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Early Epinephrine Improves the Stabilization of Initial Post-resuscitation Hemodynamics in Children With Non-shockable Out-of-Hospital Cardiac Arrest
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Background: In children with non-shockable out-of-hospital cardiac arrest, early epinephrine (EE) might help to establish the return of spontaneous circulation (ROSC) and be associated with survival. In the present study, we aimed to analyze the effects of EE on outcomes and post-resuscitation hemodynamics in children with non-shockable OHCA.

Methods: This was a retrospective analysis of data from 216 children (<19 years) who had suffered non-traumatic and non-shockable OHCA and received epinephrine for resuscitation (Jan 1, 2006–Dec 31, 2014). Demographics, pre-/in-hospital information, and the time to the first dose of epinephrine were recorded. Early post-resuscitation hemodynamics (the first hour after sustained ROSC), survival and good neurological outcomes (Pediatric Cerebral Performance Category Scales 1 or 2) were analyzed by the time to epinephrine—classified as early (EE): <15 min, intermediate (IE): 15–30 min, or late (LE): >30 min.

Results: Twenty-eight (13.0%) children survived to discharge, but only 17 (7.9%) had good neurological outcomes. In all, 41 (18.9%) children received EE; in comparison to IE and LE, this was significantly associated with tachycardia (73.9%) in the post-resuscitation period (p < 0.05). Tachycardia (OR: 7.41, 95% CI: 1.96–29.31) and hypertension (OR: 6.03, 95% CI: 1.85–13.77) were significantly associated with EE after adjusting for confounding factors. EE was also significantly associated with better overall outcomes than ME and LE (any ROSC, sustained ROSC, survival to the intensive care unit, admission, survival to discharge and good neurological outcomes, all p < 0.05).

Conclusions: EE helped to establish ROSC but was also associated with more tachycardia and hypertension in the early post-resuscitation period. In children with non-traumatic and non-shockable OHCA, EE was associated with a higher survival rate and better neurological outcomes than were ME and LE.
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INTRODUCTION

The outcomes of children who suffer from non-traumatic out-of-hospital cardiac arrest (OHCA) are very poor (1–3). Only 1 to 19.6% of survivors have been reported as exhibiting good neurological outcomes (4–7). Several factors that could improve the chance of survival have been identified, including bystander cardiopulmonary resuscitation (CPR), initial shockable rhythm, chest compression-only CPR and shorter duration of transportation (3, 5, 7–12). Early epinephrine (EE) administration might be associated with survival, but may also exhibit both beneficial and harmful effects, as has been generally discussed in adult OHCA patients (13–15). Some studies have indicated that EE might help to establish spontaneous circulation during CPR by elevating cardiac output (β-agonist effects, increased heart rate, and contractility). The onset of action appears to be very rapid, with a half-life of only 5–10 min (16–18). However, other studies have suggested that the effect of EE may be limited. It also exhibits an intense α-agonist effect (the non-selective effect of epinephrine), leading to early vasoconstriction, increased tissue oxygen consumption and poor end-organ perfusion (19–23). Some studies have even reported that the harmful effects would be more obvious in end organs [i.e., limbs, brain, intestine, kidney; (19, 24, 25)]. More importantly, these effects would potentially be associated with poor neurological outcomes (21).

Thus, the controversial effects of EE raise several issues for emergency department (ED) physicians treating OHCA patients. Therefore, some large population studies have analyzed the patients' outcomes with different times to epinephrine administration. The overall effects of EE seem to be associated with better survival and neurological outcomes in adult OHCA patients (13, 26, 27). However, in OHCA children, information on the beneficial or harmful effects of EE is still limited. Although a few studies have reported that EE might increase the chance of achieving sustained return of spontaneous circulation (ROSC) and even survival in children with in-hospital cardiac arrest (IHCA), the detailed mechanism of the restoration of spontaneous circulation in early post-resuscitation periods is not clear (28, 29). Furthermore, the detailed effect of EE on post-resuscitation hemodynamics has not been well-addressed in non-traumatic OHCA in children.

