
CARDIOPULMONARY RESUSCITATION QUALITY: WIDESPREAD VARIATION IN 
DATA INTERVALS USED FOR ANALYSIS 

INTRODUCTION  1 

Recently, increased emphasis has been placed on providing high quality cardiopulmonary 2 
resuscitation (CPR) to patients in cardiac arrest. Several studies have indicated a significant 3 
relationship between survival outcomes and CPR quality parameters such as chest compression 4 
depth,1-5 rate6 and fraction.3, 7 However, among studies, heterogeneity exists in how CPR quality 5 
parameters are reported for individual patients and then used in analysis. In 2007, Kramer-Johansen 6 
et al.8 authored recommendations for uniform reporting of measured quality of CPR. These 7 
recommendations proposed that CPR quality data be collected over the entire resuscitation episode. 8 
The start of an episode should coincide with the first therapeutic event after arrival at a cardiac 9 
arrest patient, including first recorded chest compression, first defibrillator rhythm analysis, or first 10 
defibrillation.8 For studies that investigate CPR quality and survival, it was recommended that 11 
researchers use discrete measurement windows of 30 seconds or less for parameters such as 12 
compression depth to detect haemodynamic changes associated with compressions.8 In terms of 13 
undertaking analysis in these types of studies, no recommendations were made in regards to the 14 
length of the interval that should be used for analysis, nor the minimum interval length required for 15 
inclusion.  16 

In practice, CPR quality is recorded using devices such as the Q-CPRTM (Philips Medical) or the Real 17 
CPR Help® (ZOLL Medical Corporation). Such devices provide CPR quality summary data for an entire 18 
resuscitation episode as well as on an interval-by-interval basis; however there is variation in the 19 
proportion of episode data that is used by researchers for statistical analysis. When considering the 20 
relationship between CPR quality and survival across existing studies, some studies analysed data 21 
collected over the entire resuscitation episode3 whereas others only included the first 5 minutes.9, 10 22 
Furthermore, there were variations in when the analysis interval began; in some cases it was from 23 
when CPR pads were placed on the patient’s chest,11 whereas in others it was from the first 24 
monitored compression.6 There were also variations between studies in the minimum interval length 25 
required for analysis. 26 

We aimed to describe the characteristics of the data analysis intervals used by papers that examined 27 
the relationship between CPR quality and survival, noting sources of heterogeneity, so as to 28 
encourage a uniform approach to data description.  29 

METHODS 30 

We reviewed papers that reported the association between CPR quality and cardiac arrest patient 31 
survival. The protocol for locating and selecting these papers was documented in our previous 32 
systematic review.12 In all identified papers, CPR quality was recorded using an automated CPR 33 
quality measurement device. 34 

From relevant papers we collected information about (1) the time interval used for analysis; (2) the 35 
event that marked the beginning of the analysis interval; and (3) the minimum amount of CPR 36 
quality data required for a case to be included in the analysed cohort. We then compared this data 37 
across papers. 38 

RESULTS 39 
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Twenty-one studies reported on the association between CPR quality and cardiac arrest patient 40 
survival (see Table). In contrast to our systematic review,12 we excluded one paper13 that did not 41 
directly examine this association statistically. 42 

Length of analysis interval 43 

The majority of studies analysed data from the start of the resuscitation period, including six 44 
studies5, 6, 9, 10, 14, 15 that analysed data over the first 5 minutes and two studies2, 16 that analysed data 45 
over the first 10 minutes.  Alternative  analysis intervals included: up to the first 500 compressions 46 
(not including the first 5 compressions),17 the minute interval during which the first analysis was 47 
performed in addition to all recorded minute intervals before the first analysis,7, 18 and the first, and 48 
where available, the last complete cycle of CPR.19 Two studies used data from the first three 49 
shocks.11, 20 In six studies1, 4, 21-24 it was assumed, based on other descriptions in the paper, that the 50 
authors analysed all available episode data. In one study3 it was explicitly stated that analysis 51 
occurred over the entire episode.  52 

