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Interruptions of Chest Compressions During Emergency
Medical Systems Resuscitation

Terence D. Valenzuela, MD; Karl B. Kern, MD; Lani L. Clark, BS; Robert A. Berg, MS;
Marc D. Berg, MS; David D. Berg; Ronald W. Hilwig, DVM, PhD; Charles W. Otto, MD;
Daniel Newburn, BS; Gordon A. Ewy, MD

Background—Survival after nontraumatic out-of-hospital (OOH) cardiac arrest in Tucson, Arizona, has been flat at 6%
(121/2177) for the decade 1992 to 2001. We hypothesized that interruptions of chest compressions occur commonly and
for substantial periods during treatment of OOH cardiac arrest and could be contributing to the lack of improvement in

resuscitation outcome.

Methods and Results—Sixty-one adult OOH cardiac arrest patients treated by automated external defibrillator (AED)—
equipped Tucson Fire Department first responders from November 2001 through November 2002 were retrospectively
reviewed. Reviews were performed according to the code arrest record and verified with the AED printout. Validation
of the methodology for determining the performance of chest compressions was done post hoc. The median time from
“9-1-1" call receipt to arrival at the patient’s side was 6 minutes, 27 seconds (interquartile range [IQR, 25% to 75%],
5 minutes, 24 seconds, to 7 minutes, 34 seconds). An additional 54 seconds (IQR, 38 to 74 seconds) was noted between
arrival and the first defibrillation attempt. Initial defibrillation shocks never restored a perfusing rhythm (0/21). Chest
compressions were performed only 43% of the time during the resuscitation effort. Although attempting to follow the
2000 guidelines for cardiopulmonary resuscitation, chest compressions were delayed or interrupted repeatedly
throughout the resuscitation effort. Survival to hospital discharge was 7%, not different from that of our historical

control (4/61 versus 121/2177; P=0.74).

Conclusions—Frequent interruption of chest compressions results in no circulatory support during more than half of
resuscitation efforts. Such interruptions could be a major contributing factor to the continued poor outcome seen with

QOH cardiac arrest. (Circulation. 2005;112:1259-1265.)

Key Words: cardiopulmonary resuscitation m circulation m resuscitation ® heart arrest

undreds of thousands of cardiac arrest victims continue

to die each year despite our best efforts.! Resuscitation
with neurologically normal long-term survival remains an
elusive goal, even though updated cardiopulmonary resusci-
tation (CPR) guidelines are published nearly every 6 years.2-¢
Advances in resuscitation, such as use of automated external
defibrillators (AEDs), can improve survival in specific cir-
cumstances’ but have failed to improve overall survival
rates in some communities.

Recent studies have established that many professional
providers struggle to accomplish the resuscitation tasks out-
lined in the guidelines.!’12 For example, Wik et al!! found
that out-of-hospital (OOH) cardiac arrest victims treated by
paramedics or nurse anesthetists received chest compressions
only 52% of the time. In addition, 62% of the chest compres-
sions given were less than the recommended depth
(<<38 mm).!! Abella et al'2 found that in-hospital cardiac
arrest response teams, comprising an ample number of highly

trained medical personnel, had very similar difficulties in
providing CPR according to the guideline’s recommenda-
tions. In their prospective observational series of 67 patients
with in-hospital cardiac arrest, these authors found that chest
compressions were not being provided during 24% of the
resuscitation time and that 37% of all chest compressions
according to the guidelines were too shallow (<38 mm).
Such experiences suggest that the actual performance of CPR,
even by professional rescuers, may vary greatly from the
intended ideal,

In our community, OOH cardiac arrest survival rates are
tracked by the Tucson Fire Department (TED). Despite
continued efforts at quality improvement and incorporation of
all revised resuscitation guidelines into the emergency med-
ical systems (EMS) response protocols during the last 10
years, there has been no improvement in survival (Table 1).

This lack of improvement in OOH cardiac arrest survival
motivated us to more carefully examine what actually occurs
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TABLE 1. Annual 00H Cardiac Arrest Survival Rates in
Tucson, Arizona, 1992-2001

Survival to Hospital Discharge Rate, %

Year All Initial Rhythms VF Initial Rhythm
1992 7 14
1993 9 13
1994 4 7
1995 4 9
1996 4 8
1997 5 8
1998 7 9
1999 8 10
2000 5 8
2001 5 10

Overall survival to hospital discharge rate for the decade 1992-2001 was
6+2%. The survival to discharge rate of those with VF as the initial rhythm for
the same period was 10+2%. Table includes all presenting rhythms of cardiac
arrest. All EMS vehicles were equipped with AEDs by December 1997. Trauma
arrests were not included.

during our guidelines-based TFD EMS resuscitations. Of
note, all TFD personnel involved in EMS activities receive
extensive retraining and skill refreshment on a regular basis
(monthly). Quality improvement is performed through regu-
lar review of all resuscitation field records. We hypothesized
that interruptions of chest compressions occur commonly and
for substantial periods during treatment of OOH cardiac
arrest. We therefore conducted a retrospective review of the
TFD cardiac arrest resuscitation efforts during the [2-month
period between November 2001 and November 2002 to
determine the proportion of time spent doing chest compres-
sions during each resuscitation attempt.

Methods
The TFD provides a 2-tiered, single EMS system for the City of
Tucson (population 487 000; area 505 km?). All TFD EMS first
responders use a bag-mask device and work in at least pairs and
sometimes a foursome, hence providing multirescuer CPR.

The database is part of a TFD quality improvement program for its
treatment of OOH cardiac arrest. The TED has statutory authority to
collect and analyze cardiac arrest data as part of its public health
quality assurance responsibilities. The local institutional review
board has determined that consent to compile such data is unneces-
sary. If information is needed from the patient’s hospital medical
record, consent is obtained,

Case and Survival Definitions

All included subjects were at least 16 years old and had suffered a
nontraumatic cardiac arrest. Whether or not a case was “witnessed”
was determined by review of the dispatch and paramedic records.
Performance of “bystander CPR” was visually determined by the
EMS provider on arrival. Time from “collapse to 9-1-1 call” was not
reliably available for all patients and therefore, was not reported. The
“0-1-1 call to arrival at the patient’s side” interval included the time
needed to find the patient and begin assessment. “Arrival-to-
diagnosis” interval included the time at the patient’s side needed to
make a rhythm diagnosis, and the “diagnosis-to-treatment” time
interval encompassed the time from rhythm diagnosis to either
defibrillation or chest compressions. “Total time on the scene”
interval was from arrival at the patient until decision to transport the
patient and did not include the time of transport to the hospital.

“Survival to hospital admission” was defined as spontaneous circu-
lation allowing admission to the intensive care unit. “Survival to
hospital discharge” included discharge to home or another care
facility.

Study Data

Cardiac arrest incidence and survival rates in Tucson, Arizona, were
obtained from the TFD cardiac arrest database for a 10-year period
(1992 to 2001) for historical comparison. The data reported in this
study are from the 12-month period of November 2001 through
November 2002. During this period, the TFD was using the 2000
guidelines algorithms for cardiac arrest resuscitation efforts. An
ongoing, expanded Utstein-style!3 survey of prehospital cardiac
arrest undertaken jointly by the TFD and the University of Arizona
College of Medicine identified 61 cases of OOH cardiac arrest
treated by TFD EMS first responders equipped with voice-recording
AEDs during the designated 12-month study period. A total of 413
cardiac arrests occurred during this period, but most were not
included in this analysis because the full AED data set (both voice
and ECG) were unavailable. Most of these nonincluded cases were
treated by paramedic first responders using either a manual defibril-
lator or a non-voice-recording AED. Resuscitation was not at-
tempted in patients found with rigor mortis or other obvious evidence
of irreversible death. Cases of cardiac arrest resulting from trauma,
drowning, electrocution, known terminal illness, or sudden infant
death syndrome were excluded. Details on the collection of data
within the TFD cardiac arrest database have been previously
reported, 413

Quality Assurance

The TFD provides regular training about the EMS aspects of their
professional responsibilities. Required, quarterly, all-day educational
training sessions occur, during which resuscitation education and
skill refreshment are included. A mandatory skills laboratory is
required every 6 months as well. Quality assurance is performed
through careful review of each and every resuscitation call and
attempt. Indeed, the mandated purpose for the TFD resuscitation
database was for quality improvement.

Data Collection and Call-to-Event Time Intervals
Collapse-to-event intervals were calculated through the use of
monitor-defibrillator units (Lifepak 500 AED and Lifepak 12,
Medtronic Emergency Response Systems) equipped with event
documentation capacity. These units record the cardiac rhythm
during each arrest. Within 24 hours of a cardiac arrest event, TFD
personnel transmit by telephone line the recorded continuous wave-
form to 1 of 3 dedicated computers. The continuous ECG waveform
begins when the device is powered on and ends when the device is
powered off. The computer automatically synchronizes the time in
the device and on the waveform with the atomic clock. Each event is
reviewed in its entirety, and the waveform is examined with the Code
Stat Suite Reviewer (Code Stat Suite version 4.1.1, Medtronic
Emergency Response Systems). The Figure illustrates such AED
ECG recordings. The cursor is placed at the beginning point of the
first compression, and the time is documented in hours, minutes, and
seconds., The cursor is then placed at the end point of the last
compression before a delay for any reason, and the time is docu-
mented. This process continues throughout the resuscitation effort
until transport begins, the prospectively identified termination point
of the study, because previous experience with this system has
shown that motion artifact markedly increases during transport and
limits reliability. No assumptions or estimates are made in analyzing
the recordings. The Lifepak 500 AEDs are also equipped with voice
recording, which allows annotation of other interventions at the
appropriate times (ie, intubation, etc). All annotations and time
documentation become part of the event log. The event log was then
reviewed by 2 of the authors, and the study time intervals were
calculated.
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An AED ECG record from a representative patient. A, The ECG record from the AED after a shock for prolonged VF resulting in asys-
tole. Chest compressions were begun (15 delivered) followed by a pause of 2 ventilations. The ventilations are not well seen, but an
isolated intrinsic QRS complex is noted. B, The slow intrinsic QRS complexes without assistance from chest compressions, followed
by the resumption of chest compressions. C, The continued intrinsic QRS complexes during chest compressions, followed by a sus-
tainable intrinsic and faster QRS rhythm. Abbreviations are as defined in text.

Statistical Methods

Descriptive statistics, such as proportions and percentiles, were used
to highlight when chest compressions were and were not performed.
Such data are reported as mean+SD. x* or Fisher’s exact test was
used to compare such proportions with eatlier reports from this
database. The time interval data are reported as the median, with
25% to 75% interquartile range (IQR) because of the nonnormal
distribution of these data. Other nonparametric testing was per-
formed with a Mann-Whitney U test, and an unpaired, 2-tailed
Student ¢ test was performed on parametric data. A value of P=0.05
was considered significant. All analyses were performed with either
StatView 5.0 (SAS Institute) or InStat for Macintosh, version 3
(Graphpad Software) software.

Post Hoc Validation Study

A post hoc validation study was done in swine to confirm the
accuracy of our methodology for determining the performance of
chest compressions using the LifePak [2 AED continuous ECG
record. All animal experiments were conducted with the approval of
the University of Arizona Institutional Animal Care and Use
Committee.

Four healthy, domestic swine (251 kg) were studied. Each was
anesthetized and instrumented as previously reported from our
laboratory.16 The animal was shaved over the entire thorax, and an
AED (Lifepak 12) was placed with the pads over the right anterior
chest and the left lateral chest.

Experimental Measurements

Hemodynamics, including aortic systolic and diastolic pressures,
right atrial systolic and diastolic pressures, and calculated coronary
perfusion pressure (aortic diastolic pressure—simultaneous right
atrial diastolic pressure), were measured throughout the CPR period.
ECG monitoring was done both by standard limb leads and sepa-
rately by the AED.

Experimental Protocol

After 7 minutes of untreated ventricular fibrillation (VF), each
animal underwent attempted defibrillation, and then CPR (chest
compressions and ventilations) was performed. According to the
2000 guidelines, chest compressions were periodically interrupted to
reassess the animal and attempt further defibrillation, if indicated
(eg, presence of VF). The time period during which chest compres-
sions were performed was determined by 2 different techniques. The
hemodynamic record was played back at real-time speed and
reviewed by one investigator (R.W.H.). The cumulative time period
during which chest compressions were actually performed was
recorded with a stopwatch. A second investigator (L.L.C.) calculated
the time during which chest compressions were performed using the
AED continuous ECG waveform, as was done in the clinical portion

of this study. The total time during which chest compressions were
performed was calculated for each animal by the 2 different
techniques. The total chest compression time was then compared
between the 2 techniques with a simple regression analysis (Statview
5.0 statistical software, SAS Institute).

Results

The methodology of using the AED continuous-waveform
data to determine when chest compressions were and were
not performed was validated with the post hoc animal study.
No difference in the proportion of time with and without
chest compressions was found, whether such were calculated
from the actual hemodynamic record during CPR or the AED
ECG waveform data obtained during CPR. Assessing for
chest compressions from the intra-aortic pressure waveform
showed that the percentage of resuscitation effort with chest
compressions for the 4 animals averaged 34.9%15.9%,
whereas the AED ECG record revealed that chest compres-
sions were performed 35.3+16.7% of the time. A comparison
of the 2 techniques produced a correlation coefficient (+?) of
0.997 (P=0.0014).

The demographics of the study population are shown in
Table 2. No data are presented on time of collapse to 9-1-1
call. Such data are difficult to accurately collect and more so
to verify.!” The median time interval from 9-1-1 call to arrival
at the patient’s side was 6 minutes, 27 seconds (25% to 75%
IQR, 5 minutes, 24 seconds, to 7 minutes, 34 seconds).
Another 30 seconds (IQR, 13 to 57 seconds) was needed from
arrival at the patient’s side until a rhythm diagnosis was
made. The time interval from making a diagnosis until
rhythm-specific therapy was begun, ie, defibrillation for VF
or chest compressions for non-VF, was 20 seconds (IQR, 12
to 25 seconds). The total time interval from 9-1-1 call to
institution of definitive treatment (defibrillation or chest
compressions) was 7 minutes, 33 seconds (IQR, 6 minutes, 28
seconds, to 8 minutes, 45 seconds).

The time interval from airival at the patient in VF to
delivering the first shock was 54 seconds (IQR, 38 to 74
seconds). The interval between the first and second shocks
was 27 seconds (IQR, 25 to 63 seconds), with an additional
30 seconds (IQR, 22 to 70 seconds) between the second and
third shocks. Overall, the time interval to deliver the 3
recommended shocks for refractory VF was 1 minute, 44
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TABLE 2. Study Population Demographics

No. 61
Age, y (mean--SD) 63+18
Gender, n (%)

Male 36 (59)

Female 25 (41)
Witnessed, n (%) 31 (51)
Not witnessed, n (%) 30 (49)
Bystander GPR,* n (%) 32(52)
No bystander CPR, n (%) 29 (48)
Witnessed and bystander CPR, n/N (%) 18/31 (58)
Witnessed but no bystander CPR, n/N (%) 13/31 (42)
Initially detected rhythm, n (%)

VF 20 (33)

Non-VF 41 (67)
Survival to hospital admission, n (%) 10 (16)
Survival to hospital discharge, n (%) 4(7)

*Bystander CPR includes all who received CPR before arrival of EMS.
Nineteen of these 32 (59%) had bystander CPR by medical personnel with a
duty to respond (nursing home staff, registered nurses at dialysis units,
physician at office, etc). Only 15 of the total 61 cases (25%) had bystander CPR
by nonprofessionals without a “duty” to respond.

seconds (IQR, 1 minute, 34 seconds, to 1 minute, 54
seconds). Interestingly, it was uncommon that 3 shocks were
needed to terminate VF (only 5 times in 21 cases of VF), The
total time from 9-1-1 call to transport was 22 minutes, 43
seconds (IQR, 15 minutes, 50 seconds, to 27 minutes, 41
seconds).

Most notably, chest compressions were performed only
43*18% of the time during the resuscitation effort. Hence,
no chest compressions were performed during the majority of
the active resuscitation effort. Chest compressions were often
not begun when EMS providers initially arrived at the patient
in cardiac arrest and, once begun, were frequently interrupted
for other resuscitation tasks. The time interval from arrival at
the patient’s side until the first chest compression recorded by
the AED was a median of 78 seconds (IQR, 56 to 129
seconds). The longest continuous period of chest compres-
sions was 122 seconds (IQR, 68 to 206 seconds), whereas the
shortest continuous period was 11 seconds (IQR, 7 to 20
seconds). Similarly, the median time for the longest period
without chest compressions was 172 seconds (IQR, 109 to
246 seconds). The shortest period of no chest compressions

was 11 seconds (IQR, 8 to 18 seconds). The median time with
continuous chest compressions was 55 seconds (IQR, 43 to
74 seconds), whereas the median time period when no
compressions were performed was 57 seconds (IQR, 40 to 78
seconds).

The first 5 minutes of resuscitation effort for OOH cardiac
arrest are crucial, because many of these individuals will have
already been in cardiac arrest for 6 to 12 minutes before the
arrival of professional EMS personnel. In reviewing our
database specifically for what is actually done in the first 5
minutes on arrival at the patient’s side, we found that chest
compressions were being performed only 40%21% of the
time during this crucial period. When we compared the first
5 minutes and the entire data set, no significant differences in
the proportion of time with and without chest compressions,
or in the average period of time when chest compressions
were and were not performed, were found (Table 3).

Twenty-one patients (34%) had VF during the resuscitation
requiring defibrillation. After the first shock, 17 of 21 were
successfully defibrillated, but all converted to asystole (12/
I7) or pulseless electrical activity (5/17). Four patients
remained in VF after the initial shock. Of note, no initial
defibrillation shock resulted in a perfusing rhythm.

In 10 of the 61 patients, spontaneous circulation was
restored and they were admitted alive. Eight of these 10 had
an initial rhythm of VF. Nine of the 10 had a witnessed
cardiac arrest, 8 received bystander CPR, and 8 were both
witnessed and received bystander CPR. Those successfully
resuscitated had significantly greater rates of each of these
parameters compared with those who could not be resusci-
tated (Table 4). Four of 61 (7%) patients survived to hospital
discharge.

Discussion
Weisfeldt and Becker!? described 3 phases of VF cardiac
arrest. In the first few minutes, the electrical phase, immedi-
ate defibrillation is crucial for optimal survival. After the first
few minutes, the circulatory phase begins, wherein providing
some circulation before defibrillation improves outcome.!®
This study shows that experienced, professional EMS re-
sponders perform chest compressions <<50% of the time in
their resuscitation efforts for OOH cardiac arrests. This is
especially distressing, because almost all of these patients are
in the circulatory phase of cardiac arrest on arrival of EMS
providers. The current 2000 guidelines for CPR and emer-
gency cardiovascular care emphasize the importance of rapid

TABLE 3. Comparison of First 5 Minutes vs the Entire Resuscitation Effort

First 5 Minutes Entire Effort P
Time with CCs, % 40+21 4318 NS
Time without CCs, % 60+21 5718 NS
Longest period with CCs, seconds 65 (46, 84) 122 (68, 206) 0.0001
Average period with CCs, seconds 46 (30, 67) 55 (43, 74) NS
Longest period without CCs, seconds 95 (70, 147) 172 (109, 246) 0.0001
Average period without CCs, secands 56 (41, 87) 57 (40, 78) NS

CC indicates chest compression. Time interval data are reported as median and (25%, 75%

interquartile range).
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TABLE 4. Qutcome Data for OOH Cardiac Arrest

Successfully Not
Resuscitated ~ Resuscitated P
n 10 51
Age, y 66+19 62+18 0.51
Gender, %
Male 30 65 0.08
Female 70 35
Initial rhythm, %
VF 80 33 0.02
Non-VF 20 67
Witnessed, % 90 4 0.002
Bystander CPR, % 90 47 0.02
Witnessed and bystander CPR, % 80 24 0.002
9-1-1 call to arrival, seconds 333 391 0.1
Arrival to CCs, seconds 99 70 0.21
Total time at scene, seconds 549 1040 0.005
Time with CCs, % 34 49 0.09

CC indicates chest compression.

defibrillation because most survivors of OOH cardiac arrest
are those with VF. The importance of rapid defibrillation for
those with VF cannot be denied. However, statements such as
“Give shocks as soon as a defibrillator is available”!” have led
to the relegation of all other efforts in favor of making a
rhythm diagnosis (to detect VF), with immediate shock of all
cases of VF, regardless of duration. In the current era of
AED-equipped EMSs, this approach may result in significant
periods during the initial resuscitation effort when no chest
compressions are performed.?0?! AEDs currently in use in
many communities require substantial time to analyze,
charge, shock, and then reanalyze, during which time the
AED continually warns “Do not touch the patient.” Newer
versions of AEDs require considerably less time to perform
these functions, during which chest compressions must be
halted.

Other resuscitation tasks can also interrupt the performance
of chest compressions, Reassessing the patient for pulses or
rhythm changes, placement of intravenous lines, and intuba-
tion of the trachea can all interrupt chest compressions.
Without careful attention, a substantial percentage of the
resuscitation time can elapse without chest compressions (ie,
without perfusion).

Recent data from Wik et al'® show that with prolonged
OOH cardiac arrest due to VF (“prolonged” defined as EMS
arrival >5 minutes from emergency call), long-term survival
rates were greater when chest compressions were provided
before defibrillation. Such data highlight the importance of
chest compressions for OOH VF cardiac arrest, unless defi-
brillation is available within 4 or 5 minutes of onset. The TFD
data show that in a medium-size urban environment, it is
uncommon for EMS personnel to reach OOH victims of
cardiac arrest within this time period. Our average time
interval from 9-1-1 call to arrival at the patient was >6%2
minutes, and another 1 to 2 minutes were required from
arrival at the patient’s side to delivery of specific therapy.

Even before including the interval from collapse to 9-1-1 call,
the average duration of VF before EMS arrival is clearly
within the time frame of the circulatory phase of VF cardiac
arrest, when chest compressions and a period of hemodynam-
ic support provided by professional EMS providers appear
beneficial before attempts at defibrillation.'9.18

Our initial defibrillation results illustrate what happens
when prolonged VF is shocked before CPR is provided. None
of the 21 initial shocks for VF resulted in a perfusing rhythm,
similar to a recent report of the treatment of OOH cardiac
arrest from the Netherlands, wherein only 4% (5/120) of
initial shocks resulted in a return of spontaneous circulation
without additional advanced cardiac life support therapy.??
The majority of our Tucson OOH VF episodes were termi-
nated with the initial shock (17/21), but always to a nonper-
fusing rhythm. Schneider et al?® demonstrated similar results
in the ORCA study, wherein they found that the first shock
successfully terminated VF 77% (88/115) of the time. How-
ever, after prolonged VF, nearly all patients convert to a
pulseless rhythm and fail to return to spontaneous circulation
unless chest compressions are provided both before and after
defibrillation.

The first few minutes of EMS therapy are probably the
most important for successful resuscitation. Because almost
all EMS resuscitation therapy will begin in the circulatory
phase, simply because of the elapsed time from notification to
arrival and treatment, providing circulation must be deemed
the crucial early step. In the OOH scenario, chest compres-
sions should occupy the majority of the first few minutes of
EMS therapy. Unfortunately, comparing the first 5 minutes of
treatment with the entire period of EMS-provided resuscita-
tion effort revealed no differences in the percentage of time
that chest compressions were performed (Table 3). In this
crucial first 5 minutes of EMS resuscitation, chest compres-
sion—generated circulation was provided only 40% of the
time! Animal studies have established that such interruptions
of chest compressions are lethal in models of prolonged
VF?4-26; likewise, interruptions in either breathing or com-
pressions can be harmful in asphyxial arrest.?”.?® It seems
unreasonable to expect good outcomes after cardiac arrest
when circulatory support is nonexistent for more than half of
the resuscitation effort.

Wik et al! recently published similar data showing signif-
icant periods of no chest compressions during professional
first-responder treatment of OOH cardiac arrest. These au-
thors found that no chest compressions were performed
during 48% of the time when the patient was without
spontaneous circulation. We found a similar percentage
(57%). Likewise, during the first 5 minutes of professional
resuscitation, chest compressions were performed only 51%
of the time in their series (vs 40% in ours). These results are
strikingly similar and verify that in OOH resuscitation efforts
by professional first responders, a significant amount of time
elapses with no hemodynamic support in the absence of
spontaneous circulation. Wik et al note that if their study is
applicable to how CPR is delivered in other communities,
then there is a great opportunity to improve current outcomes.
Our study shows that similar challenges with interrupting
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chest compressions during the performance of CPR exist
among professional rescuers in the United States.

Stiell et al?® recently reemphasized the importance of
bystander CPR in improving resuscitation outcomes for OOH
cardiac arrest. Our data also suggest that many patients who
were successfully resuscitated in Tucson were those whose
cardiac arrest was witnessed and who receive bystander CPR
(Table 4). Bystander CPR did not result in a successful
outcome in unwitnessed cardiac arrest (1/14 resuscitated,
0/14 survived). Unfortunately, more than one third of wit-
nessed cardiac arrest victims in our study did not receive
bystander CPR (11/31, 35%). We hypothesize that if by-
stander CPR were simpler and thereby easier to remember
and perform, then more of these witnessed cardiac arrest
victims would receive this important early step in the chain of
survival.

A trend toward more time with chest compressions during
the resuscitation effort in nonsurvivors is also noted in Table
4. This apparent contradiction can be explained by the
observation that those resuscitated typically responded
quickly (to early defibrillation in a bystander-witnessed
arrest), whereas those still requiring resuscitation efforts after
10 minutes generally were in non-VF rhythms, and by that
time, there was very little else to do but compress the chest;
hence, minimal interruption of chest compressions occurred
until transport or declaration of death.

On the basis of these data, we are now embarking on a joint
project with the TFD, the City of Tucson, and the Sarver
Heart Center at the University of Arizona to limit EMS chest
compression interruptions and to increase the rate of by-
stander CPR in witnessed, adult cardiac arrest.

