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Abstract

Background

The prevalence of risk factors for poor outcomes from aneurysmal subarachnoid hemor-

rhage (SAH) varies widely and has not been fully elucidated to date in Vietnam. Understand-

ing the risk and prognosis of aneurysmal SAH is important to reduce poor outcomes in

Vietnam. The aim of this study, therefore, was to investigate the rate of poor outcome at 90

days of ictus and associated factors from aneurysmal SAH in the country.

Methods

We performed a multicenter prospective cohort study of patients (�18 years) presenting

with aneurysmal SAH to three central hospitals in Hanoi, Vietnam, from August 2019 to

August 2020. We collected data on the characteristics, management, and outcomes of

patients with aneurysmal SAH and compared these data between good (defined as modified

Rankin Scale (mRS) of 0 to 3) and poor (mRS, 4–6) outcomes at 90 days of ictus. We

assessed factors associated with poor outcomes using logistic regression analysis.
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Results

Of 168 patients with aneurysmal SAH, 77/168 (45.8%) were men, and the median age was

57 years (IQR: 48–67). Up to 57/168 (33.9%) of these patients had poor outcomes at 90

days of ictus. Most patients underwent sudden-onset and severe headache (87.5%; 147/

168) and were transferred from local to participating central hospitals (80.4%, 135/168),

over half (57.1%, 92/161) of whom arrived in central hospitals after 24 hours of ictus, and

the initial median World Federation of Neurological Surgeons (WFNS) grading score was 2

(IQR: 1–4). Nearly half of the patients (47.0%; 79/168) were treated with endovascular coil-

ing, 37.5% (63/168) were treated with surgical clipping, the remaining patients (15.5%; 26/

168) did not receive aneurysm repair, and late rebleeding and delayed cerebral ischemia

(DCI) occurred in 6.1% (10/164) and 10.4% (17/163) of patients, respectively. An initial

WFNS grade of IV (odds ratio, OR: 15.285; 95% confidence interval, CI: 3.096–75.466) and

a grade of V (OR: 162.965; 95% CI: 9.975–2662.318) were independently associated with

poor outcomes. Additionally, both endovascular coiling (OR: 0.033; 95% CI: 0.005–0.235)

and surgical clipping (OR: 0.046; 95% CI: 0.006–0.370) were inversely and independently

associated with poor outcome. Late rebleeding (OR: 97.624; 95% CI: 5.653–1686.010) and

DCI (OR: 15.209; 95% CI: 2.321–99.673) were also independently associated with poor

outcome.

Conclusions

Improvements are needed in the management of aneurysmal SAH in Vietnam, such as

increasing the number of aneurysm repairs, performing earlier aneurysm treatment by surgi-

cal clipping or endovascular coiling, and improving both aneurysm repairs and neurocritical

care.

Introduction

Subarachnoid hemorrhage (SAH) is often a devastating event with high mortality, morbidity,

and burden of healthcare [1, 2]. The mortality rate is approximately 50% in population-based

studies with a trend towards gradual improvement [3–5]. This mortality rate includes 10–18%

of all patients with aneurysmal SAH who die at home or during transportation to the hospital

[6, 7]. Among patients who reach the hospital alive, subsequent early death is caused by the

common complications of aneurysmal SAH related to initial bleeding, rebleeding, delayed

cerebral ischemia (DCI), hydrocephalus, increased intracranial pressure (ICP), seizures, and

cardiac complications [8–10]. Additionally, patients with aneurysmal SAH who are discharged

alive from the hospital have an increased long-term mortality rate compared with the general

population [11–15]. Patients who are discharged alive from the hospital also have high rates of

memory and neurocognitive impairment [16, 17]. At three months after aneurysmal clipping,

global impairment was present in approximately 20% of all patients who were discharged alive

from the hospital and in 16% of those with excellent preoperative conditions [18]. The location

of the aneurysm responsible for aneurysmal SAH does not appear to influence the cognitive

outcome compared to the occurrence of DCI and other complications [15, 19, 20].

Advances in diagnostic and treatment strategies for aneurysmal SAH, through the intro-

duction of computed tomography (CT) angiography with early detection of aneurysms, the
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use of nimodipine, specialist care for patients, and endovascular coiling of ruptured aneu-

rysms, have substantially improved the outcomes of hospitalized patients [21–24]. Despite

these improvements, aneurysmal SAH continues to extract a high economic and social cost

[25]. It remains a disease of relatively young people and causes a loss of productive life-years

similar to that of ischemic stroke.

Economic and political reforms have spurred rapid economic growth in Vietnam [26].

However, medical providers still have difficulty caring for patients with aneurysmal SAH in

local settings because of low resources and a lack of advanced diagnostic and treatment strate-

gies [27, 28]. Furthermore, although national health insurance was established in 1992 to

improve access to health care and mitigate the negative impact of user fees introduced in 1989,

advances in diagnosis and treatment are incompletely covered by health insurance. At the

same time, the medical staff may not be sufficiently well trained or experienced to be able to

recognize aneurysmal SAH and other severe conditions in their patients and provide the

required care [27–29]. Additionally, within the healthcare system in Vietnam, central hospitals

are responsible for receiving patients who have difficulty being treated in local hospital settings

[30]. Therefore, the initiation of aneurysm treatment and appropriate supportive care in

patients with aneurysmal SAH is often delayed [27, 28].

Understanding the country-specific causes, risks, and prognosis of aneurysmal SAH is

important to reduce poor outcomes and mortality in Vietnam. The aim of this study, therefore,

was to investigate the rate of poor outcomes and associated factors from aneurysmal SAH in

the country.

