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Introduction: Criteria-Based Dispatch (CBD) is Thailand’s national telephone-based prehospital triage system used to prioritize
emergency response and allocate resources. However, long-term national trends in CBD utilization and their implications for
healthcare leadership remain limited.

Purpose: This study aimed to analyze 10-year trends in CBD utilization in Thailand (2012-2022), focusing on overall patterns, age
groups, and geographic variations to inform policy and EMS planning.

Methods: This retrospective descriptive study analyzed 14,763,882 emergency calls recorded in the national EMS database. Trend
analyses were conducted to assess temporal changes across CBD categories, demographic subgroups, and regions.

Results: Of 14,758,415 eligible calls, CBD 25 (motor vehicle accident) was the most common category (23.6%) and showed
a significant increasing trend with seasonal peaks during the New Year period (p < 0.001). Adults aged 18-59 years accounted for
the largest proportion of calls (52.4%), with CBD 25 predominating (31.5%). Among older adults (=60 years), CBD 17 (sick
[unknown]/other) was most frequent (33.3%). Regionally, the Northeast had the highest call volume (46.7%), where CBD 17
predominated, while CBD 25 was most common in other regions.

Conclusion: These findings describe important variations in EMS demand across population groups and regions and may inform
workforce planning, resource allocation, and targeted prevention strategies.
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Introduction
The Emergency Medical Act B.E. 2551 2008,' represents a landmark policy framework that governs emergency medical
operations and ensures equitable access to emergency care in Thailand. Under Section 28,' operational units, hospitals, and
healthcare providers are required to assess and prioritize patients based on clinical severity. In the prehospital setting, this
prioritization depends on effective emergency dispatch and triage systems, which are essential for guiding timely response,
optimizing resource allocation, and supporting coordinated care delivery. These processes reflect key leadership responsibilities in
emergency medical services (EMS), including decision-making under uncertainty, strategic management, and system
governance.

Globally, emergency dispatch systems are broadly classified into two models: the Medical Priority Dispatch System
(MPDS), which follows standardized scripted protocols, and the Criteria-Based Dispatch (CBD) system, which integrates
structured criteria with dispatcher experience and clinical judgment.? In the Thai EMS system, CBD is the standardized
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symptom-based telephone triage framework used through the national EMS hotline (1669) to prioritize emergency
response and allocate resources according to patient urgency. MPDS has been widely implemented as a universal
standard in many high-income countries to improve consistency, quality, and patient safety.”* In contrast, Thailand
has adopted the CBD model, which was initially piloted in selected provinces in 2009 and later expanded nationwide.’
This model reflects the need for adaptable and context-specific approaches in low- and middle-income countries
(LMICs), where variations in workforce capacity, infrastructure, and resource availability require flexible yet structured
decision-support systems.

To strengthen national EMS governance and enhance accountability, the National Institute for Emergency Medicine
(NIEM) developed the Information Technology for Emergency Medical System (ITEMS) database, enabling centralized
and computerized data collection across the country. This system, currently known as ITEMS 4.0, has served as the
national standard since 2013 and supports performance monitoring, quality improvement, and evidence-based policy
development.” The integration of digital health infrastructure into emergency systems is increasingly recognized as
a strategic leadership priority, particularly in LMICs, where data-driven decision-making can reduce disparities in access
to care and improve system resilience.

Within the Thai EMS system, CBD functions as a telephone-based prehospital triage approach that classifies patients
into five levels of emergency (red, yellow, green, white, and black) to ensure that critically ill patients receive priority
care.' In addition, patients are categorized into 25 CBD groups according to their presenting symptoms, which helps
identify potential life-threatening conditions and supports early clinical and operational decision-making.>° This struc-
tured framework facilitates interdisciplinary coordination among dispatchers, EMS providers, emergency physicians, and
hospital administrators, thereby enhancing communication and system preparedness.

Despite the growing importance of dispatch systems in emergency care, most international research has focused on
MPDS implementation in high-income settings, while evidence regarding CBD systems remains limited, particularly in
LMIC contexts.”* Challenges in these settings include workforce shortages, geographic disparities, variability in training
and protocol adherence, and increasing EMS demand due to demographic and epidemiological transitions. Thailand is
experiencing rapid population aging and rising prevalence of noncommunicable diseases, which are expected to increase
emergency service utilization and complexity. These trends highlight the need for healthcare leaders to adopt data-driven
and system-oriented approaches to improve service delivery and resource prioritization.