Start of interval 53 

In two studies,6, 15 the measurement interval commenced from the first recorded compression, in 54 
two cases2, 11 from ECG pad placement, in one study1 from device activation and in another study19 55 
either from the prompt to commence CPR or, if compressions were initiated prior to this prompt, 56 
from the first compression. In the remaining cases the starting point was not explicitly specified.3-5, 7, 57 
9, 10, 14, 16-18, 20-24  58 

Minimum duration of interval 59 

Nine out of twenty-one studies specified a minimum amount of data that had to be collected for the 60 
individual case to be included in analysis; in five studies it was at least 1 minute of data7, 9, 16, 18, 21 61 
while in one study19 it was data from at least one compression cycle. Two studies required data from 62 
at least one shock11, 20 whilst one study required at least 2 minutes of time synchronised CPR quality 63 
and end tidal carbon dioxide (ETCO2) data.24 In two studies,2, 18 if there was more than 5 minutes of 64 
CPR provided by Emergency Medical Service (EMS) personnel prior to placement of ECG pads, the 65 
case was excluded.66 



DISCUSSION 67 

Overall there was heterogeneity in how CPR quality data was collected and analysed across various 68 
studies that examined the association between CPR quality and cardiac arrest patient survival. Two 69 
thirds of studies considered data from the early portion of resuscitation; the majority using data 70 
from the first 5 minutes.  One of the earliest studies10 to do so argued that the first 5 minutes was 71 
thought to represent the best rescuer effort in terms of fatigue and also was considered the most 72 
important clinically. At the same time however this study10 demonstrated that CPR performance, as 73 
defined by individual parameters including chest compression rate and depth, did not differ 74 
significantly throughout the episode. Several other studies demonstrated that the first five minutes 75 
of data were comparable to that for the entire episode,15, 23, 25, 26 25 26 albeit with limited sample sizes 76 
ranging from n=20 to n=176. The use of shorter intervals in analysis allows for inclusion of more 77 
cases because it allows for inclusion of cases that do not have a complete dataset representing the 78 
entire resuscitation effort.  79 

Kramer-Johansen et al.8 defined the start of an episode as being “…the first therapeutic event after 80 
arrival at a patient in cardiac arrest, including first recorded chest compression, first defibrillator 81 
rhythm analysis, or first defibrillation”. This definition allows for variation in local CPR protocols that 82 
may promote either a shock-first or CPR-first paradigm. In the studies that we examined, both first 83 
recorded compression and placement of ECG pads were the most common events to signify 84 
commencement of the analysis interval. We assume that in many EMS-attended resuscitations these 85 
events would occur seconds apart as most EMS protocols prioritise CPR and defibrillation above 86 
other interventions. In fifteen out of twenty-one cases however, the event signifying the start of an 87 
analysis interval was not explicitly defined.  88 

In terms of the minimum amount of data required for analysis, the most frequently applied limit was 89 
for one minute of data. Again, by specifying such a limit, researchers can increase the number of 90 
cases available for analysis by including those that contain CPR quality measurement for only a 91 
proportion of the episode. For example, in a large study of compression depth by the Resuscitation 92 
Outcomes Consortium (ROC),2 the authors analysed data from within the first 10 minutes of 93 
resuscitation, specifying a minimum requirement for one minute of data. However care should be 94 
taken when calculating parameters such as compression fraction to ensure that the short segment of 95 
data is truly representative of the remainder of the interval of interest, particularly if other 96 
interventions were carried out during the rescue effort that resulted in extended breaks that are not 97 
accurately captured by the short segment of data chosen for analysis. It is therefore recommended 98 
that researchers note the percentage of the total cohort made up of such short intervals, and, if 99 
indicated, perform sensitivity analyses based on their inclusion or removal.  100 

