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Background: Critically ill patients often require complex clinical care by highly trained staff within a specialized intensive care unit (ICU) with advanced equipment. There are currently limited data on the costs of critical care in low-and middle-income countries (LMICs). This study aims to investigate the direct-medical costs of key infectious disease (tetanus, sepsis, and dengue) patients admitted to ICU in a hospital in Ho Chi Minh City (HCMC), Vietnam, and explores how the costs and cost drivers can vary between the different diseases.

Methods: We calculated the direct medical costs for patients requiring critical care for tetanus, dengue and sepsis. Costing data (stratified into different cost categories) were extracted from the bills of patients hospitalized to the adult ICU with a dengue, sepsis and tetanus diagnosis that were enrolled in three studies conducted at the Hospital for Tropical Diseases in HCMC from January 2017 to December 2019. The costs were considered from the health sector perspective. The total sample size in this study was 342 patients.

Results: ICU care was associated with significant direct medical costs. For patients that did not require mechanical ventilation, the median total ICU cost per patient varied between US$64.40 and US$675 for the different diseases. The costs were higher for patients that required mechanical ventilation, with the median total ICU cost per patient for the different diseases varying between US$2,590 and US$4,250. The main cost drivers varied according to disease and associated severity.

Conclusion: This study demonstrates the notable cost of ICU care in Vietnam and in similar LMIC settings. Future studies are needed to further evaluate the costs and economic burden incurred by ICU patients. The data also highlight the importance of evaluating novel critical care interventions that could reduce the costs of ICU care.
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BACKGROUND

Critically ill patients require complex clinical care by highly trained staff, often within a specialized intensive care unit (ICU) with advanced equipment. The provision of high-quality critical care in low-and middle-income countries (LMICs) is challenging due to the burden these requirements place on infrastructure, healthcare expenditure and human resources (1–3). Furthermore, the limited data available indicate that the number of critical care beds in LMICs are significantly lower than high-income countries (4–8).

The requirement for high numbers of specialized staff and advanced medical equipment means that critical care is one of the most expensive types of hospital-based care globally. In the United States (US), ICU costs have been estimated to account for around 13 to 39% of the total hospital costs nationally (9, 10). The daily ICU costs in high-income countries that have been reported vary from US$1,464 to US$4,518 (adjusted to 2019 prices) (11–13). Whilst critical care is less expensive in LMICs (partly because of lower labor costs), cost data are limited (8). The daily ICU costs that have been reported in Thailand, Malaysia, China and India vary from US$292 to US$1,421 (adjusted to 2019 prices) (14–17). These costs are equivalent to 2.2 to 4.0 times the countries 2018 per capita health care expenditure (18). This highlights the significance of ICU costs in LMICs and the need for further data.

Similar to other LMICs, the healthcare system in Vietnam has limited human resources, infrastructure and technology to provide quality health care and critical care (19). A recent study reported that the number of ICU beds only accounted for approximately 2.5% of the total hospital beds of the surveyed hospitals (20). Patients with infectious diseases remain a significant population in LMIC ICUs, including Vietnam. Within the Hospital for Tropical Diseases in Ho Chi Minh City (HCMC) (a tertiary referral hospital specialized in infectious diseases serving the south of Vietnam) tetanus, sepsis, and dengue accounted for roughly 81% of total patients admitted to ICU annually (19). Further epidemiological information on these diseases is provided in Supplementary Box 1.

Improving knowledge of costs of critical care is important for evaluating the cost-effectiveness of new interventions and for better resource utilization. However, there is currently limited information available related to the health care cost of hospitalized patients who need critical care, particularly for those with infectious diseases. particularly the out-of-pocket costs. Although, social health insurance has been shown to decrease the out-of-pocket costs of patients (21, 22), they can still be notable (23, 24). These out-of-pocket costs are particularly important to investigate in the context of critical care, due to its potentially high costs; which may mean they remain significant even for patients that are covered by insurance. By the end of 2019, the coverage of the national health insurance program was almost 90% of the total Vietnamese population. Despite this, around this time, catastrophic health expenditure (when defined as occurring when the patient's out-of-pocket health care payment was >10% of the average annual household expenditure in Vietnam), was estimated to incur in 47% of patients with septic shock and 13% of those with dengue shock admitted to the Hospital for Tropical Diseases ICU. In fatal cases, these were 56 and 84% respectively (25).

