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with out-of-hospital cardiac arrest

Eunsom Cho1, Eun-Hye Cho1, Hyuk-Hoon Kim1, Sang-Cheon Choi1, 
Young-Gi Min1, So Young Kang2, Minjung Kathy Chae1

1Department of Emergency Medicine, 2Office of Biostatistics, Institute of Medical Sciences, 

Ajou University Medical Center, Ajou University School of Medicine, Suwon, Korea

Objective: This study examined the initial partial pressure of carbon dioxide (PCO2) as a possible indicator of prehospital
ventilation and its association with prehospital i-gel in out-of-hospital cardiac arrest (OHCA) patients.
Methods: The demographics and arrest parameters, including i-gel insertion and initial arterial blood gas analysis, of
OHCA patients who visited the emergency department were analyzed retrospectively. Linear regression analysis was
performed to examine the association between i-gel insertion and the initial PCO2.
Results: A total of 106 patients were investigated. Fifty-six patients had prehospital i-gel insertion and 50 patients did not
have a prehospital advanced airway. The initial PCO2 was higher in the i-gel group than the no advanced airway group
(105.2 mmHg [77.5-134.9] vs. 87.5 mmHg [56.8-115.3], P=0.03). Prehospital i-gel insertion was associated with a higher
initial PCO2 level (βcoefficient, 20.3; 95% confidence interval, 2.6-37.9; P=0.03).
Conclusion: Prehospital insertion of i-gel was associated with higher initial PCO2 values in OHCA patients compared to
no advanced airway.
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INTRODUCTION

Out-of-hospital cardiac arrest (OHCA) results in low

survival rates and a high possibility of poor neurologic

outcome, which is a major public health burden.1,2 As

interventions performed by emergency medical services

(EMS) can affect the outcome of OHCA patients, efforts

to provide better prehospital care as well as airway man-

agement is of great importance.3,4 The ease and high suc-

cessful insertion rate of supraglottic airway (SGA) facili-

tates its prehospital use as an alternative to endotracheal

intubation with minimal interruption of chest compres-

sion.5 However, previous large multicenter studies have

suggested inferior OHCA survival and neurologic out-

comes with SGA compared to no advanced airway man-

agement.6-8 The reasons responsible for such inferior out-

comes of SGA are poorly understood. Several theories

such as hyperventilation, increased intrathoracic pres-

sure, chest compression interruptions, misplacement or

dislodgement of the airway device, upper airway bleed-

ing and edema, head and neck position leading to

oropharyngeal air leaks and decreased carotid artery

blood flow with SGA have been suggested.9,10

Current guidelines recommend continuous chest com-

pressions with ventilations every 6 seconds with an

advanced airway in place.11 However, there is limited

evidence about the ventilation adequacy with continuous

chest compressions of each SGA device, especially for i-

gel.12 We hypothesized that hypoventilation subject to

ventilation inadequacy may be a problem with prehospi-

tal i-gel insertion. Therefore, prehospital i-gel insertion



would be associated with higher hospital partial pressure

of carbon dioxide (PCO2) levels, possibly due to oropha-

ryngeal leak and insufficient tidal volume.

The primary goal of this study is to investigate the ini-

tial in-hospital PCO2 and analyze its association with

prehospital i-gel insertion in OHCA patients.

METHODS

This study was approved by the Institutional Review

Board of our institute (AJIRB-MED-MDB-16-517).

Requirement of consent form was waived due to its ret-

rospective nature.

1. Study design and setting

This was a retrospective single-center observational

study of OHCA patients who visited our institute’s emer-

gency department (ED) from January 2014 to August

2016. Our hospital is a tertiary care regional academic

hospital and the ED has an annual visit of approximately

87,000 patients. The Korean EMS system is a govern-

ment based system with 16 provincial headquarters of

the National Fire Department. EMS cannot declare death

in the field unless there are obvious post mortem signs

and cannot terminate cardiopulmonary resuscitation

(CPR) unless return of spontaneous circulation (ROSC).