It has been demonstrated that early defibrillation can establish spontaneous circulation more effectively than EE in patients with shockable rhythm [ventricular fibrillation (VF) and pulseless ventricular tachycardia (VT)] (13, 30). Therefore, the present study focusses on the effect of EE on non-shockable rhythms [asystole and pulseless electrical activity (PEA)]. We aim to analyze the effects of EE treatment on post-resuscitation hemodynamics in children with non-shockable and non-traumatic OHCA.

MATERIALS AND METHODS

Study Design

The data of this study were retrospectively collected from the two medical centers—one in central and one in southern Taiwan (January 1, 2006 to December 31, 2014). Children (<19 years) were included who had suffered non-traumatic OHCA and received epinephrine for resuscitation. Patients' outcomes and post-resuscitation hemodynamics were analyzed according to the time to epinephrine treatment (early: <15 min, intermediate 15–30 min, late >30 min). The cut-off time points in this study were determined in accordance with a review of the literature (31–33).

Ethics Statement

This study was carried out in accordance with the recommendations of the STROBE statement. The protocol was approved by the institutional review board (IRB) of Changhua Christian Hospital (central Taiwan). Since this is a retrospective chart review study, and outputs were secondarily anonymized data, informed consent was not needed under the IRB permission. Finally, the team members and data collectors also followed the rules of the IRB.

(1) Full name of the ethics committee: Institutional review board (IRB) of Changhua Christian Hospital.

(2) Consent procedure: retrospective chart review; no formal consent necessary.

(3) Any additional considerations of the study in cases where vulnerable populations were involved, for example minors, persons with disabilities or endangered animal species: There were no additional considerations for vulnerable populations under the IRB permission.

Inclusion and Exclusion Criteria

Inclusion

Children (<19 years) who had suffered non-traumatic OHCA and received epinephrine for CPR.

Exclusion

(1) Cardiac arrest caused by trauma, intoxication, drowning, child abuse, or substance abuse.

(2) Absence of epinephrine treatment—either prehospital or ED or during CPR. Patients with a “Do Not Resuscitate” order were also excluded.

(3) Unknown time of collapse or time to first epinephrine.

(4) Incomplete medical records

(5) Initial shockable cardiac rhythm (VF/pulseless VT).

Study Setting and Population

Information on demographics and resuscitation was retrospectively obtained from the medical records (and CPR database). Prehospital information, including duration of prehospital CPR, duration from time of collapse to arrival of emergency medical services (EMS), time from EMS arrival to epinephrine, time from the scene of collapse to hospital, and witness of the arrest were obtained from EMS records or witnesses (i.e., EMS personal, family member, caregiver). The ages of children were classified into groups (infant: <1, toddler: 1–4, preschool children: 5–9, schoolchildren: 10–14, and adolescents: 15–19 years). The possible etiologies of arrest were divided into the following seven major causes: sudden infant death syndrome, cardiovascular diseases, neurological diseases, respiratory diseases, malignancy, infections, and others (including idiopathic causes). The ED resuscitation information included the duration of in-hospital CPR and initial cardiac rhythms. The rhythms included asystole and PEA and were obtained from an electrocardiography (ECG) monitor (on arrival at the ED).

Time to Epinephrine

Information on epinephrine administration was also obtained from the medical and EMS records. The route of the first epinephrine administration was given as intravenous or non-intravenous. Time to epinephrine was defined as the duration from collapse (no pulse, no vital signs, and/or unconsciousness) to the first dose of epinephrine. The time of collapse was decided according to EMS records, witness statements and/or medical records. As given in the exclusion criteria, children were excluded if the time of collapse could not be confirmed. Time to epinephrine was classified as early (<15 min), intermediate (15–30 min), or late (>30 min).

