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Abstract
Background—Illness severity scores are commonly employed in critically ill patients to predict
outcome. To date, prior scores for post-cardiac arrest patients rely on some event-related data. We
developed an early, novel post-arrest illness severity score to predict survival, good outcome and
development of multiple organ failure (MOF) after cardiac arrest.

Methods—Retrospective review of data from adults treated after in-hospital or out-of-hospital
cardiac arrest in a single tertiary care facility between 1/1/2005 and 12/31/2009. In addition to
clinical data, initial illness severity was measured using serial organ function assessment (SOFA)
scores and full outline of unresponsiveness (FOUR) scores at hospital or intensive care unit
arrival. Outcomes were hospital mortality, good outcome (discharge to home or rehabilitation) and
development of multiple organ failure (MOF). Single-variable logistic regression followed by Chi-
squared automatic interaction detector (CHAID) were used to determine predictors of outcome.
Stepwise multivariate logistic regression was used to determine the independent association
between predictors and each outcome. The Hosmer-Lemeshow test was used to evaluate goodness
of fit. The n-fold method was used to cross-validate each CHAID analysis and the difference
between the misclassification risk estimates were used to determine model fit.

Results—Complete data from 457/495 (92%) subjects identified distinct categories of illness
severity using combined FOUR motor and brainstem subscales, and combined SOFA
cardiovascular and respiratory subscales: I. Awake; II. Moderate coma without cardiorespiratory
failure; III. Moderate coma with cardiorespiratory failure; and IV. Severe coma. Survival was
independently associated with category (I: OR 58.65; 95% CI 27.78, 123.82; II: OR 14.60; 95%
CI 7.34, 29.02; III: OR 10.58; 95% CI 4.86, 23.00). Category was also similarly associated with
good outcome and development of MOF. The proportion of subjects in each category changed
over time.

Conclusions—Initial illness severity explains much of the variation in cardiac arrest outcome.
This model provides prognostic information at hospital arrival and may be used to stratify patients
in future studies.
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INTRODUCTION
The treatment of a patient with restoration of spontaneous circulation (ROSC) after cardiac
arrest has evolved significantly. In particular, the syndrome of post-cardiac arrest illness has
been described as consisting of several distinct, pathophysiological changes [1]. Severity of
illness is an important determinant of the response to therapeutic interventions. Classifying
post-cardiac arrest patients with historical features, such as initial cardiac rhythm, or event-
related features, such as witnessed collapse or location of collapse, is a surrogate for the
physiological state of the patient. These classifications suffer from modest reliability [2] and
weak association with in-hospital clinical course [3]. While several illness severity scores
have been developed for critically ill patients, prior scores for post-cardiac arrest patients
rely on some event-related data. [4, 5] Data obtained after ROSC and prior to reaching
target temperature were used to stratify post-cardiac arrest patients into clinically
meaningful illness severity categories. Such categories permit tailoring of therapy for post-
arrest patients. Rates of survival, neurologic outcome and development of multiple organ
failure (MOF) are presented for each category.

METHODS
This study was approved by the University of Pittsburgh Institutional Review Board.
Subjects did not provide written informed consent for this study as these data are part of an
ongoing quality assurance/quality improvement initiative in our facility.

Study Population
Subjects were adults (≥18 years) admitted to the emergency department or intensive care
unit at a single tertiary care center after ROSC following cardiac arrest between 1/1/2005
and 12/31/2009. Cardiac arrest was defined as receiving chest compressions or rescue shock
by a professional healthcare provider. Subjects with both in-hospital cardiac arrest (IHCA)
and out-of-hospital cardiac arrest (OHCA) were included. Cardiac arrests occurring in the
emergency department were classified as IHCA. In 2007, our facility implemented a multi-
disciplinary post-cardiac arrest care plan, including therapeutic hypothermia (TH), for this
patient population [6]. The protocol involves rapid induction of TH to a goal temperature of
33 °C for 24 hours followed by gradual rewarming (0.25 °C) to normothermia. To optimize
cerebral perfusion, mean arterial blood pressure is targeted to ≥80mmHg and ventilator
settings are titrated for a pCO2 of 40. Fluid infusion along with vasopressor or inotropes
were used to maintain a urine output of ≥0.5 mL/kg/hr. Patients with STEMI or a new left-
bundle branch block on EKG receive emergent coronary angiography. Patients with a
history and symptoms consistent with acute myocardial infarction, cardiogenic shock, or
focal wall motion abnormality on echocardiogram are also considered for urgent
angiography. In 2009, continuous EEG monitoring was added to this post-arrest bundle
given the high incidence of seizures in the post-arrest population. [7]

