N

N

Exploring characteristics and severity of road traffic
injuries in Lebanon using emergency department
hospital-based data
Dalal Youssef, Pascale Salameh, Walid Al-Shaar, Nada Ghosn, Louis Rachid

Salmi

» To cite this version:

Dalal Youssef, Pascale Salameh, Walid Al-Shaar, Nada Ghosn, Louis Rachid Salmi. Exploring char-
acteristics and severity of road traffic injuries in Lebanon using emergency department hospital-based
data. Scientific Reports, 2024, 14 (1), pp.24331. 10.1038/s41598-024-75622-8 . hal-04761674

HAL Id: hal-04761674
https://hal.science/hal-04761674v1
Submitted on 31 Oct 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License


https://hal.science/hal-04761674v1
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr

www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Exploring characteristics and
severity of road traffic injuries

in Lebanon using emergency
department hospital-based data

Dalal Youssef®%2:3:4> Pascale Salameh*>%7, Walid Al-Shaar®, Nada Ghosn® &
Louis-Rachid Salmit

In Lebanon, the lack of quality data on road traffic injuries (RTIs) led to the implementation of a
hospital-based RTI surveillance system by the Ministry of Health in in private and public-run hospitals
in the Bekaa governorate. This paper aims to describe the characteristics and severity of RTls recorded
over two years during the pilot phase. It also assesses the strengths and challenges of the surveillance
system, highlighting areas for enhancement. The data collected from the Emergency department (ED)
was used to conduct a retrospective analysis of population-based injuries hospitalized for road traffic
crashes (RTC). Designated focal persons reported injuries weekly using a standardized form, which
included demographic and crash-related variables, body lesions, and vital signs. Data were coded per
the International Classification of Diseases (ICD-10), entered into Epidata, and analyzed using SPSS.
The RTI surveillance system was assessed using Strengths, Weaknesses, Opportunities, and Threats
(SWOT) analysis. Over two years, a total of 1576 cases of RTls were reported. The male-to-female
ratio was 2.16 and the majority of RTls (44.4%) were recorded among those aged between 15 and 29
years old. From 2013 to 2015, a decrease of 0.7% in the revised trauma score (RTS < 4) was recorded.
On the contrary, an increase of 3.9% in injury severity score (ISS) that ranged between 15 and 75

was reported. The probability of survival of an injured individual at one month was improved. The
hospital-based surveillance system demonstrated strengths in structured data collection and ethical
considerations but faced challenges like underreporting, limited coverage, and resource constraints.
Recommendations for improvement include enhancing data quality and timely reporting, ultimately
supporting evidence-based road safety interventions.
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Globally, road traffic crashes (RTCs) are a major cause of death and disability!?. According to the World Health
Organization (WHO), the annual worldwide death toll due to RTC has reached 1.35 million with millions
suffering from life-altering injuries. Currently, road traffic injury (RTI) is ranked the eighth leading cause of
death for people of all ages and it is predicted to shift to the seventh rank by 2030. Furthermore, RTTis considered
the first leading killer of children and young adults aged between 5 and 29 years old®.

The highest regional rates of road traffic death (RTD) are recorded in Africa and South-East Asia at 26.6 and
20.7 deaths per 100,000 population respectively followed by the Eastern Mediterranean region (EMR) with 18
deaths per 100,000 population®*. It is noteworthy that injury prevention has not been a high priority within the

region, and many countries in the EMR lacked simple measures to reduce road traffic injuries™®.
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One of the major barriers to RTI prevention is the lack of actual and accurate data”® particularly in Low- and
Middle-Income Countries (LMICs) as they often bear a high burden of RTIs, yet interventions are frequently
not evidence-based®!?. In LMICs, road traffic data, typically gathered from various sources, often suffers from
under-reporting. Unlike high-income countries with well-established surveillance systems, most LMICs lack
trauma registries or have incomplete ones. These systems may encounter challenges such as inadequate data on
pre- and post-hospital deaths, and ambiguity in defining variables in injury registries'!~!3. Consequently, injury
surveillance holds the potential to identify trends, populations at risk, injury mechanisms, and risk factors, thus
informing priorities in injury prevention and evaluating intervention effectiveness. Despite its importance, few
examples exist of establishing road traffic surveillance systems, which often suffer from underreporting®°.

Throughout its history, Lebanon, this small Eastern Mediterranean country, has endured perpetual political
turmoil including civil wars, conflicts, instability, and a lack of safety norms. All these factors have constituted a
fertile soil for aggravating the epidemiology of injury in Lebanon and its resulting human and financial burden.
Yet, RTTs have been a neglected epidemic in Lebanon, with studies on RTIs constituting only 5.5% of the injury
literature. This figure is based on a scoping review of 467 documents, including articles, conference proceedings,
theses and dissertations, and government and media reports. These studies provide only sporadic assessments of
this significant health issue in Lebanon!*.

According to the Directorate of the internal security forces, 6137 RTI and 649 RTD were recorded in 2013°.
The estimated Gross Domestic Product (GDP) lost due to RTC is 3.2-4.8%°. Moreover, it was estimated that
at least 7% of all reported hospital deaths were due to external causes including transportation-related injuries,
falls, and accidental poisoning. Thus, injuries resulting from RTC have become a burden on the health sector
in Lebanon. Despite the significant burdens of RTTs, research in this area remains limited, resulting in a lack of
understanding and effective management of RTTs. This deficiency, compounded by incomplete and rudimentary
RTI police data, has hindered preventative efforts, exacerbating the toll on human lives and the country’s well-
being, especially considering that effective RT1 prevention relies on.

