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ORIGINAL RESEARCH Open Access

Predictors of recognition of out of hospital
cardiac arrest by emergency medical
services call handlers in England: a mixed
methods diagnostic accuracy study
Caroline L. Watkins1, Stephanie P. Jones1, Margaret A. Hurley1, Valerio Benedetto1, Christopher I. Price2,
Christopher J. Sutton3, Tom Quinn4, Munirah Bangee1, Brigit Chesworth1, Colette Miller1, Dawn Doran1,
Aloysius Niroshan Siriwardena5 and Josephine M. E. Gibson1*

Abstract

Background: The aim of this study was to identify key indicator symptoms and patient factors associated with
correct out of hospital cardiac arrest (OHCA) dispatch allocation. In previous studies, from 3% to 62% of OHCAs are
not recognised by Emergency Medical Service call handlers, resulting in delayed arrival at scene.

Methods: Retrospective, mixed methods study including all suspected or confirmed OHCA patients transferred to
one acute hospital from its associated regional Emergency Medical Service in England from 1/7/2013 to 30/6/2014.
Emergency Medical Service and hospital data, including voice recordings of EMS calls, were analysed to identify
predictors of recognition of OHCA by call handlers. Logistic regression was used to explore the role of the most
frequently occurring (key) indicator symptoms and characteristics in predicting a correct dispatch for patients with
OHCA.

Results: A total of 39,136 dispatches were made which resulted in transfer to the hospital within the study period,
including 184 patients with OHCA. The use of the term ‘Unconscious’ plus one or more of symptoms ‘Not
breathing/Ineffective breathing/Noisy breathing’ occurred in 79.8% of all OHCAs, but only 72.8% of OHCAs were
correctly dispatched as such. ‘Not breathing’ was associated with recognition of OHCA by call handlers (Odds Ratio
(OR) 3.76). The presence of key indicator symptoms ‘Breathing’ (OR 0.29), ‘Reduced or fluctuating level of
consciousness’ (OR 0.24), abnormal pulse/heart rate (OR 0.26) and the characteristic ‘Female patient’ (OR 0.40) were
associated with lack of recognition of OHCA by call handlers (p-values < 0.05).

Conclusions: There is a small proportion of calls in which cardiac arrest indicators are described but the call is not
dispatched as such. Stricter adherence to dispatch protocols may improve call handlers’ OHCA recognition. The
existing dispatch protocol would not be improved by the addition of further terms as this would be at the expense
of dispatch specificity.
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Background
Non-traumatic out-of-hospital cardiac arrest (OHCA) is
a leading cause of death worldwide [1–3] with an esti-
mated incidence of 1/2000 person-years [4–6]. Typical
survival rates are around 7% [7] and have not changed
substantially in three decades [8]. Early effective cardio-
pulmonary resuscitation (CPR), early defibrillation where
indicated, and rapid attendance by Emergency Medical
Services (EMS) are essential to increasing the chances of
survival. Fast and accurate recognition of OHCA by
EMS call handlers is essential.
EMS call handlers have three roles in OHCA: 1) recog-

nition; 2) facilitation of rapid EMS attendance; and 3)
provision of bystander resuscitation instructions including
identification of public access defibrillators. In many coun-
tries’ EMS services, these tasks are guided by use of com-
puter algorithms to categorise and prioritise calls.
Effective use of these algorithms relies on the call handler
skilfully interpreting the caller’s description of symptoms,
but this is a challenging task. A systematic review of stud-
ies of call handler-caller interaction suggests that the most
sensitive and specific combination of reported symptoms
of OHCA is unconsciousness together with absent or ab-
normal breathing, and that OHCA should also be consid-
ered if a generalised seizure is described [9], although the
presence of seizure symptoms may be misinterpreted.
However, ineffective or agonal breathing is present in
around 40% of OHCAs [10], and can make it difficult to
obtain an accurate description of the patient’s condition
[9], yet its presence (rather than absent breathing) may be
more likely to indicate a potentially recoverable OHCA
[11, 12]. Because of these challenges, call handlers’ recog-
nition of OHCA across studies of caller-call handler inter-
action ranges from 38 to 97% sensitivity [9]. These factors
can give rise to delays in response, leading to poor rates of
provision of bystander resuscitation instructions [13], and
to reduced survival rates.
Survival to hospital discharge from OHCA in England

is 8.6% (range 2.2–12.0%) [14, 15], while survival rates of
up to 25% have been reported in some other countries,
albeit for selected patient cohorts [16]. A study in
Northern Ireland demonstrated that a contributing fac-
tor to low survival rates was poor call handler sensitivity
(< 70%) to identification of OHCA [17]. Furthermore,
EMS staff typically make a resuscitation attempt in fewer
than 50% of OHCAs they attend [18–21], often when
pre-arrival delay or inaction renders it futile. However,
attempts to increase sensitivity may lead to reduced spe-
cificity and to inappropriate OHCA dispatch for non-
OHCA calls. In England in 2017, approximately 150,000
ambulance calls (2.2% of all calls for which a face-to-face
response was provided) were dispatched with the highest
level of response (Category 1) which is required where
there is an immediate threat to life, of which one in five

proved to be an OHCA requiring on-scene resuscitation
[22]. Better specificity could therefore improve resource
use, but it is unclear how to achieve this without com-
promising sensitivity or speed of response.
The aim of this study was to explore predictors of rec-

ognition of OHCA by EMS call handlers in England.

