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Abstract

Aim: While previous studies have shown that the initial documented rhythm is associated with clinical outcomes in out-of-hospital cardiac arrest
(OHCA), little is known about the difference in clinical outcomes between pulseless ventricular tachycardia (p-VT) and ventricular fibrillation (VF).
Methods: From a nationwide, prospective population-based database of OHCA from 2011 to 2015, we selected bystander-witnessed adult patients
who were not treated with a public automated external defibrillator. The outcomes examined were favorable 30-day neurological survival rates, 30-day
survival rates, and prehospital return of spontaneous circulation (ROSC) rates. To determine the association of the initial documented rhythm with
outcome, we used a logistic regression model while adjusting for patient factors and prehospital care-related factors.

Results: A total of 19,594 bystander-witnessed OHCA patients who had a shockable rhythm were included: 454 (2.3%) were p-VT and 19,140 (97.7%)
were VF. Compared to VF patients, p-VT patients were older, less likely to have a cardiogenic cause, and had shorter resuscitation-related time intervals
(collapse to bystander cardiopulmonary resuscitation, collapse to emergency medical services contact, collapse to first ROSC, and first defibrillation to
first ROSC). After adjustment for covariates, p-VT was associated with high favorable 30-day neurological survival rates (adjusted odds ratio [OR], 1.85;
95% confidence interval [Cl], 1.30—2.64, p = 0.001), 30-day survival rates (adjusted OR, 1.41; 95% ClI, 1.083—1.95, p = 0.037), and prehospital ROSC
rates (adjusted OR, 1.90; 95% ClI, 1.42—2.55, p < 0.001).

Conclusion: In this study, patients with p-VT as the initial documented rhythm had significantly better outcomes than those with VF.
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Introduction

Out-of-hospital cardiac arrest (OHCA) is a high-priority public health
problem in industrialized countries. Even though Kitamura et al.
reported that neurologically favorable survival from OHCA in Japan
improved to 2.8% because of intensive efforts, survival rates remain
poor worldwide.' ™ Systematic reviews have demonstrated that
survival and neurological outcomes could be attributed to the quality of
resuscitation, bystander cardiopulmonary resuscitation (CPR), time to
CPR, return of spontaneous circulation (ROSC), use of an automated
external defibrillator (AED), and the initial documented rhythm.®> 7 Of
the initial documented rhythms, patients with shockable rhythms (i.e.,
pulseless ventricular tachycardia [p-VT] and ventricular fibrillation
[VF]) were more likely to have a favorable outcome than those with
non-shockable rhythms (i.e., pulseless electrical activity [PEA], and
asystole).®1°

Without resuscitative interventions, OHCA with shockable
rhythms subsequently deteriorate to non-shockable rhythms.'" The
period from cardiac arrest to death is less than 10 minutes (min). Such
a progressive rhythms changes may be related to the previous finding
that the first cardiac rhythm after cardiac arrest was VF in 15.0%,
pulseless VT in 1.2%, PEA in 16.9%, asystole in 63.7%, in the time
interval from collapse to initial recorded electrocardiogram (ECG) with
amean + standard deviation (SD) of 14.9 + 8.2 min."? Therefore, as
considering time-dependent rhythms course, we hypothesized that
clinical outcomes are different between p-VT and VF as the initial
documented rhythms in OHCA patients.

The aim of this study was to evaluate the difference in clinical
outcomes between p-VT and VF among patients with OHCA.

Methods
Study design

The All-Japan Utstein Registry of the Fire and Disaster Management
Agency (FDMA) is a prospective, nationwide, population-based
registry of OHCA based on the Utstein style, and has been described
in detail previously.'®'* Most patients with OHCA who are treated by
emergency medical services (EMS) responders are transported to the
nearest emergency hospital and registered in this All-Japan Utstein
Registry. The EMS system in Japan, which includes training for EMS
responders in emergency lifesaving techniques such as the insertion
of an intravenous line and an adjunct airway (esophageal obturator
airway or endotracheal intubation) and the use of a semi-AED for
OHCA patients, has been previously described.” ' In Japan, the use
of public AEDs for and by citizens has been legally permitted since July
2004. A subcommittee of resuscitation science in the Japanese
Circulation Society was provided with the trial registry data after the
prescribed governmental legal procedures were followed. The current
study protocol was approved by the Ethics Committee of the National
Cerebral and Cardiovascular Center (R19040).

