Does Alcohol Intoxication Protects Patients from Severe Injury and Reduces Hospital Mortality? -- The Association of Alcohol Consumption with the Severity of Injury and Survival on Trauma Patients
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Running Title: The Effect of Alcohol Ingestion on Trauma Patients
Introduction
Alcohol ingestion is associated with a significant increased risk of traffic-related hazards and continues to be the major causation of motor-vehicle collisions
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. Since alcohol intoxication impairs one’s motor skills, reaction time and judgment, acute alcohol consumption has been shown to be associated with more severe injuries in drivers
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. In fact, in most countries to drive following alcohol consumption is prohibited by law. 

Studies have demonstrated that alcohol intoxication could adversely affect cardiovascular and metabolic responses following injury
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, increase risks of severe injuries and magnify the cost of trauma care
 ADDIN REFMGR.CITE 
11,12
. However, several studies have also shown that serum ethanol was independently associated with decreased mortality in patients with traumatic brain injuries (TBI)
 ADDIN REFMGR.CITE 
13,14
. Recognizing this controversy, the objective of this study was to examine the effect of antecedent alcohol use on the severity of injury and hospitalization outcome in patients involved in motor vehicles crashes (MVC). 
Materials and Methods

This is a retrospective review of all the adult trauma patients admitted to China Medical University Hospital whose primary trauma mechanism was motor vehicle crashes. Patients who were elder than 18 years old and were injured between 2005 and 2011 were included in this study. All the data were retrieved from Trauma Registry System of our institution including the following variables and outcome measures: age, gender, admission vital signs and Glascow coma scale (GCS), admission serum ethanol (ETOH) levels, Abbreviated Injury Scale (AIS) of body areas, Injury Severity Score (ISS), comorbidities, length of hospital stay (LOS), complications and in-hospital mortality. 

