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Abstract \\
Introduction: Cardiac arrest refers to the sudden termination of cardiac ejection function due to various causes. Adrenaline is an |
important component of resuscitation among individuals experiencing cardiac arrest. The adrenaline delivery method chiefly involved
intraosseous infusion and intravenous access. However, the impact of different adrenaline delivery methods on cardiac arrest has
been unclear in previous research. Thus, the present study aimed to synthesize the available evidence regarding intravenous vs
intraosseous adrenaline administration in cardiac arrest.

Methods and analysis: We will search PubMed, EMBASE, Cochrane Library, Wanfang, and China National Knowledge
Infrastructure. As per the inclusion criteria, randomized controlled trials (RCTs) on adrenaline administration in cardiac arrest were
selected. The primary outcome was prehospital restoration of spontaneous circulation (ROSC); the secondary endpoints were
survival, favorable neurological outcome at discharge, and poor neurological outcome at >3 mon.

We plan to use the Cochrane Collaboration’s tool for assessing the bias risk for RCTs. The Grading of Recommendations
Assessment, Development and Evaluation approach will grade the certainty of the evidence for all the outcome measures across
studies. RevMan 5.3.5 will be used for meta-analysis. If the heterogeneity tests show slight or no statistical heterogeneity, the fixed
effects model will be used, in other cases, the random effect model will be used for data synthesis.

Results and conclusion: This protocol will determine which epinephrine delivery method is the optimal in the management of
cardiac arrest. Our findings will help clinicians and health professionals in making accurate clinical decisions about adrenaline
administrations in cardiac arrest.

Ethics and dissemination: Ethical approval was not required because this study was planned as a secondary analysis. The
results will be disseminated in peer-reviewed publications, journals, and academic.

INPLASY registration number: INPLASY202090100 (DOI:10.37766/inplasy2020.9.0100).

Abbreviations: CNKI| = China National Knowledge Infrastructure, DNR = Do Not Resuscitate, |O = intraosseous infusion, IV =
intravenous, RCTs = randomized controlled trials, VIP = Chinese Science and Technology Journal Database.
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Key points

e The study aim is to comprehensively evaluate the evidence
for the delivery mode of epinephrine in cardiac arrest and
compare intraosseous with intravenous mode in terms of
the survival rate and prognosis.

e This protocol will show which delivery mode of

epinephrine is more effective for managing cardiac arrest.

We planned to conduct a methodological and heteroge-

neity study of the subgroups and a sensitivity analysis to

evaluate the stability of the results in the meta-analysis.

The limitations of this protocol may be related to the fact

that we only searched the literature for studies published

in the Chinese and English languages.

Furthermore, the sample size of the study may be

insufficient, and the methodological quality of the eligible

trials may be poor.

1. Introduction

Cardiac arrest refers to the sudden termination of cardiac ejection
function due to various causes, such as the disappearance of
arterial pulsation, severe hypoxia, ischemia, and metabolic
disorder. If a rescue is not timely, patients can present with
irreversible brain and other organ damage and can even die
within 4 to 6 min. Hundreds of thousands of people experience
cardiac arrest annually. The survival rate of in-hospital cardiac
arrest is ~20%,'73! and that of out-of-hospital cardiac arrest is
<10%.*3'High-quality cardiopulmonary resuscitation and early
defibrillation are the keys in rescuing patients.'>”! However, even
if the return of spontaneous circulation (ROSC) is achieved,
<50% of patients can be discharged to their homes.!®!

Adrenaline can increase coronary artery and cerebral perfusion
pressures during cardiopulmonary resuscitation because of its
vasoconstriction effects,l”! therefore, adrenaline is useful to
improve the ROSC.["%12[n 2020, the guidelines of the American
Heart Association’s (AHA’s) Cardiac Life Support (ACLS)
recommended the early use of adrenaline in cardiac arrest
patients.!3!