Poorer groups of the population will be most at risk of the negative consequences of these out-of-pocket costs generating socio-economic difficulties and exacerbating equity and accessibility issues (24, 26).

Limited information related to the cost of critical care illness, particularly for infectious diseases, has been reported in Vietnam. It is important to understand the potential significance of these costs and the degree the costs may vary according to disease and associated severity. This study aims to investigate the direct medical cost (defined as costs directly related to medical services) in the context of critical care for key infectious diseases (tetanus, sepsis, and dengue) in a referral hospital in HCMC, Vietnam, explore how the costs and cost drivers can vary and investigate the patients' out-of-pocket costs in the context of the national health insurance program. We focus on these key diseases due to their notable burden in this setting and the availability of data for them.



METHOD

We calculated the direct medical costs for patients requiring critical care for tetanus, dengue and sepsis. Costing data, extracted from the bills of patients hospitalized to adult ICU in the Hospital for Tropical Diseases in HCMC from January 2017 to December 2019 were retrieved from three different studies of tetanus, dengue and sepsis that have been conducted in the hospital (details of the data collection procedure and the primary studies are shown in Supplementary Figure 1) (27–29). The costs were considered from the health sector perspective which only includes the costs associated with the health sector, such as the costs covered by the health insurance program and the patient's copayment for the medical services. It was not possible to involve patients or the public in the design, conduct and reporting of this study.

The Hospital for Tropical Diseases was chosen because it is the only referral hospital dedicated to the treatment of infectious diseases in HCMC and serves patients from a wide geographical area across the south of Vietnam.

Treatment for all the specified diseases followed national Vietnamese guidelines (30, 31). In brief patients were treated with antibiotics routinely or if clinically indicated in dengue and sepsis. Patients with organ failure were provided with appropriate organ support, such as mechanical ventilation, inotropes or continuous renal replacement therapy. Nutrition was provided enterally in those unable to swallow and intravenous fluids given as clinically indicated. Muscle paralysis was reserved for those with ventilator asynchrony or acute respiratory distress syndrome, except those with tetanus, in whom it was routinely administered to those with severe spasms interfering with respiration.


Data Collection

For the three studies mentioned above, we collected and entered into a database the patients' bill for estimating the costs directly related to medical services received during the patient's ICU admission. In total, we extracted the information from 342 patients. The costs incurred during their ICU stay were grouped into defined cost categories (Table 1). The costs related to antibiotics were extracted to examine the contribution of this cost to the total medication costs. The total cost of the patients' hospital admission was also extracted from the bills, alongside certain background information (such as gender, year of birth, home province, health insurance status, admission and discharge date). Where available on the bill, the amount reimbursed by the national health insurance program was extracted. Mortality data were extracted from the case report forms. In Vietnam, cultural practices are such that the very severely ill are often discharged home at the request of their families for end-of-life care when recovery is no longer considered likely. Such patients were assumed to have died at home.


Table 1. Definition of cost categories.
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Cost Estimates

Based on the data from the hospital bills, we reported both the direct medical cost associated with the patients' ICU care and their total hospital admission (the latter also includes costs incurred from care in other wards). We also reported the ICU costs stratified by key cost categories. Moreover, the daily cost of ICU was calculated by dividing the total direct medical costs incurred in ICU by the length of stay in ICU. The costs were stratified based on whether the patient needed mechanical ventilation, as a proxy for the severity of the cases (32). As there is no overall indicator of disease severity validated for all three diseases, mechanical ventilation was chosen as a marker of severity as it was clearly indicative of single organ system failure and patients requiring mechanical ventilation require increased input in staff time, equipment and drugs. This measure was also chosen to make the results comparable to other settings, for example those with high dependency units, where generally only patients requiring mechanical ventilation are admitted to ICU. It should be noted (and is discussed further in the limitations section) that when stratifying by mechanical ventilation status, our sample sizes for certain subgroups for dengue and sepsis cases were small (Table 2).


