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Abstract
Objectives: The benefit of prehospital endotracheal intubation (ETI) among individuals experiencing
out-of-hospital cardiac arrest (OOHCA) has not been fully examined. The objective of this study was to
determine if prehospital ETI attempts were associated with return of spontaneous circulation (ROSC)
and survival to discharge among individuals experiencing OOHCA.

Methods: This retrospective study included individuals who experienced a medical cardiac arrest
between July 2006 and December 2008 and had resuscitation efforts initiated by paramedics from
Mecklenburg County, North Carolina. Outcome variables were prehospital ROSC and survival to
hospital discharge, while the primary independent variable was the number of prehospital ETI attempts.

Results: There were 1,142 cardiac arrests included in the analytic data set. Prehospital ROSC occurred
in 299 individuals (26.2%). When controlling for initial arrest rhythm and other confounding variables,
individuals with no ETI attempted were 2.33 (95% confidence interval [CI] = 1.63 to 3.33) times more
likely to have ROSC compared to those with one successful ETI attempt. Of the 299 individuals with
prehospital ROSC, 118 (39.5%) were subsequently discharged alive from the hospital. Individuals having
no ETI were 5.46 (95% CI = 3.36 to 8.90) times more likely to be discharged from the hospital alive
compared to individuals with one successful ETI attempt.

Conclusions: Results from these analyses suggest a negative association between prehospital ETI
attempts and survival from OOHCA. In this study, the individuals most likely to have prehospital ROSC
and survival to hospital discharge were those who did not have a reported ETI attempt. Further compar-
ative research should assess the potential causes of the demonstrated associations.
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S udden death from cardiac arrest in the out-
of-hospital setting remains a leading cause of
mortality worldwide.1–4 Cardiovascular disease

claims 2,400 lives each day, amounting to an annual
death toll of over 875,000 in the United States. Nearly
295,000 of those deaths result from out-of-hospital car-

diac arrest (OOHCA).5 Over the past decade, the man-
agement of OOHCA has evolved from focusing on early
advanced interventions, to focusing on the first links
in the American Heart Association’s (AHA) ‘‘Chain
of Survival.’’6 These changes have included emphasi-
zing early recognition, with focus on improving bystan-
der cardiopulmonary resuscitation (CPR) and public
access defibrillation.7,8 Emergency responders have
also been encouraged to increase automated external
defibrillator (AED) usage, minimize the interruption of
chest compressions, and decrease the emphasis on
advanced airway management.9 Several studies have
suggested that a shift to minimally interrupted cardiac
resuscitation (MICR; or cardiocerebral resuscitation
[CCR]) significantly improves OOHCA survival.10–12

Despite these changes in resuscitation methods, survival
rates generally remain poor.13,14
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To maximize the effects of MICR ⁄ CCR, further inves-
tigation of prehospital airway management in OOHCA
patients should be conducted. Endotracheal intubation
(ETI) has long been the ‘‘criterion standard’’ for the
prehospital airway management of OOHCA patients.
However, the efficacy of ETI as the standard for pre-
hospital airway management has recently been chal-
lenged. Several studies have questioned the ability of
paramedics to gain and maintain competency in the
performance of ETI.15,16 Yet many in the emergency
medical services (EMS) community still believe that ETI
should continue in the prehospital setting and consider
it an essential paramedic skill.17

Out-of-hospital cardiac arrest patients comprise the
majority of paramedic intubation attempts and also
have the highest prehospital intubation success rates.18

In the prehospital setting, the practice of early intuba-
tion still frequently occurs in OOHCA management.18,19

This practice has continued despite the AHA’s
decreased emphasis on advanced airway management
in cardiac arrest.20,21 It has been recommended that
intubation be delayed until after return of spontaneous
circulation (ROSC) or at least three cycles of chest com-
pressions have been completed during OOHCA resusci-
tation efforts.11,12,19,22,23

The performance of prehospital ETI has been shown
to affect the overall management of OOHCA.24–26

Studies suggest that the amount of time taken to per-
form ETI may lead to ineffective chest compressions
with significant interruptions.9,23,27 It has also been
demonstrated that after ETI, unintentional hyperven-
tilation increases intrathoracic pressures, resulting in
decreased coronary and cerebral perfusion pres-
sures.28–30 Due to the potential complications of ETI
during OOHCA, many have suggested that prehospital
ETI in OOHCA should be limited or eliminated in favor
of alternate airway devices.23,27,31–33 In other patient
populations, individuals managed with successful pre-
hospital ETI have had worse patient outcomes than
those managed by basic airway techniques.16,26,27,34

While ETI in the prehospital setting has been exten-
sively studied, the benefit of prehospital ETI among
OOHCA patients has not been fully examined. The
objective of this study was to determine if pre-
hospital ETI attempts performed on OOHCA patients
were associated with ROSC and survival to hospital
discharge.