In response to this critical gap in RTT data, the Ministry of Public Health’s Epidemiological Surveillance
Unit (ESU) embarked on a transformative journey in 2013. Its aim extends beyond simply delineating the
characteristics of RTIs, identifying vulnerable comprehensive knowledge of RTI patterns and associated risk
factors!”. Remarkably, prior to 2013, Lebanon remained devoid of an inclusive surveillance system dedicated to
monitoring injuries, including RT1Is. The imperative to establish an RTT surveillance system in Lebanon arises
from a complex interplay of historical legacies, epidemiological necessities, and societal demands. demographics,
and assessing RTT severity through meticulous data collection from hospitals in the Bekaa governorate. Notably,
the Bekaa was chosen as the pilot region for several compelling reasons. Firstly, it has a diverse population,
including both Lebanese citizens and a significant number of Syrian refugees. This demographic diversity
provided a robust testing ground for evaluating the surveillance system’s feasibility and efficacy in addressing
various health concerns across different communities. Additionally, the Bekaa’s central geographical location
within Lebanon played a key role in its selection. Lastly, the availability of a sufficient number of epidemiologists
at the ESU in Bekaa, compared to other governorates, ensured adequate support and expertise for the successful
deployment and operation of the system. Moreover, this surveillance system aims to promote best practices in
epidemiological monitoring and facilitate evidence-driven interventions and policy formulation. This involves
implementing methods and procedures that are recognized as effective and efficient in collecting, analyzing, and
interpreting data related to RTTs. By fostering best practices in epidemiological surveillance, this initiative seeks
to ensure that the data collected is of high quality, accurate, and reliable. This, in turn, enables policymakers,
public health officials, and other stakeholders to make informed decisions and develop targeted interventions to
prevent and mitigate the impact of RTTs.

Aims of the study

The objective of this study is twofold. First, it aims to describe the characteristics of RTTs, identify high-risk
groups, and explore the severity of RTIs using data collected round-the-clock from the Emergency Department
(ED) of both private and public-run hospitals in the Bekaa governorate. The second objective is to assess
the strengths and challenges of the hospital-based surveillance system for RTIs in Lebanon using Strengths,
Weaknesses, Opportunities, and Threats (SWOT) with a focus on opportunities for enhancement.

Methods

1. Study 1: Exploring characteristics and severity of road traffic injuries in Lebanon using emergency depart-
ment hospital-based data

Study design

A retrospective analysis of population-based injuries resulting from road traffic crashes (RTC) was conducted
using data collected round-the-clock from the pilot implementation of an ED-based RTI surveillance system
initiated by the Lebanese Ministry of Public Health in 2013. This system was operational in both private and
publicly-run hospitals in Bekaa, one of Lebanon’s largest governorates, centrally located in the country and
inhabited by a Lebanese population of 574 465, with an additional 581 843 Syrian refugees. In 2013, a total of
25 hospitals were operating across five districts within the Bekaa governorate (Hermel, Baalbeck, Zahle, West
Bekaa, and Rashaya). Notably, the completeness of reported data may vary from hospital to another based on
factors such as resources, infrastructure, and capacity, with larger hospitals with emergency departments more
willing to report RTTs.
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It's important to acknowledge that this surveillance system may have missed certain categories, such as
property damage only (PDO) accidents, minor injuries not requiring medical attention, and road traffic
fatalities that arises because the system predominantly captures individuals who sought medical attention at the
Emergency Department (ED), potentially excluding those who died at the scene and were not transferred to the
hospital. In compliance with national legislation issued by the Ministry of Public Health, no ethical approval is
required as the data analysis falls under public health surveillance. This report conforms to the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) guidelines.

Study population

This study included all individuals with a history of fatal or non-fatal injuries stemming from RTCs between
March 2013 and December 2015, who presented to the EDs of hospitals in the Bekaa and were recorded by the
RTI surveillance system. The choice of the study period likely reflects the completion of a significant phase in the
pilot surveillance system’s implementation and evaluation. By that time, sufficient data had been collected, and
insights from stakeholders were gathered to assess the system’s performance and identify areas for improvement.
An RTC was defined as a traffic collision that occured on a public roadway, that involved at least one motor
vehicle (2, 3 or 4 wheels) and resulting in either death or injury to at least one involved person or property
damage exceeding a specified monetary value'®. These accidents typically occur on public roads and involve
various factors such as vehicle speed, driver behavior, road conditions, and environmental factors.

An RTI person was defined as a person involved in a RTC who suffered from a nonfatal injury or injuries'.
A road traffic fatality (RTF) was defined as a person involved in a RTC who either died immediately or within
30 days due to the crash!®%°.

The study accounted for multiple visits by the same injured individual to the same hospital or referrals to
different hospitals, considering them as single cases. Exclusions were made for injured individuals who visited
the ED for reasons other than RTCs such as accidents at home or workplace injuries. RTFs that occurred more
than 30 days after the RTC were excluded. This aligns with the definition of RTF mentioned above!®!°. The study
protocol adhered to relevant guidelines, and as it falls under the purview of public health surveillance, it received
exemption from ethical approval by the Ministry of Public Health.

Data collection

Data was collected a standardized one-page Arabic form. This form was structured with closed-ended
queries and thoughtfully designed to encompass both the core minimum and optional data recommended by
international organizations®, as well as data relevant to RTIs?!. The form encompassed key sections, including
hospital identification, demographic details of the injured individuals, information regarding the accident (date,
time, location, and type), medical information about the injury such as nature of the injury, vital status, and
anatomic lesions, and details about case management including the type of rescue, hospitalization, and outcome.
Furthermore, this form integrated essential medical information required for the subsequent calculation of
injury severity scores, as outlined in Annex Al.

In compliance with national legislation issued by the MOPH, data collection falls under routine public
health surveillance. Therefore, hospitals can report RTIs without getting the consent of the patients. However,
participants were informed about the surveillance system and its objectives whenever possible, as additional
investigations will be conducted later by the MOPH. Measures were implemented to safeguard the privacy and
confidentiality of participants’ data, including secure storage, restricted access to sensitive information, and
data-sharing protocols that prevent individual identification. It was ensured that the benefits of the surveillance
system outweighed any potential risks to participants. Ethical responsibility was upheld by ensuring the accuracy
and validity of collected data through rigorous methodologies, appropriate data collection techniques, and
regular quality checks. Transparency regarding the purposes, methods, and findings of the surveillance system
was maintained, with accountability mechanisms in place to address any ethical concerns.

