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Introduction:  Dispatcher-assisted  CPR  (DA-CPR)  can  increase  rates  of bystander  CPR,  survival,  and  quality
of life  following  cardiac  arrest.  Dispatcher  protocols  designed  to  improve  rapid recognition  of  arrest  and
coach  CPR  may  increase  survival  by  (1) reducing  preventable  time  delays  to start  of chest  compressions
and  (2)  improving  the  quality  of  bystander  CPR.
Methods:  We  conducted  a randomized  controlled  trial comparing  a simplified  DA  CPR  script  to  a  conven-
tional  DA  CPR script  in a manikin  cardiac  arrest simulation  with  lay  participants.  The  primary  outcomes
measured  were  the  time  interval  from  call receipt  to  the first  chest  compression  and  the core  metrics  of
chest  compression  (depth,  rate, release,  and  compression  fraction).  CPR was  measured  using a  recording
manikin  for  the  first  3 min  of participant  CPR.
Results:  Of  the  75 participants,  39  were  randomized  to  the  simplified  instructions  and  36  were  randomized
to  the conventional  instructions.  The  interval  from  call  receipt  to first compression  was  99  s using the
simplified  script  and  124  s  using  the  conventional  script  for  a difference  of 24 s  (p < 0.01).  Although  hand
position  was judged  to be correct  more  often  in  the  conventional  instruction  group  (88%  versus  63%,
p <  0.01),  compression  depth  was  an  average  7 mm  deeper  among  those  receiving  the  simplified  CPR script
(32  mm  versus  25 mm,  p  < 0.05).  No  statistically  significant  differences  were detected  between  the  two
instruction  groups  for  compression  rate,  complete  release,  number  of  hands-off  periods,  or  compression

fraction.
Discussion:  Simplified  DA-CPR  instructions  to lay  callers  in  simulated  cardiac  arrest  settings  resulted
in  significant  reductions  in  time  to  first  compression  and  improvements  in  compression  depth.  These
results  suggest  an  important  opportunity  to improve  DA CPR  instructions  to reduce  delays  and  improve
CPR  quality.

© 2014  Elsevier  Ireland  Ltd.  All  rights  reserved.
. Introduction
Bystander CPR improves survival from cardiac arrest, but rates
f bystander CPR remain low despite a witnessed collapse rate of

� A Spanish translated version of the abstract of this article appears as Appendix
n  the final online version at http://dx.doi.org/10.1016/j.resuscitation.2014.05.015.
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over 50%.1 Dispatcher-assisted CPR (DA-CPR) can increase rates
of bystander CPR, survival,2 and quality of life3 following cardiac
arrest. However, there are still opportunities to improve upon
delivery of DA CPR. Protocols designed to strengthen rapid recog-
nition of arrest and coach bystanders may  hold the greatest hope
for increasing survival by (1) reducing preventable time delays4,5

to start of chest compressions and (2) improving the quality of
bystander CPR.6 In this study, we conducted a manikin cardiac

arrest simulation to compare a simplified set of DA CPR instructions
against a conventional set of instructions with lay participants to
determine if the simplified instructions could reduce the time to
recognition and improve CPR performance.
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.1. Time delays to chest compressions

The “all-caller” interview is a standardized method for gathering
asic information to guide dispatch decisions at the start of all 911
alls. Following a defined querying interview protocol at the start
f all calls helps identify cardiac arrests and reduces time delays
o start of CPR.7,8 However, another source of delay may  in part
e due to the ordering of questions in the defined interview proto-
ol. The present research re-sequenced the cardiac arrest screening
uestions before other less-urgent questions (patient gender, caller
ame, and caller phone number).

.2. Lay responder CPR quality

Quality of bystander CPR may  be influenced by low health
iteracy9,10 and language barriers,11,12 as several of the commonly
sed words (conscious, bare the chest, heel of the hand) may  not
e well-understood by some callers. Additionally, lay bystanders
arely reach recommended guideline parameters for compres-
ion depth,13,14 which may  in part be due to difficulty estimating
easurements (i.e., push 2 inches) or fear of causing harm. Simplifi-

ation of instructions can increase rates of bystander CPR15 (i.e., the
010 AHA guideline recommendation compression-only CPR for
ystanders), and simplification of DA CPR scripts has also improved
uality of CPR in simulation studies in selected populations.16,17

We  hypothesized that the simplified CPR instructions would
esult in a shorter time to first compression and higher quality
PR performance as measured by compression depth compared to
onventional instructions.

. Methods

.1. Design, setting, and participants

This study was a randomized controlled trial comparing two  DA
PR scripts (Table 1) in a manikin cardiac arrest simulation.

The study took place in Seattle and King County, Washington. All
tudy procedures were reviewed and approved by Human Subjects
t the University of Washington. Recruitment and administration
ccurred from July 2010 to August 2011.