Limitations

This study is a selective, subgroup, retrospective analysis of
the TFD quality assurance cardiac arrest database. The
potential pitfalls of such analyses are well documented and
acknowledged. The methodology of determining when chest
compressions were and were not performed from the AED
continuous waveform was validated in a post hoc animal
experiment. Excellent correlation between the hemodynamic
record and the AED record of chest compressions was found.
Using our described methodology allowed such data to be
collected without any additional equipment, as required in the
2 previous reports of Wik et al'! and Abella et al.'? Alterna-
tive approaches, such as direct observation of EMS-provided
resuscitation care, introduces the potential for observed per-
formance bias. Although EMS providers know that the AED
records their resuscitation efforts, such devices have become
so commonplace that the chance of enhanced performance
while under observation is greatly decreased.

An alternative explanation for the flat survival rate during the
last 10 years is that although AEDs and early defibrillation have
improved outcome in sudden, witnessed VF arrest, the decreased
incidence of initial VF in OOH cardiac arrest has made the
impact of this improvement less noticeable. A number of studies
have documented this decrease in VF as the initial thythm
detected in OOH cardiac arrest.!1:29-31 Tn the rising number of
non-VF cardiac arrest cases, for whom the most effective
treatment is perfusion of the myocardium and central nervous

system, avoiding interruptions of chest compressions may be
even more important.

Conclusion

Professional EMS providers give chest compressions less
than half of the time during their resuscitation efforts, There
are many causes for such interruptions, but certainly the lack
of hemodynamic support during the majority of the resusci-
tation effort could be contributing to the poor long-term
outcomes. More attention should be paid to eliminating such
chest compression interruptions during treatment of cardiac
arrest victims by EMS personnel. Prospective studies are
needed to determine the impact on outcome of decreasing
such interruptions.
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INCE THE FIRST STANDARDS AND

guidelines for cardiopulmo-

nary resuscitation (CPR) were

published 30 years ago' (with
the latest update in 2000**) health care
professionals in and out of the hospi-
tal have been trained accordingly
around the world. The importance of
CPR, defined as chest compressions and
ventilation, for survival of cardiac ar-
rest patients has been demonstrated,*
and there are indications that the qual-
ity of CPR performance influences the
outcome.>”

When tested on mannequins, CPR
quality performed by lay rescuers and
health care professionals tends to dete-
riorate significantly within a few months
after training ' butlittle is known about
the quality of clinical performance on pa-
tients. Aufderheide et al" recently ob-
served short periods with inappropri-
ately high ventilation rates during
advanced cardiac life support (ACLS),
and van Alem et al"? found long pauses
in CPR when first responders used au-
tomated external defibrillators.

We therefore studied the perfor-
mance of paramedics and nurse anes-
thetists during out-of-hospital ACLS by
continuously monitoring all chest com-
pressions and ventilations during re-

See also pp 305 and 363,
and Patient Page.

©2005 American Medical Association. All rights reserved.

Context Cardiopulmonary resuscitation (CPR) guidelines recommend target values
for compressions, ventilations, and CPR-free intervals allowed for rhythm analysis and
defibrillation. There is little information on adherence to these guidelines during ad-
vanced cardiac life support in the field.

Objective To measure the quality of out-of-hospital CPR performed by ambulance
personnel, as measured by adherence to CPR guidelines.

Design and Setting Case series of 176 adult patients with out-of-hospital cardiac
arrest treated by paramedics and nurse anesthetists in Stockholm, Sweden, London,
England, and Akershus, Norway, between March 2002 and October 2003. The defi-
brillators recorded chest compressions via a sternal pad fitted with an accelerometer
and ventilations by changes in thoracic impedance between the defibrillator pads, in
addition to standard event and electrocardiographic recordings.

Main Outcome Measure Adherence to international guidelines for CPR.

Results Chest compressions were not given 48% (95% Cl, 45%-51%) of the time
without spontaneous circulation; this percentage was 38% (95% Cl, 36%-41%) when
subtracting the time necessary for electrocardiographic analysis and defibrillation. Com-
bining these data with a mean compression rate of 121/min (95% Cl, 118-124/min)
when compressions were given resulted in a mean compression rate of 64/min (95%
Cl, 61-67/min). Mean compression depth was 34 mm (95% Cl, 33-35 mm), 28%
(95% Cl, 24%-32%) of the compressions had a depth of 38 mm to 51 mm (guide-
lines recommendation), and the compression part of the duty cycle was 42% (95%
Cl, 41%-42%). A mean of 11 (95% Cl, 11-12) ventilations were given per minute.
Sixty-one patients (35%) had return of spontaneous circulation, and 5 of 6 patients
discharged alive from the hospital had normal neurological outcomes.

Conclusions In this study of CPR during out-of-hospital cardiac arrest, chest com-
pressions were not delivered half of the time, and most compressions were too shal-
low. Electrocardiographic analysis and defibrillation accounted for only small parts of
intervals without chest compressions.

JAMA. 2005;293:299-304 WwWW.jama.com

suscitation episodes using online defi-
brillators modified to collect such data.

hus, Norway, Stockholm, Sweden, and
London, England. Informed consent for
inclusion in the study was waived as de-
cided by these committees in accor-

METHODS

Patient Inclusion and Recruitment

The study was approved by the re-
gional ethics committees for Akers-

dance with paragraph 26 in the Decla-
ration of Helsinki.!? The study was a
case series involving patients older than
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Emergency Medicine (Dr Wik), Institute for Experimen-
tal Medical Research (Drs Wik, Kramer-Johansen, and
Steen), Division of Prehospital Emergency Medicine (Drs
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mer-Johansen); Laerdal Medical, Corp, Stavanger,
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18 years with out-of-hospital cardiac ar-
rest of all rhythms. Noncardiac causes
of cardiac arrest were included. Pa-
tients with cardiac arrest occurring be-
tween March 2002 and October 2003
were included in the study.

Equipment

Prototype defibrillators based on Heart-
start 4000 (Philips Medical Systems, An-
dover, Mass) were deployed in 6 ambu-
lances in each of the 3 regions. These
ambulances were chosen based on his-
torically high rates of cardiac arrest at
their sites. The defibrillators were fit-
ted with an extra chest pad to be
mounted on the lower part of the ster-
num with double adhesive tape. This
chest pad was fitted with an accelerom-
eter (ADXL202e, Analog Devices, Nor-
wood, Mass) and a pressure sensor
(22PCCFBG6, Honeywell Interna-
tional Inc, Morristown, NJ). The heel of
the rescuer’s hand was placed on top of
the chest pad and movement of the chest
pad was considered equal to that of ster-
nal movement during chest compres-
sions. To avoid registering movements
of the entire patient as chest compres-
sions, only movements of the sternal
chest pad with a parallel compression
force greater than 2 kg were used in the
automated analysis. A second acceler-
ometer of the same kind was fitted
within the defibrillator. Signals from this
accelerometer were subtracted from sig-
nals from the chest pad accelerometer
prior to depth calculation to compen-
sate for possible vertical motion of the
entire supporting surface. This technol-
ogy has previously been reported to mea-
sure chest compression depth with an
accuracy of 1.6 mm."

Treatment Protocol

All ambulances were staffed by para-
medics; in Stockholm, the second res-
cue vehicle at the scene also included
a nurse anesthetist. Immediately prior
to the study period, all involved per-
sonnel underwent a refresher course in
ACLS according to international CPR
guidelines** and in use of the modi-
fied defibrillator. In Akershus, a modi-
fication required that patients with ven-

300 JAMA, January 19, 2005—Vol 293, No. 3 (Reprinted)

tricular fibrillation or pulseless
ventricular tachycardia received 3 min-
utes of CPR before the first direct cur-
rent shock and between unsuccessful
series of 3 direct current shocks.'” Re-
suscitation was otherwise attempted in
accordance with the guidelines.*? The
defibrillators were used in manual mode
in Akershus and in semiautomatic
mode in the 2 other regions. The per-
sonnel were aware that we intended to
study CPR performance and that the
sternal pad recorded chest compres-
sions. They were not informed that a
primary focus was duration of time CPR
was performed.

Data Collection and Processing

Data from each resuscitation episode
were collected in 2 data cards; 1 stan-
dard card collected electrocardio-
graphic signals, time, and events, and
a second card fitted specially for this
study recorded signals from the extra
chest pad and thoracic impedance be-
tween the defibrillator pads as mea-
sured by applying a nearly constant si-
nusoidal current. After each CPR
episode, all data were extracted and col-
lected and the memory of the cards was
cleared. One person at each site was re-
sponsible for this.

The raw data consisted of timeline
and events, electrocardiographic sig-
nals, thoracic impedance, and values
from the extra chest pad, all sampled
at 500 Hz. For each episode, a copy of
the ambulance record and other writ-
ten documentation, including the Ut-
stein format for out-of-hospital car-
diac arrest,'® were collected. All data
were collected on a designated server
at the facilities of Laerdal Medical Corp,
Stavanger, Norway, and Laerdal per-
sonnel preprocessed the data by filter-
ing and down-sampling to 50 Hz to fa-
cilitate display of the data for annotation
and review. A custom-made computer
program designed for the study (Sis-
ter Studio, Laerdal Medical) was used
to view and annotate each cardiac ar-
rest case. A second standard computer
program (CodeRunner Web Express,
Philips Medical, Andover, Mass) was
used in parallel to provide further de-
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tails about electrocardiography. For
each episode, the initial rhythm and
each subsequent change in rhythm were
annotated. Pulseless electrical activity
was defined as QRS complexes with-
out blood flow, indicated either by a
clinically detected pulse or blood flow—
induced changes in thoracic imped-
ance. Impedance changes coincident
with cardiac contractions and arterial
pressure pulses have been validated
with echocardiography and blood pres-
sure measurements in pigs.'” In a pilot
study, we found these changes to be in
the range of 87 to 477 m{} in 21 healthy
volunteers, and an impedance ampli-
tude of greater than 50 m{) was used
to indicate blood flow in the present
study.

Spontaneous circulation was de-
fined as QRS complexes with blood flow
as indicated by the same factors. Time
markers were set at the start of the first
chest compression, 5 minutes thereal-
ter, and at the end of the resuscitation
episode, defined as discontinued moni-
toring or the end of treatment as judged
from recordings and written informa-
tion, The term time is used for time in-
tervals in this article and time point for
a specific point in time. The annota-
tions were made by an experienced an-
esthesiologist with training and clini-
cal practice in ACLS together with a
research engineer with working knowl-
edge of the Sister Studio program and
the measurement systems.

Compressions were calculated by in-
tegrating the difference between the 2
accelerometers over a time window de-
fined by the 2-kg threshold from the
force transducer. Compression depth
was characterized as approptiate for 38
to 51 mm (1.5-2 in),** too deep, or too
shallow. Incomplete compression re-
lease was annotated if the chest pad
pressure did not fall below 4 kg at any
time during the compression-
decompression cycle. Duty cycle was
defined as the percentage of time with
downward movement of the chest pad
divided by the total cycle time. For each
time period, the actual number of com-
pressions per minute as well as the rate
during compression periods (defined as

©2005 American Medical Association. All rights reserved.



a period with <C1.5 seconds between 2
compressions) were determined.
No-flow time (NFT) was defined as
total time minus the time with chest
compressions or spontaneous circula-
tion (NFT 2l timeiulal_ [imecompressious—
[imespumaneuus circulalion)a and the ratio be-
tween NFT and the total time without
spontaneous circulation was defined as
the no-flow ratio (NFR) [NFR=NFT/
(timelmzﬂ_ tirnespomaneous circulmiun)] . The
NFT and NFR represent the total time
during the resuscitation episode with-
out cerebral and myocardial circulation.

According to the guidelines,?? chest
compressions should not be given dur-
ing rhythm analysis, defibrillator charg-
ing, shock delivery, and pulse checks.
Adjusting the NFT by subtracting the
time required for these procedures
(NFT, 4= NFT - timegefipsiaor) thus indi-
cates time without blood flow due to
performance of the rescuer team with-
out interfering with rhythm analysis,
defibrillation attempts, or pulse checks.
Time gepbriae: Was determined for each
episode. With the defibrillator in semi-
automatic mode, actual recorded times
from the defibrillator for automatic
analysis, charging, and shock delivery
were used. In manual mode, a maxi-
mum of 5 seconds was allowed for
rhythm analysis. If an organized rhythm
was present, palpation of pulse was
allowed for a maximum of 10 seconds
and included in timegegpritaor [INFRyqj=
N FTadj/( [imelmal - timesponlm\eous circulation)] 2

The NFT,q and NFR, represent the
potential for reducing time without cir-
culation without interfering with guide-
lines recommendations®® and are less
than the unadjusted values, which in-
clude NFT, as recommended in the
guidelines.

Ventilations were automatically de-
tected by changes in thoracic imped-
ance, filtered and corrected for com-
pression and blood flow-related signals.
Ventilation measurement by imped-
ance has been reported in many stud-
ies since 1944 and was recently vali-
dated for the use of defibrillator
electrodes during cardiac arrest in
pigs.!” A recent study using the pre-
sent defibrillator setup in volunteers

©2005 American Medical Association. All rights reserved.
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- -———
Table 1. Demographic and Annual Resuscitation Data for the 3 EMS Systems Investigated

Akershus London Stockholm Total

Demographic data

Resuscitation episodes, No. 66 54 56 176

Male, No. % 42 (65) 40 (76) 47 (84) 129 (74)

Age, mean (SD), y (4 cases missing data) 68 (14) 65(17) 70(13) 68 (15)

Witnessed arrest, No. (%) 54 (82) 35 (66) 37 (69) 126 (73)
(3 cases missing data)

Bystander CPR, No. (%)* 30 (51) 13 (25) 18 (35) 61 (37)

Response time, mean (95% Cl), min* 9(7-10) 6 (5-6)1 8(7-9) 7(7-8)

No. of shocks, median (95% Cl) 2(1-8) 1(0-2) 2 (0-2) 1.5 (1-2)

Episodes with =1 shock, No. (%) 43 (65) 28 (52) 33 (59) 104 (59)

No. of shocks in episodes with =1 shock, 5(3-7) 6(2-10) 4 (2-8) 5(3-7)
median (95% CI)

Annual data

Land area, km? 4587 1605 3472

Population, No. 493000 7200000 1680000

Men, % 48 48 49

Qlder than 65y, % 13 12 16

CPR attempts per million/y 373 590 292

Discharged from hospital, % 12 5 6

Abbreviations: Cl, confidence interval; CPR, cardicpulmonary resuscitation; EMS, emergency medical service. Elipses

indicate data not applicable.

*Twelve cases with ambulance-witnessed cardiac arrests were excluded.
tResponse time was significantly shorter in London (P<.05 by 1-way analysis of variance with Bonferroni correction

for multiple comparisons).

$The denominator for hospital discharge data is the total number of cardiac arrests with presumed cardiac origin for

patients older than 18 years.

showed strong correlation between im-
pedance and spirometer waveforms.'®

Outcome Measure

The primary outcome measure was ad-
herence to international guidelines for
CPR. Target values for compression rate
were 100/min to 120/min; for depth, 38
to 52 mm; and for ventilation rate, 2
ventilations for every 15 compres-
sions before intubation and 10/min to
12/min after intubation.

Statistical Analysis

All data from each resuscitation epi-
sode were collected and described us-
ing a spreadsheet program (Excel 2002,
Microsoft Corp, Redmond, Wash) and
a statistical analysis program (SPSS
12.0.1, SPSS Inc, Chicago, I11). All sta-
tistical analyses were performed by
J.K.-]. at the University of Oslo, Oslo,
Norway. All numbers are given as mean
(standard deviation) for the first 5 min-
utes after the start of recorded CPR and
for the entire resuscitation episode.
When variables had very skewed dis-
tributions, medians were used as the
mid-point estimate and interquartile
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ranges as the variability measure, The
results for the first 5 minutes of the re-
suscitation episode were analyzed vs the
rest of the episode by a paired 2-sided
t test, and 95% confidence intervals
(Cls) are presented for these vari-
ables.

RESULTS

The annual statistics and demo-
graphic data from the 3 emergency
medical service systems are shown in
TABLE 1. The outcomes according to
initial rhythm for patients in this study
are shown in TABLE 2.

Of the total 243 episodes correctly in-
cluded, 67 were excluded because of in-
completeness of data. The main rea-
sons for exclusion were failure to apply
the additional chest pad (35/67) and
technical problems with the 2 data cards
or the defibrillator pads (26/67). In 13
episodes, signal quality made ventila-
tion count impossible; thus, ventila-
tion data are reported for 163 episodes.

Compression data are summarized in
TABLE 3. For the first 5 minutes and for
the entire resuscitation episode, the

(Reprinted) JAMA, January 19, 2005—Vol 293, No. 3 301
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mean (SD) fractions of the time with-
out CPR (NFR) were 49% (21%) and
48% (18%), respectively, and when sub-
tracting the time necessary for analy-
sis and defibrillation, the NFRs,4 were
42% (19%) and 38% (17%), respec-
tively. There was no difference in the
mean NFR in the first 5 minutes vs dur-

ing the rest of the episode (49%; 95%
CI, 46%-52% vs 50%; 95% CI, 47%-
54%; P=.58), but there was a signifi-
cant difference in NFR,q; (42%; 95% CI,
39%-45% vs 38%; 95% CI, 35%-41%;
P=.004).

For the first 5 minutes and for the en-
tire resuscitation episode, mean (SD)

Table 2. Outcomes According to Initial Cardiac Rhythm for All Causes of Cardiac Arrest®

Initial All Usable Discharged Alive
Cardiac Rhythm (n=243) (n=176) ROSC} Admitted Alive (n=176)t+
VF 98 (40) 75 (43) 31 (41) 19 (25) 6(8)
Asystole 91 (37) 64 (36) 15 (23) 8 (13) 0
PEA 54 (22) 37 (21) 15 (41) 7(19) 0
Total 243 (100) 176 (100) 61 (35) 34 (19) 6 (3)

Abbreviations: PEA, pulseless electric activity; ROSC, return of spontaneous circulation; VF, ventricular fibrillation.

*All data are expressed as No. (%).

1Five of 6 patients discharged alive had nearly normal neurological function (Cerebral Performance Category [CPC) 1:
consclous, alert, normal cerebral function), and 1 was awake and oriented but refiant on others for activities of daily
Iving (CPC 3: conscious, at least limited cognition, dependent on others for daily support).’

tDenominators for percentages shown in these columns are the 75, 84, 37, and 176 patients with usable data for VF,

asystole, PEA, and total, respectively.

=S —— > ——— = e
Table 3. Performance of CPR During the First 5 Minutes and Entire Episode of CPR*

First 5 Minutes of CPR

Entire Episode of CPR

No flow (n = 176)

NFR, % 49 (21) 48 (18)
NFR,q, % 42 (19) 38 (17)
Compression (n = 176)t
Compressions/min 60 (25) 64 (23)
Compression rate, /min 120 (20) 121 (18)
Depth per episode, mm 35 (10) 34 (9)
38-51 mm with complete release 27 (30) 28 (25)
Too deep (>51 mm), median (IQR) 0(0-3) 0 (0-5)
Too shallow (<38 mm) 59 (37) 62 (33)
Incomplete release, median (IQR), % 0 (0-1) 0(0-2)
Duty cycle, % 41 (5) 42 (4)
Ventilation {n = 163)
Ventilations/min 8 (4.6) 11(4.7)

Abbreviations: CPR, cardiopulmonary resuscitation; IQR, interquartile range; NFR, no-flow ratio, the time without CPR
as a percentage of the time without spontaneous circulation; NFR.s, no-flow ratio, adjusted by subtracting time al-
lowed for electrocardiographic analysis, possible defibrillation, and required pulse checks in the numerator.

*All data are expressed as mean (SD) unless otherwise noted.

‘tCompressions per minute refer to the actual number of compressions delivered per minute whereas compression
rate refers to the mean rate of compressions, ie, the reciprocal of intervals between compressions in compression
sequences.

-
Table 4. Quality of CPR Performance During the First 5 Minutes of CPR by Survival to
Hospital Discharge for Patients With Ventricular Fibrillation as Initial Rhythm (n = 75)

Discharged Alive, Mean
(95% Confidence Interval)
I 1

No Yes
(n=69) (n=6) P Value
NFR, % 49 (44-55) 40 (20-61) .34
NFR.g, % 40 (35-44) 32 (11-53) .35
Depth of compressions, mm 38 (35-41) 38 (25-52) .89
Ventilations/min 9(7-10) 8(5-12) .94

Abbreviations: CPR, cardiopulmonary resuscitation; NFR, no-flow ratio, the time without CPR as a percentage of the
time without spontaneous circulation; NFR.y, no-flow ratio, adjusted by subtracting time allowed for elsctrocardio-
graphic analysis, possible defibrillation, and required pulse checks in the numerator.
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compressions were 60/min (25/min)
and 64/min (23/min), respectively, sig-
nificantly lower during the first 5 min-
utes than during the rest of the epi-
sode (60/min; 95% CI, 57-64/min vs 65/
min; 95% CI, 61-69/min; P=.02). There
were no significant differences with
time for any other variables. For the first
5 minutes and for the entire resuscita-
tion episode, mean (SD) chest com-
pression rates were 120/min (20/min)
and 121/min (18/min); mean (SD) com-
pression depth was 35 mm (10 mm)
and 34 mm (9 mm); the mean (SD) per-
centages of compressions with a depth
between 38 and 51 mm were 27%
(30%) and 28% (25%); and the mean
(SD) percentages of inappropriately
shallow compressions were 59% (37%)
and 62% (33%). The compression parts
of the duty cycle were 41% (5%) and
42% (4%). Incomplete release oc-
curred after a median (interquartile
range) of 0% (0%-1%) and 0% (0%-
2%) of the compressions. During the
first 5 minutes, there was no occur-
rence of incomplete release of com-
pressionsin 101 of 173 episodes (58%),
and in only 16 episodes, more than 10%
of the compressions had incomplete re-
lease. Mean (SD) ventilations were
8/min (4.6/min) and 11/min (4.7/
min) for the first 5 minutes and for the
entire episode, respectively (Table 3).

A total of 61 patients (35%) achieved
return of spontaneous circulation, 34
(19%) were admitted to the hospital,
and 6 (3%) were discharged from the
hospital. Five of 6 patients who sur-
vived to hospital discharge had nearly
normal neurological function (Table 2).
Survival according to CPR quality in-
dicators for patients with ventricular fi-
brillation as initial rhythm are pre-
sented in TABLE 4.

COMMENT

In this study of 176 adults with out-of-
hospital cardiac arrest, chest compres-
sions were given only half of the avail-
able time during these resuscitation
events. Van Alem et al'? reported that
police and firefighters performed CPR
amean (SD) of only 45% (15%) of the
duration during a median of 5 min-
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utes of resuscitation before ambu-
lance personnel took over, In that study,
two thirds of the time without CPR
could be explained by programmed in-
terruptions from automated defibrilla-
tors. In our present study, CPR was per-
formed by paramedics and nurse
anesthetists, and only 15% to 20% of
the time without CPR could be attrib-
uted to defibrillator use and required
pulse checks, The periods without chest
compressions and the relatively shal-
low compressions are not easily ex-
plained by focus on other tasks such as
intubation or placement of an intrave-
nous cannula. These interventions
should occur during the initial min-
utes of ACLS, and there were only small
differences in the results for the first 5
minutes and the rest of the episodes.
Only good-quality CPR improved the
chance of survival in 3 studies of car-
diac arrest patients.*’ Chest compres-
sions appear to be the most important
factor, both in human® and animal stud-
ies,?®?! and even short 4- to 5-second
interruptions in chest compressions de-
crease coronary perfusion pressure.? In
addition to periods without chest com-
pressions, more than half of chest com-
pressions given in the present study
were too shallow, indicating less-than-
optimal circulatory effect of the CPR
given. Arterial blood pressure in-
creases with increasing compression
force in humans,” and coronary blood
flow increases with increasing com-
pression depth from 38 mm to 64 mm
inlarge pigs.”* Most compressions in the
present study were less than the rec-
ommended depth. This is in contrast
with mannequin studies of profes-
sional rescuers, in which 30% to 50%
of the compressions were too deep. %
In addition to compression depth,
blood flow is dependent on compres-
sion rate, compression/decompres-
sion ratio, and low intrathoracic pres-
sure in the decompression phase,
avoiding “leaning” on the chest by the
rescuer. In canine and swine models,
highest blood flows are reported with
chest compression rates of 90/min to
120/min,*™* leading to the guidelines
recommendation of 100/min.>* Mean

©2005 American Medical Association. All rights reserved.
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compression rate tended to be too high
in the present study, which might de-
crease cardiac output because of insuf-
ficient time for venous return to the
heart during the decompression peri-
ods. “Leaning” on the chest wall dur-
ing compressions was not a serious
problem, although we cannot exclude
that pressures lower than the 4 kg used
to define leaning in the present study
could have an unwanted effect. The
compression/decompression ratio was
satisfactory, with 41% to 42% compres-
sion time. The main problems were the
long periods without any chest com-
pressions and the shallow compres-
sion depth.

We did not find abnormally high
ventilation rates, although we re-
corded the rate average over a mini-
mum of 5 minutes. In contrast, Auf-
derheide et al'! recently reported
average ventilation rates of 30/min (3/
min) with maximal rates during any 16-
second period."" In animal models, ven-
tilatory rates of 30/min vs 12/min
decreased coronary perfusion pres-
sure and also appears to decrease sur-
vival if sustained for 4 minutes."

Training programs for CPR have
been implemented worldwide during
the last 4 decades following guide-
lines from the American Heart Asso-
ciation” and the European Resuscita-
tion Council.® These programs specify
criteria for correct performance of CPR,
but neither the effects of such training
programs on clinical CPR nor the ef-
fects of specific criteria or overall qual-
ity of ACLS on patient survival have
been clinically documented. The pre-
sent study was not powered to evalu-
ate the effects of quality of CPR in a
proper multivariate analysis with other
factors known to influence survival,
such as initial rhythm. A crude com-
parison between survivors and nonsur-
vivors with ventricular fibrillation as ini-
tial thythm showed a tendency toward
relatively less time without chest com-
pressions among survivors, with no dif-
ference in compression depth or ven-
tilation rate (Table 4).