Data management
Data were reported passively from the emergency departments of Bekaa hospitals to the Epidemiological
Surveillance Unit (ESU), entity responsible for diseases surveillance at the MOPH, using the provided
standardized form. Typically, a physician or nurse completed the form, which was then sent via fax to the ESU
for verification of completeness and clarity. Regular data quality checks conducted at the ESU identify missing
data. To address missing data, follow-up with the focal person at the hospital involves reviewing data entries
for completeness and accuracy and correcting any discrepancies or omissions. Additionally, some information
can be obtained by contacting the patient directly. When missing data could not be addressed, Transparent
documentation of missing data is essential for interpreting study findings accurately. Storage and processing of
data were taken into account to protect the privacy of the patients and the confidentiality of the data collected.
Measures were implemented to ensure that data handling procedures adhered to strict privacy and confidentiality
protocols. These measures included secure storage systems and limited access to authorized personnel only.
The collected data were classified and coded according to the International Classification of Diseases 10th
version (ICD-10) coding system, with a specific focus on Chapter XIX, “Injury, poisoning, and certain other
consequences of external causes,” and Chapter XX, “External causes of morbidity and mortality” Stringent
measures were taken to protect patient anonymity and the confidentiality of information. Data entry and
cleaning were conducted using Epidata Software (Fig. 1).

Statistical analysis
Data from the Epidata software were generated and collected in Excel sheets, then transferred to SPSS version
21.0 for analysis. The data underwent cleaning and were subjected to descriptive statistical analysis to elucidate
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Figure 1. Data flow of the hospital-based road traffic surveillance.
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patterns of RTT injuries. Frequencies and percentages were utilized for categorical variables. Geographical
analyses, employing a geographical information system (GIS), were conducted to illustrate the spatial distribution
of traffic crashes.

In terms of assessing injury severity, the study calculated the following trauma scores to rank the severity of
RTIs:

1. The Revised Trauma Score (RTS): This physiological scoring system, known for its high reliability and
accuracy in predicting death, was computed using primary patient data, including the Glasgow Coma
Scale (GCS), Systolic Blood Pressure (SBP), and Respiratory Rate (RR). The RTS formula is as follows:
RTS=0.9368 GCS+0.7326 SBP+0.2908 RR. The RTS values ranged from 0 to 7.8408, with a proposed
threshold of RTS <4 indicating the need for treatment at a trauma center??.

2. The Injury Severity Score (ISS): An anatomical scoring system that provides an overall score for patients
with multiple injuries across various body regions. Each injury is assigned an Abbreviated Injury Scale (AIS)
score, categorized into one of six body regions (Head, Face, Chest, Abdomen, Extremities, including Pelvis
and external). The AIS score is a numerical representation of the severity of an injury, typically ranging from
1 to 6, with 1 being minor and 6 being unsurvivable. The AIS score for each body region is determined based
on the extent and severity of injuries observed in that particular region of the body. This determination is
typically made by healthcare professionals, such as emergency department physicians, who assess the inju-
ries based on clinical examination, diagnostic tests, and medical imaging. The highest AIS score in each body
region is considered to evaluate the overall severity of injuries sustained by individuals involved in RTC.
Then, the scores of the three most severely injured body regions are squared and then summed to calculate
the ISS score, which ranges from 0 to 75. If an injury is deemed non-survivable with AIS of 6, the ISS score
automatically becomes 75. Major trauma is considered when ISS > 15. The ISS score is a widely used ana-
tomical scoring system, linearly correlating with mortality, morbidity, hospital stay, and other measures of
severity??. Bolorunduro et al. established and confirmed the categorization of the ISS as: less than 9 for mild,
9 to 15 for moderate, 16 to 24 for severe, and 25 or higher for profound23. Nonetheless, a significant drawback
of the ISS is its limitation to assessing only one injury per body region. Consequently, this can result in the
neglect of certain injuries and the inclusion of less severe injuries from other body regions in the calculation,
potentially overshadowing more serious ones within the same body region®*.

3. The Trauma Injury Severity Score (TRISS): This score determines the probability of survival (Ps) for a
patient, based on both the ISS and RTS, using the following formula: Ps=1/(1 +e~®), where ‘b’ is calculated
from b=b0+b1(RTS) +b2(ISS) + b3 (Agelndex)?.

2. Hospital-Based RTT surveillance system assessment using a Strengths, Weaknesses, Opportunities, and
Threats (SWOT) analysis

The SWOT analysis was conducted through a meticulous process that involved gathering diverse data sources
and engaging with key stakeholders. Initially, a comprehensive collection of data pertaining to the hospital-based
surveillance system in Lebanon was undertaken. This included accessing RTI records, reviewing existing reports,
and conducting interviews with relevant healthcare professionals involved in RTT surveillance and management.
These interviews were conducted to assess operational and implementation factors related to the RTT system with
arange of 13 stakeholders, including emergency room physicians, nurses (focal person), hospital administrators,
and public health officials. This qualitative component of the analysis was exempt from ethical approval, as it
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poses no plausible harm or stigma to participants. Individual participants cannot be identified from the collected
data, as all information is gathered anonymously, without any identifiers, and were kept strictly confidential.

The selected interviewees were involved either in the planning or implementation of RTT surveillance system
or reporting and analysis. The exclusion criteria were lack of interest in the interview or being incapable of
sharing their experiences. Initially, four exploratory, non-structured interviews were conducted. Subsequently,
ten semi-structured interviews were carried out to gather more detailed data. An interview guide was utilized
to delve into the barriers associated with establishing a RTT surveillance system, addressing questions such as
personal experiences with the system, challenges and solutions for implementing a national traffic surveillance
system, and the desired characteristics of an effective RTT surveillance system in Lebanon. Participants were
contacted directly by the principal investigator via phone calls to schedule online interviews. The interviews were
conducted in Arabic. Throughout the interviews, notes were taken to refine questions for subsequent interviews.
Data collection continued until saturation of questions and concepts was achieved. Interview durations ranged
from 30 to 40 min. These interviews aimed to gather insights into various aspects of the surveillance system,
including data collection methods, challenges faced, resource allocation, and perceptions of its effectiveness.
Subsequently, a SWOT analysis of the surveillance system was conducted, systematically evaluating its strengths,
weaknesses, opportunities, and threats. Strengths encompassed the system’s internal positive attributes, while
Weaknesses shed light on limitations and areas requiring improvement. Opportunities explored external factors
that could enhance the system’s effectiveness, and threats identified external challenges that could impede its
performance. The culmination of the analysis was a SWOT matrix, highlighting key findings, prioritized based on
their significance and potential impact. These insights served as the foundation for actionable recommendations
aimed at addressing weaknesses, capitalizing on strengths, seizing opportunities, and mitigating threats within
the RTI surveillance system.