Methods

Study design and setting

We performed a multicenter prospective observational cohort study that included all patients

with aneurysmal SAH consecutively admitted to the emergency departments (EDs) of the

three national tertiary hospitals (Vietnam-Germany Friendship, Bach Mai, and Hanoi Medical

University Hospital) in Hanoi, Vietnam, between August 2019 and August 2020. These hospi-

tals were designated central hospitals (level I) in northern Vietnam by the Ministry of Health

(MOH) of Vietnam [29, 30], of which the first is a surgical hospital with 1,500 beds, the second

is a larger general hospital with 3,200 beds, and the last is a smaller general hospital with 580

beds. In the healthcare system of Vietnam, central hospitals are responsible for training hospi-

tal staff and treating patients who are unable to be adequately treated in local hospital settings,

including provincial and district hospitals (levels II and III, according to the MOH of

Vietnam).

Participants and treatments

This study included all patients (aged 18 years or older) presenting with aneurysmal SAH to

the EDs of the three central hospitals within 4 days of ictus. We defined a case of aneurysmal

SAH as a person who had the presence of blood on head CT scan (or in case CT scan was nega-

tive on the presence of xanthochromia in cerebral spinal fluid) in combination with an aneu-

rysm confirmed on CT or digital subtraction angiography (DSA) [16]. We excluded patients

for whom the Glasgow coma scale (GCS) on admission was unable to score (e.g., the patients

intubated before arrival in the central hospital) or neurological functional outcome was

unknown at 90 days of ictus.

All patients were managed following the American Heart Association (AHA)/American

Stroke Association (ASA) guidelines for the management of aneurysmal SAH [16]. Aneurysm

repair with surgical clipping or endovascular coiling was performed as early as possible and
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immediately if rebleeding did occur. The decision to treat cerebral aneurysms was at the dis-

cretion of the physician in charge of the patients and the availability of neurosurgical clipping

or endovascular coiling, which depended on the participating hospital or the financial situa-

tion (either insurance or patient self-pay).

Data collection

The data for each study patient were recorded from the same unified samples (case record

form). A case record form was adopted across the study sites to collect common variables.

Data were entered into the study database by EpiData Entry software, which was used for sim-

ple or programmed data entry and data documentation that could prevent data entry errors or

mistakes. Patient identifiers were not entered in the database to protect patients’

confidentiality.

Variables

We included variables based on unruptured intracranial aneurysm (UIA) and SAH work

group (WG) recommendations [31], such as information on:

• Assessments and examinations, including histories (e.g., stroke, UIA, etc.); clinical presenta-

tion (e.g., GCS and focal neurological signs); SAH grading scales such as the WFNS grading

scale ranging from grade I (GCS score of 15) to V (GCS scores of 3 to 6) of which focal defi-

cits making up 1 additional grade for patients with a GCS score of 14 or 13 [32] and the

Hunt and Hess scale also consists of five grades ranging from minimally symptomatic to

coma [33].

• Laboratory, such as coagulation tests (e.g., platelets, prothrombin time and international

normalized ratio) and other tests.

• Neuroimaging, such as admission CT scan (e.g., presence of SAH, IVH or ICH, and Fisher

scale) and follow-up CT scan during hospitalization (e.g., presence of SAH, IVH or ICH) or

at 30 and 90 days of ictus (e.g., presence of chronic hydrocephalus).

• Management, including surgical and endovascular interventions (i.e., surgical clipping or

endovascular coiling); rescue therapies (e.g., surgical hematoma evacuation, decompressive

craniectomy, EVD placement, VP shunt); and intensive care unit (ICU) therapies (e.g.,

mechanical ventilation).

• Neurological complications, including early and late rebleeding, which included bleeding

into the subarachnoid space, intracerebral, intraventricular, or subdural compartments and

catheter-induced hemorrhages; DCI; acute hydrocephalus, which was defined as marked

symmetrical dilatation of the ventricles with an Evans ratio of at least 0.3 on admission [34].

• Hospital course and outcomes, including length of hospitalization, discharge status (e.g.,

hospital discharge, transfer to another hospital, “discharged to die” decision in which almost

all patients were in grave condition or dying and classified with a modified Rankin Scale

(mRS) score of 5 (severe disability) at the time of discharge [35], and death in hospital); func-

tional outcomes at 30 and 90 days of ictus, such as mRS scores ranging from 0 (no disability)

to 6 (death) [36]; and death at 30 and 90 days of ictus.

We also collected data on behavioral history (e.g., cigarette smoking, alcohol drinking),

demographics (i.e., sex, age), and social status (e.g., health insurance, occupations, highest edu-

cation levels, annual income).
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Outcomes

The primary outcome of the study was poor neurological function (poor outcome) at 90 days

of ictus, which was defined as mRS scores of 4 (moderately severe disability) to 6 (death) [35,

37]. We also examined the following secondary outcomes: poor outcome at 30 days of ictus,

mortality rate at 30 and 90 days of ictus, and incidence of complications.

Data analyses

We used IBM1 SPSS1 Statistics 22.0 (IBM Corp., Armonk, United States of America) for data

analysis. We report data as numbers and percentages for categorical variables and medians

and interquartile ranges (IQRs) or means and standard deviations (SDs) for continuous vari-

ables. Comparisons were made among methods of aneurysm repair, between poor and good

outcomes, and between alive and dead patients for each variable using the χ2 test or Fisher

exact test for categorical variables and the Mann–Whitney U test, Kruskal–Wallis test, one-

way analysis of variance for continuous variables. We assessed factors associated with poor

outcome or death using logistic regression analysis and included independent variables related

to the patient (age, sex, risk factors for aneurysmal SAH, comorbidities), the SAH event (onset

symptoms, presentation on admission, and SAH severity), therapy provided (e.g., no aneu-

rysm repair, endovascular coiling, and surgical clipping) and complications (e.g., DCI) if the

P-value was < 0.05 in the bivariate analysis between poor and good outcomes and between

alive and dead patients. We used a stepwise method to select variables and then used the back-

ward method with these variables. We present odds ratios (ORs) and 95% confidence intervals

(CIs). For all analyses, significance levels were two-tailed, and we considered P< 0.05 to be

statistically significant.