Table 2. Overview of characteristics of the patients.
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Due to the highly skewed data, we reported the median and interquartile range for the costs and cost categories. For patients covered by the national health insurance program, we estimated the proportion of the total ICU cost that was covered by the program and the remaining cost that would be covered by the patient (out-of-pocket cost). This was based on information from the patients' bill which included the total ICU cost and the amount reimbursed by the health insurance program. It should be noted that only insurance information related to the national health insurance program was available for this study and the potential contribution from private medical insurance was not considered.

The costs reported in different years were adjusted for inflation using Vietnam Gross Domestic Product deflator rates (33) and then converted to US Dollars using the average 2019 exchange rate reported by the World Bank (US$1 = 23,050 Vietnamese dong (VND)) (34). All costs are presented in 2019 US dollar prices.



Ethics Approval

The primary studies from which this sample was drawn were approved by the Oxford Tropical Research Ethics Committee and Hospital for Tropical Diseases Ethics Committee and patients gave written informed consent for their medical bills to be obtained.




RESULTS


Baseline Information

The collected baseline information is summarized in Table 2. Among the sample, 270 (78.9%) patients were male, and 262 (76.6%) came from outside HCMC. The median age of patients was 48 (IQR 38, 59) years old. Patients spent a median of 13 days in ICU and 22 days in hospital (Supplementary Table 1). The patients' time in ICU accounted for an average of 45.7 and 75.0% of their time in hospital for non-ventilated and ventilated patients, respectively. There were 28 patients with dengue, 42 patients with sepsis and 272 patients with tetanus. Median ICU length of stay was 3.5, 10, and 15 days for dengue, sepsis and tetanus, respectively.



The Total Direct Medical Cost of ICU Patients

The costs across the different diseases and severity status are summarized in Table 3. ICU costs accounted for 86.5–91.2% of the patients' total hospital admission costs. The ICU cost of patients that did not require mechanical ventilation was consistently and notably lower than the ICU cost of those requiring mechanical ventilation across the diseases. For the patients that did not require mechanical ventilation, the total ICU cost for patients with sepsis was most expensive. Specifically, the median total ICU cost was US$675 (Interquartile Range (IQR) US$550, US$990), US$273 (IQR US$168, US$503) and US$64.4 (IQR US$55.3, US$95.9) for patients with sepsis, tetanus and dengue, respectively (Table 3). For the patients who required mechanical ventilation, the total ICU cost of those with dengue was the most expensive with a median of US$4,250 (IQR US$2,030, US$6,290), followed by sepsis and tetanus with a median of US$2,860 (IQR US$1,300, US$4,500) and US$2,590 (IQR US$1,900, US$3,230), respectively.


Table 3. The median costs for the ICU patients stratified by the different cost categories.

[image: Table 3]

The key drivers of ICU costs also differed across the diseases and the severity of the cases (Figure 1). For patients with dengue who did not require mechanical ventilation, the two most expensive cost categories were laboratory costs and ICU bed charges. For sepsis, these were medication costs and laboratory costs, and for tetanus, they were medication costs, and the ICU bed charges. In contrast, in patients requiring mechanical ventilation, the two most expensive cost categories for all three of the diseases were the medication costs and procedure costs. Interestingly, for mechanical ventilated tetanus patients, the ICU bed charges were also a major cost driver (Figure 1), likely due to their duration of stay in ICU (Table 2).


[image: Figure 1]
FIGURE 1. Percentage share of the different ICU cost categories.




Daily Costs of ICU Patients

The total direct medical cost is highly influenced by the duration of ICU stay. We therefore also calculated the average daily ICU costs across the different diseases. Table 4 describes the median daily cost of patients during their ICU stay across the different diseases and severity status for the different cost categories.


