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ABSTRACT

Background: Drowning is a leading cause of accidental death worldwide. The Emergency Medical Service (EMS) provides early care to critically drowning patients. The effectiveness of pre-hospital care of Advance Life Support (ALS) is important to treat drowning patients. The response times effected improving patient outcomes and survival of drowning patients.    It is not yet clear for Thailand. We need to develop pre-hospital care for reduce the mortality of drowning patients. This study aims to determine association between response times and mortality in drowning patients in Thailand.

Objective: To determine association between response times and mortality in drowning patients in Thailand.

Methods: This study is a cross sectional analysis from Thailand emergency medical service database. The data were collected from emergent cases of drowning assisted by Advance Life Support through emergency medical services and also carried out from 76 provinces (except Bangkok) during 2011-2012. Multiple logistic regression was used for data analysis and presented by Odds Ratio (OR), 95% Confidence Interval (95%CI), and p-value.
Results: There were 1,255 emergent of drowning patients available for analysis, with 13.8% mortality.  46.5% were northeast, 76.9% male, with a mean age of 21.2(23.0 years old (range: 6 month -90). We analyzed the relationship of response times with mortality in drowning patients controlling for scene times, transport times, age, sex, cardiopulmonary resuscitation (CPR) and region. On multivariable logistic regression analysis demonstrated the adjusted odd ratio (OR) of 1.01 with 95% CI of 0.99 - 1.03; p = 0.225. 
Conclusions: This study showed the drowning patients of emergency medical service presenting 2011 to 2012 in Thailand.  We could not demonstrate that association between response times and mortality of drowning patients. However, the result showed the data of mortality of drowning patients were increased in age between 55 - 66 year olds, especially in central region.   
Key words: response times, mortality, drowning 
INTRODUCTION

Drowning is defined as the process of experiencing respiratory impairment from submersion/immersion in liquid, which may result in death, morbidity, or no morbidity. There are an estimated 388,000 people died from drowning, making drowning a major public health problem worldwide. Injuries account for nearly 10% of total global mortality. Drowning is the 3rd leading cause of unintentional injury death, accounting for 7% of all injury-related deaths, low- and middle-income countries account for 96% of unintentional drowning deaths.(1) In Thailand 2008, drowning was the second cause of death in injuries (4,065 cases).(2)  
Thailand has adopted the Anglo-American model providing Emergency Medical System (EMS) through hospital service which incorporated into the health care system in 1994. (3) Optimal pre-hospital care is a significant determinant of outcome in the management of drowning victims. In drowning, the victim with cardiac arrest requires advanced life support, including an early intubation. (8) It is important to alert advanced-life-support teams as soon as possible, because of the wide variety of clinical presentations of drowning. (9)
Emergency medical services (EMS) administrators seek methods to enhance system performance. (4) Shorter EMS response time interval was independently associated with survival. (5) Response times were less than 5 minutes were associated with improved survival when compared with Response times exceeded 5 minutes. (4) The patients who wait longer than 10:59 minutes could experience between a 6% increase in mortality. (6) However, the response times show that, a minute increase in response time increases mortality. Reducing EMS response times are likely to improve the survival of drowning patients. (7)

Drowning is a leading cause of accidental death worldwide. The Emergency Medical Service (EMS) provides early care to critically drowning patients. The effectiveness of pre-hospital care of Advance Life Support (ALS) is important to treat drowning patients. The response times effected improving patient outcomes and survival of drowning patients.    It is not yet clear for Thailand. We need to develop pre-hospital care for reduce the mortality of drowning patients. This study aims to determine association between response times and mortality in drowning patients in Thailand.