In the first part of analysis, the study population was divided into 4 groups according to serum ETOH levels. The no ETOH group (group 1) consisted of all patients whose blood alcohol concentration (BAC) was not detectable; group 2 consisted of all patients with detectable BACs but was < 100 mg/dL; group 3 were those patients whose BACs were between 100 and 200 mg/dL (100 ≦BAC< 200); and those who had their BACs ≧ 200 mg/dL were group 4 patients. Admission hypotension was defined as an admission systolic pressure ≦ 90 mmHg, besides, those patients whose ISS ≧ 16 were defined as severed injured. Patients’ demographics and outcome parameters were compared among the four alcohol groups. Continuous variables were compared by one-way ANOVA while categorical variables were compared by Chi-square tests. A univariate analysis was performed to estimate the odds ratio of sustaining injuries to certain body parts among the 4 groups of different BACs.
In the second part of analysis, the injury severity score, length of hospital stay and mortality were dichotomized at clinically significant points (ISS <16 vs. ≧16, LOS <7 vs. ≧7 days, mortality or not). Multiple logistic regression was performed and odds ratio (OR) of having severe injuries, prolonged hospital stay and mortality was calculated for patients’ age, sex, admission systolic blood pressure (SBP), conscious level (GCS), BAC levels and comorbidities. To further clarify the association of trauma mechanism and injured body parts to injury severity, LOS and mortality, the above statistical analysis was also performed after patients were divided into driver/non-drivers as well as with head injuries/without head injuries 
Data are presented as raw numbers and percentage (%), mean (SD) or odds ratio with 95% confidence interval (CI) where applicable. SAS software (Statistical Analysis System, SAS Inc, Cary, North Carolina, USA, version 9.2) was used for all analysis. A p-value of ≦ 0.05 is considered statistical significance. 
Results
A total of 5738 patients who met our inclusion criteria were identified from the Trauma Registry system. Among these patients, 5137 (89.5%) of them had no detectable BAC (group 1), 121 (2.1%) of them had their admission BAC levels < 100 mg/dL but was detectable (group 2), 188 (3.2%) of them had their BAC levels≧ 100 but < 200 mg/dL (group 3), the remaining 292 (5.1%) patients had their BAC levels ≧200 mg/dL (Fig. 1a). Those patients who consumed alcohol (group 2, 3, and 4, mean age between 38.3 and 40.3 years old) were slightly younger than those did not (group 1, mean age= 44 years old) (Fig. 1b). Male to female ratios were also different among the groups. For non-drinkers, male: female was roughly around 1:1. However, those patients who consumed alcohol were predominantly male patients. The male: female ratio was around 3:1 for group 2 and 3, and was increased to 4:1 in group 4 (Fig. 1c). 
Patients who consumed alcohol tended to have more severe injury with prolonged ICU and hospital stay compared to those who did not. The incidences of having admission hypotension (SBP ≦90 mmHg) and unclear consciousness (GCS ≦8) were about 3 to 4 folds higher in patients who consumed alcohol compared to those who did not. The percentage of patients to have ISS ≧16 was also twice higher in group 2,3,4 compared to that of group 1 (Fig. 2 a-d).
Not only having an increased injury severity, patients who consumed alcohol were also more prone to sustain critical injuries. The odds ratio of having head and neck, facial, thoracic and abdominal injuries were significantly higher compared to those of group 1 patients. In contrast, the odds ratio of having injuries to extremities was significant lower in patients who consumed alcohol (Fig. 3 a-e).  
Results of multiple logistic regression analysis showed that male sex, admission hypotension and low GCS, with comorbidities, and BAC test positive were independent factors that were associated with severe injury (ISS ≧16). Furthermore, compared to those patients who had a hospital stay of less than 7 days, a GCS ≦8, with comorbidites, and alcohol consumption before injury were risk factors that lead to a prolonged hospital stay (≧7 days). Compared to those who survived, admission hypotension and low GCS were the 2 risk factors that might lead to fatal outcome. However, alcohol consumption before injury was not associated with increased risk of mortality (Table 1). 
The study population was further divided into drivers and non-drivers. There were 4864 patients who were drivers and 874 patients who were either passengers or pedestrians. For those drivers, patients who consumed alcohol had a significantly increased risk of sustaining severe injury and prolonged hospital stay (Table 2). However, alcohol consumption was not associated with an increased probability of mortality. In contrast, there was no association of alcohol consumption with injury severity, length of hospital and mortality for those patients who were non-drivers (Table 3). 
As analysis on those patients who were drivers revealed that alcohol consumption was associated with increased probabilities of severe injury but not mortality, these patients were stratified into with or without head injury to see whether alcohol consumption would affect patient outcome on different type of injuries. For those drivers who had head injuries, reduced odds ratios on mortality was found in those patients with a BAC level of between 100 and 199 mg/dL and those ≧200 mg/dL, compared to those without alcohol consumption (Table 4). Moreover, a similar finding (i.e. reduced odds ratios on mortality in patients who consumed alcohol before injury) could still be shown even if the analysis was limited to those drivers who had head injuries and with an ISS of ≧16 (Table 5). Finally, such protective effect of alcohol consumption on mortality was not seen in those drivers who had no head injury. (Table 5). 
Discussion
Despite been well-recognized by public as a major cause of motor vehicle crashes and is prohibited by laws worldwide, alcohol-impaired driving is still commonly seen and is significantly associated with motor vehicle crash admissions15. The Center for Disease Control and Prevention of the United States analyzed a telephone survey in 2010 revealing that there were about 479 episodes of alcohol-impaired driving (defined as driving "when you've had perhaps too much to drink" in the past 30 days) per 1000 adult population16. It has also been estimated that alcohol-impaired driving accounted for about one third of all crash fatalities in the United States16. Alcohol has an effect on central nervous system suppression which impairs one’s motor skills, judgment and reaction time. Furthermore, Alcohol intoxication is most commonly defined as blood alcohol concentration (BAC) exceeding 100 mg/dL because significant deterioration of human movement control can be seen above this level
 ADDIN REFMGR.CITE 
17,18
. As this BAC level is also roughly the cut-off value of traffic law violation in Taiwan, in current study a BAC level of 100 mg/dL was chosen to define patients with or without alcohol intoxication because it had both legal and clinical implications. Moreover, a BAC level of 200 mg/dL was used to identify those patients that were severe intoxicated. 
Similar to previous studies
 ADDIN REFMGR.CITE 
3,19