All patient records between 1/1/2005 and 12/31/2009 were abstracted for age, gender,
initial rhythm of arrest, location of arrest (IHCA or OHCA), performance of coronary
angiography, TH treatment, survival to hospital discharge, and rates of good outcome. Other
prehospital variables, such as determination of witnessed collapse and bystander CPR, suffer
from modest reliability and were not included in the data abstraction. [2] Multiple reviewers
examined a subset of records to confirm data reliability. Discrepancies were resolved by
consensus.

Organ system dysfunction was determined using the individual organ dysfunction subscales
of the Serial Organ Function Assessment (SOFA) scale [8]. The SOFA score ranges from 0–
4 in each of the following organ systems: cardiovascular, respiratory, nervous, liver,
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coagulation and renal. A higher score signifies greater impairment. The SOFA was selected
over other scores such as the APACHE or Simplified Acute Physiology Score, which
included measurements such as central venous pressure that are frequently not available [9].
Organ failure was defined as a score ≥3 (range 0–4) on one subscale of the SOFA, with
MOF defined as a score of ≥3 on three or more subscales during the first 72 hours of
hospitalization. As this model is designed to evaluate the utility of an early illness severity
score, baseline organ dysfunction was determined using data obtained within the first 6
hours after cardiac arrest.

Neurological status was rated for subjects by using the Full Outline of Unresponsiveness
(FOUR) score [10]. This 16 point score is designed to evaluate the comatose patient with
greater texture than the Glasgow Coma Scale, which is one subscale in the SOFA. FOUR
score is comprised of a 0–4 score for Motor, Brainstem, Respiratory, and Eye responses. A
lower score signifies greater impairment. Data for the calculation of this score were
considered valid only when determined in the absence of sedatives or paralytics and within 6
hours of arrest. Neurologic examinations were completed by one of the authors for 222/457
(49%) of subjects. The remainder was obtained from either the critical care attending note or
the ICU nursing note. In prior work [11], the reliability of these examinations is good
between various examiners and abstractors.

Records were considered adequate for analysis if data allowed calculation of an initial
SOFA and FOUR score in the absence of sedation or paralysis within the first six hours
after cardiac arrest. In subjects treated with TH, SOFA and FOUR scores were calculated
prior to arrival at goal temperature (defined as ≤34°C). Prior work has demonstrated that
most OHCA patients are mildly hypothermic on hospital arrival [12]. Only cases lacking
these data, or for which specific data were not recorded until more than 6 hours after ROSC,
were considered inadequate and excluded.

Outcome Measures
Patient outcomes included survival to hospital discharge, neurological status at death or
hospital discharge, and development of MOF. For subjects surviving to hospital discharge,
“good” neurological outcome was defined as discharged to home or acute rehabilitation and
“poor” neurological outcome was defined as being discharged to a skilled nursing facility,
long-term acute care facility, or death. “Good” status corresponds to cerebral performance
categories (CPC) 1 or 2 and “poor” status corresponds to CPC 3–4 [6].

Statistical Analysis
Single-variable logistic regression was completed on each SOFA and FOUR subscore as
well as age, gender, primary rhythm of arrest, location of arrest (IHCA or OHCA), treatment
with TH, initial temperature, and year of treatment to determine if it was associated with
survival, MOF, or good outcome. Individual subscores of SOFA and FOUR were used to
determine the most significant predictors of outcome. Subscores were considered more
appropriate for this analysis because aggregate SOFA and FOUR scores contain duplicative
information (e.g. FOUR-motor and SOFA-nervous subscores) and the values of some
subscores may be artificially distorted (e.g. FOUR-respiratory may be affected by controlled
mechanical ventilation).