Emergency medical technicians (EMTs) in Korea are

classified into two levels. Level 1 EMTs can provide

advanced prehospital airway management, and in some

cases prehospital life support is assisted by video com-

munication-based medical direction.13 Due to its ease of

use and placement,6,14 i-gel has become the most com-

monly used prehospital SGA by EMS of our region.13

OHCA patients received prehospital basic life support by

our EMS including chest compression, ventilation and

automated external defibrillation if the rhythm was

shockable. Some patients were ventilated with an

oropharyngeal airway and bag valve mask (BVM) in a

30:2 ratio, and some patients had prehospital i-gel inser-

tion and continous chest compressions with ventilation

every 6 seconds. Patients with prehospital i-gel insertion

was allocated to the “prehospital i-gel group” and

patients with oropharyngeal airway and BVM was allo-

cated to the “no advanced airway group.”

Upon arriving at our ED, advanced cardiac life support

care according to the American Heart Association guide-

lines was provided with an initial arterial blood gas

(ABG) analysis performed during cardiac arrest to inves-

tigate reversible causes.

Blood samples were collected from the radial or

femoral artery using sodium-heparin-coated syringes.

Blood gas analysis was performed using RAPIDPoint

400 (Siemens Healthcare, Munich, Germany). Reporting

ranges were as follows: pH, 6.50-7.80; PCO2, 9.97-150

mmHg; and partial pressure of oxygen (PO2), 9.97-700

mmHg. For electrolytes, reporting ranges were as fol-

lows: sodium, 100-200 mmol/L; potassium, 0.5-15.0

mmol/L; chloride, 65-140 mmol/L; and ionized calcium,

0.2-5.0 mmol/L. Test results were available within 60

seconds.

All OHCA patients who visited our ED were included.

Exclusion criteria were (1) age 18 or under, (2) no resus-

citation attempted in the ED due to death upon arrival or

do not resuscitate orders, (3) prehospital ROSC, (4) trau-

ma, asphyxia or drowning as the cause of cardiac arrest as

SGA cannot protect the airway from obstruction or aspi-

ration, (5) patients who went under prior tracheostomy,

unknown prehospital airway management, or patients

who received an advanced airway device other than i-gel,

(6) patients whose ABG were not performed or per-

formed at 10 minutes or more after ED arrival, and (7)

previously known underlying chronic obstructive pul-

monary disease. After 10 minutes, the ED interventions

likely would have affected the patient’s physiology to

make the PCO2 a valid reflection of the prehospital care.
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Capsule Summary

What is already known in the previous study

The performance of i-gel during cardiopulmonary resus-

citation has shown high insertion success rates with the

ease of use, but failed to result in better outcomes in out-

of-hospital cardiac arrest (OHCA) patients.

What is new in the current study

There is an association between prehospital i-gel inser-

tion and the initial partial pressure of carbon dioxide in

OHCA patients.
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2. Data collection

Data from EMS reports, electronic medical records

including a documented cardiac arrest data form and

ABG results were retrospectively reviewed. Demographic

data, prehospital arrest data including arrest location, wit-

ness of collapse, bystander CPR, prehospital automated

external defibrillation, responder time (time from EMS

call to scene arrival), transport time (time from EMS

scene arrival to ED arrival) and advanced cardiac life

support time (ED arrival to ROSC or termination of CPR)

were collected. Hospital data including presumed cause

of arrest, initial ABG time and results, cardiac arrest time,

ROSC, and survival admission were also reviewed.

3. Statistical analysis

Continuous variables were reported as either median with

interquartile range using Mann-Whitney U test for compari-

son or mean and standard deviation using two-tailed t test

for comparison depending on normal distribution.

Categorical variables were presented as frequencies and

percentages, using chi-square test for comparison. After

univariate linear regression for PCO2, confounding vari-

ables other than age and sex with P-value of ≤0.2 were

included for backward selection when modeling the multi-

variate regression analysis. Age, sex, bystander CPR, trans-

port time, and prehospital i-gel use were variables included

in the final multivariate linear regression model to investi-

gate the association between prehospital i-gel insertion and

initial PCO2. Test for multicollinearity was done with vari-

ance inflation factors. Data were analyzed using Stata soft-

ware, ver. 13 (Stata Corp LP, College Station, TX, USA).