Study Protocol

Primary Outcomes—Utstein Style Reports for All Patients

All patients' outcomes were classified using Utstein style reports [any ROSC, sustained ROSC, survival to admission to intensive care unit (ICU), survival to discharge, good neurological outcomes] (34, 35). The “good neurological outcomes” in this study were considered as Pediatric Cerebral Performance Category Scales (PCPCS) = 1 or 2 on discharge from hospital (36, 37). Outcomes were classified by time to epinephrine.

Secondary Outcomes—Post-resuscitation Hemodynamics (in the First Hour After Achieving Sustained ROSC) in Patients who Survived to ICU Admission

The secondary outcomes were analyzed by time to first treatment with epinephrine.

Post-resuscitation Hemodynamics

Post-resuscitation hemodynamics were recorded in the first hour after achieving sustained ROSC (10, 11). The variables included oxygenation (hypoxia and non-hypoxia), heart rate (tachycardia, normal, bradycardia), heart rhythm (sinus, non-sinus), mean blood pressure (hypertension, normal, hypotension), consciousness level (Glasgow Coma Score, GCS>7, 4–7, = 3), body temperature (pyrexia and non-pyrexia), and urine output (>1, 1–0.5, <0.5 ml/kg/h). In addition, oxygenation was evaluated with ventilator support. The verbal response in patients who received endotracheal intubation was classified as a single score. Pyrexia was defined as over 38 degrees Celsius (°C). The post-resuscitation care protocols in ED or ICU adhered to the recommendations of the American Heart Association (AHA) guidelines during the study period. The protocols included systemic supports (respiratory, cardiovascular, neurological systems), continuous monitoring (blood pressure, cardiac rhythms, and oxygenation), end organ protection (brain and kidney), and aggressive fever control. Temperature was continuously measured. Temperatures of 38°C or more were aggressively treated in all pediatric patients after ROSC (38–40).

Data Analysis

SPSS software version 15.0 (SPSS Inc., Chicago, IL) was used to analyze the data in this study. Descriptive statistics for demographics, pre-/in-hospital resuscitation information, hemodynamics and primary/secondary outcomes are reported as the number, percentage and/or mean ± standard deviation (SD). The relationships between different times to epinephrine and post-resuscitation hemodynamics were analyzed with the chi square test. Multinomial logistic regression analysis was used to determine the effect of EE, taking LE as the reference group, for hemodynamics parameters, pre/in-hospital CPR information, body temperature, and etiology of arrest. Finally, the primary outcomes of patients were also analyzed by the chi square test by different times to epinephrine. p < 0.05 was considered statistically significant.

RESULTS

Demographics of Non-traumatic OHCA Children

The final population of this study was 216 children. Demographics and resuscitation information are shown in Table 1. Most patients were infants (n = 75, 34.7%), followed by adolescents (n = 42, 19.5%). The majority of patients were males (n = 117, 54.2%). The most common etiologies of arrest were respiratory diseases (n = 66, 30.6%) and infections (n = 38, 17.6%). Asystole was the most predominant non-shockable cardiac rhythm (n = 148, 68.5%). Finally, most children received the first dose of epinephrine in the intermediate time category (n = 136, 63.0%), followed by early (n = 41, 18.9%), and late (n = 39, 18.1%).


Table 1. Demographics and resuscitation information.
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Primary Outcomes and Target Patient Identification

The primary outcomes are shown in Table 2. Among these children, 28 (13.0%) survived to discharge, and only 17 (7.9%) had good neurological outcomes. The number of patients who survived to ICU admission (target patients) was 73 (33.8%).


Table 2. Primary outcomes of patients.
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Post-resuscitation Hemodynamics in Target Patients

The post-resuscitation hemodynamics (in the first hour of the post-resuscitation period) of the 73 targeted children are shown in Table 3. During this period, all patients were supported by ventilators. However, 17 (23.3%) of them still suffered hypoxia. Tachycardia (48.0%), sinus rhythm (68.5%), and hypertension (39.7%) were the most common cardiac presentations.