Table 4. The median daily costs for the ICU patients stratified by the different cost categories.
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For patients not requiring mechanical ventilation, the daily cost of sepsis was the most expensive (median of US$152 (IQR US$145, US$160)), followed by dengue (median of US$47.5 (IQR US$38.0, US$57.2)) and tetanus (median of US$33.3 (IQR US$25.2, US$42.1)). For the patients requiring mechanical ventilation, the median daily cost of dengue was the most expensive with a median of US$406 (IQR US$202, US$973), followed by sepsis with a median of US$213 (IQR US$160, US$341) and tetanus with a median of US$109 (IQR US$93.2, US$124). As with the total cost, the key drivers for the daily costs differed across the diseases and the severity of the cases. For the patients not requiring mechanical ventilation, the most expensive cost categories were ICU bed charges for patients with tetanus, laboratory costs for those with dengue and medication costs for patients with sepsis. In contrast, for patients requiring mechanical ventilation, costs related to medication were consistently the most expensive daily cost category (Table 4). The difference between the calculated daily ICU costs for the three diseases was wider than the difference between their calculated total ICU costs (Tables 3, 4).



The Usage and Cost of Antibiotics in ICU

For the patients who did not require mechanical ventilation, the usage and cost of antibiotics in the ICU was relatively limited in patients with dengue and tetanus but as expected, for patients with sepsis was considerably higher with a median of US$172 (IQR US$155, US$233) (Supplementary Table 2). In contrast, all patients requiring mechanical ventilation had substantial antibiotic costs. Specifically, the median cost of antibiotic use in sepsis, dengue and tetanus were US$415 (IQR US$160, US$783), US$267 (IQR US$146, US$616) and US$75 (IQR US$0.3, US$329), respectively (Supplementary Table 2).



Contribution From the National Health Insurance Program

Among our sample, 70% of the patients with dengue and sepsis were covered by the national health insurance program (no health insurance data were available for the patients with tetanus as this data was not collected within the primary study where patients costs were covered by the clinical trial) (Table 2) (35). For these insured patients, the median proportion of their total cost that was covered by the health insurance program was 76.4% (IQR 68.8, 78.5%). Interestingly, while the median proportion of ICU costs covered by the insurance program for those who did not require mechanical ventilation was only 66.7%, it was nearly 77% for the patients who required mechanical ventilation - despite their status being more severe, and them requiring more medication and other services (Figure 2A). Despite the national health insurance covering a large proportion of the ICU costs, the mean remaining portion that would be covered by the patients was US$142 (min-max: US$27.9–759.7) and US$877 (min-max: US$35.2–5,487.6) for patients without and with mechanical ventilation, respectively (Figure 2B).
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FIGURE 2. The ICU costs covered by the national health insurance program. Panel (A) shows for the patients enrolled in the national health insurance program, the proportion of their total ICU costs that were covered. Panel (B) shows for the patients enrolled in the national health insurance program the ICU costs (US$) paid by the patients. The box plot illustrates the interquartile range, the black line represents the median and the red dashed line represents the mean. Costs are in US$ 2019 prices.





DISCUSSION

This study focused on the direct medical costs incurred by infectious disease patients staying in the ICU of a tertiary hospital in HCMC. We found that ICU care is associated with significant direct medical costs, particularly for patients requiring mechanical ventilation and that the disease and associated severity are the main cost drivers of ICU care. The total cost was also highly influenced by the duration of ICU stay, with a longer stay associated with more severe disease and the possibility of complications and hospital-acquired infections.

This study demonstrates the notable cost of ICU care in Vietnam and similar LMIC settings and highlights the importance of evaluating novel critical care interventions that could reduce the costs of ICU care in such settings (even if they only have little benefit regarding improving mortality outcomes). The specific costs we estimated will be useful for the evaluation of interventions to control the specific diseases investigated, including not only critical care interventions but also population level interventions. For example, in the case of dengue, it could be used within the economic evaluation of vaccines or Wolbachia deployments. In tetanus, this data could be used in the justification of strengthening vaccination programs, particularly of at at-risk groups. Similarly, this data could be used in the evaluation of novel vaccines for causes of sepsis. Furthermore, as the main cost drivers of ICU care were found to be disease and associated severity, our results imply that general critical care cost estimates can be misleading/inaccurate when evaluating a particular disease. This variation in cost drivers needs to be considered when comparing the results of different costing studies. Finally, this data highlights the vital need for future studies to further evaluate the costs and economic burden incurred by ICU patients in LMIC settings. This should include further examination of the implications of these critical care costs on different aspects of society, such as healthcare affordability, patients' attitudes and equity.