RESULTS

1. Characteristics of study subjects

Of 679 OHCA patients who visited our ED, 573 were

excluded based on the exclusion criteria. Therefore, a total

of 106 patients were analyzed for this study, including 56

patients who had i-gel insertion and 50 patients who had

BVM ventilation without prehospital advanced airway

management (Fig. 1). Their baseline characteristics with

initial ABG data and survival admission are summarized

in Table 1. Initial PCO2 was higher in the i-gel group com-

pared to the no advanced airway group (105.2 mmHg

[77.5-134.9] vs. 87.5 mmHg [56.8-115.3], P=0.03). Other

demographic data and cardiac arrest variables, initial ABG

results including pH, PO2, bicarbonate, base excess, arteri-

al O2 saturation, and time to ABG were not significantly

different between the two groups. A total of 14 patients

(28.6%) survived at admission in the no advanced airway

Fig. 1. Study flow. OHCA, out-of-hospital cardiac arrest; D.O.A, death on arrival; ROSC, return of spontaneous circulation;
LMA, laryngeal mask airway; ER, emergency room; COPD, chronic obstructive pulmonary disease.



group while nine patients (16.1%) survived at admission

in the i-gel group. The difference in survival rate between

the two groups was not statistically significant (P=0.12).

2. Prehospital i-gel insertion and initial PCO2

Multivariate linear regression analysis showed that pre-

hospital i-gel insertion was associated with higher PCO2,

after adjusting for age, male sex, bystander CPR and

transport time (βcoefficient, 20.3; 95% confidence inter-

val, 2.6-37.9; P=0.03). No multicollinearity was detected.

Transport time was not statistically significant for PCO2

level in the multivariate analysis (βcoefficient, 0.5; 95%

confidence interval, -0.2 to 1.1; P=0.15) (Table 2).

DISCUSSION

This was the first study to explore the initial PCO2 of

prehospital i-gel inserted OHCA patients. In our study,
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Table 2. Linear regression analysis for PCO2

Variable Multivariate B coefficient (95% CI) P-value

Age -0.1 (-0.5 to 0.6) 0.83
Male sex -13.0 (-31.1 to 5.1) 0.16
Bystander CPR -13.1 (-2.4 to 28.7) 0.10
Transport time -0.5 (-0.2 to 1.1) 0.15
Prehospital i-gel 20.3 (2.6 to 37.9) 0.03

F (p)=2.92 (0.02), R2=0.15
PCO2, partial pressure of carbon dioxide; CI, confidence interval; CPR, cardiopulmonary resuscitation.

Table 1. Baseline characteristics of study population

Variable No advanced airway (n=50) Prehospital i-gel (n=56)

Age, mean±SD (yr) 60.8±15.4 65.8±15.200
Male sex 30 (60.0) 43 (76.8)
Arrest location

Home 20 (40.0) 30 (53.6)
Public location 09 (18.0) 4 (7.1)
Nursing 07 (14.0) 4 (7.1)
Other 13 (26.0) 12 (21.4)
Unknown 0 3 (5.4)

Witnessed arrest 34 (68.0) 33 (58.9)
Bystander CPR 32 (64.0) 37 (66.1)
Prehospital AED shock 10 (20.0) 10 (17.9)
Responder time (min) 0010 (6 to 14) 000-10 (7 to 14.0)
Transport time (min) 000--25 (18 to 33.5) 00037 (29 to 42)
Presumed cardiogenic 12 (24.0) 22 (39.3)
Arterial blood gas

pH 000--6.85 (6.73 to 6.97) 0000-6.78 (6.67 to 6.90)
PO2 (mmHg) 000--43.2 (25.1 to 74.1) 0000-38.6 (20.5 to 68.9)
PCO2 (mmHg) 0000--87.5 (56.8 to 115.3) 0000-105.2 (77.5 to 134.9)
Bicarbonate (mmol/L) 000--14.7 (10.2 to 20.0) 0000-16.1 (11.6 to 18.8)
Base excess (mmol/L) 00000-21.4 (-24.7 to -15.3) 00000-21.6 (-25.5 to -16.5)
SaO2 (%) 000--39.1 (17.3 to 78.1) 0000-32.9 (15.0 to 69.0)

