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Abstract

Background: Out-of-hospital cardiac arrests with negligible chance of survival are routinely transported to hospital and many are pronounced dead

thereafter. This leads to some potentially avoidable costs. The ‘Termination of Resuscitation’ protocol allows paramedics to terminate resuscitation

efforts onsite for medically futile cases. This study estimates the changes in frequency of costly events that might occur when the protocol is applied to

out-of-hospital cardiac arrests, as compared to existing practice.

Methods: We used Singapore data from the Pan-Asian Resuscitation Outcomes Study, from 1 Jan 2014 to 31 Dec 2017. A Markov model was

developed to summarise the events that would occur in two scenarios, existing practice and the implementation of a Termination of Resuscitation

protocol. The model was evaluated for 10,000 hypothetical patients with a cycle duration of 30 days after having a cardiac arrest. Probabilistic sensitivity

analysis accounted for uncertainties in the outcomes: number of urgent transports and emergency treatments, inpatient bed days, and total number of

deaths.

Results: For every 10,000 patients, existing practice resulted in 1118 (95% Uncertainty Interval 1117 to 1119) additional urgent transports to hospital

and subsequent emergency treatments. There were 93 (95% Uncertainty Interval 66 to 120) extra inpatient bed days used, and 3 fewer deaths (95%

Uncertainty Interval 2 to 4) in comparison to using the protocol.

Conclusion: The findings provide some evidence for adopting the Termination of Resuscitation protocol. This policy could lead to a reduction in costs

and non-beneficial hospital admissions, however there may be a small increase in the number of avoidable deaths.
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Introduction

Traditionally it has been mandatory for out-of-hospital cardiac arrest
(OHCA) cases, regardless of risks of medical futility, to be resuscitated
and transported to hospital. Only there can an emergency physician
terminate resuscitation and pronounce death. Sudden cardiac arrests
have been associated with poor prognosis1 with overall survival to
hospital discharge rates as low as 10% in the United States and
Europe,2,3 between 0.5% and 8.5% in the Asia-Pacific region4 and
approximately 3% in Singapore.5 Medically futile resuscitations have
stimulated the development of Termination of Resuscitation (TOR)
protocols for emergency medical services (EMS). Basic and
advanced life support TOR protocols have been established by the
American Heart Association.6 The basic life support TOR rule
recommends transportation in case of any spontaneous return of
circulation, if a shock was delivered or if the arrest was witnessed by
EMS personnel. The advanced life support TOR rule has additional
criteria where transportation is recommended if the arrest was
witnessed by a bystander or EMS personnel and/or if bystander CPR
was performed.7

There are some reasons why TOR for OHCA may be a sensible
policy. TOR protocols are validated in various settings with
prospective and retrospective cohort studies conducted in Canada,
Japan, Singapore and the United States revealing 100% specificity
and positive predictive value in predicting poor neurological outcomes
and death.8�11 With a substantial increase in demand on EMS,12 the
effective use of TOR protocol could reduce urgent transports without
reducing survival to hospital discharge.9 The Singapore Civil Defence
Force reported an increase of 7.4% emergency calls in 2016
compared to 2015, and 75.3% of calls received in 2016 were related

to chest pain, breathlessness, unconsciousness and cardiac arrest.13

In addition, the absence of a TOR protocol will likely result in all OHCA,
including futile cases, being treated in hospital incurring potentially
avoidable costs. In the United States, an annual cost of $500 million
was estimated nationwide for transporting futile OHCA cases,14 and
an annual cost of $58 million was estimated to have incurred nationally
for resources such as ambulance, physician and hospital reimburse-
ment on failed resuscitation attempts on OHCA cases.15

While there have been studies predicting health care costs relating
to OHCA16,17 and costs arising from non-adherence of TOR
protocol,18 there is little published information on how the use of
TOR protocol can reduce costs in managing OHCA. The aim of this
study is to estimate the change in the frequency of costly events from
the application of an advanced life support TOR protocol versus
traditional practice in Singapore. We use a Markov model in this study
to represent a stochastic processes that can change over time.19 The
method enables costs and health outcomes to be predicted and the
effects of uncertainty to be included and evaluated.

Methods

Setting and population

Singapore is a densely populated city-state, with a population of over 5
million within a land area of 710km2,20 The Singapore Civil Defence
Force is the single provider of emergency services. Responses are
activated via a centralised system and cases are sent to any of the six
major public hospitals.21 Prior to implementation of advanced life
support TOR rule in Singapore in mid-2019, it was mandatory for all
OHCA cases to be transported to hospital for continued resuscitation.