The adrenaline delivery method mainly included intraosseous
infusion (IO) and intravenous (IV) access. 10 is the process of
injecting directly into the bone marrow to provide a non-
collapsible entry point into the systemic venous system. The IV
access may be difficult to implement owing to the reduced volume
of the circulating blood, and the delay in adrenaline administra-
tion decreased the ROSC in cardiac arrest. Recent studies have
shown that IV administration was associated with increased rates
of ROSC, survival to hospital discharge, and superior neurologi-
cal outcome, but compared to the IO administration of
adrenaline, the presumed advantage was only slightly shorter
with the 10 route." However, some other studies have not
supported this conclusion. 51! Therefore, this conclusion on the
optimal adrenaline delivery method is contradicts the current
evidence. The AHA’s ACLS 2020 guidelines recommended the
establishment of IO access if obtaining IV access is not feasible or
successful in patients with cardiac arrest."'3! However, the clinical
evidence level is weak (Class 2b, LOE B-NR), and few systemic
reviews have assessed the optimal adrenaline delivery route for
cardiac arrest patients. Hence, in this protocol, the aim is to
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systematically collect all available studies comparing IV and IO
adrenaline administrations in patients with cardiac arrest.
Moreover, to comprehensively compare the differences in
survival rate and prognosis between these two administration
methods in patients with cardiac arrest, a systematic review and
meta-analysis will be conducted.

2. Methods and analysis

The protocol will be prepared according to the recommendations
of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Protocols. It was registered on the International
Platform of Registered Systematic Review and Meta-analysis
Protocols (INPLASY202090100).

2.1. Eligibility criteria

2.1.1. Types of studies. We only plan to include RCTs in this
study about the different adrenaline delivery methods in cardiac
arrest. Observational studies, case reports, and animal studies
will be excluded.

2.1.2. Types of participants. This review will consider all
patients with cardiac arrest who received different adrenaline
administrations. Regardless of country of origin, age, race, and
gender, participants with cardiac arrest from any cause will be
included. However, patients with pre-existing do-not-resuscitate
orders and those with unclear data on outcome status and
adrenaline administration route were excluded.

2.1.3. Patient and public involvement. There is no patients nor
public involved in this protocol for a systematic review and meta-
analysis.

2.1.4. Type of interventions. The intraosseous route of
adrenaline administration will be used as the intervention. Those
who received intravenous adrenaline administration can be used
as controls. Moreover, patients who received adrenaline via the
endotracheal route or experienced failed administration attempts
via route or via more than one administration route will be
excluded.

2.2. Types of outcome measures

The primary outcomes: ROSC.

The secondary outcomes: Short-term survival (survival to
hospital admission) and midterm survival (survival to hospital
discharge). Favorable neurological outcome at discharge (evalu-
ated using either the Glasgow Outcome Scale,"”! Cerebral
Performance Category!'® or Modified Rankin Scale!*?!) and poor
neurological outcome at >3 months.

2.3. Data sources and search strategy

We will search studies in PubMed, EMBASE, Cochrane
Library, Wanfang, and China National Knowledge Infrastruc-
ture using titles and keywords. And the search has no language
restrictions. The Boolean logic operator will be used to connect
the retrieval words, mainly via computer retrieval, supple-
mented by manual retrieval. To prevent omission, the
researchers will conduct a second expanded retrieval of the
references of the retrieved studies. Table 1 shows the search
strategy used for PubMed, and similar strategies will be applied
for other electronic databases.
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Search strategy for PubMed.

Number Search terms
1 Heart arrest

2 Cardiac arrest

3 Asystole

4 Cardiopulmonary arrest

5 Or1-4

6 Intraosseous infusion

7 Intra-osseous infusion

8 Intra 0sseous

9 Intra-osseous

10 Intraosseous

11 Or 6-10

12 Intravenous

13 Intravenous infusion

14 Intravenous drip

15 Drip infusion

16 Or 12-16

17 Epinephrine

18 Adrenaline

19 4-(1-Hydroxy-2-(methylamino)ethyl)-1,2-benzenediol
20 Epinephrine acetate

21 Medihaler-Epi

22 Epinephrine hydrochloride

23 Adrenaline hydrochloride

24 Epitrate

25 Lyophrin

26 Epifrin

27 Epinephrine bitartrate

28 Adrenaline acid tartrate

29 Epinephrine hydrogen tartrate
30 Adrenaline bitartrate

31 Or 17-30

32 “5and 11 and 16 and 31" or “2 and 11 and 31” or “5 and 16 and 31"