Ethical issues

The Hanoi Medical University (Approval number: 3335/QÐ-ÐHYHN), Vietnam-Germany

Friendship Hospital (Approval number: 818/QÐ-VÐ; Research code: KH04.2020), and Bach

Mai Hospital (Approval number: 3288/QÐ-BM; Research code: BM_2020_1247) Scientific

and Ethics Committees approved this study. The study was conducted according to the princi-

ples of the Declaration of Helsinki. The Vietnam-Germany Friendship Hospital Scientific and

Ethics Committees waived written informed consent for this noninterventional study, and

public notification of the study was made by public posting. The authors who performed the

data analysis kept the data sets in password-protected systems, and we present anonymized

data.

Results

General characteristics, treatment, and outcomes

During the observation period, a total of 168 patients presented to the study sites with aneurys-

mal SAH (Fig 1). Among these patients, 33.9% (57/168) of patients had a poor outcome, and

23.2% (39/168) died at 90 days of ictus. In addition, intracerebral (ICH) and intraventricular

hemorrhages (IVH) were also detected on the admission CT scan in 24.4% (41/168) and 63.7%

(107/168) of patients, respectively. Of the 168 patients with aneurysm SAH, 10/164 (6.1%) had

late rebleeding of aneurysmal SAH, and DCI occurred in 17/163 (10.4%) patients. The charac-

teristics, complications, clinical time course, and outcomes of patients were compared between

methods of aneurysm treatment, as shown in Table 1.

The median age of patients who had a good outcome (56 years; IQR: 46–65) was younger

than that of patients who had a poor outcome (63 years; IQR: 53.5–71.5; p<0.001). There was
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a significant difference (p<0.001) between patients who had a good outcome and patients who

had a poor outcome according to the severity of aneurysmal SAH (e.g., WFNS grading scale,

Fisher scale, etc.). In addition, ICH (19.8% [22/111] vs. 33.3% [19/57], p = 0.054) and IVH

(55.0% [61/111] vs. 80.7% [46/57], p = 0.001) were less commonly detected on the admission

Fig 1. Flowchart of aneurysm treatment and outcome of patients with aneurysmal subarachnoid hemorrhage included in the study (mRS, modified

Rankin Scale; SAH, subarachnoid hemorrhage).

https://doi.org/10.1371/journal.pone.0256150.g001
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Table 1. Demographic and baseline characteristics, management and outcomes of patients with aneurysmal subarachnoid hemorrhage according to methods of

aneurysm treatment.

Variable All cases No aneurysm repair Endovascular coiling Surgical clipping Pa

(n = 168) (n = 79) (n = 63)(n = 26)

Transferred from local hospitals, no. (%) 135 (80.4) 17 (65.4) 62 (78.5) 56 (88.9) 0.034

Demographics

Age (year), median (IQR) 57 (48–67) 59.5 (50–70.5) 58 (49–67) 54 (46–67) 0.437

Gender (male), no. (%) 77 (45.8) 12 (46.2) 31 (39.2) 34 (54.0) 0.216

Risk factors for aneurysmal subarachnoid hemorrhage

Cigarette smoking, no. (%) 63 (37.5) 9 (34.6) 25 (31.6) 29 (46.0) 0.201

Hypertension, no. (%) 104 (61.9) 14 (53.8) 46 (58.2) 44 (69.8) 0.240

Genetic risk, no. (%) 6 (3.6) 1 (3.8) 3 (3.8) 2 (3.2) >0.999

Alcohol consumption, no. (%) 81 (48.2) 13 (50.0) 33 (41.8) 35 (55.6) 0.258

Sympathomimetic drugs, no. (%), n = 167 2 (1.2) 0 (0.0) 2 (2.5) 0 (0.0) 0.647

Estrogen deficiency, no. (%), n = 89 32 (36.0) 3 (21.4) 15 (32.6) 14 (48.3) 0.181

Antithrombotic therapy, no. (%) 3 (1.8) 0 (0.0) 2 (2.5) 1 (1.6) >0.999

Elevated total cholesterol, no. (%) 8 (4.8) 0 (0.0) 5 (6.3) 3 (4.8) 0.556

Comorbidities

Cerebrovascular disease, no. (%) 3 (1.8) 1 (3.8) 1 (1.3) 1 (1.6) 0.551

Chronic cardiac failure, n (%) 3 (1.8) 0 (0.0) 2 (2.5) 1 (1.6) >0.999

Coronary artery disease/MI, no. (%) 3 (1.8) 0 (0.0) 2 (2.5) 1 (1.6) >0.999

Active neoplasm, no. (%) 3 (1.8) 0 (0.0) 1 (1.3) 2 (3.2) 0.750

Chronic renal failure, no. (%) 2 (1.2) 1 (3.8) 1 (1.3) 0 (0.0) 0.426

Diabetes mellitus, n (%) 15 (8.9) 1 (3.8) 7 (8.9) 7 (11.1) 0.550

Hematological disease, no. (%) 2 (1.2) 0 (0.0) 2 (2.5) 0 (0.0) 0.645

Onset symptoms

Sudden-onset, severe headache, no. (%) 147 (87.5) 19 (73.1) 67 (84.8) 61 (96.8) 0.005

Vomiting, no. (%) 102 (60.7) 12 (46.2) 56 (70.9) 34 (54.0) 0.031

Neck pain or stiffness, no. (%) 66 (39.3) 8 (30.8) 27 (34.2) 31 (49.2) 0.119

Photophobia, no. (%) 6 (3.6) 1 (3.8) 3 (3.8) 2 (3.2) >0.999

Blurred or double vision, no. (%) 4 (2.4) 1 (3.8) 1 (1.3) 2 (3.2) 0.499

Brief loss of consciousness, no. (%) 70 (41.7) 21 (80.8) 26 (32.9) 23 (36.5) <0.001