Fig. 1 – Criteria for Termination of Resuscitation.
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Study data

We used Singapore data from the Pan-Asian Resuscitation Outcomes
Study (PAROS).22 This collaborative research effort was formed in
2010 by pre-hospital and emergency care providers in the Asia-Pacific
region. A large registry has emerged for the purpose of improving
outcomes across the Asia-Pacific region through the creation of a
platform to support and stimulate research. For this analysis we were
able to retrieve data of OHCA cases between 1 Jan 2014 to 31 Dec
2017.

TOR protocol

The advanced life support TOR protocol was chosen for this analysis
as this protocol was adopted across Singapore in July 2019. Retrieved
data of OHCA cases were reviewed by an emergency physician who
determined the inclusion and exclusion criteria according to the TOR
protocol designed for implementation in Singapore. Therefore, OHCA
cases were excluded if: the patient was aged 16 and below; the cause
of the arrest was non-cardiac, including trauma; the patient was visibly
dead onsite, from rigour mortis, lividity, decomposition or decapitation;
the paramedics were presented with a ‘do not resuscitate order’; or, it
was concluded that the event was a non-arrest after review.23 All
included cases were categorised for two outcomes based on the
advanced life support TOR protocol shown in Fig. 1: either
transportation to hospital is recommended, or, Termination of
Resuscitation efforts is recommended.

We used information on whether the patient survived to admission,
whether they died as an inpatient and the dates of key events such as
arrival at hospital, discharge from hospital and date of death.

Markov model

The Markov model in Fig. 2 has 6 independent states: cardiac arrest,
urgent transport to hospital, treatment/resuscitation in emergency
department (ED), admitted as inpatient, discharged, or death. Arrows
connecting two different states signify that a patient can transition from
one state to the indicated state. Looping arrows signify that a patient
can remain in a particular state for consecutive cycles or that the state
is permanent (i.e. death). For this analysis, the initial state of all OHCA
cases is cardiac arrest. Individuals can then be urgently transported to
hospital or be declared dead prior to transport. Transported cases are
treated in ED, and can survive and be admitted as inpatients or be
pronounced dead. To end the process, survivors can remain as an
inpatient, be discharged from hospital or declared dead. The model

was simulated for 10,000 hypothetical patients, where daily transitions
are estimated from the initial state to 30 days after inpatient admission
to show the number of bed days used.

The outcomes for the baseline comparator of ‘Existing Practice’
arise from modelling the actual events recorded in the data, where all
OHCA cases were urgently transported to hospital. The use of a TOR
protocol generates plausible different outcomes as some proportion of
cases are to be declared dead prior to urgent transport and so become
unavailable for the remaining states of the model. We show the
changes to events by comparing a simulation of ‘TOR’ protocol used
versus ‘Existing Practice’ for a cohort of 10,000 hypothetical patients.

Transition probabilities

The probability of cases moving between the states at the end of each
model cycle was calculated for ‘Existing Practice’ and for ‘TOR’. Both
time fixed probabilities and time varying probabilities were specified by
counts of the number of cases eligible to transition from a state and the
actual number of cases that transitioned. To evaluate the impact of
uncertainty on the model parameters, Dirichlet prior distributions were
fitted to the transition probabilities.24

Model evaluation

An analysis was performed to estimate the outcomes of number of
urgent transports and ED treatments, number of inpatient bed days,
and total number of deaths arising from the ‘Existing Practice’ and
‘TOR’ models. A simulation for 10,000 hypothetical patients was
performed; and 5000 random resamples from the model parameters
was required to provide stable estimates for the key outcomes. Model
parameters have values from fitted prior statistical distributions that
were obtained from a sample of individuals in the PAROS registry.

Results

We retrieved data of 9753 individual cases of OHCA, of which 4357
cases were excluded if the patient was below 16 years old, visibly dead
onsite, had a ‘do not resuscitate order’, had an arrest of non-cardiac
aetiology, or the event was concluded as a non-arrest. A total of 5396
OHCA cases who were transported to hospitals and diagnosed with
cardiac arrest were deemed eligible to be included in the analysis.

The mean age of the included patients was 67.5 (Standard
Deviation 15.6), and 67% of them were male. The transition
probabilities matrix uses the data to estimate outcomes for a cohort

Fig. 2 – Markov model path for out-of-hospital cardiac arrest patients. The initial state of patients is cardiac arrest.
Arrows indicate possible transitions of patients from one state to another. Looping arrows indicate a patient can
remain in that state for consecutive cycles.
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of 10,000 hypothetical patients. The information in Table 1 shows the
time fixed probabilities of the 5396 included individuals transitioning
from one state to another for both ‘Existing Practice’ and ‘TOR’.
Appendix Table A1 and A2 lists the time dependent probabilities for
inpatients who transition to ‘discharged’ or ‘death’, or remain in
‘inpatient’ state.

