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Association between Emergency Medical Services (EMS) Out-of-Hospital times

and Mortality in Emergent  Chest or Abdominal Trauma Patients in Thailand

Ratikorn Anusorntanawat, a Student of Master of Sciences in Health Development(Clinical Epidemiology), Faculty of Medicine, Chulalongkorn University
ABSTRACT
Background: Death from trauma is a common problem worldwide. Debate continues over the “load and go” versus “stay and stabilize” approach. The optimal out-of-hospital times for EMS personnel are still unclear in major  trauma.
Objective: To determine association between emergency medical services (EMS) out-of-hospital times and mortality in emergent chest or abdominal trauma patients in Thailand.
Method: A prospective cohort study in emergent chest or abdominal trauma patients presenting to the hospital  during  2–year period (January 1,2011-December 1,2012).Inclusion criteria were patients sustaining traumatic chest or abdominal injury who presented to the hospital and emergent condition. Exclusion criteria were missing data, other organs injury or non urgent and urgent condition. The primary outcome was mortality. EMS out-of-hospital times (response time, scene time and transport time) were evaluated with multivariate logistic regression (Odds ratios and 95% CI)
Results: There were 6,879 emergent chest or abdominal trauma patients available for analysis, with 24.9% mortality, in penetrating group was 23.6 % and in non penetrating group was 25.0%. The patients who were not registered in any health insurance scheme had increasingly in mortality rate ,29.1% in Thai and 30.6% in foreigner. We analyzed the relationship of out-of-hospital times with mortality among patients controlling for age, sex, level of care, health insurance scheme and region. On multivariate logistic regression of patients with penetrating trauma, there was no significant association between time and mortality for any EMS interval: response (adjusted OR 0.98; 95% CI 0.95-1.01),scene(adjusted OR 1.00; 95% CI 0.94-1.05),transport (adjusted OR 1.00; 95% CI 0.99-1.01), or total (adjusted OR 0.99; 95% CI 0.99-1.00).Also in patients with non penetrating trauma, there was no significant association between time and mortality for any EMS interval: response (adjusted OR 0.99; 95% CI 0.99-1.00),scene(adjusted OR 1.00; 95% CI 0.99-1.00),transport (adjusted OR 0.99; 95% CI 0.98-1.00), or total (adjusted OR 1.00; 95% CI 1.00-1.00).
Conclusions: In this analysis of patients presenting to the hospital 2-year period in Thailand, there was no association between EMS out-of-hospital times and mortality among emergent chest or abdominal trauma patients. And we found increasing in mortality in patients who were not registered in any health insurance scheme.
INTRODUCTION
Death from trauma is a common problem worldwide. In the United States, trauma is the fifth leading cause of death, claiming more than 121,500 lives annually.
 ADDIN EN.CITE 
(1, 2)
 In Thailand, trauma from road accident is the sixth leading cause of death of the world, about 2,000 lives monthly.3()
 
Emergency medical services (EMS) administrators seek methods to enhance system performance.4()
 The critical factor at the center of debate over the “load and go” versus “stay and stabilize” approach is EMS out-of-hospital times (response time, scene time, and transport time) and its association with patient morbidity and mortality.
 ADDIN EN.CITE 
(5)
 A recent prospective cohort study showed that there was no association between EMS intervals and mortality among injured patients with physiologic abnormality in the field.
 ADDIN EN.CITE 
(6)
 Additionally previous studies that similarly have failed to demonstrate a relationship between out-of-hospital time and outcome using different patient populations, trauma and EMS systems, regions, data sources, and confounders.
 ADDIN EN.CITE 
(7-13)
 However two studies from Quebec suggested that increased total out-of hospital (ie, EMS) time was associated with increased mortality among seriously injured trauma patients
 ADDIN EN.CITE 
(14, 15)
 and a recent prospective cohort study in trauma patients show that increased odds of mortality among patients with penetrating trauma if scene time was greater than 20 minutes.
 ADDIN EN.CITE 
(5)
 Although the optimal out-of-hospital intervals for EMS personnel have not been defined for major trauma, it has been recommended that the least amount of time required in the out-of-hospital setting be spent, allowing only for performance of essential procedures.
 ADDIN EN.CITE 
(16-18)
 EMS agencies are generally held to strict standards about intervals, particularly the response interval so that requires comprehensive emergency vehicle and personnel coverage throughout a community and travel at high speeds in risky traffic situations (eg, intersections) that occasionally result in crashes causing injury and death to emergency vehicle occupants and others.
 ADDIN EN.CITE 
(19-21)
 