Seizures, no. (%) 9 (5.4) 2 (7.7) 2 (2.5) 5 (7.9) 0.260

Clinical presentation on admission

GCS score, median (IQR) 14 (9–15) 6.5 (5.75–8.25) 15 (11–15) 15 (12–15) <0.001

Focal neurological deficits, no. (%) 99 (58.9) 19 (73.1) 41 (51.9) 39 (61.9) 0.136

Head imaging findings on admission

Blood filling the subarachnoid space, no. (%)

Basal cistern, n = 165 79 (47.9) 15 (57.7) 44 (57.1) 20 (32.3) 0.008

Sylvian fissure, n = 167 157 (94.0) 25 (96.2) 77 (98.7) 55 (87.3) 0.017

Interhemispheric fissure, n = 166 84 (50.6) 16 (61.5) 46 (59.7) 22 (34.9) 0.007

Interpeduncular fossa, n = 166 83 (50.0) 18 (69.2) 34 (44.2) 31 (49.2) 0.086

Suprasellar cistern, n = 166 90 (54.2) 17 (65.4) 40 (51.9) 33 (52.4) 0.460

Ambient cistern, n = 166 81 (48.8) 18 (69.2) 34 (44.2) 29 (46.0) 0.074

Quadrigeminal cistern, n = 166 27 (16.3) 11 (42.3) 13 (16.9) 3 (4.8) <0.001

IVH, no. (%) 107 (63.7) 22 (74.6) 48 (60.8) 37 (58.7) 0.053

ICH, no. (%) 41 (24.4) 11 (42.3) 9 (11.4) 21 (33.3) 0.001

ICH volume (mL), mean (SD), n = 41 29.29 (28.21) 52.30 (30.79) 5.71 (4.73) 27.34 (23.74) <0.001

Subdural hemorrhage, no. (%) 10 (6.0) 1 (3.8) 3 (3.8) 6 (9.5) 0.341

(Continued)

PLOS ONE Outcomes after aneurysmal subarachnoid hemorrhage in Vietnam

PLOS ONE | https://doi.org/10.1371/journal.pone.0256150 August 13, 2021 7 / 18

https://doi.org/10.1371/journal.pone.0256150


CT scan of patients who had good outcomes than those of patients who had poor outcomes.

Although no difference was observed in surgical clipping between patients who had good out-

comes (39.6%; 44/111) and patients who had poor outcomes (33.3%; 19/57; p = 0.424), there

Table 1. (Continued)

Variable All cases No aneurysm repair Endovascular coiling Surgical clipping Pa

(n = 168) (n = 79) (n = 63)(n = 26)

Evans’ index, mean (SD), n = 145 0.30 (0.06) 0.30 (0.07) 0.29 (0.06) 0.32 (0.07) 0.461

Severity of aneurysmal subarachnoid hemorrhage on admission

WFNS score, median (IQR) 2 (1–4) 4 (3–4) 1 (1–4) 1 (1–4) <0.001

HH score, median (IQR) 2.5 (2–4) 5 (4.7–5) 2 (2–3) 2 (1–4) <0.001

Fisher score, median (IQR) 4 (3–4) 4 (4–4) 4 (3–4) 4 (3–4) 0.088

Laboratory investigations on admission

Platelets (G/L), mean (SD) 247.21 (76.12) 244.60 (73.26) 244.16 (83.08) 251.89 (69.20) 0.905

PT-INR, mean (SD) 1.00 (0.09) 1.05 (0.13) 0.99 (0.09) 1.00 (0.07) 0.096

Complications

Late rebleeding, no. (%), n = 164 10 (6.1) 0 3 (3.8) 7 (11.9) 0.060

DCI, no. (%), n = 163 17 (10.4) 2 (7.7) 4 (5.3) 11 (18.0) 0.046

Acute hydrocephalus, no. (%) 76 (45.2) 14 (53.8) 34 (43.0) 28 (44.4) 0.622

Hyponatremia, no. (%) 34 (20.2) 3 (11.5) 20 (25.3) 11 (17.5) 0.249

Seizures, no. (%) 44 (26.2) 5 (19.2) 14 (17.7) 25 (39.7) >0.009

Chronic hydrocephalus, no. (%), n = 83 5 (6.0) 0 (0.0) 3 (7.1) 2 (5.6) >0.999

Ventriculitis, no. (%), n = 126 8 (6.3) 0 (0.0) 5 (7.7) 3 (7.5) 0.553

Pneumonia, no. (%) 29 (17.3) 1 (3.8) 16 (20.3) 12 (19.0) 0.141

Urinary tract infection, n (%) 3 (1.8) 0 (0.0) 3 (3.8) 0 (0.0) 0.281

Clinical time course

Ictus to hospital arrival (hours), no. (%), n = 161 0.603

� 24 hours 69 (42.9) 13 (54.2) 30 (39.5) 26 (42.6)

>24–72 hours 91 (56.5) 11 (45.8) 45 (59.2) 35 (57.4)

>72 hours 1 (0.6) 0 (0.0) 1 (1.3) 0 (0.0)

Length of hospitalization (days), mean (SD) 10.85 (9.40) 6.31 (10.56) 10.38 (9.98) 13.32 (7.27) <0.001

Clinical outcomes

Hospital discharge, no. (%) 52 (31.0) 1 (3.8) 36 (45.6) 15 (23.8) <0.001

Transferred to another hospital, no. (%) 91 (54.2) 15 (57.7) 34 (43.0) 42 (66.7) 0.018

Discharged to die, no. (%) 19 (11.3) 7 (26.9) 7 (8.9) 5 (7.9) 0.023

Deaths:
Died at 30 days of ictus, no. (%) 35 (20.8) 20 (76.9) 8 (10.1) 7 (11.1) <0.001