METHODS

Study Design
This retrospective study used an existing registry of
OOHCA within Mecklenburg County, North Carolina.
This study was approved by the Carolinas Healthcare
System and the Presbyterian Healthcare System Institu-
tional Review Boards.

Study Setting and Population
The Mecklenburg EMS Agency (Medic) has tracked
OOHCA using an Utstein-style cardiac arrest database
since 2004. Cardiac arrests included in this study
occurred during July 1, 2006, through December 31,
2008.

Individuals analyzed in this study were those who
had nontraumatic cardiac arrest, defined as the absence
of a pulse and lack of normal breathing, and had resus-
citation efforts initiated by paramedics. Only adult
(‡18 years) cardiac arrest patients were included in this
analysis. Patients were excluded from the study if they
were an interfacility transfer, drowning, or electrocu-
tion; had obvious signs of death (lividity, rigor mortis,
etc.); or had a valid do not resuscitate order presented
during resuscitation. Patients were also excluded if ETI
was attempted, but the number of attempts until suc-
cess or failure occurred was not reported.

Study Protocol
Medic is a third-service EMS agency serving a popula-
tion of approximately 867,000 individuals in Mecklen-
burg County, with 630,400 of those individuals living in
the City of Charlotte. Over the study period, average
yearly call volume was 90,000, resulting in approxi-
mately 69,000 yearly patient transports. Patients may be
transported to any of the seven area hospitals, includ-
ing a single academic institution and a separate regio-
nal tertiary care facility. All ambulances are staffed with
at least one paramedic and one basic emergency medi-
cal technician (EMT-B). First responders within the city
and county are trained at the EMT-B level and have
access to AEDs. Prehospital triage, treatment, and
transport protocols are uniform within both the county
and the city limits.

All data analyzed were collected after implementation
of the 2005 AHA advanced cardiac life support guide-
lines. As such ETI was performed, depending on the
algorithm, after 2 minutes of CPR, defibrillation (if indi-
cated), and concurrently or after administration of epi-
nephrine. Initiation of an ETI attempt was left to the
discretion of the paramedic; no protocols were in place
to dictate nonmedical contraindications to ETI, such as
distance to hospital. Rapid sequence intubation was not
available for any ETI attempt; however, paramedics
were given the option to manage a failed ETI with
either laryngeal mask airways or bag-valve mask venti-
lations. There were no substantial changes to the car-
diac arrest protocol during the study period.

The main outcome variables for this analysis were
sustained prehospital ROSC and survival to hospital
discharge. Sustained prehospital ROSC was abstracted
from EMS patient care report forms and defined as a
return of pulses during the resuscitation that were still
present at hospital arrival. Survival to hospital discharge
was determined by reviewing hospital medical records.
If discharge status or the medical record was unavailable
or not located at the time of the analysis, the patient was
conservatively classified as not surviving to hospital
discharge. During the study period, neurologic status at
time of discharge was not available.

The main independent variable of interest was the
number of prehospital ETI attempts. According to
Medic protocol, an ETI attempt was defined as
performing an intubation procedure by inserting the
laryngoscope into the mouth, past the anterior teeth.
Patients were categorized as having a single success-
ful ETI, a single unsuccessful ETI, a multiattempt
successful ETI, a multiattempt unsuccessful ETI, or no
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ETI attempt. The number of ETI attempts was
abstracted from the prehospital report form, and multi-
ple attempts were defined as more than one ETI
attempt.

Other independent variables collected included
demographics, initial cardiac arrest rhythm, witnessed
arrest, presence of prearrival CPR, and discharge of an
AED. The demographic variables collected were age
(reported in years), sex (male or female), and race
(nonwhite or white). Initial cardiac arrest rhythm, as
documented by the paramedic, was categorized as
shockable if either ventricular fibrillation (VF) or pulse-
less ventricular tachycardia (VT) was present or non-
shockable for any other pulseless arrest rhythm. Each
patient was classified as having an unwitnessed arrest,
an arrest witnessed by family or bystander, or an arrest
witnessed by first responders or EMS. Prearrival CPR
and discharge of an AED were categorized as ‘‘yes’’ or
‘‘no’’ by the first arriving paramedic.

