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Abstract

Background: Several scoring systems have been used to predict short-term outcome in patients with out-of-hospi-
tal cardiac arrest (OHCA), including the disease-specific OHCA and CAHP (Cardiac Arrest Hospital Prognosis) scores, as
well as the general severity-of-illness scores Acute Physiology and Chronic Health Evaluation Il (APACHE 1) and Simpli-
fied Acute Physiology Score Il (SAPS II). This study aimed to assess the prognostic performance of these four scores to
predict long-term outcomes (> 2 years) in adult cardiac arrest patients.

Methods: This is a prospective single-centre cohort study including consecutive cardiac arrest patients admitted
to intensive care in a Swiss tertiary academic medical centre. The primary endpoint was 2-year mortality. Secondary
endpoints were neurological outcome at 2 years post-arrest assessed by Cerebral Performance Category with CPC
1-2 defined as good and CPC 3-5 as poor neurological outcome, and 6-year mortality.

Results: In 415 patients admitted to intensive care, the 2-year mortality was 58.1%, with 96.7% of survivors showing
good neurological outcome. The 6-year mortality was 82.5%. All four scores showed good discriminatory perfor-
mance for 2-year mortality, with areas under the receiver operating characteristics curve (AUROC) of 0.82,0.87, 0.83
and 0.81 for the OHCA, CAHP, APACHE Il and SAPS Il scores. The results were similar for poor neurological outcome at
2 years and 6-year mortality.

Conclusion: This study suggests that two established cardiac arrest-specific scores and two severity-of-illness scores
provide good prognostic value to predict long-term outcome after cardiac arrest and thus may help in early goals-of-
care discussions.
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Background

Cardiac arrest is a global public health challenge and an

important cause of premature death [1, 2]. Mortality is

high, and survivors frequently carry a significant disease
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sedated, rendering clinical neurological evaluation dif-
ficult [7-9]. Therefore, clinicians have to rely on history
and ambiguous clinical and diagnostic findings for early
prognostication and adequate counselling of relatives [8,
10]. Although substantial progress has been made in the
prognostication of short-term outcomes after cardiac
arrest [8, 11-13], prospective data for early prognosti-
cation of long-term outcomes (>2 years) after cardiac
arrest are scarce [14—16]. Recently, the focus in post-car-
diac arrest research has shifted from short-term to long-
term outcomes, as highlighted in the 2021 European
guidelines for post-resuscitation care and two recently
published systematic reviews and a meta-analysis [8,
17, 18]. Reliable prediction of long-term outcomes is of
great importance because a change in the level of neuro-
logical functioning can still occur months after hospital
discharge [8, 13]. In many cases, patients and relatives
would agree to limiting therapeutic efforts in the light of
poor prognosis, foreseeable poor quality of life or high
risk of physical or mental disability [19, 20]. There is a
wide consensus among health care professionals that life-
sustaining interventions should only be used if they are
consistent with the patient’s values and goals [21]. There-
fore, prediction of long-term outcomes might provide
important additional information to guide early discus-
sions about goals-of-care and the extent of therapeutic
effort.

In the past 15 years, several clinical risk scores have
been developed and validated specifically for early prog-
nostication after cardiac arrest [22, 23]. Still, only a few
have been adequately validated in independent cohorts
[22]. In 2006, the Out-of-Hospital Cardiac Arrest
(OHCA) score was developed, which relies on five clini-
cal (no-flow and low-flow interval, initial rhythm) and
laboratory parameters (creatinine, lactate) available at
ICU admission [11]. The Cardiac Arrest Hospital Prog-
nosis (CAHP) score was developed in 2016 and includes
additional information regarding resuscitation measures
(location of cardiac arrest, adrenaline [epinephrine] dos-
age) and a different laboratory parameter (pH) on ICU
admission [12]. The severity-of-illness scores APACHE II
(Acute Physiology and Chronic Health Evaluation II) and
SAPS II (Simplified Acute Physiology Score II) have been
widely used in critical care research, and the required
clinical and laboratory parameters are readily avail-
able for all post-cardiac-arrest patients [24, 25]. All four
scores were successfully validated for the prediction of
short-term neurological outcomes and mortality [26—35].
However, these scores have not been evaluated regarding
long-term outcomes.