The Chi-Square automatic interaction detector (CHAID) was used to analyze interactions
between candidate predictor variables from the single-variable logistic regression and three
outcome measures: survival, good outcome, and MOF (Answer Tree 3.1; SPSS, Inc.,
Chicago, IL). Individual analyses were completed for each outcome measure. For each
analysis, CHAID identified variables and split-points most strongly associated with outcome

Rittenberger et al. Page 3

Resuscitation. Author manuscript; available in PMC 2012 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



using an exhaustive automatic splitting method. This method tests all possible variables at
each split (analysis of variance F test) and selects the variable with the strongest interaction.

Optimal combinations of SOFA and FOUR subscales for predicting survival, good outcome
and MOF were determined using the CHAID algorithm [13, 14] implemented in SPSS (v.
17; SPSS, Inc., Chicago, IL). FOUR Motor and FOUR Brainstem were most consistently
associated with survival and good outcome in both univariable and multivariable regression,
while SOFA Cardiovascular and SOFA Respiratory were associated with survival and MOF.
Therefore, these variables were combined into a neurologic variable (FOUR Motor-
Brainstem = FOUR Motor + FOUR Brainstem) and organ failure variable (SOFA Cardiac-
Respiratory = SOFA Cardiac + SOFA Respiratory).

Cross-validation of each analysis was conducted using the n-fold method. This established
method [15–17] randomly partitions the original sample into subsamples with 90% of the
cases (10 in this study), which then serve as test samples for cross-validation analyses. The
misclassification risk estimates for each of the validation samples are then averaged and
compared with the misclassification risk estimate for the original sample. The smaller the
difference between risk estimates from the original sample and the average of the cross-
validation samples, the lower the risk of misclassification in the original data-driven model.
For categorical data, the risk estimate represents the proportion of misclassified cases; for
continuous data, the risk estimate represents the potential variance around the mean of the
measure.

The independent association between categories of early illness severity and outcomes were
evaluated using multivariable logistic regression to adjust for other clinical variables. A
stepwise approach was used with a p-value for inclusion of 0.15. Univariates that were
dropped from the initial analysis were not reincorporated into the revised model. Interaction
terms were examined as appropriate. The Hosmer-Lemeshow (HL) test was used to
determine goodness-of-fit. [18] Regression results were presented using Odds Ratios (OR's).
Category IV was used as the referent group for the logistic regression analysis given the low
rates of survival and good outcome in this group. Chi-squared analyses were used to
compare rates of survival, good outcome, and death. CHAID results were also presented
using Chi-squared analyses. ANOVA was used to compare proportions of subjects in each
category over time.

RESULTS
Of 495 subjects treated during this time period, 457 had valid data for analysis. Excluded
subjects (N=38) more frequently experienced IHCA, were comatose, and were treated in
2008 (corresponding to a loss of data during the change in electronic medical record systems
for the ICU; p<0.05). Excluded subjects less frequently experienced a primary rhythm of
VF/VT, received TH, and received coronary angiography (p<0.05). (Table 1)

The proportion of comatose subjects in categories II and III increased between 2005–2009
(p=0.001). (Figure 1A) However, survival in the total comatose population (categories II,
III, and IV) did not change over time (2005- 20%; 2006- 31%; 2007- 37%; 2008- 31%;
2009- 33%; p=0.52; Figure 1B).

Derivation of illness severity categories
Regression Analysis—Predictors of survival, good outcome, and development of MOF
are listed in Supplemental Table 1. Multivariable regression using the predictor variables
outlined above demonstrated that survival was associated with FOUR Motor (OR 1.86; 95%
CI 1.46, 2.36), FOUR Brainstem (OR 1.86; 95% CI 1.45, 2.37), SOFA Cardiovascular (OR
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0.74; 95% CI 0.59, 0.93), and SOFA Renal (OR 0.74; 95% CI 0.55, 0.99). This model had
good fit with a HL value of 0.60.

Good outcome was associated with FOUR Motor (OR 1.70; 95% CI 1.35, 2.14), FOUR
Brainstem (OR 1.71; 95% CI 1.30, 2.24), age (OR 0.97; 95% CI 0.95, 0.99), and primary
rhythm of VF/VT (OR 2.60; 95% CI 1.48, 4.59). This model demonstrated good fit with HL
value of 0.88.

