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a  b  s  t  r  a  c  t

Background:  Efficient  trials  of interventions  for  patients  with  out-of-hospital  cardiac  arrest  (OHCA)  should
have  adequate  but  not  excess  power  to  detect  a difference  in  outcomes.  The  minimum  clinically  important
difference  (MCID)  is  the threshold  value  in  outcomes  observed  in a trial  at which  providers  should  choose
to  adopt  a  treatment.  There  has  been  limited  assessment  of  MCID  for outcomes  after  OHCA. Therefore,  we
conducted  an  international  survey  of  individuals  interested  in cardiac  resuscitation  to define  the MCID
for  a range  of  outcomes  after  OHCA.
Methods:  A  brief  survey  instrument  was  developed  and  modified  by  consensus.  Included  were  open-
ended  responses.  The  survey  included  an  illustrative  example  of  a  hypothetical  randomized  study  with
distributions  of outcomes  based  on those  in a public  use  datafile  from  a previous  trial.  Elicited  information
included  the  minimum  significant  difference  required  in  an  outcome  to  change  clinical  practice.  The
population  of  interest  was  emergency  physicians  or  other  practitioners  of  acute cardiovascular  research.
Results:  Usable  responses  were  obtained  from  160  respondents  (50%  of  surveyed)  in 46  countries  (79%
of  surveyed).  MCIDs  tended  to increase  as  baseline  outcomes  increased.  For  a  population  of  patients
with  25%  survival  to discharge  and  20%  favorable  neurologic  status  at discharge,  the  MCID  were  median
5  (interquartile  range  [IQR]  3, 10)  percent  for survival  to discharge;  median  5 (IQR  2,  10)  percent  for

favorable  neurologic  status  at discharge,  median  4 (IQR  2, 9) days  of ICU-free  survival  and  median  4 (IQR
2, 8)  days  of hospital-free  survival.
Conclusion:  Reported  MCIDs  fo
as  the  baseline  rate  of  achievin
accelerate  the  rate  of evidence

� A Spanish translated version of the abstract of this article appears as Appendix in the 
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r outcomes  after  OHCA  vary  according  to  the outcome  considered  as  well

g  it. MCIDs of  ICU-free  survival  or  hospital-free  survival  may  be  useful  to
-based  change  in  resuscitation  care.
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ntroduction

There is a large variation in the process and outcome of care
or patients with out of hospital cardiac arrest (OHCA).1–3 Recently,
everal communities have reported that outcomes after OHCA have
mproved over time.4–6 Now, many patients with cardiac arrest can
eturn to a good quality of life if recognized and treated quickly. This
ariation in and improvement of outcomes emphasizes the need
o conduct efficient randomized trials of interventions to acceler-
te evidence-based changes in resuscitation practices to improve
utcomes for patients with OHCA.

Resources for clinical research are limited. Clinical research
elated to cardiac arrest is underfunded compared to other common
linical conditions.7 There is heterogeneity in outcomes among ran-
omized trials of interventions for patients with cardiac arrest.8 The
ample size for a trial depends in part on the magnitude of differ-
nce in outcomes sought. To optimize use of limited funds, efficient
arge simple trials of interventions for patients with OHCA should
ave adequate but not excess power to detect a difference in out-
omes. The minimum clinically important difference (MCID) has
een defined as the threshold value in outcomes observed in a trial
t which patients or providers should choose to adopt a treatment.9

f a trial reports a significant difference that is larger than the MCID
or an outcome, then providers should likely use that intervention
o treat patients. But if a trial reports a difference that is smaller than
he MCID for an outcome, then rational providers may  not use that
ntervention because the benefits may  not be large enough to be
mportant to patients or providers. To date, there has been limited
escriptions of MCID for outcomes after OHCA.10,11 Therefore, we
onducted an international survey emergency physicians or other
ractitioners of acute cardiovascular research to define the MCID
or a range of outcomes after OHCA, including novel outcomes for
rials in patients with cardiac arrest, such as hospital-free survival
nd intensive care free survival. A secondary object was  to estimate
ample sizes of trials necessary to detect MCIDs.