Table 3. Clinical features in the early post-resuscitation period.
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Secondary Outcomes—EE Influence on Hemodynamics

Among the target patients, 23 received EE. EE was significantly related to more predominant tachycardia (73.9%) than ME and LE (p < 0.05). However, EE was not significantly related to oxygenation, heart rhythm, blood pressure, level of consciousness, body temperature, or urine output in the early post-resuscitation period (Table 3).

Most Powerful Effects of EE After Correction for Confounding Factors

After correction for the other confounding factors, multinomial logistic regression analysis demonstrated that EE was most closely related to tachycardia (OR: 7.41, 95% CI: 1.96–29.31), hypertension (OR: 6.03, 95% CI: 1.85–13.77), etiology of cardiovascular disease (OR: 3.21, 95% CI: 1.20–8.43), respiratory diseases (OR: 4.01, 95% CI: 1.21–36.44), duration from time of collapse to EMS arrival (OR: 0.92, 95% CI: 0.57–0.96), and duration of time from EMS arrival to epinephrine (OR: 0.87, 95%CI:0.67–0.98) (Table 4).


Table 4. Multinomial logistic regression analysis.
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The Impact of EE on Primary Outcomes

The associations between the primary outcomes and different times to epinephrine are shown in Figure 1. EE was associated with a greater chance of achieving any ROSC, sustained ROSC, survival to ICU admission, survival to discharge and good neurological outcomes than ME and LE (all p < 0.05).
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FIGURE 1. The associations between primary outcomes and different times to epinephrine in non-traumatic OHCA children (comparing EE, ME, and LE using the chi square test).



DISCUSSION

Epinephrine is the first-line CPR medication and is only administered during the first medical contact (41). Thus, the “time to epinephrine” (from collapse to receiving the first dose of epinephrine) might differ significantly among OHCA patients. It is important to understand how patient outcome depends on the time to epinephrine. We suspect that EE might have more intense effects (more beneficial or harmful effects than ME or LE) on a well-established post-resuscitation hemodynamic status. However, this has never been demonstrated. In this study, we first analyzed the effects of EE on post-resuscitation hemodynamics in children with non-traumatic and non-shockable OHCA.

One important parameter influenced by EE is the post-resuscitation heart rate. Some studies have reported that the heart rate of OHCA patients was often increased and more variable during the ROSC period due to several factors, including hypoxia-related baroreceptor stimulation, ischemic/reperfusion response, inflammatory, and cytokine modulation and myocardial injuries (42–45). However, the association between EE and post-resuscitation tachycardia has not been well-addressed, especially in children with OHCA. Aside from other potential harmful effects, EE indeed triggered a greater heart rate in non-traumatic OHCA children.

The second key parameter triggered by EE was post-resuscitation hypertension. Blood pressure is directly associated with vasoconstriction (α-agonist effect) and cardiac output (β-agonist effect) (14, 46, 47). Therefore, we suspected that early administration might maximize the dual effects (α and β agonist effects) of epinephrine and then ROSC would be easier to establish. Increased blood pressure might not inevitably imply better cardiac output, as a higher blood pressure might just be the result of greater systemic vascular resistance (caused by epinephrine).

On the one hand, greater systemic vascular resistance might be detrimental to an end organ by limiting perfusion/cardiac output to that organ. On the other hand, it has been shown that EE provides benefit by increasing coronary artery perfusion pressure, and this might be associated with better outcomes (46, 48). Nevertheless, post-resuscitation oxygenation, rhythm, level of consciousness, body temperature, and urine output were not significantly associated with EE. This is compatible with the idea that EE might not directly improve end organ perfusion. However, more evidence is needed to prove this.