All paramedics and nurse anesthe-
tists in the present study had previous
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ACLS training with regular retraining,
and all underwent a refresher course
immediately prior to study initiation.
Some of the deviations from the inter-
national 2000 guidelines** could be due
to lack of knowledge retention, as most
studies have reported deterioration in
the performance of CPR within a few
months after a course. 1% The failure
to perform chest compressions half the
available time has not been reported in
such studies, but they are all in man-
nequins,*%® not in patients. It is pos-
sible that the highly complex physical
and mental situation of treating a pa-
tient with cardiac arrest is too differ-
ent from the training situation on man-
nequins, making the performance
dramatically different and possibly less
efficient. Based on this, the extrapola-
tion from mannequin performance can
be questioned, and as a recent interna-
tional consensus document states, there
isan urgent need to promote better CPR
and improve the way CPR is taught.*
Whatever the reason, the resuscita-
tion performarnce we measured was dra-
matically different from that recom-
mended in the ACLS guidelines. It is
tempting to question the focus on and
the importance of details such as ven-
tilation/compression ratios of 1:5 or
2:15 or biphasic vs monophasic defi-
brillators in our efforts to adjust evi-
dence-based CPR guidelines, if the per-
formance of vital skills is so far from the
guidelines recommendations.
Whether some of these deficiencies
can be improved by specific focus dur-
ing training needs attention. Through
better understanding of the mistakes
made in a real-life cardiac arrest situ-
ation, training courses might be de-
signed to focus on these aspects, An-
other approach would be to develop
online tools that prompt the rescuer to
improved performance. Audiotapes giv-
ing instructions on chest compression
rate have been reported to improve the
compression rate during cardiac ar-
rest in patients.'® In mannequin stud-
ies, audio feedback based on continu-
ous online automated evaluation
dramatically improved CPR perfor-
mance within the first 3 minutes.** Ac-
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cording to the international consen-
sus, the ideal would be to have
identically configured aids during both
training and resuscitation attempts.*

If our study represents how CPRisde-
livered during resuscitation from out-
of-hospital cardiac arrest in other com-
munities, thereisa great opportunity to
improve CPR quality and, hopefully, pa-
tientsurvival by focusing on delivery of
chest compressions of correctdepth and
rate, with minimal “hands-off” periods.
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URVIVAL FROM CARDIAC ARREST
remains low despite the intro-
duction of cardiopulmonary re-
suscitation (CPR) more than 50
years ago.'” The delivery of CPR, with
correctly performed chest compres-
sions and ventilations, exerts a signifi-
cant survival benefit in both animal and
human studies.*® Conversely, inter-
ruptions in CPR or failure to provide
compressions during cardiac arrest
(“no-flow time”) have been noted to
have a negative impact on survival in
animal studies.” Consensus guidelines
clearly define how CPR is to be per-
formed,” but the parameters of CPR in
actual practice are not routinely mea-
sured, nor is the quality known.
There are multiple reasons for con-
cern regarding the quality of CPR. Even
though CPR training programs are
ubiquitous, a number of studies dem-
onstrate that these learned resuscita-
tion skills deteriorate over time.'®"" Fur-
thermore, issues such as translation of
skills from training environments to ac-
tual cardiac arrest settings, as well as
rescuer fatigue during resuscitation,'?
may limit CPR quality. Recent investi-
gations have revealed that patients may

See also pp 299 and 363
and Patient Page.
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Context The survival benefit of well-performed cardiopulmonary resuscitation (CPR)
is well-documented, but little objective data exist regarding actual CPR quality during
cardiac arrest. Recent studies have challenged the notion that CPR is uniformly per-
formed according to established international guidelines.

Objectives To measure multiple parameters of in-hospital CPR quality and to de-
termine compliance with published American Heart Association and international guide-
lines.

Design and Setting A prospective observational study of 67 patients who experi-
enced in-hospital cardiac arrest at the University of Chicago Hospitals, Chicago, I,
between December 11, 2002, and April 5, 2004. Using a monitor/defibrillator with
novel additional sensing capabilities, the parameters of CPR quality including chest
compression rate, compression depth, ventilation rate, and the fraction of arrest time
without chest compressions (no-flow fraction) were recorded.

Main Outcome Measure Adherence to American Heart Association and interna-
tional CPR guidelines.

Results Analysis of the first 5 minutes of each resuscitation by 30-second segments
revealed that chest compression rates were less than 90/min in 28.1% of segments.
Compression depth was too shallow (defined as <38 mm) for 37.4% of compres-
sions. Ventilation rates were high, with 60.9% of segments containing a rate of more
than 20/min. Additionally, the mean (SD) no-flow fraction was 0.24 (0.18). A 10-
second pause each minute of arrest would yield a no-flow fraction of 0.17. A total of
27 patients (40.3%) achieved return of spontaneous circulation and 7 (10.4%) were
discharged from the hospital.

Conclusions In this study of in-hospital cardiac arrest, the quality of multiple pa-
rameters of CPR was inconsistent and often did not meet published guideline recom-
mendations, even when performed by well-trained hospital staff. The importance of
high-quality CPR suggests the need for rescuer feedback and monitoring of CPR qual-
ity during resuscitation efforts.

JAMA. 2005;293:305-310
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be hyperventilated during out-of-
hospital arrest,'* and that low chest
compression rates are present during
in-hospital arrest.'*"

Given the proven survival benefit of
high-quality CPR and the lack of data
on actual performarnce, we sought to de-

termine whether well-trained hospital
staff perform CPR compressions and
ventilations according to guideline rec-
ommendations. The in-hospital envi-
ronment was selected because it offers
the added advantage of thorough pre-
arrest documentation as well as resus-
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citation by ample numbers of highly
trained personnel.

METHODS
Patient Enrollment

The study protocol and consent mate-
rials were approved by the institu-
tional review board at the University of
Chicago Hospitals, Chicago, Ill. Data
collection was carefully structured to
comply with all relevant Health Insur-
ance Portability and Accountability Act
of 1996 regulations. Consent was ob-
tained from all members of the resus-
citation teams via an oral consent
process.

Resuscitation events were studied
among inpatients at the University of
Chicago Hospitals who experienced
cardiac arrest, defined by the docu-
mented loss of a pulse and respira-
tions as well as the delivery of chest
compressions. Patients were excluded
for analysis if they experienced arrest
in the operating room or emergency de-
partment, were younger than 18 years,
or if the CPR-sensing defibrillator was
used without its chest compression—
detecting mechanism.

Measuring Parameters

of CPR Quality

During in-hospital cardiac arrests, an
investigational monitor/defibrillator
(IDE G020121) was used. This device
is based on a commercially available
monitor/defibrillator (Heartstart
4000SP, Laerdal Medical Corporation,
Stavanger, Norway) with the addi-
tional investigational capabilities for
capturing and recording rate and
depth of chest compressions, rate and
volume of ventilations, presence or
absence of a pulse, as well as standard
electrocardiogram and defibrillator
shock event data. In addition, custom-
ized software for data analysis col-
lected these parameters and calculated
the no-flow time and no-flow fraction
(NFF, fraction of cardiac arrest time
without compressions being per-
formed). These additional device fea-
tures and analysis software were
developed by engineers at Laerdal
Medical Corporation.
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Chest compression data were cap-
tured via a special chest compression
pad outfitted with an accelerometer
sensor (ADX1202e Analog Devices,
Norwood, Mass) and a pressure sen-
sor (22PCCFBG6, Honeywell, Morris-
town, NJ). The pad was placed on the
mid-sternum of the patient under the
hands of the rescuer performing com-
pressions. This method has been pre-
viously validated in the laboratory set-
ting, with compression depth data
accurate to within 1.6 mm.'*!" Com-
ponents of the sensing and recording
software have also been tested, vali-
dated, and published elsewhere '8!
Additional testing has demonstrated
the use of impedance measurement
for ventilation monitoring, in both
swine?® and healthy human volun-
teers (P. A. Steen, oral communica-
tion, 2003). This latter human study
was performed as a validation pilot
study to our current study and dem-
onstrated a strong correlation be-
tween impedance and spirometry
waveforms.

Ventilation and pulse data were ob-
tained using impedance measure-
ments captured from the defibrilla-
tion pads. All data collected by the
device were stored on data cards for
subsequent analysis using additional
custom software that allowed for
calculation of rates and other para-
meters. Per hospital regulation, all us-
ers of the device and CPR performers
were originally certified in either ba-
sic life support (medical students and
nurses), advanced cardiovascular life
support (all physicians), or both. The
study device was utilized by the hos-
pital team that responds to all cardiac
arrests. The study design was purely ob-
servational with no alteration in therapy
or suggested change from standard re-
suscitation practice. Resuscitation teams
werte blinded to the results of defibril-
lator measurements during the arrest.
The patients studied represented a con-
venience sample of all cardiac arrests
during the study period, in that dur-
ing some other cardiac arrests another
defibrillator was used instead of the
study device.
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Data Analysis

To determine CPR parameters, chest
compression rate, depth, ventilation
rate, no-flow time, and NFF were cal-
culated by Sister Studio software (Laer-
dal Medical Corporation). Correct chest
compression depth was defined as be-
tween 38 and 51 mm (1.5-2.0 in). (Cur-
rent CPR guidelines do not take adult
patient characteristics into account in
recommendations for CPR param-
eters; therefore, we did not perform ad-
justments for any of these variables.)
Pauses in chest compressions of more
than 1.5 seconds (for pulse checks and
intubation) were excluded from rate
calculations so as to not artifactually
lower chest compression rate. Mean
(SD) values were calculated for CPR pa-
rameters. No-flow time (time periods
of cardiac arrest without compres-
sions being performed) was mathemati-
cally defined as total time minus the
time with chest compressions or spon-
taneous circulation, and NFF was de-
fined as the no-flow time divided by car-
diac arrest time (ie, total time minus
time periods with spontaneous circu-
lation). This measure of NFF repre-
sents the fraction of time during the re-
suscitation episode without cerebral or
myocardial circulation.

All data were sent to the study in-
vestigator (H.M.) at Laerdal Medical
Corporation, where data were pro-
cessed by filtering and down sampling
to 50 Hz to prepare files for annota-
tion and review. Proprietary software
designed for the study (Sister Studio)
was used for processing each cardiac ar-
rest file. Raw data from each patient
were collected as 2 separate data files.
One file contained impedance and chest
compression data, while the second file
contained elements collected by the re-
cording defibrillator (electrocardio-
gram and shock times). These 2 data
files were then conditioned, filtered, and
merged into a single data set for each
patient by the study sponsor. At this
time the study sponsor did not ana-
lyze the data or perform interpreta-
tion of waveforms. The merged condi-
tioned files were then sent back to the
study site, where all data annotation,
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analysis, and interpretation were con-
ducted. This analysis involved a full an-
notation of the file to determine when
a pulse was present vs when cardiac ar-
rest was present; the software would
then read compressions and ventila-
tions, which were confirmed by a study
investigator, before a final data file was
prepared that contained the para-
meters of interest (compression rate,
compression depth, ventilation rate, no-
flow time). The study sponsor did not
perform interpretation or access the
data during this analysis phase. Sec-
ondary data analysis was performed us-
ing a spreadsheet application (Excel,
Microsoft Corp, Redmond, Wash).

For our outcome measures of CPR
quality, we analyzed the first 5 min-
utes of CPR, which was presumed to
be both the best rescuer effort based on
study of rescuer fatigue'? and the most
clinically important. Each 5-minute re-
suscitation episode was divided into
30-second segments, and both com-
pression and ventilation rates were cal-
culated. Segments in which either chest
compression or ventilation signals were
obscured by signal noise were ex-
cluded from analysis. Segments with-
out compressions or ventilations were
excluded from calculations of mean
compression or ventilation rates, re-
spectively. All files were manually
evaluated by a physician investigator to
ensure appropriate software marking of
events such as compressions, ventila-
tions, and rhythms. Similar analysis was
also performed for entire cardiac ar-
rest episodes to provide comparison
with the initial 5-minute data. No-
tlow fraction was only calculated for the
first 5-minute period.

Evaluation of Clinical Outcomes

Our study was not designed or pow-
ered to find CPR quality differences be-
tween survivors and nonsurvivors;
however, we undertook this evalua-
tion as a secondary analysis. Of the 67
arrest episodes, 60 had complete data
sets for comparison of all parameters.
Cardiopulmonary resuscitation para-
meters were compared between the co-
hort of patients that achieved return of
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spontaneous circulation (ROSC) vs
those who died during resuscitation.
This analysis was only conducted on
data from the first 5 minutes of resus-
citation efforts.

Statistical Analysis

All means (SDs) were calculated using
a spreadsheet application (Excel). Dif-
ferences in CPR parameters for out-
come evaluation were assessed using a
2-tailed t test. Statistical evaluation of
data was performed independent of the
study sponsor in consultation with a
biostatistician at our institution. P<<.05
was considered statistically signifi-
cant.

RESULTS

A total of 67 patients with cardiac ar-
rest were treated using the study defi-
brillator with data collection from De-
cember 11, 2002, to April 5, 2004. Data
analyzed from this cohortincluded 1073
segments (536.5 minutes) with chest
compression and ventilation data. Pa-
tient demographic and cardiac arrest
data are shown in TABLE 1. Mean (SD)
patient age was 62.2 (17.4) years, and
34.3% of patients were women. Patient
race included black (65.7%), white
(23.99%), and other/unknown (10.5%)
individuals. Cardiac arrest events took
place in intensive care settings (52.2%),
general wards (44.8%), or other loca-
tions (3.0%, radiology [n=1] and car-
diac catheterization laboratory [n=1]).
Frequencies of the presenting rhythm
were 14.9% ventricular fibrillation/
ventricular tachycardia, 59.7% pulse-
less electrical activity, 10.4% asystole,
and 14.9% other (indeterminate). Re-
turn of spontaneous circulation was
achieved in 40.3% of patients. Baseline
characteristics and rate of ROSC are
similar to data reported in other stud-
ies of in-hospital cardiac arrest.”!
Cardiopulmonary resuscitation char-
acteristics for the entire patient cohort
are shown in TABLE 2. During the first
5 minutes of resuscitation, mean chest
compression rate was less than 90/
min 28.1% of the time and less than 80/
min 12.8% of the time. Chest compres-
sion depth data revealed that chest
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Table 1. Demographic and Descriptive
Clinical Data of Cardiac Arrest Cohort

(N =867)*

Total Patient
Cohort, No. (%)

Demographics
Age, mean (SD) 62.2 (17.4) [21-94]
[rangel, y
Racet
Black 44 (65.7)
White 16 (23.9)
Other/unknown 7 (10.5)
Sex
Men 44 (65.7)
Women 23 (34.3)
Descriptive clinical data
Cardiac arrest location
Intensive care setting 35 (52.2)
Hospital general 30 (44.8)
ward setting
Otherf 2(3.0)
Time of cardiac arrest
Morning 17 (25.4)
(6:00 Am-12:00 PM)
Afternoon 14 (20.9)
(12:00 PM-6:00 PMm)
Evening 19 (28.4)
(6:00 PM-12:00 AM)
Night 17 (25.4)
(12:00 AM-6:00 AM)
Initial rhythm
Ventricular fibrillation/ 10 (14.9)
ventricular
tachycardia
Pulseless electrical 40 (59.7)
activity
Asystole 7(10.4)
Perfusing rhythm 0
Other§ 10(14.9)
Return of spontaneous
circulation
Yes 27 (40.3)
No 40 (59.7)
Survival to hospital
discharge
Yes 7(10.4)
No B0 (89.6)

*Percentages may not all total 100 dus to rounding.

tRace was exiracted from chart demographic data.

tincludes radiology (n = 1) and cardiac catheterization labo-
ratory (n = 1).

§Patients presenting with an indeterminate rhythm.

compressions were too shallow (<38
mm depth) 37.4% of the time. Venti-
lation rates were calculated in a simi-
lar fashion to chest compression rates,
In contrast with compressions, venti-
lation rates tended to be high; during
60.9% of segments, ventilations were
performed at a rate of more than 20/
min. Ventilation volumes did not ap-
pear to deviate greatly from physiologi-
cal ranges and are not reported herein.
Analysis of the time with cardiac ar-
rest but without compressions (NFF)
yielded a mean (SD) of 0.24 (0.18) with
40.3% of the segments having an NFF
of more than 0.20.

(Reprinted) JAMA, January 19, 2005—Vol 293, No. 3 307



CPR QUALITY DURING IN-HOSPITAL CARDIAC ARREST

Although the intent of this investi-
gation was only to objectively de-
scribe multiple parameters of CPR dur-
ing cardiac arrest, we considered
whether ROSC was associated with bet-
ter CPR quality. We did not find any
statistically significant differences in
chest compression rate, depth, venti-
lation rate, or NFF between patients
who achieved ROSC vs those who did
not (TABLE 3). A trend toward lower
NFF was observed for patients with
ROSC compared with nonsurvivors. We
did not expect to find clinical out-
come differences given our small pa-
tient cohort and the nonrandomized na-
ture of the study; therefore, we cannot
draw any conclusions regarding the di-

rect clinical impact of the quality of CPR
on survival.

COMMENT

Our study represents, to our knowl-
edge, the first multiparameter, quanti-
tative recordings of actual CPR during
in-hospital cardiac arrest. Using im-
pedance measurement techniques, we
found that quality of CPR was often de-
ficient from guideline recommenda-
tions® in several specific parameters,
including chest compression rate, com-
pression depth, ventilation rate, and
NFF. Specifically, chest compression
rates were often less than the recom-
mended 100/min, compression depth
was often more shallow than the mini-
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Table 2. CPR Parameters During Cardiac Arrest Episodes™*

First 5 Minutes of

Complete Cardiac

Cardiac Arrest Episode Arrest Episode
N = 67) (N =867)
Chest compression data
Compression rate, /min
Mean (SD) 102 (19) 105 (21)
<80 128 10.8
<90 28.1 23.7
>110 36.5 38.7
Compression depth, mm
Mean (SD) 42 (13) 43 (14)
<38 374 36.3
Ventilation data
Ventilation rate, /min
Mean (SD) 21(12) 20 (13)
<10 7.3 75
>20 60.9 58.9
Chest compression interruption
NFF, mean (SD) 0.24 {0.18)
30-s segments with NFF >0.20 40.3

Abbreviations: CPR, cardiopulmonary resuscitation; NFF, no-flow fraction.

*Data are presented as percentages unless otherwise specified. Percentages refer to portion of time from respective
episcde (sither 5 minutes or whole episcds) that include the criteria as described. NFF is defined as the cumulative
no-flow time for a given cardiac arrest divided by the total time without a pulse during that same episode.

e s S e S S e = e |
Table 3. CPR Parameters and Resuscitation Outcomes*

Return of Spontaneous
Circulation, Mean (SD)

Yes No
(n=27) (n=33) P Value
Compression rate, /min 98 (18) 107 (18) .07
Compression depth, mm 42 (13) 41 (12) .82
Ventilation rate, /min 20(7) 22 (9) A7
NFF, first 5 min 0.20(0.14) 0.27 (0.21) .16

Abbreviations: CPR, cardiopulmonary resuscitation; NFF, no-flow fraction.

*Data for the first 5 minutes are shown for the 60 patients with complete data in all parameters. None of the differences
between patients who achieved retum of spontaneous circulation (ROSC) and those who did not were statistically
significant, although patients with ROSC had a trend toward fewer interruptions in chest compression as observed
by the NFF,
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mum 38 mm, ventilation rate was
higher than the recommended 12 to 16/
min, and NFF was longer than adher-
ence to recommendations might al-
low (although not clearly specified in
the guidelines, a 10-second pulse check
every minute of CPR would yield an
NFF of 0.17).

These data confirm other recent in-
vestigations'*'? suggesting that CPR
quality may be highly variable in ac-
tual practice. Just as we observed fre-
quent overventilation, Aufderheide et
al®® recently showed that paramedics
hyperventilate patients during out-of-
hospital cardiac arrest, and parallel ani-
mal experiments confirmed that this de-
gree of hyperventilation led to decreased
survival. We recently documented low
chest compression rates during in-
hospital cardiac arrest in a multi-
center study when recorded by observ-
ers equipped with a handheld device to
record compression rate.'* A smaller ob-
server-based study found low chest
compression rates during in-hospital
arrest.'

Cardiopulmonary resuscitation per-
formance in our study may have been
affected by the knowledge that rescu-
ers were being studied. This “Haw-
thorne effect®® would likely have led
to improved CPR quality and would
minimize our findings of significant de-
viations from recommended practice.
In addition, due to institutional re-
view board requirements, we did not
link individuals performing CPR with
CPR-quality data. However, resuscita-
tion teams change each month (with
resident rotations), with completely
new rescuers. Therefore, it is unlikely
that an individual rescuer performed
CPR in more than approximately 4 to
5 cardiac arrests.

The paramount importance of CPR
has been confirmed in both animal
and human studies. In 2 clinical stud-
ies, survival from ventricular fibrilla-
tion arrest was improved if CPR was
performed before defibrillation at-
tempts.”>** In animal studies, coro-
nary perfusion pressure, hemody-
namic function, and survival were
adversely affected by even short pauses
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in chest compressions.?>* Moreover,
pauses in chest compression just be-
fore defibrillation worsened outcomes
in a swine model.”” Additionally, labo-
ratory study has shown that physiologi-
cal and survival outcomes are sensi-
tive to CPR quality.?®*® Mechanical
devices that provide chest compres-
sions at consistent rate and depth have
shown promise toward improving
survival.

There are several limitations to our
study. A primary limitation is that the
precise contribution to survival of the
specific parameters that were mea-
sured is unknown. Although an iso-
lated compression rate of less than 100/
min can be considered a failure to
adhere to a published recommenda-
tion of the American Heart Associa-
tion, we cannot determine whether this
“deficiency” is directly linked to wors-
ened survival. Support for objective
CPR quality monitoring lies in the fact
that this technology will allow future
studies to carefully examine the ef-
fects of CPR parameters on survival.

Additional limitations are that fil-
tered electrocardiogram and ventila-
tion signals were occasionally over-
come by artifact, which caused us to
exclude some segments. Chest com-
pression depth as studied was cali-
brated for presence of a backboard and
therefore depth may be overestimated
if a backboard was not used during
the resuscitation. For this reason, we
describe in our analysis only compres-
sions that are too shallow. Although our
study is limited by use of a single site
for data collection, we believe these
results are likely generalizable to other
hospitals, just as our prior results dem-
onstrated chest compression rate defi-
ciencies when studied at 3 hospitals.”
Performance difficulties during stress-
ful and disorganized cardiac arrest set-
tings, the lack of reliable internal tim-
ing to pace chest compressions, rescuer
fatigue,'? and infrequent recertifica-
tion in CPR* may all contribute to the
observed deficiencies. It is therefore
likely that our findings are representa-
tive of a more general dilemma in resus-
citation. Human factors in CPR perfor-
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mance are important and at this point
underinvestigated areas of research.

Our study has implications for the
conduct and design of future clinical
CPR studies. Cardiopulmonary resus-
citation quality is currently an unmea-
sured but potentially important con-
founder in most published clinical
studies involving cardiac arrest out-
comes. The importance of this vari-
able given the current ability to mea-
sure these parameters should be
considered by researchers attempting
to study methods for improving sur-
vival from cardiac arrest.

There are several potential practical
solutions for helping to improve poor
CPR quality. The first involves me-
chanical devices that can provide chest
compressions reliably at a set rate and
depth.?® These devices may generate
better hemodynamic characteristics
than manual chest compressions.**%
Another solution is to improve moni-
toring and feedback to reduce human
error during manual CPR, by using de-
vices such as end-tidal o, monitors®
and “smart defibrillators,” which can
measure CPR characteristics and pro-
vide audio feedback to alert the rescu-
ers to errors such as incorrect chest
compression or ventilation rate.'®!°
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Do not let yourselves be discouraged or embittered
by the smallness of the success you are likely to achieve
in trying to make life better. You certainly would not
be able, in a single generation, to create an earthly para-
dise. Who could expect that? But, if you make life ever
so little better, you will have done splendidly, and your
lives will have been worthwhile.
—Arnold Toynbee (1889-1975)
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ABSTRACT

BACKGROUND
The role of rescue breathing in cardiopulmonary resuscitation (CPR) performed by
a layperson is uncertain. We hypothesized that the dispatcher instructions to by-
standers to provide chest compression alone would result in improved survival as
compared with instructions to provide chest compression plus rescue breathing.

METHODS
We conducted a multicenter, randomized trial of dispatcher instructions to bystanders
for performing CPR. The patients were persons 18 years of age or older with out-of-
hospital cardiac arrest for whom dispatchers initiated CPR instruction to bystanders.
Patients were randomly assigned to receive chest compression alone or chest com-
pression plus rescue breathing. The primary outcome was survival to hospital dis-
charge. Secondary outcomes included a favorable neurologic outcome at discharge.

RESULTS

Of the 1941 patients who met the inclusion criteria, 981 were randomly assigned to
receive chest compression alone and 960 to receive chest compression plus rescue
breathing. We observed no significant difference between the two groups in the
proportion of patients who survived to hospital discharge (12.5% with chest com-
pression alone and 11.0% with chest compression plus rescue breathing, P=0.31)
or in the proportion who survived with a favorable neurologic outcome in the two
sites that assessed this secondary outcome (14.4% and 11.5%, respectively; P=0.13).
Prespecified subgroup analyses showed a trend toward a higher proportion of pa-
tients surviving to hospital discharge with chest compression alone as compared
with chest compression plus rescue breathing for patients with a cardiac cause of
arrest (15.5% vs. 12.3%, P=0.09) and for those with shockable rhythms (31.9% vs.
25.7%, P=0.09).

CONCLUSIONS

Dispatcher instruction consisting of chest compression alone did not increase the
survival rate overall, although there was a trend toward better outcomes in key clini-
cal subgroups. The results support a strategy for CPR performed by laypersons that
emphasizes chest compression and minimizes the role of rescue breathing, (Funded
in part by the Laerdal Foundation for Acute Medicine and the Medic One Founda-
tion; ClinicalTrials.gov number, NCT00219687.)
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UT-OF-HOSPITAL CARDIAC ARREST
!|claims hundreds of thousands of lives
" each year worldwide.’2 Successful resus-
citation is challenging but achievable, requiring
an interdependent set of actions that consist of
early arrest recognition, early cardiopulmonary
resuscitation (CPR), early defibrillation, expert
advanced life support, and timely postresuscita-
tion care.?