Data collection

The collected data were as follows; sex, age, year, the initial
documented rhythms, the time course of resuscitation (the time of
collapse, initiation of bystander CPR, call for EMS service, scene,
contact, initiation of CPR, defibrillation, epinephrine administration,

hospital arrival, and ROSC), witnessed types (bystander-witnessed,
EMS responder-witnessed, and unwitnessed), whether a bystander
initiated CPR, whether the patient was intubated, whether epinephrine
was administered, and whether ROSC was achieved before arrival at
the hospital. All event times were synchronized by the dispatch center
clock. The causes of arrest were classified as cardiogenic or non-
cardiogenic (cerebrovascular disease; respiratory disease; malignant
tumors; external factors, including drug overdose, drowning, trauma,
hypothermia, anaphylaxis; or any other noncardiac factor), which was
determined clinically by the physician in charge in collaboration with
EMS personnel, and was confirmed by a staff member at the FDMA.
The times of collapse and initiation of bystander CPR were obtained
from interviews of the bystander by an EMS provider. A series of EMS
times of call receipt, EMS arrival at the scene, contact with patients,
initiation of CPR, defibrillation by EMS, ROSC, and hospital arrival
were recorded with the clock of each EMS system. For all survivors,
neurological outcomes were determined during 30-day follow-up
interviews with the Cerebral Performance Category scale, as follows:
Category 1 (good cerebral performance), Category 2 (moderate
cerebral disability), Category 3 (severe cerebral disability), Category 4
(vegetative state), and Category 5 (death).'”> The FDMA have
established the registry cohort and collected and verified a quality of
the data. Collected data were integrated into the FDMA registry
database server, and logically checked by the FDMA using an Utstein
style online statistical survey system. If a study data form was
incomplete, the FDMA returned it to the respective fire station for data
completion.

Study population and outcomes

From the Utstein Registry between January 1, 2011, and December
31, 2015, we selected bystander-witnessed adult patients (aged >18
years) who were not treated with a public AED because of uncertainty
regarding whether the shockable rhythm was p-VT or VF. The
diagnosis of p-VT or VF was determined by an EMS responder or
medical doctor on board using ECG monitor on an ambulance. In
addition, we excluded patients who achieved ROSC before EMS
arrival (patients who achieved ROSC for yourself without any
treatment, or who achieved ROSC by bystander CPR alone) because
the initial cardiac rhythm was unknown. The primary outcome was
favorable 30-day neurological survival rates, defined as a Cerebral
Performance Category 1 or 2. Additionally, the secondary outcomes
were 30-day survival rates and prehospital ROSC rates.

Statistical analysis

Values are expressed as mean + SD if the variable was normally
distributed or median (interquartile range) if not, as determined by the
Shapiro-Wilk test. Yearly trends in the proportion of favorable 30-day
neurological outcome and bystander CPR in patients with p-VT or VF
were analyzed using the Cochrane-Armitage test. Data were
complete for all values except for defibrillation (n = 6), number of
times of defibrillation (n = 512), advanced airway management
(n =243), epinephrine (n = 58), time from collapse to bystander CPR
(n =272), time from collapse to scene (n = 233), time from collapse to
EMS contact (n = 133), time from collapse to CPR (n =270), time from
collapse to first defibrillation (n = 97), time from collapse to first ROSC
(n=62), time from collapse to epinephrine (n =70), time from collapse
to hospital arrival (n = 140), time from EMS contact to first defibrillation
(n =126), and time from first defibrillation to first ROSC (n = 226). We
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performed a pairwise deletion for handling the missing values. A two-
tailed p < 0.05 was considered statistically significant. To determine
the association of the initial documented rhythm with outcomes, we
used a logistic regression model with adjustment for patient factors
(age, sex, etiology of OHCA [cardiogenic or non-cardiogenic], and
year) and prehospital care-related factors (bystander CPR status,
time interval from collapse to EMS contact, time interval from EMS
contact to first defibrillation, epinephrine administration, and ad-
vanced airway management) and calculated odds ratios (OR) and
95% confidence intervals (Cl). Potential confounding factors based on
previous studies were included in the multivariate analysis.*~”
Supplemental Tables S1 and S2 were analyzed by adding whether
or not the patient underwent defibrillation. Additionally, we assessed
the association between initial documented rhythms and the clinical
outcomes adding witnessed status (i.e. bystander witnessed, EMS
responder witnessed, and unwitnessed) as subgroup analysis
(Supplemental Fig. S2, Supplemental Tables S3,S4). All statistical
analyses were performed with JMP 12 (SAS Institute, Inc., Cary, NC,
USA).