2.4. Data collection and analysis
2.4.1. Selection of studies. This study will use the Endnote

X9.3.3 software to manage records. Two reviewers will
independently evaluate all retrieved articles, conduct a prelimi-
nary evaluation of qualifications, eliminate duplicate articles and
screen out ineligible studies such as incomplete articles, reviews
and commentaries. Both parties, with the assistance of the third
author, if necessary, will discuss and resolve inconsistencies via a
re-evaluation of the original full text. The details of the study
selection and identification process will be presented in a flow
chart (Fig. 1).

2.4.2. Data collection and management. After study selection,
two independent reviewers will collect all essential data from each
eligible study. The data are as follows: first author; year of
publication, country where the study was conducted; the first
author, year of publication, research background, age, race,
gender, sample size, study methods, cause of cardiac arrest,
adrenaline dosage, outcomes, and methodologic characteristics.
The extracted findings from each paper will be checked
consistency and consistency by the primary and secondary
reviews. The reviewers will discuss and resolve any differences,
and the third author will address the problem if necessary.

2.4.3. Dealing with missing data. If there are unclear or missing
data, we will contact the primary authors via E-mail. If there are
no available data, we will impute the change scores with
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corresponding standard deviations, according to the Cochrane
Handbook guidelines.

2.5. Study quality assessment

The Grades of Recommendation, Assessment, Development and
Evaluation (GRADE)?? will be used by two independent
reviewers to evaluate the quality of evidence. The GRADE
includes the following domains: risk of bias, imprecision,
inconsistency, publication bias and indirectness. GRADE
evidence is categorised into four stages: high, moderate, low,
and very low quality. The initial confidence level for each
network estimate for randomised controlled trials is high.
However, it will be degraded based on an evaluation using the
five domains. The initial confidence level of each network
estimate for observational studies is low. Nevertheless, it will be
rated according to the three areas of assessment: large effects,
specious mix and dose-response gradients.”?!! The GRADEpro-
filer software (GRADEproV.3.6.1) will be used to complete the
study quality assessment process.

2.6. Statistical analysis
2.6.1. Outcome measures. The RevMan V.5.3.5 software will

be used to conduct descriptive analyses. Descriptive statistics will
be conducted to summarise the demographic and other relevant
characteristics of the study population including each study
cohort. For continuous variables, mean difference (MD) with
95% confidence intervals (Cls) will be used. For different
measurement scales, the standardized MD (SMD) analysis with
95% Cls will be used. The dichotomous outcomes will be
summarized as risk ratio (RR) or odds ratio (OR) with 95% Cls.
All the analyses will be conducted based on the Cochrane
Handbook for Systematic Reviews of Interventions.

2.6.2. Assessment of heterogeneity. The presence of hetero-
geneity among the included studies is analysed using the chi-
square test (test level: a =0.1). The inconsistency index (I?) is used
to evaluate heterogeneity, which represents the percentage of
diversity, between studies. If *=75% to 100%, will be
considered as considerable heterogeneity; I>=50% to 90%, will
be considered as substantial heterogeneity; and I*=30% to 60%,
will be considered as moderate heterogeneity. If I>=0% to 40%,
will be considered as no heterogeneity.

2.6.3. Assessment of reporting bias. If sufficient RCTs (>10
RCTs) can be included, Begg’s test and Egger’s regression
asymmetry test funnel chart will be used to evaluate the
publication offset probability. If the probability of the Egger
test is <10%, this indicates a publication bias among the studies.