In addition to variation observed in the intervals used for analysis, variation was also observed in the 101 
methods of analysis employed by studies, including whether CPR quality parameters were examined 102 
as continuous variables or categorically, and if so, how such categories were defined. Although there 103 
was notable heterogeneity in analysis techniques among studies, their description is beyond the 104 
scope of this short paper.  105 

CONCLUSION 106 

Across studies that explored the relationship between CPR quality and survival, we observed 107 
heterogeneity in the interval over which CPR quality data was analysed, the event that marked 108 
commencement of the analysis interval and the minimum amount of data required for inclusion. In 109 
order to more reliably make comparisons between studies, particularly for the purpose of answering 110 



clinical questions or formulating guideline recommendations, a standardized definition for the data 111 
analysis interval is recommended; one that maximises the amount of cases available for analysis 112 
without compromising the data’s representability of the resuscitation effort. 113 

REFERENCES 114 

1. Babbs CF, Kemeny AE, Quan W, Freeman G. A new paradigm for human resuscitation research using 115 
intelligent devices. Resuscitation. 2008;77:306-15. 116 
2. Stiell IG, Brown SP, Nichol G, et al. What Is the Optimal Chest Compression Depth During Out-of-Hospital 117 
Cardiac Arrest Resuscitation of Adult Patients? Circulation. 2014;130:1962-70. 118 
3. Vadeboncoeur T, Stolz U, Panchal A, et al. Chest compression depth and survival in out-of-hospital cardiac 119 
arrest. Resuscitation. 2014;85:182-8. 120 
4. Kramer-Johansen J, Myklebust H, Wik L, et al. Quality of out-of-hospital cardiopulmonary resuscitation with 121 
real time automated feedback: A prospective interventional study. Resuscitation. 2006;71:283-92. 122 
5. Sutton RM, French B, Niles DE, et al. 2010 American Heart Association recommended compression depths 123 
during pediatric in-hospital resuscitations are associated with survival. Resuscitation. 2014;85:1179-84. 124 
6. Idris AH, Guffey D, Pepe PP, et al. Chest Compression Rates and Survival Following Out-of-Hospital 125 
Cardiac Arrest. Crit Care Med. 2015. 126 
7. Christenson J, Andrusiek D, Everson-Stewart S, et al. Chest Compression Fraction Determines Survival in 127 
Patients With Out-of-Hospital Ventricular Fibrillation. Circulation. 2009;120:1241-7. 128 
8. Kramer-Johansen J, Edelson DP, Losert H, Kohler K, Abella BS. Uniform reporting of measured quality of 129 
cardiopulmonary resuscitation (CPR). Resuscitation. 2007;74:406-17. 130 
9. Vaillancourt C, Everson-Stewart S, Christenson J, et al. The impact of increased chest compression fraction 131 
on return of spontaneous circulation for out-of-hospital cardiac arrest patients not in ventricular fibrillation. 132 
Resuscitation. 2011;82:1501-7. 133 
10. Abella BS, Alvarado JP, Myklebust H, et al. Quality of cardiopulmonary resuscitation during in-hospital 134 
cardiac arrest. JAMA. 2005;293:305-10. 135 
11. Cheskes S, Schmicker RH, Christenson J, et al. Perishock pause: an independent predictor of survival from 136 
out-of-hospital shockable cardiac arrest. Circulation. 2011;124:58-66. 137 
12. Talikowska M, Tohira H, Finn J. Cardiopulmonary resuscitation quality and patient survival outcome in 138 
cardiac arrest: A systematic review and meta-analysis. Resuscitation. 2015;96:66-77. 139 
13. Kämäräinen A, Sainio M, Olkkola KT, Huhtala H, Tenhunen J, Hoppu S. Quality controlled manual chest 140 
compressions and cerebral oxygenation during in-hospital cardiac arrest. Resuscitation. 2012;83:138-42. 141 
14. Idris AH, Guffey D, Aufderheide TP, et al. Relationship between chest compression rates and outcomes 142 
from cardiac arrest. Circulation. 2012;125:3004-12. 143 
15. Wik L, Kramer-Johansen J, Myklebust H, et al. Quality of cardiopulmonary resuscitation during out-of-144 
hospital cardiac arrest. JAMA. 2005;293:299-304. 145 
16. Sutton RM, Case E, Brown SP, et al. A Quantitative Analysis of Out-of-Hospital Pediatric and Adolescent 146 
Resuscitation Quality–A Report from the ROC Epistry–Cardiac Arrest. Resuscitation. 147 
17. Niles DE, Nishisaki A, Sutton RM, et al. Comparison of relative and actual chest compression depths during 148 
cardiac arrest in children, adolescents, and young adults. Resuscitation. 2012;83:320-6. 149 
18. Stiell IG, Brown SP, Christenson J, et al. What is the role of chest compression depth during out-of-hospital 150 
cardiac arrest resuscitation? Crit Care Med. 2012;40:1192-8. 151 
19. Beesems SG, Wijmans L, Tijssen JG, Koster RW. Duration of ventilations during cardiopulmonary 152 
resuscitation by lay rescuers and first responders: relationship between delivering chest compressions and 153 
outcomes. Circulation. 2013;127:1585-90. 154 
20. Cheskes S, Schmicker RH, Verbeek PR, et al. The impact of peri-shock pause on survival from out-of-155 
hospital shockable cardiac arrest during the Resuscitation Outcomes Consortium PRIMED trial. Resuscitation. 156 
2014;85:336-42. 157 
21. Bohn A, Weber TP, Wecker S, et al. The addition of voice prompts to audiovisual feedback and debriefing 158 
does not modify CPR quality or outcomes in out of hospital cardiac arrest – A prospective, randomized trial. 159 
Resuscitation. 2011;82:257-62. 160 
22. Camacho Leis C AGV, De Elias Hernandez R, Esquilas Sanchez O, Moreno Martin JL, Munoz Hermosa EJ 161 
et al. Feedback on chest compression quality variables and their relationship to rate of return of spontaneous 162 
circulation. Emergencias. 2013;25:99-104. 163 
23. McInnes AD, Sutton RM, Orioles A, et al. The first quantitative report of ventilation rate during in-hospital 164 
resuscitation of older children and adolescents. Resuscitation. 2011;82:1025-9. 165 
24. Sheak KR, Wiebe DJ, Leary M, et al. Quantitative relationship between end-tidal carbon dioxide and CPR 166 
quality during both in-hospital and out-of-hospital cardiac arrest. Resuscitation. 2015;89:149-54. 167 