Objectives

1. To make estimates of the diagnostic test accuracy
of the ‘key indicator symptoms’ which are indicative
of people in cardiac arrest;

2. To synthesise the findings from the identification of
the ‘key indicator symptoms’ and variables
predictive of cardiac arrest, to determine if it is
possible to improve recognition of OHCA

Methods
This was a retrospective study using qualitative and
quantitative methodologies.

Setting
The setting was one EMS in England receiving 1.3
million calls per year, and one acute hospital within
this EMS region covering a catchment population of
370,000. In England, calls to the EMS are triaged
using one of two systems, the Advanced Medical
Priority Dispatch System (AMPDS) or NHS Pathways.
The OHCA dispatch protocol for this study was ver-
sion 12.1 of AMPDS. AMPDS, an algorithm-based
system which is used widely in Europe and North
America, is designed to standardise call handler practice,
and to ensure safe and effective patient care. The AMPDS
system prompts the call handler with an on-screen mes-
sage to ask: “What’s the problem, tell me exactly what
happened,’ followed by the further questions: ‘Is s/he con-
scious?’ and ‘Is s/he breathing?’ If the answers are negative
to the last two questions, the dispatcher assigns a cardiac
arrest code to the incident, necessitating the highest level
of EMS response.

Subjects and sampling
Cases, occurring from 1st July 2013 to 30th June 2014,
were eligible for inclusion if they were patients of any
age with: 1) Suspected cardiac arrest (CA) or respiratory
arrest for whom an ambulance was dispatched in re-
sponse to an emergency call, resulting in the patient be-
ing transferred to the study hospital; or 2) identified as
having had CA from hospital and ambulance records
but whose CA was unrecognised at the point of ambu-
lance dispatch. Cases were excluded if the patient was
not transferred to the study hospital (i.e. those who were
transported to another hospital or where the patient was
recognised as having died on scene). Patients were
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identified either from the EMS and matched with their
hospital records, or, conversely, from hospital records
matched with their EMS records. Matching was per-
formed by researchers at the EMS and the hospital, prin-
cipally by dispatch incident number.

Definition of OHCA
The AMPDS algorithm for all calls asks if the patient is
conscious and breathing. If the patient is reported to be
unconscious and either not breathing or breathing ab-
normally, the call should be coded by the dispatcher as a
cardiac arrest. The actual occurrence of CA was deter-
mined by the final diagnosis in hospital and by reference
to the EMS patient report form (EPRF). The definition
of CA included documented respiratory arrest [19].
Cases of CA were then divided into two types: those
which were confirmed as OHCA and those which did
not qualify as OHCA. We classified cases as OHCA
based on the EPRF, including free text documentation,
where the person had been found to be in cardiac arrest
at the time of arrival of EMS personnel at the scene. We
also included cases where there was clear documentation
in the EPRF of the deployment of a public automated
external defibrillator with return of spontaneous circula-
tion prior to the arrival of EMS personnel. In either of
these situations it was not possible for us to verify
exactly when the cardiac arrest occurred, and in particu-
lar whether it had occurred before or during the EMS
call, only that it had occurred prior to the arrival of EMS
personnel on scene. The focus of this study was
dispatcher identification of OHCA during the initial
EMS call, corresponding to Utstein data definition
‘Dispatcher identified presence of cardiac arrest’; the fur-
ther Utstein characteristics ‘Dispatcher provided CPR in-
structions’, plus patient age and gender were also of
relevance [23]. We therefore excluded cases from the
definition of OHCA where the person had a CA only
after the arrival of EMS personnel at the scene. We also
excluded cases where the patient was conveyed to a dif-
ferent hospital or was not conveyed.

Classification of incidents
True positive: (TP): Cases which were dispatched by the
EMS as cardiac arrest and where there was a subsequent
diagnosis by the EMS and/or hospital of cardiac arrest,
occurring before the arrival of EMS.
False Positive (FP): Cases which were dispatched by

the EMS as cardiac arrest but where there was no subse-
quent diagnosis by either the EMS or hospital of cardiac
arrest, or where cardiac arrest occurred subsequent to
the arrival of EMS.
False Negative (FN): Cases which were not dispatched

by the EMS as cardiac arrest but where there was a

subsequent diagnosis of cardiac arrest having occurred
before the arrival of EMS.
True Negative (TN): Cases which were not dispatched

by the EMS as cardiac arrest and where there was no
subsequent diagnosis by the EMS or hospital of pre-
arrival cardiac arrest.

Analysis of voice recordings
All voice recordings of EMS calls were listened to in full
and qualitative analysis performed with blinding to the
categorisation of the call (by JG, MB, BC, DD, SJ, and
CM) for clinically relevant content about all symptoms
reported by the caller. Verbatim accounts of symptoms
provided by callers were then clustered using an iterative
process to generate indicator symptoms: for example,
verbatim descriptions such as ‘I can’t tell if he’s breath-
ing’; ‘she’s breathing on and off’; ‘taking the odd breath’;
‘struggling to breathe’; were clustered into the indicator
symptom ‘Ineffective breathing’. In order to ensure that
all researchers coded the call content in the same way,
the first 50 calls were coded by all members of the re-
search team and any discrepancies were discussed and
resolved. Thereafter, every 10th call was coded by two
members of the team. Symptoms reported by the callers
during the entirety of the call were coded. This data was
then quantified to determine the number and character-
istics of calls in which each indicator symptom occurred.