A previous national study by Thepmanee et al’ analyzed more than 8 million emergency call records between 2016
and 2020, focusing primarily on the causes of emergency calls and temporal variations. However, long-term national
evidence examining trends in the utilization of CBD categories, as well as their implications for healthcare leadership,
strategic planning, and policy development, remains limited. Understanding these trends is important for strengthening
emergency preparedness, improving workforce planning, and supporting injury prevention and chronic disease manage-
ment strategies.

Therefore, this study analyzed 10-year trends in the utilization of CBD categories in Thailand from 2012, the
first year of data availability in the ITEMS database, to 2022. By examining variations over time, across age groups,
and between geographic regions, this study aimed to provide national descriptive evidence to support healthcare
leadership, EMS policy, and strategic system planning.

Methods

Study Design

This retrospective descriptive study analyzed emergency call data recorded through the Thai national EMS dispatch

system (hotline 1669) from January 1, 2012 to December 31, 2022. The study was designed to generate system-level

evidence to support healthcare leadership, strategic planning, and policy development in emergency care delivery.
Data were obtained in electronic format from two main national sources: the Bangkok Emergency Medical Service Center,

which manages emergency calls originating from Bangkok, and the NIEM, which oversees dispatch data from all other

provinces. Access to these national EMS dispatch data was granted through formal institutional approval and data-sharing
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authorization for research purposes. These databases represent the centralized national EMS information infrastructure and are
routinely used for service monitoring, performance evaluation, and quality improvement.

The use of large-scale national data provides an opportunity to examine long-term trends in emergency demand and
dispatch patterns. Such insights are critical for healthcare leaders to inform workforce planning, resource allocation,
regional service development, and system resilience, particularly in the context of increasing EMS demand and evolving
population health needs.

Study Population

A total of 14,763,882 emergency call records were initially identified from the national EMS dispatch databases during
the study period. To ensure data quality and reliability for system-level analysis, records with missing information on the
CBD category or date of the event were excluded from the overall analysis, resulting in 14,758,415 eligible calls. For
subgroup analyses, records with missing information on patient age group were excluded from the age-group analysis,
while records with missing information on geographic region were excluded from the regional analysis. Thus, records
with missing data were excluded only from the relevant analysis.

The use of comprehensive national EMS data provides a robust foundation for understanding patterns of emergency
demand and dispatch utilization. Ensuring data completeness and accuracy is essential for supporting healthcare leader-
ship, strengthening system governance, and promoting evidence-based decision-making. High-quality data are particu-
larly important in low- and middle-income country settings, where resource constraints require effective prioritization
and strategic planning to optimize emergency care delivery.

CBD Categories

In Thailand, the CBD system provides a structured and standardized framework for symptom-based triage during
emergency calls. Each emergency call to the national EMS hotline (1669) is assessed in real time by trained EMS
dispatch personnel using standardized National Institute for Emergency Medicine (NIEM) criteria-based dispatch
protocols. CBD category assignment is based on callers’ reported symptoms and clinical information obtained during
the call, rather than through automated chatbot or artificial intelligence systems. This process supports clinical prioritiza-
tion, operational coordination, and efficient resource allocation within the EMS network.

The CBD system consists of 25 symptom-based categories that reflect common medical and trauma-related emer-
gencies encountered in the prehospital setting. These categories facilitate communication between dispatchers and EMS
providers, promote data standardization, and support national monitoring of EMS utilization and performance. From
a healthcare leadership perspective, the use of standardized dispatch criteria enables system benchmarking, quality
improvement, workforce planning, and evidence-based policy development.

For the present study, CBD categories recorded in the national EMS database were used to analyze long-term trends
in emergency call utilization. The definitions of these categories are summarized in Table 1.

