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Abstract

Introduction

In-hospital cardiac arrest (IHCA) is a sentinel event for patients. Recent studies report the survival rate
to be between 1.5 and 10.4 per 1000 patients/year. We aim to determine the incidence of IHCA in a
tertiary Irish hospital in 2019 and examine outcomes following IHCA.

Methods

Data was collected on IHCAs using the electronic patient record (EPR) software. Descriptive statistics
were used to describe patient characteristics and variables of each IHCA. The Chi-squared test, Fisher
Exact test and unpaired Student’s t-test were used to assess significance.

Results

The arrest code was activated 226 times. One hundred and nineteen patients (58%) met the criteria for
IHCA. The incidence of IHCA was 5.1 per 1000 patients/year. Survival to discharge was 32.8% (N=39).
The first rhythm was shockable in 39.5% of cases (N=47) with 48.9% (N=23) surviving until discharge.
Fifty arrests (42%) occurred on ward level. There was a significant survival benefit seen with IHCAs
occurring outside of ward level and those with an initial shockable rhythm (p<0.05).

Conclusion

This hospital is a large center for primary percutaneous coronary intervention. This may account for the
higher incidence of shockable rhythms and thus higher survival rates. Monitoring of trends of IHCA
incidence and outcomes is important for future planning, resource allocation and training provision.



Introduction

A cardiac arrest is defined by the Utstein criteria as the cessation of cardiac mechanical activity, which
is confirmed by the absence of a palpable pulse, unresponsiveness and apnoea (or agonal respiratory
attempts).! An ‘in-hospital arrest’, as per the Utstein criteria, is one that occurs in a hospitalised patient
who had a pulse at the time of admission.!

There is a shortage of studies on in-hospital cardiac arrest (IHCA) in Ireland and there is currently no
national registry. A study carried out in Cork University Hospital (CUH) in 2011 reported 63 IHCAs over
a 1-year period, an incidence of 1.5 per 1000 patients/year.? This is in keeping with findings from the
UK National Cardiac Arrest Audit, where an overall incidence of 1.6 per 1000 hospital admissions was
reported. Survival to discharge was 27% for patients in CUH and survival was worse for IHCAs occurring
at ward level. 30.2% of arrests were shockable.? The UK data showed that 18.4% of patients suffering
IHCA survived until discharge.3

Fennelly et al reported a higher incidence of 10.4 per 1000 patients/year in Beaumont Hospital from
2010-2013, of which 15.6% were shockable.* Overall, 18.4% survived until discharge. A significant
association was identified between return of spontaneous circulation and shockable IHCAs (versus non-
shockable). Again, arrests occurring at ward level were associated with reduced survival.

In the United States, between the years of 2008 and 2017, the incidence of IHCA is reported as 9.7 per
1000 hospitalisations.”> The survival to rate in 2016 was 25.8%. On an international level, reported
survival to discharge varies between 0% and 42%, with larger studies reporting a figure of
approximately 20%.1

This study was carried out in St James’s Hospital, a large university teaching hospital and a primary
percutaneous coronary intervention (PCI) center. St James’s Hospital preforms 25.8% of primary PCl
cases in the Republic Ireland, the highest proportional nationally.®

A cardiac arrest alert is activated in St. James’s Hospital by calling through to the hospital switchboard.
The cardiac arrest team is alerted and attends promptly. During normal working hours the cardiac arrest
team in St James’s Hospital comprises of a cardiology registrar, cardiology senior house officer,
cardiology intern, anesthetics registrar, resuscitation officer and cardiac care nurse. Outside of normal
working hours a medical registrar, medical senior house officer and medical intern replace their
cardiology counterparts. The resuscitation officer is replaced by the site nurse manager outside of
working hours.

In this study we aim to determine the incidence and outcomes of IHCA in St. James’s Hospital in 2019
and compare this to national and international figures. We aim to identify characteristics of IHCA that
are associated with improved survival to discharge.



Methods

A record is made each time the cardiac arrest alert is activated via the hospital switchboard. This data
was used as a starting point and the Electronic Patient Record (EPR) hospital computer software was
accessed to consolidate this data. Information was gathered on baseline patient demographics,
characteristics of IHCA and outcomes following IHCA.

The Utstein criteria were used to define IHCA. We excluded all incidences when the arrest code was
activated for reasons other than IHCA. The Charlson Comorbidity Index (CCl) is used to describe the
comorbidities of the patient population. Categorical variables are presented as percentages and
continuous variables are presented as mean (+/- standard deviation). The Chi-squared test, Fisher Exact
test and the unpaired Student’s t test were used to determine clinical significance and a 2 tailed p value
of <0.05 was deemed significant. Data collection and statistical analysis was performed using Microsoft
Excel software.

