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Abstract

The Pulpose of this systematic review is aimed to establish the procedure of the injection with saftey and
efficiency in the pre-hospital cardiac arrest patient performing the cardiopulmonary resuscitation (CPR),
compared with traditional medication administration using Ampoule and medication administration with Pre-
filled Syringe.

Databases were searched for CPR, heart arrest, resuscitation, Pre-filled Syringe, and Ampoule by the
electronic data research including Pubmed, EMBASE and Cochran Library of Konyang University Library:
4 articles were selected by three co-authors using EndNote X20 and Covidence (Covidence.org) and were
systematically reviewed.

The Result of this study, the medication administration using Pre-fillled Syringe improves the safety of
patients and Emergency medical workers by reducing the error in administration dose and administering the
drug in safe than the medication adminisrtaion using Ampoule, also, contributes to the increment of survival
rate of cardiac arrest and severe patients by decreasing the administration time that prevents the delay of
medication administration.
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1. INTRODUCTION

Epinephrine, a vasoconstrictor, is administered to increase cardiac output and blood pressure of the cardiac
arrest patient and to improve the perfusion of brain and heart. For the treatment of refractory ventricular
fibrillation and of pulseless ventricular tachycardia among the cardiac arrest electrocardiogram rhythms,
Antiarrhythmics such as Amiodarone or Lidocaine is used to improve the Recovery of Spontaneous Circulation
(ROCS) and survival admission rates [1-6].

To inject epinephrine, A drug stored in Ampoule like Figure 1 is transferred to a syringe, and 20 ml of
normal saline is additionally injected to quickly reach the central circulation when the drug is administered to
a peripheral vein after epinephrine bolus injection. Under the current circumstance, administration in order
with 3 way cock valve as in Figure 2 is educated to quickly perform multiple-step administration [6].
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Figure 2. Administration in order with 3 way cock valve

Amiodarone, which gives medication as antiarrhythmics, is administered by diluting in 5% glucose solution
or normal saline 20-30 ml because the undiluted solution is very sticky. Amiodarone is also used by diluting
the drug stored in Ampoule after transferring to a syringe [6].

These processes are so complicated and hamper the speed during CPR that is difficult to realize the 6R
principles: Right patient, Right medication, Right dose, Right route, Right time, and Right documentation,
which are the basic principles of medication administration. In addition, stab wound is more likely cause in
the very urgent case of emergency, because common injury to emergency medical workers is needle stabbing.
Especially, with 1mg of epinephrine injection every 3 to 5 minutes of repeated-dose, a great need is required
for improvement to administer safely and easily [7].

Since injectable drugs stored in Ampoule may cause side effects due to glass fragment when cutting
containers, Ampoule should be carefully opened and minimize the incorporation of glass fragment, and
transferring drugs from a glassed Ampoule to the syringe in a moving ambulance may impact the safety of 119
paramedics. Therefore, there is need of systematic review for the contribution to the improvement of the
survival rate of patients with cardiac arrest, by securing 119 paramedics and by injecting safely and quickly
through the development and dissemination of new products to make a safe administration.

Epinephrine pre-filled syringe 1:10,000 (Item Reference Code: 8806646023203, Standard Code:
8806646023203, 8806646023210) has been developed but is not being distributed [8]. We establish this
study to safely and accurately administer drugs to the cardiac arrest patient during the pre-hospital
cardiopulmonary resuscitation(CPR) in this systematic review.

2. PURPOSES
2.1 The Title of Each Section
This study was built to find out the way to administer safely and efficiently when performing CPR to Pre-

hospital cardiac arrest patient.
The PICO questions to achieve the specific goal of the study are as follow:
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P(Problem) : A cardiac arrest patient in pre-hospital.

I(Intervention) : Than the medication administration using Ampoule.
C(Comparison) : The medication administration using Pre-filled Syringe.
O(outcome) : administer the drug safely and efficiently.

3. METHODS
3.1 Data Collection

Databases were searched for CPR, heart arrest, resuscitation, Pre-filled Syringe and Ampoule by the
electronic data research including Pubmed, EMBASE and Cochran Library in Konyang University Library
and the results of the study were utilized.

We aimed to the study on the full text and focuses on the safety and efficiency of the medication
administration method among the retrieved data.

3.2 Study Selection

Studies fitting purposes were selected by transmitting articles researched in the academic searching site to
EndNoteX20 program. Articles selected in EndNoteX20 program are imported into Covidence(Covidence.org),
and three reviewers include studies that suit their goals, if not, the studies are exported to implement systematic
review.

Selected articles evaluate the evidence level of the study and perform meta-analysis using the Revmen
program, if necessary.