Results
Patient characteristics

During this 5-year period, a total of 629,471 OHCA patients were
confirmed (Fig. 1). Of 207,045 bystander-witnessed cardiac arrest in
adults, 155,832 had an information on the initial documented rhythm,
49,276 were treated with a public AED, 1937 underwent defibrillation
(except for a public AED) or achieved ROSC before EMS arrival. With
the exclusion of patients with non-shockable rhythms (n = 136,238),
19,594 patients were eligible for our analyses. The proportion of p-VT

All cardiac arrest (2011~2015)
n=629,471

among these patients was 2.3% (n = 454), and VF was 97.7%
(n =19,140).

The baseline characteristics of patients with p-VT and VF are
compared in Table 1. Compared to VF patients, p-VT patients were
older (median, 78 versus 67 years), less likely to be male (59.5 versus
78.3%), less likely to have undergone defibrillation (48.3 versus
95.3%), and less likely to have a cardiogenic cause (62.8 versus
89.9%). Regarding the resuscitation-related time intervals, time from
collapse to bystander CPR (median, 1 versus 2 min), time from
collapse to EMS contact (median, 9 versus 9 min), and time from
collapse to first ROSC (median, 16 versus 18 min) were shorter,
whereas time from collapse to first defibrillation (median, 13 versus 12
min) and time from EMS contact to first defibrillation (median, 3 versus
2 min) were longer in p-VT patients compared to VF patients. In
addition, time from first defibrillation to first ROSC was also shorter in
patients with p-VT than those with VF (median, 3 versus 7 min). Of
non-cardiogenic causes, p-VT patients were more likely to have a
pulmonary disease or trauma than VF patients.

Yearly trends in the proportion of favorable 30-day neurological
outcome in patients with p-VT or VF are shown in Fig. 2. While the
proportion of favorable 30-day neurological outcome in VF increased
significantly (p < 0.001 for trend), that in p-VT was not significant
(p = 0.158 for trend). Additionally, the proportion of bystander CPR in
VF increased significantly (p < 0.001 for trend), whereas that in p-VT
was not significant (p = 0.170 for trend) (Supplemental Fig. S1).

Outcomes
p-VT patients had lower favorable 30-day neurological survival (15.2
versus 20.0%, p = 0.009) or 30-day survival rates (21.4 versus

30.0%, p < 0.001), while there was no significant difference in
prehospital ROSC rates (32.4 versus 32.2%, p = 0.94) (Table 2).

i Not witnessed arrest; n=369,392

A 4

Adult bystander-witnessed cardiac arrest
n=207,045

1
1
1
i EMS responder-witnessed arrest; n=50,581 '
1
1

Primary ECG unknown; n=51,213
+ Shock by citizen

A 4

Adult bystander-witnessed cardiac arrest
without primary ECG unknown
n=155,832

(automated external defibrillator); n=49,276
* Shock or ROSC before EMS arrival; n=1,937

A 4

Adult bystander-witnessed cardiac arrest
with shockable rhythms
n=19,594

Pulseless VT VF
n=454 (2.3%) n=19,140 (97.7%)

Fig. 1 - Study flow diagram. EMS, emergency medical services; ECG, electrocardiogram; ROSC, return of spontaneous
circulation; VT, ventricular tachycardia; VF, ventricular fibrillation.
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Fig. 2 - Temporal trends in the proportion of favorable 30-day neurological outcome in pulseless ventricular
tachycardia (p-VT) and ventricular fibrillation (VF) among patients with bystander-witnessed out-of-hospital cardiac

arrests (OHCA) in Japan between 2011 and 2015.