This study is designed to identify the association between out-of-hospital times and mortality in emergent chest or abdominal trauma patients known to be at high risk of adverse outcomes(emergent condition) in EMS agency across 76 provinces in Thailand except Bangkok. This information may provide factors that can be improved on at the systems level to affect change (decrease mortality) at the population level.
MATERIALS AND METHODS

Study Design :

This was a prospective cohort study of emergent chest or abdominal trauma patients presenting to the hospital during a 2-year period (January 1,2011-December 31,2012).
Study Setting

This study was conducted by activating EMS system (call 1669, call direct line or radio communication to dispatch center) across 76 provinces in Thailand (except Bangkok that is the capital city). Thailand is composed of 77 provinces within approximately 513,000 km2 (198,000 sq mi) and is the 20th-most-populous country, with around 64 million people. Thailand is located at the centre of the Indochina peninsula in Southeast Asia. It is bordered to the north by Burma and Laos, to the east by Laos and Cambodia, to the south by the Gulf of Thailand and Malaysia, and to the west by the Andaman Sea and the southern extremity of Burma. Its maritime boundaries include Vietnam in the Gulf of Thailand to the southeast, and Indonesia and India in the Andaman Sea to the southwest22()


Data were prospectively collected as part of ALS case record forms of the National Institute for Emergency Medicine (NIEM) that is the institution, established under the Emergency Medical Act B.E.2551 (2008). The organization is responsible for the administrative management and coordination between relevant agencies, both public and private sectors, including the promotion of local governments to play a role in the management of emergency medical services.

The emergency medical system in Thailand has been started by Hua Khew Poh Teck Tung Foundation (Poh Teck Tung Foundation  in present) which has initiated transportation of bodies without relatives in B.E. 2480 (1937) and began to transfer patients and emergency casualties in the following years. The Ruam Katanyu Foundation has served as the same activities in B.E. 2513 (1970). Both Foundations are initiated the emergency medical system that people can access services without discrimination nor specific services. The emergency medical system in Thailand has been developed since then together with the development of tools and life saving appliances in the emergency rooms of each hospital, both public and private sectors.23()
 
Patient selection


The primary cohort study consisted of consecutive patients sustaining emergent chest or abdominal traumatic injury and presenting to the hospital during a 2-year period (2011 to 2012). There were 458,237 cases were eligible for review. Exclude cases consisted of 20,467  not found event and missing data, 425,209 not listed as chest or abdominal injury and missing data, 5,682 not listed as emergent condition and missing data. After all exclusions, there were  6,879 cases available for analysis
Outcome measurements:     

EMS out-of-hospital times were calculated from ALS case record form. Intervals were based on standard EMS definitions and included response time (time from alarm activation to arrival of first responding vehicle on scene), scene time (time of arrival of first EMS responding vehicle on scene to time leaving the scene), transport time (time leaving the scene to vehicle arrival at the receiving hospital) and “total out-of-hospital time” that describes response, scene, and transport times.24()


We used term “penetrating injury” if the patient got stab or gun shot wound at chest or abdomen and “non penetrating injury” if the patient got abrasion, contusion, hematoma or burn wound at chest or abdomen.
Potential confounders: 