Results

During the selected period, a total of 1 576 cases of RTIs were reported by the EDs of the hospitals to the ESU.
Among these, 614 RTT cases were recorded in 2013, 500 in 2014, and 462 in 2015. There was a decrease in the
number of reported RTTs and RTFs in Bekaa between 2013 and 2015 (Table 1). In comparison, there has been an
increase in the population during that period, rising from 552,559 in 2013 to 1,156,308 in 2015.

Characteristics of the study population

Male predominance was evident in RTIs across all three years (2013, 2014, and 2015), with males comprising
68.4% of cases in 2015. The male-to-female ratio remained consistently higher each year (2.44 in 2013, 3.03 in
2014, and 2.16 in 2015). The highest proportion of victims fell within the 15 to 29 age group (44.4% in 2015),
followed by those aged 30 to 39. Approximately 65.4% of victims were under 40 years old, while only 6.3% were
over 60 years old in 2015. Age group distribution remained relatively stable between 2013 and 2015, with a slight
2% decrease observed in the [0-4] age group (Fig. 2). There was an increase in cases in the>~!* age group in 2015,
warranting further investigation. Lebanese individuals constituted 80% of RTI cases, followed by Syrians at 16%,
with a slight decrease in Syrian involvement over the years.

RTI case characteristics

The majority of RTI cases (43%) were drivers, followed by passengers (39%) and pedestrians (18%) in the year
2015. The percentage of cases involving drivers increased over the years (from 35% in 2013 to 43% in 2015) while
the percentage of occupants decreased. However, the percentage of affected pedestrians remained relatively
stable.

Transport means
The most commonly used transport means were private cars (59% for drivers and 67% for passengers), followed
by motorcycle drivers (26%) and passengers (13%) (Fig. 3).

Type of collision

The recorded RTTs in 2015 were primarily the result of four types of collisions: car occupants injured in collisions
with a fixed object (25.8%), car occupants injured in collisions with cars or trucks (23.2%), pedestrians injured
in collisions with cars or trucks (15.2%),, and motorcycle riders in collisions with cars and trucks (12.1%). These
main collision types remained predominant throughout the three-year period (Annex A2).

Place of the accident

The GIS map identified Baalbeck as a significant hotspot, where more than 100 RTI cases stemmed from
accidents in this city (Fig. 4). Additionally, various other localities, including Zahleh, Douris, Bouday, and
Aadous, demonstrated notable RTI figures. Baalbeck witnessed a decline in reported RTTs, decreasing from 100
cases in 2013 to 73 in 2015. In contrast, Zahleh city experienced an increase in RTIs, with the numbers rising
from 20 to 30 RTIs in 2013 to a higher range of 30 to 50 RTIs in 2015. Furthermore, not all reported accidents
were confined to the Bekaa governorate, as some road traffic crashes originating from other governorates were
directed to nearby hospitals in Bekaa for medical treatment.

Time of accident

In 2013, there was a relatively low percentage of cases during the first quarter (2.7%), while the majority
occurred in the second (37.5%) and third (35.8%) quarters (Table 2: Distribution of RTI by day-time and
season of occurrence). In contrast, 2014 witnessed a notable increase in cases during the first quarter (21.8%),
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Figure 2. Distribution of RTT cases by age groups.
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2013 2014 2015

N [ % N |% N |%

Quarter of the year

First quarter 16 |2.7% | 109 |21.8% | 121 |26.3%

Second quarter | 222 | 37.5% | 128 | 25.7% |92 |20.0%

Third quarter | 212 | 35.8% |99 | 19.8% | 197 | 42.7%

fourth quarter | 142 | 24.0% | 163 | 32.7% |51 | 11.0%

Total 592 | 100% | 499 |100% | 461 | 100%
Period

lam-6 am 27 |48% |7 1.7% |9 1.9%

6am-12am 96 16.9% | 96 |23.2% | 113 | 24.6%
1pm-6 pm 276 | 48.8% | 166 | 40.1% | 248 | 53.9%
6 pm-12 pm 167 | 29.5% | 145 | 35.0% | 90 | 19.6%
Total 566 | 100% | 414 | 100% | 460 | 100%

Table 2. Distribution of RTT by day-time and season of occurrence. N:frequency, %: Percentage. First quarter:
January, February, March, Second quarter: April, May, and June,Third quarter: July, August, and September,
Fourth quarter: October, November & December.

accompanied by a decline in the second (25.6%) and third (19.8%) quarters. The year 2015 marked a substantial
surge in cases during the third quarter (42.7%), with fewer cases in the first (26.2%) and second (20.0%) quarters.
There was a noticeable decrease in cases during the fourth quarter (11.1%).

The highest number of cases occurred in the afternoon (1 pm — 6 pm), constituting 48.8% in 2013, 40.1% in
2014, and a significant increase to 53.9% in 2015. The evening period (6 pm — 12 am) also featured a substantial
share of cases in 2013 (29.5%) and 2014 (35.0%), but this percentage decreased in 2015 (19.6%). In contrast, the
early morning period (1 am —6 am) consistently reported the lowest percentage of cases across the three years,
ranging from 1.7 to 4.8%. The morning period (6 am —12 pm) demonstrated relative stability in its share of
cases.