MATERIALS AND METHODS

Study design
This study is cross sectional analytical from Thailand emergency medical service database. Data collection was emergent case of Advance Life Support on drowning in 2011-2012. Members of patients were serviced by emergency medical service from 76 provinces of Thailand except Bangkok. A total of 437,770 for ALS case from Thai EMS database were excluding with other case (435,723). The drowning cases were 2,047 and 792 were excluded for Urgent, Non-urgent and other cases, hence 1,255 of Emergent of drowning patients were including in the analysis.
Study outcome

Emergent patients were serviced for Advance life support (ALS). Data was recorded from ALS case record form. Intervals were based on standard EMS definitions and included response time (time at dispatch center call receipt to arrival of first responding vehicle on scene). Mortality of drowning patient was emergent patient death at scene or death in ambulance (on Arrival to hospital). The primary outcome of this study is mortality of drowning on emergent patients and association between with response time and mortality in drowning patients
Statistical analysis
· Demographic characteristics of the participants were described using frequency and percentage for categorical data and mean and standard deviation for continuous data.
·  The multiple logistic regression was used to identify the association variables, the statistics including Odds Ratios, 95% Confidence Intervals, and p-value. 
· All analyses were performed using Stata version 12.0 (StataCorp, College Station, TX). All test statistics were two-sided and a p-value of less than 0.05 was considered statistical significant. This project was approved by the Human Research and Ethics Committees of the Ministry of Public Health of Thailand.

RESULTS

A total of 437,770 for ALS case from Thai EMS database in 2011-2012 were the population of this study. 2,047  cases was drowning patients, 792 were excluded for Urgent, Non-urgent and other cases, hence 1,255 of emergent in drowning patients were included in the analysis (Fig. 1).























             


Fig. 1. The inclusion flow chart 

Demographic Characteristics

Of the 1,255 Emergent of Drowning Patients, almost of them 76.9% were male, with a mean age of 27.2 ( 23.0 years old (ranged: 6 month: 90). 46.5% were northeast of Thailand, 49.5% Cardiopulmonary resuscitation (CPR) and 13.8% death. (Table 1)
Table 1 Baseline characteristics of drowning case from Advance Life Support team

	Characteristic
	Number (n)
	Percent (%)

	Gender 
	
	

	      Female 
	158
	23.1

	      Male
	525
	76.9

	Age  
	
	

	    Less or equal 12      
	316       
	40.0       

	    13 - 24
	91       
	11.5      

	25 - 36
	102       
	12.9

	37 - 48
	120       
	15.9

	49 - 54
	35        
	4.4       

	55 - 66
	75        
	9.5        

	67 or greater
	51        
	6.5       

	Mean ( standard deviation
	27.2 ( 23.0      
	

	Range (Min: Max)     
	0.5 : 90
	

	Region
	
	

	South    
	117        
	9.4     

	     East
	180       
	14.4       


	     North
	93        
	7.5       

	     Northeast
	580       
	46.5       

	     Central
	277       
	22.2       

	CPR
	
	

	      No 
	430
	50.5

	      Yes
	438       
	49.5

	Response times     
	1,238
	

	Mean ( standard deviation
	14.0 ( 16.8
	

	Range (Min: Max)         
	1.2 : 305
	

	Scene times
	1,058
	

	Mean ( standard deviation
	       9.7 ( 19.8
	

	Range (Min: Max)         
	1.1 : 353
	

	Transport times
	1,182
	

	Mean ( standard deviation
	 11.3  ( 10.8
	

	     Range (Min: Max)         
	1.1 : 174
	

	Dead of emergent drowning patients


	1,243
	13.8


Mortality rate of drowning patients
The variable analysis showed factors association with mortality in drowning patients were gender (OR = 1.35; 95% CI = 0.80 - 2.28), age between 55–66 years (OR = 2.17; 95% CI=1.13 - 4.19), central region (OR = 2.59; 95%CI = 1.23 - 5.47), cardiopulmonary resuscitation(CPR) (OR = 2.98; 95%CI = 1.96 – 4.54), response time (OR = 1.00; 95%CI = 0.99 - 1.01), scene times (OR = 1.01; 95%CI =1.00-1.02) and transport times (OR = 1.00; 95%CI = 0.99 - 1.02). (Table 2)
Table 2 Odds ratios for each of factors on mortality in drowning patients on multiple logistic regression 