ethods

urvey

A brief survey instrument was developed by several of the
uthors (GN, GP, FS, FK, MS,  SB) and modified by consensus prior to
istribution to probe for the minimum clinically important differ-
nce for outcomes in trials of interventions in patients with OHCA
see online appendix). Responses were open-ended rather than

ultiple-choice. The survey was prepared for online completion
y using standard electronic data capture software.12

Survey questions were preceded by an illustrative example of a
ypothetical randomized study to help focus the responses to the
uestions. MCID were sought for a range of outcomes intended to
imic  the distribution of outcomes expected for all patients treated

y emergency medical services (EMS) providers; those treated for
ulseless electrical activity or asystole; those treated for ventricu-

ar fibrillation (VF); and those with VF and spontaneous circulation
pon hospital arrival. These outcomes were patterned on those

ncluded in the Utstein template for standardized reporting of out-
omes after OHCA.13

Two additional outcomes were included in the survey. Intensive
are morbidity was defined as the number of days alive and per-
anently out of intensive care (ICU) during the first 30 days post

rrest. ‘Permanently’ was defined as discharged from intensive care

ithout any further readmission. Intensive care includes a ward

apable of providing mechanical ventilation but not a ward capa-
le of providing telemetry only. Patients who die before discharge
rom ICU would be assigned zero days out of intensive care. The day
 107 (2016) 115–120

a subject was  discharged from the ICU was counted as a full day in
the ICU. Similarly, hospital morbidity was  defined as the number of
days alive and permanently out of hospital up to thirty days post
arrest. Again patients who  die before discharge will be assigned
zero days out of hospital. The distribution of outcomes was  esti-
mated from the public use datafile of a previous large randomized
trial of interventions in patients with OHCA.14,15

Respondents were asked to describe their general character-
istics, including age, gender, years since medical school, years
in practice and country of residence. No individually identifiable
information was collated. The University of Washington Institu-
tional Review Board reviewed this study and determined that it
was exempt from human subjects research.

Respondents

The population of interest was  emergency physicians or other
practitioners of acute cardiovascular research. Individuals invited
to participate had previously published at least one peer-reviewed
article related to OHCA. These were supplemented as needed by
recommendation of peers to achieve at least two  responses from
each country. Repeat invitations were sent by electronic mail to
non-respondents until at least two  responses were obtained from
any individual country.

Countries

We  sought participation from individuals in as many countries
as possible with the purpose of representing a diversity of medical
practices. After we achieved responses from 50% of individuals, we
determined that we had a broad enough set of responses to allow
meaningful inferences.

Analysis

Responses were summarized descriptively (R 3.2.1, R Devel-
opment Core Team available at www.r-project.org; and SAS JMP
11.2.0, SAS Institute, Cary, NC). The median absolute increase in
each outcome across the range of baseline rates was  used to esti-
mate the number of patients required to detect the MCID in a
hypothetical superiority trial. These estimates assumed a single
analysis with 90% power, and two-sided alpha = 0.05.

Results

Survey responses

Participation was  sought from 321 individuals in 58 countries.
Responses were obtained from 161 (50% of sample) individuals in
46 countries (79% of sample) that included India, China, Kenya,
Nigeria, and South Africa, many of the European Union countries,
as well as North and South American countries including Canada,
USA, Mexico, and Brazil (Fig. 1). One response was  not usable. The
total census population represented by respondents was about 4.5
billion people. Responses were reported overall and then by the
subgroup of countries in North America (3 countries; 36 responses)
vs. Europe (21 countries; 67 responses) vs. the rest of the world (22
countries; 54 responses).

Table 1 describes the characteristics of the respondents. The
majority were male (n = 129, 81%). Most of the respondents were
physicians (n = 131, 82%). Years in practice were mean 15.9 ± 12.3.

