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Abstract

Objective To understand the demographic, health and healthcare (HC) use profile of patients who
experience an out-of-hospital cardiac arrest (OHCA) in England and Wales between April 2010 and
June 2013. The association with 24-hour survival was studied as a secondary objective.

Methods The Paramedic study is a trial which collected information on 4471 patients with out-of-
hospital cardiac arrest (OHCA). Trial data was linked to Hospital Episode Statistics (HES),
administrative data covering the trial period. Multivariate survival analysis was used to quantify the
impact of identified risk predictors.

Results Healthcare use increases in the years leading up to a cardiac arrest with the profile of this
increase differing depending on age and overall healthcare resource utilisation of the patient.
Patients who are older than 60 were found to have 2.35 fold increase in the probability of not
surviving OHCA. However, older patients with medium and high healthcare resource use have higher
chances of surviving OHCA event (decrease in mortality risk of 67% and 70% respectively). A
diagnosis of dementia carries a 3.1 fold increase in mortality risk.

Conclusions Routinely collected administrative hospital data may be used to identify patients at risk
of OHCA and thus may help decrease cardiovascular mortality
Key words: OHCA, survival, predictors, healthcare use, health
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Introduction

Cardiac arrests are commonly the result of a myocardial infarction (Ml) that then gives rise to a heart
arrhythmia and the cessation of blood circulation. Though cardiac arrests and myocardial infarctions
are different medical events, the risk factors and prodromal symptoms for cardiac arrest are related
to those for MI. Many risk factors have been identified for cardiac arrest and myocardial infarction.
Aside from the well-known factors elevating risk such as high blood pressure, smoking either
personally or passively(1), and a sedentary lifestyle, other factors have been noted in the literature
including kidney disease (2, 3) and anxiety (4). More immediate prodromal symptoms for cardiac
arrest and Ml include chest pain, gastrointestinal symptoms, fatigue, nausea and shortness of breath
(5, 6). Difficulties for recognition arise as these symptoms are also often present in patients who do
not go on to have an Ml or arrest. There is also evidence that symptoms can present differently for
women suffering an MI who are less likely to experience intense chest pain (7).

Previous research has described and analysed patterns of healthcare consumption or treatment
prior to a cardiac event, noting an increase in healthcare contacts prior to the cardiac event (5, 8, 9).
Forsling et al (10) found that healthcare contacts were higher in the week prior to Ml event, though
most patients did not have any health contacts. Weeke et al (9) found that younger patients were
more likely to seek healthcare services than those in middle age or older.

Survival analysis of out of hospital cardiac arrest examining immediate emergency care variables has
shown improved outcomes for cases where emergency medical staff were present prior to the
event, and where CPR was administered promptly either by a bystander or emergency medical
technician(11) and where the patient has a shockable heart rhythm(12).

The existing evidence focuses on prodromal factors and healthcare consumption patterns in the
period immediately prior to OHCA (<30 days) using data with a small look-back window. Our study
contributes to the body of knowledge by identifying risk factors and describing patterns of
consumption in Admitted Patient Care (APC), Outpatient (OP) and Accident & Emergency) (AE)
services over a three-year period prior to OHCA by using routinely collected hospital administrative
data. It also studies separately survivors and non-survivors.

Methods

Data sets

The PARAMEDIC study collated a dataset of 4471 participants who suffered a cardiac arrest event
between April 2010 and June 2013, outside of a hospital setting across sites in England and Wales
(13, 15). The objective of the PARAMEDIC trial was to evaluate whether the introduction of LUCAS-2
(mechanical chest decompression device) into frontline emergency response vehicles would improve
survival from OHCA. The study team also conducted a health economic evaluation of the
intervention. The results of the trial and economic evaluation are reported in the PARAMEDIC report
and paper (15, 16). As part of the trial, mortality information was recorded for each participant.
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For the purposes of health economics evaluation trial data was linked to hospital administrative data
(HES). HES contains details of all admissions, outpatient appointments and AE attendances at NHS
hospitals in England. These data include attendance details, clinical details, and a rich set of
individual characteristics. Importantly, different years of HES data can be linked allowing for
healthcare use over time to be studied. This creates up to 3-years’ worth of healthcare use data
prior to OHCA.

Data preparation and analysis

HES records for the PARAMEDIC participants were obtained for the period between 01/04/10 and
31/3/13, covering NHS financial years 2010/11, 2011/12, and 2012/13. After merging trial data set
with HES, data on 487 PARAMEDIC participants whose arrest took place between 01/04/13 and
10/06/13 was omitted from analysis, due to them occurring after the HES cut-off point of 31/3/13.
The HES data for the remaining 3984 patients was then analysed to evaluate healthcare contacts and
consumption in the period prior to the arrest.