2.6.4. Data synthesis. The RevMan V.5.3.5 software will be
used for data synthesis. If heterogeneity tests show slight or no
statistical heterogeneity (I>=0% to 40%), the fixed effects model
shall be used. If heterogeneity tests show significant heterogeneity
(40% < I> < 75%), the random effect model will be used for data
synthesis. If there is considerable heterogeneity in the study, the
meta-analysis will not be performed. If there is clinical
heterogeneity, we will conduct subgroup and meta-regression
analyses. If the source of heterogeneity is not clear, a descriptive
analysis will be conducted.

2.6.5. Subgroup analysis. We will also conduct a subgroup
analysis of rescue sites (in-hospital vs out-of-hospital rescue),
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| Record excluded after screening title or abstract (n=)

Full-text articles excluded (n=) :

»| ° [Patients those with DNR orders : (n=)
*  Qutcome status were unclear : (n=)
*  Adrenaline administration route was unclear : (n=)

Records identified through database searching (n=) :
— * VIP:(n=s)
= *  Wanfang : (n=)
-2 +  CKNI:(n=)
3 *  PubMed: (n=)
= *+  EMBASE : (n=)
;E_, *  Cochrane Library : (n=)
= *  Other sources : (n=)
:
1)
E | Records afther duplicates removed (n=) |
5
[}
—
o
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4
| Records screened (n=) |
2 R
Z
o
m | Full-text aricles assessed for eligibility (n=) |
=]
7]
=
2 v
= Studies included in systematic review and meta-analysis

(n=)

Figure 1. Flow diagram of this study selection. CNKI=China National Knowledge Infrastructure, DNR=do not resuscitate, VIP = Chinese Science and Technology

Journal Database.

adrenaline dosages (standard- vs high-dose adrenaline), causes of
cardiac arrest, types of cardiac arrest (with a shockable rhythm vs
nonshockable rhythm), gender, age (young age group, middle age
group, older age group), country and outcome measures. In-
hospital rescue is defined as the occurrence of cardiac arrest and
rescue and the establishment of infusion channels in the hospital
(ward or emergency). Out-of-hospital rescue is defined as the
occurrence of cardiac arrest outside of the hospital, rescue via
ambulance to the scene and establishment of the venous route at
the scene or during transit. Moreover, an epinephrine dose of
0.1-0.2 mg/kg is considered high. Young age group is defined age
< 18. Middle age group is defined 18 < age < 60. Older age
group is defined age > 60.

2.6.6. Sensitivity analysis. Sensitivity analysis will be conducted
in order to evaluate the stability of the analysis results. The
method is to delete the low-level quality research and then merge
the data for evaluating the impact of the sample size, research
quality, missing data, and statistical methods on the results of
meta-analysis. However, if all the included studies include a high
risk of bias, the sensitivity analysis will not be used.

2.7. Ethics and dissemination

A systematic review involves the secondary analysis of the
published articles and does not require ethical approval. We will
not endanger individual’s privacy or impair their rights. The

results will be disseminated in peer-reviewed publications,
journals, and academic gatherings.

2.7.1. Time line. This systematic review and meta-analysis will
be finished by 2021 (Table 2 shows the detailed timeline of the
project).

3. Discussion

The rapid establishment of the vascular route is important in the
resuscitation process among critically ill patients.”*>*! The
peripheral IV route has been the traditional route for providing
emergency pharmacotherapy. Previous studies have shown that
the IO route is an excellent alternative to vascular delivery of
liquids, blood products and drugs. Moreover, it can reduce the
time in obtaining vascular access.”>>”! The use of emergency

Time line.
Task

Deadline

November 2020
January 2021
March 2021
June 2021
August 2021
November 2021

Protocol development
Searches

Abstract and full-text screening
Data extraction

Analysis

Manuscript submission
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pharmacotherapy administration via the 1O route as a first-line
approach for vascular access is becoming well-known in clinical
settings. However, previous studies did not validate the
importance of the adrenaline delivery route. Thus, this study
will evaluate the advantages, disadvantages and efficacy of 10
and IV administrations to help clinicians select the best adrenaline
administration method and improve survival rate and prognosis
in patients with cardiac arrest.