This study aims to evaluate the performance of the
OHCA, CAHP, APACHE II, and SAPS II scores for early
prognostication of long-term mortality and long-term
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neurological outcome in a large-scale prospective cohort
of cardiac arrest patients.

Methods

Study setting

This study was conducted using the prospective COM-
MUNICATE/PROPHETIC cohort of consecutive cardiac
arrest patients admitted to the 42-bed interdisciplinary
ICU of the University Hospital Basel, Switzerland (ter-
tiary teaching hospital). The COMMUNICATE/PRO-
PHETIC study investigates the outcomes of cardiac arrest
patients and the psychosocial stress of their relatives. The
details of the study conductance have been published
previously [29, 36—41]. Informed consent was either
obtained from the patient or the relatives, depending on
the decision-making capability of the index patient. In
cases of missing relatives, permission was obtained from
an independent physician not involved in the study. The
study was approved by the Ethics Committee of North-
western and Central Switzerland (www.eknz.ch) and fol-
lowed the principles of the Declaration of Helsinki and its
amendments. Analysis and reporting for this study were
conducted in accordance with the Transparent Reporting
of a Multivariable Prediction Model for Individual Prog-
nosis or Diagnosis (TRIPOD) statement [42].

Participants

Between October 2012 and November 2019, all patients
with ROSC admitted to the ICU after OHCA or in-hos-
pital cardiac arrest (IHCA) were prospectively included.
Not eligible were patients suffering a cardiac arrest while
being monitored (ICU, intermediate care unit, operat-
ing theatre, cardiac catheterisation laboratory). Fur-
ther exclusion criteria were age <16 years or denial of
informed consent. The patients were treated according to
the standardised local treatment protocol, including tar-
geted temperature management, in compliance with the
guidelines of the European Resuscitation Council [8, 43,
44).

Outcomes

The primary outcome was long-term mortality at 2 years.
Secondary outcomes were long-term neurological out-
come at 2 years assessed by the Cerebral Performance
Category (CPC), and long-term mortality at 6 years.
The CPC system was used by the original development
studies [11, 12] and most validation studies in accord-
ance with the Utstein Style of reporting data from OHCA
[45]. It divides neurological outcome into five categories:
CPC=1: good cerebral performance; CPC=2: moder-
ate cerebral disability; CPC=3: severe cerebral disabil-
ity; CPC=4: coma or vegetative state; CPC=5: death or
brain death. Good neurological outcome was defined as a
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CPC of 1 or 2, and poor neurological outcome as a CPC
of 3 to 5 in accordance with the development studies [11,
12].

Data collection

The clinical information was prospectively collected
from patient records by the study team. For the calcula-
tions of the respective scores, the methodologies of the
original publications were strictly applied [11, 12, 24,
25]. Information on resuscitation parameters was col-
lected, including no-flow and low-flow interval, setting
of cardiac arrest, initial rhythm, drugs administered, and
whether bystander basic life support was performed,
as well as clinical data (e. g., heart rate, blood pressure,
respiratory rate, urine output, temperature, Glasgow
Coma Scale [GCS], intubation status), demographic data
(age, sex), pre-existing medical conditions (hyperten-
sion, coronary artery disease, congestive heart failure,
chronic obstructive pulmonary disease, diabetes, chronic
kidney and liver disease, malignant disease) and blood
parameters (pH, lactate, base excess, bicarbonate, cre-
atinine, urea, sodium, potassium, bilirubin). Predictor
data for calculation of the scores were complete in 79.0%
(OHCA), 67.2% (CAHP), 82.9% (APACHE II), and 84.6%
(SAPS II), respectively. Missing values were primarily the
no-flow time (missing in 12.8%), which is necessary for
calculating the OHCA and CAHP scores, and the initial
pH (missing in 14.0%), which is required for the CAHP
score only. To account for missing data to calculate the
four scores, imputed datasets using multiple imputa-
tions by chained equations were used for comparisons
between scores. Imputations were calculated using mul-
tiple covariables (i.e., socio-demographics, comorbidities,
resuscitation information, vital signs) also including main
outcomes (death, neurological outcome) to reduce bias as
previously suggested [46].

