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Abstract

Background—In 2005, the AHA changed the treatment recommendation for shockable rhythms
from 3 transthoracic stacked-shocks to a single shock followed by immediate chest compressions.
The stacked-shock recommendation was based on low first-shock efficacy of monophasic
waveforms and the theoretical decrease in transthoracic impedance (TTI) following each shock.
The objective of this study was to characterize TTI following biphasic defibrillation attempts in
children =8 yrs during cardiac arrest to assess whether a stacked-shock approach may be
appropriate to improve defibrillation success.

Methods—TTI (Ohms (Q)) was collected via standard anterior-apical defibrillator electrode pads
during consecutive in-hospital cardiac arrest biphasic defibrillation attempts in children =8 yrs.
Analytic data points for TTI were: 0.1 s pre-shock (baseline); post-shock at 0.1, 0.5, 1.0, 1.5, and
2.0 s. TTI variables analyzed with descriptive summaries/paired #test. p values < 0.05 considered
statistically significant after correction for multiple comparisons.

Results—Analysis yielded 13 evaluable shock events during 5 cardiac arrests (mean age 14.3 £ 5
yrs, weight 47.4 + 7.3 kg) between September 2006 and May 2009. Compared to 0.1 s pre-shock
baseline values (56.8 + 23.4 Q), TTI was significantly lower immediately 0.1 s post-shock (55.2 +
22.2 Q, p=10.003). Post-shock mean difference from baseline was 1.6 Q at 0.1 s (p=0.015), 1.4 Q
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at0.5s(p=0.019)1.4Qat1.0s(p=0.023),1.1 Qat1.5s (p=0.028),and 0.95Q at 2.0s (p=
0.096). Time to recharge our clinical defibrillators to standard biphasic shock dose was 2.80 +
0.05s.

Conclusions—During cardiac arrests in children =8 yrs, TTI decreased after biphasic shocks,
but the limited magnitude and duration of TTI changes suggest that stacked-shocks would not
improve defibrillation success.
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1. Introduction

Of hospitalized pediatric patients, 2-6% will suffer a cardiac arrest.1~3 The incidence of a
shockable rhythm (both initial and subsequent ventricular fibrillation and pulseless
ventricular tachycardia) is approximately 27% during pediatric in-hospital cardiac arrests.!
Recent pediatric data indicate that only 50-60% of initial shocks successfully terminate
fibrillation compared with approximately 90% success rates in adults.*-10 In addition,
interruptions in chest compressions (i.e., blood flow) to recharge the defibrillator during
stacke%—sgocks is associated with worse shock success and worse survival outcome in
adults.-1

Successful defibrillation is dependent upon the delivery of adequate electrical current to the
myocardium. One of the major determinants of current flow is transthoracic impedance.
Early studies found that repeated direct current (DC) shocks resulted in a progressive
decrease in transthoracic apparent impedance that was dependent upon the time interval
between DC shocks.1* Since lowered impedance results in higher delivered current for the
same energy setting on a defibrillator, this observation seemed to explain the apparent
enhanced effectiveness of repeated monophasic shocks in defibrillation. As a result of these
preliminary studies, stacked-shocks were recommended because of low first-shock efficacy
of monophasic waveform shocks and theoretical decrease in transthoracic impedance (TTI)
following each shock.1®

TTI varies with many factors, including body weight, body surface area, paddle/pad size,
pad location, pad-skin contact, body fat, number of prior shocks and hypothermia.16-2°
There is conflicting animal and adult evidence whether TTI significantly decreases after
shocks’16:26-28 and whether this makes a clinical difference in termination of fibrillation
outcomes.2%-31 |n 2005, the AHA changed recommendations to treat ventricular fibrillation
from three transthoracic stacked-shocks to one shock followed by immediate chest
compressions because biphasic shocks were approximately 90% effective at terminating
fibrillation and therefore providing uninterrupted perfusion post-shock is more important
than further shocks.

We evaluated TTI in children after biphasic defibrillation shocks during cardiac arrest. Our
hypothesis was that TT1 may decrease immediately after a shock in children =8 yrs during
cardiac arrest, but the duration of decreased TTI would be too short for a stacked-shock
approach to feasibly improve defibrillation success.