After adjustment for patient factors and prehospital care-related
factors, p-VT was associated with high favorable 30-day neurologi-
cal survival rates (adjusted OR, 1.85; 95% CI, 1.30-2.64,
p = 0.001), 30-day survival rates (adjusted OR, 1.41; 95% Cl,
1.03-1.95, p = 0.037), and prehospital ROSC rates (adjusted OR,

1.90; 95% ClI, 1.42-2.55, p < 0.001) (Tables 3,4). The initial
documented rhythm remained an independent factor for both the
primary and secondary outcomes even when we considered
whether or not the patient underwent defibrillation in the multivariate
analysis (Supplemental Tables S1,S2).
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Table 2 - Outcomes.
p-VT (n = 454) VF (n = 19,140) p Value

Primary outcome

Favorable 30-day neurological outcome, n (%) 69 (15.2%) 3830 (20.0%) 0.009
Secondary outcome

30-day survival, n (%) 97 (21.4%) 5742 (30.0%) <0.001

Prehospital ROSC, n (%) 147 (32.4%) 6166 (32.2%) 0.94
VF, ventricular fibrillation; p-VT, pulseless ventricular tachycardia; ROSC, return of spontaneous circulation.
Table 3 - Factors contributing to primary outcome.
Favorable 30-day neurological outcome Univariate Multivariate

Odds ratio (95%Cl) p Value QOdds ratio (95%Cl) p Value

Age, 1 year 0.97 (0.96—0.97) <0.001 0.97 (0.97-0.97) <0.001
Male 1.24 (1.13—1.35) <0.001 0.91 (0.82—1.00) 0.053
Cardiogenic 2.96 (2.52—3.46) <0.001 2.59 (2.17-3.10) <0.001
Year 1.06 (1.03—1.08) <0.001 1.05 (1.02—1.08) 0.002
Bystander CPR 1.65 (1.53—1.77) <0.001 1.72 (1.58-1.87) <0.001
Time from collapse to EMS contact, 1 min 0.93 (0.92—0.93) <0.001 0.92 (0.91-0.93) <0.001
Time from EMS contact to 1st defibrillation, 1 min 0.83 (0.81-0.85) <0.001 0.85 (0.83-0.87) <0.001
Epinephrine 0.30 (0.27—0.33) <0.001 0.33 (0.30—0.37) <0.001
Advanced airway management 0.34 (0.32—-0.37) <0.001 0.42 (0.39-0.46) <0.001
p-VT 0.72 (0.55—0.93) 0.009 1.85 (1.30—2.64) 0.001

Logistic regression analysis, all variables in univariate analysis included in multivariate model. CPR, cardiopulmonary resuscitation; EMS, emergency medical

services; p-VT, pulseless ventricular tachycardia.

Table 4 - Factors contributing to secondary outcomes.

30-day survival Univariate Multivariate
Odds ratio (95%Cl) p Value Odds ratio (95%Cl) p Value
Age, 1 year 0.97 (0.97—0.97) <0.001 0.97 (0.97—-0.98) <0.001
Male 1.18 (1.10—1.28) <0.001 0.89 (0.82—-0.97) 0.007
Cardiogenic 2.46 (2.18-2.78) <0.001 2.08 (1.81-2.39) <0.001
Year 1.06 (1.03—-1.08) <0.001 1.05 (1.02—-1.07) <0.001
Bystander CPR 1.42 (1.34—1.52) <0.001 1.48 (1.38—1.59) <0.001
Time from collapse to EMS contact, 1 min 0.93 (0.93-0.94) <0.001 0.93 (0.92—-0.94) <0.001
Time from EMS contact to 1st defibrillation, 1 min 0.86 (0.84—0.88) <0.001 0.88 (0.86—0.89) <0.001
Epinephrine 0.44 (0.40—0.47) <0.001 0.46 (0.42—0.50) <0.001
Advanced airway management 0.49 (0.46—0.53) <0.001 0.59 (0.55—0.63) <0.001
p-VT 0.63 (0.51-0.80) <0.001 1.41 (1.03-1.95) 0.037
Prehospital ROSC Univariate Multivariate
Odds ratio (95%Cl) p Value Odds ratio (95%Cl) p Value

