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Abstract

Airway management techniques during cardiopulmonary arrest in the 
emergency department may impact short and long-term outcomes 
of these patients. Prior studies addressing airway management of 
patients in cardiopulmonary arrest in the emergency department are 
limited. We aimed to evaluate the one-month neurological outcomes 
post cardiac arrest as a primary endpoint. Our secondary endpoint 
was to look at return of spontaneous circulation rates and survival 
to discharge. We retrospectively reviewed cardiac arrest fl ow sheets 
of patients sustaining in-emergency department cardiopulmonary 
arrest between January 2017 and September 2017. We looked at the 
diff erent types of airway management techniques and their eff ect on 
patient outcomes. Patients who received non-endotracheal intubation 
during cardiopulmonary arrest had higher rates of good neurological 
outcome (GCS > 9) at one month when compared with patients who 
received endotracheal intubation: 8 (32%) vs. 2 (5.3%), respectively. 
Our results revealed a signifi cant association of non-endotracheal 
intubation (bag-valve mask or laryngeal mask airway) with return 
of spontaneous circulation rates (p 0.044), survival to discharge (p < 
0.001), and good neurological outcome (GCS > 9) (p 0.008). Although 
non-endotracheal intubation during cardiopulmonary arrest is not 
common, we encourage the increased use of bag-valve mask and 
laryngeal mask airways during cardiopulmonary arrest as they are 
associated with better outcomes.. 
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Introduction

Recent science in cardiac arrest focuses more on 
chest compression quality than on defi nitive 

airway placement during cardiopulmonary 
resuscitation (CPR)[1,2]. Nonetheless, tracheal intubation 
remains ubiquitous during in-hospital cardiac arrest[3,4]. 
Prioritizing airway and breathing has led to increased 
hands-off  time during tracheal intubation attempts[5]. 
This results in a reduction of forward fl ow to major 
organs[6]. The compromise in cerebral and coronary 
perfusion pressures leads to poor neurological 
outcomes and lower rates of return of spontaneous 
circulation (ROSC)[6]. Cardiopulmonary resuscitation is 
a complex procedure with opportunities for distraction 
from the main purpose: to restore partial fl ow of 
oxygenated blood to the brain and heart. Endotracheal 
intubation commonly results in interruption of 
quality chest compressions[7,8]. Airway management 
via endotracheal intubation has been the standard 
for many years, until 2010 when the American Heart 
Association deemphasized airway prioritization during 
cardiac arrest[1]. Nonetheless, endotracheal intubation 
remains to be prioritized during in-hospital cardiac 
arrest[3,4]. This is mainly due to inadequate in-hospital 
evidence and unclear direction in airway management 
during cardiac arrest[2,9]. Additionally, unlearning a 
procedure that has been performed for many years 
presents a major challenge in the healthcare setting[10]. 
There have been multiple studies questioning the 
survival benefi t of endotracheal intubation compared 
with non-endotracheal intubation in the pre-hospital 
setting[11-17]. A meta-analysis concluded that out-of-
hospital cardiac arrest victims who receive endotracheal 
intubation by emergency medicine services are more 
likely to obtain ROSC[18]. Recently, Andersen et al.,[3] 
demonstrated that early endotracheal intubation 
during cardiac arrest is not associated with increased 
survival benefi t in-hospital. We could not fi nd studies 
addressing airway intervention techniques on cardiac 
arrest outcomes in the emergency department (ED) 
setting[19,20]. The aim of this study was to evaluate the 
association between diff erent airway management 
techniques (endotracheal intubation vs. non-
endotracheal intubation) and outcome variables (good 
neurological outcome at one-month, ROSC, survival 
to discharge) for cardiopulmonary arrest patients in a 
single ED.

Endotracheal intubation is the most commonly 
performed airway procedure during a cardiopulmonary 
arrest in the in-hospital setting[3,4]. Laryngeal mask 

airways and bag-valve mask are used less frequently 
perhaps due to lack of training or the conception 
that they are inferior to endotracheal intubation. 
Additionally, the American Heart Association and 
European Resuscitation Council Guidelines do not 
provide clear direction on which airway device to 
use during cardiopulmonary arrest[2,9]. However, the 
emphasis remains on high quality chest compressions 
and minimizing interruptions. Therefore, it is prudent 
to use an airway device that causes less interruption in 
chest compressions. 