, there was a general trend of alcohol consumption in young males that up to 83% of severe intoxicated patients (BAC ≧200 mg/dL) were male with a mean age of 40.3 years old. This might reflect the epidemiological fact that men consumed more alcohol than women in a general population and there were more heavy drinkers in men than in women20. 
Our current study showed a strong relationship of admission hypotension, low GCS and high ISS with exposure to alcohol. This might due to the suppressive effect of alcohol on cardiopulmonary and central nervous system as well as impaired motor reaction to protect oneself from critical injury
 ADDIN REFMGR.CITE 
7,8,21,22
. We found that although a significant higher percentage of patients with alcohol consumption had a GCS ≦8 compared to those who did not consume alcohol, there was no BAC-dependent reduction of GCS in those alcohol-intoxicated patients. The percentage of patients with a GCS ≦8 in the BAC ≧200 mg/dL was not significant higher than those in the < 100 mg/dL group. This was consistent with previous studies that alcohol use did not result in a clinically significant reduction in GCS in trauma patients
 ADDIN REFMGR.CITE 
23,24
, that is, the higher percentage of patients with a GCS ≦8 in the BAC positive groups suggested that these patients might sustained more severe head injuries compared to those who did not consume alcohol. 
Following multiple logistic regression analysis, we found that although poor admission physiological status was associated with higher risks of mortality, and patients who consumed alcohol had increased risks of sustaining severe injury with prolonged hospital stay, however, these BAC positive group of patients did not carry a higher risk of mortality. These results were similar to those of previous reports. Shih et al. in a prospective study found that alcohol intoxication was one of the significant predictors for morbidity after injury but was not associated with an increased incidence of mortality in drivers involved in motor vehicle crashes25. Our results also showed that patients who had antecedent alcohol use before injury were more likely to have injuries of critical body portions such as head, neck, face, thorax and abdomen but was not associated with increased mortality. Likewise, although not limited to victims of motor vehicle crash, Jurkovich et al. in their study of patients with both blunt and penetrating trauma also showed that acute alcohol intoxication appeared to have no effect on risks of dying26. A possible explanation for this finding was that the key for patient survival was appropriate initial resuscitation and hospital care, therefore, the bottom line was that the temporary adverse effect of acute alcohol intoxication on the patients should not worsen patient outcome if the patients were receiving a high quality of trauma care.
When the patients were divided into drivers and non-drivers, our data showed that the effect of alcohol consumption on patient outcome were different between these two subgroups. Drivers who consumed alcohol or were alcohol-intoxicated were associated with higher incidence of severe injury and prolonged hospital stay but not with an increased risk of dying compared to drivers who did not consume alcohol (Table 2). On the other hand, alcohol consumption was not strongly associated with injury severity, hospital stay and mortality in non-drivers (Table 3). Such contradiction of outcome results between drivers and non-drivers were similar to reports of a population-based study by Plurad et al
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19,27
. From a collective data base of all the trauma patients treated in any of the 13 trauma centers in the Los Angeles County during 2003, Plurad et al. found that motor vehicle crash victims with high BAC levels had superior adjusted rates of survival while such association was not seen in pedestrians and bicyclists
 ADDIN REFMGR.CITE 
19,27
. There was no general acceptable explanation for such discordance results regarding the effect of alcohol consumption on patient outcome between drivers and non-drivers; however, we felt that the patient group of the alcohol-intoxicated non-drivers was too small in the current study (n=48) to draw a conclusion. 
Nonetheless, an interesting and unanswered question is, as was shown in our data, that why alcohol-intoxicated patients were more common to have a ISS of ≧16 but did not had a concomitantly increased risk of mortality compared to those patients who did not consume alcohol? (Table 1) Furthermore, in a subgroup of patients who were drivers with injuries to their head, alcohol-intoxication seemed to have a protective effect that the odds ratio of sustaining severe injury was not increased whereas the odds ratio of hospital mortality was decreased compared to those who did not consume alcohol? As shown in Table 2, the percentage of patients to have an ISS >16 in all non-drinking drivers was only 19.9% (860/4311) while it increased abruptly to 45% (634/1407) if only non-drinking drivers who also had head injuries were counted (Table 4). It seemed that once those non-drinking drivers had injury to their heads, they were at high risks of sustaining severe injury (ISS ≧16). On the other hand, such increase of risks of sustaining severe injury was not as significant in those alcohol-consuming counterpart patient groups (around 40% of drivers who consumed alcohol had an ISS of ≧16, while the percentage was between 54% and 59% for those alcohol-intoxicated drivers who also had head injuries) (Table 2 and 4). Therefore, it seemed that as long as the drivers were head-injured, the odds of having an ISS ≧16 was similar regardless those drivers had antecedent alcohol consumption or not. As for the association between alcohol consumption and hospital mortality, it remained controversial whether alcohol intoxication could protect patient from fatal outcome. Published in 1984, Luna et al. reported significantly higher rates of severe traumatic brain injury and mortality in alcohol-intoxicated motorcycle crash victims compared to those non-intoxicated victims28. Pories et al. in 1992 studied 427 trauma patients and noted similar findings that injury severity, incidence of head injuries and mortality were significantly increased in patients with positive BAC5. While the results of these earlier reports supported the well-accepted fact that alcohol use is the most important personal risk factor for fatal injuries in drivers
 ADDIN REFMGR.CITE 
4-6
, some recent studies found that elevated BAC levels were independently associated with higher survival in patients with severe traumatic brain injury
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. Tien et al29. found that low to moderate BAC might be beneficial in patients with severe brain injury while Salim et al. reported that mean BAC level was significantly higher for survivors than non-survivors in patients with severe brain injury
 ADDIN REFMGR.CITE 
13,30
. Our results also showed a protective effect of alcohol use on patient survival in those drivers with head injuries; however, such effect was not seen on those without head injuries (Table 4 and 5). Although animal studies suggested that alcohol might have a neuroprotective effect by inhibition of N-methyl-D- aspartate receptor-mediated excitotoxicity and inhibit the injured neuron to release inflammatory neurotransmitters