Age, 1 year 0.99 (0.99—-0.99) <0.001 0.99 (0.99-0.99) <0.001
Male 0.99 (0.92—1.06) 0.79 0.84 (0.77-0.91) <0.001
Cardiogenic 1.83 (1.64—2.04) <0.001 1.51 (1.34-1.71) <0.001
Year 1.05 (1.03—1.08) <0.001 1.05 (1.02—1.07) <0.001
Bystander CPR 1.34 (1.27—1.43) <0.001 1.38 (1.30—1.48) <0.001
Time from collapse to EMS contact, 1 min 0.95 (0.94—0.95) <0.001 0.94 (0.94-0.95) <0.001
Time from EMS contact to 1st defibrillation, 1 min 0.90 (0.88—-0.91) <0.001 0.91 (0.90—-0.93) <0.001
Epinephrine 0.68 (0.64—0.73) <0.001 0.77 (0.72—-0.83) <0.001
Advanced airway management 0.52 (0.48—0.55) <0.001 0.56 (0.52—0.60) <0.001
p-VT 1.01 (0.83—1.23) 0.941 1.90 (1.42—2.55) <0.001

Logistic regression analysis, all variables in univariate analysis included in multivariate model. ROSC, return of spontaneous circulation; CPR, cardiopulmonary
resuscitation; EMS, emergency medical services; p-VT, pulseless ventricular tachycardia.
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The subgroup analysis which assessed adding witnessed status in
patients with shockable rhythms are shown in Supplemental Fig. S2
and Supplemental Tables S3,S4. After adjustment for covariates,
EMS responder-witnessed had the most favorable primary and
secondary outcomes than other two witnessed types. Subsequently,
bystander-witnessed had better favorable primary and secondary
outcomes than unwitnessed type. p-VT also remained anindependent
factor for both the primary and secondary outcomes in a subgroup
analysis.

Discussion

In this study using a large, prospective nationwide registry of OHCA,
we demonstrated that p-VT was associated with better favorable 30-
day neurological survival rates, 30-day survival rates, and prehospital
ROSC rates after adjusting for patient factors and prehospital care-
related factors.

Meaney et al. reported that clinical outcomes were comparable
between p-VT and VF as the initial documented cardiac rhythms.'®
There were no significant associations with the initial documented
rhythms and 30-day neurological outcomes (p-VT versus VF; 31.2%
versus 31.6%, adjusting OR = 1.07, 95%CI = 0.93—1.22), ROSC
rates (p-VT versus VF; 67.5% vs 62.6%, adjusting OR = 0.88, 95%
Cl=0.78-1.00), and 24-hour survival rates (p-VT versus VF; 53.3%
vs 50.6%, adjusting OR = 1.01, 95%CI = 0.90—1.13). However, their
report focused on the outcomes of in-hospital cardiac arrest (IHCA).
Therefore, patient background, resuscitation-related time intervals,
and adjusting variables were different from those in our study.
Compared to patients with OHCA, most patients with IHCA can be
underwent CPR as soon as possible under monitoring by
electrocardiogram, while they are acutely ill and have other acute
comorbidities. In OHCA, the importance of improvements in “chain
of survival’, shortening resuscitation-related time intervals, has
been accepted widely.'”'® Previous study reported that the
differences in both resuscitation efforts and time interval to start
treatment between OHCA and IHCA have influenced the neurologi-
cal outcome.’® As “chain of survival”, as well as resuscitation efforts,
yearly trends in the proportion of bystander CPR in VF increased,
which contributed to increased favorable 30-day neurological
outcome in VF. It is unknown why it was not in patients with
p-VT as a shockable rhythm in OHCA.