MOF was associated with FOUR Brainstem (OR 0.70; 95% CI 0.58, 0.85), SOFA
Cardiovascular (1.69; 95% CI 1.36, 2.10), SOFA Respiratory (OR 1.48; 95% CI 1.15, 1.92),
SOFA Renal (OR 1.54; 95% CI 1.12, 2.10), and SOFA Coagulation (OR 1.76; 95% CI 1.08,
2.86). This model had good fit with HL value of 0.46.

FOUR Motor-Brainstem had a univariable association with survival (OR 1.71; 95% CI:
1.55, 1.88), good outcome (OR 1.60; 95% CI: 1.44, 1.77) and MOF (OR 0.76; 95% CI: 0.70,
0.82). SOFA Cardiac-Respiratory had a univariable association with survival (OR 0.78; 95%
CI: 0.71, 0.84), good outcome (OR 0.80; 95% CI: 0.73, 0.88) and MOF (OR 1.51; 95% CI:
1.37, 1.67).

CHAID Analysis—In CHAID analysis, FOUR Brainstem was the primary predictor of
survival (Chi-Square 138.074, p<0.001). Good outcome was primarily predicted by FOUR
Motor (Chi-Square 95.66, p<0.001). However, it was the combination variable of FOUR
Motor-Brainstem that provided optimal categorization of the population for both survival
(Chi-Square 172.47, p<0.001) and good outcome (Chi-Square 110.33, p<0.001). Both the
survival and good outcome analyses, demonstrated data-driven models with a minimal risk
of misclassification. The difference between risk estimates from the original sample and
cross-validation sample were 0.041 and 0.079, respectively. SOFA Cardiac-Respiratory ≥ 4
was most predictive of development of MOF (Chi-Square 77.81, p<0.001). This difference
between risk estimates from the original sample and cross-validation sample was 0.045,
again demonstrating a data-driven model with a minimal risk of misclassification.

Grouping subjects according to neurological score (FOUR Motor-Brainstem 0–3, 4–7, 8)
and cardiopulmonary dysfunction (SOFA Cardiac-Respiratory 0–3, 4–8) initially yielded six
different categories of illness severity (Figure 2). However, subjects in the FOUR Motor-
Brainstem <4 and in the FOUR Motor-Brainstem >7 groups experienced similar outcomes
throughout the range of SOFA Cardiac-Respiratory scores. Therefore, these were combined
for simplification, resulting in four categories with the following descriptions: awake
(category I), moderate coma without cardiorespiratory failure (category II), moderate coma
with cardiorespiratory failure (category III) and severe coma (category IV).

Outcomes by illness severity category
Historical features and treatment differed between categories. (Table 2) An initial rhythm of
VF/VT was less common in category IV subjects. OHCA was more common in category II
and IV subjects. Temperature at initial examination was lowest in category IV subjects. TH
was rarely applied to category I subjects (all prior to 2007). Coronary angiography was less
commonly performed for category III and IV subjects.

Survival was independently associated with category (I: OR 58.65; 95% CI 27.78, 123.82;
II: OR 14.60; 95% CI 7.34, 29.02; III: OR 10.58; 95% CI 4.86, 23.00) as was OHCA (OR
2.03; 95% CI 1.22, 3.37). (Figure 3A) This model demonstrated good fit with an HL value
of 0.27. Likewise, good outcome was associated with category (I: OR 52.31; 95% CI 21.87,
125.14; II: OR 11.22; 95% CI 4.81, 26.18; III: 10.76; 95% CI 4.14, 27.95), age (OR 0.98;
95% CI 0.96, 0.99), and OHCA (OR 2.71; 95% CI 1.58, 4.66). Again, appropriate fit was
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noted with an HL value of 0.70. Development of MOF was associated with category (I:
0.05; 95% CI 0.02, 0.15; II: 0.32; 95% CI 0.17, 0.58) alone. (Figure 3B) This final model
was robust, with an HL value of 0.99.

DISCUSSION
This study identified four distinct categories of post-cardiac arrest illness severity based on
neurological dysfunction combined with cardiopulmonary dysfunction during the first few
hours after ROSC. Survival, good outcome, and MOF varied greatly between categories,
and the proportions of patients in different categories varied over time. The present results
emphasize that illness severity should be carefully measured and accounted for in future
studies of therapies.