25. Valenzuela TD, Kern KB, Clark LL, et al. Interruptions of chest compressions during emergency medical 168 
systems resuscitation. Circulation. 2005;112:1259-65. 169 
26. Sutton RM, Niles D, Nysaether J, et al. Quantitative analysis of CPR quality during in-hospital resuscitation 170 
of older children and adolescents. Pediatrics. 2009;124:494-9. 171 

 172 

 173 



 T
ab

le
: S

um
m

ar
y 

of
 h

ow
 C

PR
 q

ua
lit

y 
da

ta
 w

as
 a

na
ly

se
d 

ac
ro

ss
 st

ud
ie

s 

N
o.

 
St

ud
y 

ID
 

C
as

es
 

In
te

rv
al

 u
se

d 
fo

r 
an

al
ys

is
 o

f C
PR

 
qu

al
ity

 v
s. 

su
rv

iv
al

 
Ev

en
t t

o 
sig

ni
fy

 th
e 

st
ar

t o
f t

he
 

in
te

rv
al

 
M

in
im

um
 a

m
ou

nt
 o

f d
at

a 
re

qu
ir

ed
 

fo
r 

in
cl

us
io

n 
in

 a
na

ly
si

s 

1 
A

be
lla

 2
00

511
 

60
 

Fi
rs

t 5
 m

in
ut

es
 

N
ot

 sp
ec

ifi
ed

 
N

ot
 sp

ec
ifi

ed
 

2 
B

ab
bs

 2
00

81  
69

5 
A

ll 
av

ai
la

bl
e 

ep
is

od
e 

da
ta

* 
D

ev
ic

e 
ac

tiv
at

io
n 

N
ot

 sp
ec

ifi
ed

 