Follow-up and survival

In the context of the COMMUNICATE/PROPHETIC
study, all patients who had consented to be contacted by
the study team were scheduled for a standardised tele-
phone follow-up after 2 years with an assessment of vital
status and neurological performance. After the 2-year
follow-up period, survival data were obtained by directly
contacting either the patient, their relatives, or their gen-
eral practitioner. If patient contact was not possible, the
medical records of the University Hospital Basel (Swit-
zerland) and publicly available death registries were con-
sulted for information concerning vital status. Patients
lost to follow-up were censored at the date of the last
follow-up. The follow-up time was calculated from the
moment of admission to death or censoring date, which-
ever date came first.
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Score risk categories

According to the original publication of the CAHP score
[12] and a validation study of the OHCA score [26], the
CAHP score results were divided into three categories
(<150; 150-200;>200 points), and the OHCA score
results into four categories (<20;>20-40;>40-60;>60
points). Higher risk score categories are associated with
a higher risk of an unfavourable outcome [12, 26]. For the
APACHE 1II and the SAPS II scores, corresponding risk
categories do not exist [24, 25].

Statistical analysis

For continuous variables, descriptive statistics such as
means, medians, and interquartile ranges were used,
and categorical or binary variables were analysed by
counts and proportions. Binary and categorical variables
between groups were compared using Pearson’s y*-test.
Continuous data were checked graphically for normal-
ity of the distribution. Continuous, normally distrib-
uted variables were compared using analysis of variance
(ANOVA) or t-test, and continuous, skewed variables
were compared using the Wilcoxon rank-sum test. The
scores were calculated according to the original pub-
lications [11, 12, 24, 25]. To assess the prognostic per-
formance of the scores, measures of discrimination and
calibration were calculated. Discriminatory performance
was summarised by the area under the receiver operating
curve (AUROQC) for all endpoints. An AUROC of 0.7-0.8
was classified as acceptable, 0.8—0.9 as good, and >0.9 as
excellent. The approach suggested by DeLong et al. was
used to compare ROC curves between groups or between
scores [47]. For the OHCA and CAHP score, sensitiv-
ity, specificity, positive predictive value (PPV), negative
predictive value (NPV), positive and negative likelihood
ratio were calculated for the cut-offs described above.
The association of the score value with the outcomes
was assessed by conducting regression analyses with cal-
culation of hazard ratios (HR) and their 95% confidence
intervals (CI) for mortality using Cox-regression models
for time to event data (i.e., mortality) and logistic regres-
sion analyses with odds ratios (OR) for poor neurological
outcome. Calibration of the OHCA and CAHP score was
assessed graphically by depicting observed vs. expected
outcome event numbers per decile of predicted risk on
a calibration plot. All statistical analyses were conducted
using STATA 15 (Stata Corporation, College Station,
United States of America).

Results

Baseline characteristics

During the study period, 486 cardiac arrest sur-
vivors were admitted to the ICU of the University
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Hospital Basel, Switzerland. The final analysis included
415 patients, as 38 patients were excluded due to with-
held informed consent or screening failure, and 33
patients were lost to follow-up before assessment of vital
status at 2 years. Secondary outcome data were available
for 80.2% (CPC at 2 years) and 70.4% (6-year mortality)
of the included patients. Baseline characteristics strati-
fied by the primary endpoint of 2-year survival are pre-
sented in Table 1. Factors significantly associated with
higher mortality were female gender, higher age, chronic
comorbidities (chronic obstructive pulmonary disease,
diabetes, chronic kidney disease, cancer), longer no-flow

Table 1 Baseline characteristics
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and low-flow intervals, unwitnessed cardiac arrest, and
non-shockable initial rhythm, as well as lower GCS score,
higher lactate levels and lower pH on ICU admission.

Mortality and neurological outcome

Of 415 patients, 201 (48.4%) died during the initial hos-
pital stay. Withdrawal of life-sustaining therapy was con-
ducted in 179 of these 201 patients (89%). After 2 years,
241 of 415 patients (58.1%) died. Of the 92 survivors with
an assessment of neurological outcome after 2 years, 89
(96.7%) had a good neurological outcome (CPC 1-2),
and 3 (3.3%) a poor neurological outcome (CPC 3-4).

