether in women of whole childbearing age or gravida
with HDP, and it is also an influencing factor related to maternal
outcomes of PAS (7, 29, 30). Some Asian population-based studies
have shown that Asian women are prominently more likely to
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develop HS during pregnancy or puerperium compared to western
countries (18, 19). Therefore, it is crucial to identify the impact
of HDP on the prognosis of pregnancy-associated HS based on
Asian women.

Consistent with the characteristics of “hypertensive” of HDP,
the admission BP is significantly higher in the HDP group in our
study. Some studies argued that the pathophysiology of stroke
concerning HDP is similar to hypertensive encephalopathy in that
the increase of BP results in the automatic regulation disturbance of
cerebral blood flow, cerebral hyper-perfusion, blood-brain barrier
disruption, brain edema, and hypertension-induced vessel wall
damage (15, 31, 32). However, many women who develop stroke in
the setting of preeclampsia or eclampsia were exactly at BP within
the normal range of cerebral autoregulation which is considerably
lower than those reported for hypertensive encephalopathy (33).
Thus, elevated BP is not the only causative factor for this
condition, and other mechanisms, such as endothelial dysfunction,
increased sympathetic activity, and hyperreflexia that occurs in pre-
eclampsia may also be involved (33-35). Further research on the
pathophysiology of stroke related to HDP is warranted.

There are several limitations to be noted. First, this is a single-
center retrospective study. The number of included patients is
small, which restricted us from performing subgroup analysis
within each HDP subtype. In addition, some data may be missing
due to its retrospective nature, such as maternal birth-related
complications. Second, it was reported that subjects with anemia,
heart disease, or gestational diabetes mellitus, which factors are
also correlated with stroke outcomes, have a higher risk of
HDP occurrence when compared to their corresponding controls
(36, 37). However, we did not include these confounders in
our multivariable logistic regression due to the limited sample
size. Third, due to the retrospective design and the large
confidence interval of follow-up, the collection of specific data
regarding potential confounders such as rehabilitation activities,
complications, and readmission status of patients after discharge
was insufficient. Fourth, the number of fetuses and the time of
pregnancies are associated with the stroke risk (38), and the
possibility of their impact on outcomes cannot be ruled out. Due
to the limited availability of relevant clinical data, our study omitted
this part’s analysis, which may bias the results. Our study for the first
time determines the impact of HDP on short-term and long-term
outcomes of pregnancy-associated HS by systematically comparing
in-hospital death, discharge, and post-hospital mRS score, stroke-
related complications, and life-support therapies. We hope this
study could lay the groundwork for future research on this topic.

5. Conclusions

In this retrospective study, women with hypertension disorders
of pregnancy did not show worse short-term outcomes of
pregnancy-associated hemorrhagic stroke compared to those
without but had poorer long-term functional outcomes. This
underlines the importance of prevention, recognition, and
treatment of hypertension disorders in these women.

Frontiersin Neurology

10.3389/fneur.2023.1097183

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed
and approved by Ethics Committee of West China Hospital of
Sichuan University, Chengdu, China. The patients/participants
provided their written informed consent to participate in
this study.

Author contributions

Conceptualization and writing—original draft preparation:
MF. Validation: WX and CT. Investigation: JW and ZW. Writing—
review and editing: FX. Visualization: MF, YC, and FX. Supervision:
LM and CY. Project administration: XH. All authors approved the
final version of the manuscript.

Funding

This work was supported by the 1-3-5 Projects for

Disciplines of Excellence of West China Hospital of
Sichuan  University  (grant numbers: ZY2016102 and
2021HXFHO045), the National Natural Science Foundation

of China (grant numbers: 81601155 and 82201453), the
Sichuan Science and Technology Program (grant numbers:
2020YFQO0009 and  2023NSFSC1557), and the
funded by China Postdoctoral Science Foundation (grant
number: 2022M722271).

Project

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of
their those of the publisher,
the editors and the reviewers. Any product that may be

affiliated organizations, or
evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the
publisher.

frontiersin.org


https://doi.org/10.3389/fneur.2023.1097183
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Fang et al.