31-33 ADDIN REFMGR.CITE , such neuroprotective mechanism of alcohol was not yet proved on human studies. One possible explanation for the contradicting results between earlier and recent reports regarding the influence of BAC level on survival rates in trauma victims might be that the negative effect of alcohol was minimized by short time to arrival at hospital and aggressive, appropriate resuscitation. Therefore, the neuroprotective effect of alcohol became significant under these conditions. Nonetheless, this is not proven unless there is a prospective randomized human study. 
In conclusion, alcohol consumption does not protect patient form sustaining severe injury, nor does it shortened the length of hospital stay. However, if patient can be managed to survive at scene and transferred to hospital, alcohol consumption seemed to be associated with a decreased mortality especially for drivers with head injury.
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Figure legends
Figure 1. Demographics of 4 groups of patients with different blood alcohol concentration (BAC) levels. (a) number of patients in each group. (b) mean age of patients of each group, data were shown as mean ± standard deviation with the mean value presented on top of each bar. (c) Percentage of male and female in each group of patients. Percentage of male patients of each group is represented as the shaded lower portion of each bar, while those of female patients are represented as the upper open portion of each bar. The exact number was shown to the right of each bar. 
Figure 2. Percentage of 4 groups of patients with different BAC levels to have (a) systolic blood pressure (SBP) ≦90 mmHg on admission (b) Glascow coma scale (GCS)≦ 8 on admission (c) Injury severity score (ISS) ≧ 16 and (d) length of hospital stay (LOS) ≧ 7 days in each group. The exact number were shown on top of each bar.
Figure 3. Adjusted odds ratio for patients to sustain injuries to (a) head and neck (b) face (c) thorax (d) abdomen and (e) extremities relative to patients with BAC =0 mg/dl (group 1). The odds ratios were adjusted for age, gender, SBP, GCS and comorbidities. In the figure, these odds ratios were shown along with 95% confident intervals. Group 2, BAC < 100 mg/dL; group 3, BAC = 100~ 200 mg/dL; group 4, BAC ≧200 mg/dL. 