All 2-year survivors 2-year non-survivors p-value
n 415 174 (41.9%) 241 (58.1%)
Sociodemographics
Age (years), mean (SD) 64.7 (14.9) 59 (14.5) 68.8 (13.7) <0.001
Male gender 301 (72.5%) 141 (81.0%) 160 (66.4%) <0.001
Comorbidities
Hypertension 206 (49.9%) 85 (48.9%) 121 (50.6%) 0.72
Coronary artery disease 242 (58.6%) 114 (65.5%) 128 (53.6%) 0.015
Congestive heart failure 58 (14.0%) 20 (11.5%) (1 5.9%) 02
COPD 40 (9.7%) 5(2.9%) 5 (14.6%) <0.001
Diabetes 91 (22.0%) 24 (13.8%) 67 (28.0%) <0.001
Chronic kidney disease 61 (14.8%) 14 (8.0%) 47 (19.7%) 0.001
End-stage liver disease 9 (2.2%) 1(0.6%) 8(3.3%) 0.057
Malignant disease 47 (11.4%) 7 (4.0%) 40 (16.7%) <0.001
Resuscitation parameters
IHCA 54 (13.0%) 20 (11.5%) 34 (14.2%) 043
No-flow time (minutes), mean (SD) 4 (6) 1) 5(7) <0.001
Low-flow time (minutes), mean (SD) 20(17) 16 (13) 3(19) <0.001
Witnessed cardiac arrest 334 (81.1%) 162 (93.6%) 172 (72 0%) <0.001
Bystander CPR 280 (67.8%) 145 (83.3%) 135 (56.5%) <0.001
Bystander CPR professional 93 (40.8%) 49 (45.0%) 44 (37.0%) 022
Initial rhythm <0.001
VF 204 (49.4%) 125 (71.8%) 79 (33.1%)
) 9 (4.6%) 1(6.3%) 8(3.3%)
PEA 91 (22.0%) 2 (6.9%) 79 (33.1%)
Asystole (1 8.2%) 0 (5.7%) 65 (27.2%)
Unknown 4 (5.8%) 6 (9.2%) 8 (3.3%)
Clinical/laboratory parameters on ICU admission
GCS, mean (SD) 54) 7 (5) 4(3) <0.001
Endotracheal intubation 353 (86.1%) 127 (74.3%) 226 (94.6%) <0.001
Haemodynamic support (mechanical) 47 (11.5%) 5(8.8%) 32 (13.4%) 0.15
Haemodynamic support (pharmacological) 289 (70.5%) 1 (64.9%) 78 (74.5%) 0.036
Lactate (mmol/l), mean (SD) 6.8 (4.4) 9@3.1) 1(4.7) <0.001
pH, mean (SD) 7.22(0.16) 7.27 (0.11) 720( 7) <0.001

Data presented as n (%) unless otherwise specified

COPD chronic obstructive pulmonary disease, CPR cardiopulmonary resuscitation, GCS Glasgow Coma Scale, IHCA in-hospital cardiac arrest, PEA pulseless electrical

activity, SD standard deviation, VF ventricular fibrillation, VT ventricular tachycardia
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After 6 years, 241 of 292 patients (82.5%) died. A Kaplan—
Meier survival estimate of the total cohort is shown in
Additional file 1: Figure S1.

Prognostic performance of risk scores

Table 2 summarises the prognostic performance of
the OHCA, CAHP, SAPS II, and APACHE II scores
for the prognostication of the primary and secondary
outcomes. For 2-year mortality, all scores showed good
discriminatory performance, with the CAHP yielding
an AUROC of 0.87 (95% CI 0.84-0.90), followed by the
APACHE II score (0.83 [95% CI 0.79-0.87]), the OHCA
score (0.82 [95% CI 0.78-0.86]) and the SAPS II score
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(0.81 [95% CI 0.76—0.85]). The differences between the
AUROC values were statistically significant (y*=19.4,
p<0.001). A graphical comparison of ROC curves for
2-year mortality is shown in Additional file 1: Figure
S2. The CAHP showed good discriminatory perfor-
mance for the secondary endpoints with an AUROC
of 0.86 (95% CI 0.82-0.90) for the 2-year neurological
outcome and an AUROC of 0.88 (95% CI 0.83-0.93) for
6-year mortality. All other scores showed acceptable
to good discriminatory performance for the second-
ary endpoints (for details see Table 2). For the OHCA
and CAHP score, prognostic accuracy at the predefined
cut-offs is presented in Tables 3 and 4, respectively. An

