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Abstract 
 
Ischemic stroke is one of the leading causes of global disease burden. Vietnam, among other 
low- and middle-income countries, bears nearly 90% of the ischemic stroke burden. This study 
was a cost-of-illness study conducted from the healthcare system perspective to estimate the 
direct medical costs and associated factors for acute ischemic stroke patients at Bach Mai 
Hospital, a major hospital in Hanoi, Vietnam. A total of 500 eligible patients with acute 
ischemic stroke at the Neurology Department of Bach Mai Hospital from July 2021 to 
December 2021 were included. Patient characteristics and treatment information were 
collected via medical records and patient interviews. The majority of the patients were men 
(65.8%), with a mean age of 65.3 years. The average direct medical cost per patient was 10.5 ± 
7.3 million Vietnam Dong (~454.2 ± 313.8 US dollars. Factors significantly associated with 
higher direct medical costs were the duration of stay, stroke severity, complications, number 
of comorbidities, and intravenous thrombolysis treatment. The study highlighted the need for 
a reduction in the duration of hospital stay and an improvement in onset-to-hospital arrival 
time. 
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Introduction 
 
Stroke is one of the leading causes of mortality and disability globally after cardiovascular 
diseases and cancers. Ischemic stroke (IS) is the most common type of stroke, and according 
to the Global Burden of Diseases study in 2019, IS accounted for 7.6 million incidences, which 
is more than 60% of all new stroke cases and caused 3.3 million deaths (Feigin et al., 2021). 
Nearly 90% of the stroke burden is borne by low- and middle-income countries (LMICs) 
(Feigin et al., 2021). Vietnam, among other LMICs, is no exception, as the number of stroke 
patients is increasing (Công, 2007). The incidence of stroke in Vietnam is 161 per 100,000 
people, which is higher than the global incidence of stroke globally (150.8 per 100,000 people) 
(Feigin et al., 2021). Stroke is one of the leading causes of mortality in Vietnam. According to 
a 2016 report, the mortality rate due to stroke in Vietnam was 15.5%, which was 1.3% higher 
than that in 2005 (Carr et al., 2018). 
 
Apart from the burden of stroke from premature deaths, the financial burden of stroke is also 
enormous; however, the existing economic burden evidence from LMICs is still minimal 
(Strilciuc et al., 2021). In Vietnam, some studies have been conducted to provide evidence on 
the treatment costs of patients with stroke. The average total treatment cost for a stroke 
episode varied from 422 (Le et al., 2016) to USD 1,265 (Pham, 2015) (adjusted to 2022 price). 
Of the total treatment costs, direct medical costs constitute approximately 66% (Le et al., 2016; 
Pham, 2015). As for IS, the average treatment cost per patient was estimated at USD 606 
(Nguyen & Vo, 2021) and USD 1,147 (Pham, 2015), and these costs could vary from USD 240 
to 5,511 (Nguyen & Vo, 2021). The factors associated with the treatment cost of stroke were 
the duration of hospital stay, the severity of the stroke, old age, type of stroke, choice of 
treatment, and comorbidity (Le et al., 2016; Nguyen & Vo, 2021; Pham, 2015). Vietnam is 
entering the aging phase, where the older population is expected to increase (United Nations 
Fund for Population Activities [UNFPA], 2011), posing a challenge to managing the stroke 
burden on the Vietnamese healthcare system, societies, and patients. 
 
This study was conducted to further contribute to the existing literature on the economic 
burden of IS and its associated factors. This study aims to estimate the direct medical cost for 
IS inpatient treatment and more importantly, identify the factors related to the total inpatient 
treatment cost of IS patients from the Neurology Department of Bach Mai Hospital in 2021. 

 
Methods 
 
Patient population 
 
Bach Mai Hospital, located in Hanoi, the capital of Vietnam, is one of Vietnam's leading stroke 
care units. This retrospective study was based on the medical records of all patients with acute 
ischemic stroke (AIS) admitted to the Neurology Department of Bach Mai Hospital from July 
2021 to December 2021. The eligibility criteria were sudden disease onset, clinical symptoms 
indicating neurological disabilities within 24 hours, and confirmed IS with computed 
tomography (CT) and magnetic resonance imaging (MRI). We excluded patients who ended 
their treatment prematurely, had mental retardation, were deaf or mute, were transferred 
from another hospital, had another type of stroke, or had other neurological diseases. 
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The study was approved by the Institutional Ethics Committee at Hanoi Medical University 
and the Bach Mai Hospital Director Board (Decision No. 1407/QĐ-ĐHYHN). 

 
Data collection 
 
This is a cost-of-illness study from the perspective of health service payers in Vietnam. Data 
collection was conducted by clinicians at the Neurology Department of Bach Mai Hospital.  
 