	Table 1. Multiple logistic regression for patient characteristics and BAC levels to ISS, LOS and mortality

	
	ISS (≥16 vs. <16)
	LOS (≥7 vs. <7)
	Mortality (Yes vs. No)

	Variable
	OR 
	(95%CI)
	P
	OR 
	(95%CI)
	P
	OR 
	(95%CI)
	P

	Age
	1.01
	(1.01-1.02)
	<0.001
	1.01
	(1.00-1.01)
	<0.001
	1.03
	(1.02-1.04)
	<0.001

	Gender
	
	
	
	
	
	
	
	
	

	Women
	1.00
	(reference)
	
	1.00
	(reference)
	
	1.00
	(reference)
	

	Men
	1.38
	(1.19-1.60)
	<0.001
	1.01
	(0.91-1.13)
	0.830
	1.40
	(0.95-2.04)
	0.087

	SBP
	
	
	
	
	
	
	
	
	

	≥90
	1.00
	(reference)
	
	1.00
	(reference)
	
	1.00
	(reference)
	

	<90
	5.40
	(3.48-8.38)
	<0.001
	0.99
	(0.70-1.39)
	0.945
	8.26
	(5.11-13.36)
	<0.001

	GCS score
	
	
	
	
	
	
	
	
	

	>8
	1.00
	(reference)
	
	1.00
	(reference)
	
	1.00
	(reference)
	

	≤8
	36.14
	(26.25-49.76)
	<0.001
	2.09
	(1.68-2.60)
	<0.001
	37.79
	(25.75-55.45)
	<0.001

	Any comorbidities
	
	
	
	
	
	
	
	
	

	No
	1.00
	(reference)
	
	1.00
	(reference)
	
	1.00
	(reference)
	

	Yes
	1.27
	(1.07-1.50)
	0.006
	1.20
	(1.05-1.36)
	0.006
	0.92
	(0.61-1.38)
	0.0692

	BAC(mg/dl)
	
	
	
	
	
	
	
	
	

	No ETOH
	1.00
	(reference)
	
	1.00
	(reference)
	
	1.00
	(reference)
	

	BAC <100
	1.67
	(1.05-2.64)
	0.029
	1.91
	(1.29-2.81)
	0.001
	0.45
	(0.16-1.27)
	0.133

	BAC 100-199
	1.54
	(1.05-2.26)
	0.027
	1.48
	(1.09-2.01)
	0.013
	0.48
	(0.22-1.07)
	0.073

	BAC ≥200
	1.37
	(1.00-1.87)
	0.051
	1.43
	(1.12-1.84)
	0.005
	0.60
	(0.32-1.14)
	0.121

	BAC, blood alcohol concentration; GCS, Glasgow coma scale; ISS, Injury severity score; LOS, length of hospital stay; SBP, systolic blood pressure.


	Table 2. Comparison of adjusted outcomes (ISS, LOS and mortality) according to BAC levels in drivers

	
	ISS (≥16 vs. <16)
	LOS (≥7 vs. <7)
	Mortality (Yes vs. No)

	Variable
	N
	n
	OR 
	(95%CI)
	P
	n
	OR 
	(95%CI)
	P
	n
	OR 
	(95%CI)
	P

	BAC(mg/dl)
	
	
	
	
	
	
	
	
	
	
	
	
	

	No ETOH
	4311
	860
	1.00
	(reference)
	
	2120
	1.00
	(reference)
	
	105
	1.00
	(reference)
	

	BAC <100
	106
	43
	1.88
	(1.16-3.06)
	0.011
	68
	1.70
	(1.13-2.56)
	0.011
	6
	0.66
	(0.23-1.86)
	0.430

	BAC 100-199
	172
	70
	1.54
	(1.03-2.31)
	0.036
	106
	1.47
	(1.07-2.03)
	0.019
	6
	0.40
	(0.16-1.01)
	0.053

	BAC ≥200
	275
	110
	1.47
	(1.07-2.03)
	0.018
	169
	1.44
	(1.11-1.86)
	0.006
	12
	0.54
	(0.26-1.10)
	0.088

	Multivariable analysis adjusted for age, gender, SBP, GCS and comorbidities. BAC, blood alcohol concentration; ISS, injury severity score; LOS, length of hospital stay. N: total number of patients in each subgroup; n: number of patients with ISS ≥16, LOS ≥7 days or fatal outcome in each corresponding subgroup. 