Table 2 Comparison of long-term prognostic performance between scores

Score OHCA CAHP APACHE II SAPS I
A: mortality at 2 years
Score points in all patients (n=415) 23 161 30 65
(8,38) (118, 196) (26, 35) (55,75)
Score points in survivors (n=174) 9 118.5 27 58
(—3,22) (93,145) (22, 30) (48, 66)
Score points in non-survivors (n=241) 31 188 33 72
(21,45) (160, 219) (29, 38) 61,81)
p-value (Wilcoxon rank-sum test) <0.001 <0.001 <0.001 <0.001
HR per quartile (95% Cl) 211 231 1.95 1.92
(1.85,2.40) (2.02,2.64) (1.73,2.21) (1.70,2.17)
AUROC (95% Cl) 0.82 0.87 0.83 0.81
(0.78,0.86) (0.84,0.90) (0.79,0.87) (0.76,0.85)
B: mortality at 6 years
Score points in all patients (n=292) 29 179 32 68
(15, 44) (140, 209) (28,37) (58,79)
Score points in survivors (n=51) 13 115 28 58
(=2, 25) (90, 141) (23,31) (495, 67)
Score points in non-survivors (n=241) 31 188 33 72
(21,45) (160, 219) (29, 38) (61,81)
p-value (Wilcoxon rank-sum test) <0.001 <0.001 <0.001 <0.001
HR per quartile (95% Cl) 1.56 1.79 161 1.55
(137,1.77) (1.57,2.04) (142,1.81) (137,1.74)
AUROC (95% CI) 078 0.88 0383 0.80
(0.71,0.84) (0.83,0.93) (0.77,0.90) (0.74,0.87)
C: neurological outcome at 2 years
Score points in all patients (n=333) 27 171 31 67
(13,42) (134, 204) (27,36) (58,78)
Score points in patients with good neurological 12 119 27 60
outcome (n=289) (—1,22) (101, 145) (23,30) (48, 68)
Score points in patients with poor neurological 31 188 33 72
outcome (n=244) (21, 45) (159.5,218.5) (29, 38) 61,81)
p-value (Wilcoxon rank-sum test) <0.001 <0.001 <0.001 <0.001
OR per quartile (95% Cl) 2.99 3.86 323 249
(2.25,3.98) (2.82,5.30) (241,4.32) (1.91,3.24)
AUROC (95% Cl) 0.81 0.86 083 0.78
(0.76,0.85) (0.82,0.90) (0.78,0.88) (0.73,0.84)

Data presented as median (IQR) unless otherwise specified

APACHE Il Acute Physiology and Chronic Health Evaluation Score Il, AUROC area under the receiver operating characteristics curve, CAHP Cardiac Arrest Hospital
Prognosis Score, OHCA Out-of-Hospital Cardiac Arrest Score, HR hazard ratio, OR odds ratio, SAPS Il Simplified Acute Physiology Score Il
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Table 3 Performance of OHCA score at different cut-off points
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OHCA category >1
Cut-off 20 points

>l >l
Cut-off 40 points Cut-off 60 points

A: mortality at 2 years

Total number of patients n 231

2-year survivors n (%) 48 (20.8)

Death within 2 years n (%) 183 (79.2)
Sensitivity 75.9(70.0,81.2)
Specificity 724 (65.1,78.9)
PPV 79.2 (73.4,843)
NPV 68.5(61.2,75.1)
LLR+ 2.75(2.14,3.54)
LLR— 0.33(0.26,042)

B: mortality at 6 years

Total number of patients n 202
6-year survivors n (%) 19(94)
Death within 6 years n (%) 183 (90.6)

93 8

2Q.0) 0(0)