Data analysis
All dispatch incidents from the EMS where the patient
was transferred to hospital within the timeframe of the
study were enumerated and sorted by dispatch code.
The dispatch codes which had been allocated by call
handlers in the TP and FN cases were identified and
used to select the sub-population of all incidents with
these codes. This sub-population represented cases
where OHCA could have plausibly occurred or been
suspected, in order to provide a better basis for estimat-
ing realistic specificity than if the population of all inci-
dents was used, and to avoid the problem of specificity
being estimated unrealistically at virtually 100%. The TN
cases in the sub-population were identified and then
randomly sampled using dispatch code as the sampling
strata and with a sampling fraction of 1.28%. This frac-
tion was chosen so that sensitivity and specificity would
have similar precision of estimation.
After computation of the diagnostic test accuracy

(DTA) measures, key indicator symptoms were ranked
by sensitivity and compared to call handlers’ perform-
ance. Combinations of key indicator symptoms were
then explored to see which might outperform call hand-
ler practice, via better sensitivity or specificity.
In addition, logistic regression explored the role of the

key indicator symptoms, together with patient age and
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sex, in predicting a correct dispatch for patients who
had OHCA. Unadjusted analysis was used first and those
variables with a p-value less than 0.2, indicating that a
variable was potentially predictive, were selected and
then entered into an adjusted analysis. Those variables
which still retained a p-value of less than 0.2 in the ad-
justed analysis were retained in a final minimal model.
We used the Standards for Reporting Diagnostic Ac-

curacy Studies (STARD) guidelines for reporting DTA
studies where possible [24].

Patient and public involvement
Patients and public involvement representatives contrib-
uted to the design of the study, project management and
steering group meetings, the writing of lay documents and
summaries. Permission was granted by the Confidentiality
Advisory Group for the use of non-anonymised voice files
of emergency ambulance calls. Therefore, dissemination
to individual study participants was not possible.

Results
Of 39,136 dispatches made by the EMS to the hospital
during the study period, 184 patients with OHCA were
identified, of whom 134 were correctly dispatched and
were classified as TP cases (see Table 1). A further 74
FP dispatches were identified. A total of 14,227 incidents
occurred in the sub-population using the dispatch codes
recorded for the TP and FN cases. These results esti-
mated a sensitivity of 72.8% (CI 65.8 to 79.1%) and a
specificity of 99.4% (CI 99.3 to 99.6%) for call handlers’
recognition of OHCA.
Mean age for the OHCA samples was similar for TP

(63.8 years) and FN (62.3 years) groups. Mean age was
slightly higher in females compared to males in the TP
group (67.9 versus 63.9 years). However, females were
significantly older than males in the FN group (72.2 ver-
sus 60.8 years). There was a higher proportion of male
patients in the TP group than the FN group (69.2% ver-
sus 58.0%). There was no significant difference between
the TP and FN groups in rates of survival to hospital dis-
charge (33.1% TP group versus 26.0% FN group), as al-
though survival rates were higher in the TP group, the
sample sizes were small.
Two hundred and ninety eight voice calls were listened

to across the TP/FP/FN groups, only 17 voice calls being
unavailable. A sample of 181 voice calls was listened to
from the 14,112 TN dispatches (sampling fraction, f =
181/14112 = 0.0128). In 12 of the 50 FN calls at step 2,
CPR instructions were given at some time during the
call, indicating that the call handler had recognised
OHCA but only after a dispatch code had been assigned.
Twenty-eight distinct key indicator symptoms were
identified from the calls. These symptoms were ranked
by sensitivity and compared to call handlers’

performance (Table 1). The individual symptom ‘Uncon-
scious’ had higher sensitivity but lower specificity, while
the terms ‘Bystander resuscitation/Airway management/
Defibrillation use’, and ‘Death imminent’, had better spe-
cificity but much poorer sensitivity.
Full compliance with the EMS protocol should lead to

a ‘cardiac arrest’ dispatch in all cases where the patient
is described as both unconscious and with absent, noisy,
or ineffective breathing. The DTA measures for the
symptom ‘Unconscious’, combined with one or more of
the symptoms, ‘Ineffective Breathing’, ‘Not Breathing’ or
‘Noisy Breathing’ were therefore compared with call
handlers’ performance (Table 2). There was a 7% differ-
ence (CI − 1.8 to 15.7%) in sensitivity between the com-
bined occurrence of these key indicator symptoms (79.8%)
and call handlers’ performance (72.8%). For all TP, FP and
FN calls, CPR was initiated independently by a bystander
in 10.4% of cases. CPR instructions were given by the call-
handler in a further 40.0% of TP/FP/FN calls.
We also explored the key indicator symptoms and

demographic parameters which were associated with the
correct dispatch for OHCA. Odds ratios (OR) for all key
indicator symptoms, together with patient age and sex,
in an unadjusted analysis can be found in Supplementary
Table 3. All variables (p < 0.2) were taken forward to an
adjusted analysis, and those which retained a p < 0.2
were included in a minimal model (Table 3). This
showed that the symptoms ‘Breathing Yes/Effective’, ‘Ab-
normal Pulse/Heart Rate’, ‘Reduced or Fluctuating Con-
sciousness Level’, or the patient being female, each reduced
the likelihood that call handlers would recognise OHCA. In
contrast, the presence of the term ‘Not breathing’ increased
the likelihood of call handlers’ recognition of OHCA.