Results

2019 saw in excess of 23,000 inpatient admissions, 300,000 outpatient attendances and 50,000
emergency department attendances to the hospital. During this period the cardiac arrest code was
activated on 226 occasions. One hundred and nineteen events met the criteria for IHCA, an incidence
of 5.1 per 1000 patients/year. For instances other than IHCA, the arrest code was activated most often
for syncope, seizure, hypotension, airway compromise and desaturation.

Patient and arrest characteristics for the 119 episodes of IHCA are displayed in Table 1. Associations of
characteristics with survival to discharge are displayed in Table 2.

Mean age at time of IHCA was 79.8 years (+/- 12.5). Seventy-nine patients were male (66.4%). The
survival rate was 56.3% at 24 hours (N=67). Thirty-nine patients survived until discharge (32.8%). There
was no significant association between age and survival until discharge (p=0.13). However, there was a
trend towards improved survival in patients < 70 years of age. Females were more likely to survive until
discharge (55.6% versus 30.4%, p=0.02).

The most common location for IHCA was on ward level (42%, N=50). This includes both medical and
surgical wards. Arrests occurring on ward level were associated with a significantly worse survival to
discharge when compared to other locations in the hospital (14% versus 46.4%, p<0.001).



The majority of IHCAs (70.6%) occurred outside of normal working hours (defined as between 09:00
and 17:00 on weekdays). There was no statistically significant difference in terms of survival to
discharge between IHCAs occurring inside and outside of normal working hours (p=0.36).

Forty-eight patients were under the care of the cardiology team at the time of IHCA (40.3%). Surgical
teams were caring for the patients in 23.5% of cases (N=28) and medical teams (other than cardiology)
in 33.6% (N=40) of cases.

The first documented rhythm was shockable in 39.5% of cases (N=47) and of those, 48.9% (N=23)
survived until discharge. This is compared to a 23.4% (N=15) survival rate when the first documented
rhythm was non-shockable (p<0.05).

The most common discharge destination was home (56.4% of survivors, N=22). Twelve patients were
transferred to another hospital (30.8%). In many of these cases patients were transferred to their local
hospital post undergoing primary PCl in this center. The remainder were discharged to a long-term care
facility (12.8%, N=5).

Patient comorbidities are listed in Table 3. Mean CCl scores for the patient groups are shown in Table
4. The most common comorbidity was myocardial infarction (54.6% of total patients, N=65). This was
more common in men than women and more common in patients who survived until discharge (61%,
N=24). Of the patients who did not survive until discharge, 11.3% had a metastatic solid tumor. Only 1
patient with a metastatic solid tumor survived until discharge after IHCA. There was no significant
association between individual comorbidities and survival to discharge. Survivors of IHCA had a lower
total CCl score when compared to patients who did not survive (4.9 vs 6.1, p=0.020685312).

Other common comorbidities in the patient population included congestive heart failure (42%, N=50),
localized solid tumor (21%, N=26), cerebrovascular accident/transient ischemic attack (18.5%, N=22),
moderate to severe chronic kidney disease (17.6%, N=21), uncomplicated diabetes (12.6%, N=15),
chronic obstructive pulmonary disease (10.9%, N=13) and peripheral vascular disease (10.9%, N=13).



Characteristic

Number of patients
(% of total)

Characteristic

Number of
patients
(% of total)

Gender: Rhythm:

Male 79 (66.4%) Shockable 47 (39.5%)

Female 40 (33.6%) Non-shockable 64 (53.8%)
Unknown 8 (6.7%)

Age:

Mean (+/- SD) 79.8 years (+/- 12.5) | Survival at arrest:

Median 74 years Yes 73 (61.3%)
No 46 (38.7%)

Timing:

Working hours

31 (26.1%)

Survival at 24 hours:

Outside of working hours 84 (70.6%) Yes 67 (56.3%)
Unknown 4 (3.4%) No 52 (43.7%)
Location: Survival to discharge:

Ward 50 (42%) Yes 39 (32.8%)
ICU 20 (16.8%) No 80 (67.2%)
ccu 15 (12.6%)

Cardiac Catheterisation Lab

21 (17.6%)

Discharge destination:

Other

13 (10.9%)

Home

22 (56.4%)

Another hospital

12 (30.8%)

Treating team:

Long-term care

5 (12.8%)

Cardiology 48 (40.3%)
Medical 40 (33.6%)
Surgical 28 (23.5%)
Other 3(2.5%)

Table 1: Patient and IHCA characteristics.