Early initiation of CPR by a layperson can in-
crease the patient’s chances of surviving and hav-
ing a favorable long-term neurologic recovery.*>
CPR performed by a layperson has traditionally
consisted of chest compressions interspersed with
rescue breathing, which allows some measure of
both circulation and oxygenation.® Interest in
CPR that focuses on chest compressions and
minimizes or eliminates rescue breathing is in-
creasing.” Chest compression alone may be more
acceptable to some laypersons and has the po-
tential physiological advantage of fewer com-
pression interruptions, so that circulation is in-
creased, as compared with traditional CPR, al-
though at a possible cost to oxygenation.®®

Studies in animal models that involve a pri-
mary cardiac cause of arrest and simulate chal-
lenges to laypersons performing CPR have shown
increased circulation and improved survival with
chest compression alone.’®' In contrast, results
in animal models of arrest due to respiratory
causes suggest that chest compression plus res-
cue breathing may be more beneficial.*2

Cardiac arrest in humans is a heterogeneous
condition. Although a primary cardiac cause is
the most common mechanism of arrest, respira-
tory and mixed mechanisms are important con-
tributing factors.315 The pathophysiology of each
arrest is dynamic, and the relative importance of
oxygenation may depend on the time-dependent
phase of the arrest.'® In observational studies of
bystander-initiated CPR, the two CPR approach-
es led to similar survival rates, although inter-
pretation of these findings is limited by poten-
tial confounding.2#*17 In the only randomized
trial comparing these two types of bystander
CPR, there was no significant difference in sur-
vival between the two groups, although the ob-
served survival difference between patients ran-
domly assigned to chest compression alone and
those randomly assigned to compression plus res-
cue breathing (14.6% vs. 10.4%) is clinically rel-

Figure 1 (facing page). Enrollment, CPR Status,

and Eligibility.

ALS denotes advanced life support, CPR cardiopulmo-
nary resuscitation, DNR do not resuscitate, and EMS
emergency medical services.

evant.’® This trial was conducted in a community
with a very quick response by emergency medi-
cal services (EMS), and the study’s main analysis
was restricted to patients with a primary cardiac
cause of arrest — characteristics that potentially
favor the physiological effects of chest compres-
sion alone.

To help determine the best approach to by-
stander CPR, we undertook a randomized trial of
dispatcher-assisted CPR to compare outcomes
when instructions consisted of chest compression
alone with outcomes when instructions consist-
ed of chest compression plus rescue breathing.
We hypothesized that instruction consisting of
chest compression alone would result in higher
survival rates than instruction consisting of chest
compression plus rescue breathing.

METHODS

STUDY DESIGN, POPULATION, AND SETTING

The Dispatcher-Assisted Resuscitation Trial (DART)
was a randomized trial of dispatcher-assisted CPR
instruction. The study was approved by the ap-
propriate review boards, and patients were en-
rolled without consent being obtained, although
survivors were later informed that they had been
enrolled in a clinical investigation of CPR.

The study considered consecutive calls by by-
standers to the 911 system for patients in cardiac
arrest. Patients were initially eligible if the dis-
patcher determined that they were unconscious
and not breathing normally and that bystander
CPR was not under way. If the caller was willing
to undertake CPR with the dispatcher’s assistance,
a randomization envelope containing CPR in-
structions was opened. Dispatchers attempted to
exclude patients with arrest due to trauma,
drowning, or asphyxiation (from choking, stran-
gulation, or suffocation), as well as patients who
were under 18 years of age; and those who had
do-not-resuscitate status or were already receiving
CPR. Final eligibility required postrandomization
exclusion and was restricted to patients who re-
ceived basic and advanced arrest care from EMS

N ENGL) MED 363;5 NEJM.ORG JULY 29, 2010
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5525 Randomization envelopes were opened

3

2751 Patients were assigned to receive
chest compression alone

14 Were not new subjects
(>1 envelope opened)

2774 Patients were assigned to receive
chest compression plus
rescue breathing

18 Were not new subjects
(>1 envelope opened)

2737 Were enrolled in study

2756 Were enrolled in study

29 Had a call made
of unknown type

31 Had a call made
of unknown type

2708 Were screened

986 Did not have arrest |-

Y

2725 Were screened

1722 Had confirmed arrest

——=| 1006 Did not have arrest

'

1719 Had confirmed arrest

523 Did not receive EMS
care (signs of irre- <
versible death)

1199 Received EMS care

537 Did not receive EMS
& care (signs of irre-
versible death)

139 Did not receive ALS  |-+—

1182 Received EMS care

1060 Received ALS

#| 138 Did not receive ALS

1044 Received ALS

79 Were ineligible
5 Were <18 yr of age
32 Had trauma or
asphyxial mechanism
25 Had DNR status
12 Had caller who de-
clined participation
5 Were already under-
going CPR at scene

981 Were included in analysis

84 Were ineligible
7 Were <18 yr of age
25 Had trauma or
asphyxial mechanism
+=| 28 Had DNR status
18 Had caller who de-
clined participation
6 Were already under-
going CPR at scene

960 Were included in analysis
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personnel. Thus, we excluded persons who were
unconscious and not breathing normally but who
were deemed not to be in arrest and persons who
had had a confirmed arrest but were found to
have signs of irreversible death, in which case
EMS personnel did not attempt resuscitation.*®
King County EMS (in Washington State), Thur-
ston County EMS (in Washington State), and Lon-
don Ambulance Service (in England) participated
in the trial. At all three sites, callers use a com-
mon emergency number to speak with civilian
employee dispatchers. King and Thurston Coun-
ties are served by a two-tiered EMS system in
which personnel follow the core resuscitation
strategy detailed by the American Heart Associa-
tion guidelines. London is served by a single-tier
EMS system in which personnel follow the United
Kingdom Resuscitation Council Guidelines. Be-
cause of differences in enrollment rates and time
required for review processes, enrollment took
place from June 1, 2004, through April 15, 2009,
in King County; from June 1, 2005, through April
15, 2009, in Thurston County; and from January 1,
2005, through March 15, 2008, in London.

INTERVENTION

On determining patients’ initial eligibility, dis-
patchers enrolled and randomly assigned each pa-
tient to one of the two CPR strategies by opening
an opaque, sequentially numbered envelope to de-
termine which instructions to give the bystander.
Randomization was stratified by dispatch center
and blocked in sets of 10. The bystander was then
instructed to perform either chest compressions
alone, providing 50 consecutive compressions (one
cycle), or chest compressions plus rescue breath-
ing, with 2 initial rescue breaths followed by 15
chest compressions and subsequent cycles con-
tinuing the pattern in a ratio of 2 to 15 (see Fig. 1
in the Supplementary Appendix, available with the
full text of this article at NEJM.org). With the dis-
patcher still on the telephone, the bystander then
performed one cycle of CPR during which the dis-
patcher asked the bystander to count the chest
compressions out loud. After the first cycle, the
dispatcher could inquire about signs of life and,
if warranted, encourage the bystander to contin-
ue CPR.

OUTCOMES

The primary outcome was survival to hospital
discharge. Secondary outcomes were a return of
spontaneous circulation at the end of EMS care

and a favorable neurologic status at the time of
hospital discharge, defined as a Cerebral Perfor-
mance Category (CPC) of 1 or 2. (There are five
CPC categories; category 1 represents good cere-
bral performance, 2 moderate cerebral disability,
3 severe cerebral disability, 4 coma or vegetative
state, and 5 death.2%:2%)

DATA COLLECTION AND DEFINITIONS

Dispatch, EMS, and hospital information was re-
viewed with the use of a uniform data-abstraction
form.?* The review of EMS and hospital informa-
tion was done without knowledge of patients’ ran-
domization status. Step-by-step progress in the
provision of instructions and the initiation of
chest compressions by the bystander was deter-
mined by a review of the dispatch audiotape.

STATISTICAL ANALYSIS

The trial was designed to detect an absolute dif-
ference of 3.5 percentage points in the survival
rates between the two study groups, with the use
of a two-sided alpha level of 0.05 and a power of
80%. To compare the distribution of characteris-
tics and outcomes for the two types of CPR in-
struction, we used the chi-square statistic for cat-
egorical variables and the independent-samples
t-test or the nonparametric Mann-Whitney U test
for continuous variables. Primary comparisons
were performed according to randomization sta-
tus. We also performed an efficacy analysis re-
stricted to cases in which bystander CPR pro-
gressed to chest compression as a consequence
of dispatcher instructions. Because one site was
unable to assess neurologic status at discharge,
we present the overall results as well as results
restricted to the two sites that were able to ascer-
tain neurologic status.

We conducted four prespecified subgroup analy-
ses designed to examine the physiological mech-
anisms of the intervention as well as to provide
a context for interpreting the results in relation
to other investigations. The subgroup analyses
stratified outcomes according to the underlying
cause of arrest, presenting arrest rthythm, witness
status, and EMS response interval among wit-
nessed arrests (£6 minutes vs. >6 minutes). No
other subgroup analyses were performed. We used
the Breslow—Day test for homogeneity to deter-
mine whether the intervention differed according
to subgroup status. Statistical analyses were com-
pleted with the use of SPSS software, version 18.0
(SPSS).
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Table 1, Characteristics of the Patients According to Dispatcher’s CPR Instructions.*

Characteristic
Site — no. of patients (%)
King County
London
Thurston County
Age —yr
Male sex — no. of patients (%6)
Cause of arrest — no. of patients (%)
Cardiac
Respiratory
Overdose
Neurologic
Other
Arrest witnessed — no. of patients (%)
Location — no. of patients (%)
Residential location
Public location
Nursing home
Time to initial EMS response — min
Time to advanced support — min

Shockable rhythm — no. of patients (%)

Chest Compression plus
Chest Compression Alone Rescue Breathing
(N=981) (N=960) P Value
0.26
588 (59.9) 552 (57.5)
328 (33.4) 327 (34.1)
65 (6.6) 81 (3.4)
63.4+16.5 63.9£16.3 0.46
659 (67.2) 613 (63.9) 0.12
0.63
700 (71.4) 709 (73.9)
75 (7.6) 59 (6.1)
74 (1.5) 59 (6.1)
18 (1.8) 15 (1.6)
114 (11.6) 118 (12.3)
418 (42.6) 437 (45.5) 0.23
0.34
845 (86.1) 837 (87.2)
94 (9.6) 86 (9.0)
41 (4.2) 34 (3.5)
6.5+2.8 6.7+3.1 0.18
9.8+6.0 10.0£6.2 0.46
319 (32.5) 304 (31.7) 0.69

* Plus—minus values are means +SD. CPR denotes cardiopulmonary resuscitation, and EMS emergency medical services.

The study was conducted according to the pro-
tocol. The funding organizations did not have a
role in the study design, conduct of the study, or
interpretation of the results.

RESULTS

PATIENTS, ARRESTS, AND PROGRESSION OF CPR
INSTRUCTIONS

During the course of the trial, 5525 randomizaticn
envelopes were opened for patients presumed to be
in cardiac arrest, Of these patients, 1941 (35%) met
the inclusion criteria (Fig. 1). The two most com-
mon reasons for exclusion were that EMS person-
nel found the patient to be alive without arrest or
to have signs of irreversible death (in which case
resuscitation by EMS was not attempted). The dis-
tribution of exclusions in the two groups was sim-
ilar according to randomization status.

Among the 1941 eligible patients, approxi-
mately 70% had arrests with a cardiac cause, less
than half the arrests were witnessed, and nearly
a third had a shockable rhythm. The average
EMS response time from dispatch to arrival at the
scene was 6.5 minutes. Patients, circumstance,
EMS response, and presenting rhythm character-
istics were similar in the two groups (Table 1).
Patients randomly assigned to instructions for
the bystander to perform chest compression
alone were more likely to undergo bystander-
performed chest compression (80.5% vs. 72.7%,
P<0.001) (Table 2),

SURVIVAL TO DISCHARGE
Survival to hospital discharge could not be ascer-
tained for seven subjects (0.4%), three randomly
assigned to chest compression alone and four to
chest compression plus rescue breathing, We ob-
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Table 2. Progression of Bystander-Initiated CPR According to Dispatcher’s Instructions.*
Chest Compression  Chest Compression plus
Alone Rescue Breathing Total
Furthest Step Taken in DART Instruction Protocol (N=981) (N=960) (N=1941)
number of patients (percent)
Envelope opened, only preinstructions provided 143 (14.6) 127 (13.2) 270 (13.9)
Rescue-breathing instruction provided, but no res- 1(0.1) 46 (4.8) 47 (2.4)
cue breathing performed
Rescue-breathing instruction provided, only rescue 0 49 (5.1) 49 (2.5)
breathing performed
Compression instruction provided, but no compres- 30 (3.1) 24 (2.5) 54 (2.8)
sions performed
Compression instruction provided, compressions 790 (80.5) 698 (72.7) 1488 (76.7)
performed
Missing data 17 (1.7) 16 (1.7) 33 (1.7)

* Overall crossover between the assigned instructions occurred in 42 of 1941 cases (2.2%). Crossover from chest com-
pression plus rescue breathing to chest compression alone was more common than was crossover from chest com-
pression alone to chest compression plus rescue breathing (3.5% [34 of 960] vs. 0.8% [8 of 981]). CPR denotes cardio-
pulmonary resuscitation, and DART Dispatcher-Assisted Resuscitation Trial.

T Each category is exclusive. Classification was determined by audio review of the emergency call. If instruction was given
but the reviewer was unable to determine whether the maneuver was actually performed, the level of progression was

classified as instruction given but maneuver not performed.

served no significant difference in the propor-
tion of patients surviving to hospital discharge
according to randomization status (12.5% for in-
structions to perform chest compression alone and
11.0% for instructions to perform chest com-
pression plus rescue breathing, P=0.31) or the
proportion surviving to discharge with a favor-
able neurologic status (14.4% for chest compres-
sion alone and 11.5% for chest compression plus
rescue breathing, P=0.13) (Table 3).

SUBGROUP ANALYSES

The Breslow-Day test showed some evidence that
the effect of the two sets of CPR instructions on
outcomes differed according to the underlying
cause of arrest (P=0.007 for return of pulse,
P=0.10 for survival to discharge, and P=0.06 for
survival with a favorable neurologic status) and
presenting arrest rhythm (P=0.14, P=0.09, and
P=0.20, respectively). (Tests for heterogeneity
showed no evidence that the outcome differed
according to whether the arrest was witnessed
[P>0.20].) For example, among patients whose
arrest had a cardiac cause, there was a trend to-
ward an increased proportion of patients surviv-
ing to hospital discharge (15.5%, vs. 12.3% for
patients with other causes of arrest; P=0.09) and
an increased proportion surviving with a favorable
neurologic status at discharge (18.9% vs. 13.5%,

P=0.03) with chest compression alone (Table 4).
The survival rate among patients with a noncar-
diac cause of arrest was 5.0% with instructions
to perform chest compression alone, as compared
with 7.2% with instructions to perform chest com-
pression plus rescue breathing (P=0.29),

In efficacy analyses restricted to patients for
whom the intervention progressed to chest com-
pression, the magnitude of outcome differences
potentially favoring chest compression alone was
typically larger than that observed in the effec-
tiveness analyses (Tables 1 and 2 in the Supple-
mentary Appendix).

DISCUSSION

In this multicenter, randomized trial, CPR instruc-
tions consisting of chest compression alone did
not increase survival to hospital discharge over-
all, as compared with instructions consisting of
chest compression plus rescue breathing. How-
ever, the results suggest that chest compression
alone may increase survival among certain sub-
groups of patients — those with a cardiac cause
of arrest and those with ventricular fibrillation.
The current trial was designed to acknowledge
the heterogeneity of the arrest condition and the
potential for disparate intervention effects across
the arrest population, providing in turn the tru-
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est translation of the intervention effects to com-
munity-based care.?>2* We found no significant
difference between the two types of CPR instruc-
tion with respect to the proportion of patients who
survived to hospital discharge. We did, however,
observe a consistent trend toward clinically mean-
ingful survival differences in favor of chest com-
pression alone over chest compression plus res-
cue breathing among patients whose arrest was
due to a cardiac cause (15.5% vs. 12.3%) and
among those with a shockable arrest rhythm
(31.9% vs. 25.7%). These findings in specific clini-
cal groups are consistent with the results of in-
vestigations that have focused on the same sub-
groups of patients or have used corresponding
animal models.?®*%# One possible explanation is
that the beneficial physiological effects of con-
tinuous chest compressions outweigh the bene-
ficial physiological effects of chest compressions
interspersed with rescue breathing.?> Alternatively,
rescue breathing attempted by bystanders may
have no physiological effects, so the comparison
is essentially between two strategies: continuous
chest compressions and interrupted chest com-
pressions.

We did not observe significant differences in
outcome among the patients with noncardiac
causes of arrest or nonshockable rhythms, al-
though the proportion of patients who survived
was greater in the group randomly assigned to
chest compressions plus rescue breathing, Because
these two (nonexclusive) subgroups accounted for
14.0% (32 of 227) and 21.1% (48 of 227) of sur-
vivors, respectively, they cannot be dismissed as
clinically unimportant. One interpretation of these
results is that the type of bystander CPR does
not make a difference in these subgroups. Alter-
natively, one may speculate that the potential dif-
ference is consistent with the physiological un-
derstanding of rescue breathing and that the study
was underpowered to rigorously evaluate the type
of CPR in these subgroups.

Taken together, the potential differential ef-
fects of CPR with and without rescue breathing
may support a more targeted application of type-
specific CPR. On the basis of data from the cur-
rent study, such a tailored approach, if correctly
applied according to the cause of arrest, would
theoretically result in 156 survivors with a favor-
able neurologic outcome per 1000 patients, as
compared with 144 per 1000 if chest compres-
sion alone were used for all patients or 115 per

P Value
0.04
0.29
0

Absolute

Difference

(95% Cl)t
percentage points
5.8 (04 to 11.1)
2.1 (-1.8t0 6.1)
2.9 (-0.8t0 6.5)

633)

(N
93/633 (14.7)
73/633 (11.5)

Rescue Breathing
234/633 (37.0)

Two Sites Assessing Neurologic Status
Chest Compression plus

~653)
no. of patients/total no. (%)

279/653 (42.7)
94/653 (14.4)

110/653 (16.8)

Chest Compression
Alone (N

P Value
0.12
0.31

{95% Cl)t
percentage points
(-1.4 to 4.4)

3.4 (0.8 to 7.6)

1.5

Absolute
Difference

All Sites
960)

(N=

Rescue Breathing
no. of patients/total no. (%)

Chest Compression plus
2967942 (31.4)
105/956 (11.0)

=981)
335/962 (34.8)
122/978 (12.5)

Chest Compression
Alone {N

for the group assigned to chest compressions alone.
I In the Cerebral Performance Category (CPC) classification, category 1 represents good cerebral performance, 2 moderate cerebral disability, 3 severe cerebral disability, 4 coma or vege-

Table 3. Outcomes.*

Pulse present at end of EMS care
Survival to hospital discharge
CPC 1 or 2 at hospital dischargei:
tative state, and 5 death.

QOutcome

T The absolute difference in outcome between the two groups was derived by subtracting the value for the group assigned to chest compressions plus rescue breathing from the value

* Cl denotes confidence interval, and EMS emergency medical services.
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EMS response time among witnessed

arrests

=6 Min

0.007
0.12
0.11

89/182 (48.9)  14.0 (3.8t023.9)

112/178 (62.9)

01

0.

12.4 (2910 21.6)

103/223 (46.2)

119/203 (58.6)

Pulse present at end of EMS care

7.3 (-2.0to 16.4)

44/182 (24.2)

56/178 (31.5)

0.07

7.8 (=0.5 to 15.9)

48/225 (21.3)

59/203 (29.1)

Survival to hospital discharge

2 (L6 to 15.9)

37/182 (20.3)

49/178 (27.5)

CPC 1 or 2 at hospital dischargex:

>6 Min

0.86
0.77

1.1 (-11.0t0 13.2)
-14 (-11.2108.3)

53/126 (42.1)

54/125 (43.2)

0.98

0.1 (-9.1t09.3)
0.6 (-7.2t06.1)

75/206 (36.4)

76/208 (36.5)

Pulse present at end of EMS care

25/126 (19.8)

23/125 (18.4)

0.87

30/212 (14.2)

29/213 (13.6)

Survival to hospital discharge

0.47

3.3 (-5.7t012.3)

17/126 (13.5)

21/125 (16.8)

CPC 1 or 2 at hospital discharges:

for the group assigned to chest compressions alone.
1 In the Cerebral Performance Category classification, category 1 represents good cerebral performance; 2, moderate cerebral disability; 3, severe cerebral disability; 4, coma or vegetative

state; and 5, death.

1 The absolute difference in outcome between the two groups was derived by subtracting the value for the group assigned to chest compressions plus rescue breathing from the value

* Cl denctes confidence interval, CPC Cerebral Performance Category, and EMS emergency medical services.
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1000 if chest compression plus rescue breathing
were used for all patients. Future investigation
may consider whether straightforward, operational
etiologic surrogates can facilitate type-specific CPR
aimed at the underlying cause of arrest.

We also did not observe outcome differences
overall when we evaluated neurologic status at
discharge. This finding provides assurance that
improved resuscitation with chest compression
alone is not achieved at the cost of neurologic im-
pairment. Indeed, there was some suggestion that
the brain may derive specific benefit, given the
increase in the magnitude of both the relative and
absolute differences favoring chest compression
alone over chest compression plus rescue breath-
ing, as evident from the two contrasting outcomes
— survival (16.8% and 14.7%, respectively) and
survival with favorable neurologic status (14.4%
and 11.5%) (Table 3). Because CPR has a host of
effects, a brain-specific advantage related to chest
compression alone may be plausible.2¢

It is also useful to contrast the effectiveness
and efficacy results in this study. The trial was
an effectiveness study, since about one fourth of
the patients did not progress to chest compres-
sions. Conversely, three fourths did progress to
chest compressions (the group constituting effi-
cacy results) — a finding that underscores the
important contribution a well-trained, assertive
emergency dispatch program can make to increase
bystander CPR. The magnitude of outcome dif-
ferences potentially favoring chest compression
alone was typically larger in the efficacy analysis
as compared with the effectiveness analysis (Ta-
bles 1 and 2 in the Supplementary Appendix).
One interpretation is that the efficacy associa-
tions better reflect the intervention’s true physi-
ological effects, suggesting that the potential
benefit of chest compression alone is not due sim-
ply to a greater proportion of bystanders imple-
menting chest compressions but may be due in-
stead to the specific physiological effects of chest
compression alone.

The current trial has limitations. The interven-
tion randomized bystander CPR either to chest
compressions alone or to chest compressions in-
terspersed with rescue breathing in a ratio of
2 breaths to 15 compressions. This 2:15 ratio was
the guideline specified during the first portion
of the trial. One might expect that the results
— and specifically the differences observed —
would be attenuated if the ratio had been 2:30.
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Such an inference is uncertain given the incom-
plete understanding of the mechanisms underly-
ing the benefit of CPR and the fixed logistic
considerations of incorporating rescue breathing.?”
We were able to assess progress through the study
protocol, although we were not able to objectively
and quantitatively measure the core components
of the resuscitation maneuver (e.g., chest com-
pression depth).

This investigation involved dispatcher-instruct-
ed CPR. The results do not apply to health profes-
sionals, who have a duty to respond and are more
practiced and proficient in CPR, often engaging at
a later stage of arrest physiology. Also, the results
do not necessarily apply to bystanders who have
been previously trained, are able to identify a car-
diac arrest, and can provide CPR without dis-
patcher assistance. Nonetheless, CPR performed by
lay responders trained in compression plus rescue
breathing often falls short of the guideline stan-
dards during an actual cardiac arrest.?®

The optimal outcome measure incorporates
both heart and brain resuscitation. Our study de-
termined the neurologic status of survivors at
two of the three trial sites. We do not know
whether the distribution of neurologic status
differed at the third site, although those who
survived from the third site represent only about
10% of all the survivors.

Although nearly 2000 eligible patients were
enrolled, the study may still be criticized for hay-
ing insufficient power to detect clinically impor-
tant differences. For example, the study would
need approximately 4200 subjects to have 80%
power to demonstrate a significant difference in
survival with a favorable neurologic outcome be-
tween the group treated with chest compression
alone and the group treated with chest compres-
sion plus rescue breathing (14.4% and 11.5%, re-
spectively).

We used a 95% confidence interval to designate
statistical significance, although multiple com-
parisons were performed. Thus, caution should
be exercised when interpreting the results, since
one might expect about 5% of comparisons to be

statistically significant simply by chance.?® It is
important to note that the subgroup analyses were
all prespecified. Moteover, the pattern of results
across subgroups is consistent with the scientific
understanding of type-specific CPR mechanistic
effects, so collectively these results may strength-
en the interpretation.

The study’s limitations should be balanced
against its strengths. Cardiac arrest is a major
public health challenge for which high-level evi-
dence to guide care is lacking. Our trial was con-
ducted in three different emergency medical sys-
tems, the intervention was randomized and was
validated through audio review, the outcomes are
clinically meaningful, and the design allowed for
capture of a comprehensive study population so
that translation of the results to the community
can be reasonably gauged.