In this study, time from collapse to bystander CPR and time from
collapse to EMS contact were shorter in patients with p-VT than those
with VF. The superiority of these resuscitation-related time intervals
may contribute the favorable outcomes in patients with p-VT. In
addition, VT can initially keep hemodynamics with producing a
perfusing rhythm, whereas in VF the heart is unable to function as a
pump. Sustaining of VT lead to hemodynamic instability and
conversion to VF,2%?" resulting in a long-time interval from collapse
to EMS contact in VF patients. Furthermore, time from defibrillation to
ROSC was shorter in p-VT, suggesting that p-VT may respond better
to the initial defibrillation than VF. Many factors such as time from
collapse to defibrillation, the causes of cardiac arrest, and physi-
ologies might be complicatedly associated the response to the
defibrillation. Regarding the causes of cardiac arrest, p-VT patients
had more non-cardiogenic causes than VF patients, contributing a low
defibrillation rate in p-VT patients. Only 48.3% of p-VT underwent
defibrillation, whereas 95.3% of VF was. While the reason why a low
defibrillation rate in p-VT patients despite a shockable rhythm is

unknown, the factors such as a situation and a location of cardiac
arrest which we could not collect may have influenced. Note that,
among patients with p-VT, patients who underwent defibrillation had a
higher ROSC rate than patients who did not (43.6 versus 21.9%,
p < 0.001), and patients who achieved ROSC had shorter time from
collapse to first defibrillation than patients who did not (11 versus 14
min, p = 0.02). Therefore, an earlier defibrillation is reasonable
regardless of a low defibrillation rate in p-VT patients in this study.

Our study has several limitations that need to be taken into
account. First, there were no details on the potential variability in post-
arrest care (hemodynamic support, induced hypothermia, and
coronary interventional therapies), although the development of
these treatments could also explain the improved outcomes. Second,
this study had only a 5-year observation period. Therefore, long-term
observation is needed to assess the differences in outcomes between
p-VT and VF. We enrolled patients with OHCA between January 2011
and December 2015, because the 2010 AHA Guidelines for CPR and
ECC recommended a change in the basic life support (BLS) sequence
from A-B-C (Airway, Breathing, Chest compressions) to C-A-B (Chest
compressions, Airway, Breathing) for patients with OHCA.?> There-
fore, we did not examine the data before 2010, which marks a change
in prehospital care-related factors. Third, the diagnosis of arrhythmias
on OHCA was mostly dependent on EMS responders. It may have
been difficult to distinguish between polymorphic VT as well as
Torsades de Pointes or VF, or between slow p-VT and PEA in the
electrocardiogram. Presumably, patients who were identified as VF
may include polymorphic VT. Furthermore, the reliability or validity of
detecting p-VT is controversial, because whether pulseless or not is
subjective of an EMS responder. In addition, dispatcher-assisted CPR
as well as the quality of resuscitation affects the neurological
outcome.?® Although the training and experience of EMS responders
influence clinical outcomes, no information about these points was
available. Fourth, the “true” initial cardiac rhythm is unknown. The time
from collapse to defibrillation was longer in patients after we excluded
those in whom a public AED was used. Therefore, the initial cardiac
rhythm might change during CPA; VT may convert to VF or asystole.
Moreover, survival outcomes were worse following PEA/asystole with
subsequent VT/VF (VT or VF occurring during resuscitation for PEA or
asystole) compared to PEA/asystole without subsequent VT/VF."" 24
We did not assess rhythm conversion, which may affect the outcome.
Additionally, the reliability and validity of time points obtained by
interviews with bystanders were uncertain, while we focused on the
time course of resuscitation. Finally, in all epidemiological studies,
dataintegrity, validity, and ascertainment bias are potential limitations.
The use of uniform data collection, a large sample size, and a
population-based design to cover all known OHCAs in Japan were
intended to minimize these potential sources of bias.

Conclusions

In this nationwide, population-based study of OHCA, p-VT as the initial
documented rhythm was associated with higher favorable 30-day
neurological survival rates, 30-day survival rates, and prehospital
ROSC rates than VF.
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