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Objective: Define the frequency and survival pattern of cardiac arrests in relation to the hospital day of
event and etiology of arrest.
Subject and methods: Retrospective cohort study of adult in-hospital cardiac arrests between July 1, 2005,
and June 30,2013, that were classified by etiology of deterioration. Arrests were divided based on hospital
day (HD) of event (HD1, HD2-7, HD>7 days), and analysis of frequency was performed. The primary
outcome of survival to discharge and secondary outcomes of return of spontaneous circulation (ROSC)
and favorable neurological outcomes were compared using multivariable logistic regression analysis.
Return of spontaneous circulation Results: A total of 627 cases were included, 193 (30.8%) cases in group HD1, 206 (32.9%) in HD2-7, and
Outcome assessment 228(36.4%) in HD>7. Etiology of arrest demonstrated variability across the groups (p <0.001). Arrests due
Adult to ventilation issues increased in frequency with longer hospitalization (p <0.001) while arrests due to
Hospitalization dysrhythmia had the opposite trend (p=0.014). Rates of survival to discharge (p=0.038) and favorable
neurological outcomes (p =0.002) were lower with increasing hospital days while ROSC was not different
among the groups (p=0.183). Survival was highest for HD1 (HD1: 38.9% [95% CI, 32.0-45.7%], p=0.002
vs HD2-7: 34.0% [95% CI, 27.5-40.4%], p <0.001 vs HD>7: 27.2% [95% (I, 21.4-33.0%], p<0.001).
Conclusions: The etiology of cardiac arrests varies in frequency as length of hospitalization increases.
Survival rates and favorable neurological outcomes are lower for in-hospital arrests occurring later in the
hospitalization, even when adjusted for age, sex, and location of event. Understanding these issues may
help with focusing therapies and accurate prognostication.

© 2016 Elsevier Ireland Ltd. All rights reserved.
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Introduction

Survival from in-hospital cardiac arrest has been historically low
with reported rates of success varying across hospitals from 15%
to 40% but with the most common estimate around 20%.'-7 Well-
established prognostic parameters for a favorable outcome have
been identified, including witnessed events, short time between
collapse and arrival of the resuscitation team, short duration of CPR,
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and ventricular fibrillation as the first recorded rhythm.*”-2 How-
ever, there are few studies dedicated to evaluating the cause of the
cardiac arrest and its relationship to the outcome of in-hospital car-
diac arrests. Wallmuller et al. found that 63% of arrests were due
to a cardiac etiology which had a significantly better outcome than
those who had a non-cardiac cause of arrest (44 vs 23%); the major-
ity of non-cardiac causes were attributed to pulmonary causes.'?
However, this prior study was designed to evaluate in-patient car-
diac arrests within an emergency room equipped with ICU beds.

Our study aims to evaluate the outcome of in-hospital cardiac
arrests, focusing on the relationship between etiology and outcome
and, in particular, in relation to the length of hospitalization prior
to the cardiac arrest. We sought to test the hypothesis that cardiac
arrests occurring after longer hospitalizations were associated with
lower survival rates and worse neurological outcomes compared to
shorter hospitalizations.
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Assessed for eligibility (n=714 CA)
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+ CAin trauma bay/ED (n=14)
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Fig. 1. Flow diagram illustrating the number cardiac arrests (CA) occurring during the study period (ED =emergency department, HD = hospital day group, ICU = intensive

care unit).

Methods
Study design and setting

This is a retrospective cohort study that assessed all adult
patients admitted to University of California, San Diego (UCSD),
a tertiary referral center. Cardiac arrests from two hospitals were
included in the study, including the UCSD Hillcrest Medical Cen-
ter and Thornton Hospital which are comprised of a total of 530
beds of which 74 are licensed ICU beds. The study included all
patients who were admitted to the hospital and had a cardiac arrest
between July 1, 2005, and June 30, 2013. Resuscitation attempts are
conducted by a multidisciplinary team, who have been certified
in Advanced Resuscitation Training (ART) and include residents,
attending physicians, nurses, pharmacists, and respiratory ther-
apists. ART is a resuscitation management program designed for
inpatient cardiopulmonary arrests, which is used as an alternative
to advanced cardiac life support (ACLS) at UCSD.!!