Data Analysis
Preliminary data analysis was conducted using
descriptive statistics and univariate odds ratios (ORs).
Descriptive analyses were performed to investigate
potential associations between independent variables
and the main outcome variables, ROSC, and survival
to hospital discharge. Chi-square analyses and t-tests
were used to determine initial significance where
appropriate. Univariate ORs were calculated for each
independent variable to assess its magnitude of effect
on the outcome.

To further explore the relationships among indepen-
dent variables and the two outcome variables, uncon-
ditional multivariable logistic regression was
performed. There were two logistic regression models
constructed separately for each outcome variable;
however, the model building process was conducted
identically for each outcome. Model building began
with the variable ‘‘ETI attempts’’ as the initial indepen-
dent variable in the model. An investigator-driven for-
ward stepwise approach was then undertaken wherein
other independent variables were added to the model
one at a time. At each step, all remaining variables
were assessed and the one with the lowest Wald p-
value was added to the model. This process was
repeated until variables failed to reach statistical sig-
nificance at the 0.05 level.

Confounding was assessed by observing the effects
of initially insignificant independent variables on the
variable ETI attempts. A change in the OR of 10% in
the ETI attempts variable was considered sufficient evi-
dence to conclude confounding and the variable,
regardless of its statistical significance, would remain in
the model.35 Upon completion of the main effects
model, plausible interaction terms were created and
effect modification was assessed. Only those interaction
terms with a Wald p-value of £0.01 were added to the
model. Model fit and discrimination was assessed using
the Hosmer-Lemeshow goodness-of-fit test.36 All data
were abstracted from patient records and entered into
Microsoft Excel (Redmond, WA). All statistical analyses
were conducted using Stata v.10 (StataCorp, College
Station, TX).

RESULTS

During the study period, there were 1,323 cardiac
arrests in Mecklenburg County, North Carolina. After
applying exclusion criteria, there were 1,142 (86.3%)
patients included in the analytic data set. Figure 1 illus-
trates the number of individuals included in the study
and categorization of the main independent variable of
interest, prehospital ETI attempts. This figure further
describes prehospital ETI attempts in relation to ROSC
and survival to hospital discharge.

Table 1 includes the frequencies of independent
variables for the total sample. The mean ± standard
deviation age of study participants was 63.7 ± 16.8
years. A majority of individuals in the data set were
male (697, 61.0%) and white (619, 54.2%). In this study,
302 individuals (26.5%) presented in VF ⁄ VT, and 146 of
the arrests (12.8%) were witnessed by EMS or first
responders.

There were 577 individuals (50.5%) who had success-
ful ETI on the first attempt, and 292 (25.5%) received
multiple ETI attempts, regardless of success. ETI was
not performed on 203 individuals (17.8%). The occur-
rence of an ETI attempt was not associated with age,
sex, race, presenting rhythm, or defibrillator usage.
However, individuals experiencing OOHCA with prear-
rival CPR or witnessed by EMS or first responders
were less likely to receive an intubation attempt.

Prehospital ROSC
Sustained prehospital ROSC was reported in 299 indi-
viduals (26.2%). Table 1 also presents frequencies of
independent variables, unadjusted ORs, and 95% confi-
dence intervals (CIs) for the occurrence of prehospital
ROSC by each independent variable. In regard to ETI
attempts, 45.3% of individuals with no ETI attempt had
prehospital ROSC, while only 25.3% of individuals with
one successful ETI attempt had ROSC. Initial analysis
indicated that individuals with no ETI attempt were
2.44 (95% CI = 1.75 to 3.41) times more likely to experi-
ence prehospital ROSC than those individuals with one
successful ETI attempt.

The final logistic regression model for prehospital
ROSC included the variables initially presenting rhythm,
witnessed arrest, sex, race, and ETI attempts (Table 2).
This model demonstrated good fit (p = 0.82). Adjusted
ORs, although attenuated, were similar to those found
in the unadjusted analysis. Individuals who did not have
ETI attempted were 2.33 (95% CI = 1.63 to 3.33) times
more likely to have prehospital ROSC than those with
one successful ETI attempt. This model controls for the
other variables presented and indicates an OR of ROSC
for those individuals with the lowest perceived likeli-
hood of successful resuscitation. Also, regardless of
success or failure, individuals who received more than
one ETI attempt were less likely to have prehospital
ROSC than those with one successful ETI attempt.