References

1. Swartz RH, Cayley ML, Foley N, Ladhani NNN, Leffert L, Bushnell C, et al. The
incidence of pregnancy-related stroke: a systematic review and meta-analysis. Int |
Stroke. (2017) 12:687-97. doi: 10.1177/1747493017723271

2. Kuriakose D, Xiao Z. Pathophysiology and treatment of stroke: present status and
future perspectives. Int ] Mol Sci. (2020) 21:7609. doi: 10.3390/ijms21207609

3. Lappin JM, Darke S, Duflou J, Kaye S, Farrell M. Fatal stroke in pregnancy and the
puerperium. Stroke. (2018) 49:3050-3. doi: 10.1161/STROKEAHA.118.023274

4. Foo L, Bewley S, Rudd A. Maternal death from stroke: a 30 year
national retrospective review. Eur ] Obstet Gynecol Reprod Biol. (2013)
171:266-70. doi: 10.1016/j.ejogrb.2013.09.021

5. Tate ], Bushnell C. Pregnancy and stroke risk in women. Womens Health. (2011)
7:363-74. doi: 10.2217/WHE.11.19

6. Sanders BD, Davis MG, Holley SL, Phillippi JC. Pregnancy—associated stroke. |
Midwifery Womens Health. (2018) 63:23-32. doi: 10.1111/jmwh.12720

7. Elgendy 1Y, Bukhari S, Barakat AF Pepine CJ, Lindley KJ, Miller
EC. Maternal stroke: a «call for action. Circulation. (2021) 143:727-
38. doi: 10.1161/CIRCULATIONAHA.120.051460

8. Garovic VD, White WM, Vaughan L, Saiki M, Parashuram S, Garcia-Valencia O,
et al. Incidence and long-term outcomes of hypertensive disorders of pregnancy. ] Am
Coll Cardiol. (2020) 75:2323-34. doi: 10.1016/j.jacc.2020.03.028

9. Brown MA, Magee LA, Kenny LC, Karumanchi SA, McCarthy FP, Saito S,
et al. Hypertensive disorders of pregnancy: ISSHP classification, diagnosis, and
management recommendations for international practice. Hypertension. (2018) 72:24-
43. doi: 10.1161/HYPERTENSIONAHA.117.10803

10. Haram K, Svendsen E, Abildgaard U. The HELLP syndrome: clinical issues and
management: a review. BMC Pregn Childbirth. (2009) 9:8. doi: 10.1186/1471-2393-9-8

11. Miller EC, Leffert L. Stroke in pregnancy: a focused update. Anesth Analg. (2020)
130:1085-96. doi: 10.1213/ANE.0000000000004203

12. McDermott M, Miller EC, Rundek T, Hurn PD, Bushnell CD. Preeclampsia:
association with posterior reversible encephalopathy syndrome and stroke. Stroke.
(2018) 49:524-30. doi: 10.1161/STROKEAHA.117.018416

13. Leffert LR, Clancy CR, Bateman BT, Cox M, Schulte PJ, Smith EE,
et al. Patient characteristics and outcomes after hemorrhagic stroke in
pregnancy. Circ Cardiovasc Qual Outcomes. (2015) 8(6 Suppl 3):S170-
8. doi: 10.1161/CIRCOUTCOMES.115.002242

14. Kumar S, Selim MH, Caplan LR. Medical complications after stroke. Lancet
Neurol. (2010) 9:105-18. doi: 10.1016/S1474-4422(09)70266-2

15. Miller EC, Vollbracht S. Neurology of preeclampsia and related
disorders: an update in neuro-obstetrics. Curr Pain Headache Rep. (2021)
25:40. doi: 10.1007/s11916-021-00958-z

16. Leffert LR, Clancy CR, Bateman BT, Bryant AS, Kuklina EV. Hypertensive
disorders and pregnancy-related stroke: frequency, trends, risk factors, and outcomes.
Obstet Gynecol. (2015) 125:124-31. doi: 10.1097/A0G.0000000000000590

17. Tang CH, Wu CS, Lee TH, Hung ST, Yang CY, Lee CH, et al. Preeclampsia-
eclampsia and the risk of stroke among peripartum in Taiwan. Stroke. (2009) 40:1162—-
8. doi: 10.1161/STROKEAHA.108.540880