Inclusion and exclusion criteria

Patients who were 18 years or older and experienced a cardiac
arrest (defined as the lack of a palpable central pulse, apnea, and
unresponsiveness), requiring cardiopulmonary resuscitation (CPR)
or defibrillation, were included in the analysis. Only index events,
defined as the first arrest for patients having more than 1 arrest
during the same hospitalization, were included. Exclusion criteria
included all cardiac arrests in which resuscitation was initiated out
of the hospital, in the emergency department, in the trauma bay,
or if the patient had an active do-not-attempt resuscitation order

(Fig. 1).
Data collection and integrity

Cardiac arrests were identified through a robust review of stan-
dardized resuscitation records, “code blue” committee minutes, the
continuous quality improvement (CQI) database, and the electronic
medical record. Information for each cardiac arrest was entered into
a database and cross-referenced to ensure data integrity. Detailed
chart review for medical history, clinical presentation, and under-
lying disease was completed. The project was approved by the
University of California, San Diego, Institutional Review Board (IRB
150899).

Advanced Resuscitation Training

Hospital-based resuscitation has unique features related to
the etiologies of arrest and the spectrum of deterioration. ART
was developed as a comprehensive program involving resuscita-
tion training aimed at not only preventing arrests in critically ill
patients but also optimizing the treatment of the cardiopulmonary
arrest patient by linking CQI with training and incorporating
new understanding of resuscitation science.'? As part of tailor-
ing treatment algorithms and improving recognition of clinical
deterioration, the ART Matrix was developed, which represents a
taxonomy to describe the various etiologies of cardiopulmonary
arrest. The matrix is hierarchical and categorizes resuscitation
events as described in Table 1. Patients were designated into
one of these groups after review of the medical record, including
autopsy reports or imaging studies, if available. ART relies heav-
ily on early recognition and an aggressive rapid response system.
Rapid responses can be activated by staff or the patient/family.

Outcome

The primary outcome measure was survival to discharge. Sec-
ondary outcomes were return of spontaneous circulation (ROSC) for
more than 1h and favorable neurological outcomes. Neurological
outcome was determined using the cerebral performance category
(CPC) score. A favorable neurological outcome was defined as a
cerebral performance score of 1 or 2 (range, 1-5) at the time of
discharge.

In addition, outcome measures were evaluated based on length
of hospitalization. Cardiac arrests were divided into three groups
based on the hospital day (HD) in which the event occurred. The
first group included all arrests that occurred on the first hospi-
tal day or within 24 h of the day of admission (HD1), the second
group included cardiac arrests on hospital day 2 through 7 (HD2-7),
and the third group included all cardiac arrests that occurred after
hospital day 7 (HD>7 days). The ranges were chosen to compare
three specific cohorts of patients. Given that the average length
of hospitalization at UCSD is 4.1 days, HD1 represents the group
that had an arrest as an early complication of their hospitalization
compared to those with an arrest preceded by an average length of
hospital stay (HD2-7) and those with an arrest during a prolonged
hospitalization (HD>7).!3
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Table 1
Definitions for the etiology of cardiac arrest based on the Advanced Resuscitation Training (ART) Matrix.
A cardiac arrest is presumed to be of the following aetiology if deterioration can be primarily attributed to the
following: -
Ventilation Intubated
H.ypoxemia which ‘may be fiue to kno.wn pulmonary Non-intubated
disease (pneumonia, chronic obstructive pulmonary
disease, asthma, etc.) or with airway obstruction that Tracheostomy
accompanies a decrease in mental status (due to Rapid sequence intubation
analgesia/sedation, sleep apnea, hypoglycemia, etc.). Includes cardiac arrest as a complication
Patients are further divided based on airway access prior following airway management initiation
to the arrest. .
Circulation Sepsis
Hypoperfusion which may be due to loss of intravascular Clinical syndrome that results from a
volume (including blood loss or fluid shift into the dysregulated inflammatory response to
interstitial space), obstruction of forward flow, or infection
secondary to impaired cardiac function. Hemorrhage
Includes gastrointestinal bleeding and post-
operative blood loss
Pulmonary embolus
Cardiac dysfunction
Includes  congestive  heart failure and
. constrictive disease (ie. pericardial effusion)
Dysrhythmia Ventricular fibrillation/ventricular tachycardia
Abnormality in the rate, regularity, or rhythm of cardiac Vagal
electrical activity as the primary cause of cardiac arrest. Identified as cardiac arrests preceded by
bradycardia in the setting of an identifiable
vagal stimulus (i.e. micturation, defecation,
L deep oral suctioning, position change, etc.)
Neurological
Acute neurological deficits or alteration in mental status, not attributable to hypoperfusion, hypoxemia, or
hypoglycemia, which may include cerebrovascular accident or intracranial hemorrhage.
Unknown
Cause of arrest is not known or could not be classified as any of the options above.
Data analysis 10
90
Statistical analysis was conducted via SPSS Statistics (IBM Corp., %
Version 21.0. Armonk, NY). For discrete variables, the number o
of observations was calculated for each level or outcome and
. . . . . 60
tested for significant differences between groups with the chi- QDysrhythmia