Discharge Status
Of the 299 individuals with prehospital ROSC, 118
(39.5%) were subsequently discharged alive from the
hospital. There were 48 (16.0%) who had an unknown
discharge status at the time of analysis and were
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conservatively classified as not surviving to hospital dis-
charge. Of those individuals with prehospital ROSC,
137 (45.8%) had an initial presenting rhythm of VF ⁄ VT,
and 55 (18.3%) arrested in the presence of EMS or first
responders. There were 146 individuals (48.8%) who
had successful ETI on the first attempt, and 92 (30.8%)
upon whom ETI was not performed.

Table 3 includes the frequencies of independent vari-
ables for individuals with prehospital ROSC by hospital
discharge status and unadjusted ORs and 95% CIs for
each independent variable. Similar associations were
found among this cohort of individuals, compared to
the entire study sample. Individuals with no ETI attempt
were 4.96 (95% CI = 3.22 to 7.67) times more likely to
be discharged from the hospital alive than those with
one successful ETI attempt.

The final logistic regression model for discharge sta-
tus displayed in Table 4 demonstrated good fit

(p = 0.89). When controlling for the confounding vari-
ables presented in the model, those individuals with
prehospital ROSC were 5.46 (95% CI = 3.36 to 8.90)
times more likely to survive to discharge if they did not
have a prehospital ETI attempt when compared to
those with one successful ETI attempt.

DISCUSSION

Due to the multiple tasks that must be performed, the
management of OOHCA remains one of the most com-
plex scenes for an EMS professional. Early defibrilla-
tion and aggressive airway management, through ETI,
have been two cornerstones of primary OOHCA inter-
ventions.37 However, there is limited research exploring
the effect that ETI attempts may have on OOHCA
patients. In the prehospital setting, several studies have
explored the efficacy of ETI in trauma and pediatric

Figure 1. Exclusion criteria and categorization of ETI attempts by ROSC and survival to discharge. ETI = endotracheal intubation;
ROSC = return of spontaneous circulation.
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patients.38–42 These studies have suggested that prehos-
pital ETI may lead to an increase in mortality in these
specific patient populations, although their retrospec-
tive, nonrandomized designs do not permit evaluation
of casuality. Results from the current study indicated

that individuals experiencing OOHCA may be another
subset of prehospital patients who experience increased
mortality when receiving prehospital ETI.

It has been well documented that ETI is a complex
psychomotor task and that prehospital providers have
difficulty gaining and maintaining competency in this
skill.15 Prior research has indicated that prehospital ETI
is a time-intensive task that may distract providers from
performing important basic life support procedures
during OOHCA.16 It has been recommended that
advanced airway procedures be delayed, with emphasis
placed on minimally interrupted chest compressions.
This strategy has been associated with improved resus-
citation outcomes.8–11 Research has also shown that
hyperventilation can cause increased intrathoracic pres-
sure, leading to decreased coronary and cerebral perfu-
sion pressure among intubated OOHCA patients. The
natural excitement inherent to OOHCA may prompt
hyperventilation of the patient by prehospital person-
nel, especially when an endotracheal tube is appropri-
ately placed.28,29

Orchestration and timing of procedures in OOHCA
is typically the responsibility of the paramedic, who is
also responsible for performing many critical and time-
sensitive actions. Each procedure or task takes time,
and performing each nearly simultaneously is difficult.
Providing airway management for an OOHCA patient
by means other than ETI may decrease the number of
distractions that occur. Having a basic life support
responder provide airway management with a bag-
valve mask or alternative airway device may free the
paramedic to supervise the overall resuscitation.

Table 1
Descriptive Statistics and Unadjusted ORs or the Total Sample and by Sustained ROSC

Variable Name
Total Sample
(Column %)

Non-ROSC
OR (%)

ROSC
OR (%)

Unadjusted
OR (95% CI)

Presenting rhythm
Non-VF ⁄ VT 840 (73.5) 678 (80.7) 162 (19.3) Referent
VF ⁄ VT 302 (26.5) 165 (54.6) 137 (45.4) 3.47 (2.62–4.62)

Witnessed arrest
No 390 (34.2) 325 (83.3) 65 (16.7) Referent
Family ⁄ bystander 606 (53.0) 427 (70.5) 179 (29.5) 2.10 (1.52–2.88)
EMS ⁄ FR 146 (12.8) 91 (62.3) 55 (37.7) 3.02 (1.97–4.64)