Material and Methods

Study Design and Population

After obtaining institutional review board approval 
at King Abdulaziz University (reference number 592-
17) we conducted a retrospective chart review of 
cardiopulmonary arrests occurring in the ED at King 
Abdulaziz University Hospital from January 2017 to 
September 2017. King Abdulaziz University Hospital 
is a university hospital with an approximate ED visit 
rate of 66,000 per year. A total of 130 cardiopulmonary 
arrests occurred in the ED during the study period. 
We included all patients during the study period who 
met the following criteria: age  ≥18 years old, in-ED 
cardiopulmonary arrests (occurring within 24 hours 
of triage time), and patients without advanced airway 
in place. We excluded patients less than 18 years 
old, Do-Not-Resuscitate order in place, pre-hospital 
cardiopulmonary arrest, boarding in the ED ≥ 24 hours, 
prior invasive airway device in place, pregnancy, and 
traumatic arrests.

Endpoints

 Our primary endpoint was good neurological outcome 
(defi ned as Glasgow Coma Scale (GCS > 9) at one-
month post-cardiac arrest. Our secondary endpoints 
were ROSC and survival to discharge.

Setting

Upon recognition of a cardiopulmonary arrest (absent 
palpable pulse and respirations) in the ED, chest 
compressions are started immediately, while another 
healthcare provider is prompted to make an overhead 
announcement in the department. The resuscitation 
team is composed of emergency physicians and nurses 
certifi ed in advanced cardiac life support (ACLS). A 
cardiac arrest fl ow sheet is completed in real-time 
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by a designated nurse trained in documentation. 
The fl ow sheet contains date/time of arrest, patient 
information, type of airway device, time of airway 
device placement, name/level of airway operator, initial 
and subsequent rhythms, medications administered, 
admitting diagnosis, ROSC, names/position of all 
team members, and additional nurse/physician notes. 
The standard airway intervention is endotracheal 
intubation during the arrest. This is performed by a 
resident or specialist physician with prior experience 
in endotracheal intubation and laryngeal mask airway 
placement. Occasionally, endotracheal intubation 
is deferred, and bag-valve mask or laryngeal mask 
airways (LMA® Classic™ Airway (Telefl ex Headquarters 
International, Westmeath, Ireland)) are placed, at the 
leader’s discretion. Capnography is used to confi rm 
endotracheal tube placement after placement. 
Epinephrine is given at time intervals according to 
the ACLS protocol. Sodium bicarbonate, however, is 
given at the discretion of the treating physician. None 
of the patients were placed on targeted temperature 
management protocol post-cardiac arrest in the 
emergency department.

Return of Spontaneous Circulation

Restoration of palpable carotid pulse for at least 20 
minutes[21]. 

Data Collection

Study investigators collected data directly from code 
blue forms. All collected data was then reviewed by 
principal investigator for confi rmation in an attempt 
to reduce inter-rate reliability. Data was obtained from 
all cardiac arrest fl ow sheets based on the Utstein-
style template. For patients with multiple cardiac 
arrests, only the fi rst episode was included. This 
fl ow sheet is standard for all cardiac arrest patients 
occurring in-hospital who require chest compressions. 
It is completed in real-time by a nurse trained in ACLS 
documentation. Survival to discharge and neurological 
outcome at one-month was obtained from patient 
electronic medical records (Phoenix Health Systems 
(Medsphere, Carlsbad, CA)). This was collected by the 
study investigators and reviewed again by the principal 
investigator for confi rmation. At this institution, 
neurologic outcomes are monitored using the GCS 
instead of cerebral performance category. Prior studies 
have demonstrated that GCS is a simple and reliable 
method for clinical outcome assessment post-cardiac 
arrest[22,23].

Statistical Analysis

Descriptive statistics were used to present initial 
rhythm, ROSC, survival to discharge and neurological 
outcomes for all patients. Chi-squared test was used to 
analyze the association of type of airway (endotracheal 
intubation vs. non-endotracheal intubation) with 
gender, initial rhythm, ROSC, survival to discharge, and 
neurological outcome.

The analysis was performed in 95% confi dence 
interval using IBM SPSS Statistics for Windows, Version 
20 (IBM Corp., Armonk, NY USA). 