18. Liang CC, Chang SD, Lai SL, Hsieh CC, Chueh HY, Lee TH. Stroke
complicating pregnancy and the puerperium. Eur ] Neurol. (2006) 13:1256-
60. doi: 10.1111/j.1468-1331.2006.01490.x

19. Yoshida K, Takahashi JC, Takenobu Y, Suzuki N, Ogawa A, Miyamoto S. Strokes
associated with pregnancy and puerperium: a nationwide study by the Japan stroke
society. Stroke. (2017) 48:276-82. doi: 10.1161/STROKEAHA.116.014406

20. Cleary KL, Siddiq Z, Ananth CV, Wright JD, Too G, D’Alton

ME, et al Use of antihypertensive medications during delivery
hospitalizations ~ complicated by preeclampsia. ~ Obstet ~ Gynecol. ~ (2018)
131:441-50. doi: 10.1097/A0G.0000000000002479

Frontiersin Neurology

09

10.3389/fneur.2023.1097183

21. Katsuragi S, Tanaka H, Hasegawa J, Nakamura M, Kanayama N, Nakata
M, et al. Analysis of preventability of stroke-related maternal death from
the nationwide registration system of maternal deaths in Japan. | Matern
Fetal Neonatal Med. (2018) 31:2097-104. doi: 10.1080/14767058.2017.13
36222

22. Sinkey RG, Battarbee AN, Bello NA, Ives CW, Oparil S, Tita ATN.
Prevention, diagnosis, and management of hypertensive disorders of pregnancy:
a comparison of international guidelines. Curr Hypertens Rep. (2020)
22:66. doi: 10.1007/s11906-020-01082-w

23. Young BC, Levine R], Karumanchi SA. Pathogenesis of preeclampsia. Annu Rev
Pathol. (2010) 5:173-92. doi: 10.1146/annurev-pathol-121808-102149

24. Naderi S, Tsai SA, Khandelwal A. Hypertensive disorders of pregnancy. Curr
Atheroscler Rep. (2017) 19:15. doi: 10.1007/s11883-017-0648-z

25. Shaik N, Lupescu A, Lang F. Inhibition of suicidal erythrocyte death by
probucol. J Cardiovasc Pharmacol. (2013) 61:120-6. doi: 10.1097/FJC.0b013e31827
98abc

26. Ascanio LC, Maragkos GA, Young BC, Boone
Spontaneous intracranial hemorrhage in pregnancy: a
of the literature. Neurocrit Care. (2019) 30:5-15. doi:
8-0501-4

MD, Kasper EM.
systematic review
10.1007/s12028-01

27. Weissgerber TL, Wolfe LA. Physiological adaptation in early human pregnancy:
adaptation to balance maternal-fetal demands. Appl Physiol Nutr Metab. (2006) 31:1-
11. doi: 10.1139/h05-003

28. Skidmore FM, Williams LS, Fradkin KD, Alonso R]J, Biller J. Presentation,
etiology, and outcome of stroke in pregnancy and puerperium. J Stroke Cerebrovasc
Dis. (2001) 10:1-10. doi: 10.1053/jscd.2001.20977

29. Miller EC, Zambrano Espinoza MD, Huang Y, Friedman AM, Boehme AK,
Bello NA, et al. Maternal race/ethnicity, hypertension, and risk for stroke during
delivery admission. ] Am Heart Assoc. (2020) 9:¢014775. doi: 10.1161/JAHA.119.0
14775

30. Bateman BT, Schumacher HC, Bushnell CD, Pile-Spellman J, Simpson LL, Sacco
RL, et al. Intracerebral hemorrhage in pregnancy: frequency, risk factors, and outcome.
Neurology. (2006) 67:424-9. doi: 10.1212/01.wnl.0000228277.84760.a2

31. Toossi S, Moheet AM. Intracerebral hemorrhage in women:
a review with special attention to pregnancy and the post-partum
period.  Neurocrit  Care. (2019)  31:390-8. doi: 10.1007/s12028-01
8-0571-3

32. Oehm E, Reinhard M, Keck C, Els T, Spreer J, Hetzel A. Impaired dynamic
cerebral autoregulation in eclampsia. Ultrasound Obstet Gynecol. (2003) 22:395-
8. doi: 10.1002/u0g.183