Table 2 summarizes the responses to the elicitations of MCID

overall and grouped by region. The majority of reported MCIDs were
clustered together (i.e. had narrow interquartile range). MCID were
not significantly different among North American respondents as
compared to those from Europe or the rest of the world.

http://www.r-project.org;/
http://www.r-project.org;/
http://www.r-project.org;/
http://www.r-project.org;/
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Fig. 1. Partic

Fig. 2 describes the MCID for an absolute increase in favorable
eurologic status at discharge as a function of the baseline distri-
ution of favorable neurologic status at discharge. As the baseline
utcomes increased, the MCID tended to increase. MCIDs for other
utcomes are available (See Supplementary Appendix).

The sample size required to detect an MCID varies according
o the population of patients considered (Table 3). Fig. 3 describes
he overall number of patients to be enrolled in a trial with 90%
ower and two-sided alpha = 0.05 to detect the MCID for ICU-free
ays, hospital-free days, survival to discharge and favorable neu-
ologic status at discharge across the baseline distribution of each
utcome. Significantly fewer patients were required to detect the
CID for ICU-free days or hospital-free days as compared to sur-

ival to discharge or favorable neurologic status at discharge (p
alue < 0.001).
In post hoc subgroup analyses of the MCID for survival to
ischarge in a population with a baseline survival to discharge pro-
ortion of 25%, there was no heterogeneity in MCID grouped by
ale vs. female gender (p for interaction = 0.14; mean (SD) MCID of

able 1
haracteristics of respondents.

Age in years, mean (SD), median (Q1, Q3) [N = 36; 67; 54; 159] 

Male  gender, no. (%) 

Primary profession, no. (%)
MD 

EMS  provider
Nurse 

Researcher 

Other 

Clinical  experience
Years in practice, mean (SD)
median (Q1, Q3) [N = 36; 65; 53; 156]
Patients with OHCA treated annually, mean (SD) [N = 36; 66; 52; 156] 

Enrolled patients in trial, no. (%)l [N = 36; 66; 54; 159] 

Led  trial, no. (%) [N = 36; 66; 54; 159] 

Location, no. (%) [N = 157]
North America
Europe 

Other 
g countries.

7.9 (7.9) for males and 5.8 (6.5) for females). However, there was
heterogeneity by physician vs. non-physician respondents (p for
interaction = 0.004; mean (SD) MCID of 8.0 (8.2) for physicians and
4.9 (3.7) for others).

Discussion

We have defined the MCID by emergency physicians or other
practitioners of acute cardiovascular research. These differences
vary according to the outcome considered as well as the baseline
rate of achieving it.

Future trials can be designed to be large enough to be able
to detect the MCID in an outcome. Enrolling too few patients to
detect the MCID for an outcome is not sufficient to change clinical

practice. Enrolling too many to detect the MCID for an outcome uses
resources that can be efficiently reallocated to investigate other
interventions. If a significant difference is observed, then the inter-
vention would likely be adopted by rational providers. Conversely,

North America Europe Other Overall
N  = 36 N = 67 N = 54 N = 160

49.0 (11.0)
49 (39, 57)

46.9 (11.4)
48 (39, 55)

46.3 (10.4)
45 (39, 53)

47.0 (11.0)
47 (39, 55)

29 (81) 50 (75) 46 (85) 129 (81)

25 (69) 59 (88) 45 (83) 131 (82)
6 (17) 1 (1) 2 (4) 10 (6)
0 (0) 2 (4) 2 (1)
4 (11) 6 (9) 5 (7) 14 (9)
1 (3) 1 (1) 1 (2) 3 (2)

15.0 (13.5)
12 (1, 27)

17.3 (11.7)
15 (8, 25)

15.1 (12.3)
14 (4, 24)

15.9 (12.3)
15 (6, 25)

33.7 (53.5) 30.8 (44.0) 63.3 (155.0) 42.0 (97.9)
20 (56) 41 (61) 22 (41) 83 (52)
11 (31) 18 (27) 14 (26) 43 (27)

– – – 37 (23)
– – – 69 (43)
– – – 54 (34)
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Table 2
Reported minimum clinically important differences.