As Figure 3 Shows, 236 papers were found in the first search, 43 papers were selected by reviewing the title
and abstract of articles, and 4 articles were included by screening articles suitable for the inclusion criteria by
three authors using the Covidence program.

total 236 article

8 atticle dupilcated exclude
185 article irrelevant exclude

43 article include

39 article irrelevant exclude

4 article include

Figure 3. PRISMA flow diagram
3.3 Analyzed Data and Methods

A) Level of Evidence and Major Variable of Study
The five-step analysis classification method of the evidence level presented by M. H. Murad, N. Asi, M.
Alsawa, F[9]) was applied as the evidence level of the analysis object, and according to the level of evidence,
Level I (Systematic Review, Meta-Analysis), Level II (Randomized Controlled Trial), Level I1I (Cohort Study),
Level IV (Case Control Studies), and Level V (Case Series/Report) were classified and major variables were
analyzed.
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B) Analysis of safety and rapidity
Meta-analysis was conducted by the Review Manager 5.4.1 program on the safety and rapidity of medication
administration using Ampoule and Pre-filled Syringe in the finally included articles.

4. RESULTS

4.1 Level of Evidence and Major Variable Analysis
The level of evidence(LOC) of the study utilized in analysis was Randomized Controlled Trial(RCT) in all
4 (100%), and the analysis results of major variables according to the medication administration method of the

analysis subjects were 4 (100%) preparation time for medication administration as shown in Table 1, and 2
(50%) errors in drug dose according to the medication administration method (Tablel).

Table1. Level Of Evidence(LOE) and Major Variable Analysis

Author(yr) LOE Drug preparation time Drug dose error
N. Castle I o
(2010)[10]
R.M. Adapa
I °
(2012)[11]
A.D. Stevens
I ° °
(2015)[12]
M.E. Moreira
I ° °
(2015)[13]

4.2 Medication Preparation Time

With a total 80 of emergency nurses, nursing instructors, paramedics, paramedic instructors, paramedic
students treated with two types of Pre-filled Syringes (Aurum Pre-filled Syringe and Minijet Pre-filled Syringe)
and the other two types of Ampoule (Plastic Ampoule and Glass Ampoule) equipping CBRNE - PPE,
medication preparation using Pre-filled Syringe was faster than Ampoule (p-values < 0.001) and quickly
administer to patients without delay [10].(Table 2, Fig 2)

In the simulation trial administering vasoconstrictor to pulmonary edema patients with forty-eight nurses
participating in the randomized, blinded and controlled study methods, the Pre-filled Syringe was 157 seconds
(IQR 107-195 sec.), on the other hands Ampoule showed 260 seconds (IQR 211-334 sec.) during the
preparation of Norepinephrine administration (P,0.001). In Epinephrine preparation, The Pre-filled Syringe
was 147 seconds (IQR 107-180 sec.), whereas the preparation with Ampoule took 278 seconds (IQR 235-311
sec.) (P,0.001). And administration preparation with Ampoule took 106 seconds (96% CI 72-140 sec.), which
was longer than administration preparation with Pre-filled Syringe [11]. (Table 2, Figure 2)

In a trial progressed by prospective, block-randomized, crossover study methods with a team of emergency
medical workers and nurses assigned to 10 teams based on the infant cardiac arrest simulation scenario in the
emergency room, the group using Pre-filled Syringe was 19 seconds (95% CI:18-20) and the other group using
Ampoule was 47 seconds (95% CI:40-53)(Difference = 27[96% CI-33] sec.) [13]. (Table 2, Figure 2)



242 International Journal of Advanced Culture Technology Vol.9 No.4 238-244 (2022)

ampoul pre-filled Syringe Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean  SD Total Mean  SD  Total Weight IV, Random, 95% CI IV, Random, 95% CI
Adapa 2012 277 T 24 146 4024 24 19.0% 28[1.45, 2.80) -
Allen 2014 42 2382 B2 34 2302 a9 26.3% 0.34 F002,0.70) "
Maria 2014 F9 6582 118 1M 12 123 8% 1.08[0.82,1.36)
Mick 2010 I = i 1 B9 a0 26.9% 0.92 [0.ED,1.28) "
Total (95% CI) 284 286 100.0% 1.05[0.53, 1.57] 4

Heterogeneity: Tau®= 0.23; Chi®= 22.98, df= 3 (F = 0.0001); = 87% ' ' '