The most important finding was that survival rates and neurological outcomes were better in patients who received EE than in those who received ME or LE. This may be because EE rapidly triggers ROSC and thus immediately enhances blood flow to the brain.

In conclusion, EE not only helps to establish ROSC, but is also associated with cardiovascular effects in the early post-resuscitation period—inducing more tachycardia and hypertension, after correction for confounding factors. EE was associated with a higher survival rate and better neurological outcomes than ME and LE in children with non-traumatic OHCA.

LIMITATIONS

There were four major limitations in this study. The first major limitation and a possible source of bias lay in the precise definition of “collapse”—as this could imply anything between full arrest and a low flow state. The second limitation lay in the determination of the true time points of collapse. As the time of collapse was retrospectively obtained from the medical/EMS records, we suspect that several factors (including differences in recording time, different definitions of collapse, and subjective effects of the witness) might influence the risk of bias. The third limitation could be the classification of initial cardiac rhythm. The rhythm seen first by first responders may not be the initial rhythm which caused the arrest. In addition, the initial shockable rhythms (VT/VF) might change to non-shockable (PEA/asystole) before EMS arrived (or even in the ambulance). The final limitation was that the influence of advanced cardiac life support (ALS) was not considered in this study. Because epinephrine was only administered by medical or EMS personnel, EE also indicated early ALS (including early airway management).
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Adjusted variables Time to epinephrine

Early Intermediate Late

OR (95% Cl) OR (95% CI) OR (95% Cl)
Tachycardia® 7.412 (1.96-29.31) 3.08 (0.75-11.01)
Normal® 5.907 (1.33-32.41) 4.67 (0.85-25.75) 1
Bradycardia®
Sinus 2.76/(0.80-17.43) 2.44(0.74-11.90)
Non-sinus® - - -
Hypenens.onﬂ 6.03% (1.85-13.77) 3.17 (0.80-29.13) 1
Normal 2.80(0.54-12.16) 3.43(0.71-14.22) 1
Hypotension®
GCS>7 4.10(0.90-12.54) 3.18(0.71-19.31)
GCS =4-7 251(0.09-14.73) 2.33(0.56-13.07) 1
GCs =3P
>1mikg/h 2.41(0.54-19.00) 3.46 (0.87-42.13)
1-05 mikg/h 1.20(0.56-6.88) 2.33(0.32-11.70) 1
<0.5 mikg/hP - - -
Non-pyrexia 254(0.71-8.32) 1.54(0.85-11.67) 1
Pyrexia® - = =
Sudden infant death syndrome 2.13(0.73-14.29) 1.50 (0.37-16.80) 1
Cardiovascular diseases® 3213 (1.20-8.43) 2.19 0.79-10.02) 1
Neurological diseases 1,54 (0.38-11.07) 2.09(0.61-13.9) 1
Respiratory diseases? 4.012 (1.21-36.44) 1.98 (0.81-41.71) 1
Malignancy 1.24(0.85-5.11) 4.20(0.65-9.71) 1
Infections 2.76(0.45-9.14) 3.34(0.52-11.06) 1
Others®
PEA 4,67 (093-4.77) 5.21(0.96-6.33)
Asystole - - -
Duration of prehospital CPR 0.98 (0.64-1.58) 0.96 (0.51-6.77) 0.95 (0.14-3.40)
Duration of in-hospital CPR 1,02 (0.89-4.01) 1.04 (0.93-5.60) 1.12 (0.77-2.96)
Duration from time of collapse to EMS arrival® 092 (0.57-0.96) 095 (0.78-1.41) 0.94 (0.32-9.41)
Duration of time from EMS arrival to epinephrine® 087 (0.67-0.98 0.86 (0.55-5.29) 0.85 (0.83-6.11)
*Significant impact factors.

bReference group.
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Outcomes Non-shockable OHCA children who received
epinephrine during resuscitation (n = 216)

No. %
Any ROSC 17 54.2
Sustained ROSC 86 398
Survived to ICU 73 338
admission

Survived to discharge 28 130
Good neurological 17 79
outcome

ROSC, return of spontaneous circulation; ICU, intensive care unit.
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Variables of  Time to epinephrine in children
post- who survived to ICU admission

resuscitation (0 = 73)
hemodynamics

Total
No. (%)

Oxygenation

Hypoxic 17 (2339)

Non-hypoxic 56 (76.7)
Heart Rate?