The following information on eligible patients was collected via medical records and 
interviews: age, sex, admission unit (emergency/clinical examination unit), time and date of 
admission, duration of stay, cause of stroke, risk factors of stroke (e.g., high blood pressure, 
diabetes, smoking, drinking, etc.), comorbidities, National Institute of Health Stroke Scale 
(NIHSS) score (at admission) (Powers et al., 2019), modified Rankin Scale (mRS) (at discharge) 
(van Swieten et al., 1988), an adverse event during admission, treatment method (intravenous 
thrombolysis, mechanical thrombectomy, or medications only), and status at discharge (i.e., 
recovered, improved, worse, transfer, dead).  
 
Direct medical cost information was collected using hospital medical bills at discharge, which 
contain all resource utilization during the patient’s hospitalization, such as health services 
(e.g., diagnostic tests, laboratory tests, surgical interventions, etc.), medications, and medical 
supplies used; number of bed days, as well as insurance status (i.e., insurance coverage status 
and coverage rate). 

 
Statistical analysis 
 
The cost data collected were in Vietnam Dong (VND) and were also displayed in US dollars 
(USD) using the 2021 official exchange rate published by the World Bank (2022) (VND 23,159 
= USD 1). 
 
Statistical analyses were performed using IBM® SPSS® Statistics (Version 20.0). A descriptive 
analysis was performed for patients’ baseline characteristics, admission information, and 
treatment outcomes. Mean, standard deviation, median, 25th percentile, 75th percentile, and 
minimum and maximum values were reported for direct medical cost variables.  
 
Direct medical costs were stratified by patient baseline characteristics, information at 
admission, cause of stroke, treatment methods, and treatment outcomes and compared using 
Mann-Whitney’s test for two-group means and Kruskal-Wallis’s test for comparing multiple-
group means. Univariate and multivariate analyses were performed to explore the factors 
associated with the direct medical costs of IS hospitalization. The p value < .05 was considered 
statistically significant. 
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Results 
 
Patient baseline characteristics 
 
A total of 500 eligible patients with AIS from the Neurology Department, Bach Mai Hospital, 
from July 01, 2021, to December 31, 2021, were included in the study. The baseline 
characteristics of the eligible patients are presented in Table 1.  
 

Table 1: Patient Baseline Characteristics and Hospital Admission Information 

 

Patient baseline characteristic and admission n % 

Sex   
Men  329 65.8 
Women 171 34.2 

Health insurance coverage   
Yes 445 89.0 
No 55 11.0 

Stroke risk factors 
  

No risk factors  56 11.2 
High blood pressure  382 76.4 
Diabetes  137 27.4 
Drinking  28 5.6 
Smoking  10 2.0 
Atrial fibrillation  19 3.8 
Dyslipidemia 84 16.8 
Others* 46 9.2 

Admission unit 
  

Emergency unit  289 57.8 
Clinical examination unit  211 42.2 

Admission time since onset of symptoms 
  

Less than 24 hours  184 36.8 
More than 24 hours  316 63.2 

Cause of stroke  
  

Atherosclerosis of large arteries  129 25.8 
Small vessel diseases 178 35.6 
Cerebral embolism  11 2.2 
Other causes and unidentified cause  182 36.4 

NIHSS score at admission 
  

0–4  169 33.8 
5–15  277 55.4 
16–20  31 6.2 
21–42  23 4.6 

Note: SD = Standard deviation; NIHSS = National Institute of Health Stroke Scale; *Others: 
Transient ischemic attack and non-fibrillation cardiovascular diseases.  

 
The majority of the patients were men (65.8%). The average age of the included patients was 
65.3 (SD = 12.5), with the youngest being 16 years old and the oldest being 90 years old. Most 
of the patients had health insurance coverage. Nearly 90% of the patients have at least one 
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stroke risk factor, and the most common risk factors are high blood pressure and diabetes. 
Patients were admitted quite late, with 63.2% being admitted more than 24 hours after the 
onset of symptoms, and the mean admission time was 72.9 hours (SD = 86.7). The proportion 
of emergency admissions was 57.8%, higher than that in the clinical examination unit. Stroke 
severity at admission was assessed to be mild to moderate, with a mean NIHSS score of 7.9 
(SD = 5.9), and more than 80% of patients had less than 15 on the NIHSS scale (Powers et al., 
2019).  
 
Table 2 summarizes the patients’ treatment information and treatment outcomes at discharge.  
 

Table 2: Treatment Patterns and Outcomes 

 
Treatment and outcomes n % 

Treatment methods (n, %)   
Intravenous thrombolysis, mechanical 
thrombectomy, and/or surgical intervention 

6  1.2 

Medications only 494  98.8 

Duration of stay (Mean, SD or n, %)   
Mean, SD (days) 9.9 (5.2)  
< 7 days 124  24.8 
7–14 days 294  58.8 
> 14 days 82  16.4 

Status at discharge (n, %) 
  

Recovered 8  1.6 
Improved 407  81.4 
Worse 9  1.8 
Transferred 69  13.8 
Dead 7  1.4 

mRS score at discharge (Mean, SD, or n, %) 
  

Mean, SD (score) 2.1 (1.6)  
0–1 226  45.2 
2  73  14.6 
3 78  15.6 
4 85  17 
5–6  38  7.6 

Note: SD = Standard deviation; mRS = Modified Rankin Scale. 