Type of rescue

The most common rescue means used was the professional rescue (emergency transport services mainly Red
Cross) (63.9%) followed by being transported by relatives (33.1%). There was a notable increase in the percentage
of cases being rescued by the rescue services in 2015, indicating potential shifts in the methods used to respond
to road traffic injuries (RTIs) (Table 3).

Outcome of RTIs

The majority of injured people were managed in the ER then discharged to their home. There were a rising

percentage of cases admitted to hospitals over the years. Only 1.9% of RTIs cases refused to be treated (2015).
The majority of cases resulted in injuries, underscoring the predominantly non-fatal nature of RTIs. A

decrease in reported death was observed between 2013 (6.2%) and 2015 (4.1%). The majority of deaths occurred

among pedestrians (10%) (Fig. 5).

Anatomical site of injury

Head injuries constituted the most prevalent type of injury across the majority of cases, accounting for 36.4% in
2013, 45.1% in 2014, and 46.3% in 2015. Following closely, lower extremity injuries, which encompass injuries
to the knees, legs, hips, and ankles, ranked as the second most common (40.1% in 2015). Upper extremity
injuries, affecting areas like the shoulders, arms, wrists, hands, elbows, and forearms, stood as the third most
frequently observed injury type in road traffic crashes (35.2% of patients experienced upper extremity injuries
in 2015). Abdominal injuries (13.4%) and chest injuries (13.1%) collectively accounted for 26% of cases. There
were no significant differences in the distribution of injury sites observed during the study period. Head injuries
exhibited a 10% increase among RTT cases between 2013 and 2015 (Fig. 6).

Severity of injury

The majority of cases had an RTS of more than 4, with 96.7% in 2013, 95.8% in 2014, and 97.4% in 2015. A
significant majority of cases had an ISS of less than 15, accounting for 91.1% in 2013, 91.3% in 2014, and 87.2% in
2015. For the Trauma Injury Severity Score (TRISS), the highest percentage of cases fell within the [0.9-1] range,
which indicates a high probability of survival. Specifically, 86.1% fell within this range in 2013, 92.3% in 2014,
and 94.1% in 2015 (Table 3). This pattern suggests that the majority of RT1 cases had a favorable prognosis for
survival, with only a small percentage falling into lower TRISS ranges, indicating a lower likelihood of survival.

Injury severity score by road user type
The distribution of patient status based on Injury Severity Score (ISS) categories is presented in Fig. 7. Pedestrians
and occupants had higher ISS scores, indicative of more severe injuries, comprised a larger proportion compared

Scientific Reports |

(2024) 14:24331 | https://doi.org/10.1038/s41598-024-75622-8 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

2013 2014 2015

Trauma score

RTS

less than 4 20 |33 21 | 4.2 12 |26

more than4 | 579 | 96.7 | 475 | 958 |449 | 974

Total 599 | 100 496 | 100 461 | 100

ISS

less than 15 555 | 91.1 | 454 |91.3 | 402 |87.2

more than 15 | 54 | 8.9 43 |87 59 |12.8

Total 609 | 100 | 497 | 100 | 461 | 100
TRISS

[0-0.1[ 19 [32 |20 |40 |13 |28
[0.1-0.2[ 3 Jos |1 Joz Jo oo
[0.2-0.3 4 |07 |1 Jo2 |3 |07
[0.3-0.4[ 31 |53 |8 |16 |1 |02
[0.4-0.5[ 4 |07 |2 Jo4 |o oo
[0.5-0.6[ 2 |03 |o |00 |2 |04
[0.6-0.7[ 3 o5 |o |00 |3 |07
[0.7-0.8[ 7 |12 |4 |o8 |3 |o7
[0.8-0.9[ 9 |15 |2 |04 |2 |04
[0.9-1] 507 | 86.1 | 458 | 923 | 434 |94.1
Total 589 | 100.0 | 496 | 100.0 | 461 | 100.0

Table 3. Severity of injuries using trauma scores RTS, ISS and TRISS. N:frequency, : Percentage.
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Figure 5. Outcome of the road traffic crashes by road user.

to those with lower ISS scores. Conversely, a higher proportion of drivers had ISS scores of 15 or less, suggesting
comparatively less severe injuries among this group.

Strengths and challenges of hospital-based RTI surveillance system in Lebanon:
opportunities for enhancement

The SWOT analysis for the RTT surveillance system in Lebanon reveals a comprehensive overview of its current
status and potential areas for improvement (Table 4).

Strengths

The RTI surveillance system in Lebanon demonstrates a structured approach to gathering data related to
RTTs, This systematic method ensures consistency and reliability in the data, facilitating accurate analysis and
interpretation of trends over time. Moreover, utilizing spatial analysis techniques allows for a comprehensive
examination of RTI patterns and distribution across geographical areas. By identifying hotspots and areas
with higher incidence rates, targeted interventions and resource allocation can be implemented effectively to
address specific needs. Furthermore, the system employs standardized methods for assessing the severity of
injuries sustained in RTC. These objective assessment criteria ensure consistency and accuracy in categorizing
injuries, which is vital for providing appropriate treatment and allocating resources efficiently. Ethical principles
and guidelines are integrated into the data collection and reporting processes of the surveillance system. This
includes maintaining patient confidentiality, and ensuring the ethical use of data for research and policy
purposes, demonstrating a commitment to ethical standards. Finally, the presence of a skilled and trained
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« Structured Data Collection * Und'erreportm'g Bias
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« Spatial Analysis ) .
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« Objective Injury Severity Assessment| . .
. . - « Limited Geographical Coverage
« Ethical Considerations R C .
. Skilled Workforce « Resource Constraints
« Lack of Real-time Data
Opportunities Threats
« Enhanced Data Quality « Limited Coverage
« Data Integration o Legislative Changes
« Resource-Efficient Strategies « Resource Attrition
« Addressing Cultural Sensitivity « External Disruptions
« Leveraging Technological Advancements | e Persistent Underreporting Bias
« National and International Collaborations | « Data Collection Biases
Table 4. SWOT matrix for RTT surveillance sysetm.
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workforce contributes to the efficiency and effectiveness of the RTT surveillance system. These trained personnel
are equipped to collect, analyze, and interpret data accurately, leading to more informed decision-making and
improved outcomes in RTI prevention and management efforts.