The additional variables considered in the analysis were those known or thought to be associated with mortality in trauma patients and included age, sex, level of care, health insurance scheme and region. The primary outcome was mortality.
Statistical analyses 

Descriptive statistics were used to describe the characteristics of the patient population studied during the 2-year period. To investigate the association between response, scene, transport and total out-of-hospital time with mortality we showed odds ratios(OR) and their 95% confidence interval (95%CI) estimated using multivariate logistic regression for sampling. This analysis was adjusted for baseline variables that were considered biologically and sociologically relevant with outcomes such as sex, age, health insurance scheme, level of care and region. The data were downloaded from the ALS case record form database, converted to Stata file format, and analyzed with Stata (version 12.0; StataCorp, College Station, TX). 
RESULTS
Characteristics of the study subjects
 
Of the 6,879 emergent chest or abdominal trauma patients, most of them were male, 84.44% in penetrating group and 74.48 % in non penetrating group.(Table1) They were mainly admitted at government hospital, 90.41% in penetrating group and 87.39% in non penetrating group. The most health insurance scheme was Universal Coverage in penetrating group(56.83%) and was Mandatory third part liability in non penetrating group.(63.15%)The highest incident rate of event occurred in northest region of Thailand in both group.
Main findings  
 
Overall mortality rate was 24.9%, 23.6% in penetrating group and 25.0% in non penetrating group.(Table2) The patients who were not registered in any  health insurance scheme got  high mortality rate ,29.1% in Thai and 30.6% in foreigner. Among penetrating group the foreigner who were not registered in any health insurance scheme had highest mortality,40% followed by Mandatory third part liability 36.8% mortality. Among non penetrating group the patients who were not registered in any health insurance scheme had highest mortality, 30.2% in Thai followed by 29% in foreigner patients.

On multivariate logistic regression of patients with penetrating trauma, there was no significant association between time and mortality for any EMS out-of-hospital times: response (crude OR 0.97; 95% CI 0.94-1.00), scene(crude OR 0.98; 95% CI 0.95-1.01),transport (crude OR 1.00; 95% CI 0.98-1.02) and total (crude OR 0.99; 95% CI 0.99-1.00).(Table3)

On multivariate logistic regression of patients with non penetrating trauma, there was no significant association between time and mortality for any EMS out-of-hospital times: response (crude OR 1.00; 95% CI 0.99-1.00), scene(crude OR 1.00; 95% CI 0.99-1.00),transport (crude OR 0.98; 95% CI 0.97-0.99), or total (crude OR 1.00; 95% CI 0.99-1.00).

All of the covariates that we postulated had an effect on mortality including age, sex, level of care, health insurance scheme and region. On multivariate logistic regression in penetrating group we found that no association between times and mortality for any EMS out-of-hospital times: response (adjusted OR 0.98; 95% CI 0.95-1.01), scene (adjusted OR 1.00; 95% CI 0.94-1.05),transport (adjusted OR 1.00; 95% CI 0.99-1.01) and total (adjusted OR 0.99; 95% CI 0.99-1.00).Also in non penetrating group that EMS out-of-hospital times: response (adjusted OR 0.99; 95% CI 0.99-1.00),scene(adjusted OR 1.00; 95% CI 0.99-1.00),transport (adjusted OR 0.99; 95% CI 0.98-1.00), or total (adjusted OR 1.00; 95% CI 1.00-1.00) were no association with mortality.
Table 1 Characteristics of emergent chest or abdominal injury patients

	Characteristics
	Penetrating injury

(n= 542)
	Non penetrating injury

(n= 6,337)

	Mean age(y) 
	30.92
	36.83

	Sex %
	
	

	Male  
	84.44  
	74.48 

	
Female  
	8.67 
	20.22 

	Level of care %
	
	

	Government hospital  
	90.41
	87.39

	Private hospital 
	3.32
	4.81

	Health Insurance Scheme %
	
	