 
The mean hospitalization duration was 9.9 days (SD = 5.2). Most patients were treated using 
only medications (other than intravenous thrombolysis); only six patients were treated with 
intravenous thrombolysis, mechanical thrombectomy, and surgical intervention. At 
discharge, 81.4% of the patients were assessed as having an improved status upon admission, 
and 1.4% of patients died. 
 
Overall, the severity of neurological disabilities in these patients was slight. The mean mRS 
score at discharge was 2.1 (SD =1.6), 45.1% of patients had a 0-1 mRS score (no disability or 
no significant disability), and 7.6% had severe disability or death. 

 
Direct medical costs 
 
The study finds that the mean direct medical cost per AIS patient was USD 454.2. More details 
about each direct medical cost can be found in Table 3. 
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Table 3: Direct Medical Cost Per AIS Patient (in 2021 US Dollars) 

 

Direct medical cost Mean 
Standard 
deviation 

Median 
25th–75th 
percentile 

Hospital bed 157.3 128.7 109.8 78.4–187.0 

Laboratory test 49.6 79.3 20.8 11.9–43.7 

Diagnostic imaging 57.2 53.8 59.4 7.7–82.0 

Functional exploration 18.6 8.7 21.1 19.2–21.1 

Medication and infusion 
fluids 

122.6 131.1 80.2 51.1–141.2 

Blood infusion 1.0 10.9 0.0 0.0–0.0 

Surgical interventions 12.7 29.1 6.9 3.9–8.4 

Medical supplies 5.1 3.3 4.1 2.9–6.3 

Nutritional pathology 30.1 36.8 16.5 0.0–44.8 

Total direct medical cost 454.2 313.8 339.4 249.7–553.0 

 
Factors related to the direct medical cost of IS inpatient treatment 
 
Univariate analysis results showed that higher direct medical costs for IS patients were 
associated with a higher NIHSS score at admission, being admitted to the emergency unit, 
having a longer hospitalization duration, having intravenous thrombolysis, thrombectomy or 
surgery complications, being worse/transferred/dead at discharge, and having a higher mRS 
score (Table 4).  
 

Table 4: Univariate Analysis of Direct Medical Cost (in USD 2021) for Ischemic Stroke 
Patients in Vietnam 

 
Variable Mean (SD) Median p value 

NIHSS score at admission    
0–4 355.6 (219.3)  285.9  

< .001 
Kruskal-

Wallis 

5–15 458.4 (310.5) 353.0 
16–20  617.1 (350.8) 545.8  
21–42 909.1 (401.3) 752.3  

Admission unit    
Emergency unit 499.2 (350.4) 359.7  .001 

Mann-
Whitney 

Clinical examination unit 
392.5 (242.9) 307.9  

Admission time since onset of symptoms    

Less than 24 hours 441.1 (315.4) 333.6  
.47  

Mann-
Whitney More than 24 hours 461.9 (313.2) 341.2 

Stroke risk factors    
No risk factors 493.8 (366.9) 357.2  .64 

Mann-
Whitney 

At least one risk factor 
449.2 (306.6) 338.9  

Duration of stay    
< 7 days 264 (137.7) 244.1  < .001 
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Variable Mean (SD) Median p value 
7–14 days 414.4 (230.1) 349.5  Kruskal-

Wallis > 14 days 884.5 (371.5) 827.3  

Treatment methods    
Intravenous thrombolysis, mechanical 
thrombectomy, and/or surgical 
intervention 

1047.6 (401.2) 105.8  
.002 

Mann-
Whitney 

Medications only 447.0 (306.1) 338.9  

Complications    
No complications 387.5 (236.8) 307.7  < .001 

Kruskal-
Wallis 

Pneumonia 835.1 (426.1) 726.5  
Other complications 500.0 (283.9) 386.8  

Status at discharge    
Recovered 423.2 (182.2) 401.0  

< .001 
Kruskal-

Wallis 

Improved 420.9 (296.5) 309.1  
Worse 760.7 (450.7) 577.1  
Transferred 611.5 (350.1) 541.5  
Dead 484.7 (201.4) 587.7  

mRS score at discharge    
0–1 356.4 (289.7) 208.9  

< .001 
Kruskal-

Wallis 

2  441.0 (329.6) 311.5  

3 411.6 (331.9) 247.6  

4 647.0 (483.0) 408.0  

5–6  717.8 (602.8) 386.6  

Note: NIHSS = National Institute of Health Stroke Scale, mRS = modified Rankin Scale. 