Weaknesses

Despite the structured approach to data collection, underreporting bias remains a challenge within the system.
Not all RTTs are reported, leading to an incomplete picture of the true burden of RTIs in the population and
impacting the accuracy of data and subsequent interventions. Additionally, reliance on passive reporting
mechanisms, where RTIs are voluntarily reported by healthcare facilities or individuals, contributes to
underreporting bias. Passive reporting may result in missed cases and delays in data collection, affecting the
timeliness and completeness of surveillance data. Furthermore, Inaccuracies or errors in the data collected, known
as information bias, can arise from various sources such as incomplete medical records or misclassification of
RTTI. These biases can distort the interpretation of RTT trends and undermine the reliability of surveillance data.
The RTT surveillance system may have limited coverage in terms of geographic areas (limited to Bekaa region).
This limited coverage hinders the identification of disparities in RTT rates and the implementation of targeted
interventions in underserved communities. Lastly, resource constraints, including limited funding, personnel,
and infrastructure, pose challenges to the functioning of the RTT surveillance system. Insufficient resources may
impact data collection efforts, data quality, and the implementation of preventive measures.

Opportunities
Opportunities exist to improve the quality of RTI surveillance data through measures such as training and capacity
building for data collectors, standardizing data collection tools and procedures, and implementing quality
assurance protocols. Furthermore, integrating RTT surveillance data with other health information systems can
enhance data completeness, accuracy, and utility, providing a more comprehensive understanding of the burden
of RTIs and facilitating coordinated responses across different sectors. Exploring resource-efficient strategies such
as leveraging existing infrastructure and technologies, streamlining data collection processes, and promoting
multi-sectoral collaboration can optimize the use of available resources for RTI surveillance. Recognizing and
addressing cultural sensitivities in data collection and reporting processes can improve community engagement
and participation in RTT surveillance activities, enhancing the acceptability and effectiveness of interventions
among diverse populations. Culturally tailored approaches can enhance the acceptability and effectiveness of
interventions among diverse hospitals (private vs. public/ university vs. non university, urban vs. rural, large
vs. small). In addition, harnessing technological advancements such as mobile health applications, electronic
reporting tools can enhance the efficiency, accuracy, and timeliness of RTI surveillance activities.

Lastly, collaborating with national and international partners, including government agencies, academic
institutions, and non-governmental organizations, can provide opportunities for knowledge sharing, capacity
building, and resource mobilization to strengthen RTT surveillance efforts.

Threats

The threat of limited coverage refers to the risk of incomplete or uneven surveillance coverage across geographic
areas. Limited coverage compromises the representativeness and reliability of surveillance data, hindering
effective decision-making and resource allocation. In addition, changes in legislation or policies related to RTI
reporting, data sharing, or privacy regulations can impact the functioning of the surveillance system, requiring
adjustments to data collection and reporting procedures. Resource attrition, including funding cuts or staff
turnover, can undermine the sustainability and effectiveness of RTI surveillance efforts, leading to gaps in data
collection, decreased data quality, and challenges in maintaining surveillance activities over time. External
disruptions such as, political instability, or public health emergencies can disrupt RTI surveillance activities and
compromise data collection efforts, requiring rapid adaptation and resource allocation to ensure continuity of
operations. The ongoing challenge of accurately capturing all RTIs within the surveillance system highlights the
threat of persistent underreporting bias. Addressing this bias requires targeted strategies to improve reporting
mechanisms, enhance community awareness, and strengthen data collection efforts. Biases in data collection
processes can introduce inaccuracies and distortions in surveillance data, undermining the reliability and utility
of the data for informing decision-making and policy development.

Discussion

This study described the magnitude and the characteristics of RTI in Bekaa-Lebanon, based on the pilot phase
of an ED injury surveillance during the period extended from 2013 to 2015. The piloting of such system could
be the first step towards establishing a national hospital-based RTI surveillance system that could be one of the
data sources of an integrated RTI surveillance system.

This study provides valuable insights into the critical issue of RTIs in Lebanon, particularly within the
Bekaa governorate. It highlights a pronounced gender disparity, with males being disproportionately affected,
and identifies young and middle-aged individuals as the most vulnerable demographic. The study emphasizes
specific areas for targeted prevention efforts, such as addressing private car usage patterns and specific collision
types. Geographically, the findings pinpoint hotspots like Baalbeck and Zahleh that require focused attention.
Furthermore, the temporal distribution of RTCs, with an increase in the afternoon, informs strategies for
timely interventions. The shift towards professional rescue services underscores evolving responses to RTIs.
The prevalence of head injuries and their increasing occurrence warrant further investigation and intervention.
Additionally, the study sheds light on evolving demographic trends in RTTs, including changing roles of drivers
and occupants. The assessment of injury severity through trauma scores provides valuable insights, with most
cases indicating a high probability of survival, but a subset requiring more intensive care.
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Based on ESU data, a notable decline in the incidence of RTIs and RTD was observed in the Bekaa region
between 2013 and 2015. It's worth noting that there was a slight increase in the population during this same
period. One plausible explanation for this positive shift could be attributed to the implementation of the new
traffic law, which was introduced in 2015. However, it is important to emphasize that further studies are needed
to assess the effectiveness of the traffic law’s implementation.

The study illuminated a pronounced gender disparity in RTI involvement, aligning with prevailing global
patterns. This finding could be attributed to the fact that most drivers are typically men. In fact, men often take
on the role of being the primary earners in their families, which may lead to their increased participation in
activities such as driving. In addition, extensive literature underscores the inclination of males toward riskier
behaviors while driving, including a heightened propensity for dangerous activities like speeding and neglecting
seat belt usage. Furthermore, business and commercial vehicles usually recruited men?. Such pattern concerning
gender disparity and predominance of RTIs among men have been revealed by many other researchers?>2°.
This gender-specific discrepancy underscores the critical need for targeted interventions within road safety
campaigns, and tailoring strategies to address the distinct risky behaviors.