Our main outcome measure is survival at 24 hours following cardiac arrest. Although one day
survival rates are higher than survival at 30 days used in the trial analysis, they were preferred here
as they isolate the effects of post-arrest healthcare consumption.

To understand healthcare use prior to OHCA we construct sample means, test their equivalence and
plot utilisation through time. We enquire whether intensity of healthcare use changes prior to OHCA
and what impact it has on survival. We look separately at APC, OP and AE healthcare use. We also
explore the impact of age on survival and how patterns of healthcare consumption change for
different age deciles.

A Cox proportional hazard model was used to analyse patterns of healthcare usage prior to arrest.
This approach allows us to determine which predictors significantly increase the risk of death having
suffered an arrest. The variables were predominantly drawn from International Classification of
Diseases (ICD) diagnosis codes and Operating Procedure Codes (OPCS) generated on admissions to
hospital. Variables were selected which represented comorbidities that may be present, variables
that were associated with emergency cardiac treatment, and demographic factors such as age and
social deprivation which may have an effect on survival. Each of the comorbidity/treatment variables
were dummy variables constructed from the presence of that characteristic in an admitted care spell
prior to the cardiac arrest event.

To determine variables for analysis, univariate Cox models are initially estimated. We then take the
variables which come out as significant at the 20% confidence level and use them in multivariate
regression.



Results

810 trial participants or approximately 20 % of the sample survived for at least 24 hours following
the cardiac event. There are 3174 who died within this time period. Descriptive analysis of
healthcare use prior to the arrest shows that those who survived had higher numbers of healthcare
contacts prior to the arrest (73% increased number of Accident & Emergency (AE) attendances,
380% increased spells of admitted patient care (APC), and 68% increase in the mean number of
outpatient appointments (OP).

We plot healthcare utilisation through time to explore change in healthcare consumption prior to
the cardiac event. To account for different number of trial participants at each time point the usage
is normalised by the number of participants at that time period. This is plotted against time to Ml
event which is denoted as 0 on the x-axis.

Graph 1: Average Healthcare Contacts: Survivors and Non-survivors
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Graph 1 shows change over time in normalised AE, APC, OP and overall healthcare use for survivors
and those who did not survive the cardiac event. The distribution of healthcare resource usage for
both, survivors and non-survivors, is skewed right with a long tail of participants with large numbers
of health contacts.

We also investigate whether intensity of healthcare use has predictive power of surviving a Ml
event. To this end the sample is divided into those without any healthcare usage prior to the arrest,
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and for those with recorded healthcare usage, subdivided into tertiles of “low”, “medium”, and
“high” usage. The criterion for the split was the number of healthcare contacts weighted by the
average NHS Reference Cost in 2014-15 for that mode of presentation (APC, OP, AE).

Table 1 shows cohort averages for survivors and non-survivors. We first note that the percentage of
survivors grows with increase in number of pre-OHCA visits from 7.6% (143/1872) for participants
with no healthcare usage, to 22.9 (162/706) for low use and to 34.4% (241/700) and 37.4%
(264/706) for high use and medium use cohorts respectively. Second, within a cohort, higher OP and
AE numbers are associated with lower probability of survival, although the difference in usage is
statistically significant at the 5% level only for the medium HC use category. With regards to APC
stays, higher numbers are associated with somewhat higher probability of survival, but the
difference in means is statistically significant only for the low use category.



Table 1: Average healthcare use for Survivors and Non-Survivors by use cohort.

Healthcare None (n=1872) Low (n=706) Medium (n=706) High (700)
Resource Use
Survived Did not Survived Did not Survived Did not Survived | Did not
(n=143) Survive(n=1729) | (n=162) Survive (n=)264 Survive (n=241) | Survive
(n=544) (n=442) (n=459)
Admitted 0 0 0.76 0.55 2.23 1.88 13.69 15.95
Patient Care
Outpatient 0 0 1.25 1.70 5.81 8.67 15.59 16.87
A&E 0 0 1.3 1.26 1.8 2.19 4.42 5.00

*number pairs in bold indicate statistical significance at the 5% CL.



We next plot average number of contacts for low, medium and high use cohort over time. Graphs 2
and 3 show that individuals in the low usage cohort, survivors and non-survivors, typically
experience increase in the outpatient visits. Plots of healthcare use for those in the medium
category show increases for all categories of healthcare prior to the event, though numbers for AE
and APC use are small. The cohort of high healthcare use patients appear to make up the vast
majority of healthcare contacts over the study period with a marked spike prior to the cardiac arrest
event.