The study population consisted of Seattle and King County resi-
ents age 40 or older, who spoke English as their primary language
n = 86).

Participants were recruited from flyers mentioning first aid
ut not CPR. The study evaluation took place at local community
nd retirement centers. Participants provided written consent and
eceived a $25 gift card and education about CPR following the
imulation.

.2. Simplified DA CPR script development

The simplified (test) script was developed as part of a larger
ffort to address the barriers to dispatcher-assisted CPR especially
mong limited English proficient immigrant populations.11,18,19

e  convened focus groups with Mandarin, Cantonese and Span-
sh speakers to determine what phrases or words were challenging
o understand and what alternatives might help understanding.
dditionally, we interviewed dispatchers about their perception of
ords and phrases that challenged callers. Based on these efforts,

he simplified dispatcher script was re-ordered to prioritize arrest
dentification by querying about consciousness and breathing nor-

ally (Table 1).

The dispatcher script also changed particular words and phrases

n the CPR instructions that were judged to produce confu-
ion, potential delay, and/or suboptimal bystander performance.
he goal of these changes was to achieve more timely and
 85 (2014) 1169–1173

guideline-compliant chest compressions. For example, changes in
the simplified script included: (1) callers were no longer asked if
they wanted to do CPR prior to beginning to provide CPR instruc-
tions; (2) callers counted in cycles of 10 (1, 2, 3. . ..9, 10) versus 50
(1, 2, 3. . ..49, 50); and (3) terms such as “bare the chest” and “push
2 inches” were replaced with “open the shirt,” and “using straight
arms, push as hard as you can,” (Table 2).

Adult CPR instructions published in Criteria Based Dispatch20

served as the comparison script. The algorithm used to identify
cardiac arrest and provide dispatcher-assisted CPR is included in
this script. These instructions have been evaluated with regard
to their ability to identify cardiac arrest patients and implement
resuscitation and derives from best practices guidelines.20–22

2.3. Simulation and randomization

Participants were provided a consistent scenario of a collapsed
individual (a Laerdal Skill ReporterTM manikin). Participants were
informed that the individual was “not conscious or awake and
not breathing,” and they were given a cell phone and were told
to call “911” (a study number). The call was answered remotely
by an experienced 9-1-1 dispatcher who guided callers through
the randomized dispatcher scripts. The dispatcher had training in
both the standard and the simplified script. To achieve random-
ization, the dispatcher opened an envelope with one of the two
dispatcher scripts at the outset of each call. Randomization was
stratified on age (40–60 years; over 60 years) and gender as both
these factors have been associated with depth of compressions.23

Calls were audio-recorded to assure compliance with the random-
ized dispatcher script.

2.4. Data definitions and outcomes

The primary outcomes of the study were the time interval from
call receipt to the first chest compression and the core metrics of
chest compression. Specifically we measured chest compression
depth, rate, release, and interruptions. CPR metrics were assessed
for the first 3 min  of CPR performance. Sufficient compression depth
was considered ≥38 mm.  Sufficient compression rate was >100
compressions per minute. All data other than time to first compres-
sion, including hand position, were obtained by the Laerdal Skill
ReporterTM manikin. We  defined the no flow fraction as the period
of time during the first 3 min  following initial compression during
which compressions were not being performed. We  used a uni-
form data collection form to gather information about demographic
characteristics and prior CPR training.

2.5. Sample size

The sample size was estimated to achieve 80% power to
detect a 16 compressions-per-minute rate difference and a 6.7 mm
depth difference according to the dispatcher script. Although
the clinical implications of these differences are not clear-cut,
increasing evidence from emergency medical services resuscita-
tion studies suggest that these differences could influence clinical
outcomes.24,25

2.6. Statistical analysis

Time and compression data were excluded for 11 participants
with physical limitations that prevented them from moving the
manikin from the table. The manikin failed to record data for 7

participants, who  were thus excluded from analyses of quality
measures (but were included in the time analysis).

We used the 2-sample t-test to compare interval from call
receipt to first chest compression, total hands-off time, the number
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Table  1
Original and re-sequenced questions in the all-caller interview.

Conventional instruction Revised instruction

• 911: What are you reporting? • 911: Police, fire, or medical?
•  What is the address of the patient? • What is the address?
•  What is the patient’s age? Gender? • Are you the patient?
•  What is the telephone number you are calling from? • Are they able to talk to you?
•  What is your name? • Are they breathing normally?
•  Is the person conscious (awake, responding to you)? • About how old is the patient?
•  Is the person breathing normally? If patient is not conscious and not breathing normally, begin CPR
If  patient is not conscious and not breathing normally, begin CPR Ask after CPR established:

• (If you don’t know patient gender): Is the person a man  or a woman?
• What is the phone number you are calling from?
•  What is your name?