Discussion
This study identified the key indicator symptoms used
by callers which are associated with OHCA and devel-
oped an adjusted model of symptoms for call handlers’
recognition. The caller reporting ‘Not breathing’ sub-
stantially increased the likelihood of correct EMS
dispatch in OHCA, whereas the reporting of any of:
‘Breathing yes/effective’; ‘Abnormal pulse or heart rate’;
‘Reduced or fluctuating conscious level’, or the patient
being female, decreased the likelihood of a genuine
OHCA call being correctly dispatched.
This study is one of few about OHCA indicator symp-

toms where audio recordings of EMS calls have been
directly analysed, rather than relying solely on EMS call
documentation. A previous study, in which the words
used by callers to describe the emergency were reviewed
and analysed, involved listening only to calls classified as
suspected CA [12]. Our study is the first to use this
methodology with a comprehensive sample comprising
TP, FP, FN, and TN calls to estimate sensitivity and
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Table 1 Estimated sensitivity and specificity of individual key indicator symptoms reported in EMS calls, compared to call handlers’
performance

Sensitivity (95% CI) Specificity (95% CI)

Call handlers’ performance 72.8 (65.8–79.1) 99.4 (99.3–99.6)

Key indicator symptom

Unconscious 86.0 (80.2–90.5) 93.4 (89.0–96.2)

Not Breathing 57.9 (50.6–65.0) 97.5 (94.4–99.1)

Ineffective Breathing 57.3 (50.0–64.5) 60.5 (53.2–67.4)

Collapse 43.8 (36.6–51.1) 84.4 (78.8–89.2)

Breathing Yes/Effective 30.3 (23.9–37.6) 16.4 (11.8–22.6)

Change in Colour 29.2 (22.9–36.0) 81.7 (75.6–86.8)

Noisy Breathing 25.8 (19.8–32.8) 92.2 (87.4–95.3)

Died 21.9 (16.2–28.6) 99.3 (96.9–99.9)

Mouth/Vomit 18.5 (13.4–24.9) 89.4 (84.2–93.2)

Conscious 16.3 (11.2–22.4) 19.8 (14.3–26.0)

Eyes open/Staring 15.7 (11.0–21.8) 97.1 (93.9–98.8)

Cool/Clammy/Cold 15.7 (10.7–21.6) 77.9 (71.3–83.6)

Reduced or Fluctuating Consciousness 15.2 (10.3–20.9) 79.6 (73.2–84.9)

Sudden Onset/Deterioration 13.5 (9.0–19.1) 96.1 (92.4–98.3)

Major Trauma/Haemorrhage 13.5 (8.9–19.2) 95.5 (91.6–97.8)

Serious/Urgent Problem 10.1 (6.3–15.6) 97.2 (93.9–98.8)

Cardiac Symptoms/Disease1 7.9 (4.4–12.4) 85.1 (79.5–89.9)

No Pulse/Output 7.3 (4.0–11.7) 99.4 (97.1–100)

Bystander resuscitation2 6.7 (3.6–11.0) 100.0 (99.9–100)

Uncoordinated Movement 6.7 (3.7–11.2) 97.2 (93.7–98.8)

Seizure-like Activity 6.7 (3.6–11.1) 98.3 (95.4–99.4)

Unknown or Non-specific Problem 5.1 (2.4–9.1) 92.3 (87.6–95.6)

Abnormal Pulse/Heart Rate 3.4 (1.2–6.8) 97.8 (94.5–99.4)

Stroke-like Symptoms 2.8 (1.1–6.2) 96.1 (92.2–98.3)

Self-harm 2.2 (0.6–5.5) 99.4 (96.8–100)

Psychiatric Symptoms 1.7 (0.5–4.4) 97.2 (94.0–98.9)

Death Imminent 0.6 (0.0–2.7) 99.5 (97.0–100)

Drug/Alcohol use 0.6 (0.0–2.8) 93.9 (89.6–96.8)
1e.g. chest pain, medical history, 2Including Airway Management /Defibrillation use

Table 2 Estimated DTA measures (95% CI) of the key indicator symptom combinations Unconscious, alone and with any one or
more symptoms: Not Breathing, Ineffective Breathing or Noisy Breathing

Sensitivity Specificity PPV NPV

Unconscious 86.0 (80.2–90.5) 93.4 (89.0–96.2) 14.0 (8.9–22.7) 99.8 (99.7–99.9)

Unconscious and (A) Noisy Breathing 23.6 (17.8–30.4) 98.8 (96.1–99.9) 19.3 (6.7–67.2) 99.0 (98.9–99.2)

Unconscious and (B) Ineffective Breathing 51.7 (44.3–58.9) 97.4 (94.1–99.0) 20.0 (9.7–40.2) 99.4 (99.3–99.5)

Unconscious and (C) Not Breathing 53.4 (45.8–60.5) 98.6 (95.9–99.7) 33.0 (13.4–71.6) 99.4 (99.3–99.5)

Unconscious and at least one of

(B) Ineffective Breathing or (C) Not breathing 78.1 (71.4–83.8) 96.2 (92.8–98.2) 20.5 (11.6–35.4) 99.7 (99.6–99.8)

Unconscious and at least one of (A) Noisy Breathing,

(B) Ineffective Breathing or (C) Not Breathing 79.8 (73.5–85.3) 95.7 (92.1–97.8) 18.7 (11.0–32.0) 99.7 (99.6–99.8)
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specificity of key indicator symptoms. Of 18 previous
studies which reported the sensitivity of recognition of
OHCA in adults, eight (one from the UK) were of sys-
tems utilising AMPDS, and two were of similar systems
[17, 25]. Call handler sensitivity (72.8%) and specificity
(99.4%) for OHCA in our study were similar to previous
studies elsewhere.
For OHCA the symptoms reported most frequently

were unconsciousness, not breathing and ineffective
breathing. This is in line with both the 2010 [26] and
2015 [27] European resuscitation guidelines, which em-
phasise the importance of recognising agonal/abnormal
breathing as well as absence of breathing in combination
with unresponsiveness. A wide variety of terms was used
by callers to describe conscious level, which has also
been found in EMS calls in acute stroke [28]. Likewise,
as in previous studies [12, 29] the key indicator symptom
of ineffective breathing encompassed a range of terms
such as ‘funny breathing’ and ‘gasping’. Other terms
which may be helpful in identifying OHCA, found in this
and other studies, included changes in colour or cold-
ness to touch [11, 12].
In a systematic review of 23 studies, including four