The median ICU length of stay in this study (13 days) was longer than reported in other studies in Southeast Asia (typically a median of 4–6.4 days) (14, 16, 36, 37). This may be due to differences in the case mix, the type of ICU investigated (i.e., a general ICU vs. an infectious disease specific ICU) and the eligibility criteria in our primary studies (Supplementary Figure 1).

In general, medication costs were the main cost driver for patients irrespective of mechanical ventilation requirement. Not surprisingly, with the exception of sepsis cases, for patients not requiring ventilation, the costs related to antibiotics were trivial in the case of dengue (a viral disease not requiring antibiotics) and tetanus (where inexpensive antibiotics are first-line treatment). However, the costs for antibiotics were significant for all sampled patients requiring mechanical ventilation. This is likely due to ventilator-associated respiratory infections, other hospital-acquired infections and possible diagnostic uncertainty in severe patients necessitating empiric antibiotic therapy (32, 36, 38). These patients also received expensive ‘last-line' antibiotics (such as carbapenems) due to high levels of antibiotic resistance (32, 36, 38). Thus, preventing hospital-acquired infection, identifying the need for, and safely reducing the duration of antibiotic therapy should be priorities for novel critical care interventions.

There are limited costing studies in Vietnam to compare these estimates to. Our total hospital admission cost estimate for non-ventilated dengue patients that needed the ICU (US$150) was similar to previous estimates regarding the cost of hospitalized dengue patients in Vietnam (which ranged from US$46-153 – 2019 prices) (39). Note that our estimates would be expected to be higher as they only relate to patients needing the ICU, whereas the other estimates would include patients only needing care in the general ward (39). Our calculated cost for patients with dengue requiring mechanical ventilation (US$4,250) was significantly higher than this range and this highlights that some hospitalized dengue patients do experience much higher costs than the averages typically considered because clinically dengue varies from a relatively mild disease to one causing severe multi-organ failure (25).

This study used the available data from previous trials conducted at the Hospital for Tropical Diseases in HCMC. Although it did not follow any established protocol the bottom-up approach employed is commonly used and generally believed to be the preferred methodology for such a costing because it values each cost component for the individual patients (13).

The direct medical cost estimates of ICU care in our study were significantly lower than those for Thailand, Malaysia and China, with corresponding medians of US$2,716, US$5,207 and US$18,889 per ICU stay, respectively (14–16). These costs are not directly comparable due to differences in the diseases investigated, methods employed (top-down vs bottom-up approaches and types of costs included) and cost year of the studies. However, there were still some similarities to these other studies. For instance, the costs related to medications were also reported to be a dominant cost category in the study by Ye et al. (15). Moreover, we found that the ICU costs of those who used mechanical ventilation were significantly higher than those that did not, similar to results by Khwannimit et al. (16). Many studies in high-income countries have suggested that mechanical ventilation increases the cost of critical care (12, 13, 40). This may be for several reasons: either it is an indicator of more severely ill patients likely to require more treatment for longer periods of time but also as it often requires a higher level of staff monitoring and facility costs such as oxygen (12, 13, 40). In addition, a study estimating costs across seven ICU departments in Germany, Italy, the Netherlands and United Kingdom found that the average direct cost per ICU day ranged from €1,168 to €2,025 (13). This is notably higher than the daily ICU costs we estimated (with the average ranging between US$33-406). They also highlight the importance of the patient case-mix when comparing cost differences between ICU departments.

Importantly, the total direct medical cost associated with ICU care for non-ventilated and ventilated patients in our study was 1.9 and 19.1 times higher than Vietnam's annual average per capita health care spending in 2018 (US$134.3, 2018 prices), respectively (41). Hence, these costs are significant for this setting, even though they are smaller than the costs found in other countries (14–16). It should also be recognized that tetanus is a vaccine-preventable disease, where an inexpensive effective vaccine is readily available.