Subgroup Outcome
[baseline value]

North America
median (Q1, Q3)

Europe
median (Q1, Q3)

Other
median (Q1, Q3)

Overall
median (Q1, Q3)

EMS-treated OHCA ROSC at ED Arrival [27%] 10 (5, 15) 10 (5, 10) 10 (5, 20) 10 (5, 14)
Survive 3 days post-arrest [15%] 6 (3, 10) 5 (3, 10) 5 (5, 15) 5 (3, 10)
Survive to discharge [9%] 3 (2, 6) 4 (2, 5) 5 (2, 15) 4 (2, 10)
Good  neuro at discharge [6%] 2 (1, 5) 3 (2, 5) 4 (2, 10) 3 (2, 7)
ICU-free days [1.7 ± 6.1] 2 (1, 6) 3 (1, 5) 4 (1, 7) 3 (1, 7)
Hospital-free days [1.2 ± 4.8] 2 (1, 6) 3 (1, 7) 3 (1, 10) 3 (1, 8)

Non-shockable OHCA ROSC at ED arrival [22%] 10 (5, 12) 10 (5, 15) 10 (5, 20) 10 (5, 15)
Survive 3 days post-arrest [9%] 5 (3, 10) 5 (3, 10) 5 (3, 10) 5 (3, 10)
Survive to discharge [3%] 3 (1, 8) 4 (2, 5) 3 (2, 8) 3 (2, 5)
Good  neuro at discharge [2%] 2 (1, 6) 3 (1, 5) 3 (2, 10) 3 (1, 5)
ICU-free days [0.7 ± 4.1] 2 (1, 6) 3 (1, 7) 3 (1, 10) 3 (1, 6)
Hospital-free days [0.5 ± 3.2] 2 (1, 5) 3 (1, 10) 3 (1, 10) 3 (1, 7)

Shockable OHCA ROSC at ED arrival [43%] 10 (5, 15) 10 (5, 13) 10 (5, 19) 10 (5, 15)
Survive 3 days post-arrest [36%] 7 (4, 13) 7 (4, 10) 8 (4, 15) 7 (4, 12)
Survive to discharge [25%] 5 (3, 6) 5 (3, 7) 6 (2, 13) 5 (3, 10)
Good  neuro at discharge [20%] 4 (2, 6) 5 (2, 10) 5 (2, 11) 5 (2, 10)
ICU-free days [4.9 ± 9.3] 3 (2, 5) 4 (2, 6) 5 (2, 10) 4 (2, 9)
Hospital-free days [3.5 ± 7.4] 3 (2, 5) 4 (2, 8) 5 (1, 10) 4 (2, 8)

OHCA  VF, pulse at ED arrival Survive 3 days post-arrest [74%] 10 (4, 15) 9 (5, 15) 10 (5, 17) 10 (5, 15)
Survive to discharge [53%] 5 (3, 10) 7 (5, 10) 10 (4, 15) 6 (4, 10)
Good  neuro at discharge [43%] 5 (3, 10) 5 (4, 10) 10 (3, 15) 5 (3, 10)
ICU-free days [10.5 ± 11.4] 5 (2, 7) 5 (2, 10) 8 (2, 10) 5 (2, 10)
Hospital-free days [7.5 ± 9.3] 3 (2, 9) 5 (2, 10) 7 (2, 10) 5 (2, 10)

OHCA  VF, pulse at ED arrival,
survived at least 4 h

Survive 3 days post-arrest [80%] 10 (5, 15) 10 (5, 15) 10 (5, 15) 10 (5, 15)
Survive to discharge [58%] 5 (3, 10) 6 (5, 10) 10 (3, 12) 6 (3, 10)
Good  neuro at discharge [47%] 5 (3, 10) 5 (4, 10) 7 (3, 10) 5 (3, 10)
ICU-free days [11.4 ± 11.4] 4 (2, 7) 5 (3, 10) 6 (2, 12) 5 (2, 10)
Hospital-free days [8.1 ± 9.4] 3 (2, 9) 5 (2, 10) 7 (2, 10) 5 (2, 10)

Fig. 2. Minimum clinically important difference for good neurologic status. Fig. 3. Sample size required to detect minimum clinically important differences.