 
Direct medical treatment cost per patient most noticeably increased with NIHSS score at 
admission (USD 909.1 for patients scored 21–42 compared to USD 355.6 for patients scored 0–
4 on NIHSS scale, p < .001); Duration of stay more than 14 days (USD 884.5 compared to USD 
264 for hospital stay less than seven days, p < .001); Had intravenous 
thrombolysis/thrombectomy/surgical treatment compared to medications only (USD 1,047.6 
compared to USD 447.0, p = .002). 
 
Multivariate analysis of patient characteristics at admission, during treatment, and at 
discharge showed that duration of stay, NIHSS score, complications, and comorbidities were 
significantly associated with higher direct medical costs of AIS patients while using only 
medication treatment (other than intravenous thrombolysis) was a significant predictor of 
lower direct medical costs (Table 5). Our model had moderate predictive power, explaining 
53.4% of the variation in direct medical costs per patient with IS (R2 = 0.534). 
 

Table 5: Multivariate analysis of direct medical cost for ischemic stroke patients 

 

Variable 
Coefficient 

(β) 
p value 

Constant* 7.164 < .001 
Age 0.004 .83 
Sex -0.002 .89 
Residence area 0.022 .24 
Occupation 0.002 .79 
Education level 0.004 .83 
Admission unit -0.003 .86 
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Variable 
Coefficient 

(β) 
p value 

Health insurance coverage rate -0.007 .30 
Time of admission 0.021 .23 
Number of admissions -0.021 .15 
Duration of stay* 0.209 < .001 
Cause of stroke 0.010 .12 
Stroke risk factors -0.027 .28 
NIHSS score* 0.048 .002 
mRS score 0.007 .41 
Complications* 0.086 < .001 
Number of comorbidities* 0.034 .02 
Stroke treatment option* -0.404 < .001 
Status at discharge 0.008 0.47 
R2 = 0.534   

Note: NIHSS = National Institute of Health Stroke Scale; mRS= modified Rankin Scale; *Statistically 
significant (p < .05) 

 
Discussion 
 
This study contributes additional evidence on the economic burden of acute ischemic stroke 
(AIS) and explores the factors associated with direct medical costs for AIS treatment in 
Vietnam. This study analyzed the treatment costs of 500 AIS patients at the Neurology 
Department of Bach Mai Hospital. Overall, the mean cost per patient was USD 454.2. Hospital 
beds, medication and infusion fluid, and diagnostic imaging costs constituted most of the 
total.  
 
Our findings on the direct medical cost of AIS patients are higher than previous studies 
conducted in Vietnam. In a study conducted at 115 People’s Hospital, a Class I hospital in Ho 
Chi Minh City, southern Vietnam, the average treatment cost for IS hospitalization was about 
USD 332.5 (Ngo et al., 2012) (in 2021 currency value). The sample characteristics were similar 
to our study's: the mean age was 62.6 years old, and 56.1% was male; however, about 2/3 of 
the sample had mRS of 3–4 at discharge (compared to 1/3 in our study). Despite a higher mRS 
score at discharge, the average direct medical cost estimate was lower than our study's. At 
Gia Dinh People’s Hospital, another Class I hospital in Ho Chi Minh City, the mean direct 
medical cost for AIS patients was USD 665.9 (Pham, 2015) and USD 581.7 (Nguyen & Vo, 2021) 
in two studies in 2015 and 2021. These estimates were significantly higher than our findings; 
however, these estimates included AIS patients treated with intravenous thrombolysis and 
surgical, while in our study, only 6 of 500 patients were treated with intravenous thrombolysis 
treatment, and the cost for intravenous thrombolysis treatment was much higher than 
medications only, at USD 1048.6. If we look at their reported direct medical cost for patients 
who did not take intravenous thrombolysis treatment and mechanical intervention, the cost 
would be USD 226.7 (Nguyen & Vo, 2021) and USD 411.3 (Pham, 2015), which were lower 
than our results, similarly to the results at 115 People’s Hospital. Also, 115 People’s Hospital 
and Gia Dinh People’s Hospital are Class I hospitals, which generally have lower health 
services fees than Bach Mai Hospital, a specially-classed hospital with the highest health care 
facilities in Vietnam. For example, according to the Vietnam Ministry of Health, regarding the 
health service fees at public healthcare facilities, the cost for an ICU bed at Specially-class 
hospitals is 7% higher than Class I hospitals and 40% higher than Class II hospitals. 
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Furthermore, the specially-classed hospital usually received more severe cases, referred from 
lower-classed hospitals (e.g., Class I hospitals). Moreover, the patients at Gia Dinh’s People 
Hospital had a shorter duration of stay, a mean of 5.8 days (Pham, 2015), compared to a mean 
of 9.9 days in our study. The duration of stay is directly related to total hospital bed costs, the 
most significant component of direct medical costs in the studies (Ngo et al., 2012; Pham, 
2015). The distributions of direct medical costs between different cost categories are slightly 
different among the studies. In studies conducted at Class I hospitals, hospital bed costs 
accounted for 12.8% (Nguyen & Vo, 2021) to 30.2% (Ngo et al., 2012), followed by cost for 
subclinical services (e.g., diagnostic imaging, lab testing), accounting for 23.7% (Nguyen & 
Vo, 2021) to 42.3% (Ngo et al., 2012) of total cost. 
 