which analysed the actual words used by callers, the
symptoms most commonly reported during calls for
OHCA were a combination of unconsciousness and ab-
sence of breathing or presence of abnormal breathing,
with reported sensitivities ranging from 38 to 97% [9].
These findings are in keeping with the present study,
where sensitivity of the key indicator symptom ‘uncon-
scious’ was 86.0%, and sensitivity of ‘ineffective breath-
ing’ was 57.3%. Only two callers in the present study
used the term ‘cardiac arrest’ or a synonym; previous re-
search has reported similarly low rates (< 4%) [29].
OHCAs in women were less often correctly recognised

by call handlers than they were in men. Call handler
under-recognition of OHCA in women has not been
previously reported, and the reasons for it are unclear,
but it may be a contributory factor to the lower rates of
bystander CPR and survival reported by a recent study
in another setting [30].
Current guidelines and AMPDS protocols are consist-

ent with the most commonly reported symptoms of
OHCA: unconsciousness, not breathing and ineffective

breathing [19, 27]. Despite refinement of dispatch proto-
cols over the past decade, there has been little improve-
ment in practice and outcomes in pre-arrival recognition
of OHCA by EMS. In our study, there would have been
a 7% improvement in sensitivity (from 72.8 to 79.8%) if
there had been complete fidelity to the current dispatch
protocol. However, any changes in practice could also
reduce specificity: in our study, complete fidelity to the
dispatch protocol would reduce specificity from 99.4 to
95.7%, leading to more ‘false positive’ OHCA calls, and
this might adversely affect overall EMS performance due
to the misallocation of resources to these less urgent
calls. At the time of the study, call handlers were re-
quired to select a dispatch code within 60 s, but recent
changes allow for this process to take longer in calls that
initially appear to be less urgent. It is apparent from the
high proportion of FN cases where CPR instructions
were then given by the call handler (24%) that the 60-s
target might not allow sufficient time for optimum selec-
tion of a dispatch code. Call handlers in these cases
clearly recognised later in the call that cardiac arrest had
occurred, and if these cases were reclassified as TP cases,
this would give a sensitivity for call handler recognition
(as opposed to correct dispatch alone) of OHCA of
79.3%, matching sensitivity for complete fidelity to the
dispatch protocol. There are inherent challenges in
recognising OHCA over the telephone, with information
which is often limited, and from a distressed caller, mak-
ing it difficult to achieve significant improvements in
this recognition rate, but targeted training for EMS call
handlers, including agonal breathing, interrogation strat-
egy, simulation training, structured dispatcher feedback,
and training on telephone CPR, has been found to be ef-
fective [31]. It is also important, however, that individual
services continue to benchmark against comparable ones
with the highest detection rates and examine where their
practice might be improved or maintained.
Overall rates of bystander-initiated resuscitation in

OHCA were low (10.4%), and whilst an additional 40%
of cases received CPR instructions, this still leaves half
of OHCAs where no resuscitation took place before the
arrival of ambulance personnel. In some cases, this ap-
peared to be due to the caller having difficulty in carry-
ing out essential preliminary first aid measures such as

Table 3 Adjusted odds ratio in a model for recognition of OHCA by call handlers using key indicator symptoms

Key indicator symptom and demographic: OR 95%CI Lower Upper p-value

Breathing Yes/Effective 0.29 0.13 0.65 0.003

Not Breathing 3.76 1.69 8.41 0.001

Abnormal Pulse/Heart Rate 0.26 0.03 2.01 0.197

Reduced or Fluctuating Consciousness Level 0.24 0.09 0.63 0.003

Female 0.40 0.17 0.91 0.029

Age 65 and over 1.78 0.80 3.95 0.157
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positioning the patient, and checking and clearing their
airway. Achievement of improvement on these figures is
challenging given the limited long-term effectiveness of
public education campaigns. However, such campaigns
might also indirectly facilitate callers to follow CPR in-
structions more quickly and effectively in those cases
where bystander resuscitation has not already been com-
menced. Even when CPR does take place, there may be
delays to its commencement which reduce the chance of
survival. An earlier study found that the median delay
from the start of the EMS call and commencement of
tCPR was 5 min 28 s, over half of this time being taken
up with assessment of breathing and other clinical signs,
even though there was sufficient information to be
highly concerned that the patient was in cardiac arrest
within one minute of the start of the call in 71% of cases
[32]. Adherence to EMS call protocols must not be at
the expense of swift recognition of OHCA.
Further research including the development and testing

of the effectiveness of an evidence-based training package
for call handlers, audit and feedback could be undertaken.
There is also early evidence that machine learning algo-
rithms could provide automated support for call handlers
to reduce the chance of a trigger cardiac arrest symptom
being missed [33]. More detailed exploration of public un-
derstanding of common key indicator symptoms and their
significance may lead to refinements in current protocols
to use questions which are better understood by callers.
The poorer recognition of OHCA in female patients is an
unexplained finding which merits detailed analysis of
caller-call handler dialogues. Finally, any further research
should include all OHCA patients, not just those who are
transported to hospital by EMS.