91(97.9) 8 (100)

37.8(31.6,44.2) 33(14,64)

98.9(95.9,99.9) 100.0 (97.9, 100.0)

97.8(92.4,99.7) 100.0 (63.1, 100.0)
)

53.4(47.8,59.0
32.85(8.20,131.55)
0.63(0.57,0.70)

93

220
91(97.9)
37.8(316,44.2)
96.1 (86.5,99.5)
97.8(924,99.7)
24.6(188,31.2)
9.63 (2.45,37.82)
0.65(0.58,0.73)

93

220
91(97.9)
373(31.2,437
97.8(92.1,99.7

42.8(37.9,47.7)
n.a
0.97 (0.94,0.99)

8

0(0)

8(100)
33(14,64)

100.0 (93.0, 100.0)
100.0 (63.1, 100.0)
18.0(13.7,22.9)
n.a

0.97 (0.94,0.99)

8

0(0)

8(100)
33(14,64)

100.0 (95.9, 100.0)
100.0 (63.1,100.0)

Sensitivity 75.9(70.0,81.2)
Specificity 62.7 (48.1,75.9)
PPV 90.6 (85 7,94.2)
NPV 35.6(25.7,46.3)
LLR+ 2.04(1.42,293)
LLR— 0.38(0.28,0.52)
- neurological outcome at 2 years
Total number of patients n 212
Good neurological outcome n (%) 27 (12.7)
Poor neurological outcome n (%) 185 (87.3)
Sensitivity 758 (69.9, 81.1)
Specificity 69.7 (59.0, 79.0)
PPV 87.3(82.0,91.4)
NPV 51.2 (42.0,60.4)
LLR+ 2.50(1.81,345)
LLR— 0.35(0.27,045)

)
)
97.8(92.4,99.7)
36.3(30.2,42.7) 274(226,32.6)
16.60 (4.18, 65.96) n.a
0.64 (0.58,0.71) 0.97 (0.95,0.99)

Data presented as mean (95% Cl) unless otherwise specified

LLR+ positive likelihood ratio, LLR— negative likelihood ratio, NPV negative predictive value, OHCA Out-of-Hospital Cardiac Arrest Score, PPV positive predictive value

OHCA score of >40 points predicted 2-year mortality
with a specificity of 98.9% (95% CI 95.9-99.9), the high-
est risk category (>60 points) reached a specificity of
100% (95% CI 63.1-100.0). The CAHP score’s high-risk
category (>200 points) predicted 2-year mortality with
a specificity of 97.1% (95% CI 93.4—99.1). Figures 1 and
2 show Kaplan—Meier survival estimate curves with
numbers at risk stratified by OHCA and CAHP score
categories. For all endpoints, the AUROC was addition-
ally calculated for the subgroups of OHCA and IHCA
patients and the results shown in Additional file 1:
Table S1.

The CAHP score showed good calibration for 2-year
mortality with a slight overestimation of mortality in

the upper two-thirds of the risk spectrum (Additional
file 1: Figure S3). Calibration of the OHCA score was
poor, with underestimation of 2-year mortality in the
low-risk spectrum and overestimation in the high-risk
spectrum (Additional file 1: Figure S4). For 2-year neu-
rological outcome, the calibration of the CAHP score
was good, with a slight underestimation of poor neuro-
logical outcome, especially in the lower risk categories
(Additional file 1: Figure S5). The OHCA score showed
poor calibration for 2-year neurological outcome with
underestimation in the low-risk spectrum and overes-
timation in the higher risk spectrum (Additional file 1:
Figure S6).
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Table 4 Performance of CAHP-Score at different cut-off points

CAHP category >1 >l
Cut-off 150 points Cut-off 200 points

A: mortality at 2 years

Total number of patientsn 229 92

2-year survivors n (%) 37(16.2) 5(54)

Death within 2 yearsn (%) 192 (83.8) 87 (94.6)

Sensitivity 79.7 (74.0, 84.6) 36.1(30.0,42.5)

Specificity 787 (71.9, 84.6) 97.1(93.4,99.1)

PPV 83.8(784,884) 94.6 (87.8,98.2)