Graph 2: Average HC contacts of survivors: by use cohort

Average HC contacts of Survivors: by use cohort
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Graph 3: Average HC contacts of non-survivors: by use cohort

Average HC contacts of Non-survivors: by use cohort
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Previous research has identified age as one of the predictors of survival following a Ml event (14). To
explore its impact we split the sample into those with and without health resource use prior to Ml.
In Table 2 we present results for six age bands: <50, 50-59, 60-69, 70-79, 80-89 and 90+. It shows
that, for participants with no healthcare usage, the probability of survival decreases with age from
11.2% (21/187)) for those who are less than 50 year old to 4.7% (14/298) for those above 90. For
participants with healthcare contacts prior to M| Table 2 presents averages for APC, OP and AE visits.
Test for mean equivalence shows that only OP visit means for survivors and non-survivors in the 50-
59 age group are statistically different with higher number of OP visits associated with lower
probability of survival. Also, for participants older than 60 most resource means are close in value.
Similarly to the no healthcare use category, probability of survival decreases with age from 40%
(107/267) for those who are less than 50 years old to 23% (42/181) for those above 90. The latter
three observations suggest that, within age category, probability of survival is not associated with
different healthcare resource use except for the 50-59 year olds where higher OP use correlates with
not surviving a Ml event.

Table 2 also suggests that spikes in healthcare consumption prior to the Ml event (Graph 3) cannot
be driven by age solely. Because differences in utilisation are statistically important only for the 50-
59 age category age effect on utilisation is likely to be nonlinear.
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Table 2: Average healthcare use for Survivors and Non-Survivors by age band and health resource use

Healthcare <50 (n=454) 50-59 (n=367) 60-69 (n=666) 70-79 (n=961) 80-89 (n=1055) 90+ (n=479)
Resource
Use
No HC Survived | Did not | Survived | Did not | Survived | Did not | Survived | Did not | Survived | Did not | Survived | Did not
resources (n=21) | survive | (n=17) | survive | (n=28) | survive | (n=33) | survive | (n=30) | survive | (n=14) | survive
used (n=166) (n=131) (n=256) (n=409) (n=483) (n=284)
HC Survived | Did not | Survived | Did not | Survived | Did not | Survived | Did not | Survived | Did not | Survived | Did not
resources (n=107) | survive | (n=80) survive | (n=127) | survive | (n=157) | survive | (n=154) | survive | (n=42) survive
used (n=160) (n=139) (n=255) (n=362) (n=388) (n=139)
Admitted 11.97 6.28 5.83 10.06 4.14 6.52 6.12 6.01 4.09 4.44 3.45 3.58
Patient
Care
Outpatient | 6.27 7.36 3.58 7.08 9.31 8.67 10.93 11.33 8.44 8.27 8.02 5.72
A&E 3.66 3.69 2.2 2.88 2.19 2.53 2.47 2.56 2.58 2.57 2.83 2.77

*number pairs in bold indicate statistical significance at the 5% CL
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Additional exploratory analysis on the impact of age considers plots of healthcare use by age group®.
The age plots reveal different patterns depending on age. Throughout the period leading up to the
cardiac arrest event healthcare contacts for individuals below the age of 60 are dominated by APC
visits. The pattern is different for individuals above the age of 60 with OP appointments dominating
utilisation.

Univariate Cox results

Table 3 presents the statistical results from the univariate and multivariate Cox analysis. Within the
univariate analyses, many of the coefficients for diagnosis related variables are negative. This may
reflect that diagnosis would imply treatment for this and other conditions noted on admission.
Dementia diagnosis is found to be statistically significant at the 5% level and increases the hazard
ratio by 197%. An additional year of age led to an increase in the hazard ratio of 1%. The small
magnitude of this increase is likely the reason why the effect of age was not detected in the
exploratory analysis with six dummies. A decile increase in deprivation as measured by IMD
increased the hazard ratio by 4%. An increase in the level of admitted care usage (as split out in table
2), was associated with an increase in the hazard ratio of 23%. Each additional procedure (defined as
a simple count of OPCS codes per prior admitted care spell) carried out in a prior admitted
healthcare visit reduced the hazard ratio by 17%.

Multivariate Cox results

Taking those variables which were found to be significant at the 20% level, a multivariate model was
fitted with these variables. Because deprivation data is available for 43.9% of the sample and only 28
observations fall into the first healthcare use category, analysis is restricted to individuals with any
healthcare utilisation to avoid small sample size problem.

We introduce a dummy for those above the age of 60 to account for the nonlinearities in the age
effect suggested by the descriptive analysis. Interaction variables were used to isolate the effects of
age on levels of healthcare usage. Healthcare use dummies are not included as separate explanatory
variable as F-test showed these dummies to be jointly statistically insignificant. Local area
deprivation is controlled by a set of decile dummies. Results for the final regression specification are
presented in Table 5 below.