squared test. Continuous variables are reported as medians and
interquartile ranges. Percentages were determined for dichoto-
mous variables and are presented with 95% confidence intervals
(95% CI). To examine the association between hospital day and
survival to discharge, multivariable logistic regression analyses
were used with hospital day as the exposure variable. The model
included clinically important confounders, including age, sex, and
event location (ICU vs non-ICU inpatient ward). Using this model,
analyses were also performed to determine the effect of hospital
day on return of spontaneous circulation and favorable neurolog-
ical outcome. All p values represent 2-sided hypothesis tests. The
significance level for all tests was o <0.05.

Results

There were 627 cases of in-hospital, index event, cardiac arrests
that occurred during the 8-year study period, including 193 (30.8%)
cases in group HD1, 206 (32.9%) in HD2-7, and 228 (36.4%) in HD>7
(Fig. 2). Patient characteristics are shown in Table 2. Event location
was determined by whether the arrest occurred in the intensive
care unit or not. The distribution of age, sex, and event location
were similar among the three groups, as noted with non-significant
p values. The incidence of all in-hospital CA during the study period

Circulation

B Ventilation

AETIOLOGY OF ARRESTS (%)
8

HD1 HD2-7 HD>7

Fig. 2. Trend in cardiac arrests based on etiology of arrests within each hospital
day group (left) for three main etiologies of arrest (ventilation, circulation, and
dysrhythmia).

was 3.39 CA/1000 patient discharge, and the median day of arrest
was on hospital day 4. The incidence of CA in the ICU was 1.78
CA/1000 patient discharges during the study period.

Causes of cardiac arrest

Cardiac arrests were classified into the ART Matrix based on
etiology of deterioration and hospital day of event as shown in
Table 3. The majority of cases were classified in the ventilation
group (38.6%); of which, the largest subgroup included the patients
who were not intubated prior to the cardiac arrest (28.9%). The
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Table 2

Patient characteristics.
No. (%) p value
HD1 (n=193)? HD2-7 (n=206)* HD>7 (n=228)? Total (n=627)

Age at event, median (25-75%), year 58 (49-69) 61 (52-74) 59 (47-67) 60 (50-70) 0.076

Male sex 123 (63.7) 129 (62.6) 156 (68.4) 408 (65.1) 0.402

Event location in ICU 100 (51.8) 110 (53.4) 120 (52.6) 330(52.6) 0.951

2 HD1 was defined as cardiac arrest event occurring on hospital day 1, HD2-7 as event on days 2-7, and HD>7 as event after 1 week of hospitalization.