3 
B

ee
se

m
s 2

01
320

 
19

9 
Th

e 
fir

st
 a

nd
 w

he
n 

av
ai

la
bl

e 
th

e 
la

st
 

co
m

pl
et

e 
cy

cl
e 

of
 C

PR
 

Pr
om

pt
 to

 “
St

ar
t C

PR
” 

or
, i

f 
co

m
pr

es
si

on
s o

cc
ur

re
d 

be
fo

re
 th

is
, a

t t
he

 
fir

st
 c

om
pr

es
si

on
 

1 
cy

cl
e 

4 
B

oh
n 

20
11

9  
30

0 
A

ll 
av

ai
la

bl
e 

ep
is

od
e 

da
ta

* 
N

ot
 sp

ec
ifi

ed
 

1 
m

in
ut

e 

5 
C

am
ac

ho
 L

ei
s 

20
13

22
 

10
8 

A
ll 

av
ai

la
bl

e 
ep

is
od

e 
da

ta
* 

N
ot

 sp
ec

ifi
ed

 
N

ot
 sp

ec
ifi

ed
 

6 
C

he
sk

es
 2

01
112

 
81

5 
D

at
a 

fr
om

 th
e 

fir
st

 3
 sh

oc
ks

 
EC

G
 p

ad
 p

la
ce

m
en

t 
D

at
a 

fo
r a

t l
ea

st
 1

 sh
oc

k 

7 
C

he
sk

es
 2

01
421

 
20

06
 

D
at

a 
fr

om
 th

e 
fir

st
 3

 sh
oc

ks
 

N
ot

 sp
ec

ifi
ed

 
D

at
a 

fo
r a

t l
ea

st
 1

 sh
oc

k 

8 
C

hr
is

te
ns

on
 

20
09

7  
50

6 
M

in
ut

e 
in

te
rv

al
 d

ur
in

g 
w

hi
ch

 fi
rs

t 
an

al
ys

is
 p

er
fo

rm
ed

 a
nd

 a
ll 

re
co

rd
ed

 
m

in
ut

e 
in

te
rv

al
s b

ef
or

e 
fir

st
 a

na
ly

si
s 

N
ot

 sp
ec

ifi
ed

 
1 

m
in

ut
e 

9 
Id

ris
 2

01
215

 
30

98
 

Fi
rs

t 5
 m

in
ut

es
 

N
ot

 sp
ec

ifi
ed

 
N

ot
 sp

ec
ifi

ed
 

10
 

Id
ris

 2
01

56  
10

37
1 

Fi
rs

t 5
 m

in
ut

es
 

Fi
rs

t m
on

ito
re

d 
co

m
pr

es
si

on
 

N
ot

 sp
ec

ifi
ed

 