In conclusion, this randomized trial showed
that dispatcher CPR instruction consisting of chest
compression alone did not increase survival when
compared with chest compression plus rescue
breathing overall. However, there was a consis-
tent trend toward meaningful outcome differences
in favor of chest compression alone in key clini-
cal subgroups (i.e., patients with a cardiac cause
of arrest and patients with shockable rhythms).
The results, viewed within the context of other
investigations, strengthen a layperson CPR_strat-
egy that emphasizes chest compression and min-
imizes the role of rescue breathing.
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Special Report

Cardiocerebral Resuscitation
The New Cardiopulmonary Resuscitation

Gordon A. Ewy, MD

“Why is it that every time I press on his chest he opens
his eyes, and every time I stop to breathe for him he goes
back to sleep?”!

his article reviews research that shows that cardiopulmo-

nary resuscitation (CPR) as it has been practiced and as
it is presently taught and advocated is far from optimal. The
International Guidelines 2000 for Cardiopulmonary Resus-
citation and Emergency Cardiovascular Care, hereafter re-
ferred to as “Guidelines 2000,” were evidence based.? During
their formulation, the greatest weight of evidence was given
to placebo-controlled randomized trials in humans. Unfortu-
nately, it is extremely difficult not only to obtain informed
consent but also to obtain funding for studies of the magni-
tude necessary to answer critically important CPR questions.
It is unfortunate that controlled CPR research in animals was
given the lowest priority in the evidence-based scheme.? In
our opinion, controlled animal experiments provide data that
may be nearly impossible to obtain in human trials in which
the circumstance, age, disease states, interventions, and re-
sponse times to arrest are variable and often unknown. On the
other hand, the use of swine for CPR research is not the
perfect experimental solution, because they are easier to
resuscitate in that they have no underlying heart disease
(unless experimentally produced), they are younger, and they
have more compliant chests than older adults with cardiac
arrest,

Since the formulation of “Guidelines 2000,” old and new
research in animals and new research in humans have
rendered them outdated. Although they will be revised, it is
unknown when and what changes will be made. Nevertheless,
in 2003, the CPR research information from both animal and
humans was so compelling that we could not in good
conscience wait for yet another set of new guidelines.
Accordingly, our CPR research group, in cooperation with
the Tucson Fire Department, initiated a new comprehensive
resuscitation program in November 2003 in Tucson, Ariz,
with emphasis on these new research findings.? We were
encouraged in this effort by our colleagues in Europe,* and, as
noted below, recent studies in humans have reinforced our
conclusions.

Three Phases of Cardiac Arrest Due to
Ventricular Fibrillation

One of the many important concepts to come forward since
“Guidelines 2000” were published is the 3-phase, time-
dependent concept of cardiac arrest due to ventricular fibril-
lation articulated by Weisfelt and Becker.> The first phase is
the electrical phase, which lasts =5 minutes. During this
phase, the most important intervention is prompt defibrilla-
tion. This is why the benefit of the automatic external
defibrillator (AED) has been shown in a wide variety of
settings, including airplanes, airports, casinos, and in the
community.5-1° The second phase of cardiac arrest due to
ventricular fibrillation is the hemodynamic phase, which lasts
for a variable period of time, but possibly from minute 5 to
minute 15 of the arrest. During this time, generation of
adequate cerebral and coronary perfusion pressure is critical
to neurologically normal survival; however, if an AED is the
first intervention applied during this phase, the subject is
much less likely to survive for reasons that will be presented
below. The third phase is the metabolic phase, for which
innovative new concepts are needed, the most promising of
which is the application of hypothermia. An appreciation of
these 3 phases helps one put into context some of the recent
findings in resuscitation research.

Physiology of Resuscitation From Cardiac Arrest

The opening quote above is from a woman who had been
given 9-1-1 dispatch telephone instructions in cardiopulmo-
nary resuscitation.! It is more than a decade old, but when I
listened to this recording, I could not help but marvel at the
importance of the observation made by this distraught woman
trying to resuscitate her husband while awaiting the arrival of
the paramedics. She correctly observed what our and others’
research had found: that during cardiac arrest, maintenance of
cerebral perfusion is critical to neurological function. During
the hemodynamic phase, the most important determinant of
cerebral perfusion is the arterial pressure generated during
external chest compressions.!'-!5 This perfusion pressure is
lost when one stops chest compressions for rescue breath-
ing.'™-!15 The same can be said for maintaining viability of the
fibrillating heart. The fibrillating ventricle can be maintained
for long periods of time if there is adequate coronary or
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Figure 1. Simultaneous recording of aor-
tic and right atrial pressures during first
15 external chest compressions in swine
in cardiac arrest due to ventricular fibril-
lation. AoS indicates aortic “systolic”
pressure during chest compression;
AoD, aortic "diastolic” pressure during
release phase; and RAD, right atrial pres-
sure during “diastolic” or release phase
of chest compression.
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myocardial perfusion pressure produced and the coronary
arteries are open. If early defibrillation is not available, a
major determinant of survival from ventricular fibrillation
cardiac arrest is the production of adequate coronary perfu-
sion pressure.!'-'> The coronary perfusion pressure is the
difference between the aortic “diastolic” pressure and the
right atrial “diastolic” pressure. The word diastolic is in
quotes because CPR “systole” is the chest compression phase,
and CPR “diastolic” is the release phase of external chest
compression (Figure 1). As shown in Figure 1, once chest
compressions are begun, it takes time to develop cerebral and
coronary perfusion pressures. When chest compression is
interrupted for rescue breathing, the cerebral perfusion pres-
sure drops abruptly, and the cardiac perfusion pressure drops
significantly. During single-rescuer scenarios, it takes time
for the cerebral and coronary perfusion pressures to increase
with chest compressions, only to fall each time they are
interrupted for ventilation.'¢

These perfusion pressures are important. It has been shown
that during prolonged cardiac arrest, survival in animals
(Figure 2) and return of spontaneous circulation in humans
are related to the coronary perfusion pressures generated
during chest compression.!5!7 There are several other major
determinants of the perfusion pressure during closed-chest

Survival From Prolonged Cardiac Arrest Relates
to the Coronary Perfusion Pressures Generated
During Chest Compression

Pressure (mm Hg)

24-hour  Resuscitaled  Could
Sunvivors But Hot

Expited  Resuscilate

Figure 2. Survival from prolonged cardiac arrest in canines
relates to coronary perfusion pressure generated during external
chest compressions. See text.

compression in cardiac arrest, including vascular resistance,
vascular volume, and intrathoracic pressure. The importance
of the vascular resistance during chest compression explains
why vasopressors may improve perfusion pressures and
vasodilators decrease perfusion pressures.'®-2! The effective
intravascular volume is also critical, because an adequate
perfusion pressure cannot be obtained and patients cannot be
resuscitated if the vascular volume is low. Causes of low
vascular volume include excessive blood loss and vascular
fluid extravasation. Marked dilation of the venous system
may also result in an effective low blood volume. The
intrathoracic pressure is yet another determinant of perfusion
pressure. A low or negative intrathoracic pressure during the
“diastolic” or release phase of chest compression helps to
augment venous return into the chest.22 A high intrathoracic
pressure during the relaxation or “diastolic” phase of chest
compression inhibits venous return. Thus excessive ventila-
tion, as will be detailed below, will decrease venous return to
the thorax and decrease survival.??

However, there is a distinct window of time in which the
perfusion pressure must be restored. Excellent perfusion
pressures supplied too late (after the hemodynamic phase and
during the metabolic phase) will not resuscitate the subject
because irreversible tissue and organ damage has occurred.#
An appreciation of the physiology of closed-chest resuscita-
tion from cardiac arrest facilitates understanding of the
research findings to be presented below.

Lack of Bystander-Initiated CPR

The first problem contributing to the dismal survival rates of
out-of-hospital cardiac arrest is the lack of bystander- or
citizen-initiated basic CPR. Although the majority of out-of-
hospital cardiac arrests are witnessed, only 1 in 5 receive
bystander- or citizen-initiated CPR.24-26 A survey by our CPR
Research Group indicated that only 15% of lay individuals
would definitely do mouth-to-mouth resuscitation on a
stranger.?” Anonymous surveys have shown that lay individ-
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uals are not the only ones reluctant to provide mouth-to-
mouth resuscitation on strangers—so are certified CPR in-
structors and physicians.?®-3! Yet, in the absence of early
defibrillation, bystander- or citizen-initiated chest compres-
sion is essential for improved survival for patients with
out-of-hospital cardiac arrest.>? A meta-analysis published in
1991 of 17 studies showed that individuals receiving by-
stander CPR were 4.5 times more likely to survive.?3 Since
then, other studies confirmed the importance of bystander-
initiated CPR for out-of-hospital sudden cardiac arrest vic-
tims.2¢ In another study, those who received bystander-
initiated CPR were 3 times more likely to survive to leave the
hospital.?s And a recent report from a 20-community study of
adult out-of-hospital cardiac arrest found that citizen-initiated
CPR was strongly associated with increased survival and
better quality of life.26 Yet, early bystander CPR is not being
done, principally because of the bystander’s reluctance to
perform mouth-to-mouth rescue breathing. This information,
along with our research findings, led us to ask whether
chest-compression—only CPR, eg, without mouth-to-mouth
rescue breathing, was better for out-of-hospital cardiac arrest
than doing nothing until the paramedics arrived.

We compared 24-hour survival with 3 different approaches
to bystander CPR using a swine model of prehospital single-
rescuer CPR. The 3 interventions were chest-compression—
only CPR, “ideal” standard CPR, and no bystander CPR.! The
ideal standard CPR group was ventilated with hand-bag-valve
ventilation via an endotracheal tube with 17% oxygen and 4%
carbon dioxide, with 2 ventilations delivered within 4 seconds
before each set of 15 chest compressions, to simulate “ideal”
mouth-to-mouth rescue breathing. After one-half minute of
untreated ventricular fibrillation, the swine were randomized.
After 12 minutes of intervention (total duration of ventricular
fibrillation 12.5 minutes), advanced cardiac life support was
supplied, simulating the late arrival of paramedics. We found
that all animals in both the chest-compression—only CPR

(Figure 3) and the ideal standard CPR (Figure 4) groups were
resuscitated successfully and were neurologically normal at
24 hours. In sharp contrast, only 2 of 8 animals in the group
that had no chest compressions until 12.5 minutes (simulating
no bystander CPR and the late arrival of emergency medical
personnel) survived, and 1 of the 2 was comatose and
unresponsive.! Our University of Arizona Sarver Heart Cen-
ter CPR Research Group has published 6 studies with a total
of 169 swine with variable durations of ventricular fibrillation
arrest before initiation of basic life support (BLS), and
various durations of “ideal” standard BLS and chest-com-
pression—only BLS.11434-3% We found that chest-compres-
sion—only BLS and ideal standard BLS resulted in similar 24-
or 48-hour normal or near-normal neurological survival and
that both were dramatically better than simulated no-bystand-
er—initiated BLS and late arrival of paramedics (Figure
5).11434-38 Others have confirmed these findings.??

These findings were enough for us to encourage bystander
continuous-compression CPR without mouth-to-mouth res-
cue breathing for witnessed cardiac arrest in adults, eg,
nonrespiratory cardiac arrests; however, “Guidelines 2000
did not make this recommendation. Although not previously
willing to extend such a recommendation for everyone doing
bystander-initiated CPR, American Heart Association guide-
lines have stated that, “If a person is unwilling to perform
mouth-to-mouth ventilation, he or she should rapidly attempt
resuscitation, omitting mouth-to-mouth ventilation.°4! Un-
fortunately in American Heart Association— and Red Cross—
sponsored CPR courses, chest-compression—only CPR is
rarely, if ever, mentioned.

After publication of “Guidelines 2000,” a pivotal finding
was reported from England.*2 Dr Karl Kern, a member of our
CPR research group, was a coauthor of this study.*? Videos of
lay individuals doing CPR on manikins documented that it
takes them an average of 16*+1 seconds to deliver the
“Guidelines 2000”-recommended 2 breaths.#? Accordingly,
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Figure 4. Simultaneous recording of aor-
tic diastolic (red) and right atrial (yellow)

pressures during CPR in which 2 ventila-
tions are delivered within 4-second time

period.
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we conducted another experiment in swine in which contin-
uous-chest—compression BLS was compared with standard
BLS, in which we took 16 seconds to deliver the 2 breaths
before each set of 15 compressions (Figure 6).35 As recom-
mended, each breath was delivered over an =2-second
interval. After 3 minutes of untreated ventricular fibrillation,
12 minutes of BLS was initiated. Defibrillation was attempted
at 15 minutes of cardiac arrest. Neurologically normal 24-
hour survival was dramatically better with continuous-chest—
compression CPR (CCC-CPR) versus BLS CPR the way it is
actually done by lay individuals, that is, when 16 seconds is
needed to deliver 2 rescue breaths before each set of 15 chest
compressions. Continuous-chest—compression survival was
12 (80%) of 15 versus 2 (13%) of 15 for standard CPR.35 In

Survival from simulated out-of-hospital cardiac
arrest in 169 swine in six different studies

80%

40%

20%

24-48 Hour Neurologically
Normal Survival (Percent)

0%

CCC-CPR

Ideal-CPR No CPR

Figure 5. Survival from simulated out-of-hospital cardiac arrest
due to ventricular fibrillation during single lay rescuer scenario.
Results from 6 different studies are summarized (see text). Sur-
vival was the same with chest-compression-only CPR (CCC-
CPR) and so-called ideal standard CPR, in which 2 breaths
were delivered in 4 seconds (Ideal-CPR), and either was dra-
matically better than when no bystander CPR was initiated.

Figure 7, survival with CCC-CPR is shown as 73% rather
than 80% because 73% is the average survival of the
CCC-CPR groups in our 6 previously published studies
involving 169 animal studies. The survival rate of 13% in our
experimental model of out-of-hospital cardiac arrest was of
intense interest because in Tucson, the average survival for
individuals with out-of-hospital cardiac arrest due to ventric-
ular fibrillation over the past decade was ~13%.22

We wondered whether a younger population of highly
motivated individuals, eg, our medical students, could deliver
the recommend 2 breaths any faster. In a study using
manikins, we found that it took medical students an average
of 14*1 seconds to perform the 2 recommended breaths for
rescue breathing.**> We then recorded paramedics’ perfor-
mance and found that it took them an average of 10*1
seconds.** Thus, it takes a considerable amount of time for
the 2 respirations that are to be given before each set of 15
chest compressions. This markedly limits the number of chest
compressions being delivered.

Experimental and human data support the need for >80
compressions per minute to achieve optimal blood flow
during CPR.#547 In addition, our studies have shown that
compression rates of 100 to 120 per minute are better than 80
per minute and that the use of a metronome to ensure an
appropriate chest compression rate improves perfusion in
humans.*¢#” The guidelines for adult BLS were changed in
the mid 1990s and recommended that a single rescuer deliver
2 ventilations before each set of 15 chest compressions. The
revised recommended compression rate of 100 per minute
was intended to increase the total number of delivered
compressions to 64 per minute, with the assumption that the
pause for the 2 ventilations takes 4 seconds?; however, as
noted above, this appears to be physically impossible.
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Another observation is that if a subject collapses with
ventricular fibrillation, gasping lasts from 2 to 4 minutes.
Gasping is both fortunate and unfortunate. It is fortunate
because when chest compression is initiated promptly, the
subject is likely to continue to gasp and provide self-
ventilation. In fact, Kouwenhoven et al, in one of their early
programs, indicated that ventilation was not necessary during
chest compression as the subject gasped (W.B. Kouwenhoven,
J.R. Jude, and G.B. Knickerbocker, demonstration of the
technique of CPR for New York Society of Anesthesiologist
1960s; copy of demonstration provided on CD by J.R. Jude).
However, gasping may be unfortunate, because most lay
individuals interpret this as an indication that the individual is
still breathing and do not initiate bystander CPR or call 9-1-1
as soon as they should. Qur survey indicated that chest-
compression—only CPR, or CCC-CPR, is more likely to be
initiated by bystanders, and our research demonstrates that
during the first 15 minutes of cardiac arrest due to ventricular
fibrillation, CCC-CPR is dramatically better than standard
CPR, because ventilation takes so long that the chest is being
compressed less than half of the time.2733

Comparison of Outcome During a Simulated
Single Lay Rescuer Scenario of Qut-of-Hospital
Ventricular Fibrillation Cardiac Amest
100

@
o

P <0.003

FY
<

N
=

24-Hour Neurological
Normnal Survival {percent)
=23
o

CCC CPR

Standard CPR

Figure 7. Comparison of 24-hour neurelogically normal survival
(percent) during simulated single lay rescuer scenario of out-of-
hospital ventricular fibrillation cardiac arrest. CCC-CPR is
continuous-chest-compression CPR without ventilation; Stan-
dard CPR is when each set of 15 chest compressions was
interrupted for 16 seconds to deliver 2 ventilations.

Figure 6. Simultaneous recording of aortic
(blue) and right atrial (yellow) pressures dur-
ing simulated single lay rescuer scenario in
which each 2 ventilations are delivered
within 16 seconds. ECG (bottom yellow)
shows continuous ventricular fibrillation.
Note that 15 chest compressions take less
time than 2 ventilations (see text).

On the basis of the above data, one aspect of our Sarver
Heart Center/Tucson Fire Department Initiative for Excel-
lence in CPR is our “Be A Lifesaver” program for the
public.22 This program encourages citizens to call 9-1-1 and
then initiate continuous chest compression without mouth-to-
mouth ventilation for out-of-hospital witnessed unexpected
sudden collapse in adults until the paramedics/firefighters
arrive. The purpose of this initiative is to dramatically
increase the incidence of bystander- or citizen-initiated CPR.

The 3 steps of our Be A Lifesaver program are presented in
the Table. Another major advantage of this program is that
individuals can be taught CCC-CPR in a relatively short
period of time. A demonstration can be seen by accessing the
Sarver Heart Center World Wide Web site at www.arizona,
heart.edu. Our Be A Lifesaver program also recognizes the
importance of the use of AEDs early in witnessed unexpected
sudden collapse in adults (Table).

It is of historical interest that physicians in the Netherlands
were the first to recognize that if an adult develops ventricular
fibrillation and suddenly collapses, his or her lungs, pulmo-
nary veins, left heart, aorta, and all of the arteries are full of
oxygenated blood.*® They suggested that the mnemonic for
cardiac arrest should not be ABC, for airway, breathing, and
circulation, but CBA, for chest compression first, breathing,
and then attention to airway if there was a problem with
breathing.*®

Our recommendations are for witnessed unexpected sud-
den collapse in an adult, a condition that is almost always due
to cardiac arrest. In contrast, in patients with respiratory
arrest, ventilation is critically important. Chest compressions
plus mouth-to-mouth rescue breathing is markedly superior to
either technique alone.*® Nevertheless, studies of asphyxial
cardiac arrest in swine have shown that chest compression is
better, but only slightly better, than doing nothing.4®

CCC-CPR Supported by Observations in Humans
Since our Tucson program was initiated, physicians from
Tokyo, Japan, reported on their observational study of 7138
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In witnessed sudden cardiac arrest in adults, mouth-to-mouth resuscitation is not necessary.* Follow these instructions to perform continuous-chest-compression

CPR:
1. Direct someone to call 9-1-1 or make the call yourself.

2. Position the victim on his or her back on the floor. Place one of your hands on top of the other and place the heel of the bottom hand on the center of
the victim’s chest. Lock your elbows and begin forceful chest compressions at a rate of 100 per minute,

3. If an automated external defibrillator (AED) is available, attach it to the victim and follow the machine’s instructions. If no AED is available, perform
continuous chest compressions until paramedics arrive. Take turns if you have a partner.

*In cases involving children, suspected drowning, or suspected drug overdose, follow standard American Heart Association CPR procedures.

patients with out-of-hospital cardiac arrest.®® They found that
chest-compression—only CPR was the best independent pre-
dictor of their primary end point of neurologically normal
hospital discharge, with an adjusted OR of 2.5 (P=0.002).5¢

Dispatch-Directed CCC-CPR

After “Guidelines 2000” were published, Hallstrom and associ-
ates! from Seattle, Wash, published a 6-year study involving
520 patients who were randomized to telephone dispatch—
directed standard CPR or CPR with chest compression but
without mouth-to-mouth resuscitation. They found that survival
was 10.4% with standard CPR and 14.6% with chest-compres-
sion—only CPR.5! Accordingly, as part of our overall program,
the first change in the Tucson Fire Department Emergency
Medical Service system was to have telephone dispatchers
provide instructions for chest-compression—only CPR.

Present Guidelines for Paramedics Are Also

Not Optimal

The Ontario Prehospital Advanced Life Support (OPALS)
study tested the incremental effect on survival after out-of-
hospital cardiac arrest of the addition of a program of
advanced life support to a program of bystander BLS and
encouraged use of AEDs.2¢ They found that the addition of
advanced life support intervention, as currently practiced, did
not improve the rate of survival after out-of-hospital cardiac
arrest in a previously optimized emergency medical service
system of rapid defibrillation.26 Does this mean we can do
away with our expensive paramedic systems, or does this
mean that the present approach and guidelines for the
paramedics are also not optimal? We think the “Guidelines
2000 for the paramedics are also not optimal.

Chest Compressions Are Necessary Before
Defibrillation During the Hemodynamic Phase of
Cardiac Arrest

Cobb and associates>2 noted that as more of their paramedic/
firefighter units were supplied with AEDs, the survival rate
appeared to decline. Therefore, they changed their protocol so
that the units performed 90 seconds of chest compression
before applying the AED, They found that when this was
done, survival improved.? This information was known at
the time of the writing of “Guidelines 2000,” but because this
change in the Seattle protocols was made while another study
was being done, this finding was not incorporated into the
guidelines, Professor L. Wik, from Oslo, Norway, noted this
controversy and studied this question.>3 In a randomized trial
of 200 patients with out-of-hospital cardiac arrest, paramedics

performed either 3 minutes of chest compression before
defibrillation or defibrillated first.>? They found that when the
ambulance arrived in fewer than 5 minutes (during the
electrical phase of cardiac arrest), there was no difference in
outcome; however, when the ambulance arrived after 5
minutes (during the hemodynamic phase of cardiac arrest),
there was a dramatic difference. In this group, the l-year
survival rate was 4% in the shock-first group and 20% in the
chest-compression—first group.® A detailed analysis of the
Seattle data revealed similar results.>* In the group who were
attended to within 4 minutes, there was no difference in
survival to hospital discharge (31% for chest compression
first and 32% for defibrillation first); however, in patients
treated after 4 minutes, survival was greater (27%) in the
group with 90 seconds of chest compression first than in the
group who received AED shock first (17% survival).>*

In Tucson, the average arrival time of paramedic/firefighters
is ~7 minutes, that is, in the hemodynamic phase of cardiac
arrest. Accordingly, Tucson paramedic/firefighters have been
instructed to give 200 chest compressions before defibrillation.
We decided on 200 compressions at 100 compressions per
minute because it was between the 90 seconds in the study by
Cobb et al>2 and the 3 minutes used by Wik et al.>* Two hundred
chest compressions should take ~2 minutes to perform and do
not require the paramedics/firefighters to time the duration of the
chest compressions, only to count them.

Limiting Interruptions of Chest Compressions by
Paramedics/Firefighters

Associates from our CPR research group have documented
that paramedics/firefighters are compressing the chest of the
victim less than half of the time they are at the scene (Temry
Valenzuela, MD, written communication, December 14,
2004). This lack of compressions appeared to be the result of
the paramedics following guidelines and using AEDs. This
was an astounding finding. Accordingly, the first change that
was made in our paramedic program was to ensure that 1
paramedic/firefighter is compressing the chest continuously,
with only short interruptions for defibrillation shock and
rhythm analysis. Intubation is delayed until 3 series of 200
chest compressions, shock, 200 postshock chest compres-
sions, and rhythm analysis are performed. Emphasis is placed
on obtaining intravenous access. Intubation is delayed until
after 3 series of compressions and defibrillations.

Support for delaying intubation and using a bag-valve-
mask for ventilation is supported by the study of Gausche and
associates.> Their controlled clinical trial of patients aged 12
years and younger or weighing an estimated 40 kg or less
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showed no significant difference in survival between the
bag-valve-mask group (30%) and the endotracheal intubation
group (26%).5* This important finding (that endotracheal
intubation was not superior to bag-valve-mask ventilation
even in the pediatric age group, a group in whom respiratory
arrest is expected to be more common) supports the fact that
endotracheal intubation, although commonly performed and
commonly thought to be of the highest priority, is not
critically important and is probably deleterious because it
results in interruptions of chest compression.

Avoiding the Immediate Deployment of AEDs

During the Hemodynamic Phase of Cardiac Arrest
Most AEDs available during and before 2003 took a signif-
icant amount of time to analyze the patient’s rhythm, to
recommend defibrillation shock, and then to analyze the
postshock rhythm, such that minutes were added to the arrest
time, which makes resuscitation less likely.555¢ Accordingly,
the immediate deployment of an AED by paramedics/fire-
fighters arriving during the hemodynamic phase of cardiac
arrest may decrease the chances of survival from out-of-
hospital cardiac arrest.3%57 These devices result in prolonged
interruption of precordial compression during the hemody-
namic phase of cardiac arrest and contribute to poor surviv-
al.’” The Tucson paramedics/firefighters are instructed to use
the “quick look™ features of defibrillators if available.

Two Hundred Chest Compressions by
Paramedics/Firefighters After Shock and Before
Rhythm Analysis

As noted above, paramedics/firefighters are instructed to
perform another 200 chest compressions after the shock
before assessing the rhythm. This is based on the fact that
after prolonged ventricular fibrillation, the shock frequently
defibrillates, but to a nonperfusing rhythm. In fact, to produce
pulseless electrical activity (PEA) in the experimental labo-
ratory, one fibrillates the animal, does no chest compression
for several minutes, then defibrillates, and the result is usually
PEA, or the older term, “electrical mechanical dissociation”
or “EMD.”5839 If chest compression is applied and the heart
is perfused after the defibrillating shock, the PEA is more
likely to revert to a perfusing rhythm.>*

If the paramedics/firefighters witness the arrest, they defi-
brillate first. Otherwise, they assume that the patient is in the
hemodynamic phase of cardiac arrest and perform 200 chest
compressions, deliver the shock, and immediately perform
another 200 chest compressions before thythm analysis. As
noted above, this sequence is followed 3 times before an
attempt to intubate. Before intubation, the patient is ventilated
via bag-valve-mask.

Excessive Ventilation Avoided

Some time after advocating chest-compression-only CPR, we
changed the designation to “continuous-chest-compression
CPR.” Our original thought was *ventilate all you want, just do
not stop pressing on the chest.” We now know that “ventilate all
you want” is wrong as well. Excessive ventilation is a major
problem in CPR, decreasing the chances of survival 2!