Results

Our study included all 63 patients in the emergency 
department from a single center during the study 
period. Thirty-fi ve (55.56%) were male and the study 
population had a mean age of 63.02 ± 16.75. The mean 
duration of CPR was 14.37 ± 16.47 minutes, whereas, 
the mean time to endotracheal tube placement in 
the endotracheal intubation (ETI) group was 6.59 ± 
5.43 minutes. Sodium bicarbonate is administered in 
28 (44.44%) patients. The most commonly seen initial 
rhythm was pulseless electrical activity (54.97%), 
followed by asystole (38.10%), and ventricular 
fi brillation (7.94%). Endotracheal intubation occurred 
in 38 (60.35%) patients, followed by bag-valve mask in 
21 (33.33%) patients, and laryngeal mask airway in only 
4 (6.35%) patients. Return of spontaneous circulation 
rate was observed in 50 (79.37%) patients, survival to 
hospital discharge in 11 (17.46%) patients and good 
neurological outcome (GCS > 9) in 10 (15.87%) patients. 
(Table 1)

Baseline characteristics of age, gender, 
initial rhythms, duration of CPR, and bicarbonate 
administration among patients receiving endotracheal 
intubation and non-endotracheal intubation were not 
statistically diff erent. (Table 2)

Association of Type of Airway Device with Out-

come Variables 

A total of 38 (60.3%) received endotracheal intubation 
during cardiac arrest. Patients intubated during 
cardiopulmonary arrest had lower ROSC rates, lower 
survival to discharge, and bad neurological outcome 
(GCS ≤ 9) when compared with patients who did not 
receive endotracheal intubation during cardiac arrest 
(Table 3). Our results revealed a signifi cant association 
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Variables N (%) 
Age (mean ± SD) 63.02 ± 16.75 

Gender:  Male 35 (55.56%) 

CPR Duration (mean ± SD) 14.37 ± 16.47 

Bicarbonate Administration 28 (44.44%) 

Mean Time to ETI (mins) (mean ± SD) (n = 37) 6.59 ± 5.43 

Type of Airway  

Endotracheal Intubation  38 (60.35%) 

Bag-Valve Mask 21 (33.33%) 

Laryngeal Mask Airway  4 (6.35%) 

Initial Rhythm  

Pulseless Electrical Activity 34 (54.97%) 

Asystole 24 (38.10%) 

Ventricular Fibrillation 5 (7.94%) 

Return of Spontaneous Circulation   

Yes 50 (79.37%) 

No 13 (20.63%) 

Survival to Discharge  

Yes 11 (17.46%) 

No 52 (82.54%) 

Neurological Outcome  

Good (GCS > 9) 10 (15.87%) 

Bad 50 (79.37%) 

Not Documented 3 (4.76%) 

Table 1. Overall prevalence of initial rhythm return of spontaneous circulation, survival to discharge, good neurological 

outcome (n = 63). 

 ETI (n = 38) Non-ETI (n = 25) p-value 
Age (years) 66.76 ± 17.92 57.32 ± 14.79 0.275 

Gender   0.645 

Male 22 (57.91%) 13 (52.02%)  

Female 16 (42.18%) 12 (48.04%)  

Initial Rhythm   0.561 

Asystole 14 (36.81%) 10 (40.01%)  

Pulseless electrical activity  22 (57.93%) 12 (48.04%)  

Ventricular fibrillation  2 (5.37%) 3 (12.01%)  

Duration of CPR (min) 18.21 ± 17.89 8.52 ± 8.10 0.099 

Bicarbonate administration 18 (28.63%) 10 (15.97%) 0.565 

ETI:  Endotracheal intubation; CPR:  Cardiopulmonary resuscitation 

 ETI (n = 38) Non-ETI (n = 25) p-value 
Return of Spontaneous Circulation   .044 

Yes 27 (71.15%) 23 (92.01%)  

No 11 (28.98%) 2 (8.09%)  

Survival to Discharge   <.001 

Yes 1 (2.61%) 10 (40.06%)  

No 37 (97.41%) 15 (60.08%)  

Good neurological outcome (GCS > 9)   .008 

Yes 2 (5.31%) 8 (32.04%)  

No 35 (92.13%) 15 (60.07%)  

Not Documented 1 (2.61%) 2 (8.09%)  

GCS: Glasgow Coma Scale 

 

Table 2. Association between baseline characteristics (age, gender, initial rhythm, duration of cardiopulmonary resuscitation, 

bicarbonate administration) with type of airway (endotracheal intubation vs. non-endotracheal intubation). (n = 63).