Statistical Analysis

Demographic characteristics and emergency call profiles were described using frequencies and percentages for catego-
rical variables. Monthly counts of emergency calls were summarized for each CBD category over the study period from
2012 to 2022, with particular focus on the five most frequently utilized CBD categories, in order to identify priority areas
for EMS planning and resource allocation.

Long-term temporal trends in annual emergency call counts and category-specific proportions were assessed using
linear regression models, with calendar year entered as a continuous independent variable to evaluate temporal changes
over time. Trend analyses were based on absolute call volumes and proportions derived from the national EMS dispatch
database and were not adjusted for population growth or demographic changes during the study period. This approach
enabled the assessment of changes in EMS demand over time and supported data-driven insights for healthcare leader-
ship and strategic system planning.

Seasonal patterns were examined using seasonal decomposition of monthly time-series data to assess recurrent
temporal trends and periodic fluctuations in call volumes. Formal hypothesis testing was performed to detect significant
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Table | Description of the 25 CBD Categories Used in
Thailand’s Dispatching System

CBD | Abdominal/Back/Groin Pain

CBD 2 | Anaphylaxis/Allergic Reaction

CBD 3 Animal Bites

CBD 4 | Bleeding (non-traumatic)

CBD 5 Breathing Difficulty

CBD 6 Cardiac Arrest

CBD 7 Chest Pain/Discomfort/Heart Problems

CBD 8 Choking

CBD 9 Hypo/Hyperglycemia

CBD 10 | Environmental

CBD |1 | Blank/Unspecified dispatch category*

CBD 12 | Head/Neck

CBD 13 | Mental/Emotional/Psychological

CBD 14 | Drug Overdose/Poisoning

CBD |5 | Pregnancy/Childbirth/Gynecology

CBD 16 | Seizures

CBD 17 | Sick (Unknown)/Other

CBD 18 | Stroke (CVA)

CBD 19 | Syncope/Unconscious/Unresponsive

CBD 20 | Pediatrics

CBD 21 | Assault/Trauma

CBD 22 | Burns-Thermal/Electrical/Chemical

CBD 23 | Drowning/Near Drowning/Diving or Water-related Injury

CBD 24 | Falls/Accidents/Pain

CBD 25 | Motor Vehicle Accident

Notes: CBD categories represent symptom-based dispatch classifications assigned
during emergency telephone triage by EMS dispatch personnel and do not necessa-
rily reflect final confirmed clinical diagnoses. *CBD |1 (“Blank”) refers to incom-
plete, unspecified, or unclassified symptom information recorded during dispatch
documentation and is not intended for routine operational use.

Abbreviations: CBD, Criteria-Based Dispatch; CVA, cerebrovascular accident.

seasonal variation. Understanding these seasonal trends is essential for improving emergency preparedness, workforce
planning, and operational resilience.

Results are presented as total annual counts of emergency calls, along with corresponding p-values for trend and
seasonality. All p-values were two-sided, and statistical significance was defined as p < 0.05. Statistical analyses were
performed using Stata version 19.5 (StataCorp, College Station, TX, USA).
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Results

Characteristics of Emergency Calls
A total of 14,763,882 emergency calls were recorded during the study period. Of these, 14,758,415 calls had complete
information on the CBD category and the date of the event and were included in the overall analysis. The annual number
of emergency calls increased significantly from 1,036,936 in 2012 to 1,481,629 in 2022 (p for trend = 0.001; Table 2).
For subgroup analyses, 13,982,898 calls with complete data on the CBD category and patient age group were
included in the age-group analysis. Additionally, 14,758,415 calls with complete data on the CBD category, event date,
and geographic region were included in the regional analysis. These percentages are presented based on the relevant
analysis dataset.

CBD Categories with the Most Frequent Emergency Calls

The five most frequently utilized CBD categories in the overall analysis dataset were CBD 25 (Motor Vehicle Accident)
(3,483,590 calls, 23.6%), CBD 17 (Sick [Unknown]/Other) (3,168,135 calls, 21.5%), CBD 1 (Abdominal/Back/Groin
Pain) (1,576,699 calls, 10.7%), CBD 5 (Breathing Difficulty) (1,202,084 calls, 8.2%), and CBD 24 (Falls/Accidents/
Pain) (1,191,722 calls, 8.1%). The overall number of calls is presented in Table 2, and annual call volumes are shown in
Figure 1.