Our findings emphasize the heightened susceptibility of young individuals to RTIs, with those aged 15 to 29
years being the most affected, closely followed by individuals aged 30 to 39 years. This demographic distribution
closely mirrors global trends®., where RTTs consistently rank among the top causes of death for individuals aged
5 to 44 years. Notably, RTIs become the primary cause of death for those aged 15 to 29 years and the second
leading cause for those aged 5 to 14 years. This demographic pattern aligns with a life phase marked by increased
physical activity and productivity, which may help explain the higher incidence of RTC in these age groups.
Notably, the impact of RTDs within the 15 to 29 age group, representing the nation’s youthful workforce, extends
beyond public health, carrying significant economic implications as they affect the country’s overall productivity.
This underscores the urgent need for tailored educational and preventive initiatives targeting these age groups.

Conversely, RTTs are less prevalent among those aged 45 to 69 years and individuals aged 70 years or older.
Thee relatively low percentage of RTIs among those aged 60 years and older can be attributed to reduced
transportation activity in this age cohort. These findings underscore the pressing need for tailored educational
and preventive initiatives directed at young and middle-aged individuals to mitigate the disproportionate burden
of RTIs in these age groups.

When examining the impact of nationality on RTTs, it is noteworthy that Syrian refugees were also affected
by RTCs. This occurrence can be attributed to several factors, including their potential lack of familiarity with
Lebanese roads, traffic laws, and behaviors of other road users. However, it is essential to consider that despite
their significant population in the Bekaa governorate, the number of reported RTIs among Syrian refugees was
relatively low. Several factors could contribute to this phenomenon, including barriers to accessing healthcare
services. It is plausible that Syrian refugees face challenges in accessing timely and appropriate medical care
following an RTC, which might result in underreporting of RTIs within this population. Therefore, while
the data indicates some level of RTI involvement among Syrian refugees, it should be interpreted cautiously,
recognizing the potential complexities involved in accessing healthcare services and reporting incidents within
this demographic. Of note, the primary factor contributing to the increased occurrence of RTTs among both the
local population and refugees alike is the absence of effective road safety measures, compounded by insufficient
adherence to and enforcement of these measures?”. Further research and a deeper exploration of the barriers
faced by Syrian refugees in the context of RTIs are warranted to gain a more comprehensive understanding of
this issue.

Our study findings unveiled a notable concentration of RTIs within Baalbeck city. This phenomenon can be
attributed to a confluence of factors, including road infrastructure, problematic driver behaviors, lax enforcement
of traffic regulations, and a deficiency in fostering a road safety culture. These revelations underscore the pressing
need for specific, targeted interventions aimed at enhancing road safety within this city.

When analyzing the seasonal distribution of RTCs, our investigation revealed patterns consistent with those
found in a study conducted in Saudi Arabia®®. In both studies, the majority of incidents occurred during the
third quarter of the year. Several factors may contribute to this trend, including increased travel and road traffic
volume during holiday seasons, variations in road traffic patterns related to specific local events or festivals, and
potentially heightened risk-taking behavior among drivers during these periods.

In addition to seasonal variations, this study delved into the influence of temporal variation on the incidence
of RTCs. We found that 51.3% of accidents occurred during the afternoon, with 24.6% occurring in the morning.
This particular time frame aligns with heightened levels of human activity, such as people commuting to work,
students heading to school, and the initiation of business operations in various commercial enterprises. It
represents the most active phase of the day when roads experience increased traffic volume and heightened
interactions among road users. The observed decrease in RTIs during night-time can be attributed to a reduction
in mobility during these hours, as fewer individuals are typically on the roads. However, it’s worth noting that
previous studies have yielded contrasting findings, indicating a higher RTC risk during night-time compared to
other times of the day. These studies, conducted in both developing and industrialized countries, have further
highlighted that the case fatality rate tends to be higher for night-time crashes than those occurring during
daylight hours?>*. Factors contributing to this increased risk at night include reduced visibility due to darkness,
potentially impaired perception and reaction times, and the presence of other factors like fatigue and alcohol
impairment. These disparate findings underscore the complex interplay of factors affecting RTCs at different
times of the day and the importance of considering contextual variables unique to each region. While our study
reflects the patterns of RTCs in our local context, it is crucial to recognize that factors influencing RTCs can
exhibit substantial variability across regions and warrant further investigation to inform targeted road safety
measures.
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Our findings showed that head injuries is the most frequently affected area of the body among the majority
of traffic injury cases, with lower extremity injuries (including the knees, legs, hips, and ankles) ranking as the
second most commonly affected region, accounting for approximately 40% of injuries in 2015. These findings
resonate with existing literature on the subject, where head and neck injuries have consistently emerged as
prevalent in various global contexts [42]. For instance, studies conducted in Saudi Arabia reported that the head
and neck region were injured in 49% of cases®*2, while a study in Delhi documented a 31% occurrence of injuries
in this region®. Similar trends have been observed in Nigeria*!, where head injuries featured prominently in
road traffic injuries. The lower extremities were the most affected part of the body in Turkey®. However, it’s
important to note that the specific injured body part can vary among different road user groups, highlighting
the need for tailored injury prevention strategies for distinct populations. For a more objective assessment of
injury severity, our study recommends the consideration of additional indicators such as the length of hospital
stay. These indicators can provide valuable insights into the extent and impact of injuries sustained in road traffic
incidents, offering a more comprehensive perspective for injury assessment and management.

The analysis of severity scores for RTTs over the period from 2013 to 2015 revealed a notable improvement,
marked by an increase in the RTS of more than 4. This positive trend in severity scores indicates a significant
shift towards less severe injuries among the RTT cases studied. Such an improvement suggests that the majority
of these cases may not necessitate specialized treatment in a trauma center. With a decreasing trend in the
severity of injuries, healthcare providers and policymakers can reconsider resource allocation, ensuring that
specialized hospitals are reserved for the most critical cases while streamlining care for less severe injuries
through appropriate healthcare facilities.