Time to ABG, mean±SD (min) 5.5±2.300. 5.5±2.500
ACLS time (min) --19.5 (11 to 28) 00018 (12 to 27)
Survival admission 14 (28.0) 09 (16.1)

Values are presented as number (%) or median (interquartile range) unless otherwise indicated.
SD, standard deviation; CPR, cardiopulmonary resuscitation; AED, automated external defibrillator; PO2, partial pressure of
oxygen; PCO2, partial pressure of carbon dioxide; SaO2, arterial O2 saturation; ABG, arterial blood gas; ACLS, advanced car-
diac life support.
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prehospital i-gel inserted patients with continuous com-

pression had higher initial PCO2 compared to BVM ven-

tilation.

Previous studies exploring the performance of i-gel

during prehospital CPR have shown high insertion suc-

cess rate with ease of use.14,15 However, in nationwide

studies of OHCA airway management strategies, sur-

vival was higher and neurologic outcome was better in

patients who received no advanced airway compared to

those receiving SGA.6,7 As reasons to these results are

unknown, we think our paper can generate a hypothesis.

Air leak may be a common problem in prehospital i-gel

ventilation during CPR.14,16 In a study of chest compres-

sion performed on cadavers, the mean peak airway pres-

sure arising from chest compression was 40.8±16.4

cmH2O,17 while the mean airway leak pressure for i-gel

ranges from 22-30 cmH2O.15,18 Therefore, if compression

and ventilation is not perfectly synchronized during con-

tinuous compressions of CPR, massive air leak or i-gel

dislodgement may occur, resulting in hypoventilation. It

may be possible that prehospital i-gel as an advanced air-

way and continuous compression during cardiac arrest

can cause this dyssynchrony and inadequate ventilation.

In the early phase of CPR, high quality chest compres-

sion and defibrillation might be of importance.19

However, when CPR is prolonged towards the late circu-

latory phase, oxygenation and ventilation would be

important for ROSC and outcomes. In one previous

study, patients with PCO2 <75 mmHg obtained during

CPR was 3.3 times more likely to achieve ROSC in

OHCA patients.20 Hypercarbia was the main cause of

acidosis in a study of blood gas analysis in on-going

OHCA patients and hypocapnia was present in only 6%

of the cases.21 These studies suggest that adequate venti-

lation may need clinical attention in cardiac arrest

patients, as well as avoidance of hyperventilation.11

Although PCO2 may not be an accurate surrogate of pre-

hospital ventilation efficacy, higher initial PCO2 in pre-

hospital i-gel inserted patients imply that hypoventilation

might be one factor resulting in inferior outcomes of pre-

hospital SGA in OHCA patients.6,7

This study has several limitations. First, PCO2 level is

influenced by many causes, such as low perfusion during

cardiac arrest and cardiac arrest duration, etiology of car-

diac arrest, cardiac output or chest compression quality

and ventilation rate etc. The long transport time in the i-

gel group might have affected the increase in PCO2.

Also, as some cases might have had video communica-

tion-based life support in the field, this may have affect-

ed the results of our study. Advanced life support includ-

ing drug therapy and prehospital field CPR may have

caused longer transport times and can also affect the

PCO2 level.13 Further studies with consideration of

detailed prehospital treatment is needed for confirmation

of our results. Despite these factors, we adjusted the

transport time in the multivariate regression model and

prehospital i-gel insertion was highly associated with

PCO2 level. Also, PCO2 was higher in the prehospital i-

gel group compared to the no advanced airway group

when other blood gas analysis parameters (pH, PO2,

bicarbonate, base excess, and arterial O2 saturation) were

not significantly different. The level of respiratory com-

pensation by the degree of metabolic acidosis was not

considered and might have influenced the PCO2 level.