Tachycardia 35 (48.0)
Normal 19 (26.0)
Bradycardia 19 (26.0)
Heart Rhythm

Sinus 50 (68.5)
Non-sinus 23(31.5)

Mean Blood Pressure
Hypertension 29 (39.7)
Normal 19 (26.0)
Hypotension 25 (34.3)
Consciousness Level

GCS>7 13(17.8)
GOS = 4-7 29(39.7)
GCs=3 31 (42.5)
Body Temperature
Pyrexia 7(06)
Non-pyrexia 66 (90.4)
Urine Output

>1mikg/h 11(15.1)

1-05mikg/h 39 (53.4)
<05mikgh  23(315)

aSignificant factor.
GCS, Glasgow Coma Score.

Early
(n=23)

No. (%)

7(30.4)
16 (69.6)

17 (739)
4(17.4)
2(8.7)

16 (69.6)
7(30.4)

13 (56.5)
3(18.0)
7(305)

6(26.1)
8(34.8)
9(39.1)

1(43)
22(95.7)

28.7)
10 (43.5)
1147.8)

Inter
mediate
h=41)
No. (%)

8(19.5)
33(80.5)

16(39.0)
1331.7)
12(293)

26 (63.4)
15(36.6)

14(34.1)
14/(34.1)
13(318)

5(12.2)
18 (43.9)
18(43.9)

4(98)
37(90.2)

8(19.5)
24.(58.5)
9(22.0)

Late
(h=9)

No. (%)

2(22.2)
7(7.8)

2(222)
2(222)
5(55.6)

8(88.9)
1(11.1)

2(222)
2(222)
5(65.6)

2(222)
3(339)
4(44.5)

2(222)
7(78)

1(11.1)
5(55.6)
3(33.9)

0.609

0016

0327

0.159

0.697

0.303

0.285
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Variables Non-shockable OHCA children who received
epinephrine during resuscitation (n = 216)

No. %
PATIENT CHARACTERISTICS

Age Groups

Neonates 33 153
Infants 75 34.7
Toddlers 19 88
Preschool children 21 97
Schoolchildren 2 120
Adolescents 42 195
Sex

Male 117 542
Female 99 45.8
Etiologies of Arrest

Sudden infant death 31 143
syndrome

Cardiovascular 14 6.5
diseases

Neurological diseases 20 93
Respiratory diseases 66 306
Malignancy 16 7.4
Infections 38 17.6
Others 31 143
PREHOSPITAL INFORMATION

Duration of prehospital 11.3£85

CPR (mean + SD,

minutes) (72

The period from scene 135+94

to hospital (mean &

SD, minutes) (8

Witness of arrest 148 685
Duration from time of 67562

collapse to EMS arrival
(mean  SD, minutes)

Duration of time from 7.5+40
EMS arrival to

epinephrine (mean £

SD, minutes)

ED INFORMATION

Initial Cardiac Rhythm

PEA ) 315
Asystole 148 68.5
Duration of in-hospital 347235

CPR

ADMINISTRATION OF EPINEPHRINE

First Epinephrine

Intravenous 196 90.7
Non-intravenous 20 93
Time to Epinephrine®

Early (<15 min) M 189
Intermediate 136 63.0
(15-80min)

Late (>30min) 39 18.1
Number of epinephrine 83+62

doses (times)

aNumber of patients with missing information.
©The duration from collapse (no pulse, no vital signs, and/or unconsciousness) to the first
dose of epinephrine.
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