Test for overall effect Z= 3.88 (P < 0.0001) 10 'fmmul Dpl.eﬂ”pfl S.T.l.m;eu

Figure 2. Drug preparation time forest plot
4.3 Medication Administration Error

In the same trial conducted by prospective, block-randomized, crossover study methods based on the pre-
hospital infant cardiac arrest simulation scenario and composed of 10 teams of emergency medical workers
and nurses, Ampoule administration resulted in a significant dose error of 24 (39%) in 62 doses and 0 (0%) in
59 doses using the Pre-filled Syringe method (Difference = 39%, 95% CI: 13—61%) [12]. (Table 2, Figure 3)
In a prospective, clock-randomized, crossover study-method trial set in Infant cardiac arrest simulation
scenario in the emergency room consisting of 10 teams of one emergency medical specialist and one nurse, 20
critical dosing errors (17%) of 118 doses took place in Ampoule administration, 0 dose errors (difference 17%;
95% CI 4%-30%) with 123 doses occurred in use of pre-filled syringe, that is, the use of pre-filled syringe
administers safely without any errors in drug dose during pre-hospital and in-hospital pediatric
resuscitation[13]. [Table 2, Fig. 3]

ampoul prefilled syringe Odds Ratio Odils Ratio
Study or Subgroup  Events Total Ewvents Total Weight M-H. Random. 95% CI M-H, Random, 95% CI
Allen 2015 20 118 il 123 50.2%  51.41 [3.07, BB0.E0] &+
Maria 2015 24 G2 il 58 49.8% TF5T3[4.47,128213] —
Total (95% CI) 180 182 100.0% 62.34 [B.47, 459.06] ——re N
Total ewents 44 a
Heterogeneity: Tau®= 0.00; Chi*=0.04, df=1 {F=0.85); F=0% ; !

0.01 01 1 10 100

Testfor overall effect Z= 4.06 (F = 0.0001) Favours [ampoul] Favours [prefilled syrin]

Figure 3. Drug dose error forest plot

5. DISCUSSION

This systematic review is aimed to rapidity and safety of the administration method for the drug safekept in
the present Ampoule being prepared in syringe and the method for using Pre-filled Syringe to find the way of
safe and effective medication administration in pre-hospital cardiopulmonary resuscitation (CPR) to cardiac
arrest patient.

As a result of the analysis, the method using Pre-filled Syringe had a shorter time for medication
administration than Ampoule and quickly administered to severe patients such as cardiac arrest patients.

2020 Korean Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care shows
that 6 minutes of Basic Life Support (BLS) is performed to pre-hospital cardiac arrest patients on site, and
transportation after on-site Advanced Cardiac Life Support (ACLS) for 10 minutes is recommended, if
Advanced Cardiac Life Support (ACLS) including Epinephrine administration is appliable, then Pre-filled
Syringe can be used to prepare the drug in a short period of time, which may contribute to improving the
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resuscitation rate of patients with cardiac arrest [14].

Secondly, the analysis shows that Pre-filled Syringe method had fewer drug dose errors in medication
administration than Ampoule Method. One of the basic principles of medication administration is to administer
at the right dose. In some drugs, if the dose of drug is changed, the effect of drug may differs and the desired
effect is not achieved.

The pilot study was at one with this study that unnecessary dilution which has been done conventionally
may lead to inaccurate doses and possible contamination of the medication, but the use of Pre-filled Syringe
reduces error in medication administration, such as errors and contamination of the drug, administering safely
[15].

In addition, the use of Pre-filled Syringe has advantages such as right dosing and shortened dosing time
including increase in patient convenience, and is one of the most effective ways to reduce drug errors in nurse
medication administration [16-17]. Side effects such as stabbing on a needle or laceration of a finger on a glass
were also reported during the preparation of medication administration using Ampoule while wearing CBRNE-
PPE [10], and in searching for pharmaceuticals, warnings of drugs stored in Ampoule that causes side effects
due to the incorporation of fragments as cutting the container informs to be carefully cut and use not to harm
the safety of the patient [8]. Therefore, the use of Pre-filled Syringe improves, not only in patient safety, but
also in the safety of emergency medical workers who administer drugs.

As mentioned above, medication administration with Pre-filled Syringe makes a contribution in increasing
safety of patients and improving the survival rate of out-of-hospital severe patients by decreasing the errors in
administration and the delay in advanced life support.

Whereas the concern about rising expenditures is expected because of Pre-filled Syringe which is not being
generally disseminated in worldwide yet [10], the use of Pre-filled Syringe is recommended that patient safety,
rapid administration, saving of technicians’ time in administering, management cost reduction, and
improvement in safety offset the concern mentioned above [18].

6. CONCLUSIONS

The medication administration of Pre-filled Syringe improves the safety of patients and paramedics by
reducing errors in drug dose and safely administering drugs compared to the use of Ampoule, and contributes
to the improvement of the survival rate of patients with cardiac arrest and severe diseases by preventing the
delay of drug administration by reducing the administration period.
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