Table 3

Etiology of cardiac arrests by hospital day.
No. (%) p value
HD1 (n=193)" HD2-7 (n=206)" HD>7 (n=228)" Total (n=627)

Ventilation 49 (25.4) 79 (38.3) 114 (50) 242 (38.6) <0.001
Intubated 6(3.1) 11(5.3) 18(7.9) 35(5.6) 0.044
Non-intubated 40(20.7) 62 (30.1) 79 (34.6) 181 (28.9) 0.002
Tracheostomy 1(0.5) 4(1.9) 9(3.9) 14 (2.2) 0.03
Rapid sequence intubation 2(1) 2(1) 8(3.5) 12(1.9) 0.05

Circulation 69 (35.8) 62 (30.1) 66 (28.9) 197 (31.4) 0.829
Sepsis 37(19.2) 36(17.5) 37(16.2) 110 (17.5) 0.991
Hemorrhage 13(6.7) 10(4.9) 14(6.1) 37(5.9) 0.704
Pulmonary embolus 7(3.6) 6(2.9) 4(1.8) 17 (2.7) 0.662
Cardiac dysfunction 12 (6.2) 10(4.9) 11(4.8) 33(5.3) 0913

Dysrhythmia 65(33.7) 45(21.8) 37(16.2) 147 (23.4) 0.014
VF/VT? 44 (22.8) 40 (19.4) 26 (11.4) 110 (17.5) 0.087
Vagal 21(10.9) 5(2.4) 11(4.8) 37 (5.9) 0.005

Neurological 6(3.1) 9(44) 2(0.9) 17 (2.7) 0.113

Unknown 4(2.1) 11(5.3) 9(3.9) 24 (3.8) 0.197

2 VF/VT, ventricular fibrillation/ventricular tachycardia.

b HD1 was defined as cardiac arrest event occurring on hospital day 1, HD2-7 as event on days 2-7, and HD>7 as event after 1 week of hospitalization.

circulation group was composed of mainly arrests secondary to
sepsis (17.5%), and the dysrhythmia group was largely represented
by ventricular fibrillation/ventricular tachycardia (VF/VT, 17.5%)
arrests. The remaining cardiac arrests were classified into the neu-
rological group, which included 17 arrests (2.7%), and 24 (3.8%)
cardiac arrests which were unknown. Perhaps due to the limited
number of cases, the neurological group did not have statistically
significant findings.

Frequency in relation to hospital day

Etiology of cardiac arrests demonstrated significant variabil-
ity across the hospital day groups (p <0.001). Specifically, cardiac
arrests due to ventilation issues increased in frequency with longer
duration of hospitalization (p<0.001) while arrests due to dys-
rhythmia had the opposite trend (p=0.014). As the length of
hospitalization increased, the proportion of all arrests due to ven-
tilation etiologies increased from 20.2% on the first hospital day to
47.1% after the first week of hospitalization while 44.2% of all dys-
rhythmic arrests occurred on hospital day 1 and tapered to 25.2%
after hospital day 7. The circulation group had an overall down-
ward trend across the hospital days when compared with all cardiac
arrests, but the frequency of arrests within the circulation group
was similar (p=0.829). Fig. 2 depicts the trend in cardiac arrests
based on etiology as the frequency within the hospital day groups.

The trend in the ventilation group continues to be statistically
significant even with the division into the subgroups (intubated:
p=0.044, non-intubated: p=0.002, tracheostomy: p=0.030, and
rapid sequence intubation: p=0.05). Analysis of the dysrhythmia
subgroups revealed a significant trend in vagal arrests (p=0.005),
and although the subgroup VF/VT did not reach statistical signif-

icance alone (p=0.087), the trend seen in the dysrhythmia group
is reflective of the VF/VT subgroup given that the subgroup makes
up the majority of the dysrhythmia group. There was no significant
difference for the frequency of cardiac arrests within the circulation
subgroups.