Limitations
Our findings may not be generalizable to other services
within or outside the UK, especially where systems other
than AMPDS are used, or where the role and training of
EMS call handlers differs. Our definition of OHCA in-
cluded only events occurring before arrival of EMS on
scene, rather than those arising en route to hospital. The
study included only events where the patient was con-
veyed to the study hospital, as funding for this work pre-
cluded analysis of non-conveyed patients including those
categorised as Recognition Of Life Extinct, whether they
died on-scene or during conveyance to hospital. Such
patients, who account for around 63% of all OHCA inci-
dents [34] might present differently from those included
in this study and the predictive value of key indicator
symptoms might therefore be different if this wider pa-
tient group had been included. The clinical presentations
of those patients who are not transported might include
a higher proportion of incidents where the patient has
arrested due to an irreversible underlying condition

rather than a potentially reversible cardiac event, unwit-
nessed events, or those where the cardiac arrest has oc-
curred some time before the call is made. This study
included six paediatric cases, but their inclusion is un-
likely to impact on the reported conclusions.

Conclusion
There are a small proportion of calls to EMS in which
cardiac arrest indicators are described but the call is not
dispatched as such. Stricter adherence to dispatch proto-
cols may improve OHCA recognition by call handlers;
this should be reflected in basic and ongoing call handler
training. However, the existing dispatch protocol would
not be improved by the addition of further terms: this
would be at the expense of dispatch specificity and
would increase the number of ‘false positive’ OHCA dis-
patches, with consequent detrimental effects on overall
EMS performance.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13049-020-00823-9.

Additional file 1: Supplementary Table 1: The twelve counts
generated by the complex DTA design for a reported symptom.
Supplementary Table 2: The two 2x2 marginal tables obtained by
summation of the observed counts. Supplementary Table 3:
Unadjusted odds ratio (OR) for key indicator symptoms.

Abbreviations
AMPDS: Advanced Medical Priority Dispatch System; CA: Cardiac arrest;
CPR: Cardiopulmonary resuscitation; DTA: Diagnostic test accuracy;
EMS: Emergency medical services; EPRF: Emergency medical services Patient
Report System; FN: False negative; FP: False positive; OHCA: Out of hospital
cardiac arrest; TN: True negative; TP: True positive

Authors’ contributions
All authors participated substantially in the design and conduct of this study,
contributed to data interpretation, take responsibility for the accuracy of the
work, and have seen and approved the final version of the article. All authors
conceived and designed the study. JMEG, SPJ, DD, BC, CM, MB and DD
acquired the data. CJS and MH provided statistical advice. MH performed the
data analysis. All authors drafted the article, and all authors contributed
substantially to its revision. CLW takes responsibility for the paper as a whole.
The corresponding author attests that all listed authors meet authorship
criteria and that no others meeting the criteria have been omitted. The
authors read and approved the final manuscript.

Funding
The report is based on independent research commissioned and funded by
the Department of Health Policy Research Programme (Improving Cardiac
Arrest Response and Effectiveness), grant number PR-ST-1014-00011. The
views expressed in the publication are those of the author(s) and not neces-
sarily those of the NHS, the NIHR, the Department of Health and Social Care,
‘arms length’ bodies or other government departments.

Availability of data and materials
The datasets generated and analysed during this study are not publicly
available due to privacy reasons but are available from the corresponding
author (JME Gibson) on reasonable request.

Ethics approval and consent to participate
Ethical and research governance considerations: Permission was granted by
the Confidentiality Advisory Group (CAG) for the use of non-anonymised

Watkins et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine            (2021) 29:7 Page 7 of 9

https://doi.org/10.1186/s13049-020-00823-9
https://doi.org/10.1186/s13049-020-00823-9


voice files of calls from the EMS (15/CAG/0107). It was agreed by the CAG
that the data could be used without gaining individual consents. Favourable
ethical opinion was also gained from the National Research Ethics Commit-
tee North West (15/NW/0544). Data storage and handling were conducted
according to the standard operating procedures of the Lancashire Clinical
Trials Unit.

Consent for publication
Not applicable.

Competing interests
TQ reports research funding from NIHR for cardiac arrest research.
CW, VB and CM are part funded by the National Institute for Health Research
Applied Research Collaboration North West Coast (NIHR ARC NWC).

Author details
1School of Nursing, University of Central Lancashire, Brook Building, Preston
PR1 2HE, UK. 2Newcastle University, Newcastle, UK. 3The University of
Manchester, Manchester, UK. 4Kingston University London and St George’s,
University of London, London, UK. 5University of Lincoln, Lincoln, UK.

Received: 22 May 2020 Accepted: 13 December 2020

References
1. Mozaffarian D, Benjamin EJ, Go AS, et al. American Heart Association

statistical update heart disease and stroke statistics—2015 update: a report
from the American Heart Association. Circulation. 2015;131:e29–322.

2. De Vreede-Swagemakers J, Gorgels AP, Dubois-Arbouw WI, et al. Out-of-
hospital cardiac arrest in the 1990's: a population-based study in the
Maastricht area on incidence, characteristics and survival. J Am Coll Cardiol.
1997;30(6):1500–5.

3. Gorgels AP, Gijsbers C, de Vreede-Swagemakers J, et al. Out-of-hospital
cardiac arrest–the relevance of heart failure. The Maastricht circulatory arrest
registry. Eur Heart J. 2003;24:1204–9.

4. Engdahl J, Holmberg M, Karlson BW, et al. The epidemiology of out-of-
hospital sudden cardiac arrest. Resuscitation. 2002;52(3):235–45.

5. Wnent J, Masterson S, Gräsner JT, et al. EuReCa ONE −27 nations, ONE,
Europe, ONE registry: a prospective observational analysis over one month
in 27 resuscitation registries in Europe – the EuReCa ONE study protocol.
Scand J Trauma, Resusc Emerg Med. 2015;23:3–8.