	Characteristic
	Number 
	(%) of death drowning patients
	OR Crude
	95% CI
	P-value

	Response times (Mean ( SD)
	1,238 
	14.0 ( 16.8
	1.00
	0.99 - 1.01
	0.494

	Scene times (Mean ( SD)
	1,058
	   9.7 ( 19.8
	1.01
	1.00 - 1.02
	0.001

	Transport times (Mean ( SD)
	1,182
	11.3  ( 10.8
	1.00
	0.99 - 1.02
	0.217

	Gender 
	
	
	
	
	

	      Female 
	158
	12.7
	1
	
	0.248

	      Male
	525
	16.4
	1.35
	0.80 - 2.28
	

	Age  
	
	
	
	
	

	     Less or equal 12      
	316       
	11.1
	1
	
	0.169

	     13 - 24
	91       
	9.9
	0.88 
	0.40 - 1.90
	

	25 - 36
	102       
	11.8
	1.07
	0.53 - 2.15
	

	37 – 48
	120       
	18.3
	1.80
	1.00 - 3.22
	

	49 – 54
	35        
	17.1
	1.66
	0.64 - 4.28
	

	55 – 66
	75        
	21.3
	2.17
	1.13 - 4.19
	

	67 or greater
	51        
	13.7
	1.27
	0.53 - 3.05
	

	Mean ( SD
	
	27.2 ( 23.0      
	
	
	

	Range (Min: Max)     
	
	0.5 : 90
	
	
	

	Region 
	
	
	
	
	

	South    
	117        
	7.8
	1
	
	0.053

	     East
	180       
	11.2
	1.49
	0.65 - 3.40
	


	     North
	93        
	11.8
	1.58
	0.63 - 3.99
	

	     Northeast
	580       
	14.3
	1.97
	0.96 - 4.04
	

	     Central
	277       
	18.1
	2.59
	1.23 - 5.47
	

	CPR
	
	
	
	
	

	      No

	430 
	46.8
	1
	
	<0.001

	      Yes
	438    
	72.4
	2.98
	1.96 – 4.54
	


Factors associated with mortality in drowning patients
The strongest factor that highly significant associated to mortality in drowning patients was cardiopulmonary resuscitation (CPR) (OR 4.53; 95% CI 2.36 - 8.71; p < 0.001). Response time associated with mortality in drowning patients (OR 1.01; 95% CI 0.99 - 1.03; p = 0.225). (Table 3)
Table 3 Odds ratios (ORs) of death drowning patients and their 95% confidence intervals for each factor adjusted for all other factors presented in the table using multiple logistic regression. 
	Characteristic
	Number 
	(%) of death drowning patients
	OR Crude
	OR Adjusted
	95% CI
	P-value

	Response times 
	1,238 
	
	1.00
	1.01   
	0.99 - 1.03
	0.255

	(Mean ( SD)
	
	14.0 ( 16.8
	
	
	
	

	Scene times
	1,058
	   
	 1.01
	1.01  
	 1.01 - 1.02
	0.001 

	(Mean ( SD)
	
	9.7 ( 19.8
	
	
	
	

	Transport times 
	1,182
	
	1.00
	1.03
	0.99 - 1.07
	0.169      

	(Mean ( SD)
	
	11.3  ( 10.8
	
	
	
	

	Gender 
	
	
	
	
	
	

	     Female 
	158
	12.7
	1
	1
	
	0.575

	     Male
	525
	16.4
	1.35
	1.23
	 0.60 - 2.51
	

	Age  
	
	
	
	
	
	

	    Less or equal 12      
	316       
	11.1
	1
	1
	
	0.014

	    13 - 24
	91       
	9.9
	0.88 
	0.39    
	0.11 - 1.32
	

	25 - 36
	102       
	11.8
	1.07
	1.41    
	0.56 - 3.46
	

	37 – 48
	120       
	18.3
	1.80
	1.19    
	0.52 - 2.71
	

	49 – 54
	35        
	17.1
	1.66
	0.87   
	0.20 - 3.72
	

	55 – 66
	75        
	21.3
	2.17
	1.70   
	0.68 - 4.26
	

	67 or greater
	51        
	13.7
	1.27
	0.92   
	0.19 - 4.44
	

	Mean ( SD
	
	27.2 ( 23.0      
	
	
	
