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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.®? 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.*®1* In contrast, results
in animal models of arrest due to respiratory
causes suggest that chest compression plus res-
cue breathing may be more beneficial.*?

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.3-*> 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.'*1517 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
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5525 Randomization envelopes were opened

2751 Patients were

assigned to receive 2774 Patients were assigned to receive
chest compression alone chest compression plus
rescue breathing

14 Were not new subjects
(>1 envelope opened)

18 Were not new subjects
(>1 envelope opened)

2737 Were enrolled in study

2756 Were en

rolled in study

29 Had a call made
of unknown type

31 Had a call made
of unknown type

2708 Were screened

2725 Were screened

986 Did not have arrest

1006 Did not have arrest

1722 Had confirmed arrest

1719 Had confirmed arrest

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

1199 Received EMS care

1182 Received EMS care

139 Did not receive ALS

138 Did not receive ALS

1060 Received ALS 1044 Received ALS
79 Were ineligible 84 Were ineligible
5 Were <18 yr of age 7 Were <18 yr of age
32 Had trauma or 25 Had trauma or
asphyxial mechanism asphyxial mechanism
25 Had DNR status 28 Had DNR status
12 Had caller who de- 18 Had caller who de-
clined participation clined participation
5 Were already under- 6 Were already under-
going CPR at scene going CPR at scene

981 Were included in analysis

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
CDC categories; category 1 represents good cere-
bral performance, 2 moderate cerebral disability,
3 severe cerebral disability, 4 coma or vegetative
state, and 5 death.20:21)

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 rhythm, 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 (%)
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 Alone

Chest Compression plus
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 (8.4)
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 (7.5) 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 randomization
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.*

Furthest Step Taken in DART Instruction Protocol

Envelope opened, only preinstructions provided

Rescue-breathing instruction provided, but no res-
cue breathing performed

Rescue-breathing instruction provided, only rescue
breathing performed

Compression instruction provided, but no compres-
sions performed

Compression instruction provided, compressions
performed

Missing data

Chest Compression ~ Chest Compression plus

Alone Rescue Breathing Total
(N=981) (N=960) (N=1941)
number of patients (percent)
143 (14.6) 127 (13.2) 270 (13.9)
1(0.1) 46 (4.8) 47 (2.4)
0 49 (5.1) 49 (2.5)
30 (3.1) 24 (2.5) 54 (2.8)
790 (80.5) 698 (72.7) 1488 (76.7)
17 (L.7) 16 (1.7) 33 (L.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.

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.222* 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.1®1%18 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.?s 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

N ENGLJ MED 363;5 NEJM.ORG JULY 29, 2010

Table 3. Outcomes.*

Two Sites Assessing Neurologic Status

All Sites

Outcome

Absolute

Chest Compression plus

Absolute
Difference

Chest Compression plus

Difference

Rescue Breathing

Chest Compression

Rescue Breathing

Chest Compression

P Value

(95% Clyt
percentage points

5.8 (0.4 to 11.1)

(N=633)

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

Alone (N

P Value

(95% Cly
percentage points

3.4 (0.8 t0 7.6)
1.5 (-1.4 to 4.4)

(N =960)
no. of patients/total no. (%)

981)
335/962 (34.8)

Alone (N

0.04
0.29

234/633 (37.0)

279/653 (42.7)

0.12
0.31

296/942 (31.4)

Pulse present at end of EMS care

2.1 (-1.8t06.1)
2.9 (-0.8 t0 6.5)

93/633 (14.7)

110/653 (16.8)

105/956 (11.0)

122/978 (12.5)

Survival to hospital discharge

13

0.

73/633 (11.5)

94/653 (14.4)

CPC 1 or 2 at hospital discharge::

* Cl denotes confidence interval, and EMS emergency medical services.

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

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-

tative state, and 5 death.
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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 (2.9 to 21.6)

103/223 (46.2)

119/203 (58.6)

Pulse present at end of EMS care

7.3 (-2.0t0 16.4)
7.2 (-1.6t0 15.9)

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

37/182 (20.3)

49/178 (27.5)

CPC 1 or 2 at hospital discharge::

>6 Min

0.86
0.

1.1 (-11.0t0 13.2)
-1.4 (-11.2t0 8.3)

53/126 (42.1)

54/125 (43.2)

98
87

0.

0.1 (-9.1t09.3)
0.6 (-7.2 o 6.1)

75/206 (36.4)

76/208 (36.5)

Pulse present at end of EMS care

77

25/126 (19.8)

23/125 (18.4)

0.

30/212 (14.2)

29/213 (13.6)

Survival to hospital discharge

0.47

3.3 (-5.7t0 12.3)

17/126 (13.5)

21/125 (16.8)

CPC 1 or 2 at hospital discharge::

state; and 5, death.

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
T In the Cerebral Performance Category classification, category 1 represents good cerebral performance; 2, moderate cerebral disability; 3, severe cerebral disability; 4, coma or vegetative

* Cl denotes confidence interval, CPC Cerebral Performance Category, and EMS emergency medical services.
for the group assigned to chest compressions alone.

N ENGL J MED 363;5

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 hav-
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. Moreover, 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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