A decision to adopt a TOR protocol for OHCA cases reduced the
proportion of patients facing urgent transport to hospital by 11.2% as
they were to be declared dead at the scene by emergency services. Of
those treated in ED under Existing Practice, 83.7% died and 16.3%
were admitted to an inpatient bed. With the use of TOR protocol,
82.4% of those treated in ED died and 17.6% were admitted. Under
Existing Practice, among those admitted to an inpatient bed 65.1%
died, 30.3% were discharged alive after admission and average length
of stay in hospital was 9.2 days. With TOR, among those admitted to
an inpatient bed 63.8% died, 31.6% were discharged alive and
average length of stay was 9.4 days.

The simulation revealed that for Existing Practice all 10,000 cases
are transported to hospital and treated in ED, while under conditions of
the TOR protocol, 8883 cases are transported and treated. The
remaining cases under TOR do not get transported and progress to
the ‘death’ state. Fig. 3 shows the 1117 deaths arising from the TOR
adoption in the ‘cardiac arrest’ and ‘treatments in ED’ states, whereas
no deaths are incurred at these states for Existing Practice.

Fig. 4 reveals the number of cases admitted as inpatients following
ED treatments. A small difference is noticed between Existing Practice
and TOR in the initial state, 1631 versus 1562 inpatients, and
subsequently converges to be approximately the same from Day 10
onwards.

Table 2 reveals summary statistics for the differences in key
outcomes between the ‘Existing Practice’ and ‘TOR’ models arising
from the simulation. The mean number of cases urgently transported
to receive ED treatments was 1118 more with Existing Practice versus
TOR. In addition, there was a usage of 93 more inpatient bed days and
three fewer deaths with Existing Practice in comparison to TOR.

Discussion

Our findings show reduction in the costly events of ‘urgent transports
to hospital for ED treatments’ and ‘inpatient bed days’ used. It was also

observed that applying the TOR protocol would be associated with a
small increase in the number of deaths as compared to existing
practice. We do not have estimates of the expected associated
savings to monetary costs but this information would be useful to
consider against the expected lives lost. A notion of disinvesting in
health care services that currently deliver benefits, albeit small ones, is
rarely considered in the cost effectiveness framework.25 Yet, the
economics of the use of TOR protocol are somewhat driven by the
amount of cost saved per life year lost. Building on the analyses
presented here to answer this empirical question is a useful way to
inform a future adoption decision.

With TOR, our study found urgent transports to reduce from 100%
to 88.8%. This is comparable to other studies reporting projected
transport rates with the adoption of advanced life support TOR rule. In
a systematic review on TOR performance including studies from 7
countries, the mean projected transport rate was 76% and ranged
from 66% to 94%.7 These findings suggest that a significant reduction
in transport rate can result with TOR implementation, and that the rate
varies in different settings and populations.

Other studies have reported substantial health care costs for
cardiac arrest patients as a result of extended hospital stays. A
Japanese study of 21,750 OHCA patients identified inpatient stays of
23�32 days with costs of $28,097�$31,161.17 A German study
involving sudden cardiac arrest patients found high costs related to
ICU stays.26 Another study found hospital charges amounting to $3.8
million from the resuscitation of six out-of-hospital traumatic
cardiopulmonary arrest patients, who were recovered into a
neurologically devastated state.18 Two cost-effectiveness studies
reported relatively high costs for additional health gains from treating
OHCA.16,27

Pre-hospital services and EDs are high cost services as they need
to be available on demand, able to respond to multiple simultaneous
calls, and are equipped with sophisticated technical equipment and
trained personnel to handle various crises.28 Proper adherence to
TOR protocol could save valuable time and preserve scarce hospital
resources, such as emergency services, treatment equipment and
inpatient beds, for other patients with true emergency medicine needs
and better survivability. This would be of particular importance to
Singapore setting, where ambulance call volume has increased over
recent years.13,29 Also, Singapore's built environment consisting of
high-rise buildings and congested streets contributes to delays in

Table 1 – Transition probabilities for ‘Existing Practice’ and ‘TOR’ for each state.