After the recommended chest compression rate was increased
from 60 compressions per minute to 80 to 100 compressions per
minute, we had our CPR research nurse attend a number of
cardiac arrests in the hospital to count the number of chest
compressions per minute that physicians were providing. The
nurse also counted the number of ventilations per minute.5° The
number of ventilations was consistently more than the recom-
mended 12 to 15 per minute.? Some were ventilated at a faster
rate than the chest was being compressed! The average number
of ventilations was 37 per minute.®® This number became of
increased interest when Aufderheide and associates?* recently
reported the same average number of excessive number of
ventilations by paramedics. They then studied the effect of
ventilation rate on survival in a swine model of cardiac arrest and
found that excessive ventilations decreased survival.?* With
simultaneous chest compressions and ventilations, there is a
dramatic increase in intrathoracic pressure, decreasing venous
return, and thus perfusion pressures. The study by Aufderheide
and associates?® indicates that 12 to 15 ventilations per minute
are much better than the near 30 ventilations per minute that are
often delivered.

There is a need for more research into the best way for
ventilation to be delivered in the various phases of cardiac
arrest, depending on whether rescue breathing was performed
or not. The amount and type of ventilation studied by
different groups are variable, and the results have been
conflicting.662 Is there a role for negative pressure during
ventilation, as proposed and studied by Lurie and associ-
ates226'? Wik and associates®? found that optimal paramedic
ventilation is 10 mL/kg at a frequency of 12 ventilations per
minute. Is this what one should recommend? This is another
area that needs more study.

Just as multicenter clinical trials are necessary to provide
large enough numbers from a variety of locations to ensure
their validity, we think there is a need for multicenter
laboratory research using common protocols to give better
direction and preliminary preclinical data to support the
pursuit of expensive multicenter clinical trials. Standards and
guidelines for CPR have been advocated for more than 40
years, and we still only have some of the answers.

The Metabolic Phase: Hypothermia
It has long been appreciated that survival from drowning is
more likely with cold water rather than warm. Although
improved neurological recovery was reported by Benson et
al®? in 1959 in a small number of comatose patients after
resuscitation from cardiac arrest treated with hypothermia, it
was not until the simultaneous reports from Austria and
Australia of improved survival and neurological outcome that
this concept was more generally accepted.6*63

After the publication of these studies, the International Liaison
Committee on Resuscitation (ILCOR) issued a new statement on
hypothermia.®s It states, “Unconscious adults with spontaneous
out-of-hospital cardiac arrest and an initial rhythm of ventricular
fibrillation should be cooled to 32 to 34 degrees centigrade for
12 to 24 hours.”® They added that, “Such cooling also may be
beneficial for other rhythms or for in-hospital cardiac arrest.”s¢
More research is needed to define the best and safest methods for
postresuscitation hypothermia.
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Conclusions

This article reviewed the studies that led us to institute a new
system of CPR for out-of-hospital witnessed arrest due to
ventricular fibrillation in adults.® It is called cardiocercbral
resuscitation (CCR), or continuous-chest—compression CPR
(CCC-CPR) for witnessed unexpected sudden cardiac arrest
in adults, to differentiate it from the presently taught CPR that
may be better (but we do not think ideal) for patients with
respiratory arrest. Sudden witnessed collapse in an adult is
most often due to ventricular fibrillation, and the present CPR
as articulated by “Guidelines 2000 results in excessive
interruptions of chest compressions for other presently man-
dated tasks.?> These excessive interruptions are lethal,

Some of the major unanswered questions are as follows:
When is ventilation mandatory during prolonged cardiocere-
bral resuscitation? Ventilation is probably mandatory after
~15 minufes of chest compression only in patients who are
not gasping. This needs to be studied.

If one is willing to do mouth-to-mouth rescue breathing for
witnessed cardiac arrest, what is the best compression-to-
ventilation ratio? One of our studies suggests that it might be
continuous chest compressions for the first 4 minutes, follow
by 1 or 2 ventilations before each set of 100 compressions.5?

If bystanders perform chest-compression—only CPR and the
paramedics arrive within 8 to 15 minutes, what is the best
sequence of ventilation for the paramedics/firefighters? Clearly,
excessive ventilation is to be avoided, but are the recommended
12 to 15 ventilations per minute optimal? Should fewer ventila-
tions and the use of the impedance valve mask be used?
Continued research in cardiocerebral resuscitation is clearly
needed, but we cannot wait for all the answers, nor until the next
guidelines are published, to make some needed changes.
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UT-OF-HOSPITAL CARDIAC
arrest is a major public
health problem, affecting
approximately 300 000 in-
dividuals in the United States annu-
ally.! Although survival rates vary con-
siderably, overall survival is generally
less than 10% among those in whom re-
suscitation is attempted.” The provi-
sion of bystander cardiopulmonary
resuscitation (CPR) significantly im-
proves outcome® but is generally per-
formed in less than 30% of cases.>*
In 2005, because our evaluation of
out-of-hospital cardiac arrest in Ari-
zona revealed dismal outcomes, we es-
tablished a statewide program aimed at
improving survival. These efforts in-
cluded changes in the approach to the
care provided by both bystanders and

See also p 1493 and Patient Page.

©2010 American Medical Association. All rights reserved.

Context Chest compression—only bystander cardiopulmonary resuscitation (CPR) may
be as effective as conventional CPR with rescue breathing for out-of-hospital cardiac arrest.

Objective To investigate the survival of patients with out-of-hospital cardiac arrest
using compression-only CPR (COCPR) compared with conventional CPR.

Design, Setting, and Patients A 5-year prospective observational cohort study of
survival in patients at least 18 years old with out-of-hospital cardiac arrest between Janu-
ary 1, 2005, and December 31, 2009, in Arizona. The relationship between layperson
bystander CPR and survival to hospital discharge was evaluated using multivariable lo-
gistic regression.

Main Outcome Measure Survival to hospital discharge.

Results Among 5272 adults with out-of-hospital cardiac arrest of cardiac etiology not
observed by responding emergency medical personnel, 779 were excluded because by-
stander CPR was provided by a health care professional or the arrest occurred in a medi-
cal facility. A total of 4415 met all inclusion criteria for analysis, including 2900 who re-
ceived no bystander CPR, 666 who received conventional CPR, and 849 who received
COCPR. Rates of survival to hospital discharge were 5.2 % (95 % confidence interval [CI],
4.4%-6.0%) for the no bystander CPR group, 7.8% (95% Cl, 5.8%-9.8%) for conven-
tional CPR, and 13.3% (95% Cl, 11.0%-15.6%) for COCPR. The adjusted odds ratio
(AOR) for survival for conventional CPR vs no CPR was 0.99 (95% Cl, 0.69-1.43), for
COCPR vs no CPR, 1.569(95% Cl, 1.18-2.13), and for COCPR vs conventional CPR, 1.60
(95% Cl, 1.08-2.35). From 2005 to 2009, lay rescuer CPR increased from 28.2% (95%
Cl, 24.6%-31.8%) t0 39.9% (95% Cl, 36.8%-42.9%; P<<.001); the proportion of CPR
that was COCPR increased from 19.6% (95% Cl, 13.6%-25.7%) to 75.9% (95% Cl,
71.7%-80.1%; P<.001). Overall survival increased from 3.7% (95% Cl, 2.2%-5.2%)
t0 9.8% (95% Cl, 8.0%-11.6%; P<<.001).

Conclusion Among patients with out-of-hospital cardiac arrest, layperson
compression-only CPR was associated with increased survival compared with con-
ventional CPR and no bystander CPR in this setting with public endorsement of
chest compression-only CPR.

JAMA. 2010;304(13):1447-1454 Www.jama.com

emergency medical services (EMS) per-
sonnel® and were based on the increas-
ing evidence in favor of minimizing in-
terruptions in chest compressions during

CPR.5 This led to alterations in the re-
suscitative care provided by EMS per-
sonnel, termed minimally interrupted
cardiac resuscitation (MICR)."'? Simul-
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SURVIVAL AFTER CHEST COMPRESSION-ONLY CPR

Box. Intervention:

Chest Compression-Only
Cardiopulmonary Resuscitation
Campaign in Arizona

Web site (http://www.azshare.gov}
Brief online video training

In-person, free training in many set-
tings and locations throughout the
state (primarily sponsored by fire de-
partments)

Free training kits sent to schools
(n=1816) in Arizona with 6th through
12th grades (students were encour-
aged to teach family members)
Public service announcements made
by the governor and local sports
celebrities

Inserts mailed in utility bills

Tables set up at health and safety
fairs by Boy Scouts, fire departments,
schools, etc

Newspaper articles and editorials

Training video looped on public-
access cable channels

Summer youth classes taught by
youth corps volunteers

Local radio spots and interviews

Special features on local and na-
tional television

Frequent e-mail updates distrib-
uted to stakeholders

taneously, we launched a statewide, mul-
tifaceted effort to encourage bystand-
ers to use compression-only CPR
(COCPR) because this approach is easier
to teach, learn, remember, and per-
form than conventional CPR.

In this study, we evaluated whether
intentional, widespread public endorse-
ment of COCPR for adult sudden car-
diac arrest would be associated with an
increased likelihood that lay rescuers
would perform CPR and an increased
likelihood of survival to hospital dis-
charge compared with no bystander
CPR and conventional CPR.

METHODS

Arizona has 6.6 million residents and
comprises 15 counties with demograph-

1448 JAMA, October 6, 2010—Vol 304, No. 13 (Reprinted)

ics varying from urban to wilderness
areas." In 2005, 30 EMS agencies state-
wide participated in the state-sponsored
quality improvement program for out-of-
hospital cardiac arrest: the Save Hearts
in Arizona Registry and Education
(SHARE) program.>"* Participation in-
creased each year of the study, and by
2009, 90agencies (serving approximately
80% of the population) had joined
SHARE. During the time period of this
study, Arizona did nothaveastructured
011 dispatcher-assisted CPR program.

Because out-of-hospital cardiac ar-
rest has been designated a major pub-
lic health problem in Arizona and the
goal of this program is quality improve-
ment, the data collected were exempt
from the Health Insurance Portability
and Accountability Act (HIPAA). Per-
mission to publish the deidentified data
was obtained from the Arizona Depart-
ment of Health Services human sub-
jects review board and the University
of Arizona institutional review board.

Data Collection and Definitions
This prospective, observational cohort
analysis included patients who experi-
enced out-of-hospital cardiac arrestin Ari-
zona between January 1, 2005, and De-
cember 31, 2009. The study population
comprised alladults (age =18 years) with
an out-of-hospital cardiac arrest of pre-
sumed cardiac origin that was not wit-
nessed by EMS personnel. The arrest was
presumed to be of cardiac origin unless
it was known to be caused by trauma,
drowning, drug overdose, orasphyxia.'*"
Patients with obvious evidence of death
or those with do-not-resuscitate orders
were excluded.

Data were collected prospectively
and entered into an Utstein-style data-
base.'® Data elements included sex, age,
location of arrest, whether arrest was
bystander-witnessed, presumed etiology
of arrest, EMS dispatch-to-scene-arrival
(“response™) interval, initial prehos-
pital electrocardiographic (ECG) rhythm,
whether bystander CPR was provided,
type of bystander CPR (COCPR vs con-
ventional), type of EMS protocol (MICR
vs conventional BLS/ACLS [basic life
support/advanced cardiac life support]),

Downloaded From: http://jama.jamanetwork.com/ on 05/14/2013

whether the patientreceived therapeutic
hypothermia, survival to hospital dis-
charge, and neurologic status.

Since a core question of this effort is
related to the type of CPR provided, EMS
personnel received special training and
adocumentation aid on how to code by-
stander CPR (available at http:/iwww
.azshare.gov). This training included in-
struction in documenting the person
performing CPR as well as the type of
CPR performed by bystanders. If the
method of bystander resuscitation was
not evident, EMS personnel were in-
structed to ask bystanders whether ven-
tilations had been performed during
CPR. For this analysis, because we were
specifically interested in “true” layper-
son CPR, we excluded cases in which
CPR was performed by bystanders with
formal medical training (whether on or
off duty). However, to assess the possi-
bility of ascertainment bias, we com-
pared the proportion of COCPR vs con-
ventional CPR over time performed by
lay bystanders and by bystanders with
formal medical training. All cardiac ar-
rests occurring in medical facilities were
excluded.

Intervention

The SHARE program initiated a mul-
tifaceted, statewide public COCPR edu-
cation campaign in 2005. The effort in-
cluded multiple approaches to training
and information dissemination (Box).
We estimate that at least 30 000 people
have been directly trained in the
COCPR technique and that more than
500000 were exposed to at least 1
COCPR media forum.

InMarch 2008, the American Heart As-
sociation released an advisory statement
supporting Hands-Only CPR,® which was
widely publicized in Arizona asan addi-
tional aspect of the ongoing effort.

Main Outcome Measures

The primary outcome measure was sur-
vival to hospital discharge, deter-
mined by review of hospital records. Fi-
nal outcomes were obtained through
hospitals and the Office of Vital Statis-
tics at the Arizona Department of Health
Services. Cerebral Performance Cat-

©2010 American Medical Association. All rights reserved.



egory (CPC) scores were assigned based
on neurologic status at hospital dis-
charge. The 5 CPC categories are good
cerebral performance, moderate cere-
bral disability, severe cerebral disabil-
ity, coma or vegetative state, and
death.' Secondary measures were the
frequency and type of bystander CPR
provided. Predetermined subgroups for
additional analyses were patients with
a witnessed collapse and patients with
a shockable rhythm on EMS arrival.

Statistical Analysis

Proportions were calculated for cat-
egorical data, whereas mean and stan-
dard deviation, or median and inter-
quartile range (IQR), as appropriate,
were calculated for continuous data.
Statistical significance for categorical
data was assessed using Fisher exact test
or x2. Temporal trends for categorical
data were assessed using a modified
Wilcoxon signed rank test for trends

SURVIVAL AFTER CHEST COMPRESSION-ONLY CPR

across ordered groups (by year) if Fisher
exact test or x* were significant.
Multivariable logistic regression was
used to model the association between
CPR type (no CPR, conventional CPR,
CQOCPR) with the probability of sur-
vival. The following covariates were con-
sidered for model inclusion: age, sex, wit-
nessed arrest, shockable rhythm,
bystander CPR provision and type, lo-
cation of arrest, EMS response interval,
EMS provision of MICR vs conven-
tional BLS/ACLS, use of postarrest thera-
peutic hypothermia, and year. Continu-
ous variables were assessed for linearity
in the logit scale using quantiles, low-
ess smoothing, and fractional polyno-
mials. Nonlinear covariates were catego-
rized using cutpoints chosen to maximize
model fit. Goodness of fit and the area
under the receiver operator characteris-
tic curve (ROC) were calculated to de-
termine model fit and discrimination.
The value of p was calculated for sur-

vival to hospital discharge among EMS
systems and generalized estimating equa-
tions (GEEs) were used to determine the
effect of clustering by EMS agency on
survival.

Statistical significance was set a priori
ata=.05 (2-tailed). All statistical analy-
ses were performed using Stata version
11.1 (StataCorp, College Station, Texas).

RESULTS

During the study period, 5272 adult out-
of-hospital cardiac arrests of presumed
cardiac etiology and not witnessed by
EMS were reported. A total of 779 cases
were excluded because bystander CPR
was administered by a medical profes-
sional or the cardiac arrest occurred in
amedical facility. A total of 78 cases were
excluded because of missing data (1.7%
of cases meeting inclusion criteria): 10
cases with missing outcome data, 2 cases
missing data on whether cardiac arrest
was witnessed by a bystander, 18 cases

Figure. Study Population Profile

5272 Individuals aged 218 years with cardiac
arrest of presumed cardiac origin not
observed by EMS

779 Excluded (bystander CPR was
—* performed by medical professicnal
or arrest oceurred in medical facllity)

4483 Individuals with out-of-hospital cardiac
arrest not observed by EMS

f

2942 Did not receive bystander
resusgcitation

42 Excluded
7 Missing outcome data

32 Missing EMS response
interval
Missing whether cardiac
arrest was witnessed
Missing ECG rhythm
data
Missing outcome and
ECG rhythm data

a0 a4

2900 Included in analysis

i

resuscitation

1551 Received bystander

| .| 18

Excluded (CPR technique
not documented)

1533 Received chest compressions|
with or without ventilation

i

675 Received conventional CPR

9 Excluded
2 Missing outcome data
7 Missing EMS response

interval

666 Included in analysis

¥
858 Received chest compressions
only
9 Excluded
8 Missing EMS response
interval
-

1 Missing EMS response
interval and whether cardiac
arrest was witnessed

849 Included in analysis

EMS indicates emergency medical services; CPR, cardiopulmonary resuscitation; ECG, electrocardiographic.

©2010 American Medical Association. All rights reserved.
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without type of bystander CPR docu-
mented, 1 case with missing ECG
rhythm data, and 47 cases with missing
EMS response interval data. The final
number of cases for analysis was 4415
(FIGURE).

TABLE 1 shows the demographic and
clinical characteristics of the study
population. The majority of arrests oc-
curred in men (66.8%), and the mean
(SD) age for all arrests was 65.3 (15.2)
years (median age, 66 years). The car-
diac arrest was witnessed in 45.1% of
cases and a lay bystander performed
CPR in 34.3%. Overall, 15.1% of pa-
tients received conventional by-
stander CPR and 19.2% received
COCPR. Overall survival was 7.1%.

TABLE 2 shows the annual rates of by-
stander CPR and survival. The annual
rate for lay rescuers providing any type
of bystander CPR increased signifi-
cantly over time, from 28.2% in 2005

0 39.9% in 2009 (x> P<<.001; test for
trend, P<C.001). Among patients who
received bystander CPR, the propor-
tion with COCPR increased signifi-
cantly over time, from 19.6% in 2005
to 75.9% in 2009 (x> P<<.001; test for
trend, P<<.001). Overall survival also
increased significantly over time: from
3.7% in 2005 to 9.8% in 2009 (y?
P<2.001; test for trend, P<.001). Of
913 cases for which a medical profes-
sional provided bystander CPR, 71 re-
ceived COCPR (7.8%; 95% confi-
dence interval [CI], 6.0%-9.5%),
whereas of 2019 cases for which a lay
bystander provided CPR, 1086 re-
ceived COCPR (53.8%;95% CI, 51.6%-
56.0%).

Multivariable logistic regression
showed that COCPR was associated
with improved odds of survival com-
pared with no bystander CPR (odds ra-
tio [OR], 1.59; 95% CI, 1.18-2.13) or

conventional CPR (OR, 1.60; 95% CI,
1.08-2.35) after controlling for the fol-
lowing variables: witnessed arrest,
shockable rhythm, EMS response in-
terval, age, sex, location of arrest, pro-
vision of MICR by EMS personnel, and
use of therapeutic hypothermia,
TABLE 3 shows the crude and adjusted
ORs for survival for all the variables in
the final model. The goodness-of-fit test
indicated adequate fit (P=,98) and the
area under the ROC curve (0.854) in-
dicated good model discrimination.
For out-of-hospital cardiac arrests
that were witnessed by a lay bystander
and had a shockable rhythm on EMS
arrival (n=1017), survival was 17.6%
in the no CPR group (reference group),
17.7% for conventional CPR (crude OR,
1.01;95% CI, 0.68-1.52), and 33.7% for
COCPR (crude OR, 2.39;95% CI, 1.70-
3.35). The adjusted ORs for survival
(adjusted for all variables in the main

Table 1. Demographic Features, Clinical Characteristics, and Outcomes of Study Population According to Type of Bystander CPR

All Type of Lay Bystander CPR
Out-of-Hospital I 1
Cardiac Arrest None Conventional COCPR

Total, No. (%) 4415 (100) 2900 (65.7) 666 (15.1) 848 (19.2)
Age, mean (SD), y 65.3 (15.2) 66.2 (15.1) 63.8(15.2) 63.1 (15.1)
Male sex, No. (%) 2951 (66.8) 1915 (66.0) 458 (68.8) 578 (68.1)
Witnessed arrest, No. (%) 1992 (45.1) 1177 (40.6) 388 (58.3) 427 (50.3)
Shockable rhythm (VF/VT) on arrival by EMS, No. (%) 1463 {33.1) 800 (27.6) 297 (44.8) 366 (43.1)
EMS resuscitation protocol used, No. (%)

MICR 1726 {39.1) 1085 (37.4) 172 (25.8) 469 (55.2)

BLS/ACLS 2689 (60.9) 1815 (62.6) 494 (74.2) 380 (44.8)
Location of arrest, No. (%)

Homefresidential setting 3591 {81.3) 2517 (86.8) 474 (71.2) 600 (70.7)

Public setting 824 (18.7) 383 (13.2) 192 (28.8) 249 (29.3)
EMS response interval, median (IQR), min 5{4-7) 5(4-7) 5(4-7) 5 (4-6)
Use of in-hospital therapeutic hypothermia, No. (%) 78(1.8) 39(1.3) 12(1.8) 27 3.2
Year of arrest, No. (%)

2005 596 (13.5) 428 (14.8) 135 (20.3) 33 (3.9)

2006 954 (21.6) 643 (22.2) 166 (24.9) 145(17.1)

2007 845 (19.1) 571 (19.7) 144 (21.6) 130 (15.3)

2008 1009 (22.9) 650 (22.4) 124 (18.6) 235 (27.7)

2009 1011 (22.9) 608 (21.0) 97 (14.6) 306 (36.0)
Survival to hospital discharge, No. (%) 315 (7.1) 150 (5.2) 52(7.8) 113 (13.3)
Neurologic outcome (CPC score), No. (%)

1 138 (3.2) 60 (2.1) 25 (3.8) 53 (6.5)

2 44 (1.0) 26 (0.9) 9(1.4) 8(1.0)

3 24 (0.6) 9(0.3) 203 13(1.6)

4 11(0.3) 7(0.3) 1{0.2) 3(1.4)

5 4100 (95) 2750 (96.4) 614 (94.3) 736 (30.5)

Abbreviations: BLS/ACLS, basic life support/advanced cardiac life support; Cl, confidence interval; COCPR, compression-only CPR; GPG, Cerebral Performance Category; CPR, car-
diopulmenary resuscitation; EMS, emergency medical senvices; IQR, interquartile range; MICR, minimally interrupted cardiac resuscitation (performed by EMS persennel); VEAVT, ven-

tricular fibrillation/ventricular tachycardia.

1450 JAMA, October 6, 2010—Vol 304, No. 13 (Reprinted)

Downloaded From: http:/jama.jamanetwork.com/ on 05/14/2013

©2010 American Medical Association, All rights reserved.



SURVIVAL AFTER CHEST COMPRESSION-ONLY CPR

Table 2. Annual Lay Bystander CPR Rates and Out-of-Hospital Cardiac Arrest Survival, 2005-20092

2005 2006 2007 2008 2009 Total
Cardiac arrest survival overall® (n =596) (n = 954) (n = 845) (n = 1009) (n=1011) (N = 4415)
No. 22 69 58 67 99 315
% (95% CI) 37(2.2-5.2) 7.2 (5.6-8.9) 6.7 (5.2-8.6) 6.6 (6.1-8.2) 9.8(8.0-11.6) 7.1(6.4-7.9)
Survival from witnessed arrest with VEA/T? (n=130) (n =224) (n=224) (n=209) (n = 230) (n=1017)
No. 14 50 42 47 70 224
% (95% Cl) 10.8 (5.4-16.2) 22.3(16.8-27.8) 18.8 (13.6-23.9) 22.5 (16.8-28.2) 30.4 (24.4-36.4) 21.9(19.4-24.5)
Provision of any type of CPR by lay bystandert (n = 596) (n = 954) (n=845) (n =1009) (n=1011) (n = 4415)
No. 168 31 274 359 403 1515
% (95% Cl) 28.2(24.6-31.8) 32.6(29.6-35.6) 32.4 (20.3-36.6) 35.6(32.6-38.5) 39.9(36.8-42.9) 34.3(32.9-35.7)
Type of CPR by lay bystanderP {n=168) (n=311) (h=274) (n=359) (n=403) (n=1515)
Conventional
No. 135 166 144 124 97 666
% (95% CI) 80.4 (74.3-86.4) 53.4 (47.8-59.0) 52.6 (46.6-58.5) 34.5(29.6-39.5) 24.1(19.9-28.3) 44.0 (41.5-46.6)
COCPR
No. 33 145 130 235 306 849
% (95% Cl) 19.6 (13.6-25.7) 46.6(41.0-52.2) 47.5 (41.5-563.4) 65.5 (60.5-70.4) 75.9 (71.7-80.1) 56.0 (53.5-58.5)
Positive neurclogic status (CPC score = 1 or 2)° (n=591) (n=939) (n = 832) (n =994) {n=961) (n=4317)
No. 14 52 39 42 35 182
% (95% Cl) 2.4(1.1-3.6) 5.5(4.1-7.0) 4.7 (3.2-6.1) 4.2 (3.0-5.5) 3.6(2.5-4.8) 4.2(3.6-4.8)
Abbreviations: Cl, confidence interval; COCPR, compression-only CPR; CPC, Cerebral Performance Category; CPR, cardiopulmonary resuscitation; VF/T, ventricular fibrillation/
ventricular tachycardia.

8Percentages may not add to 100.0% because of rounding.
Digher exact test: P=.001; test for trend: P < .001.
CFisher exact test: P=.03; test for trend: P=.02.