Table 3
Sample size for 90% power to detect median MCID.

Subgroup Survival to discharge Good neuro at discharge ICU-free days Hospital-free days

EMS-treated OHCA 1683 1247 79 48
Non-shockable OHCA 2362 2937 174 108
Shockable OHCA 3253 2811 228 188
OHCA  VF, pulse at ED arrival 2893 4145 219 146
OHCA  VF, pulse at ED arrival, survived at least 4 h 2811 4196 219 149

The table shows sample size required to have 90% power to detect median MCID for baseline values listed in Table 2.
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f a significant difference is not achieved, then limited resources can
e reinvested in use of other effective therapies.

The reported MCIDs provide a starting point for reaching con-
ensus on how much of a difference should be demonstrated to
arrant a change in clinical practice guidelines or change in clini-

al practice. Some of the reported MCID are large and have a large
ariance.

Among hypothetical populations with low (i.e. 5%) survival
o hospital discharge or favorable neurologic status at discharge,
eported MCIDs were within 2% of expected differences in pre-
iously completed trials (Table 3).14,15,26 For a hypothetical
opulation with ROSC at emergency department arrival of 10%,
eported MCIDs were within 5% of expected differences in survival
o hospital admission in previously completed trials.27–29 Among
ypothetical populations with high (i.e. 40–55%) survival to dis-
harge or favorable neurologic status at discharge, reported MCIDs
ere within 10% of expected differences in previously completed

rials.16,30 For traditional outcomes such as admission to hospital,
urvival to discharge or favorable neurologic status at discharge,
onsideration of MCIDs may  require larger sample sizes than those
sed in previous trials.

We  included two novel outcomes in this survey. ICU-free sur-
ival is a composite outcome that captures a treatment effect on
oth survival and need for intensive care post-resuscitation. Sim-

larly, hospital-free survival is a composite outcome that captures
 treatment effect on survival and need for hospital care post-
esuscitation. A treatment effect in either survival or need for care
ould justify use of an intervention. Note that other randomized

rials that enrolled patients with cardiac arrest have described sim-
lar outcomes such as days on a ventilator, in an intensive care unit
r in hospital.16–18 However the utility of such assessments were
imited because they did not account for the differential timing
f mortality throughout the hospitalization period. A single trial
hat enrolled patients with cardiac arrest has reported ICU-free
urvival during the first month after cardiac arrest.19 Importantly,
ospital-free survival has been used as an outcome in randomized
rials in patients with heart failure,20,21 renal failure,22 cancer,23

r need for intensive care.24 As well, hospital-free survival is rec-
mmended as an outcome in trials that enroll patients with need
or intensive care.25 According to the present survey, markedly
ewer patients are required to detect the MCID in ICU-free days or
ospital-free days. If either of these outcomes is used as the primary
utcome in trials of interventions in patients with cardiac arrest,
hen the pace of evidence-based change in resuscitation care can be
ccelerated.

ICU days as well as days of ventilation were described in recent
rials of interventions in patients with cardiac arrest.16,18 Note that
uch summary measures do not account for the information associ-
ted with mortality. Our novel outcomes require a smaller number
f subjects required to detect an MCID than traditional outcomes
or trials in patients with OHCA (Fig. 3). Thus, ICU-free survival and
ospital-free survival offer some potential efficiencies compared
o traditional outcomes for trials of interventions in patients with
ardiac arrest.

The present study has some limitations. We  surveyed a con-
enience sample of professional individuals interested in cardiac
esuscitation without requiring them to have a predetermined
evel of experience. Surveys of individuals were previously adopted
s a method to develop consensus by allowing participants to
ake considered independent opinions so as to lead to reli-

ble conclusions.31 Participants can be selected in multiple ways,
ncluding their position in a hierarchy, public acknowledgment

r recommendation by other participants.32 We  did not include
atients or caregivers as has sometimes been recommended.33

mportantly use of experts versus non-experts is not associated
ith large difference in survey outcomes.34
 107 (2016) 115–120 119

We did not account for variation in the duration of hospital-
ization across the health systems or countries of respondents. Nor
did we account for variation in the timing of prognosis assessment
and withdrawal of life sustaining treatment across the health sys-
tems or countries of respondents. Although the Utstein template
recommends13 and we evaluated survival to discharge, survival
to a fixed time point such as one month after cardiac arrest may
mitigate some of these variations in practice.