NPV 73.7 (66.7,79.8) 52.3(46.7,57.9)

LLR+ 3.75(2.80,5.02) 12.56 (5.21,30.29)

LLR— 0.26 (0.20, 0.34) 0.66 (0.60, 0.73)

»mortality at 6 years

Total number of patientsn =~ 200 90

6-year survivors n (%) 8 (4.0) 3(3.3)

Death within 6 yearsn (%) 192 (96.0) 87 (96.7)

Sensitivity 79.7 (74.0, 84.6) 36.1(30.0,42.5)

Specificity 84.3(71.4,93.0) .1(83.8,98.8)

PPV 96.0 (92.3,98.3) 96.7 (90.6, 99.3)

NPV 46.7 (36.3,57.4) 238( 1,30.2)

LLR+ 5.08 (2.68,9.63) (2 02,18.63)

LLR— 0.24(0.18,0.32) 0.68 (0.60, 0.76)
C: neurological outcome at 2 years

Total number of patientsn 213 91

Good neurological out- 20 (94) 3(33)

come n (%)

Poor neurological outcome 193 (90.6) 88 (96.7)

n (%)

Sensitivity 79.1 (73.5, 84.0) .1(30.0,42.4)

Specificity 77.5(67.4,85.7) 96.6 (90.5, 99.3)

PPV 90.6 (85.9, 94.2) 96.7 (90.7,99.3)

NPV 57.5(48.1,66.5) 35.5(29.5,41.9)

LLR+ 3.52(238,5.21) 10.70 (3.47,32.95)

LLR— 0.27(0.21,0.35) 0.66 (0.60,0.73)

Data presented as mean (95% Cl) unless otherwise specified

LLR+ positive likelihood ratio, LLR— negative likelihood ratio, NPV negative
predictive value, OHCA Out-of-Hospital Cardiac Arrest Score, PPV positive
predictive value

Discussion

This study has validated two prognostic cardiac arrest
scores (OHCA and CAHP scores), and two ICU severity-
of-illness scores (APACHE II and SAPS II scores) for the
prediction of long-term mortality and neurological out-
come in a prospective cohort of cardiac arrest survivors
followed for up to 8 years. The CAHP score showed the
best discriminatory performance for the prediction of
2-year mortality, 6-year mortality, and 2-year neurologi-
cal outcome. Calibration of the CAHP score was good
for 2-year mortality and 2-year neurological outcome.
As already demonstrated for the prognostication of
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short-term outcomes [29], two non-specific severity-of-
illness scores, the APACHE II and the SAPS II showed
promising discriminatory performance for the prognos-
tication of long-term survival as well as long-term neu-
rological outcome. The main drawback of the APACHE
II and the SAPS II score is that the worst value of the first
24 h after ICU admission is required for each included
parameter. This results in a time delay compared with the
OHCA and CAHP scores, which require only parameters
readily available on ICU admission.

The findings of this study are generally in line with pre-
vious validation studies evaluating outcomes at hospital
discharge or 30 days post-event, where the CAHP score
showed a slightly better performance than the OHCA
score [29, 30, 33, 48]. In two different cohorts of cardiac
arrest patients evaluating outcomes at hospital discharge
[49] or 90 days [32] the OHCA score performed some-
what better than the CAHP score. The severity-of-illness
scores had a slightly inferior performance when com-
pared to the cardiac arrest-specific scores, which was also
noted in previous studies looking at short-term outcomes
[29, 50, 51]. A British group recently developed and
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validated a post-cardiac arrest score for OHCA patients
to predict neurological outcome 6 months after OHCA
and compared it with the OHCA and CAHP scores [52].
Their score only showed marginally better discrimination
when compared with the CAHP score in their cohort
(AUROC 0.88 vs. 0.87, respectively) [52]. One may argue
that the development of new scores for the prognostica-
tion of long-term outcomes may not provide additional
value, as established scores perform well in predict-
ing long-term outcomes. Efforts to improve established
scoring systems by adding known predictors of outcome
after cardiac arrest, such as laboratory parameters (e.
g., neuron-specific enolase), imaging or electrophysi-
ological examination results, or clinical signs (e. g., GCS
motor score) have shown promising results [30, 32, 40].
Such modifications with corresponding validation stud-
ies might be helpful to keep established scores up to date
and improve their predictive value based on current and
evolving science.