Among these categories, CBD 25 and CBD 17 had the highest monthly call volumes, with approximately 26,390 and
24,001 calls per month, respectively. From 2012 to 2022, the annual number of calls increased significantly for both CBD
25 (249,428 to 330,579 calls; p for trend = 0.043) and CBD 17 (193,294 to 350,912 calls; p for trend < 0.001).

When annual category-specific proportions were analyzed using linear regression models, only CBD 17 showed
a statistically significant increase over time (18.6% to 23.7%; mean annual percent change = 0.49, 95% CI 0.18 to 0.81),
whereas CBD 25 showed no statistically significant proportional change (24.1% to 22.3%; mean annual percent change =
—0.12, 95% CI —0.32 to 0.09).

Seasonal trend analysis demonstrated significant temporal variation in monthly call volumes across all five most
frequently utilized CBD categories, with pronounced peaks during the New Year festival period compared with other
times of the year (p < 0.001 for all categories; Figure 2).

Age Group Analysis

Patients were classified into three age groups: children and adolescents (<18 years), adults (18-59 years), and older adults
(>60 years).'” Among the age-group analysis dataset, adults accounted for the highest proportion of emergency calls
(7,320,875 calls, 52.3%), followed by older adults (4,819,247 calls, 34.5%), and children/adolescents (1,842,776
calls, 13.2%).

The most frequently utilized CBD category among children/adolescents and adults was CBD 25 (Motor Vehicle
Accident), accounting for 580,728 calls (31.5%) and 2,385,384 calls (32.6%), respectively. In contrast, CBD 17 (Sick
[Unknown]/Other) was the most common category among older adults, accounting for 1,605,963 calls (33.3%). Detailed
age-specific distributions are presented in Figure 3 and Supplementary Material Table 1.

Long-term trend analyses of annual emergency call counts stratified by age group from 2012 to 2022 showed
statistically significant increases among adults (289,956 to 546,861 calls; p for trend = 0.001) and older adults (44,419
to 92,319 calls; p for trend < 0.001), whereas no statistically significant change was observed among children and
adolescents (167,357 to 142,066 calls; p for trend = 0.207). Detailed age-stratified trend analyses are presented in
Supplementary Material Tables 2—4.

Geographic Region Analysis

Thailand was categorized into six geographic regions: Central, North, Northeast, Eastern, Western, and South.!! In the
regional analysis dataset, the Northeast region accounted for the highest volume of emergency calls (6,885,828 calls,
46.7%), whereas the Western region had the lowest volume (546,146 calls, 3.7%).
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Table 2 Distribution of Total Emergency Calls by CBD Categories From 2012 to 2022 with Long-Term Trend Analyses

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 Total P for Trend Mean Annual 95% CI (%) P for Trend
(Number) Percent (Percentage)
Change (%)
Total 1,036,936 1,091,356 1,127,191 1,072,168 1,407,046 1,391,612 1,535,587 1,622,772 1,481,345 1,510,773 1,481,629 14,758,415 0.001
Calls @) 74) (7.6) (73) (9.5) 94) (10.4) (rn (10) (10.2) (10)
CBD Category

| 128,216 135,266 136,721 124,377 158,873 150,085 166,434 166,574 150,420 126,942 132,791 1,576,699 0.488 -0.38 -0.47 -0.29 <0.001*
(12.4) (12.4) (12.1) (1.6) (11.3) (10.8) (10.8) (10.3) (10.2) 84) (9.0) (10.7)

2 5125 4,965 5932 5,745 7,738 8,510 10,399 9,498 9,942 10,505 10,107 88,466 <0.001 0.03 0.02 0.04 <0.001*
(0.5) (0.5) (0.5) (0.5) (0.5) (0.6) 0.7) (0.6) 0.7) 0.7) 0.7) (0.6)

3 12,065 11,458 12,750 10,506 12,964 13,450 15,503 11,917 10,557 9,648 9,876 130,694 0.313 —0.05 —0.07 —0.03 <0.001*
(1.2) (1.0 (1.1 (1.0 (0.9) (1.0 (1.0) 0.7) 0.7) (0.6) 0.7) 0.9)