Transition Existing practice TOR

From To Mean value (%) Distr. E, NE Mean value (%) Distr. E, NE

Cardiac Arrest Death Time fixed 0 0, 5396 11.2 603, 4793
Urgent Transport to ED Time fixed 100 5396, 0 88.8 4793, 603

Urgent Transport Treatment/resuscitation
in ED

Time fixed 100 5396, 0 100 4793, 0

Treatment/resuscitation
in ED

Inpatient Admission Time fixed 16.3 Dirichlet 880, 4516 17.6 Dirichlet 843, 3950
Death Time fixed 83.7 Dirichlet 4516, 880 82.4 Dirichlet 3950, 843

Inpatient Admission Inpatient Admission Time dependent Appendix A1 Dirichlet 40, 840 Appendix A2 Dirichlet 39, 804
Discharged Alive Time dependent Appendix A1 Dirichlet 267, 613 Appendix A2 Dirichlet 266, 577
Death Time dependent Appendix A1 Dirichlet 573, 307 Appendix A2 Dirichlet 538, 305

ED, Emergency Department; Distr.=Distribution type; E=count of Events, NE count of non-events.
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reaching patients in time of emergencies.30 Adopting TOR protocol
will allow resources to be channelled to other time sensitive conditions
with a higher chance of good outcomes such as stroke, myocardial
infarction and trauma.

Our findings of three extra deaths per 10,000 cases with TOR is
important. The difference arises from two patients in the PAROS
dataset who were transported to hospital, survived past 30 days and

were neurologically intact with a cerebral performance category
(CPC) score of 2, despite being ineligible for transportation and
treatment according to TOR protocol. The factors which contributed to
their survival are unclear given the retrospective nature of this study. In
a recent systematic review on diagnostic performance of the TOR
protocol, it reported that despite an overall high positive predictive
value, a lower specificity and positive predictive value was noticed in

Fig. 3 – Cumulative number of deaths in Markov Model cycle for Existing Practice and TOR models.

Fig. 4 – Number of inpatients after ED treatments for Existing Practice and TOR models.
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non-Western regions.7 Thus, the review highlighted the importance of
local validation of TOR protocols to prevent the loss of potential
survivors. Nevertheless, a study conducted in 2012 in Singapore
reaffirmed a 100% specificity and positive predictive values in
predicting poor neurological outcomes in OHCA patients with the
application of basic and advanced life support TOR guidelines.8

There are several limitations to this study. First, there were no data
on the length of time spent in ICUs by inpatients, and these beds are
much higher cost than a normal ward bed. It is possible that patients
under existing practice who were admitted will have incurred higher
costs than an average inpatient. This would have provided a richer
understanding of the expected cost savings and changes to health
outcomes from the use of TOR protocol. Second, this hypothetical
implementation may differ from a real world implementation of TOR,
as there may be circumstances where pre-hospital providers fail to
adhere to TOR protocol once implemented. Third, it is possible that
survival rates following hospitalisation for cardiac arrest has improved
in the interim from when these data were collected by PAROS. Finally,
our study does not take into consideration the extra costs that could
occur with TOR protocol implementation. Such as the additional time
required by paramedics to do the following if TOR protocol needs to be
adhered to: explaining to family about TOR and handling of grief
reaction; completing resuscitation protocol; and waiting for police to
arrive as part of pronouncement of death procedure. There could also
be patient and family-oriented benefit to transporting an OHCA case to
the hospital for resuscitation even if the patient ultimately does not
survive, which would be absent with TOR adoption. Finally, our model
may underestimate the benefits of implementing TOR in the
Singapore context, as the protocol is not applicable to arrests of
non-cardiac aetiology. Treating medical-type collapses, which has a
higher mortality than arrest from a cardiac cause, would similarly
benefit from the implementation of TOR protocol. We acknowledge
that some of these limitations can be addressed with the use of post-
implementation real world data. For this reason, we aim to perform a
follow-up study after TOR's implementation in Singapore.

Conclusion

The findings of this study provide some evidence for directing
resources towards the implementation of TOR. The use of TOR
protocol was shown to result in a reduced number of urgent transports
to hospital, fewer patients requiring ED treatments and shorter
duration of admission compared to existing practice. This study also
demonstrated a marginal difference in the number of deaths between
both scenarios, highlighting the need for a comprehensive economic
evaluation of using TOR criteria. Although further evidence is needed
to strengthen these findings, potential reduction in costs pertaining to
transport, emergency treatments and hospital admissions is antici-
pated by adhering to TOR guidelines.

Using pre-hospital services for medically futile resuscitations of
OHCA cases can take away valuable resources needed for other time
sensitive conditions with better chances of survival. Hence, TOR
protocol could play an effective role in resource allocation so that
cardiopulmonary resuscitation is performed on those who will
potentially benefit from it.
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Table 2 – Difference in key outcomes between Existing Practice and TOR models.

No. of cases urgently
transported to hospital for
ED treatments

No. of inpatient
bed days used

Total no. of deaths

Mean 1118 93 �3
Standard deviation 43 978 45
95% uncertainty interval 1117 to 1119 66 to 120 2 to 4
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Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the
online version, at http://dx.doi.org/10.1016/j.resplu.2021.100092.
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