Furthermore, the results obtained from the TRISS calculations also corroborated this trend, demonstrating an
enhanced probability of survival between 2013 and 2015. This improvement in survival probabilities aligns with
the reduction in injury severity, indicating a positive impact on patient outcomes. The continuous monitoring of
injury severity scores, as suggested by this study, can serve as a valuable and objective method for assessing the
effectiveness of various interventions aimed at improving road safety and reducing the severity of RTIs.

The observed improvement in injury severity and survival probabilities highlights the potential benefits
of targeted road safety interventions, particularly the implementation of new traffic law in 2015. However,
it's imperative to recognize that while these findings are promising, sustained efforts in road safety education,
enforcement of traffic laws, and infrastructure improvements remain crucial to further mitigate the impact of
RTIs and ensure the well-being of road users.

It is important to acknowledge that there were challenges in data collection during the initial quarter of the
implementation of RTT surveillance program. These limitations may have impacted the completeness of the data,
potentially influencing the interpretation of the study results. In summary, findings of this study collectively
underscore the multifaceted nature of the RTI issue, emphasizing the need for comprehensive and targeted
interventions to enhance road safety and reduce the burden of RTTs in Lebanon.

Comprehensive strategy encompassing multifaceted approach

On the other hand, the comprehensive SWOT analysis provides an in-depth assessment of the RTT surveillance
system in Lebanon, identifying key strengths, weaknesses, opportunities, and threats. It serves as a foundation
for informed decision-making and the development of strategies aimed at improving the system’s success. To
capitalize on strengths, address weaknesses, seize opportunities, and mitigate threats, a comprehensive strategy
encompassing multifaceted approach is essential. Beginning with data quality and reporting, the implementation
of a data quality improvement program is essential. This program should include regular data quality audits,
validation checks, and standardized reporting protocols. Alongside this, healthcare professionals should be trained
in accurate data collection, and incentives for timely reporting should be introduced to mitigate underreporting
bias. Moreover, fostering collaboration and data sharing is a critical strategy. Exploring opportunities for data
integration with relevant databases, such as police reports and insurance records, can significantly enhance data
accuracy and comprehensiveness. The need for an integrated RTI system is paramount, particularly in light of
the prevailing data fragmentation. Currently, RTI data is often scattered across various sources and databases,
making it challenging to obtain a comprehensive and cohesive understanding of the road safety landscape. In
addition, clear data-sharing agreements must be established, addressing privacy concerns and data ownership
issues.

In an era of technological advancements, embracing technology for real-time data collection is imperative.
Investments in real-time data solutions enable immediate responses to emerging trends and proactive measures
to prevent RTTs.

Data analytics tools should be employed to identify patterns and predict RTT hotspots effectively. It is also
essential to ensuring sustainable resource allocation. This can be achieved through resource-efficient strategies
and prioritizing training and capacity building to maintain a skilled workforce capable of managing and
analyzing data effectively.

Addressing cultural sensitivities is vital to reduce potential desirability bias in data collection and implementing
culturally inclusive data collection protocols and collaborating with local communities and stakeholders can
build trust and encourage accurate reporting. Furthermore, enhancing data security measures is crucial.

Moreover, seeking international partnerships and participating in knowledge-sharing networks are avenues
to benchmark best practices. Advocating for supportive legislation and collaborating with government agencies
to strengthen the legal framework for RTI surveillance is essential as well.

Finally, implementing ongoing monitoring and evaluation, including regular reviews of data quality, system
performance, and coverage, ensures the continuous effectiveness of the system. These comprehensive strategies
and recommendations form a holistic approach to address identified weaknesses, leverage strengths, seize
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opportunities, and mitigate threats. Ultimately, this approach will enhance the hospital-based surveillance
system for RTIs in Lebanon, contributing to improved road safety and reduced RTIs in the country.

Limitations

SWOT analysis presents a starting point in the evaluation process, but its inherent limitations necessitate a
more comprehensive evaluation approach. Firstly, SWOT’s assessment may overlook critical nuances vital
for understanding system effectiveness, such as data quality and timeliness. Additionally, its subjective nature
introduces bias, potentially skewing priorities and omitting essential factors. Moreover, its qualitative focus
limits quantifying factors, hindering prioritization and actionability of recommendations. To address these
limitations, a depth evaluation following Centers for Disease Control and Prevention (CDC) guidelines is crucial,
utilizing both qualitative and quantitative methods. The quantitative assessment included sensitivity, positive
predictive value, data quality, and timeliness through active case finding in paper-based and electronic sources.
Unfortunately, due to several critical challenges, the use of such an approach wasn't feasible when performing
this assessment. The pandemic redirected crucial healthcare resources to COVID-19 management, shifting
healthcare priorities away from RTI surveillance. Disruptions in routine healthcare services, data collection,
and reporting during the pandemic led to incomplete and less reliable RTI data. Safety concerns related to virus
transmission made fieldwork (record reviews) challenging, hindering this aspect of the evaluation. By adhering
to CDC guidelines, future can identify specific areas for improvement and develop targeted interventions,
enhancing the effectiveness of road traffic injury surveillance systems.

Conclusion

The hospital-based surveillance system for RTIs in Lebanon has notable strengths in comprehensive data
collection, geographical analysis, and objective injury severity assessment. However, it faces challenges related
to underreporting, information bias, limited coverage, and resource constraints. Opportunities exist for data
quality improvement, timely reporting, and fund acquisition. Sustainability is crucial for long-term effectiveness
in understanding and addressing RTIs, which disproportionately affect Lebanon’s youthful population. An
integrated and multidisciplinary RTT surveillance system can provide a comprehensive view, supporting
evidence-based road safety interventions.

Data availability

The data supporting study findings are the responsibility of the Epidemiological Surveillance Program of the
Lebanese Ministry of Public Health (ESU-MOH). Thus, restrictions apply to the availability of these data, which
were used under license for the current study and are not publicly available. Data are, however, available from
the authors upon reasonable request and with permission of ESU-MOH.
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