4 13,149 12,938 14,251 13,255 17,114 17,818 20,462 21,105 21,180 21,429 21,414 194,115 <0.001 0.02 0.01 0.03 0.01%*
(1.3) (1.2) (1.3) (1.2) (1.2) (1.3) (1.3) (1.3) (1.4) (1.4) (1.4) (1.3)

5 74,610 78,947 85,079 81,874 108,256 112,532 125,756 130,182 124,427 142,930 137,491 1,202,084 <0.001 0.22 0.15 0.28 <0.001*
(7.2) (72) (7.5) (7.6) (7.7) 8.1) 82) (8.0) (84) (9.5) 9.3) 8.1)

6 766 (0.1) 737 (0.1) 910 (0.1) 1,123 1,801 1,742 2,431 4,060 5,170 5,433 6,432 30,605 <0.001 0.03 0.02 0.05 <0.001*

0.1) .1) 0.1) 0.2) (0.3) (0.3) (0.4) (0.4) 0.2)

7 22,313 23,703 25,352 25,879 34,439 36,194 41,965 44,408 44,789 47,448 44916 391,406 <0.001 0.1 0.08 0.12 <0.001*
(22) 2.2) (22) (24) (2.4) (2.6) 2.7) (2.7) 3.0 (3.1 3.0 2.7)

8 1,147 1,102 1,158 1,235 1,617 1,837 1,851 2,204 2,285 2,395 2,641 19,472 <0.001 0.01 0.001 0.02 0.01*
.1) 0.1) .1) 0.1) .1) 0.1) .1) ©.1) 0.2) 0.2) (0.2) .1)

9 27,951 27,789 27,156 24,114 29,729 26,624 28,260 29,667 28,546 26,158 27,126 303,120 0.863 —-0.09 -0.12 -0.07 <0.001*
2.7) (2.5) (2.4) 2.2) .1) (1.9) (1.8) (1.8) (1.9) (1.7) (1.8) 2.1

10 465 367 491 427 433 463 661 511 (0.0) 1,735 5,420 3,705 14,678 0.012 0.03 0.01 0.05 0.01*
(0.0) (0.0 (0.0) (0.0) (0.0) (0.0) (0.0) 0.1) (0.4) 0.3) 0.1)

12 31,340 33,058 31,777 29,358 38,126 39,195 42,062 43,735 38,854 34,536 34,199 396,240 0.135 —0.06 -0.09 —-0.04 <0.001*
(3.0) 3.0 (2.8) 2.7) 2.7) 2.8) 2.7) 2.7) (2.6) (23) (2.3) 2.7)

13 9,502 9,484 10,210 10,190 12,983 13,607 15,292 15,942 16,893 17,412 16,815 148,330 <0.001 0.03 0.02 0.04 <0.001*
(0.9) 0.9) (0.9) (1.0) 0.9) (1.0) (1.0) (1.0) (1.1) (1.2) (1.1) (1.0)

14 5514 5,106 4,866 4,565 5814 5,826 6,133 6,740 7,300 6,782 7,984 66,630 <0.001 0 0.0l 0.01 0.86
(0.5) (0.5) (0.4) (0.4) 0.4) (0.4) 0.4) (0.4) (0.5) (0.4) (0.5) (0.5)

15 32,923 30,444 30,231 25,968 31,448 29,867 30,727 29,108 28,761 24,337 21,644 315,458 0.013 —-0.16 —0.18 -0.13 <0.001*
(3.2) (2.8) 2.7) 24) (22) 2.1 (2.0) (1.8) (1.9 (1.6) (1.5) .1)
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16 26,161 28,486 31,220 31,461 42,497 43,387 49,225 53,928 52,138 51,765 52,251 462,519 <0.001 0.l 0.09 0.12 <0.001*
@5) (26) 28) 29) 3.0 3.0 (32 (33) (3.5) (34) (3.5) 3.