The strengths of this protocol are as follows. We will search
comprehensive databases and perform more stringent and
detailed quality assessment and data extraction. This systematic
review and meta-analysis will use indirect and direct evidence to
summarise and compare the effects of IV vs IO adrenaline
administration in patients with cardiac arrest. However, the
protocol still has several limitations. That is, the sample size may
be small. The methodological quality of the eligible trials may be
poor, and we only search for studies written in Chinese and
English. However, this protocol can present the most effective
epinephrine delivery method in the management of cardiac arrest
and provide information that will be essential for the AHA
guidelines.

Acknowledgments

We would like to thank our subject librarians for their help with
finalising the search strategy.

Author contributions

WZ, DL, and XL conceived and designed the research; YL, Y],
and DL wrote the first draft; JY, QZ YG, and XL reviewed and
contributed to drafting, revising, and finalizing the manuscript.
All authors have reviewed and approved the final version of the
manuscript and have given their permission for publication.
Conceptualization: Jing Yu, Dongze Li, Yu Jia.

Investigation: Qin Zhang, Yongli Gao.

Methodology: Yi Liu.

Writing — original draft: Wei Zhang, Xiaoyang Liao.

Writing — review & editing: Xiaoyang Liao.

References

[1] Beck B, Bray J, Cameron P, et al. Regional variation in the characteristics,
incidence and outcomes of out-of-hospital cardiac arrest in Australia and
New Zealand: results from the Aus-ROC Epistry. Resuscitation
2018;126:49-57.

[2] Grisner JT, Lefering R, Koster RW, et al. EuReCa ONE-27 Nations,
ONE Europe, ONE Registry: a prospective one month analysis of out-of-
hospital cardiac arrest outcomes in 27 countries in Europe. Resuscitation
2016;105:188-95.

[3] Ong ME, Shin SD, De Souza NN, et al. Outcomes for out-of-hospital
cardiac arrests across 7 countries in Asia: the Pan Asian Resuscitation
Outcomes Study (PAROS). Resuscitation 2015;96:100-8.

[4] Nolan JP, Soar J, Smith GB, et al. Incidence and outcome of in-hospital
cardiac arrest in the United Kingdom National Cardiac Arrest Audit.
Resuscitation 2014;85:987-92.

www.md-journal.com

[5] Girotra S, Cram P, Spertus JA, et al. Hospital variation in survival trends

for in-hospital cardiac arrest. ] Am Heart Assoc 2014;3:¢000871.

[6] Neumar RW, Shuster M, Callaway CW, et al. Part 1: Executive

Summary: 2015 American Heart Association Guidelines update for

cardiopulmonary resuscitation and emergency cardiovascular care.

Circulation 2015;132(18 Suppl 2):5315-67.

Kleinman ME, Brennan EE, Goldberger ZD, et al. Part 5: adult basic life

support and cardiopulmonary resuscitation quality: 2015 American

Heart Association guidelines update for cardiopulmonary resuscitation

and emergency cardiovascular care. Circulation 2015;132(18 Suppl 2):

S$414-35.

[8] Finn J, Jacobs I, Williams TA, et al. Adrenaline and vasopressin for
cardiac arrest. Cochrane Database Syst Rev 2019;1:Cd003179.

[9] Nolan JP, Perkins GD. Is there a role for adrenaline during
cardiopulmonary resuscitation? Curr Opin Crit Care 2013;19:169-74.

[10] Lundin A, Rylander C, Karlsson T, et al. ROSC and survival in patients
resuscitated from in-hospital cardiac arrest. Resuscitation 2019;140:64-71.

[11] Shao H, Li CS. Epinephrine in out-of-hospital cardiac arrest: helpful or
harmful? Chin Med ] (Engl) 2017;130:2112-6.

[12] Holmberg M], Issa MS, Moskowitz A, et al. Vasopressors during adult
cardiac arrest: a systematic review and meta-analysis. Resuscitation
2019;139:106-21.