	Thai; non registered
	9.78
	5.07

	Universal Coverage 
	56.83
	14.70

	Civil Servant Medical Benefit
	2.21
	1.47

	Social security
	4.61
	4.25

	Non Thai labour
	4.80
	0.81

	Others
	3.69
	1.23

	Foreigner; non registered
	0.92
	0.49

	Mandatory third part liability
	3.51
	63.15

	Region %
	
	

	middle
	19.0
	23.32

	east
	15.31
	14.71

	northeast
	26.20
	32.00

	north
	11.81
	15.39

	west
	7.38
	6.25

	south
	20.30
	8.34


Table 2 Mortality rate

	Characteristic
	Penetrating injury(n= 542)
	Non penetrating injury(n=6,337)
	All chest or abdominal injury(n=6,879)

	Overall %(CI)
	23.6 
	(20.0-27.2)
	25.0
	(24.0-26.1)
	24.9
	(23.9-26.0)

	Sex
	

	Male %(CI)
	21.8 
	(17.3-26.2)
	24.8
	(23.4-26.2)
	24.5
	(23.2-25.9)

	Female %(CI)
	20.6 
	(6.27-35.0)
	23.2
	(20.6-26.0)
	23.2
	(20.5-25.8)

	Level of care
	
	
	
	
	

	Government hospital %(CI)
	23.5
	(19.7-27.2)
	25.0
	(23.9-26.1)
	24.9
	(23.8-26.0)

	Private hospital %(CI)
	5.6
	(-6.2-17.3)
	25.6
	(20.6-30.5)
	24.5
	(19.7-29.2)

	Health Insurance Scheme %(CI) 
	

	Thai; non registered
	22.6
	(11.0-34.3)
	30.2
	(25.2-35.3)
	29.1
	(24.5-33.8)

	Universal Coverage
	23.1
	(18.3-27.8)
	19.2
	(16.7-21.8)
	20.2
	(17.9-22.4)

	Civil Servant Medical Benefit
	25.0
	(3.7-53.7)
	12.9
	(6.0-19.8)
	14.3
	(7.5-21.1)

	Social security
	0
	(0-0)
	21.9
	(17.0-27.0)
	20.1
	(15.5-24.7)

	Non Thai labour
	15.4
	(5.3-30.2)
	19.6
	(8.3-30.9)
	18.2
	(9.4-26.9)

	Others
	15.0
	(2.1-32.1)
	15.4
	(7.2-23.6)
	15.3
	(8.1-22.6)

	Foreigner; non registered
	40
	(-28.0-1.1)
	29.0
	(12.1-46.0)
	30.6
	(14.7-46.4)

	Mandatory third part liability
	36.8
	(13.0-60.7)
	26.0
	(24.6-27.3)
	26.0
	(24.7-27.4)

	Region%(CI)
	

	Middle
	15.5
	(8.4-22.6)
	26.3
	(24.1-28.6)
	25.6
	(23.5-27.8)

	East
	18.1
	(9.6-26.5)
	28.9
	(26.0-31.8)
	28.0
	(25.3-30.8)

	Northeast
	27.5
	(20.0-34.9)
	21.8
	(20.0-23.6)
	22.1
	(20.4-24.0)

	North
	17.2
	(7.7-26.7)
	21.8
	(19.2-24.4)
	21.5
	(19.0-24.0)

	West
	37.5
	(21.8-53.1)
	27.8
	(23.4-32.3)
	28.7
	(24.5-33.0)

	South
	29.1
	(20.5-37.7)
	30.7
	(26.8-34.7)
	30.5
	(26.9-34.0)


Table 3 Multivariate logistic regression evaluating association between out-of-hospital time and mortality