17 193,294 215,583 226,823 222,950 297,224 293,630 319915 341,771 303,535 402,498 350912 3,168,135 <0.001 049 0.18 0.8l 0.01%
(18.6) (19.8) (20.1) (20.8) QL) @11 (20.8) @11 (20.5) (26.6) (23.7) (21.5)

18 5,845 6,428 7,788 8,622 12,168 13,852 17,020 20,636 22,301 22,988 23,699 161,347 <0.001 0.1 0.1 0.12 <0.001*
(06) (0.6) ©07) 08) 09 (1.0) .y (13) (1.5) (1.5) (1.6) )

19 33,377 36,896 40,086 41,328 55,734 56,864 65,560 76,551 72,046 71,364 75,324 625,130 <0.001 0.19 016 | o021 <0.001*
32 (34) (36) (39) 4.0 .1y 43) (47) “9) (47) .1 42)

20 50,687 57,090 52,09 43,939 59,242 44,660 51,322 50,123 27,618 13716 22,566 473,059 0.005 -041 -051 | -0.32 <0.001*
(4.9) (52) (4.6) (4.1) (42) (32) (33) 3.0 (1.9) (0.9) (1.5) (32)

21 27,556 25,287 26,107 22,920 24,805 22,882 24310 24,775 22315 19,628 19,965 260,550 0.001 -0.13 -0.16 | 0.1l <0.001*
@7 (23) 23) @l (1.8) (1.6) (1.6) (1.5) (1.5) (13) (13) (1.8)

2 3,008 3,071 3,108 2872 3,572 3614 3,893 3,897 3,966 3414 3,429 37,844 0.028 -0.01 -0.02 | -0.001 0.01*
03) 03) 03) (03) 03) (03) 03) 02) 03) 02) 02 03)

23 2,196 1,123 1,152 999 (0.1) | 1481 1,612 1,684 1,776 1,512 1,444 1,543 16,522 0822 001 -001 | 0.002 0.12
02 .1 .1 .1 ©.1 .1 ©o.n .1 ©o.n .1 ©o.n

24 80,298 84,379 88,748 85,536 110,584 113,777 126,233 133,019 125,646 119,282 124,220 1,191,722 <0.001 0.06 0.02 0.1 0.01*
@7 @7 7.9 (8.0) 7.9 82 (82) ®2) (85) 79 (84) @®.n

25 249,428 257,649 263,179 252,925 338,404 339,584 368,489 400,645 359,409 323299 330,579 3,483,590 0.0l -0.12 -032 | 009 024
(24.1) (23.6) (23.3) (23.6) 24.1) (24.4) (24.0) (24.7) (24.3) (21.4) (22.3) (23.6)

Notes: Values are presented as annual emergency call counts, with percentages in parentheses indicating the proportion of total emergency calls in the corresponding year. Mean annual percent change (MAPC) was estimated using linear
regression models of annual category-specific proportions over time, with calendar year entered as a continuous independent variable. “P for Trend (Number)” represents the statistical significance of trends in absolute annual emergency
call counts, whereas “P for Trend (Percentage)” reflects trends in annual category-specific proportions relative to total calls. Statistically significant trends are indicated by an asterisk (*), defined as p < 0.05. All p-values are two-sided. To

improve consistency, all MAPC values, confidence intervals, and p-values were formatted using uniform decimal precision across statistical columns.
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Figure | Annual number of emergency calls by the five most frequently utilized CBD categories in Thailand, 2012-2022. This figure presents annual emergency call volumes

for the five most frequently utilized Criteria-Based Dispatch (CBD) categories recorded in the national EMS dispatch database from 2012 to 2022. CBD 25 (Motor Vehicle
Accident) and CBD 17 (Sick [Unknown]/Other) consistently accounted for the highest annual call volumes.
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0— T T T T T T T T T T T
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
—— CBD 1 — CBD5 —— CBD 17
CBD24 —— CBD25

Figure 2 Seasonal patterns of monthly emergency call volumes for the five most frequently utilized CBD categories, 2012-2022. This figure presents absolute monthly
emergency call counts for the five most frequently utilized CBD categories from January 2012 to December 2022. Seasonal patterns were analyzed using monthly time-series
data. Pronounced peaks were observed during the New Year festival period across all five categories.