Direct medical costs for AIS patients in Vietnam are lower compared with other Asian 
countries. In one study analyzing health insurance data of nearly 372,000 stroke patients in 
urban areas of China from 2013-2016, on average, the annual direct medical cost was USD 
1,592 per IS inpatient visit or USD 1,163 (converted to 2021 price value) per inpatient visit if 
we exclude the patient’s out-of-pocket costs (Zhang et al., 2019). The stroke patients included 
in the study had relatively similar characteristics to our research, as the majority of them were 
men and older. Compared to the findings in Thailand, which has nearly two times GDP per 
capita higher than Vietnam (World Bank, 2024) with similar sample characteristics in terms of 
age and gender, the direct medical cost from a healthcare provider perspective was estimated 
to be USD 2,473 (Sribundit et al., 2017) in the study (converted to 2021 currency value). In this 
study, the authors included pharmacy service and rehabilitation costs, which we did not have 
in our research. However, these two items only accounted for a small fraction of total direct 
medical cost (0.8% and 1.2%, respectively) (Sribundit et al., 2017). They may not be the driver 
for the higher total direct medical cost compared to our country's findings. Even though the 
studies did not report comparable information about the patient’s characteristics, such as the 
severity of stroke, we believe that the health service costs in urban China and Thailand would 
generally be higher than in Vietnam, as the GDP per capita in China (USD 12,617) was more 
than three times higher and in Thailand (USD 7,060.9) was nearly two times higher than GDP 
per capita in Vietnam (USD 3,756.5) (World Bank, 2024). This strong positive correlation 
between income (GDP per capita) and healthcare expenditure has been discussed rigorously 
(Raghupathi & Raghupathi, 2020; Xu et al., 2011). 
 
A multivariate regression analysis was performed to further understand the factors associated 
with higher direct medical costs. Our logistic regression model explained 53.4% of the 
variation in the total direct medical costs. The duration of stay was directly associated with 
hospital bed costs and was a statistically significant factor that predicted higher treatment 
costs among AIS patients. This finding is consistent with existing literature (Chow et al., 2010; 
Nguyen & Vo, 2021). In general, a more extended stay was observed in this study. Our 
patients had an average stay of 9.9 ± 5.2 days, and the proportion of patients who had more 
than seven days stay was 75%, whereas the average length of stay was 5.7 days for IS patients 
in a study in Thailand. In other studies, the authors reported an average duration of stay of 
nine days; however, the length of stay for rehabilitation was included (Abdo et al., 2018; 
Zhang et al., 2019). 
 
Our findings further highlight the need to reduce onset-to-treatment time among AIS patients 
in Vietnam, which could subsequently improve stroke treatment outcomes and reduce stroke 
burden. Stroke severity at admission is associated with higher total direct medical costs, and 
delayed hospital arrival may result in more severe stroke conditions and limit effective 
treatment options. These factors heavily depend on the hospital arrival time since the onset of 
symptoms. The proven effective intravenous tissue plasminogen activator (IV-tPA), one of the 
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most recommended stroke treatments to be used, is only eligible within 4.5 hours, or 
mechanical thrombectomy eligible within 24 hours of symptom onset (Ashraf et al., 2015; Lee 
et al., 2021). Despite the key to minimizing the damage of AIS is management within the 
treatment time window of 4.5 hours since the onset of stroke symptoms (Powers et al., 2019), 
the mean admission time since the onset of our patients was 72.9 hours and more than 60% of 
our patients were admitted after at least 24 hours since the first signs of stroke symptoms. 
Compared to other countries, our stroke patients recorded a significantly longer time interval 
from onset to hospital arrival. In the United States, a large-scale study analyzed 413,000 IS 
patients and reported that only 3% of the patients presented at the hospital after 24 hours 
(Tong et al., 2012). Another study in China reported that the median time-to-hospital recorded 
for IS patients was 8 hours, with 51.9% arriving less than 6 hours after symptoms onset (Fang 
et al., 2011). In Japan, 36.1% of patients arrived at the hospital within 6 hours of stroke onset, 
and one-third of the patients arrived within 24 hours (Matsuo et al., 2017). 
 