Non-shockable

15 (23.4%)

Characteristic Number of patients surviving | P value
to discharge (% of total)

Age:

<70 years 19 (39.6%) 0.14

>70 years 19 (26.8%)

Gender:

Male 24 (30.4%) 0.019188

Female 15 (55.6%)

Time of arrest:

Working hours 12 (38.7%) 0.362055

Outside of working hours 25 (29.8%)

Location of arrest:

Ward 7 (14%) <0.001

Locations other than ward 32 (46.4%)

Rhythm:

Shockable 23 (48.9%) 0.005

Table 2: Associations of patient and IHCA characteristics with survival to discharge.




Comorbidity All patients | Males (% Females (% | Patients Patients not | Association
(% of total) | of total) of total) surviving to surviving to | of CCl
discharge (% | discharge variable
of total) (% of total) | with

survival to
discharge
(P value)

Myocardial infarction | 65 (54.6%) | 48 (60.8%) | 17 (42.5%) 24 (61.5%) 41 (51.3%) | 0.289987

Congestive heart 50 (42%) 33 (41.8%) | 17 (42.5%) | 16 (41%) 34 (42.5%) | 0.878439

failure

Peripheral vascular | 13 (10.9%) | 12 (15.2%) | 1 (2.5%) 2 (5.1%) 11 (13.8%) | 0.157004

disease

Cerebrovascular 22 (18.5%) | 13 (16.5%) | 9 (22.5%) 4 (10.3%) 18 (22.5%) | 0.106319

accident/transient

ischemic attack

Dementia 8 (6.7%) 6 (7.6%) 2 (5%) 1(2.6%) 7 (8.8%) 0.205917

Chronic obstructive 13 (10.9%) | 8 (10.1%) 5(12.5%) 4 (10.3%) 9(11.3%) 0.870446

pulmonary disease

Connective tissue 5(4.2%) 0 5(12.5%) 1(2.6%) 4 (5%) 0.534147

disease

Peptic ulcer disease 2(1.7%) 0 2 (5%) 0 2 (2.5%) 1

Liver disease (mild) 5(4.2%) 5(6.3%) 0 2 (5.1%) 3 (3.8%) 0.72503

Liver disease 1(0.8%) 1(1.3%) 0 0 0 1

(moderate to severe)

Diabetes 15(12.6%) | 12(15.2%) | 3 (7.5%) 4 (10.3%) 11(13.8%) | 0.589911

(uncomplicated)

Diabetes (end-organ | 9 (7.6%) 6 (7.6%) 3(7.5%) 3(7.7%) 6 (7.5%) 0.970292

damage)

Hemiplegia 2 (1.7%) 1(1.3%) 1(2.5%) 0 2 (2.5%) 1

Chronic kidney 21(17.6%) | 19 (24.1%) | 2 (5%) 5(12.8%) 16 (20%) 0.334885

disease (moderate to

severe)

Solid tumor 26 (21%) 17 (21.5%) | 9 (22.5%) 10 (25.6%) 16 (20%) 0.484548

(localized)

Solid tumor 10 (8.4%) 3(3.8%) 7 (17.5%) 1(2.6%) 9(11.3%) 0.108919

(metastatic)

Leukemia 1(0.8%) 1(1.3%) 0 0 1(1.3%) 1

Lymphoma 2 (1.7%) 1(1.3%) 1(2.5%) 1(2.6%) 1(1.3%) 0.600664

AIDS 0 0 0 0 0 1

Table 3: CCl variables in patient groups and association of CCl variables with survival to discharge.




All patients | Males Females Patients Patients not | P value
surviving to | surviving to (patients who
discharge discharge survived to

discharge vs
patients who
did not)

Mean CCl score | 5.8 (+/-2.7) | 5.7 (+/-2.7) | 5.9 (+/-2.6) | 4.9 (+/-2.5) | 6.1 (+/-2.7)

(+/-standard

deviation)
0.020685312

Table 4: Mean CCl score in patient groups.
Discussion

We report an IHCA incidence of 5.1 per 1000 patients/year. This is higher than the incidence reported
in Cork University Hospital in 2011 and that reported by the UK National Cardiac Arrest Audit.> 3 It is
less than half of the incidence reported by Beaumont Hospital in 2010-2013 (10.4 per 1000
patients/year).* Shockable rhythms accounted for a larger proportion of arrests (39.5%) and the survival
to discharge rate (32.8%) was notably higher than that reported in similar studies.

The higher incidence of shockable rhythms may be in part explained by the high volume of ST elevation
myocardial infarctions (STEMI) treated with primary PCl in this hospital. The greater proportion of
shockable rhythms is the likely explanation for the higher-than-expected survival rate.