CBD 25 (Motor Vehicle Accident) was the most frequently utilized category in the Central, North, Eastern, Western,
and Southern regions. In contrast, CBD 17 (Sick [Unknown]/Other) was the most common category in the Northeast
region, accounting for 1,734,890 calls (25.2%). Detailed region-specific distributions are presented in Figure 4 and

Supplementary Material Table 5.
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Figure 3 Annual emergency call trends by age group and CBD category, 2012-2022. This figure presents age-stratified annual emergency call distributions for the most
frequently utilized CBD categories. Age groups were categorized as children and adolescents (<18 years), adults (18-59 years), and older adults (260 years), based on prior
demographic and EMS-related literature.'®

Long-term trend analyses of annual emergency call counts stratified by geographic region from 2012 to 2022 showed
statistically significant increases across all regions (p for trend = 0.001 in the Eastern region and p for trend < 0.001 in all
other regions). Detailed region-stratified trend analyses are presented in Supplementary Material Tables 5-11.

Discussion

This study analyzed 14,758,415 emergency calls in Thailand over a 10-year period and provides comprehensive national
insights into trends in the utilization of CBD categories. The findings have important implications for healthcare
leadership, system governance, and policy development in EMS, particularly in LMIC settings where resource optimiza-
tion and equitable access to care remain key priorities.

At the national level, CBD 25 (Motor Vehicle Accident) was consistently the most frequently utilized category.
Although the absolute number of calls increased significantly over time, its proportional distribution remained relatively
stable, suggesting that the observed increase was likely related to overall growth in EMS demand rather than a major
shift in injury patterns. The clear seasonal peak during the New Year festival is consistent with increased traffic volume,
interprovincial travel, and higher accident rates reported during this period in Thailand.'? In addition, the temporal spikes
observed in monthly call volumes during peak holiday periods may reflect short-term increases in travel-related
exposure, seasonal mobility, and fluctuating emergency service demand. This pattern also aligns with Thailand’s
substantial road traffic injury burden and previous national EMS studies.”'* "

The predominance of traffic-related emergencies in Thailand, an upper-middle-income country,"® differs from
patterns reported in many high-income countries, where geriatric and non-specific complaints are more commonly
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Figure 4 Regional distribution of emergency call volumes by CBD category in Thailand, 2012-2022. This figure presents regional trends in emergency call volumes for the
most frequently utilized CBD categories across Thailand. Geographic regions were defined according to Thailand’s standard six-region administrative classification used in

national health system analyses."

observed in EMS dispatch systems.'*'” These differences may reflect variations in population demographics, burden of
injury, injury prevention systems, healthcare accessibility, and health policy priorities.

CBD 17 (Sick [Unknown]/Other) also accounted for a substantial proportion of emergency calls and demonstrated
a statistically significant increase in annual proportional trends. This pattern may reflect increasing complexity of non-
specific symptom presentations, particularly among older adults and patients with chronic conditions. In addition,
telephone-based triage may be influenced by limitations in symptom communication, caller uncertainty, time constraints,
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and variation in dispatcher interpretation. These findings underscore the importance of ongoing dispatcher training,
standardized questioning protocols, and dispatch quality monitoring systems.

Age-stratified analyses showed that adults accounted for the largest proportion of emergency calls, followed by older
adults, while children and adolescents represented the smallest group. Trauma-related emergencies predominated among
younger populations, whereas non-specific or undifferentiated medical conditions were more common among older
adults.?>*! This pattern is consistent with Thailand’s demographic transition and ongoing population aging,° which are
expected to increase EMS demand and complexity.

Regional variations in EMS utilization were also observed. The Northeast region had the highest emergency call volume,
while the Western region had the lowest. These differences may reflect population distribution, socioeconomic factors,
healthcare accessibility, and variation in health-seeking behavior.”® Although CBD 25 remained one of the most frequently
utilized categories across all regions, the relative predominance of CBD 17 in the Northeast region may also be influenced by
differences in symptom expression, health literacy, communication practices during emergency calls, and local patterns of
chronic disease burden.

A health communication framework may provide a useful approach to understanding these regional differences. Effective
emergency dispatch relies on clear, structured, and culturally sensitive communication between callers and dispatchers.
Variations in language, cultural context, and health literacy may affect symptom description, triage accuracy, and subsequent
care pathways. Healthcare leaders should consider integrating culturally adaptive communication strategies, standardized
questioning techniques, and training programs that address linguistic diversity and community engagement.