11
 

K
ra

m
er

-
Jo

ha
ns

en
 2

00
64  

28
4 

A
ll 

av
ai

la
bl

e 
ep

is
od

e 
da

ta
* 

N
ot

 sp
ec

ifi
ed

 
N

ot
 sp

ec
ifi

ed
 

12
 

M
cI

nn
es

 2
01

123
 

24
 

A
ll 

av
ai

la
bl

e 
ep

is
od

e 
da

ta
* 

N
ot

 sp
ec

ifi
ed

 
N

ot
 sp

ec
ifi

ed
a  

Ta
bl

e



13
 

N
ile

s 2
01

218
 

35
 

Fi
rs

t 5
00

 c
he

st
 c

om
pr

es
si

on
sb  

N
ot

 sp
ec

ifi
ed

 
N

ot
 sp

ec
ifi

ed
 

14
 

Sh
ea

k 
20

15
24

 
58

3 
A

ll 
av

ai
la

bl
e 

ep
is

od
e 

da
ta

* 
N

ot
 sp

ec
ifi

ed
 

O
nl

y 
ca

rd
ia

c 
ar

re
st

 e
ve

nt
s t

ha
t 

co
nt

ai
ne

d 
≥ 

2 
m

in
ut

es
 o

f t
im

e-
sy

nc
hr

on
is

ed
 C

PR
 q

ua
lit

y 
an

d 
ET

C
O

2 d
at

a 
w

er
e 

in
cl

ud
ed

 

15
 

St
ie

ll 
20

12
19

 
10

29
 

M
in

ut
e 

in
te

rv
al

 d
ur

in
g 

w
hi

ch
 fi

rs
t 

an
al

ys
is

 p
er

fo
rm

ed
 a

nd
 a

ll 
re

co
rd

ed
 

m
in

ut
e 

in
te

rv
al

s b
ef

or
e 

fir
st

 a
na

ly
si

s 

N
ot

 sp
ec

ifi
ed

 
1 

m
in

ut
ec  

16
 

St
ie

ll 
20

14
2  

91
36

 
Fi

rs
t 1

0 
m

in
ut

es
 

EC
G

 p
ad

 p
la

ce
m

en
t 

1 
m

in
ut

ec  

17
 

Su
tto

n 
20

14
5  

87
 

Fi
rs

t 5
 m

in
ut

es
 

N
ot

 sp
ec

ifi
ed

 
N

ot
 sp

ec
ifi

ed
 

18
 

Su
tto

n 
20

15
17

 
39

0 
Fi

rs
t 1

0 
m

in
ut

es
 

N
ot

 sp
ec

ifi
ed

 
1 

m
in

ut
e 

19
 

V
ad

eb
on

co
eu

r 
20

14
3  

59
2 

W
ho

le
 re

su
sc

ita
tio

n 
ep

is
od

e 
N

ot
 sp

ec
ifi

ed
 

N
ot

 sp
ec

ifi
ed

 

20
 

V
ai

lla
nc

ou
rt 

20
11

10
 

21
03

 
Fi

rs
t 5

 m
in

ut
es

 
N

ot
 sp

ec
ifi

ed
 

1 
m

in
ut

e 

21
 

W
ik

 2
00

516
 

75
 

Fi
rs

t 5
 m

in
ut

es
 

St
ar

t o
f f

irs
t r

ec
or

de
d 

ch
es

t c
om

pr
es

si
on

 
N

ot
 sp

ec
ifi

ed
 

CP
R:

 C
ar

di
op

ul
m

on
ar

y 
re

su
sc

ita
tio

n;
 E

CG
: E

le
ct

ro
ca

rd
io

gr
am

; E
TC

O
2:

 E
nd

-ti
da

l c
ar

bo
n 

di
ox

id
e 

*A
ss

um
ed

 fr
om

 o
th

er
 in

fo
rm

at
io

n 
pr

ov
id

ed
 w

ith
in

 th
e 

pa
pe

r. 

Fu
rt

he
r r

es
tr

ict
io

ns
: 

a.
 

Al
l C

PR
 e

po
ch

s l
as

tin
g 

le
ss

 th
an

 3
0 

s w
er

e 
ex

cl
ud

ed
 fr

om
 a

na
ly

sis
 

b.
 

Th
e 

in
iti

al
 5

 ch
es

t c
om

pr
es

sio
ns

 w
er

e 
ex

cl
ud

ed
 fr

om
 a

na
ly

sis
 

c.
 

Ca
se

s w
ith

 >
5 

m
in

ut
es

 o
f E

M
S 

CP
R 

qu
al

ity
 d

at
a 

be
fo

re
 p

la
ce

m
en

t o
f A

ED
 p

ad
s w

er
e 

ex
clu

de
d.

 

 