	Table 3. Comparison of adjusted outcomes (ISS, LOS and mortality) according to BAC levels in non-drivers

	
	ISS (≥16 vs. <16)
	LOS (≥7 vs. <7)
	Mortality (Yes vs. No)

	Variable
	N
	n
	OR 
	(95%CI)
	P
	n
	OR 
	(95%CI)
	P
	n
	OR 
	(95%CI)
	P

	BAC(mg/dl)
	
	
	
	
	
	
	
	
	
	
	
	
	

	No ETOH
	826
	204
	1.00
	(reference)
	
	473
	1.00
	(reference)
	
	48
	1.00
	(reference)
	

	BAC <100
	15
	5
	0.69
	(0.17-2.86)
	0.608
	13
	5.44
	(1.20-24.56)
	0.028
	0
	-
	-
	-

	BAC 100-199
	16
	8
	1.79
	(0.51-6.36)
	0.367
	10
	1.63
	(0.57-4.66)
	0.358
	3
	1.09
	(0.15-7.82)
	0.933

	BAC ≥200
	17
	6
	0.40
	(0.09-1.75)
	0.222
	10
	1.38
	(0.51-3.76)
	0.524
	4
	1.76
	(0.33-9.49)
	0.508

	Multivariable analysis adjusted for age, gender, SBP, GCS and comorbidities. BAC, blood alcohol concentration; ISS, injury severity score; LOS, length of hospital stay. N: total number of patients in each subgroup; n: number of patients with ISS ≥16, LOS ≥7 days or fatal outcome in each corresponding subgroup.


	Table 4. Comparison of adjusted outcomes (ISS, LOS and mortality) according to BAC levels in drivers with head injury

	
	ISS (≥16 vs. <16)
	LOS (≥7 vs. <7)
	Mortality (Yes vs. No)

	Variable
	N
	n
	OR 
	(95%CI)
	P
	n
	OR 
	(95%CI)
	P
	n
	OR 
	(95%CI)
	P

	BAC(mg/dl)
	
	
	
	
	
	
	
	
	
	
	
	
	

	No ETOH
	1407
	634
	1.00
	(reference)
	
	798
	1.00
	(reference)
	
	84
	1.00
	(reference)
	

	BAC <100
	54
	32
	1.27
	(0.66-2.46)
	0.476
	38
	1.65
	(0.90-3.04)
	0.104
	6
	0.82
	(0.29-2.38)
	0.718

	BAC 100-199
	103
	58
	0.90
	(0.55-1.47)
	0.662
	55
	1.16
	(0.75-1.78)
	0.504
	5
	0.34
	(0.12-0.93)
	0.037

	BAC ≥200
	165
	89
	0.93
	(0.63-1.36)
	0.695
	107
	1.26
	(0.89-1.79)
	0.188
	6
	0.28
	(0.11-0.70)
	0.007

	Multivariable analysis adjusted for age, gender, SBP, GCS and comorbidities. BAC, blood alcohol concentration; ISS, injury severity score; LOS, length of hospital stay. N: total number of patients in each subgroup; n: number of patients with ISS ≥16, LOS ≥7 days or fatal outcome in each corresponding subgroup. 


	Table 5. Adjusted odds ratio for mortality in severe injured drivers (ISS≥16) with or without head injury

	
	Mortality (Yes vs. No)

	
	Drivers with head injuries
	Drivers without head injuries

	Variable
	N
	n
	OR 
	(95%CI)
	P
	N
	n
	OR 
	(95%CI)
	P

	BAC (mg/dl)
	
	
	
	
	
	
	
	
	
	

	No ETOH
	634
	82
	1.00
	(reference)
	
	226
	20
	1.00
	(reference)
	

	BAC <100
	32
	6
	0.82
	(0.28-2.37)
	0.713
	11
	0
	-
	-
	-

	BAC 100-199
	58
	5
	0.35
	(0.13-0.98)
	0.045
	12
	1
	0.75
	(0.07-7.72)
	0.811

	BAC ≥200
	89
	6
	0.31
	(0.12-0.79)
	0.014
	21
	6
	3.20
	(0.85-12.05)
	0.086

	Multivariable analysis adjusted for age, gender, SBP, GCS and comorbidities. BAC, blood alcohol concentration. N: total number of patients in each subgroup; n: number of patients with fatal outcome in each subgroup. 