2. Methods

2.1. Study design

This was a retrospective observational study approved by the Institutional Review Board at
the Children’s Hospital of Philadelphia. Data collection procedures were completed in
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compliance with the guidelines of the Health Insurance Portability and Accountability Act to
ensure subject confidentiality. Written informed consent was waived since all data collected
were de-identified. Consecutive children =8 yrs with cardiac arrest who received biphasic
shocks using standard clinical anterior-apical self-adhesive electrode defibrillation pads
were eligible for inclusion.

2.2. Data collection

Demographic data including age, gender, and weight were obtained for all subjects. Data on
TTI was obtained with commercially available self-adhesive defibrillator pads (HeartStart
Pad, M3718A—Adult Radiotransparent Multifunction Electrode Pads, Philips Medical
Systems, Seattle, WA) and continuously recorded and measured via the Philips HeartStart
MRx/Q-CPR biphasic monitor/defibrillator (Philips Medical Systems, Andover, MA). Adult
pads were selected for those patients >10 kg and pads were placed in standard anterior-
apical position. To determine time required to charge and discharge the Philips HeartStart
MRx/Q-CPR defibrillator, investigators used a fully charged, unplugged HeartStart MRx
monitor/defibrillator, selected a standard dose of 150 joules (J), and manually charged and
manually discharged the defibrillator in a rapid manner 5 consecutive times and recorded the
results.

2.3. Data analysis

3. Results

TTI (Ohms) was continuously measured by the defibrillator pads and specifically
documented at baseline (0.1 s pre-shock) and then at 0.1, 0.5, 1.0, 1.5 and 2.0 s post-shock.
Descriptive statistics are presented as mean + SD. Paired #test was used for univariate
analysis to evaluate a change in TTI before and after defibrillation. Standard number
comparison (k= 5) was used for univariate analysis. A hierarchical mixed effect linear
model was developed to estimate the change of TTI. This allowed a model of the initial drop
and subsequent return of TTI in each event with piecewise method while controlling for
clustering of events by subject, using a random intercept model by subject and a random
intercept, random slope model by event nested within a subject. o values less than 0.05 is
considered statistically significant. The ‘xtmixed” command in Stata version 11 (College
Station, TX) was used for hierarchical analysis. Time to charge and discharge the
defibrillator is reported with standard descriptive summaries (mean £ SD).

From September 2006 to May 2009 there were 37 cardiac arrests in children >8 years old.
Of those 37, 10 patients had a shockable rhythm and we attempted to retrieve TTI data from
each. The 5 patients with the most stable impedance signal pre- and post-shock were
included for analysis. Analysis yielded 13 evaluable shock events during 5 cardiac arrests.
Table 1 displays demographic data and actual transthoracic impedance at baseline (0.1 s pre-
shock) and after each defibrillation attempt. Mean age of patients was 14.3 + 5 yrs and their
mean weight was 47.4 + 7.3 kg. Compared to 0.1 s pre-shock baseline values (56.8 + 23.4
Q), TTI was significantly lower immediately 0.1 s post-shock (55.2 £ 22.2 Q, p=0.003).
Post-shock mean difference from baseline was 1.6 Q at 0.1 s (p=0.015),1.4Qat0.5s (p=
0.019),14Qat1.0s (p=0.023),1.1Qat 1.5s (p=0.028), and 0.95 Q at 2.0 s (p = 0.096).
These pvalues were adjusted for multiple comparisons. Based on a hierarchical mixed effect
analysis, the initial shock dropped the TTI by 1.6 + 0.4 Q then gradually increased by 0.4 +
0.2 Qfs, after adjusting for clustering by subject and variance among the events. The model
predicts that the TTI will return to baseline at 4 s.

Average time to charge the Philips Heartstart MRx biphasic defibrillator to 150 J with fully
charged battery was 2.80 + 0.05 s. Time to charge and discharge 150 J with fully charged
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battery was 2.87 £ 0.04 s (Philips specifies charge time of less than 5 s to 200 J with a new,

fully charged lithium ion battery at 25 °C and a Shock-to-Shock cycle time of less than 20
32

5.°9).

4. Discussion

These data establish that TTI can decrease after a biphasic shock for children =8 yrs in
ventricular fibrillation. However, the magnitude of decrease in TT1 is <3% at 0.1 s post-
shock. Importantly, the hierarchical mixed effect model indicates that the initial biphasic
shock dropped the TTI by 1.6 Q from a mean TTI of 56.8 + 23.4 Q, and then the TTI
gradually increased at 0.4 Q/s, thereby returning to baseline by 4 s post-shock. Because of
the small decrease in TTI and because the minimal time required for the defibrillator to
recharge and discharge was 2.87 + 0.04 s, these data support our hypothesis that a stacked-
shock approach for children is unlikely to improve defibrillation success.