Race
Nonwhite 523 (45.8) 409 (78.2) 114 (21.8) Referent
White 619 (54.2) 434 (70.1) 185 (29.9) 1.53 (1.17–2.00)

Sex
Female 445 (39.0) 319 (71.7) 126 (28.3) Referent
Male 697 (61.0) 524 (75.2) 173 (24.8) 0.84 (0.64–1.09)

Pre-arrival CPR
No 298 (26.1) 219 (73.5) 79 (26.5) Referent
Yes 844 (73.9) 624 (73.9) 220 (26.1) 0.98 (0.72–1.32)

Shock by AED
No 953 (83.5) 737 (77.3) 216 (22.7) Referent
Yes 189 (16.5) 106 (56.1) 83 (43.9) 2.67 (1.93–3.70)

Intubation
One attempt with success 577 (50.5) 431 (74.7) 146 (25.3) Referent
One attempt with failure 70 (6.1) 50 (71.4) 20 (28.6) 1.18 (0.68–2.05)
More than one attempt with success 132 (11.6) 109 (82.6) 23 (17.4) 0.62 (0.38–1.01)
More than one attempt with failure 160 (14.0) 142 (88.7) 18 (11.3) 0.37 (0.22–0.63)
No attempt 203 (17.8) 111 (54.7) 92 (45.3) 2.44 (1.75–3.41)

AED = automated external defibrillator; CPR = cardiopulmonary resuscitation; EMS ⁄ FR = emergency medical services ⁄ first
responder; ROSC = return of spontaneous circulation; VF ⁄ VT = ventricular fibrillation ⁄ ventricular tachycardia.

Table 2
Logistic Regression Model for ROSC

Variable Name OR (95% CI)

Presenting rhythm
Non-VF ⁄ VT Referent
VF ⁄ VT 3.25 (2.39–4.44)

Witnessed arrest
No Referent
Family ⁄ bystander 1.59 (1.13–2.25)
EMS ⁄ FR 2.08 (1.31–3.31)

Sex
Female Referent
Male 0.66 (0.49–0.89)

Race
Nonwhite Referent
White 1.39 (1.04–1.86)

Intubation
One attempt with success Referent
One attempt with failure 1.00 (0.56–1.80)
More than one attempt with success 0.60 (0.36–0.99)
More than one attempt with failure 0.40 (0.23–0.69)
No attempt 2.33 (1.63–3.33)

EMS ⁄ FR = emergency medical services ⁄ first responder;
ROSC = return of spontaneous circulation; VF ⁄ VT = ventricular
fibrillation ⁄ ventricular tachycardia.
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The role of ETI in the prehospital setting has fre-
quently been questioned. Further research should be
conducted to better determine the effect ETI has on
prehospital patients. While this study indicated that not
performing ETI on OOHCA patients was associated
with improved outcomes, causality of this association
was not investigated. EMS systems interested in

improving OOHCA care should further investigate their
level of medical oversight, continuous quality improve-
ment, and use of alternative airway devices. Further
multicenter studies should be conducted to validate our
results.

LIMITATIONS

This retrospective, single-center study contains several
limitations involving the sample population and spe-
cific threats to the validity of the results. It is possible
that the individuals with the highest likelihood of
ROSC and survival to hospital discharge may have
been those who received the timeliest care, experi-
enced rapid ROSC, and were able to adequately man-
age their own airways. Only 28 patients had
documented ROSC with adequate ventilations prior to
EMS performing any advanced level interventions
(other than defibrillation). Given the large ORs noted
in the results, it appears unlikely that individuals with
rapid response to treatments accounted for the entire
noted measure of effect. Further, results are presented
in the context of individuals with the poorest expected
prognosis, e.g., unwitnessed arrest and initial rhythm
other than VT ⁄ VF. No ETI attempt, even in this group,
was associated with an increased likelihood for ROSC
and survival compared to those with one successful
ETI attempt.