The category of early illness severity had a stronger association with survival, good outcome
and cause of death than did primary rhythm or location of arrest. Many patient
characteristics are associated with survival with ROSC after cardiac arrest. For example,
witnessed collapse, use of epinephrine, lidocaine, or dopamine are negatively associated
with the hazard of death during the first day after OHCA [3]. However, only age and use of
epinephrine are associated with hazard of death after the first day [3, 19], suggesting that
event-related variables such as witnessed collapse, which are important for predicting
restoration of pulses, have less influence on post-cardiac arrest course. Prior work has shown
that coronary angiography is associated with good outcome following cardiac arrest. [20]
However, receipt of coronary angiography covaried with OHCA and depth of coma. In this
study, most subjects received coronary angiography more than one day following ROSC,
limiting the utility of this variable in a model designed to predict outcomes based on
variables found in the first 6 hours following ROSC.

In contrast, the physiological state of the patient after ROSC appears to be highly associated
with the subsequent clinical course. Initial examination and laboratory results available in
the first 6 hours following ROSC may be used to provide immediate prognostic information
to families and clinicians. Importantly, no category of initial illness severity excludes good
neurologic outcome. We previously noted that patients in deep coma were less likely to
receive coronary angiography and 4 patients with ST elevation myocardial infarction did not
receive this therapy due to poor neurologic status. [20] These data do not support
withholding aggressive post-arrest care for comatose patients.

The categories of early illness severity derived in this paper explain a variety of observations
about post-cardiac arrest patients. For example, category III is largely comprised of IHCA
cohort and is the category most likely to suffer from MOF. IHCA has previously been
reported to have a higher rate of progression to MOF compared to OHCA. [21] Cardiac
arrest with an initial rhythm of VF also is more likely than non-VF rhythm to result in
category I or II patients, with excellent prognoses, versus category IV patients, with poor
prognoses. [Table 2]

The secular trend noted in early illness severity between 2005–2009 may be due to several
factors. (Figure 3A) First, this study occurred after implementation of the 2005 ECC
guidelines [22], which may require several years to translate into practice [23]. Second,
several local EMS agencies were involved in clinical trials that conducted targeted training
to increase chest compression fraction [24]. Finally, the development of a comprehensive
treatment plan at this referral center may have altered the pattern of patient referrals in the
region.

Categories of post-cardiac arrest illness severity can be determined using objective data
available to the clinician at the bedside during initial evaluation to predict the probability of
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survival, good outcome and MOF. Category can be used to counsel about prognosis,
selecting patients for clinical trials, and comparing populations between different clinical
trials or settings. Early illness severity explains much of the variation in outcome between
IHCA and OHCA and between VF and non-VF cardiac arrest. Future interventional studies
should carefully measure early illness severity using instruments such as SOFA, FOUR
score or the post-arrest categories, and assure equal allocation of illness severity between
treatment groups.

There are several limitations to this study. Subjects with greater illness severity had lower
initial core temperatures on hospital arrival. This may represent an inability to maintain core
temperature in subjects with most severe neurologic injury. While these findings are
consistent with prior work [12], it may have confounded the initial neurologic examination.
Some subjects did receive prehospital cooling, however, this is unlikely to have affected
outcome as a recent clinical trial demonstrated no change in outcome with prehospital
cooling. [25] It is also possible that the initial neurologic examination was less regimented
prior to implementation of TH and a post-cardiac arrest care plan. However, we restricted
this analysis to patients without sedation and with well-documented examinations by
attending physicians. We believe the potential bias from excluded subjects is small as this
group was only 8%, although there were some differences in baseline characteristics.
Finally, the models could not adjust for other patient factors that were not measured. Thus,
variations in illness severity over the first six hours, technical differences in delivery of TH,
or other factors may have contributed to the results.

Advantages of this study include the fact that data were collected in a center with a
multidisciplinary post-cardiac arrest care plan. Regimented neurological examinations were
employed. The CHAID model both derived and validated optimal cutoffs used to
differentiate between categories. Finally, the risk estimates of these models are small,
demonstrating data-driven models with minimal risk of misclassification.