There is a 3.1 fold increase in the risk of death following cardiac arrest where a diagnosis of
dementia was present and the effect is statistically significant. Deprivation has non-linear impact on
survival with participants living in moderately deprived and very deprived neighbourhoods (decile 4,
6, 7 and 10) having better chances of survival than those in the least deprived areas. Individuals who
are older than 60 experience 2.35 fold increase in the hazard of dying following OHCA and the effect
is statistically significant. In our regression specification the baseline category is individuals who are

! For conciseness, these plots are not presented here and are available upon request.
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older than 60 and have low healthcare use. We find that individuals who are older than 60 and have
medium healthcare use have higher probability of survival compared to the baseline group. The
coefficient estimate points to 67% statistically significant decrease in the hazard. For individuals who
are older than 60 and have high healthcare use we find a statistically significant decrease in the
hazard of 70% compared to the reference group. This finding indicates that, within a healthcare use
category, age is predictive of survival with older people more likely to survive. The separate effect of
healthcare use for medium and high healthcare use patients is found, respectively, to be a decrease
of 22% and 21% (product of age and interaction coefficients).

Table 3: Statistical analysis

Variable Hazard Ratio Coefficient P Value

Univariate analysis

Diagnosed with Acute Myocardial 0.89 -0.12 0.71
Infarction

Diagnosed with Congestive Heart Failure 0.79 -0.23 0.42
Diagnosed with Peripheral Vascular 0.37 -0.99 0.09
Disease

Diagnosed with Cerebrovascular Disease 0.79 -0.23 0.59
Diagnosed with Dementia 2.97 1.09 0.00*
Diagnosed with COPD 0.72 -0.33 0.25
Diagnosed with Rheumatoid disease 0.95 -0.05 0.95
Diagnosed with Mild Liver Disease 0.78 -0.25 0.73
Diagnosed with Diabetes 0.77 -0.26 0.37
Diagnosed with Diabetes plus 0.49 -0.71 0.23
complications

Diagnosed with Hemiplegia/Paraplegia 0.64 -0.44 0.66
Diagnosed with Renal Disease 0.78 -0.24 0.42
Diagnosed with Cancer 0.87 -0.14 0.70
Diagnosed with Severe Liver Disease 1.67 0.51 0.48
Diagnosed with Metastatic Cancer 1.57 0.45 0.39
Age (additional year) 1.01 0.13 0.00*
Level of deprivation in patient postcode 1.04 0.04 0.00*

(additional 10%)
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Additional level of admitted care usage 1.23 0.21 0.00*
(see table 2)

Multivariate analysis

Diagnosed with Peripheral Vascular 0.47 -0.76 0.221
Disease
Diagnosed with Dementia 3.10 1.13 0.005*
Deprivation decile
2 0.54 -0.62 0.313
3 0.77 -0.26 0.591
4 0.33 -1.10 0.098***
5 045 -0.81 0.218
6 0.20 -1.62 0.008*
7 033 -1.12 0.020**
8 043 -0.85 0.193
9 0.77 -0.27 0.587
10 0.30 -1.22 0.008*
Older than 60 dummy 2.35 0.85 0.06***
Interaction b/n age dummy and HC use
category
Older than 60 and medium HCuse 0.33 -1.10 0.022**
Older than 60 and high HCuse 0.30 -1.21 0.005*
Discussion

Healthcare usage increases prior to a cardiac arrest event, though the predictive power of
monitoring health contacts is unclear. A prior diagnosis of dementia was associated with a significant
increase in the risk of death following a cardiac arrest (Hazard Ratio 3.1). Age being greater than 60
at the time of the cardiac arrest was also associated with a significant increase in the risk of death.
Where prior healthcare usage was at a medium or high level the risk was reduced.

Patients’ higher contacts might be explained by the presence of other diseases rather than
prodromal symptoms. However, frequent contact with healthcare services seemed to have
protective effect with respect to OHCA.

We chose to analyse healthcare contacts in the 3-year period prior to OHCA because previous
studies based on recall have found symptoms were experienced long before the cardiac arrest
event.

Our results based on hospital administrative records are likely to be more precise as they do not
carry the risk of recall bias.

A limitation of our analysis is that we do not have information on deprivation for all observations in

the sample. As a result our deprivation results may be unreliable. We also have data only for

individuals with OHCA. As a result, the patterns we observe in the data could not be unequivocally
14



attributed to cardiac arrest event. However, our results regarding age and healthcare contacts
concur with the findings from previous analysis (14, 10).
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