	

	Range(Min:Max)     
	
	0.5 : 90
	
	
	
	

	Region 
	
	
	
	
	
	

	South    
	117        
	7.8
	1
	1
	
	0.008

	     East
	180       
	11.2
	1.49
	0.64
	0.15 - 2.69
	


	     North
	93        
	11.8
	1.58
	0.45
	0.07 - 2.73
	

	     Northeast
	580       
	14.3
	1.97
	1.67
	0.53 - 5.24
	

	     Central
	277       
	18.1
	2.59
	3.06
	0.94 - 9.98
	

	CPR
	
	
	
	
	
	

	      No

	430 
	46.8
	1
	1
	
	

	      Yes
	438    
	72.4
	2.98
	4.53
	2.36 - 8.71
	<0.001      


DISCUSSIONS

This study investigated the association between response times and mortality in drowning patients. The result of the study did not show significant increase in mortality of drowning patients form increase response times. The different result from other studies may be from the difference in demographic characteristics of patients and the heterogeneity of drowning.  
Our results are consistent with those of previous studies 10


( ADDIN EN.CITE , 11)
 support that association between response times and mortality in out-of-hospital cardiac arrest (OHCA) by drowning. Claesson et al. (10) reported that Patients with out-of-hospital cardiac arrest (OHCA) due to drowning, there was association between ambulance response time and survival and much higher survival was found among patients with a shorter response time. Also in study of Dyson et al (11), they found that Factors significantly associated with survival to hospital discharge was EMS response times. And Spaite et ai. (5) was found shorter EMS response times associated with survival of OHCA. Addition response times were less than 5 minutes were associated with improved survival when compared with response times exceeded 5 minutes. (4) 
Response times and mortality study, EMS pre-hospital response times affected patient mortality and associated with higher mortality rates in rural settings. (13-14) Patients who wait longer than 10:59 minutes could experience between a 6% increase in mortality. (6) The different result from other studies, Takahashi et al. (15) showed no associated mortality with response times in Acute Heart Failure Patients and Weiss et al. (16) found response time was not related to deaths in patients with specific medical and trauma emergencies. 
In this study, we were not demonstrated association between scene time and transport times and mortality that same as McCoy et al. (12) did not observe associations between increased odds of mortality and out-of-hospital times (scene time, and transport time) in blunt trauma victims. But different result from other studies, Weiss et al. (16) reported transportation time correlate with risk-adjusted mortality in Acute Heart Failure Patients and Spaite et al. (5) found was no significant association between transport interval and outcome in out-of-hospital cardiac arrest. 
The strongest factor that highly significant associated to mortality in drowning patients was cardiopulmonary resuscitation (CPR). Patients who were CPR lead to a higher probability of mortality. The different result from other studies may be more severity of patients and wrong method of CPR. Which study of Spaite et al. (5) reported factors that were independently associated with survival: bystander CPR, method of CPR.  
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 1,255 patients, with specific aims to evaluate the association between response times and mortality in drowning patients that represent a resource-limited countries. 

Limitation of the study

The cross sectional study has some limitations regarding the dataset used. There were a number of missing data in nearly all variables. Some information was not shown in the record, for example, the amount of temperature and unclear water (fresh or salt) of drowning. Therefore, we could not generalize our results to this group of patients

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

Conclusions

The drowning patients of emergency medical service presenting 2011 to 2012 in Thailand, this study did not demonstrate association between response times and mortality of emergent drowning patients. And we found increasing in mortality in drowning patients who were 55-66 years and central region.   
Recommendations

Further study should be conducted to the pre-hospital factors effect survival of drowning, and the effectiveness of CPR for drowning survival. We hope this study encourage the NIEM to revise the national data record process in order to have more informative data available for future analysis.
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