A higher rate of survival to discharge was seen with female patients. The significance of this finding
should be interpreted with caution given that the patient numbers in this study are small (40 female
patients, 15 of whom survived until discharge). Many studies have failed to show that gender influences
survival to discharge.! However, other studies such as that by Herlitz et al.” have shown female gender
to be an independent predictor for survival to discharge.

Ofoma et al.8 have demonstrated in a previous study of US patients that survival was significantly lower
in patients who arrested during off-hours compared with on-hours (16.8% vs. 20.6%; p < 0.0001).
Although survival in both groups improved over time (the study period was between 2000 and 2014),
the survival difference persisted between the groups. In our study, there was no difference in survival
between IHCAs occurring during and outside of normal working hours. This is reassuring and suggests
a consistent standard of training in resuscitation techniques across the board for junior medical doctors.



In line with other studies, survival was worse for IHCAs occurring on the medical and surgical wards.>*

This was the most frequent location for IHCA (42%). This suggests that additional systems need to be
put in place to allow for the early detection of clinical deterioration on the ward level. When
appropriate, high-risk patients can then be transferred to a more suitable clinical setting with more
intensive monitoring.

In our study, in 47.3% of cases, the cardiac arrest code was activated for reasons other than cardiac
arrest. This suggests a protentional role for a medical emergency team (MET), that could be called upon
in the case of a clinically deteriorating patient, not meeting the criteria for IHCA. A MET team typically
consists of medical and nursing staff from the intensive care and general medical teams. Studies on the
effectiveness of MET teams have shown promising results.?

Following the introduction of a MET system in a tertiary referral hospital, Bellomo et al.® reported a
relative risk reduction of 65% in the incidence of IHCA, 55% in death following cardiac arrest and 88%
in overall in-hospital mortality. In the UK, the Aintree University Hospitals Trust implemented this
system and reported a sustained 33% decrease in cardiac arrest calls as a result. In addition, there was
a reduction of >50% of clinical incidents relating to failure to manage acute deterioration.°

From an Irish perspective, an Emergency Response System was implemented in Tallaght University
Hospital in 2012. An audit in 2014 showed a 21% decrease in the number of IHCA calls in a one-year
period. Of the patients who triggered an Emergency Response Team call, 63% were discharged home,
31% did not survive to discharge and 6% were still inpatients at the end of the study period.!

However, the majority of studies on METs have not been double-blinded or placebo-controlled. This
must be taken into account when interpreting the results. The positive results may partly be explained
by an increase in the number of not-for-resuscitation orders and the education of staff on the ward that
is typical prior to the introduction of a MET.% 1213 When Hillman et al.'* randomised 23 hospitals in
Australia to continue functioning as usual or to introduce a MET system, they found no significant
difference in the incidence of IHCA, unplanned intensive care unit (ICU) admissions or unexpected
deaths between the groups.

Improvements in the standard of living and advances in healthcare has resulted in people living for
longer.'®> The population of Ireland is aging and the prevalence of frailty increases with age. Frailty
places older adults at risk of hospitalization with longer duration of hospital stays. It is therefore likely
that the number of IHCAs will increase in line with this. Holmberg et al estimated a 23% increase in the
annual incidence of IHCA in the United States from 2008 (268200 cases) to 2017 (328700 cases).® The
health system in Ireland needs to be prepared for the public health burden from IHCA that we can
expect in the coming years.



Older age is also associated with worse survival following IHCA. A Swedish study of more than 11,000
patients found that the thirty-day survival rate was 28% for patients aged 70-79 years, 20% for patients
aged 80—89 years, and 14% for patients aged >90 years.® Differences in cut-off values for age leads to
difficulty in making comparisons between studies. Age above and below 70 years has been used as a
cut off value in multiple studies.'’"*® Although there was no significant association between age and
survival to discharge in our study, there was a trend towards improved survival in patients < 70 years
of age.

It is important that up-to-date statistics on incidence and outcomes of IHCA are available when
informing patients and family members about likely prognosis should IHCA occur. It can inform decision
making on resuscitation status and avoid inappropriate ICU admissions. It is also imperative to guide
allocation of hospital resources. This includes the Basic Life Support and Advanced Cardiac Life Support
training programmes and the provision of intensive care beds within the hospital.

In 2016 Sinha et al.? reported a striking lack of randomised control trials on treatments for IHCA. In
order to improve outcomes, more research needs to be carried out in this area.

We acknowledge that not all episodes of IHCA result in activation of the arrest code, in particular IHCAs
that occur in the cardiac catheterisation lab or in the ICU. In these cases, there is often sufficient trained
personnel present who can manage the arrest without the need for additional support. For this reason,
the incidence of IHCA may be greater than reported.

As data was collected retrospectively for this study, not all data points could not be obtained for each
episode of IHCA. Missing data accounts for <1% of the total data points.
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