Died at 90 days days of ictus, no. (%) 39 (23.2) 22 (84.6) 8 (10.1) 9 (14.3) <0.001

Neurological function:

mRS at 30 days of ictus, no. (%) <0.001

Good (mRS of 0 to 3) 110 (65.5) 3 (11.5) 63 (79.7) 44 (69.8)

Poor (mRS of 4 to 6) 58 (34.5) 23 (88.5) 16 (20.3) 19 (30.2)

mRS at 90 days of ictus, no. (%) <0.001

Good (mRS of 0 to 3) 111 (66.1) 4 (15.4) 63 (79.7) 44 (69.8)

Poor (mRS of 4 to 6) 57 (33.9) 22 (84.6) 16 (20.3) 19 (30.2)

a Comparison between no aneurysm repair, endovascular coiling and surgical clipping.

Abbreviations: COPD, chronic obstructive pulmonary disease; DCI, delayed cerebral ischemia; GCS, Glasgow coma scale; HH, Hunt and Hess; ICH, intracerebral

hemorrhage; IQR, interquartile range; IVH, intraventricular hemorrhage; MI, myocardial ischemia; mRS, modified Rankin scale; SD, standard deviation; WFNS,

World Federation of Neurological Surgeons.

https://doi.org/10.1371/journal.pone.0256150.t001
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was a higher rate of endovascular coiling in patients who had good outcomes (56.8%; 63/111)

than in patients who had poor outcomes (28.1%; 16/57; p<0.001). Both late rebleeding of

aneurysmal SAH (0.9% [1/110] vs. 16.7% [9/54], p<0.001) and DCI (4.6% [5/108] vs. 21.8%

[12/55], p = 0.001) were less common in patients who had good outcomes than in patients

who had poor outcomes. The characteristics, treatment, and outcomes of patients were com-

pared between patients who had a good outcome and patients who had a poor outcome, as

shown in Table 2.

Factors associated with poor outcome and mortality

Several factors were independently associated with poor outcome on patients with aneurysm

SAH at both 30 and 90 days of ictus, including blood filling the basal cistern (OR: 3.736, 95%

CI: 1.082–12.899 and OR: 4.062, 95% CI: 1.102–14.981, respectively); admission WFNS grade

of IV (OR: 14.367, 95% CI: 3.155–65.429 and OR: 15.285, 95% CI: 3.096–75.466, respectively)

and grade of V (OR: 54.391, 95% CI: 4.831–612.362 and OR: 162.965, 95% CI: 9.975–2662.318,

respectively); endovascular coiling (OR: 0.032, 95% CI: 0.005–0.194 and OR: 0.033, 95% CI:

0.005–0.235, respectively); surgical clipping (OR: 0.044, 95% CI: 0.007–0.291 and OR: 0.046,

95% CI: 0.006–0.370, respectively); late rebleeding (OR: 71.142, 95% CI: 4.915–1029.672 and

OR: 97.624, 95% CI: 5.653–1686.010, respectively); and DCI (OR: 11.581, 95% CI: 1.897–

70.698 and OR: 15.209, 95% CI: 2.321–99.673, respectively). Further analysis also showed that

late rebleeding (OR: 10.153, 95% CI: 1.557–66.219 and OR: 22.588, 95% CI: 3.619–141.000)

was independently associated with mortality at both 30 and 90 days of ictus. Factors associated

with poor outcome and mortality are shown in Table 3.

Discussion

In this study, most of the patients with aneurysmal SAH (80.4%) were transferred from local

hospitals to participating hospitals (Table 1). Participating hospitals are the central hospital in

northern Vietnam and are responsible for treating patients with severe conditions from lower-

level hospitals as well as educating and training medical providers at local hospitals [30]. This

is one of the main reasons for the present study, namely, to examine the outcome of patients

transferred from local hospitals.

Our study shows that poor outcomes at 30 and 90 days of ictus were observed in over a

third (34.5% and 33.9%, respectively) of patients with aneurysmal SAH; death at 30 and 90

days of ictus was observed in over a fifth (20.8% and 23.2%, respectively) of patients (Table 1).

The mortality rates of our patients at 30 and 90 days of ictus were lower than the rates reported

in previous studies (22–25% and 25–29%, respectively) [5, 38]. These differences might be

because our cohort is likely to be selected, as many patients with aneurysmal SAH in Vietnam

are not transferred to the central hospital and might die in the local hospital, as well as die out-

side of the hospital [39], and might also be attributed to our study only including patients pre-

senting to the participating hospitals within 4 days of ictus and excluding patients for whom

admission GCS was unable to score (e.g., in the intubated patients). Therefore, our cohort may

not reflect all aneurysmal SAHs in the region.

In our study, the proportions of ICH and IVH detected on admission CT scan were higher

than the rates reported in a previous study (20.9%, 1120/5362; 49.7%, 2628/5362, respectively)

[40]. While most rebleeding occurs in the subarachnoid space, bleeding can also occur in the

intraparienchymal, intraventricular, or subdural compartments. After aneurysmal SAH, the

risk of early rebleeding is 4 to 14% in the first 24 hours [1, 16]. Our study shows that over half

of patients arrived in participating hospitals after 24 hours of ictus, and nearly half of patients

who did not receive aneurysm repair took over 24 hours from ictus to participating hospital
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Table 2. Demographic and baseline characteristics, management and outcomes of patients with aneurysmal subarachnoid hemorrhage according to neurologic

function at 90 days after the onset of hemorrhage.