Table 3. Association of type of airway (endotracheal intubation vs. non-endotracheal intubation) with return of spontaneous 

circulation, survival to discharge, and good neurological outcome.

CPR: Cardiopulmonary resuscitation; ETI: Endotracheal intubation; GCS: Glasgow Coma Scale
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of non-endotracheal intubation (bag-valve mask or 
laryngeal mask airway) with ROSC rates (p 0.044), 
survival to discharge (p < 0.001), and good neurological 
outcome (GCS > 9) (p 0.008) (Table 3).

Discussion

In this retrospective review, we found that patients 
who underwent non-ETI airway (bag-valve mask 
or laryngeal mask airway) were associated with 
higher rates of ROSC, survival to discharge, and good 
neurological outcome when compared with patients 
who underwent ETI during ED cardiopulmonary arrest. 
It is important to note that additional variables of age, 
gender, initial rhythm, duration of CPR, and bicarbonate 
administration among the two groups (endotracheal 
intubation vs. non-endotracheal intubation) were 
not statistically signifi cant (Table 2). This reduces 
confounding factors aff ecting resuscitation outcomes.

Multiple studies addressing airway techniques 
in cardiopulmonary arrests have been done in the 
out-of-hospital setting. A large observational study 
(n = 649,359) from Japan found that tracheal intubation 
during out-of-hospital cardiac arrest was associated 
with decreased odds of neurologically favorable 
survival[18]. Benoit et al. showed in a meta-analysis 
that patients receiving out-of-hospital endotracheal 
intubation by emergency medical services are more 
likely to obtain ROSC[24]. The out-of-hospital setting 
introduces an entirely diff erent setting, environment, 
patient physiology, initial rhythms, etc. Additionally, all 
studies included in the meta-analysis had very low to 
low quality of evidence.

Studies addressing the same question in the 
in-hospital setting are scant. Tortolani et al.,[25] 

demonstrated that patients who were intubated 
during in-hospital cardiac arrest were associated with 
increased mortality. Andersen et al.,[3] demonstrated 
that initiation of tracheal intubation within the fi rst 
15 minutes of in-hospital cardiac arrest, is associated 
with decreased survival to hospital discharge. Our 
study demonstrates fi ndings consistent with Andersen 
et al.,[3]; patients receiving endotracheal intubation 
during cardiopulmonary arrest had a mean time to 
endotracheal intubation of 6.59 ± 5.43 minutes.

This could be explained by many physiologic factors 
including less interruption in chest compressions, less 
hyperventilation, less delay in other interventions 
such as defi brillation, and less events of unrecognized 

esophageal intubation or tube dislodgment. All of 
which may lead to poorer outcomes. Endotracheal 
intubation during CPR is a complex procedure and may 
deviate the team’s attention away from the primary 
objective; to maintain forward fl ow to critical organs. 
Additionally, the varying level of experience of the 
airway operator may result in multiple attempts at ETI, 
which is associated with poorer outcomes.

Even though duration of CPR between patients 
receiving ETI and non-ETI were not signifi cant, the 
mean duration of CPR in the ETI group was longer 
(18.21 ± 17.89) compared with non-ETI group (8.52 ± 
8.10). It is unclear whether patients who had longer 
CPR were sicker or not, however, all these patients 
were admitted to the intensive care unit eventually. 
Hajbaghery et al.,[26] found that the mean duration of 
CPR for patients who survived to hospital discharge 
was 15.9 ± 8.2. Another study by Shih et al.,[27] showed 
a 90% cumulative discharge survival rate was recorded 
in patients receiving resuscitation duration of less than 
30 minutes. It is important to note that only 4 out of 
38 patients had CPR duration longer than 30 minutes 
in the ETI group. However, only 1 out of 25 had CPR 
duration longer than 30 minutes in the non-ETI group.