We did not elicit MCID for outcomes assessed after discharge.
Patients resuscitated from cardiac arrest may  have cognitive
impairment at discharge that improves over time.35 Some experts
have recommended post-discharge assessment of neurologic out-
comes among survivors of cardiac arrest as the primary outcome
for resuscitation trial.36 As well, post-discharge assessment of
health-related quality of life facilitates assessment of the cost-
effectiveness of the intervention. Among patients who consented
for follow-up, those who  survived to leave hospital achieved good
health-related quality of life.37 Post-discharge cognition and qual-
ity of life were well correlated with neurologic status at discharge.
However post discharge assessments are expensive, may  be diffi-
cult to perform and are susceptible to bias.37

In this survey, we  sought the MCID for individual outcomes. In
practice, clinical trials often evaluate multiple outcomes. Decisions
to use or not use a therapy are sometimes based on the totality of
the evidence collected in a trial as opposed to whether a significant
difference was observed in the primary outcome. If a significant
difference in the primary outcome is observed that is smaller than
the relevant MCID, it may still be rational to use the intervention if
a significant benefit is observed in key subgroups or in secondary
outcomes.

The wide range of responses might be interpreted as suggesting
that some individuals may  have misunderstood the task. We  pro-
vided the survey only in the English language. We  did not restrict
responses to those fluent in English, or assess the fluency of the
respondents. We  can not differentiate whether these extreme val-
ues reflect misunderstanding or true belief. The observation that
MCID varied by geography suggests that the results may have
been influenced by local practice, language fluency, religious beliefs
or other factors. Importantly, consensus on science and practice
guidelines for treatment of patients with cardiac arrest are devel-
oped and disseminated by international collaboration.38,39 Since
clinicians in multiple countries interpret and apply the results
of trials, we sought to elicit responses from a broad range of
countries. We  sought at least two responses from each coun-
try so that we could not identify individual responses. But two
responses does not ensure that each country’s view was accurately
represented.

We explicitly sought MCID for absolute rather than relative per-
cent changes. Alternative presentations of the same risks and risk
reductions may  impact on the understanding and behavior of care
providers, policy makers, and patients.40 Relative risk reduction
as compared with absolute risk reduction may  be perceived to be
larger and may  be more persuasive. It is unclear whether presenting
relative risk reduction is likely to help people make decisions most
consistent with their own values or could lead to misinterpreta-
tion. MCIDs appear to vary in part based on the method used to
elicit them.41,42 We did not assess whether alternative presenta-
tions would yield results consistent with those observed in the
present study.

Some randomized trials include economic evaluations con-
current with the trial by sampling those patients who provide
informed consent for an economic sub-study then following them

forward over time.6 To the best of our knowledge, there is no
widely accepted method of calculating the sample size for an
economic evaluation. As well, doing so would be limited by vari-
ation in the cost-effectiveness threshold (i.e. the incremental
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ost-effectiveness ratio at which an intervention would or would
ot be considered good value for money) by jurisdiction. Therefore,
e explicitly excluded cost from consideration in our survey.7–9

Importantly, the source data were from a trial that only enrolled
dults. Our results may  not apply to children, whom have different
tiologies of arrest, therapies, and outcomes compared to adults.

onclusion

Reported MCIDs for outcomes in patients with OHCA varies
ccording to the outcome under consideration as well as the base-
ine rate of achieving it. MCID of ICU-free survival or hospital-free
urvival may  be useful to design and implement efficient trials of
nterventions in patients with OHCA so as to accelerate the rate of
vidence-based change in resuscitation care.
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