Variable All cases mRS of 0 to 3 mRS of 4 to 6 Pa

(n = 168) (n = 111) (n = 57)

Transferred from local hospitals, no. (%) 135 (80.4) 91 (82.0) 44 (77.2) 0.459

Demographics

Age (year), median (IQR) 57 (48–67) 56 (46–65) 63 (53.5–71.5) <0.001

Gender (male), no. (%) 77 (45.8) 51 (45.9) 26 (45.6) 0.967

Risk factors for aneurysmal subarachnoid hemorrhage

Cigarette smoking, no. (%) 63 (37.5) 41 (36.9) 22 (38.6) 0.833

Hypertension, no. (%) 64 (38.1) 31 (27.9) 33 (57.9) <0.001

Genetic risk, no. (%) 6 (3.6) 5 (4.5) 1 (1.8) 0.665

Alcohol consumption, no. (%) 81 (48.2) 53 (47.7) 28 (49.1) 0.866

Sympathomimetic drugs, no. (%), n = 167 2 (1.2) 2 (1.8) 0 (0.0) 0.548

Estrogen deficiency, no. (%), n = 89 32 (36.0) 19 (32.8) 13 (41.9) 0.488

Antithrombotic therapy, no. (%) 3 (1.8) 1 (0.9) 2 (3.5) 0.266

Elevated total cholesterol, no. (%) 8 (4.8) 5 (4.5) 3 (5.3) >0.999

Comorbidities

Cerebrovascular disease, no. (%) 3 (1.8) 2 (1.8) 1 (1.8) >0.999

Chronic cardiac failure, no. (%) 3 (1.8) 1 (0.9) 2 (3.5) 0.266

Coronary artery disease/MI, no. (%) 3 (1.8) 1 (0.9) 2 (3.5) 0.266

Active neoplasm, no. (%) 3 (1.8) 2 (1.8) 1 (1.8) >0.999

Chronic renal failure, no. (%) 2 (1.2) 1 (0.9) 1 (1.8) >0.999

Diabetes mellitus, no. (%) 15 (8.9) 8 (7.2) 7 (12.3) 0.275

Hematological disease, no. (%) 2 (1.2) 1 (0.9) 1 (1.8) >0.999

Onset symptoms

Sudden-onset, severe headache, no. (%) 147 (87.5) 102 (91.9) 45 (78.9) 0.016

Vomiting, no. (%) 102 (60.7) 71 (61.0) 31 (54.4) 0.229

Neck pain or stiffness, no. (%) 66 (39.3) 43 (38.7) 23 (40.4) 0.839

Photophobia, no. (%) 6 (3.6) 5 (4.5) 1 (1.8) 0.665

Blurred or double vision, no. (%) 4 (2.4) 3 (2.7) 1 (1.8) >0.999

Brief loss of consciousness, no. (%) 70 (41.7) 32 (28.8) 38 (66.7) <0.001

Seizures, no. (%) 9 (5.4) 6 (5.4) 3 (5.3) >0.999

Clinical presentation on admission

GCS score, median (IQR) 14 (9–15) 15 (13–15) 8 (6.5–12) <0.001

Focal neurological deficits, no. (%) 99 (58.9) 61 (55.0) 38 (66.7) 0.144

Head imaging findings on admission

Blood filling the subarachnoid space, no. (%)

Basal cistern, n = 165 79 (47.9) 43 (39.1) 36 (65.5) 0.001

Sylvian fissure, n = 167 157 (94.0) 103 (93.6) 54 (94.7) >0.999

Interhemispheric fissure, n = 166 84 (50.6) 51 (46.4) 33 (58.9) 0.126

Interpeduncular fossa, n = 166 83 (50.0) 44 (40.0) 39 (69.6) <0.001

Suprasellar cistern, n = 166 90 (54.2) 56 (50.9) 34 (60.7) 0.231

Ambient cistern, n = 166 81 (48.8) 43 (39.1) 38 (67.9) <0.001

Quadrigeminal cistern, n = 166 27 (16.3) 10 (9.1) 17 (30.4) <0.001

IVH, no. (%) 107 (63.7) 61 (55.0) 46 (80.7) 0.001

ICH, no. (%) 41 (24.4) 22 (19.8) 19 (33.3) 0.054

ICH volume (mL), mean (SD), n = 41 29.29 (28.21) 21.62 (21.95) 38.17 (32.43) 0.117

Subdural hemorrhage, no. (%) 10 (6.0) 5 (4.5) 5 (8.8) 0.310

(Continued)
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Table 2. (Continued)

Variable All cases mRS of 0 to 3 mRS of 4 to 6 Pa

(n = 168) (n = 111) (n = 57)

Evans’ index, mean (SD), n = 145 0.30 (0.06) 0.29 (0.05) 0.32 (0.08) 0.018

Severity of aneurysmal subarachnoid hemorrhage on admission

WFNS score, median (IQR) 2 (1–4) 1 (1–3) 4 (4–5) <0.001

HH score, median (IQR) 2.5 (2–4) 2 (1–3) 5 (3–5) <0.001

Fisher score, median (IQR) 4 (3–4) 4 (3–4) 4 (4–4) <0.001

Laboratory investigations on admission

Platelets (G/L), mean (SD) 247.21 (76.12) 247.68 (72.41) 246.32 (83.42) 0.939

PT-INR), mean (SD) 1.00 (0.09) 1.00 (0.09) 1.02 (0.10) 0.889

Aneurysm repairs and other treatments

No aneurysm repair, no. (%) 26 (15.5) 4 (3.6) 22 (38.6) <0.001

Endovascular coiling, no. (%) 79 (47.0) 63 (56.8) 16 (28.1) <0.001

Surgical clipping, n (%) 63 (37.5) 44 (39.6) 19 (33.3) 0.424

Surgical hematoma evacuation or decompressive craniotomy, no. (%) 7 (4.2) 1 (0.9) 6 (10.5) 0.007