Outcome in relation to hospital day

Rates of survival to discharge and favorable neurological out-
comes were lower with increasing hospital days while ROSC was
not different among the groups with increasing length of hospital-
ization. Patients with cardiac arrests that occurred at the beginning
of their hospitalization had a higher survival rate than patients
whose arrest occurred later, namely after 1 week of hospitaliza-
tion (Table 4). A logistic regression was performed to ascertain
the effects of day of hospital arrest and the etiology of arrest
on the likelihood of patients dying. The logistic regression model
was statistically significant, x2(14)=282.288, p<0.001. The model
explained 17.1% (Nagelkerke R?) of the variance in survival and
correctly classified 69.9% of cases with a sensitivity of 94.3% and
specificity of 19.9%. Group day of arrest had no significant effect on
survival to discharge (Wald =4.181, p=0.124). However, the type of
arrest did significantly affect survival to discharge (Wald =30.865,
p<0.001). Patients having a circulation type of arrest were 11.389
times more likely to die than patients having a dysrhythmia type of
arrest (C.1.=4.805-26.992, p <0.001) while patients having a respi-
ratory failure type of arrest were 2.477 times more likely to die than
patients having a dysrhythmia type of arrest (C.I.=1.158-5.299,
p=0.019). There was no significant main interaction effect between
group day of arrest and type of arrest on survival (Wald =6.855,
p=0.552). However, patients having a circulation type of arrest
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Table 4
Cardiac arrest outcomes by hospital day.?
No. (%) [95% confidence interval] 0Odds ratio (95% confidence interval) p value®
HD1 HD2-7 HD>7 Total Unadjusted Adjusted odds
(n=193)° (n=206)" (n=228)° (n=627) odds ratio ratio
(HD1/HD>7) (HD1/HD>7)¢
Survival to discharge 75 (38.9) 70 (34) 62 (27.2) 207 (33.0) 0.588 0.587 0.012
[32.0-45.7] [27.5-40.4] [21.4-33.0] [29.3-36.7] (0.391-0.886) (0.386-0.891)
Return of spontaneous circulation 146 (75.6) 142 (68.9) 155 (68) 443 (70) 0.684 0.685 0.088
[69.6-81.7] [62.6-75.3] [61.9-74.0] [67.1-74.2] (0.444-1.051) (0.443-1.058)
Favorable neurological outcome” 67 (34.7) 55(26.7) 45 (19.7) 167 (26.6) 0.462 0.455 0.001
[28.0-41.4] [20.1-32.7] [14.6-24.9] [23.2-30.1] (0.298-0.719) (0.290-0.714)

2 p<0.001 for all HD groups for all 3 outcomes, except survival to discharge for HD1 where p=0.002.

A cerebral performance category score of 1 or 2 (range, 1-5).

Regression adjusted for sex, age, and event location.

b
c
d
¢ p value for adjusted odds ratio.

during days 2-7 of hospitalization were less likely to die prior to
discharge (Wald =3.899, 0.R.=0.293, C.1.=0.089-0.991, p=0.048).

Discussion

This study defines the frequency and outcome of patients suffer-
ing from in-hospital cardiac arrests in relation to the hospital day
of event and etiology of arrest. Specifically, as ventilation arrests
increased, dysrhythmic arrests decreased. In addition, survival to
discharge is inversely proportional to the length of hospitalization
prior to the cardiac arrest. This trend is likely a reflection of multi-
ple factors related to patient characteristics, pre-arrest conditions,
etiology of arrest, and complications of prolonged hospitalization.
This trend has been noted in previous studies of rapid response
teams that have found that late deterioration (>7 days after admis-
sion) is associated with a higher incidence of respiratory distress
and worse outcomes.'4 1> Few studies have evaluated time of day as
a predictor of survival and have noted that survival rates for cardiac
arrests during the night was lower than during the day.'6-19

Factors which have been associated with death after in-hospital
arrest include pre-arrest morbidity, specifically, with clinical diag-
noses of sepsis, renal failure, and cancer. Not surprisingly, average
length of hospitalization is longest for each of these diagnoses.?0-24
In 2009-2010, the average length of hospitalization for septicemia,
cancer, and kidney disease was 9.3 days, 6.4 days, and 6.2 days,
respectively, for the age group of 65-74 years.2> The worst survival
outcome in our cohort is found in the group with the longest hos-
pitalization prior to the arrest which likely has a higher population
of patients with these co-morbidities.