Table 2
Comparison of simplified and conventional DA CPR instructions.

Conventional DA CPR instructions Simplified DA CPR instructions

• Does anyone there know CPR? • We need to help them. I am sending an ambulance and I will tell you what to do.
(Trained bystanders may still need instructions. Ask!) • Get them on their back on the floor.
•  Get the phone NEXT to the person. • Get by their side on your knees.
•  Listen carefully. I’ll tell you what to do. • Quickly open their shirt.
•  Get them FLAT on their back on the floor. • Put your hand on the middle of the chest.
•  BARE the chest. • Put your other hand on top of that hand
•  KNEEL by their side. • With straight arms push down as hard as you can. Push hard and count with me, “1, 2, 3, 4, 5, 6, 7, 8, 9, 10”.
•  Put the HEEL of your HAND on the CENTER of

their CHEST, right BETWEEN the NIPPLES.
•  Put your OTHER HAND ON TOP of THAT hand. (Note: Count along with caller to check rate. Give encouragement and feedback when caller returns

to  phone if their rate is much faster or slower than recommended by guidelines)
•  PUSH DOWN FIRMLY, ONLY on the HEELS of your

hands, 2 inches.
• Do it 50 times, just like you’re PUMPING the

chest. Count OUTLOUD 1-2-3. . .50
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***(correct rate if needed) • Keep going, push har
•  KEEP DOING IT: KEEP PUMPING the CHEST UNTIL

HELP TAKES OVER. I’ll stay on the line.
• Keep pushing as har

f hands-off periods, mean compression depth, and compression
ate according to the randomized dispatcher script. We  also made
omparisons with the Wilcoxon rank sum test to account for poten-
ial skewness of the outcome measures. We  used chi-squared tests
nd logistic regression to compare categorical measures (complete
elease, compressions >38 mm,  correct hand position, and sufficient
ate). All statistical analyses were performed in R version 2.13.

. Results

A total of 86 people were enrolled in the study: initially 42 were
andomized to the simplified script and 44 were randomized to the
onventional script. After accounting for exclusions, 39 individuals
emained in the simplified script group and 36 in the conventional
cript group. There were no gender, age, racial, or CPR training dif-
erences for these participants whose data was excluded compared
o those whose data was analyzed. We  did not observe statisti-
ally significant differences between the two groups with regard to
emographic characteristics (Table 3).

The interval from call receipt to first compression was  99 s
sing the simplified script and 123 s using the conventional script
or a difference of 24 s between the two scripts (Table 4). Partic-
pants randomized to the simplified script on average provided
eeper compressions compared to the traditional standard script.
ompression depth was an average 6.4 mm deeper among those
eceiving the simplified CPR script (p < 0.05), with 31.3 percent of

ompressions greater than 38 mm compared to only 20% for the
onventional instructions. Conventional instructions were judged
o have correct hand placement more frequently (88% versus 63%

 < 0.01). No differences were detected between the two instruction
 count to 10 again and again.
u can, don’t stop until help arrives. I’ll stay on the phone.

groups for compression rate, complete release, number of hands-off
periods, or total hands-off time.

4. Discussion

In this simulation trial, participants randomized to the simpli-
fied DA CPR script started chest compressions 24 s sooner than
those who received the conventional instructions; this difference
is likely due to the time saved by the dispatcher asking fewer ques-
tions prior to establishing that “the patient” was not breathing and
not conscious. A 24 s interval could be clinically meaningful and
translate to measureable improvement in patient outcomes as sur-
vival from cardiac arrest declines 5–10% for every minute without
CPR.26 This finding compliments other simulation investigations
that have observed time reduction to starting CPR if the step to
remove clothing and “bare the chest” is removed from the dis-
patcher instruction.27,28 Taken together, the findings suggest that
efforts to prioritize arrest identification and eliminate steps pre-
ceding hands on the chest can impact time delays, underscoring the
critical role of the emergency dispatcher in the chain of survival.

Additionally, simplifying the terminology used in DA CPR
instructions resulted in greater chest compression depth on aver-
age compared to conventional instructions. This finding adds
further support that using the language “push as hard as you can”
is a more effective instruction for adequate CPR compression depth
compared to giving callers a specific depth.12 Greater compres-
sion depth was  achieved even though hand position was  judged
to be correct less often with the simplified instructions. Overall,

compression depth continued to be sub-optimal regardless of the
instruction and further research into how compression depth in
DA CPR can be improved is needed. It may  be that if hand posi-
tion was  improved, the simplified instructions could achieve better
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Table 3
Participant characteristics.