[13] Aziz K, Lee HC, Escobedo MB, et al. 2020 American Heart Association
Guidelines for cardiopulmonary resuscitation and emergency cardiovas-
cular care. Pediatrics 2020.

[14] Zhang Y, Zhu J, Liu Z, et al. Intravenous versus intraosseous adrenaline
administration in out-of-hospital cardiac arrest: a retrospective cohort
study. Resuscitation 2020;149:209-16.

[15] LaRocco BG, Wang HE. Intraosseous infusion. Prehosp Emerg Care
2003;7:280-5.

[16] Wang J, Fang Y, Ramesh S, et al. Intraosseous administration of 23.4%
NaCl for treatment of intracranial hypertension. Neurocrit Care 2019;
30:364-71.

[17] Teasdale GM, Pettigrew LE, Wilson JT, et al. Analyzing outcome of
treatment of severe head injury: a review and update on advancing the
use of the Glasgow Outcome Scale. | Neurotrauma 1998;15:587-97.

[18] Jennett B, Bond M. Assessment of outcome after severe brain damage.
Lancet 1975;1:480-4.

[19] Quinn TJ, Dawson J, Walters MR, et al. Exploring the reliability of the
modified rankin scale. Stroke 2009;40:762—6.

[20] Atkins D, Eccles M, Flottorp S, et al. Systems for grading the quality of
evidence and the strength of recommendations I: critical appraisal of
existing approaches The GRADE Working Group. BMC Health Serv Res
2004;4:38.

[21] Hawkes N. Advantages of proton beam therapy in Ashya King’s type of
cancer are small, doctors say. BMJ 2014;349:¢5610.

[22] Mason MF, Wallis M, Lord B, et al. Prehospital use of peripheral
intravenous catheters and intraosseous devices: an integrative literature
review of current practices and issues. Australas Emerg Care 2020;
23:196-202.

[23] Bjerkvig CK, Fosse TK, Apelseth TO, et al. Emergency sternal
intraosseous access for warm fresh whole blood transfusion in damage
control resuscitation. ] Trauma Acute Care Surg 2018;84(6S Suppl 1):
$120-4.

[24] Neuhaus D. Intraosseous infusion in elective and emergency pediatric
anesthesia: when should we use it? Curr Opin Anaesthesiol 2014;27:282-7.

[25] Banchev A, Stoyanova D, Avramova B, et al. Successful intraosseous
factor VIII application in a haemophilic emergency. J Clin Pharm Ther
2020;doi: 10.1111/jcpt.13252.

[26] Hagisawa K, Kinoshita M, Saitoh D, et al. Intraosseous transfusion of
hemoglobin vesicles in the treatment of hemorrhagic shock with
collapsed vessels in a rabbit model. Transfusion 2020;60:1400-9.

[27] Harper KD, Lambert BS, O’Dowd ], et al. Clinical outcome evaluation of
intraosseous vancomycin in total knee arthroplasty. Arthroplast Today
2020;6:220-3.

=


http://www.md-journal.com

	Intravenous vs intraosseous adrenaline administration in cardiac arrest
	Key points
	1 Introduction
	2 Methods and analysis
	2.1 Eligibility criteria
	2.1.1 Types of studies
	2.1.2 Types of participants
	2.1.3 Patient and public involvement
	2.1.4 Type of interventions

	2.2 Types of outcome measures
	2.3 Data sources and search strategy
	2.4 Data collection and analysis
	2.4.1 Selection of studies
	2.4.2 Data collection and management
	2.4.3 Dealing with missing data

	2.5 Study quality assessment
	2.6 Statistical analysis
	2.6.1 Outcome measures
	2.6.2 Assessment of heterogeneity
	2.6.3 Assessment of reporting bias
	2.6.4 Data synthesis
	2.6.5 Subgroup analysis
	2.6.6 Sensitivity analysis

	2.7 Ethics and dissemination
	2.7.1 Time line


	3 Discussion
	Acknowledgments
	Author contributions
	References