EVD, no. (%), n = 167 26 (15.6) 9 (8.2) 17 (29.8) <0.001

IVF, no. (%), n = 168 3 (1.8) 1 (0.9) 2 (3.5) 0.266

Complications

Late rebleeding, no. (%), n = 164 10 (6.1) 1 (0.9) 9 (16.7) <0.001

DCI, no. (%), n = 163 17 (10.4) 5 (4.6) 12 (21.8) 0.001

Acute hydrocephalus, no. (%) 76 (45.2) 39 (35.1) 37 (64.9) <0.001

Hyponatremia, no. (%) 34 (20.2) 19 (17.1) 15 (26.3) 0.160

Seizures, no. (%) 44 (26.2) 33 (29.7) 11 (19.3) 0.145

Chronic hydrocephalus, no. (%), n = 83 5 (6.0) 3 (4.3) 2 (15.4) 0.173

Ventriculitis, no. (%), n = 126 8 (6.3) 4 (5.0) 4 (8.7) 0.462

Pneumonia, no. (%) 29 (17.3) 10 (9.0) 19 (33.3) <0.001

Urinary tract infection, no. (%) 3 (1.8) 3 (2.7) 0 (0.0) 0.552

Clinical time course

Ictus to hospital arrival (hours), no. (%), n = 161 0.034

� 24 hours 69 (42.9) 38 (36.2) 31 (55.4)

>24–72 hours 91 (56.5) 66 (62.9) 25 (44.6)

>72 hours 1 (0.6) 1 (1.0) 0 (0.0)

Length of hospitalization (days), mean (SD) 10.85 (9.40) 11.68 (9.42) 9.23 (9.24) 0.017

Clinical outcomes

Hospital discharge, no. (%) 52 (31.0) 49 (44.1) 3 (5.3) <0.001

Transferred to another hospital, no. (%) 91 (54.2) 61 (55.0) 30 (52.6) 0.775

Discharged to die, no. (%) 19 (11.3) 1 (0.96) 18 (31.6) <0.001

Deaths:
Died in hospital, no. (%) 6 (3.6) 0 (0.0) 6 (10.5) 0.001

Died within 30 days of ictus, no. (%) 35 (20.8) 0 (0.0) 35 (61.4)

Neurological function:

mRS score at 30 days of ictus, median (IQR) 1 (0–5) 1 (0–1) 6 (5–6) <0.001

mRS at 30 days of ictus, no. (%) <0.001

Good (mRS of 0 to 3) 110 (65.5) 110 (99.1) 0 (0.0)

(Continued)
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arrival (Table 1). Therefore, these differences in terms of ICH and IVH rates might be attrib-

uted to early rebleeding in our study. Additionally, a unique characteristic of patients with

aneurysmal SAH or other clinical conditions in Vietnam is that many of these patients are

diagnosed with SAH in local hospitals and are then transferred to a central hospital if their

conditions become severe [30]. This leads to delayed diagnosis and delayed initiation of aneu-

rysm repair for aneurysmal SAH, which can, in turn, lead to high complications, poor out-

comes, and mortality rates [27, 28, 41]. Thus, to reduce poor outcomes and mortality,

improvements are needed in human, medical, and sociological resources at local levels.

In our study, the proportion of patients with aneurysmal SAH who had a WFNS grade of

III or more was 44% (74/168), which was higher than the rate reported in a previous study

(35.6%; 1910/5362) [40], of which most patients (92.3%; 24/26) who did not receive aneurysm

repair had a WFNS grade of III or more (S1 Table in S1 File). In previous studies, several fac-

tors were identified as predictors of rebleeding, including longer time to aneurysm treatment

and worse neurologic status on admission [16, 42–46]. Additionally, aneurysm treatment is

the only effective treatment for the prevention of rebleeding [16]. Therefore, our patients with

aneurysmal SAH should have emergency aneurysm repair. In addition to the high risk of early

rebleeding after aneurysmal SAH, patients with aneurysmal SAH remain at an elevated risk of

rebleeding for 30 days after the initial rupture if the aneurysm is not treated [1, 16]. In our

study, a substantial number of patients who did not receive aneurysm repair had a poor WFNS

grade on admission and consequently received “discharged to die” decisions (Table 1). In a lit-

erature review, the mortality associated with rebleeding was reported to be as high as 70% [47].

However, our study shows that both surgical clipping and endovascular coiling were inversely

and independently associated with poor outcomes at both 30 and 90 days of ictus (Table 3).

Thus, to reduce the poor outcome and mortality, increasing the number of aneurysm repairs

and performing earlier aneurysm treatment with surgical clipping or endovascular coiling are

needed.

Our study also shows that the rates of acute hydrocephalus, late rebleeding, DCI, and noso-

comial pneumonia were significantly more often observed in patients who had poor outcomes

than in patients who had good outcomes (Table 2). However, only late rebleeding and DCI

were independently associated with poor outcomes at both 30 and 90 days of ictus (Table 3).

Previous studies have also shown that DCI is a frequent complication of SAH; it contributes

substantially to morbidity and mortality after SAH [19, 48]. However, the risk of late rebleed-

ing is low but is more common after endovascular coiling (2.9%) than after surgical clipping

(0.9%) [24]. Therefore, improvements are needed in both aneurysm treatments and neurocri-

tical care.

Our study has some limitations. Our data are from a selected population of cases that were

transferred to the three highest-level public sector hospitals in Vietnam. Therefore, the number

of patients with aneurysmal SAH is likely to be considerably higher. Additionally, data were

Table 2. (Continued)

Variable All cases mRS of 0 to 3 mRS of 4 to 6 Pa

(n = 168) (n = 111) (n = 57)

Poor (mRS of 4 to 6) 58 (34.5) 1 (0.9) 57 (100.0)

a Comparison between mRS of 0 to 3 and mRS of 4 to 6.