Characteristics Simplified scripts (n = 39) Conventional scripts (n = 36) p-value

Age, mean (SD) 60.6 (12.5) 60.6 (13.7) 0.99
Gender, n (%) 1.00

Female 29 (78%) 28 (78%)
Race, n (%) 0.39

White 22 (58%) 16 (44%)
African American 10 (26%) 15 (42%)
Other 6 (16%) 5 (14%)

Ever  taken prior CPR class, n (%) 10 (28%) 7 (21%) 0.35

Table 4
CPR outcomes.

Outcome Simplified (n = 39) 2010 CBD (n = 36) Observed difference
(95% CI)

p-value

n mean (SD) 25th 50th 75th n mean (SD) 25th 50th 75th

Time to first compression (s) 39 99 (28) 76 95 116 36 123 (28) 104 122 138 −24.3 (−11.3, −37.4) <0.01
Compression depth (mm)  36a 32 (13) 25 32 41 34a 25 (14) 13 23 34 6.8 (−13.4, −0.6) <0.05
%  of compressions ≥38 mmd 36b 33 (38) 0 15 55 33b 20 (33) 0 0 22 12.7 (−4.4, 29.7) 0.14
Chest  compression rated 33c 102 (29) 97 106 118 32c 93 (26) 64 97 117 9.0 (−7.0, 23.0) 0.34
%  Sufficient rated 33c 24 (25) 4 13 38 32c 19 (20) 2 13 39 3.5 (−7.0, 15.7) 0.45
%  Complete released 36a 89 (20) 87 99 100 34a 92 (21) 98 100 100 2.5 (−12.5, 7.5) 0.62
%  Correct hand positiond 36b 63 (37) 30 72 99 33b 86 (28) 94 100 100 −22.7 (−38.3, −7.0) <0.01
Number of hands off periods 36b 5.3 (6.2) 2.0 3.5 5.3 33b 5.4 (5.2) 2.0 4.0 7.0 −0.1 (−2.9, 1.0) 0.95
Total  hands off time (s) 36b 39 (40) 11 26 51 33b 41 (31) 23 33 53 −2.4 (−19.6, 14.7) 0.78
Compression fraction 36b 78 (78) 72 86 93 33b 77 (83) 71 82 87 1.1 (10.9, 8.2) 0.78

a For 5 individuals the manikin failed to record data.
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b For an additional 1 individual the manikin did not record a sufficient number o
c For an additional 4 individuals the manikin did not record enough compression
d Percent measures are within participant, so each measurement is the percentag

ompression depth performance. The revised instructions omit-
ed the phase “right between the nipples” in the hand placement
nstructions, and this instruction may  act as a way to guide the loca-
ion of hand placement along the long axis of the body. Suboptimal
lacement along this axis may  hinder the depth of compression
chieved (which along with compression rate is of primary impor-
ance for CPR efficacy).

Although CPR quality was improved in relation to chest
ompression depth with simplified DA CPR, both script groups per-
ormed similarly with regard to rate, release, hand position, hands
ff periods, and hands off time, there was no evidence to support a
ifference between the two scripts with regard to these measures.
hese findings offer further opportunities to revise and improve DA
PR instructions.

. Limitations

The study was limited by virtue of being a manikin simula-
ion study; citizen bystanders in real cardiac arrest situations may
ehave differently, and we cannot be certain that the differences
bserved in this study would translate into differences in real car-
iac arrest situations. There is a need to examine the quality of
ystander CPR in real life events, something that might be possible
ith data collected from field use of Automatic External Defibrilla-

ors (AEDs). Because the participants were told prior to the start of
he simulation that the patient was unconscious and not breathing
he study cannot account for any effect of the script revision on the
ime it would take to determine the need to perform CPR. The study
ad limited power to detect differences in CPR performance and
nly evaluated the first 3 min  of single rescuer compression-only
PR. A larger sample size or more extended measurement could
roduce different results. Importantly, the study cohort was  older,

redominantly women, and included substantial racial minorities;
haracteristics that mirror the rescuer in the real arrest circum-
tance and so support the generalizability of the results to the
opulation that typically performs DA CPR; however differences
ressions to calculate this quality measure.
fficient depth to calculate a compression.

hat participants compressions that meet the specific criteria.

between this population and the general population could limit
generalizability to the latter.

Another limitation is that the study included the phrase “open
the shirt”, instructions which have subsequently been removed
from the instructions.

6. Conclusion

Simplified dispatcher CPR instructions to lay callers in simu-
lated cardiac arrest settings resulted in significant reductions in
time to first compression and improvements in compression depth.
These results suggest an important opportunity to improve DA  CPR
instructions to reduce delays and improve CPR quality. Even with
these improvements, CPR performance was suboptimal, providing
the rationale for further investigation and implementation of best
practices for dispatcher-caller communication. Advances have the
potential to reduce the burden of death and disability from cardiac
arrest.
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