	
	Penetrating
	Non penetrating

	
	n
	OR(95%CI)
	P-value
	n
	OR(95%CI)
	P-value

	Response time
	

	Crude 
	539
	0.97
	(0.94-1.00)
	0.05
	6302
	1.00
	(0.99-1.00)
	0.13

	Adjusted*
	345
	0.98
	(0.95-1.01)
	0.22
	4654
	0.99
	(0.99-1.00)
	0.17

	AUC ROC
	0.628
	
	0.555
	

	Scene time
	

	Crude
	540
	0.98
	(0.95-1.01)
	0.29
	6294
	1.00
	(0.99-1.00)
	0.83

	Adjusted*
	354
	1.00
	(0.94-1.05)
	0.95
	4653
	1.00
	(0.99-1.00)
	0.50

	AUC ROC
	0.616
	
	0.554
	

	Transport time
	

	Crude
	539
	1.00
	(0.98-1.02)
	0.73
	6311
	0.98
	(0.97-0.99)
	0.001

	Adjusted *
	354
	1.00
	(0.99-1.01)
	0.87
	4658
	0.99
	(0.98-1.00)
	0.01

	AUC ROC
	0.614
	
	0.565
	

	Total time
	

	Crude
	538
	0.99
	(0.99-1.00)
	0.16
	6297
	1.00
	(0.99-1.00)
	0.02

	Adjusted *
	354
	0.99
	(0.99-1.00)
	0.07
	4651
	1.00
	(1.00-1.00)
	0.12

	AUC ROC
	0.616
	
	0.556
	


*Adjusted for age, sex, level of care, health insurance scheme and  region

DISCUSSION


This study investigated the association between EMS out-of-hospital times and mortality among emergent chest or abdominal trauma patients. The finding illustrated that no association between EMS out-of-hospital times(response, scene, transport and total) and mortality among emergent chest or abdominal trauma patients including in subgroup analysis(penetrating and non penetrating) and in after adjusted variables for age, sex, level of care, health insurance scheme and region.


Our results are consistent with those of previous studies
 ADDIN EN.CITE 
(12, 13)
 support that no association between out-of-hospital times and mortality. Newgard et al
 ADDIN EN.CITE 
(6)
 reported that in North American sample, there was no association between EMS intervals and mortality among injured patients with physiologic abnormality in the field. Also in study of Lerner et al
 ADDIN EN.CITE 
(10)
, they found that total out-of-hospital time which was only one predictor in several studied predictors that was not associated with trauma patient mortality. 

In response time study, Pons et al11()
 showed there was no difference in survival after traumatic injury when the 8 minutes ambulance RT criteria was exceeded, that was in the same way with our findings. The only condition in which rapid EMS response has been shown to consistently improve survival was nontraumatic cardiac arrest.
 ADDIN EN.CITE 
(25, 26)
 Although several studies,
 ADDIN EN.CITE 
(14, 27-31)
  demonstrated the survival benefit of trauma systems and trauma centers, the benefit of advanced out-of- hospital trauma care (eg, advanced airway intervention and intravenous fluid resuscitation) remains unclear. Some seriously injured individuals may require time-dependent EMS interventions to survive (eg, airway obstruction, respiratory arrest, external hemorrhage at a compressible site), faster application of such interventions may not have a measureable effect on outcomes for most trauma patients.
 ADDIN EN.CITE 
(6)
 It is also plausible that the “golden hour” is primarily dependent on the timeliness of hospital-based interventions (ie, initiation of definitive care after arrival at an ED), rather than out-of-hospital care. Although the relationship between hospital time and outcome among seriously injured patients also remains unproven, such a possibility would lend credence to the “golden hour” concept and be consistent with the previously demonstrated hospital-based effect on survival.
 ADDIN EN.CITE 
(27)


The association between duration of scene time and outcomes in trauma also remains unclear. In this study, we were unable to demonstrate a significant association between scene time and mortality. Previous studies
 ADDIN EN.CITE 
(18, 32, 33)
 suggested that scene time is affected by injury severity, plus the number and type of EMS interventions. As with response time, many urban EMS systems are held to specific standards for the acceptable duration of scene care. As the scope of practice among EMS providers increases (eg, rapid sequence tracheal intubation, advanced airway management, use of additional medications), such standards may help to contain the opportunity for very long scene times. However, our results do not suggest an important association between shorter scene times and improved survival.