From a policy and leadership perspective, this study highlights several system planning implications. First, national
EMS leaders may use long-term dispatch trend data to support workforce planning, demand forecasting, and strategic
ambulance deployment, particularly during predictable seasonal peaks such as the New Year festival. Second, the
increasing proportion of nonspecific medical complaints, particularly among older adults and in certain regions, may
support targeted dispatcher training, standardized telephone triage protocols, and improved coordination with community
and chronic care services. Third, regional variations in EMS demand may help inform context-specific service planning
and equitable resource allocation. Fourth, strengthening digital health infrastructure, dispatch quality monitoring systems,
and data transparency may support evidence-based EMS governance and operational resilience. Recent evidence also
suggests that strengthening evidence-based management through research-informed decision-making, data transparency,
managerial training, economic evaluation, cost management, and digital transformation is important for sustaining
effective healthcare leadership. Finally, equity-focused policies may prioritize underserved regions, aging populations,
and vulnerable groups to support equitable access to emergency care. These findings may help guide future EMS
performance evaluation and adaptive system planning in Thailand.

Overall, these findings provide useful national descriptive evidence on EMS demand patterns and may support data-
informed leadership, policy development, and strategic planning in EMS systems. These findings may also offer insights
for other LMICs facing similar challenges in emergency system development.

Future research should evaluate the relationship between dispatch patterns and patient outcomes, system efficiency,
regional equity, and cost-effectiveness. In addition, implementation research is needed to assess strategies that improve
dispatch accuracy, operational efficiency, and emergency care quality.

Limitations
This study has several limitations. First, emergency call records from Bangkok between 2012 and 2017 were partially
incomplete due to the use of earlier paper-based data collection systems. However, given the very large national sample
size and the consistency of trends observed across regions, this limitation is unlikely to substantially affect the overall
findings. Nevertheless, this issue highlights the importance of strengthening digital health infrastructure and standardized
data governance as key priorities for healthcare leadership in emergency systems.

Second, as a descriptive study, this analysis can identify temporal trends in emergency call utilization but cannot
determine the underlying causal mechanisms. In addition, the analyses were based on absolute call counts and propor-
tions rather than population-adjusted rates, which may affect interpretation of temporal and regional trends. Future
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research should explore potential drivers of increasing EMS demand, including demographic transitions, aging popula-
tions, rising chronic disease burden, improved public awareness, and expanded access to emergency services.

Third, this study was conducted within Thailand’s EMS system, and the findings may not be fully generalizable to
other countries with different dispatch systems, healthcare infrastructures, and epidemiologic profiles.

Fourth, the frequently utilized CBD categories may not fully reflect patients’ true clinical conditions because of
potential misclassification.?’ This limitation may be related to the inability of the system to capture multiple complaints,
reliance on caller-reported information, variability in dispatcher judgement, time constraints during emergency calls, and
the inherent limitations of telephone-based triage, which precludes direct clinical assessment. These challenges are
particularly relevant in LMIC settings and highlight the need for continuous dispatcher training, standardized questioning
protocols, and the integration of decision-support technologies.

Finally, changes over time in EMS utilization behavior, public awareness, healthcare-seeking behavior, access to
emergency services, and dispatch utilization practices may also have influenced call volumes. In addition, this study did
not evaluate patient outcomes, clinical effectiveness, or cost-effectiveness of dispatch practices. Future research should
examine the relationship between dispatch classification, patient outcomes, and resource utilization. Such evidence will
be critical to guide policy development, improve quality of care, and strengthen accountability and performance
monitoring in EMS systems.

Conclusion

These findings provide national descriptive evidence on EMS demand patterns in Thailand and may support data-
informed leadership, policy development, and strategic planning in emergency medical services. The observed trends
may help inform workforce planning, seasonal surge preparedness, region-specific service allocation, and strengthening
of dispatch quality monitoring systems. The observed trends may also offer cautious contextual insights for other low-
and middle-income countries with similar EMS structures and resource settings.
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