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5.1 Defibrillation and Resuscitation

We know it when we see it, yet despite decades of experimental and clinical
investigations, the mechanisms that evolve and sustain ventricular fibrillation (VF)
are still not fully clarified. Defining, describing, and understanding VF continue to be
daunting tasks [1, 2]. A description of what we now know as VF was discovered on
Egyptian papyri around 1534 BC: ‘‘If the heart trembles, has little power and sinks,
the disease is advancing….and death is near’’ [1, 3]. Despite these limitations in our
understanding of VF, what we do know is that it can be terminated by delivering
electrical current with defined waveform morphologies and timing to fibrillating
myocardial cells [4–7]. Because of the inexorable degenerative course untreated VF
follows, the timing of defibrillation shock delivery becomes a critical determinant of
the likelihood of achieving a favorable outcome [8]. This chapter will discuss some
of the areas of controversy in defibrillation.

Defibrillation is an electrophysiologic event that occurs within 100–500 ms of
shock delivery (Fig. 5.1). Examination of the rhythm at 5 s after a shock is
accepted as a time-point to assess the efficacy of the shock without distortion of the
electrocardiogram (ECG) by the voltage offset. Figure 5.2 depicts a successful
shock followed by recurrence of VF 9 s later. Resuscitation is a composite of all
interventions, and a useful end-point is restoration of a spontaneous circulation
(ROSC). This distinction between defibrillation and resuscitation is necessary in
order to understand the role and contribution of defibrillation in an overall effort to
restore return of ROSC.
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Fig. 5.1 Progressive degeneration of VF over time. The amplitude, frequency, and VF
waveform upstroke velocity all decline. From: Valderrabano [2]

Fig. 5.2 Ventricular fibrillation was terminated by a shock. Nine seconds later VF recurred after
a short burst of polymorphic ventricular tachycardia (PVT). P waves are visible during the period
following the shock. This is an example of a successful defibrillation shock
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5.2 Cardiopulmonary Resuscitation First or Shock First

Many studies have been reported assessing the question of whether or not defi-
brillation shocks should be preceded by a period of CPR [9–13]. At this time there
is no evidence that supports one approach over the other. A recent detailed review
and meta-analysis of randomized trials concluded that deferring the initial shock
until a short period of CPR has been performed did not show a survival-to-
discharge benefit over immediate defibrillation irrespective of response time.
There is no evidence of harm in deferring the first shock until a period of CPR has
been done [14]. Most EMS systems will make decisions on this unresolved
question with a strong consideration of response time. The definitive resolution of
this question will very likely be determined by algorithms capable of analyzing the
initial VF with sufficient sensitivity and specificity to predict the outcome of the
shock (Figs. 5.3, 5.4).

Fig. 5.3 The VF morphology is characterized by high amplitude and frequency and sharp VF
waveform upstroke velocity. The shock quickly restored an organized rhythm and ROSC
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5.3 Termination of Recurrent VF

Recurrence of VF after a successful shock is common. Recurrence at least once
was observed in 52–61 % of patients while in the care of Basic Life Support First
Responders [15, 16]. In patients during both Basic and Advanced Life Support, VF
was observed to occur in 74–80 % of patients [17–19]. Frequent refibrillation was
also observed in 67 % of patients in an earlier study describing post-shock rhythms
[20]. The 2005 Guidelines recommended immediate resumption of CPR after a
shock without regard to the post-shock rhythm and continuation of the CPR for
2 min before re-analysis of the rhythm [21]. With this approach persistent or
recurrent VF can continue for at least 2 min after a shock (Fig. 5.5); the impli-
cations of this post-shock CPR period warrant a reconsideration. (1) A recent
experimental study documented the high oxygen demands of VF [22]. In that study
VF was shown to impair restoration of creatine-phosphate levels during simulated
CPR. (2) It is assumed that CPR will be performed with such high quality that this
high oxygen demand will be met for periods of two or more minutes. (3) The
median duration of VF was shorter with shocks that were followed by ROSC. This
observation was applied to both initial and recurrent VF [23]. These investigators
concluded that detection of VF during ongoing chest compressions might be
helpful because of this relationship between shorter duration of VF episodes and
ROSC. Their recommendation was that recurring VF should be shocked as soon as