Moreover, although we tried to analyze the arterial

blood, we might have obtained mixed samples or venous

samples which is difficult to differentiate during cardiac

arrest. Venous blood gas analysis has higher levels of

PCO2 compared to the arterial blood.22 Second, the

results of our study are based on a retrospective analysis

in a single center, and are thus limited by possible biases

that are intrinsic to such a design. Third, active prehospi-

tal CPR care by our regional EMS might have been pro-

vided for OHCA patients such as longer on-scene CPR,

more drug therapy and advanced life support, more

advanced airway management before being transported

to our hospital. This can be critical to the study as this

can cause interruption to cardiac compression or ventila-

tion, as well as delay in CPR. We do not know how drug

therapy such as epinephrine or amiodarone might have

influenced the results. Further future studies with

detailed data of prehospital CPR are required for confir-

mation of the findings of our study. Although this may

have affected the findings of our study, the PCO2 level

was highly associated with i-gel insertion especially after

correcting for transport time in our study. Fourth, airway

management training and skills may differ from other

EMS regions. Many unmeasured confounding factors

such as regional characteristics of our EMS, individual

EMS rescuer skill level, man power and differences in

treatment during prehospital resuscitation may also exist.

This may limit the generalization of this study. As i-gel



insertion could have been influenced by video communi-

cation-based life support or the decision of the EMTs,13

selection bias might have occurred with lack of informa-

tion about this decision. Fifth, we used ABG results that

were reported within 10 minutes of ED arrival. Selection

bias might have occurred as patients with an ABG not

obtained or obtained after 10 minutes of ED arrival were

excluded. Also, the variation in sampling time may have

affected the results of the study.

Despite many limitations, prehospital i-gel insertion

was associated with higher initial PCO2 level compared

to no advanced airway management. Further prospective

studies are needed with additional information for con-

firmation of these findings and investigating whether

these findings might have been due to hypoventilation

during OHCA.

ORCID

Eunsom Cho (https://orcid.org/0000-0002-7436-999X)

Eun-Hye Cho (https://orcid.org/0000-0003-3640-9329)

Hyuk-Hoon Kim (https://orcid.org/0000-0003-1957-3020)

Sang-Cheon Choi (https://orcid.org/0000-0003-2271-3434)

Young-Gi Min (https://orcid.org/0000-0003-0930-5997)

So Young Kang (https://orcid.org/0000-0003-1249-1911)

Minjung Kathy Chae (https://orcid.org/0000-0002-6927-8970)

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article

was reported.

ACKNOWLEDGMENTS

Minjung Kathy Chae is supported by the National

Research Foundation of Korea (NRF) grant funded by

the Korea government (MSIT) (No.2018R1C1B60035).

REFERENCES

01. Daya MR, Schmicker RH, Zive DM, et al. Out-of-hospital

cardiac arrest survival improving over time: results from the

Resuscitation Outcomes Consortium (ROC). Resuscitation

2015;91:108-15.

02. van Alem AP, Waalewijn RA, Koster RW, de Vos R.

Assessment of quality of life and cognitive function after

out-of-hospital cardiac arrest with successful resuscitation.

Am J Cardiol 2004;93:131-5.

03. Wampler DA, Collett L, Manifold CA, Velasquez C,

McMullan JT. Cardiac arrest survival is rare without pre-

hospital return of spontaneous circulation. Prehosp Emerg

Care 2012;16:451-5.

04. Benoit JL, Prince DK, Wang HE. Mechanisms linking

advanced airway management and cardiac arrest out-

comes. Resuscitation 2015;93:124-7.

05. Middleton PM, Simpson PM, Thomas RE, Bendall JC.

Higher insertion success with the i-gel supraglottic airway

in out-of-hospital cardiac arrest: a randomised controlled

trial. Resuscitation 2014;85:893-7.