Costs for AIS treatment are an economic burden, catastrophic even, for Vietnamese patients. 
Based on the General Statistics Office (2022), Vietnam’s household income and expenditure 
report, total annual household income was estimated to be around VND 241.5 million  (about 
USD 10,616.5). The United Nations defined catastrophic cost for health care as the total cost 
of healthcare exceeding 10% of total annual household income; however, in some studies, this 
threshold can be defined as up to 20% of household income (Stracker et al., 2019; Verguet et 
al., 2017). The AIS treatment cost reported in our study and other studies in Vietnam reported 
an average direct medical cost per occurrence ranging from USD 332 to 572 (Ngo et al., 2012; 
Nguyen & Vo, 2021), and in the Pham et al. (2015) study, the total cost for a stroke occurrence 
(including direct medical cost, direct non-medical cost, and indirect cost) could range from 
USD 572 to 1,366, indicating that IS can lead to catastrophic healthcare costs, especially for 
patients who do not have health insurance (11% of the patients did not have health insurance 
in our study and would have to pay all of the direct medical cost). Furthermore, Vietnamese 
patients who are disabled by stroke may require rehabilitation and post-stroke care, which 
could cost another USD 213.0 (adjusted) and up to 990.7 per month (Nguyen, 2022), which is 
equivalent to USD 2,556–11,888 per year. 
 
Our study has several limitations. In this study, we could only estimate the direct medical 
costs of IS treatment. The cost of illness includes direct non-medical and indirect costs, such 
as transportation to healthcare facilities, the cost of lodging and meals during hospitalization, 
loss of productivity from patients and caregivers, and costs incurred after stroke care and 
rehabilitation. A previous study found that 98.2% of stroke patients incurred direct non-
medical costs, 73.1% incurred indirect costs, and 33.6% of the total stroke treatment costs 

(Pham, 2015). Without direct non-medical, indirect, and rehabilitation costs, our study 
findings could not estimate the total economic burden to AIS patients, even though the direct 
medical cost alone would already be catastrophic to those who did not have health insurance. 
Ischemic stroke not only poses an economic burden to the patients and their families but also 
to the healthcare system in Vietnam, as there are 200,000 new stroke incidents every year 
(Ministry of Health, 2022). Secondly, in this study, we could not collect any incurring costs 
the patient may have before being referred to our hospital, such as health care services 
performed at lower-class hospitals. This may underestimate the direct medical cost per AIS 
patient for each stroke occurrence. This issue can only be resolved if we use the social health 
insurance database; however, this database is not openly accessible at the moment. Lastly, in 
this study, we analyzed cost data from only one hospital; thus, the generalizability of the 
results may be restricted. 
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Conclusion 
 
On average, the total direct medical cost per IS patient was USD 454.2 ± 313.8. The factors 
associated with higher direct medical costs were duration of stay, stroke severity, 
complications, comorbidities, and intravenous thrombolysis treatment. Stroke treatments are 
time-dependent, and reducing delayed hospital arrivals since stroke onsets is one of the key 
strategies to minimize stroke burden in Vietnam.  

 
References 
 
Abdo, R., Abboud, H., Salameh, P., Jomaa, N. A., Rizk, R., & Hosseini, H. (2018). Direct medical cost of 

hospitalization for acute stroke in Lebanon: A prospective incidence-based multicenter cost-of-
illness study. Inquiry, 55. https://doi.org/10.1177/0046958018792975 

Ashraf, V., Maneesh, M., Praveenkumar, R., Saifudheen, K., & Girija, A. S. S. (2015). Factors delaying 
hospital arrival of patients with acute stroke. Annals of Indian Academy of Neurology, 18(2), 162–
166. https://doi.org/10.4103/0972-2327.150627 

Carr, C., Kahn, L., Mathkour, M., Biro, E., Bui, C. J., & Dumont, A. S. (2018). The shifting burden of 
neurosurgical disease: Vietnam and the middle-income nations. Neurosurgical Focus, 45(4), 
Article E12. https://doi.org/10.3171/2018.7.focus18297 

Chow, W. L., Tin, A. S., & Meyyappan, A. (2010). Factors influencing costs of inpatient ischaemic stroke 
care in Singapore. Proceedings of Singapore Healthcare, 19(4), 283–291. 
https://doi.org/10.1177/201010581001900402 

Công, N. H. (2007). Stroke care in Vietnam. International Journal of Stroke, 2(4), 279–280. 
https://doi.org/10.1111/j.1747-4949.2007.00149.x 

Fang, J., Yan, W., Jiang, G.-X., Li, W., & Cheng, Q. (2011). Time interval between stroke onset and 
hospital arrival in acute ischemic stroke patients in Shanghai, China. Clinical Neurology and 
Neurosurgery, 113(2), 85–88. https://doi.org/10.1016/j.clineuro.2010.09.004 