Fig. 5.4 Compared with the VF in Fig. 5.3 the VF here is of relatively low and varying
amplitude but the frequency is sufficient to warrant a shock, which was followed by an organized
rhythm during post-shock CPR
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possible. (4) Chest compressions can induce VF quickly after resumption of post-
shock chest compressions and thus permit VF to continue for nearly 2 min before
re-analysis of the rhythm and delivery of a shock [24–27]. Berdowski and col-
leagues reported that time in recurrent VF is associated with worse outcomes and it
is thus desirable to terminate recurrent VF as soon as possible because survival
decreases with every minute that the next shock is postponed [24]. An analysis of
the performance of the amplitude spectral area and slope to predict defibrillation
in out-of-hospital cardiac arrest concluded that for recurrent VF a shock should be
delivered immediately upon detection [28]. What then can be considered for
modification in terminating recurrent VF? Certainly the well-established benefit of
minimally interrupted CPR must be weighed against any modification of the 2 min
CPR period after a shock. As resuscitation progresses in time the role of CPR
becomes increasingly crucial. (Figs. 5.6, 5.7).

Fig. 5.5 After a successful shock VF resumed at 10:35:08. At 10:37:09, a shock was delivered.
Nine seconds later at 10:37:18, PVT was followed by recurrent VF
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In 2001 Blouin and colleagues reported their experience with recurrent VF [29].
Using tape-recorded ECG data in 376 shocks, in 96 patients there were 22 shocks
with recurrence of VF in 3 min or less. In their experience VF recurred within 6 s
after a shock in only 20 % of recurrences, and in 73 % at 60 s. They suggested
performing CPR for 30 s after a shock in order to capture the largest number of
recurrences. Yet their conclusion was that recurring VF should be acted on rapidly
[29].

An action plan proposal to confront recurrent VF was described and illustrated
in an editorial in response to the Blouin study [30]. Amplification of that approach
might be a basis for change. During the first several minutes of intervention in VF,
recurrent VF should be recognized by the algorithm or operator quickly after onset
and a shock delivered as soon as possible (Fig. 5.8). After 2–3 shocks, if VF
continues to recur, other measures, including minimally interrupted CPR and anti-
arrhythmic therapy, will be necessary. Advances in algorithm design and function
will provide accurate recognition of shockable VF without distortion of ECG
interpretation by chest compression artifact. Already major improvements in
algorithm performance are being reported, such as faster times to a shock advisory
following cessation of chest compressions and the optimal timing of defibrillation

Fig. 5.7 Red arrows indicate chest compressions in two patients (a and b). In both patients VF
resumed at the asterisk, shortly after compressions were resumed. In the patient depicted in (a)
the third compression occurred during ventricular repolarization. From: Osorio et al. [27]

Fig. 5.6 At A, rhythm analysis was commenced, followed by CPR (sCPR). The first shock
terminated VF but VF resumed after a few chest compressions. Two minutes of CPR then
continued with ongoing VF before the next rhythm analysis. Adapted from: Berdowski et al. [24]
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by waveform analysis during CPR [3–32]. Sensitivity of over 90 % has been
shown to be feasible in recognition of noise-free VF during CPR [33]. Suppression
of CPR artifacts using the chest compression rate extracted from the thoracic
impedance recording acquired from the defibrillation pads has been demonstrated
to be as accurate as methods based on information acquired from CPR feedback
data [34]. Continued enhancement of sensitivity and specificity is needed to sep-
arate CPR artifact from the ECG to eliminate unacceptable interruptions in CPR.
These very recent studies make it evident that we are moving rapidly in that
direction. Then prolonged periods of recurrent VF will be minimized with the
prospect of more frequent return of an organized rhythm and probably ROSC [13].

5.4 Conclusions

Advances in the treatment of VF, both in defibrillation waveform design and in
clinical practice, have contributed significantly to improved outcomes from out-of-
hospital cardiac arrest with VF as the initial rhythm. Areas of uncertainty and
controversy remain and continue to be subject to ongoing discussion and study.
These areas include the appropriate application of CPR first or defibrillation first.
For this decision it is very likely that algorithms with high sensitivity and

Fig. 5.8 Recurrent VF was detected quickly after the first shock and 12 s after onset of
recurrent VF a shock restored an immediate organized rhythm. From: (2001) Ann Emerg Med
38(3):278–281 [30]
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specificity will continue to evolve that will separate VF likely to benefit from a
shock first or from CPR first. Because of the very high incidence of recurrent VF
and the high oxygen demand of this arrhythmia there is considerable agreement
that recurrent VF should be terminated as soon as it is recognized. Again, algo-
rithms that separate chest compression artifact from the underlying rhythm will
enable this to occur without unduly compromising ongoing CPR. This is most
likely to be clinically applicable in the first several minutes of resuscitation when
VF recurs frequently.
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