33. Cipolla MJ. Cerebrovascular function in pregnancy and eclampsia. Hypertension.
(2007) 50:14-24. doi: 10.1161/HYPERTENSIONAHA.106.079442

34. Bergman L, Torres-Vergara P, Penny ], Wikstrom J, Nelander M,
Leon J, et al. Investigating maternal brain alterations in preeclampsia:
the need for a multidisciplinary effort. Curr Hypertens Rep. (2019)
21:72. doi: 10.1007/s11906-019-0977-0

35. Yousif D, Bellos I, Penzlin Al, Hijazi MM, Illigens BM, Pinter A, et al.
Autonomic dysfunction in preeclampsia: a systematic review. Front Neurol. (2019)
10:816. doi: 10.3389/fneur.2019.00816

36. Umesawa M, Kobashi G. Epidemiology of hypertensive disorders in pregnancy:
prevalence, risk factors, predictors and prognosis. Hypertens Res. (2017) 40:213-
20. doi: 10.1038/hr.2016.126

37. Elgendy 1Y, Gad MM, Mahmoud AN, Keeley EC, Pepine CJ. Acute
stroke during pregnancy and puerperium. J Am Coll Cardiol. (2020) 75:180-
90. doi: 10.1016/j.jacc.2019.10.056

38. Qureshi Al, Giles WH, Croft JB, Stern BJ. Number of pregnancies and risk for
stroke and stroke subtypes. Arch Neurol. (1997) 54:203-6.

frontiersin.org


https://doi.org/10.3389/fneur.2023.1097183
https://doi.org/10.1177/1747493017723271
https://doi.org/10.3390/ijms21207609
https://doi.org/10.1161/STROKEAHA.118.023274
https://doi.org/10.1016/j.ejogrb.2013.09.021
https://doi.org/10.2217/WHE.11.19
https://doi.org/10.1111/jmwh.12720
https://doi.org/10.1161/CIRCULATIONAHA.120.051460
https://doi.org/10.1016/j.jacc.2020.03.028
https://doi.org/10.1161/HYPERTENSIONAHA.117.10803
https://doi.org/10.1186/1471-2393-9-8
https://doi.org/10.1213/ANE.0000000000004203
https://doi.org/10.1161/STROKEAHA.117.018416
https://doi.org/10.1161/CIRCOUTCOMES.115.002242
https://doi.org/10.1016/S1474-4422(09)70266-2
https://doi.org/10.1007/s11916-021-00958-z
https://doi.org/10.1097/AOG.0000000000000590
https://doi.org/10.1161/STROKEAHA.108.540880
https://doi.org/10.1111/j.1468-1331.2006.01490.x
https://doi.org/10.1161/STROKEAHA.116.014406
https://doi.org/10.1097/AOG.0000000000002479
https://doi.org/10.1080/14767058.2017.1336222
https://doi.org/10.1007/s11906-020-01082-w
https://doi.org/10.1146/annurev-pathol-121808-102149
https://doi.org/10.1007/s11883-017-0648-z
https://doi.org/10.1097/FJC.0b013e3182798abc
https://doi.org/10.1007/s12028-018-0501-4
https://doi.org/10.1139/h05-003
https://doi.org/10.1053/jscd.2001.20977
https://doi.org/10.1161/JAHA.119.014775
https://doi.org/10.1212/01.wnl.0000228277.84760.a2
https://doi.org/10.1007/s12028-018-0571-3
https://doi.org/10.1002/uog.183
https://doi.org/10.1161/HYPERTENSIONAHA.106.079442
https://doi.org/10.1007/s11906-019-0977-0
https://doi.org/10.3389/fneur.2019.00816
https://doi.org/10.1038/hr.2016.126
https://doi.org/10.1016/j.jacc.2019.10.056
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Impact of hypertensive disorders of pregnancy on short- and long-term outcomes of pregnancy-associated hemorrhagic stroke
	1. Introduction
	2. Method
	2.1. Patient selection
	2.1.1. Inclusion criteria
	2.1.2. Exclusion criteria

	2.2. Data collection
	2.3. Outcome measured
	2.4. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