Feigin, V., Stark, B., Johnson, C. O., Roth, G. A., Bisignano, C., Gebreheat, G., Abbasifard, M., Abbasi‐
Kangevari, M., Abd‐Allah, F., Abedi, V., Abualhasan, A., Abu-Rmeileh, N. M. E., Abushouk, 
A. I., Adebayo, O., Agarwal, G., Agasthi, P., Ahinkorah, B. O., Ahmad, S., Ahmadi, S., . . . 
Murray, C. J. L. (2021). Global, regional, and national burden of stroke and its risk factors, 1990–
2019: A systematic analysis for the Global Burden of Disease Study 2019. Lancet 
Neurology, 20(10), 795–820. https://doi.org/10.1016/s1474-4422(21)00252-0 

General Statistics Office (GSO). (2022, June 9). Kết Quả Khảo Sát Mức Sống Dân Cư Việt Nam Năm 
2020 [Result of the Vietnam Household Living Standards Survey 2020]. 
https://www.gso.gov.vn/en/data-and-statistics/2022/06/results-of-the-viet-nam-
household-living-standards-survey-2020/ 

Le, T. N., Nguyen, T. T., Nguyen, H. T., & Nguyen, N. H. (2016). Inpatient treatment cost of stroke: An 
analysis in Ho Chi Minh City 115 People’s Hospital, Vietnam. Value in Health, 19(7), Article 
A649. https://doi.org/10.1016/j.jval.2016.09.1742 

Lee, E.-J., Kim, S. J., Bae, J., Lee, E. J., Kwon, O. D., Jeong, H.-Y., Kim, Y., & Jeong, H.-B. (2021). Impact 
of onset-to-door time on outcomes and factors associated with late hospital arrival in patients 
with acute ischemic stroke. PLOS ONE, 16(3), Article e0247829. 
https://doi.org/10.1371/journal.pone.0247829 

Matsuo, R., Yamaguchi, Y., Matsushita, T., Hata, J., Kiyuna, F., Fukuda, K., Wakisaka, Y., Kuroda, J., 
Ago, T., Kitazono, T., & Kamouchi, M. (2017). Association between onset-to-door time and 
clinical outcomes after ischemic stroke. Stroke, 48(11), 3049–3056. 
https://doi.org/10.1161/strokeaha.117.018132 

Ministry of Health. (2018, November 30). Unifying prices of medical examination and treatment services 
covered by medical insurance among hospitals of the same class across the country and guidelines for 
applying prices and payment for medical services in certain cases (No. 39/2018/TT-BYT). 



Direct Medical Cost for Acute Ischemic Stroke Patients in Vietnam 

792 

https://thuvienphapluat.vn/van-ban/EN/Bao-hiem/Circular-39-2018-TT-BYT-unifying-
prices-of-medical-examination-services-covered-by-medical-insurance/403786/tieng-
anh.aspx 

Ministry of Health. (2022, November 5). Mỗi năm Việt Nam có khoảng 200.000 ca đột quỵ, nhiều người 
trẻ tuổi mắc bệnh nguy hiểm này [Vietnam has 200,000 cases of stroke each year and younger people 
are having this dangerous disease]. https://moh.gov.vn/tin-noi-bat/-
/asset_publisher/3Yst7YhbkA5j/content/moi-nam-viet-nam-co-khoang-200-000-ca-ot-quy-
nhieu-nguoi-tre-tuoi-mac-benh-nguy-hiem-nay 

Ngo, T. T. D., Nguyen, T. N., Nguyen, T. K. L., & Pham, T. L. (2012). Chi Phí Điều Trị Đột Quỵ Tại Khoa 
Bệnh Lý Mạch Máu Não Bệnh Viện Nhân Dân 115 Thành Phố Hồ Chí Minh [Total costs for 
acute stroke in a major hospital in Ho Chi Minh City]. Ho Chi Minh City Journal of Medicine, 
16(1), 133–141. https://tapchiyhoctphcm.vn/articles/10421 

Nguyen, H. L. (2022). Phân Tích Chi Phí Phục Hồi Chức Năng Tại Nhà Cho Những Người Khuyết Tật 
Sau Đột Quỵ Ở Thành Phố Huế [Cost analysis of home based rehabilitation for the disabled after stroke 
in Hue city]. Hue Journal of Medicine and Pharmacy, 7(1), 59–63. 
https://doi.org/10.34071/jmp.2017.1.9 

Nguyen Q. A., & Vo V. T. (2021). Chi phí trực tiếp cho đợt điều trị nội trú nhóm bệnh đột quỵ cấp tại 
khoa Nội thần kinh, bệnh viện Nhân dân Gia Định năm 2020 và một số yếu tố ảnh hưởng 
[Direct medical cost and its associated factors for inpatient treatment of stroke patients at 
Neurology Department, Gia Dinh People’s Hospital in 2020]. Journal of Health and Development 
Studies, 5(3), Article 3. https://doi.org/10.38148/JHDS.0503SKPT20-121 

Pham, T. L. (2015). Occurrence, presentation, costs and three-month outcomes of stroke in Viet Nam [Doctoral 
dissertation, University of Tasmania]. https://doi.org/10.25959/23239280.v1 