Abbreviations: COPD, chronic obstructive pulmonary disease; DCI, delayed cerebral ischemia; EVD, external ventricular drain; GCS, Glasgow coma scale; HH, Hunt

and Hess; ICH, intracerebral hemorrhage; IQR, interquartile range; IVF: Intraventricular fibrinolysis; IVH, intraventricular hemorrhage; MI, myocardial ischemia;

mRS, modified Rankin scale; SD, standard deviation; WFNS, World Federation of Neurological Surgeons.

https://doi.org/10.1371/journal.pone.0256150.t002
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Table 3. Factors associated with poor outcome and mortality of patients with aneurysmal subarachnoid hemorrhage: Multivariate logistic regression analyses.

Factor Unit OR 95.0% CI for OR p-value

Lower Upper

Factors associated with poor outcome at 90 days of ictus

Age (years)

20–39 % - - - 0.052

40–59 % 16.272 0.858 308.485 0.063

� 60 % 39.045 1.938 786.699 0.017

Hypertension % 3.842 0.874 16.881 0.075

Blood filling the subarachn-oid space

Basal cistern % 4.062 1.102 14.981 0.035

WFNS scale

Grade I % - - - 0.002

Grade II % 3.744 0.338 41.441 0.282

Grade III % 1.480 0.036 60.288 0.836

Grade IV % 15.285 3.096 75.466 0.001

Grade V % 162.965 9.975 2662.318 <0.001

Aneurysm repairs

No aneurysm repair % - - - 0.003

Endovascular coiling % 0.033 0.005 0.235 0.001

Surgical clipping % 0.046 0.006 0.370 0.004

EVD % 5.016 1.000 25.158 0.050

Late rebleeding % 97.624 5.653 1686.010 0.002

DCI % 15.209 2.321 99.673 0.005

Constant % 0.005 0.002

Factors associated with mortality at 90 days of ictus

Hypertension % 4.707 1.224 18.107 0.024

Blood filling the subarachn-oid space

Quadrigeminal cistern % 4.279 0.760 24.086 0.099

WFNS scale

Grade I % - - - 0.068

Grade II % 4.632 0.317 67.657 0.263

Grade III % 10.140 0.570 180.475 0.115

Grade IV % 14.038 2.294 85.911 0.004

Grade V % 14.021 1.299 151.332 0.030

Aneurysm repairs

No aneurysm repair % - - - <0.001

Endovascular coiling % 0.022 0.004 0.128 <0.001

Surgical clipping % 0.024 0.004 0.155 <0.001

Late rebleeding % 22.588 3.619 141.000 0.001

Constant 0.197 0.143

Factors associated with poor outcome at 30 days of ictus

Hypertension % 5.822 1.588 21.342 0.008

Blood filling the subarachn-oid space

Basal cistern % 3.736 1.082 12.899 0.037

WFNS scale

Grade I % - - - 0.003

Grade II % 1.842 0.209 16.256 0.583

Grade III % 1.740 0.073 41.440 0.732

(Continued)
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missing for some variables, e.g., in only 83 patients were the data recorded if chronic hydro-

cephalus was given or not. Moreover, this study only included patients presenting to the par-

ticipating hospitals within 4 days of ictus and excluded patients for whom admission GCS was

unable to score (e.g., the patients intubated before arrival in the central hospital). These factors

resulted in incomplete enrollment of patients in the database of the study, which may have

introduced selection bias [49]. These limitations might account for some differences in figures

reported from other countries.

Conclusions

This study investigated selected cohort of patients with aneurysmal SAH presenting to central

hospitals. Patients with aneurysmal SAH were transferred from local to central hospitals in

northern Vietnam with high poor outcomes and mortality rates. At 30 and 90 days of ictus,

admission WFNS grades of IV and V and late rebleeding were independently associated with

poor outcomes and deaths, and endovascular coiling and surgical clipping were inversely and

independently associated with poor outcomes and deaths. DCI was also independently

Table 3. (Continued)

Factor Unit OR 95.0% CI for OR p-value

Lower Upper

Grade IV % 14.367 3.155 65.429 0.001

Grade V % 54.391 4.831 612.362 0.001

Aneurysm repairs

No aneurysm repair % - - - 0.001

Endovascular coiling % 0.032 0.005 0.194 <0.001

Surgical clipping % 0.044 0.007 0.291 0.001

EVD % 4.202 1.006 17.556 0.049

Late rebleeding % 71.142 4.915 1029.672 0.002

DCI % 11.581 1.897 70.698 0.008

Constant % 0.143 0.070

Factors associated with mortality at 30 days of ictus

Blood filling the subarachnoid space

Quadrigeminal cistern % 5.958 1.155 30.730 0.033

WFNS scale

Grade I % - - - 0.098

Grade II % 20.290 1.218 338.093 0.036

Grade III % 30.342 1.055 872.794 0.046

Grade IV % 26.787 2.599 276.094 0.006

Grade V % 24.131 1.705 341.556 0.019

Aneurysm repairs

No aneurysm repair % - - - <0.001

Endovascular coiling % 0.045 0.009 0.228 <0.001

Surgical clipping % 0.038 0.007 0.227 <0.001

Late rebleeding % 10.153 1.557 66.219 0.015

DCI % 6.602 1.127 38.673 0.036

Constant % 0.082 0.055

Abbreviations: CI, confidence interval; DCI, delayed cerebral ischemia; EVD, external ventricular drain; OR, odds ratio; WFNS, World Federation of Neurological

Surgeons.

https://doi.org/10.1371/journal.pone.0256150.t003
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associated with poor outcomes at both 30 and 90 days of ictus. To reduce the poor outcome

and mortality in patients with aneurysmal SAH, the management of aneurysmal SAH in Viet-

nam needs to be enhanced through, for example, increasing the number of aneurysm repairs,

performing earlier aneurysm treatment by surgical clipping or endovascular coiling, and

improving both aneurysm repairs and neurocritical care.
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