A major and overarching concern in research regarding
prognostic factors in post-cardiac-arrest patients is the
effect of self-fulfilling prophecy, meaning that the docu-
mentation of poor prognosis early in the treatment pro-
cess per se may lead to a change or withdrawal of care,
which again leads to a higher occurrence of poor out-
come in this patient group [53-55]. In our study, score
values were calculated by the study team and were not
provided to the treating ICU physicians, thus minimis-
ing the risk of a low score value influencing the ICU team
in their decision-making. However, treating physicians
inevitably knew about different clinical factors which
also have been used for calculating the score values (e. g.,
no-flow and low-flow intervals, laboratory values). These
factors might have influenced their decision-making.
However, blinding involved clinicians with respect to
these factors is not possible.

The presented data suggest that the established cardiac
arrest-specific scores OHCA and CAHP, which have been
thoroughly validated for predicting short-term mortality
and neurological outcome in OHCA and IHCA patients,
might be suitable for predicting long-term outcomes.
Although the OHCA and CAHP scores have originally
been intended for the prognostication of outcomes after
OHCA, both scores have since been successfully vali-
dated in OHCA and IHCA survivors [29, 56, 57], which
is confirmed by the results of the present study. How-
ever, a subgroup analysis showed significantly lower dis-
criminatory performance of both the OHCA and CAHP
scores when used for the prediction of 2-year mortality
in IHCA patients only compared to OHCA patients. This
finding is in line with previous studies and was expected,
as the scores were originally developed for use in OHCA
patients only. Before applying the scores to IHCA
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patients, further validations and, if necessary, adaptions
and/or recalibration of the scores are recommended.

The OHCA and CAHP score can easily be calculated
using openly accessible online calculators, rendering
their use easy and straightforward [58, 59]. Further ran-
domised controlled trials using the scores as decision aids
are needed to test the impact of prediction models on
decision-making, outcomes, and healthcare costs in clini-
cal practice. In addition, validation studies based on other
long-term cohorts of cardiac arrest patients are needed
to further validate and, if necessary, recalibrate the scores
for the prognostication of long-term outcomes.

Our study has limitations. First, we did not have com-
plete data for all parameters to calculate the scores and
thus had to impute the missing data. Second, due to the
study setting, there was a relatively large proportion of
loss of follow-up patients resulting in a possible selec-
tion bias. This is mainly the case for the secondary out-
comes. Assessment of neurological outcome at 2 years
of follow-up required a telephone interview, which some
patients declined while others could not be contacted
by the study team. As a 6-year follow-up was not part
of the original study design, a substantial proportion of
patients were lost to follow-up. Therefore, the results for
2-year neurological outcome and 6-year mortality have
to be interpreted with caution due to a possible selec-
tion bias. Third, we only assessed all-cause mortality and
thus patients may have died from other unrelated causes.
Fourth, the single-centre setting of the study limits the
generalisability of the results to other centres, regions
or countries. External validation studies evaluating the
herein validated scores for long-term outcomes in other
populations are necessary to address this issue. However,
the relatively large cohort size of the study, the fact that
treatment modalities were in line with other Swiss and
European medical centres, and the inclusion of unse-
lected cardiac arrest patients indicate a high external
validity of the results. Furthermore, analysis and report-
ing were conducted according to current state-of-the-art
methodological guidelines, so that its results can be of
the greatest possible use for future research in this field.

Conclusion

In our single-centre cohort of cardiac arrest survivors,
the OHCA, CAHP, APACHE II, and SAPS II scores
showed good performance in early prognostication of
long-term mortality at 2 years and acceptable to good
performance for the prognostication of 6-year mortality
and neurological outcome at 2 years after cardiac arrest.
Of the herein validated scoring systems, the CAHP score
showed the best discriminatory performance and is a
simple-to-use risk-stratification tool available early after
cardiac arrest. These scores thus may guide clinicians by
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stratifying patients according to the risk of poor long-
term outcome and may help to support discussions about
goals-of-care and the extent of therapeutic effort.
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