The national health insurance program in Vietnam aims to support financing and access of health care services, and to reduce patients' out-of-pocket healthcare costs, particularly for the poor and vulnerable populations. For those within our sample covered by the national health insurance program, the median proportion of their total ICU costs covered by the program was 76.4% (IQR 68.8, 78.5%). Despite this high level of coverage, the remaining portion of the costs that patients paid was equivalent to a mean of US$142.4 and US$877.4 for non-ventilated patients and ventilated patients, respectively (Figure 2). These mean costs were 0.8 times and 4.9 times higher than the 2019 monthly minimum wage (US$180) (42) for urban Hanoi and HCMC (which is higher than the minimum wage for other areas in Vietnam). It should be noted that the majority of patients admitted to the Hospital for Tropical Diseases came from provinces outside of HCMC. This meant that the patients' status was commonly more severe, and their income was lower than the average in HCMC. Although the health insurance coverage of the poor and in urban areas is high, the coverage rate of the near-poor and those in the informal sectors (such as farmers) is low (22). Overall, ICU care still causes a high economic burden on patients, even for those that have health insurance and although the national health insurance program is designed for financial protection, patients still incur notable out-of-pocket payments (25).

Further investigation of strategies to lower ICU costs is needed, particularly in low-resource settings such as Vietnam. This will require the consideration of multiple aspects of healthcare, including medical research/innovations, collaboration with other actors/stakeholders (such as equipment manufacturers and training programs), as well as monitoring and assessment. The use of management frameworks/theory [such as Vuong et al. (43)] could have a role in accounting for these different aspects. Technological innovations could also play a role in reducing these ICU costs. It will be important to consider the perceptions of science in the government, institutions and the public when implementing new technological innovations (44).


Limitations

This study used a sample of ICU patients' medical bills that were retrieved from three different studies at the Hospital for Tropical Diseases in HCMC (the eligibility criteria for these studies is outlined in Supplementary Figure 1). Although it is difficult to assess exactly how representative the overall sample is to general ICU admissions for these diseases, the primary studies had very clearly defined inclusion criteria and screening logs compared to observational cohorts. In addition, the inclusion criteria of the primary studies reflected the need to be generalizable to other settings.

Our aim in this study was to investigate the direct medical costs for locally important infectious diseases in Vietnam. However, in using data from a tertiary referral hospital in HCMC it is possible that patients were generally more severe compared to other ICUs. To overcome this, we stratified for mechanical ventilation status and aimed to provide an approximate indicator of disease severity. Consequently, our sample sizes for certain subgroups for dengue and sepsis cases were small, introducing uncertainty in the exact cost estimates. In addition, due to the variation in ICU costs, it is also likely that our results provide only an approximate estimate of ICU costs for other diseases, settings and patient populations in Vietnam. This also highlights the need for further studies investigating ICU costs, with larger samples and including more diseases and study settings. That said, although there might be some variation in the unit costs for treating these diseases in other hospitals within Vietnam outside of HCMC, the overall conclusions that ICU care results in significant direct medical costs (particularly for patients requiring mechanical ventilation) and that the main cost drivers of ICU care depend on the disease and associated severity, would be robust to this.

The cost data estimates calculated within this paper were based directly on the charges from the patients' hospital bills and the costs related to the staff time were assumed to be captured by the charges for the different services. However, these charges do not necessarily reflect the economic value of the resources utilized for their care (45–47). In order to try and capture economic costs within this context, a cost-to-charge ratio is commonly applied to the charges (which is based on the ratio of hospital's (or department's) expenses and what they charge) (48, 49) but the data were not available to do this adjustment within this study.




CONCLUSION

To conclude, ICU care in the Hospital for Tropical Diseases in HCMC results in substantial direct medical costs, particularly for patients requiring mechanical ventilation. The main cost drivers of ICU care depend on the disease and associated severity. Understanding the burden of ICU cost is crucial for informing and supporting decision-making, particularly in LMIC, such as Vietnam. Further studies are needed to fully evaluate the costs and economic burden incurred by ICU patients. Understanding the main drivers cost in ICU is important for policymakers and hospital managers and will be vital for the evaluation of novel interventions/technology to improve critical care in LMICs.
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