6. Cone DC, Middleton PM. Are out-of-hospital cardiac arrest survival rates
improving? Resuscitation. 2015;91:A7–8 https://doi.org/10.1016/j.
resuscitation.2015.03.011.

7. Berdowski J, Berg RA, Tijssen JG, Koster RW. Global incidences of out-of-
hospital cardiac arrest and survival rates: systematic review of 67
prospective studies. Resuscitation. 2010;81:1479–87.

8. Sasson C, Rogers MAM, Dahl J, Kellermann AL. Predictors of survival from
out-of-hospital cardiac arrest. Circulation. 2010;3:63–81 https://doi.org/10.
1161/CIRCOUTCOMES.109.889576.

9. Vaillancourt C, Charette ML, Bohm K, et al. In out-of hospital cardiac arrest
patients, does the description of any specific symptoms to the emergency
medical dispatcher improve the accuracy of the diagnosis of cardiac arrest:
a systematic review of the literature. Resuscitation. 2011;82(12):1483–9.

10. Perkins GD, Walker G, Christensen K, et al. Teaching recognition of agonal
breathing improves accuracy of diagnosing cardiac arrest. Resuscitation.
2006;70(3):432–7. https://doi.org/10.1016/j.resuscitation.2006.01.015.

11. Bohm K, Rosenqvist M, Hollenberg J, et al. Dispatcher-assisted telephone-
guided cardiopulmonary resuscitation: an underused lifesaving system. Eur J
Emerg Med. 2007;14(5):256–9.

12. Bang A, Herlitz J, Martinell S. Interaction between emergency medical
dispatcher and caller in suspected out-of-hospital cardiac arrest calls with
focus on agonal breathing. A review of 100 tape recordings of true cardiac
arrest cases. Resuscitation. 2003;56(1):25–34.

13. Fukushima H, Imanishi M, Iwami T, et al. Abnormal breathing of sudden
cardiac arrest victims described by laypersons and its association with
emergency medical service dispatcher-assisted cardiopulmonary
resuscitation instruction. Emerg Med J. 2013;32(4):314–7.

14. NHS England Urgent and Emergency Care Review Team. Transforming
urgent and emergency care services in England - Update on the Urgent
and Emergency Care Review. Leeds: NHS England; 2014.

15. Perkins GD, Cooke MW. Variability in cardiac arrest survival: the NHS
ambulance service quality indicators. Emerg Med J. 2012;29(1):3–4.

16. Lindner TW, Søreide E, Nilsen OB, et al. Good outcome in every fourth
resuscitation attempt is achievable—an Utstein template report from the
Stavanger region. Resuscitation. 2011;82(12):1508–13.

17. Cairns KJ, Hamilton AJ, Marshall AH, et al. The obstacles to maximising the
impact of public access defibrillation: an assessment of the dispatch
mechanism for out-of-hospital cardiac arrest. Heart. 2008;94(3):349–53.

18. British Heart Foundation. Resuscitation to recovery. A National Framework
to improve care of people with out-of-hospital cardiac arrest (OHCA) in
England. London: British Heart Foundation; 2017.

19. Perkins GD, Lall R, Quinn T, et al. PARAMEDIC trial investigators. Mechanical
versus manual chest compression for out-of-hospital cardiac arrest (PARAME
DIC): a pragmatic, cluster randomised controlled trial. Lancet. 2015;
385(9972):947–55.

20. Rajagopala S, Kayea CR, Lall R, Deakin CD, Gatesa S, Pocock H, Quinn T,
Reesf N, Smytha M, Perkins GD. Characteristics of patients who are not
resuscitated in out of hospital cardiac arrests and opportunities to improve
community response to cardiac arrest. Resuscitation. 2016;109:110–5.

21. Hawkes C, Booth S, Ji C, Brace-McDonnell SJ, Whittington A, Mapstone J,
Cooke MW, Deakin CD, Gale CP, Fothergill R, Nolan JP, Rees N, Soar J,
Siriwardena AN, Brown TP, Perkins GD. Epidemiology and outcomes from
out-of-hospital cardiac arrests in England. Resuscitation. 2017;110:133–40
https://doi.org/10.1016/j.resuscitation.2016.10.030.

22. NHS England. Ambulance Quality Indicators. https://www.england.nhs.uk/
statistics/statistical-work-areas/ambulance-quality-indicators/ambulance-
quality-indicators-data-2017-18/. Accessed 17 Dec 2020.

23. Perkins GD, Jacobs IG, Nadkarni VM, Travers AH, Nolan JP for the Utstein
collaborators. Cardiac Arrest and Cardiopulmonary Resuscitation Outcome
Reports: Update of the Utstein Resuscitation Registry Templates for Out-of-
Hospital Cardiac Arrest November 11, 2014 DOI:https://doi.org/10.1016/j.
resuscitation.2014.11.002.

24. Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA, Glasziou PP, Irwig L,
LijmerJG Moher D, Rennie D, de Vet HCW, Kressel HY, Rifai N, Golub RM,
Altman DG, Hooft L, Korevaar DA, Cohen JF. For the STARD Group. STARD
2015: An Updated List of Essential Items for Reporting Diagnostic Accuracy
Studies. BMJ. 2015;351:h5527. 26511519.

25. Garza AG, Gratton MC, Chen JJ, Carlson B. The accuracy of predicting
cardiac arrest by emergency medical services dispatchers: the calling party
effect. Acad Emerg Med. 2003;10(9):955–60.