06. McMullan J, Gerecht R, Bonomo J, et al. Airway manage-

ment and out-of-hospital cardiac arrest outcome in the

CARES registry. Resuscitation 2014;85:617-22.

07. Hasegawa K, Hiraide A, Chang Y, Brown DF. Association

of prehospital advanced airway management with neuro-

logic outcome and survival in patients with out-of-hospital

cardiac arrest. JAMA 2013;309:257-66.

08. Shin SD, Ahn KO, Song KJ, Park CB, Lee EJ. Out-of-hos-

pital airway management and cardiac arrest outcomes: a

propensity score matched analysis. Resuscitation 2012;83:

313-9.

09. Mishra SK, Nawaz M, Satyapraksh MV, et al. Influence of

head and neck position on oropharyngeal leak pressure

and cuff position with the ProSeal laryngeal mask airway

and the I-gel: a randomized clinical trial. Anesthesiol Res

Pract 2015;2015:705869.

10. Segal N, Yannopoulos D, Mahoney BD, et al. Impairment

of carotid artery blood flow by supraglottic airway use in a

swine model of cardiac arrest. Resuscitation 2012;83:

1025-30.

11. Part 4: Adult Basic Life Support. Circulation 2005;112(24

Suppl):IV-19-34.

12. Rumball CJ, MacDonald D. The PTL, Combitube, laryn-

geal mask, and oral airway: a randomized prehospital

comparative study of ventilatory device effectiveness and

cost-effectiveness in 470 cases of cardiorespiratory arrest.

Prehosp Emerg Care 1997;1:1-10.

13. Kim C, Choi HJ, Moon H, et al. Prehospital advanced car-

diac life support by EMT with a smartphone-based direct

medical control for nursing home cardiac arrest. Am J

Emerg Med 2018 Jul 9 [Epub]. https://doi.org/10.1016/

j.ajem.2018.06.031.

14. Larkin C, King B, D’Agapeyeff A, Gabbott D. iGel supra-

glottic airway use during hospital cardiopulmonary resus-

citation. Resuscitation 2012;83:e141.

i-gel and initial PCO2 in OHCA patients / 583



584 / Eunsom Cho et al.

15. Maitra S, Baidya DK, Arora MK, Bhattacharjee S, Khanna

P. Laryngeal mask airway ProSeal provides higher

oropharyngeal leak pressure than i-gel in adult patients

under general anesthesia: a meta-analysis. J Clin Anesth

2016;33:298-305.

16. Haske D, Schempf B, Gaier G, Niederberger C.

Performance of the i-gel during pre-hospital cardiopul-

monary resuscitation. Resuscitation 2013;84:1229-32.

17. Langhelle A, Sunde K, Wik L, Steen PA. Airway pressure

with chest compressions versus Heimlich manoeuvre in

recently dead adults with complete airway obstruction.

Resuscitation 2000;44:105-8.

18. Gatward JJ, Cook TM, Seller C, et al. Evaluation of the

size 4 i-gel airway in one hundred non-paralysed patients.

Anaesthesia 2008;63:1124-30.

19. Weisfeldt ML, Becker LB. Resuscitation after cardiac

arrest: a 3-phase time-sensitive model. JAMA 2002;288:

3035-8.

20. Kim YJ, Lee YJ, Ryoo SM, et al. Role of blood gas analy-

sis during cardiopulmonary resuscitation in out-of-hospital

cardiac arrest patients. Medicine (Baltimore) 2016;95:

e3960.

21. Spindelboeck W, Gemes G, Strasser C, et al. Arterial

blood gases during and their dynamic changes after car-

diopulmonary resuscitation: a prospective clinical study.

Resuscitation 2016;106:24-9.

22. Steedman DJ, Robertson CE. Acid base changes in arterial

and central venous blood during cardiopulmonary resusci-

tation. Arch Emerg Med 1992;9:169-76.