It is possible that misclassification of the main expo-
sure variable (ETI attempts) occurred, as this was a
self-reported variable. This misclassification may be
attributed to the paramedic’s negative perception of

Table 4
Logistic Regression Model for Survival to Hospital Discharge

Variable Name OR (95% CI)

Presenting rhythm
Non-VF ⁄ VT Referent
VF ⁄ VT 5.32 (3.41–8.31)

Witnessed arrest
No Referent

Family ⁄ bystander 1.81 (1.03–3.18)
EMS ⁄ FR 1.84 (0.91–3.69)

Sex
Female Referent
Male 0.59 (0.38–0.91)

Age
5-year increase 0.90 (0.85–0.96)

Intubation
One attempt with success Referent
One attempt with failure 1.87 (0.87–4.02)
More than one attempt with success 0.68 (0.29–1.59)
More than one attempt with failure 0.40 (0.15–1.06)
No attempt 5.46 (3.36–8.90)

EMS ⁄ FR = emergency medical services ⁄ first responder;
VF ⁄ VT = ventricular fibrillation ⁄ ventricular tachycardia.

Table 3
Descriptive Statistics and Unadjusted ORs for Individuals With Sustained ROSC by Hospital Discharge Status

Variable Name
Not Discharged

OR (%)
Discharged

OR (%)
Unadjusted OR

(95% CI)

Presenting rhythm
Non-VF ⁄ VT 118 (72.8) 44 (27.2) Referent
VF ⁄ VT 64 (46.7) 73 (53.3) 6.01 (4.06–8.91)

Witnessed arrest
No 45 (69.2) 20 (30.8) Referent
Family ⁄ bystander 107 (59.8) 72 (40.2) 2.73 (1.64–4.55)
EMS ⁄ FR 30 (54.5) 25 (45.4) 4.01 (2.16–7.44)

Race
Nonwhite 67 (58.8) 47 (41.2) Referent
White 115 (62.2) 70 (37.8) 1.39 (0.95–2.03)

Sex
Female 80 (63.5) 46 (36.5) Referent
Male 102 (59.0) 71 (41.0) 0.94 (0.64–1.37)

Prearrival CPR
No 50 (63.3) 29 (36.7) Referent
Yes 132 (60.0) 88 (40.0) 1.02 (0.66–1.56)

Shock by AED
No 142 (65.7) 74 (34.3) Referent
Yes 40 (48.2) 43 (51.8) 3.61 (2.41–5.41)

Intubation
One attempt with success 109 (74.7) 37 (25.3) Referent
One attempt with failure 9 (45.0) 11 (55.0) 2.31 (1.13–4.73)
More than one attempt with success 16 (69.6) 7 (30.4) 0.69 (0.31–1.58)
More than one attempt with failure 14 (77.8) 4 (22.2) 0.40 (0.15–1.03)
No attempt 34 (37.0) 58 (63.0) 4.96 (3.22–7.67)

AED = automated external defibrillator; CPR = cardiopulmonary resuscitation; EMS ⁄ FR = emergency medical services ⁄ first
responder; ROSC = return of spontaneous circulation; VF ⁄ VT = ventricular fibrillation ⁄ ventricular tachycardia.
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multiple ETI attempts. It is unlikely that nonattempts or
multiattempts were misreported. There was also no
indication that exposure misclassification occurred to
different degrees for each outcome. Most likely, nondif-
ferential misclassification occurred, biasing results
toward the null. Even if differential misclassification
was present, estimated measures of effect were large
enough that it was unlikely that bias accounted com-
pletely for these findings.

While this analysis was able to control for important
confounders such as arrest rhythm, it may not be possi-
ble to generalize these results to all EMS systems. The
definition of ETI attempt and multiple ETI attempt may
differ in other systems. Finally, some outcome data
from the hospitals were missing. Individuals with miss-
ing outcome data were conservatively coded as not sur-
viving to discharge, which may have biased the results
toward the null. A strength of this study was the use of
an Utstein-style data collection template and limited
changes in OOHCA protocols during the study period.
Future research should be conducted to determine if
these findings are applicable to other EMS systems.

CONCLUSIONS

Results from these analyses suggest that there is a neg-
ative association between prehospital endotracheal
intubation attempts and survival from out-of-hospital
cardiac arrest. In this study, the individuals most likely
to have prehospital return of spontaneous circulation
and survival to hospital discharge were those who did
not have a reported endotracheal intubation attempt.
Individuals experiencing out-of-hospital cardiac arrest
may be another subset of prehospital patients who
experience increased mortality when receiving prehos-
pital endotracheal intubation. Further research should
be conducted to better determine the effect endotra-
cheal intubation has on prehospital patients.
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we thank the EMS professionals at Mecklenburg EMS Agency for
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References

1. Ali S, Antezano ES. Sudden cardiac death. South
Med J. 2006; 99:502–10.

2. Atwood C, Eisenberg MS, Herlitz J, Rea TD. Inci-
dence of EMS-treated out-of-hospital cardiac arrest
in Europe. Resuscitation. 2005; 67:75–80.