Table 3. Survival and Qdds Ratios for Various Risk Factors

Survival Odds Ratio (95% CI}
[
Characteristic No./Total No. % (95% CI) Crude Adjusted?®

Bystander CPR

None 150/2900 5.2 (4.4-6.0) 1 [Reference]

Conventional 52/666 7.8 (5.8-9.8) 1.55 (1.12-2.15) 0.99 (0.69-1.43)

COCPR 113/849 13.3(11.0-15.6) 2.81(2.17-3.64) 1.569(1.18-2.13)
Witnessed arrest

No 48/2423 2.0(1.4-2.5) 1 [Reference]

Yes 267/1992 13.4 (11.9-14.9) 7.66 (6.60-10.48) 4.26 (3.04-5.98)
Shockable rhythm

Nanshockable 62/3020 2.1 (1.6-2.6) 1 [Reference]

VFNT 257/1511 17.0 (15.4-19.2) 9.75(7.32-12.97) 5.16 (3.78-7.05)
EMS protocol

BLS/ACLS 129/2689 4.8 (4.0-5.6) 1 [Reference]

MICR 186/1726 10.8 (9.3-12.2) 2.40 (1.90-3.03) 2.21(1.70-2.88)
Age categories, y

=80 29/858 3.4 (2.2-4.6) 1 [Reference]

60-79 139/2032 6.8 (5.7-7.9) 2.10(1.40-3.16) 1,78 (1.16-2.75)

18-59 147/1525 9.6 (8.2-11.1) 3.05 (2.03-4.58) 2.27 (1.46-3.53)
EMS response interval, continuous per minute 0.85 (0.80-0.90) 0.87 (0.82-0.93)
Survival by location

Resldential 195/3591 54(4.7-6.2) 1 [Reference]

Public location 120/824 14.6 (12.2-17.0) 2.97 (2.33-3.78) 1.48 (1.11-1.96)
Provision of therapeutic hypothermia

No 286/4337 6.6 (5.9-7.3) 1 [Reference]

Yes 29/78 37.2 (26.4-48.0) 8.38 (5.22-13.47) 3.59 (2.09-6.19)
Survival by sex

Male 219/2951 7.4(6.5-8.4) 1 [Reference]

Female 96/1464 6.6 (5.3-7.8) 0.88 (0.68-1.12) 1.42 (1.07-1.88)

Abbreviations: BLS/ACLS, basic life support/advanced cardiac life support; Cl, confidence Interval; COCPR, compression-only CPR; CPR, cardiopulmonary resuscitation; EMS,

emergency medical services; MICR, minimally interrupted cardiac resuscitation (performed by EMS persannel)

8Adjusted for all other variables in final model {goodness of fit, P=.98, area under receiver operator characteristics curve=0,854, N=4415).

; VEAT, ventricular fibrillation/ventricular tachycardia,

©2010 American Medical Association. All rights reserved.
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logistic regression model, except for
witnessed arrest and heart rhythm),
using the no CPR group as the refer-
ence group, were 1.09 (95% CI, 0.70-
1.69) for the conventional CPR group
and 1.90 (95% CI, 1.31-2.75) for the
COCPR group. Survival increased sig-
nificantly over time for the subgroup
of witnessed arrests with a shockable
rhythm (Table 2), from 10.8% in 2005
to 30.4% in 2009 (Fisher exact test,
P <001, test for trend, P<<.001).

The intraclass correlation value of p
for survival among EMS agencies was
4X107%(95% CI, 0-0.00614), indicat-
ing no significant clustering. GEE lo-
gisticregression (random effects model)
analyses converged on the same model
as ordinary logistic regression and ORs
(and 95% Cls) were identical, confirm-
ing there was no clustering effect by
EMS agencies.

We were able to determine neuro-
logic status for 4310 of 4515 cases of
out-of-hospital cardiac arrest (217/
315 survivors) of whom 4.2% (95% CI,
3.6%-4.8%) had a good neurologic sta-
tus (CPC score of 1 or 2) (Table 1 and
Table 2). Proportion of individuals with
good neurologic status differed signifi-
cantly based on the type of CPR pro-
vided: no CPR, 86 of 2852, or 3.0%
(95% CI, 2.4%-3.6%); conventional
CPR, 34 0[651, or 5.2% (95% CI, 3.5%-
6.9%); COCPR, 62 of 814, or 7.6%
(95% CI, 5.8%-9.4%) (P<.001). The
unadjusted ORs for a good neurologic
outcome for bystander resuscitation
comparisons were as follows: conven-
tional vs none, 1.77 (95% CI, 1.18-
2.66); COCPR vs none, 2.65 (95% CI,
1.89-3.71}); COCPR vs conventional,
1.50 (95% CI, 0.97-2.30).

For arrests of presumed noncardiac
etiology, COCPR was performed in
60.0% (95% CI, 54.6%-65.4%) of all pa-
tients who received bystander CPR. For
arrests of respiratory etiology, COCPR
was administered in 9 of 150 patients
(6%; 95% CI, 2.2%-9.8%). Survival for
noncardiac etiologies was similar re-
gardless of the type of CPR: no CPR,
24 of 803 patients (3.0%; 95% CI, 1.8%-
4.2%); conventional CPR, 6 of 130 pa-
tients (4.6%; 95% CI, 0.1%-8.3%); and
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COCPR, 7 of 195 patients (3.6%; 95%
CI, 0.1%-6.2%) (P=.51).

OF297 pediatric cases of out-of-hospital
cardiac arrest (age <18 years), 150 pa-
tients (50.5%) received bystander CPR
(148 cases for which the type of resus-
citation was identified). The proportions
of children who received COCPR, strati-
fied by age, wereas follows: younger than
1 year, 7 of 77 patients (9.1%; 95% CI,
2.5%-15.7%); age 1 to 12 years, 3 of 50
patients (6.0%; 95% CI, 0%-12.8%); and
older than 12 years, 9 of 21 patients
(42.9%; 95% CI, 19.8%-65.9%).

COMAMENT

Bystander CPR is a critical but incom-
pletely understood link in the chain of
survival for individuals who experience
out-of-hospital cardiac arrest. 31719 Al-
though bystander CPR is associated with
increased survival,>* the rate of perform-
ing this intervention remains unaccept-
ably low.****! This has been cited as a po-
tentially correctable reason for the poor
survival rates in most communities.>**
Suggested causes for the low CPR rates
include fear of causing harm, fear of con-
tracting infectious disease, the complex-
ity of the psychomotor task, panic, and
reluctance to make mouth-to-mouth
contact.?»** Because of these and other
factors, increasing bystander CPR rates
has been difficult in most settings.*#**’

For more than a decade, preclinical re-
ports have raised the possibility that it
is not necessary to perform active ven-
tilation during CPR soon after sudden
collapse from out-of-hospital cardiac ar-
rest. Animal studies have shown COCPR
to be at least as effective as conven-
tional CPR."1?

This study is the first of which we are
aware (o report an intentional effort to
encourage and endorse COCPR to the
public. We identified 3 major findings:
a significant increase in the rate of by-
stander CPR (from 28.2% to0 39.9%), an
increase in the likelihood of bystand-
ers performing COCPR vs conven-
tional CPR (from 19.6% to 75.9%), and
asignificant independentassociation be-
tween COCPR and survival when com-
pared with conventional CPR (ad-
justed OR, 1.60; 95% CI, 1.08-2.35).
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To our knowledge, this is the first re-
port of a relationship between a pub-
lic education effort and an increase in
the rate of bystander CPR in a state-
wide jurisdiction. The nature of this
study precludes determining the rela-
tive contributions of the various com-
ponents of this statewide initiative. En-
couraging a technique that is easier to
perform and more acceptable to the
public may have helped increase the
CPR rate independent of the public edu-
cation efforts. Ultimately, we suspect
that only the combination of a local,
state, and national public education
campaign and the endorsement of
COCPR made this effort successful. The
Hands-Only CPR campaign now being
led by the American Heart Associa-
tion across the nation is timely and has
the potential to increase the likeli-
hood of success in other settings.

Our findings are consistent with other
clinical studies suggesting that COCPR
is associated with at least equivalent out-
comes compared with conventional by-
stander CPR 6111221262830 Tyq relevant
clinical investigations have been con-
ducted in Japarn,* but these differ from
our approach in that COCPR was never
taught to the Japanese public. Cultural
issues led to a significant number of Japa-
nese bystanders performing chest com-
pressions without rescue breathing de-
spite the absence of specific COCPR
training. In a comparison of outcomes
between the conventional and “cardiac-
only” CPR cohorts, Iwami et al* found
no statistically significant difference in
survival between the cardiac-only and the
conventional CPR groups. However, in
the similar SOS-KANTO study with 4068
witnessed cardiac arrests, a higher pro-
portion survived with good neurologic
outcome after cardiac-only CPR com-
pared with conventional CPR (adjusted
OR, 2.2; 95% CI, 1.2-4.2).2

The 3 studies that randomized dis-
patcher-assisted CPR telephone instruc-
tions to teach either conventional or
compression-only techniques showed
a statistically nonsignificant increase
in survival to hospital discharge for
COCPR (10.4% vs 14.6%, P=.185;
12.3% vs 15.5%, P=.09%; and 14.8% vs

©2010 American Medical Association. All rights reserved.



19.1%, P=.16"). In the largest of these
studies, there was a statistically signifi-
cant increase in neurologically intact
survival (18.9% vs 13.5%, P=.03) .2 1In
our study, there also was a significant
difference between good neurologic sta-
tus (CPCscore of 1 or 2) in the COCPR
group (62/814; 7.6%; 95% CI, 5.8%-
9.4%) compared with the conven-
tional CPR group (34/651; 5.2%; 95%
CI, 3.5%-6.9%) (P<<.001).

However, all 3 of the randomized
trials®®* evaluated dispatcher-assisted
CPR and, thus, studied cases of out-of-
hospital cardiac arrest in which bystand-
ers did not immediately attempt resus-
citation. Cases were excluded from
randomization if bystander CPR had
been initiated prior to the 911 call. Thus,
these studies compared delayed COCPR
vs delayed conventional CPR and ex-
cluded bystanders trained in CPR—
those who would have likely been the
most proficient resuscitators.

Minimizing interruptions in chest
compressions during resuscitation at-
tempts by EMS personnel also has been
associated with significant increases in
survival when compared with conven-
tional BLS/ACLS protocols.’?° Thus, it
is not surprising that minimizing in-
terruptions during bystander care
would also be associated with im-
proved outcomes.

There are multiple reasons COCPR
might have advantages over conven-
tional CPR techniques. These include the
rapid deterioration of forward blood flow
that occurs during even brief disrup-
tions of chest compressions,®*! the long
ramp-up time to return to adequate blood
flow after resuming chest compres-
sions ! the reduction of cardiac ve-
nous return with the use of positive
pressure ventilation,”® the complexity
of conventional CPR,*"** the signif-
icant time required to perform the
breaths,*®**3* the critical importance of
cerebral and coronary circulation dur-
ing arrest, 3138 the reduced time re-
quired for emergency medical dispatch-
ers to instruct a bystander over the
telephone how to perform COCPR, % and
the reluctance to perform mouth-to-
mouth ventilation on strangers, 2837

©2010 American Medical Association, All rights reserved.
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Although our statewide program
consistently and carefully advocated for
conventional CPR for suspected non-
cardiac etiology arrests and children, we
realize that lay rescuers might per-
form COCPR on these individuals. To
assess this, we examined the inci-
dence and survival of presumed non-
cardiac etiology arrests by the type of
bystander CPR and found a similar and
low survival rate regardless of the type
of CPR. Also, the total number of pe-
diatric cases of out-of-hospital cardiac
arrest was relatively small (297/5272,
5.6%), and importantly, in the group
in which rescue breathing would pro-
vide the most benefit (children aged
<12 years), the proportion who re-
ceived COCPR was only 10 of 127 chil-
dren (7.9%).

The limitations of our observa-
tional study include that the COCPR in-
tervention was not tested in a random-
ized controlled trial. However, because
the decision to perform conventional
CPR, COCPR, or no CPR was at the dis-
cretion of the bystanders, it would be
impossible to randomize this interven-
tion. We believe a large statewide pro-
spective, observational design was the
best methodology to evaluate this im-
portant issue. It is possible the out-
come differences we found were asso-
ciated with unknown confounders
rather than the type of bystander CPR.
We attempted to minimize this by pro-
spectively collecting data known to
affect outcomes. In addition, oura priori
hypotheses supported by the results
were biologically plausible based on
multiple animal studies.?*3!

There is also a risk of ascertainment
bias in documenting the type of by-
stander CPR. EMS personnel who clas-
sified the type of bystander CPR may
have misclassified COCPR vs conven-
tional CPR. We attempted to prospec-
tively mitigate the potential for ascer-
tainment bias by intentionally and
specifically training EMS personnel on
how to document the presence and type
of bystander CPR. The finding that lay
bystanders performed COCPR 53.8% of
the time overall compared with medi-
cal professional bystanders (7.8%) ar-
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gues against a systematic bias in the
documentation of CPR type. It is un-
likely EMS personnel would misclas-
sify type of CPR by lay bystanders dif-
ferently than that by health care
professionals.

CONCLUSION

Implementation of a 5-year, multifac-
eted, statewide public education cam-
paign that officially endorsed and en-
couraged chest compression—only CPR
was associated with a significant in-
crease in the rate of bystander CPR
for adults who experienced out-of-
hospital cardiac arrest. Furthermore,
chest compression-only CPR was in-
dependently associated with an in-
creased rate of survival compared with
no bystander CPR or conventional CPR.
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Incidence and significance of gasping or agonal respirations in

cardiac arrest patients
Mickey S. Eisenberg

Purpose of review

~ This review examines the clinical significance of agonal
respirations associated with cardiac arrest.
Recent findings =
Observational data indicate that agonal respirations are
frequent (55% of witnessed cardiac arrests and probably
higher) and that they are associated with successful
resuscitation. They also are found more commonly in
ventricular fibrillation compared with other rhythms. Agonal
respirations pose the greatest challenge to bystanders at
the scene and to emergency dispatchers, Bystanders are
often lulled into thinking the person is still breathing thus
identification of cardiac arrest may be missed by the
dispatcher. In a study from King County, Washington,
cardiopulmonary resuscitation instructions were not
provided by emergency dispatchers in 20% of cardiac
arrest cases because the caller reported signs of life =
typically abnormal breathing.
Summary
Agonal respirations occur frequently in cardiac arrest.
Emergency dispatchers and the general public must be
more aware of their presence and significance.

Keywords
agonal respiration, cardiac arrest, cardiopulmonary
resuscitation, dispatcher, heart arrest
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Introduction

Agonal respirations are an important sign associated with
cardiac arrest, yet they are difficult to define and difficult
to study. They are commonly seen in sudden cardiac
arrest yet they are often falsely perceived as a sign of life.
They are strongly associated with successful resuscitation
yet they pose the greatest challenge to lay rescuers and
emergency dispatchers [1°°]. This review will describe
the complex, contradictory, and sometimes confusing
issues circulating about agonal respirations.

Definition

I'he term agonal refers to something occurring at the time
of death. Thus agonal respirations are those at the time of
or shortly before death. Laypersons probably associate
the term with ‘death rattle’, presumably caused by par-
tially occluded airways from secretions or mucus. When
laypersons are asked by emergency dispatchers to
describe what they see or hear when reporting cardiac
arrest, they use terms such as barely or occasionally
breathing, problem or irregular breathing, heavy or
labored breathing, sighing, noisy, gurgling, moaning,
groaning, or snorting [2,3]. T'o clinicians, agonal respir-
ations are characterized as being on a continuum from
slow, shallow respirations seen in respiratory demise to
ineffective, gasping respirations seen in sudden cardiac
arrest. [ will confine this discussion to agonal respirations
associated with sudden cardiac arrest.

The physiology of agonal respirations

Agonal respirations are difficult to study in humans given
the need for other therapeutic interventions during car-
diac arrest. Animal experiments [4] suggest distinct pat-
terns of abnormal respirations localized to specific levels
in the brainstem. Depending upon the level of malfunc-
tion, breathing may become apneustic, gasping, or ataxic
[5]. It is doubtful that there is a stercotypic pattern in all
patients given the dynamic state of brain oxygenation in
the period immediately before and shortly after cardiac
arrest. Clearly, during cardiac arrest the brain and brain
stem are deprived of forward blood flow and thus oxygen
and glucose. The pattern and duration of agonal respir-
ation may likely vary depending on whether the arrest is
truly sudden (such as with ventricular fibrillation) or more
gradual (such as with certain arrhythmias or during
cardiogenic shock). It is unclear whether or to what extent
agonal respirations result in air exchange. It is possible
that some types of agonal breathing lead to minimal

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



respiratory function while other types may be totally
ineffective.

The incidence and duration of

agonal respirations

I'he emergency medical service system in King County,
Washington studied agonal respirations [2]. The
researchers listened to recordings of every cardiac arrest
call to emergency dispatch centers. Of 445 calls reporting
cardiac arrest, agonal respirations occurred in 196 (40%).
For witnessed cardiac arrest agonal respirations occurred
in 55% compared with 16% of unwitnessed arrests. The
identification of agonal breathing came from the callers’
descriptions (and actually hearing agonal sound in some
recordings). There was, of course, no independent obser-
ver at the scene. Thus the true incidence of agonal
respirations is likely higher than reported since a knowl-
edgeable observer would likely have recognized
additional cases of agonal respirations. The authors
also had the opportunity to compare agonal respirations
with the rhythm associated with cardiac arrest. Of
the patients in ventricular fibrillation, 56% had agonal
respirations compared with 34% of patients without
ventricular fibrillation. The duration of agonal respir-
ations was estimated by determining the number of
times emergency personnel noted agonal activity when
they arrived. Of the 196 cases with agonal respiration
described by the caller, continued agonal activity was
noted upon arrival of emergency medical service per-
sonnel in 60 cases. The median response time for these
cardiac arrests was 4 min. Thus it may be estimated that
agonal respirations last approximately 4 min in at least
one-third of cases.

The significance of agonal respirations

The study from King County found a very strong associ-
ation of agonal respirations with survival, T'wenty-seven
percent of patients with agonal respirations were dis-
charged alive compared with 9% of patients without
agonals. Among discharged patients, 68% had agonal
respirations.

The conundrum of agonal respirations

The data indicate that agonal respirations are frequent
(55% of witnessed cardiac arrests and probably higher)
and that they are associated with survival. They are also
found more commonly in ventricular fibrillation com-
pared with other rhythms. Witnessed cases of ventricular
fibrillation are the type of cardiac arrests with the very
best survival likelihood. In some communities this sur-
vival is as high as 40% [6]. Yet, agonal respirations pose
the greatest challenge to bystanders at the scene and to
emergency dispatchers. Bystanders are often [ulled into
thinking the person is still breathing, thus identification
of cardiac arrest may be missed by the dispatcher. In
another study from King County, cardiopulmonary

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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resuscitation (CPR) instructions were not provided by
emergency dispatchers in 20% of cardiac arrest cases
because the caller reported signs of life — typically
abnormal breathing [7]. Similar findings were reported
in Goteborg, Sweden [3]. Because of this finding, dis-
patchers are trained to specifically ask all callers ‘Is the
person conscious?’ If the answer is no or there is uncer-
tainty, the dispatcher asks, ‘Is the person breathing
normally?” Dispatchers in King County, Washington
are specially trained in the incidence and significance
of agonal respiration and they understand the signifi-
cance of the word normally. If there is doubt, the dis-
patcher will ask the caller to move the phone by the
patient or will probe with questions such as ‘Docs the
chest rise?’ Many communities do not have dispatchers
asking the question ‘Is the patient breathing normally?’
for possible cardiac arrest cases. It is possible that in
these communities many cases of cardiac arrest are
missed. It is ironic since cardiac arrests with agonal
respiration have the highest likelihood of survival and
are the cases in which bystander CPR may be crucial to a
good outcome.

What is to be done?

There 1s currently much controversy over when and
whether CPR should precede defibrillation. Some inves-
tigators recommend a defined period (such as 2 or 3 min)
of CPR prior to defibrillation [8,9]. Others have found no
benefit with this strategy [10]. It may be that in some
instances immediate defibrillation may be the best
strategy and in other instances a period of CPR may
be useful. For example, perhaps in witnessed cardiac
arrests immediate defibrillation is the best option but
for unwitnessed cardiac arrest CPR may be needed to
fill the left ventricle and provide oxygenated blood for
the coronary arteries. Determining whether the collapse
is witnessed is sometimes problematic. I'he presence
of agonal respirations as reported by the caller, how-
ever, may be a surrogate for witnessed collapse. Such a
finding may suggest the order of resuscitation interven-
tions.

Whether the presence of agonal respirations should
prompt certain interventions remains to be seen. For
the moment it seems prudent that all emergency dispatch
agencies have special training in the recognition and
significance of agonal respirations. It also seems prudent
to emphasize agonal respirations during CPR training of
the general public.

Conclusion

Agonal respirations occur frequently in cardiac arrest and
they are highly correlated with ventricular fibrillation
and survival. Emergency dispatchers and the general
public must be more aware of their presence and
significance,
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Intravenous Drug Administration
During Out-of-Hospital Cardiac Arrest

A Randomized Trial
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NTRAVENOUS ACCESS AND DRUG AD-

ministration are integral parts of

cardiopulmonary resuscitation

(CPR) guidelines.! Millions of pa-
tients have received epinephrine dur-
ing advanced cardiac life support
(ACLS) with little or no evidence of im-
proved survival to hospital dis-
charge.!? The use of epinephrine is
based on preclinical evidence of in-
creased cerebral and coronary perfu-
sion by redirected peripheral blood
flow."? Beneficial short-term effects of
epinephrine have been shown in ani-
mal studies,>> but there is increasing
concern for increased myocardial dys-
function®” and disturbed cerebral mi-
crocirculation after cardiac arrest.® Epi-
nephrine was an independent predictor
of poor outcome in a large retrospec-
tive registry study,’ but this observa-
tional, nonrandomized study cannot
prove a causal relationship. Despite its
near-universal use, epinephrine has, to
our knowledge, not been tested in a ran-
domized controlled study with a no-
drug comparison group.

If a negative association between epi-
nephrine and survival is causal, it may
be due to the drug or to inadequate CPR
quality associated with drug adminis-

2222 JAMA, November 25, 2009—Vol 302, No. 2C (Reprinted)

Context Intravenous access and drug administration are included in advanced car-
diac life support (ACLS) guidelines despite a lack of evidence for improved outcomes.
Epinephrine was an independent predictor of poor outcome in a large epidemiologi-
cal study, possibly due to toxicity of the drug or cardiopulmonary resuscitation (CPR)
interruptions secondary to establishing an intravenous line and drug administration.

Objective To determine whether removing intravenous drug administration from
an ACLS protocol would improve survival to hospital discharge after out-of-hospital
cardiac arrest.

Design, Setting, and Patients Prospective, randomized controlled trial of consecu-
tive adult patients with out-of-hospital nontraumatic cardiac arrest treated within the emer-
gency medical service system in Oslo, Norway, between May 1, 2003, and April 28, 2008.

Interventions Advanced cardiac life support with intravenous drug administration
or ACLS without access to intravenous drug administration.

Main Qutcome Measures The primary outcome was survival to hospital dis-
charge. The secondary outcomes were 1-year survival, survival with favorable neuro-
logical outcome, hospital admission with return of spontaneous circulation, and qual-
ity of CPR (chest compression rate, pauses, and ventilation rate).

Results Of 1183 patients for whom resuscitation was attempted, 851 were included;
418 patients were in the ACLS with intravenous drug administration group and 433 were
in the ACLS with no access to intravenous drug administration group. The rate of sur-
vival to hospital discharge was 10.5% for the intravenous drug administration group and
9.2% for the no intravenous drug administration group (P=.61), 32% vs 21%, respec-
tively, (P<<.001) for hospital admission with return of spontaneous circulation, 9.8% vs
8.1% (P=.45) for survival with favorable neurological outcome, and 10% vs 8% (P=.53)
for survival at 1 year. The quality of CPR was comparable and within guideline recom-
mendations for both groups. After adjustment for ventricular fibrillation, response inter-
val, witnessed arrest, or arrest in a public location, there was no significant difference in
survival to hospital discharge for the intravenous group vs the no intravenous group (ad-
justed odds ratio, 1.15; 95% confidence interval, 0.69-1.91).

Conclusion Compared with patients who received ACLS withoutintravenous drug ad-
ministration following out-of-hospital cardiac arrest, patients with intravenous access and
drug administration had higher rates of short-term survival with no statistically signifi-
cantimprovement in survival to hospital discharge, quality of CPR, or long-term survival.

Trial Registration clinicaltrials.gov Identifier: NCT00121524

JAMA. 2009;302(20):2222-2229
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tration. Drug administration includes
time-consuming factors like establish-
ing intravenous access, preparation, and
administration of drugs and saline,
thereby potentially removing focus from
good-quality CPR. There are recent re-
ports of poor-quality CPR and proto-
col adherence among professional CPR
providers,'®!! and some consider intu-
bation and intravenous access more im-
portant than giving good-quality chest
compressions.’? With inadequate CPR
quality, effects of drugs administered
peripherally also may be diminished or
absent." Because there are no random-
ized controlled studies showing im-
proved survival to hospital discharge
with any drugs routinely adminis-
tered during CPR, we concluded such
a study was warranted.

In this prospective, randomized con-
trolled trial of intravenous drug admin-
istration during out-of-hospital car-
diac arrest, we compared outcomes for
patients receiving standard ACLS with
intravenous drug administration (con-
trol) and patients receiving ACLS with-
out intravenous drug administration
(intervention).

METHODS

The city of Oslo has a single-tiered
emergency medical service system ad-
ministered by the Oslo University Hos-
pital for a population of 540 000. On
weekdays between 7:30 AM and 10:00
PM, an ambulance staffed by 2 para-
medics and an anesthesiologist func-
tions on the same level as the regular
paramedic-staffed ambulances. Until
January 2006, ACLS was performed ac-
cording to the International Guide-
lines 2000, with the modification that
patients with ventricular fibrillation re-
ceived 3 minutes of CPR before the first
shock and between unsuccessful se-
ries of shocks.' The European Resus-
citation Council Guidelines for Resus-
citation 2005' were implemented in
January 2006, incorporating this same
modification of 3-minute petriods of
CPR. Defibrillators in manual mode are
used and endotracheal intubation is
standard for securing the airways. Two
ambulances are routinely dispatched for

©2009 American Medical Association. All rights reserved.
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suspected cardiac arrest. The physician-
stalfed ambulance is dispatched when-
ever available.