Powers, W. J., Rabinstein, A. A., Ackerson, T., Adeoye, O., Bambakidis, N. C., Becker, K. J., Biller, J., 
Brown, M. D., Demaerschalk, B. M., Hoh, B. L., Jauch, E. C., Kidwell, C. S., Leslie‐Mazwi, T. M., 
Ovbiagele, B., Scott, P., Sheth, K. N., Southerland, A. M., Summers, D., & Tirschwell, D. (2019). 
Guidelines for the early management of patients with acute ischemic stroke: 2019 Update to 
the 2018 guidelines for the early management of acute ischemic stroke: A guideline for 
healthcare professionals from the American Heart Association/American Stroke 
Association. Stroke, 50(12), e344–e418. https://doi.org/10.1161/str.0000000000000211 

Raghupathi, V., & Raghupathi, W. (2020). Healthcare expenditure and economic performance: Insights 
from the United States data. Frontiers in Public Health, 8, Article 156. 
https://doi.org/10.3389/fpubh.2020.00156 

Sribundit, N., Riewpaiboon, A., Chaikledkaew, U., Stewart, J. F., Tantirittisak, T., & Hanchaipiboolkul, 
S. (2017). Cost of acute care for ischemic stroke in Thailand. Southeast Asian Journal of Tropical 
Medicine and Public Health, 48(3), 628–640. https://www.tm.mahidol.ac.th/seameo/2017-48-
3/14-69639-628.pdf 

Stracker, N., Hanrahan, C., Mmolawa, L., Nonyane, B., Tampi, R., Tucker, A., West, N., Lebina, L., 
Martinson, N., & Dowdy, D. (2019). Risk factors for catastrophic costs associated with 
tuberculosis in rural South Africa. The International Journal of Tuberculosis and Lung Disease, 
23(6), 756–763. https://doi.org/10.5588/ijtld.18.0519 

Strilciuc, Ș., Grad, D. A., Radu, C., Chira, D., Stan, A., Ungureanu, M., Gheorghe, A., & Muresanu, F.-
D. (2021). The economic burden of stroke: A systematic review of cost of illness studies. Journal 
of Medicine and Life, 14(5), 606–619. https://doi.org/10.25122/jml-2021-0361 

Tong, D., Reeves, M. J., Hernandez, A. F., Zhao, X., Olson, D. M., Fonarow, G. C., Schwamm, L. H., & 
Smith, E. E. (2012). Times from symptom onset to hospital arrival in the Get With The 
Guidelines-Stroke Program 2002 to 2009: Temporal trends and implications. Stroke, 43(7), 1912–
1917. https://doi.org/10.1161/STROKEAHA.111.644963 

United Nations Fund for Population Activities (UNFPA). (2011, July). The ageing population in Viet Nam: 
Current status, prognosis, and possible policy responses. 
https://vietnam.unfpa.org/en/publications/ageing-population-viet-nam-current-status-
prognosis-and-possible-policy-responses 

van Swieten, J. C., Koudstaal, P. J., Visser, M. C., Schouten, H. J., & van Gijn, J. (1988). Interobserver 
agreement for the assessment of handicap in stroke patients. Stroke, 19(5), 604–607. 
https://doi.org/10.1161/01.STR.19.5.604 



T. V. Nguyen et al. 

793 

Verguet, S., Riumallo-Herl, C., Gomez, G. B., Menzies, N. A., Houben, R. M. G. J., Sumner, T., Lalli, M., 
White, R. G., Salomon, J. A., Cohen, T., Foster, N., Chatterjee, S., Sweeney, S., Baena, I. G., 
Lönnroth, K., Weil, D. E., & Vassall, A. (2017). Catastrophic costs potentially averted by 
tuberculosis control in India and South Africa: A modelling study. The Lancet Global Health, 
5(11), e1123–e1132. https://doi.org/10.1016/S2214-109X(17)30341-8 

The World Bank. (2022). Official exchange rate (LCU per US$, period average) - Viet Nam [Dataset]. 
https://data.worldbank.org/indicator/PA.NUS.FCRF?locations=VN 

The World Bank. (2024). World Development Indicators: Popular Indicators [Dataset]. 
https://databank.worldbank.org/indicator/NY.GDP.PCAP.CD/1ff4a498/Popular-
Indicators 

Xu, K., Saksena, P., & Holly, A. (2011, December). The determinants of health expenditure: A country-level 
panel data analysis. World Health Organization. https://www.r4d.org/wp-
content/uploads/TransisitionsInHealthFinancing_DeterminantsofExpenditures.pdf 

Zhang, H., Yin, Y., Zhang, C., & Zhang, D. (2019). Costs of hospitalization for stroke from two urban 
health insurance claims data in Guangzhou City, southern China. BMC Health Services Research, 
19(1), Article 671. https://doi.org/10.1186/s12913-019-4530-2 

 