CONCLUSIONS
Initial illness severity explains much of the variation in cardiac arrest outcomes. This model
provides prognostic information at hospital arrival and a universal nomenclature to stratify
patients in future studies.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1A).
Distribution of post-cardiac arrest category in comatose subjects by year.
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Figure 1B).
Survival by post-cardiac arrest category in comatose subjects by year.
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Figure 2.
Categories of post-cardiac arrest early illness severity. Dashed lines delineate the cutoffs for
the initial six-category model. Solid lines delineate cutoffs for the final four-category model.
Abbreviations: FOUR M+B: full outline of unresponsiveness combined motor and
brainstem subscores, SOFA C+R: serial organ function assessment combined cardiac and
respiratory subscores.
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Figure 3A).
Survival and good outcome by post-cardiac arrest category.
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Figure 3B).
Development of multiple organ failure by post-cardiac arrest category.
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Table 1

Characteristics of subjects deriving category of arrest. Therapeutic hypothermia achieved delineates group
where temperature ≤34°C was achieved.

Included (N=457) Excluded (N=38)

Age, in years (SD) 61 (16) 61 (14)

Male sex 259 (57%) 25 (66%)

OHCA* 253 (55%) 9 (24%)

Rhythm*

 VF/VT 185 (41%) 8 (21%)

 PEA 131 (29%) 9 (24%)

 Asystole 88 (19%) 11 (29%)

 Unknown 52 (11%) 10 (26%)

Year*

 2005 64 (14%) 4 (10%)

 2006 86 (19%) 8 (21%)

 2007 82 (18%) 2 (6%)

 2008 103 (22%) 20 (53%)

 2009 122 (27%) 4 (10%)

Therapeutic Hypothermia Intended 221 (48%) 21 (55%)

Therapeutic Hypothermia Achieved 202 (44%) 13 (34%)

Coma on arrival (GCS<9)* 287 (62%) 31 (82%)

Coronary Angiography* 160 (45%) 3 (12%)

LOS (IQR) 7 (4, 15) 10 (4, 21)

Survival 213 (47%) 19 (50%)

Good Outcome 144 (32%) 7 (18%)

Abbreviations: OHCA- out-of-hospital cardiac arrest, VF/VT- ventricular fibrillation/pulseless ventricular tachycardia, PEA- pulseless electrical
activity, GCS- Glasgow coma scale, LOS-length of stay (days), SD- standard deviation, IQR- interquartile range.

*
p<0.05
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Table 2

Post cardiac arrest category, patient characteristics, treatments, and outcome. Therapeutic hypothermia
achieved delineates group where temperature ≤34°C was achieved.

Category I (N=141) Category II (N=98) Category III (N=63) Category IV (N=155)

Age, in years (SD) 62 (15) 61 (15) 62 (16) 60 (19)

Male sex 88 (62%) 49 (50%) 41 (65%) 81 (52%)

OHCA* 52 (37%) 68 (69%) 24 (38%) 109 (70%)

Rhythm*

 VF/VT 69 (49%) 49 (50%) 27 (43%) 40 (26%)

 PEA 35 (25%) 24 (25%) 16 (25%) 56 (36%)

 Asystole 23 (16%) 10 (10%) 14 (22%) 42 (26%)

 Unknown 13 (10%) 15 (15%) 6 (10%) 18 (12%)

Temperature during initial clinical

examination, °C (SD)*#
(N=106)
35.9 (1.5)

(N=71)
35.5 (1.5)

(N=48)
35.4 (2.3)

(N=119)
35.1 (1.9)

Therapeutic Hypothermia Intended* 8 (6%) 76 (78%) 33 (52%) 104 (67%)

Therapeutic Hypothermia Achieved* 4 (3%) 71 (72%) 29 (46%) 98 (63%)

Coronary Angiography* 65 (56%) 43 (64%) 15 (31%) 37 (30%)

Death from poor neurologic prognosis 5 (4%) 29 (30%) 16 (25%) 66 (43%)

Abbreviations: OHCA- out-of-hospital cardiac arrest, VF/VT- ventricular fibrillation/pulseless ventricular tachycardia, PEA- pulseless electrical
activity, SD- standard deviation.

*
p<0.01 between groups

#
initial temperature not available for all subjects.
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