3. Mehra R. Global public health problem of sudden
cardiac death. J Electrocardiol. 2007; 40(6 Suppl):
S118–22.

4. Rea TD, Eisenberg MS, Sinibaldi G, White RD. Inci-
dence of EMS-treated out-of-hospital cardiac arrest
in the United States. Resuscitation. 2004; 63:17–24.

5. Lloyd-Jones D, Adams R, Carnethon M, et al. Heart
disease and stroke statistics–2009 update: a report
from the American Heart Association Statistics
Committee and Stroke Statistics Subcommittee.
Circulation. 2009; 119:e21–181.

6. American Heart Association Emergency Cardiovas-
cular Care Committee. 2005 American Heart Asso-
ciation guidelines for cardiopulmonary resuscitation
and emergency cardiovascular care. Circulation.
2006; 112(24 suppl):IV1–203.

7. Neumar RW, Nolan JP, Adrie C, et al. Post-cardiac
arrest syndrome: epidemiology, pathophysiology,
treatment, and prognostication. A consensus state-
ment from the International Liaison Committee on
Resuscitation (American Heart Association, Austra-
lian and New Zealand Council on Resuscitation,
European Resuscitation Council, Heart and Stroke
Foundation of Canada, InterAmerican Heart Foun-
dation, Resuscitation Council of Asia, and the
Resuscitation Council of Southern Africa); the
American Heart Association Emergency Cardiovas-
cular Care Committee; the Council on Cardiovascu-
lar Surgery and Anesthesia; the Council on
Cardiopulmonary, Perioperative, and Critical Care;
the Council on Clinical Cardiology; and the Stroke
Council. Circulation. 2008; 118:2452–83.

8. Roessler B, Fleischhackl R, Losert H, et al. Reduced
hands-off-time and time to first shock in CPR
according to the ERC Guidelines 2005. Resuscita-
tion. 2009; 80:104–8.

9. Ewy GA, Kern KB. Recent advances in cardiopul-
monary resuscitation: cardiocerebral resuscitation.
J Am Coll Cardiol. 2009; 53:149–57.

10. Ewy GA, Kern KB, Sanders AB, et al. Cardiocere-
bral resuscitation for cardiac arrest. Am J Med.
2006; 119:6–9.

11. Kellum MJ, Kennedy KW, Barney R, et al. Cardioce-
rebral resuscitation improves neurologically intact
survival of patients with out-of-hospital cardiac
arrest. Ann Emerg Med. 2008; 52:244–52.

12. Kellum MJ, Kennedy KW, Ewy GA. Cardiocerebral
resuscitation improves survival of patients with out-
of-hospital cardiac arrest. Am J Med. 2006; 119:
335–40.

13. Eckstein M, Stratton SJ, Chan LS. Cardiac Arrest
Resuscitation Evaluation in Los Angeles: CARE-LA.
Ann Emerg Med. 2005; 45:504–9.

14. Lombardi G, Gallagher J, Gennis P. Outcome of
out-of-hospital cardiac arrest in New York City. The
Pre-Hospital Arrest Survival Evaluation (PHASE)
study. JAMA. 1994; 271:678–83.

15. Wang HE, Seitz SR, Hostler D, Yealy DM. Defining
the learning curve for paramedic student endotra-
cheal intubation. Prehosp Emerg Care. 2005; 9:
156–62.

16. Wang HE, Yealy DM. Out-of-hospital endotracheal
intubation: where are we? Ann Emerg Med. 2006;
47:532–41.

17. Thomas JB, Abo BN, Wang HE. Paramedic per-
ceptions of challenges in out-of-hospital endotra-
cheal intubation. Prehosp Emerg Care. 2007; 11:
219–23.

18. Wang HE, O’Connor RE, Schnyder ME, Barnes TA,
Megargel RE. Patient status and time to intubation
in the assessment of prehospital intubation perfor-
mance. Prehosp Emerg Care. 2001; 5:10–18.

19. Bobrow BJ, Clark LL, Ewy GA, et al. Minimally
interrupted cardiac resuscitation by emergency

924 Studnek et al. • PREHOSPITAL ETI AND OUT-OF-HOSPITAL CARDIAC ARREST



medical services for out-of-hospital cardiac arrest.
JAMA. 2008; 299:1158–65.