Current, not energy, is the agent of defibrillation. Successful defibrillation is dependent upon
the delivery of adequate electrical current to the myocardium. One of the major determinants
of current flow is transthoracic impedance. TTI is dependent on multiple patient and care
delivery factors: body weight, body surface area, chest size, fat, hypothermia, variations in
patient fluid status (pulmonary edema, heart failure, edema, etc.), paddle/pad size, paddle
force and skin contact, pad orientation and number of prior shocks given.16-26 Defibrillation
success is affected mainly by TTI and energy dose delivered, though various other patient
and equipment factors also affect the response to defibrillation attempts.

Prior recommendations of stacked-shock approach for defibrillation was based on the low
efficacy of monophasic waveform defibrillation and the theoretical decrease in transthoracic
impedance after shocks.1® Prior protocols with escalating energy stacked-shocks were based
on the belief that a failed defibrillation attempt indicated the presence of high transthoracic
impedance and that increasing to a higher energy setting for the next defibrillation attempt
would therefore improve success. The rationale of providing the first two shocks at the same
energy level was that the decrease in TTI following the first shock would increase trans-
myocardial current during the second shock. In theory, one would eventually reach an
efficacious current while avoiding excessive current. However, this issue is less important in
the era of adult biphasic defibrillation because approximately 90% of first shocks now
terminate VVF.4-10

Limited animal and human data indicate that repeat shocks can decrease the TTI moderately,
presumably by cutaneous post-shock hyperemia and edema.1416:17 Nevertheless, other
animal and adult human data have shown that TTI may not decrease after a defibrillation
attempt.”26.28 The largest adult study evaluating TTI after 863 defibrillator shocks
demonstrated that the TTI is nearly as likely to increase as decrease after a first shock for
out-of-hospital cardiac arrests.’” The authors noted that the lack of consistent decreases in
TTI post-shock may have been partly due to the prolonged duration of cardiac arrest in the
out-of-hospital, because prolonged poor cutaneous blood flow may have precluded the post-
shock hyperemia purported to decrease the TTI.

What is the clinical significance of the small decreases in TTI noted in this series of children
>8 yrs? Although we are not aware of any studies that support an absolute or relative drop in
TTI which would make subsequent defibrillation attempts more successful, Walker and
colleagues asserted that the 1% decrease in TTI and resultant 1% increase in current that
they documented after shocks for adult out-of-hospital cardiac arrests were not
“meaningful”.” We agree with these authors. In addition, our model also shows that the TTI
will return to baseline by 4 s. Because charging and discharging the defibrillator requires
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more than 2 s, it is likely that the TTI is essentially unchanged by the time a shock is
provided.

5. Limitations

The most important limitation of this study is the small sample size. Nevertheless, our data
are quite similar to recent published data in adults.”28 None of the children were younger
than 8 years old, so this data may not be generalizable to younger children. Many patients
were necessarily excluded due to poor pad—chest interface resulting in inadequate TTI data.
TTI was examined in isolation, and the source of the TTI (e.g. thoracic volume, body fat,
time interval from initial VF/VT to first shock, orientation and size of defibrillation pads,
presence of pneumothorax, pleural effusion, pulmonary edema, respiratory cycle, transient
changes in patient electrode contact, or whether the defibrillator impedance signal filters are
stabilizing post-shock) was not examined. Importantly, since this data is not generalizable to
the smaller, younger patient, the approach to defibrillation, correct dose, and effects on TTI
relative to heart size in smaller children and infants continues to be unknown and should be
fully investigated.

6. Conclusion

During in-hospital defibrillation of children =8 yrs, TTI decreased by <3% at 0.5 s post-
shock. This small TTI reduction quickly dissipated and returned to baseline within 4 s.
Because of the small decrease in TTI and because the minimal time required for the
defibrillator to recharge and discharge was 2.87 + 0.04 s, these data support our hypothesis
that a stacked-shock approach for children is unlikely to improve defibrillation success.
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Abbreviations

CPR cardiopulmonary resuscitation

TTI transthoracic impedance

ATI change in thoracic impedance

J joules

Q Ohms

VF ventricular fibrillation
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