Similarly, there has been little information to evaluate the potential effect of transport times on outcomes in trauma. Patients perceived by EMS providers to have serious injury are frequently transported to the hospital by “lights and siren” to facilitate rapid arrival at hospital.
 ADDIN EN.CITE 
(6)
 The demonstrated survival benefit of treating seriously injured patients in trauma centers
 ADDIN EN.CITE 
(14, 27-29, 31)
 suggests that time lost bypassing nontrauma hospitals was recouped by the benefits of specialized care provided for injured persons at major trauma centers. One previous study found that although transport times to trauma centers were higher for patients bypassing other local facilities, longer transport times were not associated with adverse outcomes. 
 ADDIN EN.CITE 
(34)
 Our result found that no association between transport time and trauma mortality both in government and private hospital.

Although the association between out-of-hospital times and outcome remains unclear beyond persons in nontraumatic cardiac arrest, there is still a public expectation, political pressure, financial incentives and key performance indicators of rapid EMS response and care after activation of the 911 system
 ADDIN EN.CITE 
(6)
 and also EMS system in Thailand. However, meeting these expectations occasionally result in crashes causing injury and death to emergency vehicle occupants and others.
 ADDIN EN.CITE 
(19-21)


We recommend that EMS personnels
 should pay attentions in effective basic or advance life support care rather than focus on only rapid out-of-hospital-time.

The statute of emergency medicine in Thailand 2008 35()
 said that the health care providers including EMS personnels, nurses and doctors must took care of emergent patients with standard emergency treatment without concerning of health insurance scheme, hospital registration or financial problem of the patients otherwise punishment would occur. Our study also found a relationship of the patients who were not registered in any health insurance scheme and increasing in mortality in both Thai and foreigner chest or abdominal trauma patients. The possible reasons of this finding maybe an error from data collection, unrecognized true health insurance scheme in unconscious patients or double standard of treatment that should be find out in the future research. No previous study about association between health insurance scheme and trauma mortality occurred.
Strength of the study:    


This study is the first to our knowledge to analyze data that is a nationally representative sample from the real world and uncontrolled conditions, including close to 7,000 patients, with specific aims to evaluate the association between out-of-hospital times and mortality in emergent chest or abdominal trauma patients that represent a resource-limited countries.
Limitations of the study:    

Selection bias may occur from exclusion of patients from the analysis, as well as those with missing data, could have introduced bias to the results.

Although the inclusion criteria were designed to reduce heterogeneity and isolate only high-risk chest or abdominal trauma population, some variability between patients and sites was unavoidable. This variability may have further reduced our ability to demonstrate an association between time and outcome.

 Our study attempting to evaluate large populations in that the heterogeneity of the population and treatment regimens may make it difficult to draw useful conclusions and the external validity of any particular EMS study has applicability only within similarly defined geographic populations with similar EMS resources.


Detailed hospital-based information, including measures of injury severity (eg, Injury Severity Score), was not available in this study. We use term” non urgent, urgent and emergent” to adjust for confounding by injury severity, though it is possible that these measures did not fully account for such relationships.

We stratified the level of care to the government and private hospital. However within government or private group may be different in potentially care that effect to our results.


The association between the patients who were not registered in any health insurance scheme and mortality maybe occur from causal or confounder effect that was  inconclusive from this study. 

Conclusions: 

In this analysis of patients presenting to the hospital 2-year period in Thailand, there was no association between EMS out-of-hospital times and mortality among emergent chest or abdominal trauma patients. The EMS policy maker  maybe reconsider that “response time” should be continue used as one of the key performance indicators for evaluating effectiveness of  EMS team or not? And we found increasing in mortality in patients who were not registered in any health insurance scheme that need further investigation in the future research.
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