Limitations

The retrospective nature of the study brings up the 
question of data integrity and accuracy. Additionally, 
the small sample size and the descriptive analyses 
lower the likelihood of generating solid conclusions. 
Neurological outcome assessment using the GCS 
is not the standard measurement scale worldwide. 
This will yield results that are not generalizable and 
noncomparable with other studies. Cardiopulmonary 
arrest quality has a major impact on outcomes, however 
this data is not measured. The number of attempts 
to place an airway device is unknown. This is another 
factor that may play a role in the outcome. The duration 
of cardiopulmonary arrest is shorter in patients 
receiving non-endotracheal intubation. Therefore, the 
better outcomes in the non-endotracheal intubation 
group may be due to the shorter duration of CPR.

Conclusions

In our small and descriptive study we have found 
that non-endotracheal intubation (bag-valve mask or 
laryngeal mask airways) during adult cardiopulmonary 
arrest in the emergency department is associated with 
high rates of ROSC, survival to discharge, and good 
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neurological outcomes. Although, we are unable to 
generate a solid generalizable conclusion to support 
non-endotracheal intubation over endotracheal 
intubation during cardiopulmonary arrest, the use 
of bag-valve mask and/or laryngeal mask airway is 
overall low at our institution. This is likely, due to 
the conception that these techniques are inferior to 
endotracheal intubation. Given we have found better 
outcomes with non-endotracheal intubation, we 
encourage the use of bag-valve mask and/or laryngeal 
mask airways more frequently. Future similar studies 
with larger sample size are needed to determine more 
robust analyses.
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نتیجة استخدام أنبوب تنفس في القصبة الھوائیة مقارنة بعدم استخدام أنبوب تنفس  
 في حالات توقف القلب في قسم الطوارئ 

 ٣علي احمد الفیضي و ١احمد حسن باخریبة و ٢دانیا سمیر اللالي و  ١عبدالله عبدالرحمن بخش
  المملكة العربیة السعودي  -قسم العنایة المركزة، كلیة الطب، جامعة الملك عبدالعزیز، جدة   ٣قسم طب الطوارئ، و١
 المملكة العربیة السعودیة  -قسم طب الطوارئ، مدینة الملك عبد العزیز الطبیة، الریاض ٢
 

الطوارئ قد تؤثر علي نتائج قصیرة وطویلة تقنیات أداره المجاري الھوائیة اثناء توقف القلبي الرئوي في أداره .  المستخلص
 الأجل لھؤلاء المرضي.

والدراسات السابقة التي تتناول أداره المجاري الھوائیة للمرضي في توقف القلبي الرئوي في قسم الطوارئ محدوده. ونحن 
 لنھایة الاساسیھ.السكتة القلبیة باعتبارھا نقطھ ا--تھدف إلى تقییم النتائج العصبیة شھر بعد السكتة القلبیة

 وكانت نقطھ النھایة الثانویة ھي النظر في عوده معدلات الدوران العفوي والبقاء علي قید الحیاة لتفریغھا.
استعرضنا باثر رجعي السكتة القلبیة صحائف تدفق المرضي الذین یعانون من المحافظة في حالات الطوارئ قسم القلب والرئة  

 .  ٢٠١٧وأیلول/سبتمبر  ٢٠١٧ایر الاعتقال بین كانون الثاني/ین
  ١كان للمرضي الذین تلقوا التنبیب غیر الرغامي اثناء الستكة القلبیة الرئویة معدلات اعلي من النتیجة العصبیة الجیدة في 

٪)، علي التوالي. كشفت نتائجنا عن وجود ٥,٣( ٢٪) مقابل ٣٢( ٨الشھر مقارنھ مع المرضي الذین تلقوا التنبیب الرغامي: 
)  ROSCابطھ كبیره للتنبیب غیر الرغامي (قناع صمام الكیس أو المجري الھوائي لقناع الحنجرة) مع عوده التداول العفوي (ر

  ).٠,٠٠٨) ، والنتیجة العصبیة الجیدة  ٠,٠٠١)، والبقاء علي قید الحیاة لتفریغ (ف < ٠,٠٤٤معدلات (ف 
القلبي الرئوي لیس شائعا، فاننا نشجع الاستخدام المتزاید لقناع صمام  علي الرغم من ان التنبیب غیر الرغامي اثناء الاعتقال

 الكیس والقناع الحنجرة اثناء الاعتقال القلبي الرئوي لأنھا ترتبط بنتائج أفضل. 
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