20. European Resuscitation Council. 2005 International
Consensus on Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care Science with
Treatment Recommendations. Part 4: Advanced life
support. Resuscitation. 2005; 67:213–47.

21. Davis DP. Cardiocerebral resuscitation: a broader
perspective. J Am Coll Cardiol. 2009; 53:158–60.

22. Ewy GA. Cardiocerebral resuscitation: the new car-
diopulmonary resuscitation. Circulation. 2005; 111:
2134–42.

23. Fuster V, Alexander RW, O’Rourke RA, et al. (eds).
Hurst’s the Heart. New York, NY: McGraw-Hill, 2008.

24. Kellermann AL, Hackman BB, Somes G. Predicting
the outcome of unsuccessful prehospital advanced
cardiac life support. JAMA. 1993; 270:1433–6.

25. Shy BD, Rea TD, Becker LJ, Eisenberg MS. Time to
intubation and survival in prehospital cardiac
arrest. Prehosp Emerg Care. 2004; 8:394–9.

26. Wang HE, Cook LJ, Chang CC, Yealy DM, Lave JR.
Outcomes after out-of-hospital endotracheal intuba-
tion errors. Resuscitation. 2009; 80:50–5.

27. Nolan JP, Soar J. Airway techniques and ventilation
strategies. Curr Opin Crit Care. 2008; 14:279–86.

28. Aufderheide TP, Lurie KG. Death by hyperventila-
tion: a common and life-threatening problem dur-
ing cardiopulmonary resuscitation. Crit Care Med.
2004; 32(9 Suppl):S345–51.

29. Aufderheide TP, Sigurdsson G, Pirrallo RG, et al.
Hyperventilation-induced hypotension during car-
diopulmonary resuscitation. Circulation. 2004; 109:
1960–5.

30. Pitts S, Kellermann AL. Hyperventilation during
cardiac arrest. Lancet. 2004; 364:313–5.

31. Mort TC. Emergency tracheal intubation: complications
associated with repeated laryngoscopic attempts.
Anesth Analg. 2004; 99:607–13.

32. Wang HE, Yealy DM. How many attempts are
required to accomplish out-of-hospital endotracheal
intubation? Acad Emerg Med. 2006; 13:372–7.

33. American Society of Anesthesiologists. Practice
guidelines for management of the difficult airway:
an updated report by the American Society of
Anesthesiologists Task Force on Management
of the Difficult Airway. Anesthesiology. 2003; 98:
1269–77.

34. Stockinger ZT, McSwain NE Jr. Prehospital endo-
tracheal intubation for trauma does not improve
survival over bag-valve-mask ventilation. J Trauma.
2004; 56:531–6.

35. Mickey RM, Greenland S. The impact of confounder
selection criteria on effect estimation. Am J Epi-
demiol. 1989; 129:125–37.

36. Hosmer D, Lemeshow S. Applied Logistic Regres-
sion. New York, NY: John Wiley & Sons, 2000.

37. European Resuscitation Council. 2000 International
Guidelines 2000 for CPR and ECC: A Consensus on
Science. Part 3: adult basic life support. Resuscita-
tion. 2000; 46:29–71.

38. Wang HE, Peitzman AB, Cassidy LD, Adelson PD,
Yealy DM. Out-of-hospital endotracheal intubation
and outcome after traumatic brain injury. Ann
Emerg Med. 2004; 44:439–50.

39. Shafi S, Gentilello L. Pre-hospital endotracheal intu-
bation and positive pressure ventilation is associ-
ated with hypotension and decreased survival in
hypovolemic trauma patients: an analysis of the
National Trauma Data Bank. J Trauma. 2005; 59:
1140–5.

40. Bernard SA. Paramedic intubation of patients with
severe head injury: a review of current Australian
practice and recommendations for change. Emerg
Med Australas. 2006; 18:221–8.

41. Sen A, Nichani R. Best evidence topic report. Pre-
hospital endotracheal intubation in adult major
trauma patients with head injury. Emerg Med J.
2005; 22:887–9.

42. Gausche M, Lewis RJ, Stratton SJ, et al. Effect of
out-of-hospital pediatric endotracheal intubation on
survival and neurological outcome: a controlled
clinical trial. JAMA. 2000; 283:783–90.

ACAD EMERG MED • September 2010, Vol. 17, No. 9 • www.aemj.org 925