26. Koster RW, Baubin MA, Bossaert LL, Caballero A, Cassan P, Castrén M, Granja
C, Handley AJ, Monsieurs KG, Perkins GD, Raffay V, Sandroni C. European
Resuscitation Council Guidelines for Resuscitation 2010 Section 2. Adult
basic life support and use of automated external defibrillators. Resuscitation.
2010;81(10):1277–92.

27. Perkins GD, Handley AJ, Koster RW, Castréne M, Smyth MA, Olasveengeng T,
Monsieurs KG, Raffay V, Gräsner JT, Wenzell V, Ristagno G, Soar J, On behalf
of the Adult basic life support and automated external defibrillation section.
European Resuscitation Council Guidelines for Resuscitation 2015 Section 2.
Adult basic life support and automated external defibrillation. Resuscitation
2015. 95 (2015) 81–99.

28. Gibson JME, Bullock M, Ford GA, Jones SP, Leathley MJ, McAdam JJ, Quinn
T, Watkins CL, on behalf of the ESCORTT group. ‘Is he awake?’: Dialogues
between callers and call handlers about consciousness during emergency
calls for suspected acute stroke. Emerg Med J. 2013;30:414–8.

29. Berdowski J, Beekhuis F, Zwinderman AH, et al. Importance of the first link:
description and recognition of an out-of-hospital cardiac arrest in an
emergency call. Circulation. 2009;119(15):2096–102.

30. Blom MT, Oving I, Berdowski J, van Valkengoed IGM, Bardai A, Tan HL. Women
have lower chances than men to be resuscitated and survive out-of-hospital
cardiac arrest. Eur Heart J. 2019:ehz29 https://doi.org/10.1093/eurheartj/ehz297.

31. Hardeland C, Skåre C, Kramer-Johansen J, Birkenes TS, Myklebust H, Hansen AE,
Sunde K, Olasveengen TM. Targeted simulation and education to improve
cardiac arrest recognition and telephone assisted CPR in an emergency
medical communication Centre. Resuscitation. 2017;114:21–26. doi: https://doi.
org/10.1016/j.resuscitation.2017.02.013. Epub 2017 Feb 21. PMID: 28236428.

32. Oman G, Bury G. Use of telephone CPR advice in Ireland: uptake by callers
and delays in the assessment process. Resuscitation. 2016 May;102:6–10.
https://doi.org/10.1016/j.resuscitation.2016.02.006.

33. Blomberg SN, Folke F, Ersbøll AK, Christensen HC, Torp-Pedersen C, Sayre MR,
Counts CR, Lippert FK. Machine learning as a supportive tool to recognize

Watkins et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine            (2021) 29:7 Page 8 of 9

https://doi.org/10.1016/j.resuscitation.2015.03.011
https://doi.org/10.1016/j.resuscitation.2015.03.011
https://doi.org/10.1161/CIRCOUTCOMES.109.889576
https://doi.org/10.1161/CIRCOUTCOMES.109.889576
https://doi.org/10.1016/j.resuscitation.2006.01.015
https://doi.org/10.1016/j.resuscitation.2016.10.030
https://www.england.nhs.uk/statistics/statistical-work-areas/ambulance-quality-indicators/ambulance-quality-indicators-data-2017-18/
https://www.england.nhs.uk/statistics/statistical-work-areas/ambulance-quality-indicators/ambulance-quality-indicators-data-2017-18/
https://www.england.nhs.uk/statistics/statistical-work-areas/ambulance-quality-indicators/ambulance-quality-indicators-data-2017-18/
https://doi.org/10.1016/j.resuscitation.2014.11.002
https://doi.org/10.1016/j.resuscitation.2014.11.002
https://www.ncbi.nlm.nih.gov/pubmed/26511519
https://doi.org/10.1093/eurheartj/ehz297
https://doi.org/10.1016/j.resuscitation.2017.02.013
https://doi.org/10.1016/j.resuscitation.2017.02.013
https://www.ncbi.nlm.nih.gov/pubmed/28236428
https://doi.org/10.1016/j.resuscitation.2016.02.006


cardiac arrest in emergency calls. Resuscitation. 2019 May;138:322–329. doi:
https://doi.org/10.1016/j.resuscitation.2019.01.015. Epub 2019 Jan 18.

34. OHCAO Project Team. Out-of-Hospital Cardiac Arrest Outcomes Registry
Epidemiology Report, 2019. https://warwick.ac.uk/fac/sci/med/research/ctu/
trials/ohcao/publications/epidemiologyreports/ohcao_epidemiology_
report_2018_published.pdf Accessed 08/10/2020.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Watkins et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine            (2021) 29:7 Page 9 of 9

https://doi.org/10.1016/j.resuscitation.2019.01.015
https://warwick.ac.uk/fac/sci/med/research/ctu/trials/ohcao/publications/epidemiologyreports/ohcao_epidemiology_report_2018_published.pdf%20Accessed%2008/10/2020
https://warwick.ac.uk/fac/sci/med/research/ctu/trials/ohcao/publications/epidemiologyreports/ohcao_epidemiology_report_2018_published.pdf%20Accessed%2008/10/2020
https://warwick.ac.uk/fac/sci/med/research/ctu/trials/ohcao/publications/epidemiologyreports/ohcao_epidemiology_report_2018_published.pdf%20Accessed%2008/10/2020

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Objectives
	Methods
	Setting
	Subjects and sampling
	Definition of OHCA
	Classification of incidents
	Analysis of voice recordings
	Data analysis
	Patient and public involvement

	Results
	Discussion
	Limitations

	Conclusion
	Supplementary Information
	Abbreviations
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