All hospitals in Oslo have goal-
directed postresuscitation protocols in-
cluding therapeutic hypothermia re-
gardless of initial rhythm or arrest
etiology.'” A prehospital 12-lead elec-
trocardiogram is routinely transmit-
ted to the cardiologist on call after re-
turn of spontaneous circulation
(ROSC). If coronary angiography is in-
dicated for possible percutaneous coro-
nary intervention, patients are trans-
ported directly from the scene to 1 of
2 university hospitals (Oslo Univer-
sity Hospital, Ullevaal and Rikshopita-
let) with this capacity 24 hours per day.

Study Design and Recruitment

All patients older than 18 years with
nontraumatic, out-of-hospital cardiac
arrests between May 1, 2003, and April
28, 2008, were randomized by ambu-
lance personnel on-site. Simple ran-
domization occurred directly after am-
bulance personnel confirmed the
cardiac arrest and then opened the
sealed envelopes provided by the in-
vestigators. Patients were randomized
to receive either ACLS with access to
intravenous drug administration (in-
travenous group) or ACLS without ac-
cess to intravenous drug administra-
tion (no intravenous group). In the no
intravenous group, intravenous ac-
cess was to be established 5 minutes af-
ter ROSC, and drugs could then be
given if indicated.

Exclusion criteria were (1) cardiac
arrest witnessed by ambulance crew be-
cause these patients almost always have
an intravenous needle in place at the
time of the cardiac arrest, (2) resusci-
tation initiated or interrupted by phy-
sicians outside of the ambulance team,
or (3) cardiac arrest induced by asthma
or anaphylactic shock (which were the
last criteria added in October 2006).
The study was approved by the re-
gional ethics committee. Informed con-
sent for inclusion was waived as de-
cided by this committee, but was
required from survivors with 1-year fol-
low-up.

Equipment and Data Collection
Standard defibrillators (LIFEPAK 12
Physio-Control, Medtronic, Red-
mond, Washington) were used. Elec-
trocardiograms with transthoracic im-
pedance signals from these defibrillators
were routinely transferred to a server
at the National Competence Center for
Emergency Medicine (Oslo, Norway)
following cardiac arrest. Utstein car-
diac arrest forms'® routinely com-
pleted by paramedics were submitted
to the study supervisor along with a
copy of the ambulance run sheet. Au-
tomated, computer-based dispatch cen-
ter time records supplemented ambu-
lance run sheets with regard to response
intervals. For admitted patients, addi-
tional hospital records were obtained.

All trial data were documented ac-
cording to the Utstein style.'® The pri-
mary end point was survival to hospi-
tal discharge. Secondary outcomes were
1-year survival, survival with favor-
able neurological outcome (using ce-
rebral performance categories from 1
to 4),'® hospital admission with ROSC,
and quality of CPR (ie, chest compres-
sion rate, pauses, and ventilation rate).
The study was monitored annually with
interim analysis by an external re-
searcher who did not reveal any re-
sults to the investigators.

Data Processing

Data from each case were viewed and
annotated using CODE-STAT 7.0
(Physio-Control, Medtronic) for detec-
tion of ventilations and chest compres-
sions by changes in transthoracic im-
pedance. Written information [rom
patient report forms and locally adapted
Utstein style forms were compared with
typical changes in CPR patterns as
shown using CODE-STAT 7.0. Initial
rhythm assessment registered on pa-
tient report forms were confirmed by
these electrocardiographic recordings
if possible. Time without spontaneous
circulation, time without compres-
sions during time without spontane-
ous circulation (hands-off time), pre-
shock pauses, compression rate and
actual number of compressions, and
ventilations per minute were calcu-
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lated for each episode. Hands-off ratio
is defined as hands-off time divided by
total time without ROSC. Electrocar-
diographic analysis was performed by
1 researcher (T.M.0.).

Statistical Analysis

Initial power analysis was based on sur-
vival statistics for the Oslo emergency
medical service system and assumed
that the survival rate would be doubled
among patients not receiving epineph-
rine, as described previously in an ob-
servational study.” With a projected sur-
vival rate of 7% in the intravenous
group and 14% in the no intravenous
group, 900 patients provided a power

level of 91.4% with a type I error of
SDA).IQ

Analysis was performed on an
intention-to-treat basis regardless of
which treatment was actually given.
Patients who were initially random-
ized, but were later found to meet
predefined exclusion criteria were not
included in the intention-to-treat
analysis. Demographic and clinical
data are presented as means with 95%
confidence intervals (Cls), medians
with ranges, or proportions. Crude
effects between the 2 trial groups and
survival were quantified by odds
ratios (ORs) with 95% Cls. The x? test
for contingency tables with different

Figure 1. Randomization Profile

1183 Individuals assessed for eligibility

267 Excluded
172 Did not meet inclusion criteria
95 Cardiac arrest witnessed by
ambulance crew
32 Cardiac arrest occurred outside the
Oslo emergency medical service system
25 Cardiac arrest in clinic or physician’s
office
15 Traumatic etiology
3 Buspecied asthma-induced cardiac
arrest
2 Resuscitated by bystanders with
automated external defibrillator
95 Eligible but not randomized
41 Forgot to randomize or unknown
reason
20 Resuscitation regarded as futile
after a couple of minutes
15 Incorrectly identified as meeting
exclusion criteria
8 Restoration of spontaneous circulation
7 Randomization envelope not available
4 Request by bystanders not to
randomize

916 Randomized

474 Randomized to no intravenous

administration group

388 No intravenous drug administration
established or administered as randomized

45 Intravenous drug administration occurred
27 Restoration of spontaneous circulation
and new cardiac arrest
13 Hospital admission
5 Breach of protocol

442 Randomized to intravenous administration group
344 Intravenous drug administration established
and administered as randomized
74 Intravenous drug administration
not established prior to end of resuscitation
42 Restoration of spontaneous circulation
before intravenous administration
12 Inability fo establish intravenous access
12 Intravenous administration considered futile
8 No explanation given

433 Included in primary analysis
41 Excluded due to predefined exclusion criteria
17 Bystander physician ordered treatment
14 Cardiac arrest witnessed by ambulance crew
5 Resuscitation not attempted
4 Traumalic etiology
1 Asthma-induced cardiac arrest

418 Included in primary analysis
24 Excluded due to predefined exclusion criteria
17 Cardiac arrest witnessed by ambulance crew
6 Resuscitation not attempted
1 Traumatic etiology

2224 JAMA, November 25, 2009—Vol 302, No. 20 (Reprinted)

degrees of freedom was used to detect
associations between categorical inde-
pendent variables. For continuous
variables, the t test was used for nor-
mally distributed data and the Mann-
Whitney test was used for nonnor-
mally distributed data.

Confounders were identified and
quantified by using the Mantel-
Haenszel test for both short-term and
long-term survival, and subsequent
manual backward-elimination proce-
dures were performed. Correlations be-
tween potential confounders were in-
vestigated. Comparison of Kaplan-
Meier survival curves was obtained
using the Breslow and log-rank test sta-
tistics for short-term and long-term sur-
vival, respectively. 2!

Two-sided P values of less than .05
were considered significant. The sta-
tistical analyses were performed using
the software packages SPSS version 15.0
and SamplePower version 2.0 (SPSS Inc,
Chicago, Illinois) and Egret version
2.0.31 (Cytel Software Corporation,
Cambridge, Massachusetts).

RESULTS

Resuscitation was attempted in 1183 pa-
tients who experienced cardiac arrest
during the study period, and 851 0f946
eligible patients were successfully ran-
domized with 418 patients in the in-
travenous group and 433 patients in the
no intravenous access group. For rea-
sons listed in FIGURE 1, 95 eligible pa-
tients were not randomized and fur-
ther randomization and inclusion
details are illustrated. Eligible, nonran-
domized patients did not differ signifi-
cantly from randomized patients with
regard to demographic characteristics
and outcomes.

Baseline demographic characteris-
tics and CPR-quality parameters are
listed in TABLE 1. Defibrillation was at-
tempted in more patients in the intra-
venous group compared with the no in-
travenous group (47% vs 37%,
respectively; OR, 1.16 [95% CI, 0.74-
1.82]). More defibrillation shocks were
delivered to those who received defi-
brillation in the intravenous group com-
pared with the no intravenous group
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(median, 3 [range, 1-22] vs 2 [range,
1-26], respectively; P=.008). Both
groups had adequate and similar CPR
quality with few chest compression
pauses (median hands-off ratio, 0.15 for
the intravenous group and 0.14 for the
no intravenous group) and the com-
pression and ventilation rates were
within the guideline recommenda-
tions (Table 1).

In the intravenous group, 44 of 418
patients (10.5%) survived to hospital
discharge vs 40 of 433 (9.2%) in the no
intravenous group (OR, 1.16; 95% CI,
0.74-1.82; P=.61). Survival with favor-
able neurological outcome was 9.8% for
the intravenous group and 8.1% for the
no intravenous group (OR, 1.24; 95%
CI, 0.77-1.98; P=.45). Short-term sur-
vival was significantly better in the in-
travenous group than in the no intra-
venous group with 40% vs 25%,
respectively, achieving ROSC (OR, 1.99;
95% CI, 1.48-2.67; P<<.001), 43% vs
29% admitted to the hospital (OR, 1.81;
95% CI, 1.36-2.40; P<<.001), and 30%
vs 20% admitted to the intensive care
unit (ICU) (OR, 1.67; 95% CI, 1.22-
2.29; P=.002) (TABLE 2). In-hospital
treatments, including therapeutic hy-
pothermia and percutaneous coro-
nary intervention, were equally distrib-
uted between the 2 groups. There were
no differences in cause of death among
patients admitted to the ICU and most
deaths were due to brain damage
(Table 2).

Patients were divided into 2 pre-
defined subgroups based on their ini-
tial rhythms (TABLE 3). In patients
with an initial rhythm of ventricular
fibrillation or pulseless ventricular
tachycardia, there were no differences
in short-term or long-term outcomes.
In the subgroup with nonshockable
rhythms (initial rhythm of asystole or
pulseless electrical activity), the
ROSC rate was 3-fold higher with
intravenous treatment (P<.001), but
there was no difference in long-term
outcome because the survival rate
among those admitted to the ICU
tended to be almost 3 times higher in
the no intravenous group (P=.07;
Table 3).

©2009 American Medical Association. All rights reserved.

INTRAVENOUS DRUG ADMINISTRATION FOR CARDIAC ARREST

A public cardiac arrest location, re-
sponse interval, and initial ventricular
fibrillation were identified as poten-
tial confounders and were included in
the logistic regression analysis. Multi-
variate logistic regression analyses for
short-term survival (admitted to the
ICU) and long-term survival (dis-
charged from the hospital) were per-
formed. After adjustment for confound-
ers, patients in the intravenous group
had a nonsignificant 15% increased
chance of surviving to hospital dis-
charge (adjusted OR [AOR], 1.15;95%

CI, 0.69-1.91) compared with pa-
tients in the no intravenous group. Pa-
tients with ventricular fibrillation or
pulseless ventricular tachycardia as the
initial rhythm had a 10-fold improve-
ment in long-term survival (AOR,
10.47; 95% CI, 5.47-20.03). Patients
with bystander-witnessed cardiac ar-
rests or cardiac arrests in public places
had a 2-fold improvement in long-
term survival (AOR, 2.13 [95% CI,
1.02-4.45] and AOR, 2.03 [95% CI,
1.19-3.44], respectively), whereas the
odds of long-term survival decreased by

st === == == ]
Table 1. Demographics and Quality of Cardiopulmonary Resuscitation (CPR)?

No Intravenous Intravenous P
(n = 433) (n=418) Value®
Age, mean (SD), y 84 (17) 64 (18) .85
Male sex, No. (%) 303 (70) 302 (72) 51
Cardiac etiology, No. (%) 305 (70) 300 (72) 72
Location of arrest, No. (%)
Home 238 (55) 237 (57) 72
Public 159 (37) 144 (34) 50
Other 34 (8) 37 (9) 70
Bystander witnessed, No. (%) 273 (83) 283 (68) .18
Bystander basic life support, No. (%) 274 (83) 261 (82) .86
Initial rhythm, No. (%)
Ventricular fibrillation or pulseless 142 (33) 144 (34) .66
ventricular tachycardia
Asystole 228 (53) 192 (46) .06
Pulseless electrical activity 63 (15) 82 (20) .06
Physician-staffed ambulance present 160 (37) 157 (38) 91
Response interval, mean (95% Cl), min 10 (9-10) 10 (9-10) 28
Intubation, No. (%) 363 (84) 368 (88) 10
Intravenous drugs during resuscitation, 42 (10) 343 (82) <.001
No. (%)
Epinephrine 37 (9) 330 (79) <.001
Atropine 20 (5) 194 (46) <.001
Amiodarone 17 (4) 69 (17) <,001
Defibrillation 160 (37) 194 (46) .005
No. of shocks when defibrillated, 2(1-22) 3(1-26) .008
median (range)
Electrocardiogram available 329 (78) 314 (75) .83
for analysis, No. (%)
CPR duration, mean (85% CI), min 18 (17-19) 22 (20-23) <.,001
Hands-off ratio, median (range)© 0.14 (0.01-0.59) 0.15 (0.02-0.89) 16
Compression rate, mean (95% Cl)9 116 (115-117) 117 (116-119) A2
Compressions, mean (85% Cl), min™'® 94 (93-96) 94 (92-96) .90
Ventilations, mean (35% CI), min''® 11 (10-11) 11 (11-11) 48
Preshock pause, median (range), s 11 (1-74) 12 (1-82) b8

Abbreviation: Cl, confidence interval.

AData are missing for 80 patients in the group with advanced cardiac life support without intravenous access or ad-
ministration (no intravenous) and 79 patients in the group with advanced cardiac life support and intravenous access

and administration of drugs (intravenous).

bThe differences between groups were analyzed using the x? test with continuity correction for categorical data and
the t test or Mann-Whitney test for continuous data as appropriate.
SIndicates the proporticn of time without chest compressions during the resuscitation effort.

dindicates the rate of compressions when delivered.

€Indicates the average number of compressions actually given per minute during the resuscitation effort.
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17% for each minute of prolonged re-
sponse interval (AOR, 0.83; 95% CI,
0.77-0.90). When adjusted for the same
confounding factors, survival to ICU ad-
mission was higher for patients in the
intravenous group (AOR, 1.78; 95% CI,
1.26-2.51).

The cumulative postcardiac arrest
survival rate at 7 days was 14.6% (95%
CI, 11.3%-17.9%) for patients in the in-
travenous group vs 12.8% (95% ClI,
9.7%-15.9%) for patients in the no in-
travenous group, 11.3% (95% CI, 8.4%-
14.2%) vs 8.8% (95% CI, 6.1%-
11.5%), respectively, at 1 month, and
9.8% (95% CI, 6.9%-12.7%) vs 8.4%
(95% CI, 5.9%-10.9%) at 1 year
(F1GURE 2). Short-term survival was sig-
nificantly higher for patients in the in-
travenous group compared with pa-
tients in the no intravenous group

(Breslow P=.004), although there was
no difference in long-term survival (log-
rank P=.23)

COMMENT

Our results represent the first at-
tempt, to our knowledge, to evaluate the
effect of intravenous access and intra-
venous drug administration on out-
come in patients with an out-of-
hospital cardiac arrest. Short-term
survival was higher in the intravenous
group, but these nearly universally ap-
plied interventions were not associ-
ated with a statistically significant im-
provement in survival to hospital
discharge.

Administration of intravenous drugs
did not appear to interfere with the
quality of CPR. Ambulance personnel
delivered good-quality CPR with few

Table 2. In-Hospital Treatment and Qutcome

No Intravenous Intravenous P
(n=433) (n=418) Value?
Any ROSC during resuscitation 107 (25) 165 (40) <.001
Admitted to hospital 126 (29) 178 (43) <.001
ROSC 89 (21) 133 (32) <.001
Ongoing CPR 37 (9) 45 (11) .33
Admitted to ICUP 88 (20) 125 (30) .002
Awake at ICU admission 8(9 7 (6) .48
Therapeutic hypothermia 62 (70) 90 (72) .93
Anglography or PCI 43 (49) 50 (40) .33
Time In ICU, median (range), d® 6 (1-31) 4 (1-44) .05
Cause of death in ICU4
Brain 29 (69) 52 (70) >99
Cardiac 8(19) 12 (16) .90
Multiorgan failure 5(12) 10 (14) >.99
Discharged alive 40(9.2) 44 (10.5) 61
Cerebral performance score at discharge
1 (good cerebral performance) 30 (7.0) 37 (8.9) 31
1-2 (good cerebral performance 35 (8.1) 41 (9.8) .45
to moderate cerebral disability)
2 (moderate cerebral disability) 5(1.2) 4(1.0) >.99
3 (severe cerebral disability) 3(1.0 3(1.0) >.89
4 (coma or vegetative state) 2 (<1.0 0 .50
Discharged from hospital 40 (45) 44 (35) A7
if admitted to ICU
Alive 1y after cardiac arrest® 36 (8) 41 (10) .53

Abbreviations: CPR, cardiopulmonary resuscitation; ICU, intensive care unit; PCI, percutaneous coronary intervention;

ROSC, return of spontaneous circulation.

8The differences between groups were analyzed using the x2 test with continuity correction for categorical data and

the Mann-Whitnay test for number of days in the ICU.
Includes patients admitted to the ICU only.
S Data are missing for 3 patients in each group.

dincludes patients who died in the ICU only. Data are missing for 6, leaving 42 as the denominater in the group with
advanced life support without intravenous accss or drug administration (no intravenous), and 7, leaving 74 as the
denominator in the group with advanced cardiac lfe support and intravenous access and administration of drugs

(intravenous).

©Two patients in the no intravenous group and 1 patient in the intravenous group were lost to 1-year follow-up.

2226 JAMA, November 25, 2009—Vol 302, No. 20 (Reprinted)

pauses and with rates within guide-
line recommendations® in both groups.
This is important because potential im-
provements in intravenous medica-
tion administration during ACLS will
not need to overcome an intrinsic ten-
dency to degrade CPR.

We did not confirm the previous ob-
servational finding that intravenous epi-
nephrine was an independent predic-
tor for poor outcome.® Qur results are
consistent with a multicenter study by
Stiell et al* that found no difference in
survival after implementing intrave-
nous drug administration during out-
of-hospital cardiac arrest (OR, 1.1;95%
CI, 0.8-1.5).

Without differences in the pre-
defined primary outcome, patients in
the intravenous group received more
defibrillations, were resuscitated for a
longer period, and more frequently had
ROSC. With similar and adequate CPR
quality, this is likely due to the phar-
macological effects of the drugs used
(epinephrine, atropine, and/or amio-
darone). This finding is consistent with
previous animal studies with epineph-
rine,* and clinical studies evaluating
the effects of amiodarone,?® atro-
pine,” and even high-dose epineph-
rine,? all of which documented im-
proved short-term effects without
improving long-term outcomes. While
epinephrine can produce more spon-
taneously beating hearts in animal mod-
els, it is also associated with increased
postresuscitation myocardial dysfunc-
tion that might partly explain these
clinical observations.®’ Negative
postresuscitation effects of epineph-
rine also are reported to be more promi-
nent after longer, more clinically rel-
evant cardiac arrest periods (eg, 4-6
minutes) than short cardiac arrest pe-
riods (eg, 2 minutes).” Moreover, an ex-
perimental study has recently docu-
mented detrimental effects of
epinephrine on cerebral microcircula-
tion.®

The clinical implications of an in-
creased ROSC rate in the intravenous
group are difficult to interpret. Should
improved short-term outcome be re-
garded as unfulfilled potential that

©2009 American Medical Association. All rights reserved.
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Table 3. Outcome for Subgroups With and Without Ventricular Fibrillation or Pulseless Ventricular Tachycardia Rhythms

With Rhythms, No. (%) Without Rhythms
INcn Intravenous In'cra\renc:usl P INcn Intravenous Intra\reeru:ousI P

(n=142) (n=144) Value? (n =291) (n=274) Value?
Any ROSC during resuscitation 75 (53) 85 (59) .35 32 (11) 80 (29) <.001
Admitted to hospital 79 (56) 94 (B5) A2 47 (16) 84 (31) <.001
Admitted to ICU 60 (42) 74 (51) 15 28 (10) 51 (19) .003
Discharged alive 32 (23) 39 (27) 45 8(3) 5(2) 85
Discharged with CPC score of 1-2 29 (20) 37 (26) .36 6(2) 4(2) .82
Discharged if admitted to ICU 32 (53) 39 (53) >.99 8 (29) 5(10) .07

Abbreviations: CPC, cerebral performance score; ICU, intensive care unit; ROSC, return of spontaneous circulation.
AThe differences between the groups were analyzed using the x? test with continuity correction.

might be addressed with better post-
ROSC care, or unproductive resuscita-
tion of patients whose vital organ in-
jury makes them unlikely candidates for
long-term survival? In the present
study, most patients who died in the
hospital after initial successful resus-
citation in both groups had severe ce-
rebral damage. If present pharmaco-
logical interventions only facilitate
cardiac resuscitation in patients who
will ultimately experience irreversible
cerebral damage, this may cause an ad-
ditional burden on already overbur-
dened ICUs.

However, long-term survival can-
not be achieved without first restoring
circulation. Improved brain-directed
postresuscitation treatment might at
some point prevent irreversible cere-
bral damage and increase survival. At
present, the only established brain-
directed treatment is therapeutic hy-
pothermia,®?" and the rate of which was
high in both groups (71% and 72%). It
is possible that for some patients in our
study with early postresuscitation car-
diac death, advanced options such as
mechanical chest compression de-
vices,”® extracorporeal membrane oxy-
genation,” or left ventricular assist
devices™ could enable corrective treat-
ment of underlying causes and theo-
retically improve survival.

The results of our study highlight the
question of whether patients present-
ing with initial shockable rhythms and
nonshockable rhythms should be
treated differently. Initial shockable
rhythm was a potential effect modifier
in our statistical analysis, indicating that

©2009 American Medical Association, All rights reserved.

the degree of benefit or harm of intra-
venous drug administration during car-
diac arrest may depend on the present-
ing rhythm. No differences in outcome
were found for patients with shock-
able rhythms, while patients with non-
shockable rhythms had higher rates of
ROSC in the intravenous group, but an
opposite tendency toward a lower rate
of survival to hospital discharge among
those admitted to the hospital. This sug-
gests that late toxicity after intrave-
nous drug administration contributes
importantly to the poor outcomes of
these patients.

Several studies have identified dissimi-
lar etiologies in subgroups with shock-
able and nonshockable rhythms,***and
it seems reasonable that differences in
treatment strategies will emerge >* Ret-
rospective subgroup analysis for cardiac
arrest times (<5 minutes, 5-10 minutes,
or >>10 minutes) did not reveal any
suggestive information either alone
or combined with initial rhythm (data
not presented but available from authors
upon request). However, our study
was not powered for formal subgroup
analysis and no conclusions should be
drawn.

The present data indicating good-
quality CPR in both groups suggest that
the lack of improved long-term out-
come with ACLS with intravenous drug
administration cannot be explained by
poor-quality CPR.** This does not ex-
clude the possibility that other drug regi-
mens might improve outcome. Early ad-
ministration, as recently advocated,
must be evaluated in systems with
shorter ambulance response intervals or
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Figure 2. Cumulative Survival for Up to 1
Year After Cardiac Arrest
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other intravenous drug regimens and
priorities that are different from the
present guidelines.

Our study has several limitations.
First, ambulance personnel could not
be blinded to the randomization.
Closely related to this, only patients
who were randomized to the no intra-
venous group could be monitored with
regard to protocol compliance. If in-
travenous drugs were administered to
a patient in the no intravenous group,
violation of the study protocol could be
documented. If intravenous drugs were
not administered to a patient in the in-
travenous group, several valid reasons
could exist, such as rapid ROSC. We
have no reason to believe that person-
nel refrained from establishing intra-
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venous access under the pretense that
the procedure was unsuccessful. The
ambulance personnel involved were
strongly committed to testing the hy-
pothesis presented, but we cannot to-
tally rule out possible bias toward pro-
cedures such as intravenous access and
administration of drugs, which have
been important in Norwegian culture
for decades.

Second, quality of CPR could only be
assessed in 75% of cases. Still, this is,
to our knowledge, the first clinical in-
tervention study reporting CPR qual-
ity data, and no significant differences
were found between these data and
those unavailable for analysis. Also, we
do not have reliable time points for drug
administration. Paramedics in the Oslo
emergency medical service system are
highly trained and both the guidelines
and training emphasize early intrave-
nous access and drug administration
and intubation with the shortest pos-
sible pauses in chest compressions.

Third, this is a single center study and
the results may not be generalized to
systems with different training, infra-
structure, treatment protocols, or qual-
ity of CPR. Fourth, while time from car-
diac arrest to the initiation of ACLS is
important for patient survival, the es-
timated time of cardiac arrest is impre-
cise and one-third of the cardiac ar-
rests were unwitnessed. This variable
is therefore not included in the anly-
sis. Only the emergency medical ser-
vice response interval was included.

Finally, a type Il error cannot be ruled
out. Although based on the best avail-
able evidence at the time,” the power
analysis was, in retrospect, optimistic
in assuming a doubling in survival for
the patients in the no intravenous
group. For the observed difference be-
tween the groups to be statistically sig-
nificant, a sample size of 14000 pa-
tients would be needed. Because this
sample size has not been considered in-
appropriate in cardiovascular interven-
tions, our results could be back-
ground for such a large study that could
be positive for intravenous access and
drug administration. At a minimum,
our results indicate that clinical equi-

2228 JAMA, November 25, 2009—Vol 302, No. 20 (Reprinted)

poise exists on the efficacy of intrave-
nous drugs in the treatment of cardiac
arrest and that more definitive trials
could be ethically undertaken. Alter-
natively, the poor survival rates after
cardiac arrest, which do not seem to be
significantly improved by intravenous
drug administration, indicate that re-
search should be directed at new phar-
macological interventions that hold
promise of greater effect.

CONCLUSION

Despite improved short-term survival
among patients randomized to receive
intravenous access and drug adminis-
tration, these nearly universal inter-
ventions were not associated with a sta-
tistically significant improvement in
survival to hospital discharge. Larger
trials examining resuscitation without
intravenous access and drug adminis-
tration, as well as of existing or new
drugs, appear to be justified.
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