Several studies have identified parameters predictive of a favor-
able outcome in patients with in-hospital cardiac arrests and found
that VF/VT arrests have been consistently shown to have better
outcomes compared to non-VF/VT rhythms.!#26 This finding is
confirmed by the better outcomes in our patients in the first hos-
pital day group, which has the highest percentage of arrests with
a shockable dysrhythmia. Carr et al. studied early cardiac arrest in
patients hospitalized with pneumonia and found that the major-
ity of patients had an arrhythmia in the absence of concurrent
hypotension or respiratory distress.?’” However, their group found
that the most common initial arrest rhythms were PEA and asystole
and not shockable rhythms. Although this finding is not reflective
of the higher proportion of VF/VT in our HD1 group, some episodes
of PEA or asystole that were found may represent late detection
of pulselessness and subsequent degeneration from a shockable
arrest rhythm.?® The absence of respiratory distress is consistent
with our data in that lower rates of cardiac arrest due to ventilation
were found in the first two hospital day groups.

HD1 was defined as cardiac arrest event occurring on hospital day 1, HD2-7 as event on days 2-7, and HD>7 as event after 1 week of hospitalization.

Our findings should be interpreted in light of the following
potential limitations. This study suffers from a low sample size
in some subgroups, which increases the risk of type II errors. The
study was performed at a single, academic institution, and the
results of the paper may not be generalizable for other institutions.
A cause-effect relationship between hospital day and etiology of
arrest cannot be inferred due to the nature of our study design.
Measures of severity of illness and complexity of co-morbidity
are not provided. In addition, CPC score was not evaluated on
admission which may have led to an underestimation of favorable
neurological outcome (i.e., categorizing patients with no change in
neurological status from admission to discharge as having a poor
neurological outcome).

Lastly, the observation that return of spontaneous circulation is
not affected by hospital day is important. In large part, at UCSD,
ART has improved immediate success rates with cardiac arrest.
ART relies heavily on early recognition and prevention and has an
active rapid response system. In 2012-13 the RRT rate was 31.4
events/1000 patient discharges and just over 50% of those patients
are transferred to a higher level of care as a result of the rapid
response. We are unable to examine the impact of rapid response
on day of arrest, but have shown a decrease in incidence with our
system.!! On a national level, both survival and neurological out-
comes after in-hospital cardiac arrest have improved over the last
decade, likely due to earlier recognition and improved resuscita-
tion care. Cardiac arrests can be avoided with early recognition
and should be part of protocols implemented in order to inter-
vene at earlier clinical time points before progression to a cardiac
arrest.2?:30 Considering that the morbidity associated with cardiac
arrests is high, a resuscitation program geared toward early detec-
tion of deterioration is crucial in avoiding preventable arrests.

Our study approaches the classification of cardiac arrests from
a novel perspective, not only in regards to frequency and survival
patterns based on a temporal spectrum of hospital days, but also
from a functional perspective to guide cardiac arrest prevention and
to improve aspects of a resuscitation program. ART was designed
to prompt early intervention and to tailor treatment algorithms
based on the etiology of deterioration. Thus, characterization of
arrest and survival patterns is crucial in improving in-patient resus-
citation programs. Moreover, such information can be crucial to
providing accurate guidance to patients/families during code status
discussions.

Conclusions
The etiology of cardiac arrests as defined by the ART Matrix

varies in frequency as length of hospitalization increases. Survival
rates and favorable neurological outcomes are lower for in-hospital
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cardiac arrests occurring later in the hospitalization, even when
adjusted for potentially confounding factors. The mechanism for
decreased survival is likely multi-factorial, related to patient phys-
iology as well as operational factors. These data suggest the need for
further studies aimed to improve resuscitation practices and prog-
nostication. Future studies may examine the impact of increasing
hospital stay on etiology of CA and survival. Ultimately interven-
tional strategies could be defined based on the type and pattern of
arrest and the associated prognosis.
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