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ABSTRACT

BACKGROUND AND AIMS

Several different scoring systems for eatly risk stratification after out-of-hospital cardiac arrest have been
developed, but few have been validated in large datasets. The aim of the present study was to compare the
well-validated Out-of-hospital Cardiac Arrest (OHCA) and Cardiac Arrest Hospital Prognosis (CAHP)-
scores to the less complex MIRACLE2- and Target Temperature Management (TTM)-scores.

METHODS

This was a post-hoc analysis of the Targeted Hypothermia versus Targeted Normothermia after Out-of-
Hospital Cardiac Arrest (TTM2) trial. Missing data were handled by multiple imputation. The primary
outcome was discriminatory performance assessed as the area under the receiver operating characteristics-
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curve (AUROC), with the outcome of interest being poor functional outcome or death (modified Rankin
Scale 4-6) at 6 months after OHCA.

RESULTS

Data on functional outcome at 6 months were available for 1829 cases, which constituted the study
population. The pooled AUROC for the MIRACLE2-score was 0.810 (95% CI 0.790 - 0.828), 0.835 (95%
CI 0.816 - 0.852) for the TTM-score, 0.820 (95% CI 0.800 - 0.839) for the CAHP-score and 0.770 (95% CI
0.748 - 0.791) for the OHCA-score. At the cut-offs needed to achieve specificities >95%, sensitivities were
<40 % for all four scoring systems.

CONCLUSIONS

The TTM-, MIRACLE2- and CAHP-scores are all capable of providing objective risk estimates accurate
enough to be used as part of a holistic patient assessment after OHCA of a suspected cardiac origin. Due
to its simplicity, the MIRACLE2-score could be a practical solution for both clinical application and risk
stratification within trials.

INTRODUCTION

While neurological prognostication in patients who remain unconscious after out-of-hospital cardiac arrest
(OHCA) is not recommended until 72 hours after atrest or later,"? clinicians might face situations where an
early assessment of the risk of a poor outcome can be of value. Examples include decisions on escalating
care, assessing potential benefit of more advanced therapies, communicating about prognosis with relatives,
and stratification in clinical trials.

Several risk factors for poor outcome following OHCA are readily available in the early phase after return
of spontaneous circulation (ROSC).> A number of risk scores with various combinations of these and

additional data have been developed but only a few have been externally validated more than once.*

The Catdiac Arrest Hospital Prognosis (CAHP)® and Out of Hospital Cardiac Arrest (OHCA)-scores® stand
out in this aspect with multiple external validations.* Neither of these scores can be calculated by hand and
might therefore be of limited use in clinical situations. Additionally, with several eatly predictors being
subject to varying degtrees of uncertainty,”? the use of complex scoring systems could conceivably mask
errors caused by inaccurate input data.

We identified two summation-only scores with promising performance in their development cohorts: The
MIRACLE2-score® by Pareck et al. and the TTM-score!® developed in the Targeted Temperature
Management-cohort.!! The original MIRACLE2-publication included two external validation cohotts, and
the TTM-score has been validated both within the MIRACLE2-study and in a Korean registry.'?

In this study we sought to evaluate the usefulness of these two scores from a clinical standpoint with data
from the TTM2-trial®® and to compate them to the well-established OHCA- and CAHP-scores.

METHODS

OUTCOME

The primary outcome was discriminatory performance assessed as the area under the receiver operating
characteristics-curve (AUROC). The outcome of interest was a poor functional outcome or death at 6
months after OHCA, assessed by a trained outcome assessor using the modified Rankin Scale (mRS) and
defined as a score of 4-6 (moderately severe disability, severe disability or death). Details on outcome
assessment are available in the trial protocol for outcome teporting and follow-up.14



STUDY POPULATION

This was a post-hoc analysis of the Targeted Hypothermia versus Targeted Normothermia after Out-of-
Hospital Cardiac Arrest (TTM2) trial — an international, multicentre trial in which 1861 adult patients
resuscitated after OHCA of presumed cardiac or unknown cause were randomised to either mild
hypothermia or controlled normothermia.’® The main exclusion critetia were an interval from return of
spontaneous circulation to screening of more than 180 minutes, unwitnessed cardiac arrest with asystole as
the initial rhythm, and limitations in care. All trial participants should be actively treated for at least 96 hours,
after which withdrawal of life supporting therapies (WLST) was allowed only in cases fulfilling the TTM2-
criteria for a likely poor neurological prognosis.’* The main outcome, all-cause mortality at 6 months after
arrest, did not differ between temperature groups. Functional outcome at 6 months was also similar. All
participants in the intention-to-treat population were pooled to form the study population of the present
study. Further details on the TTM2-trial are available in the original publication and its protocol.'31?

DATA

The TTM2-trial collected background, prehospital-, admission-, ICU-level and follow-up data through an
electronic case report form.

Prehospital- and admission data were registered in accordance with the Utstein template.!® Blood gas
analyses, pH, glucose and lactate were registered from the first arterial blood gas after ROSC, whereas the
first available value was recorded for creatinine. Neurological assessment at hospital admission was
performed and recorded using the components (eye responses, motor responses, brainstem reflexes, and
respiration pattern) of the Full Outline of UnResponsiveness (FOUR)-score, which allows assessment of
the level of consciousness in intubated patients.!’

All risk scores assessed in the present study except for MIRACLE?2 include both the time from collapse to
start of any cardiopulmonary resuscitation (the “no-flow”-time) and the time from start of resuscitation to
ROSC (the “low-flow” time). The TTM2 trial, however, recorded the time to advanced life support (ALS)
and time to ROSC as per the latest update of the Utstein-template.!® Similatly, data on rhythm evolution
over the course of resuscitation were not recorded.

This necessitated assumptions for variables that could not be derived from available data, i.e. no-flow/low-
flow distinction for cases with bystander CPR and the MIRACLE2 item “changing intra-arrest thythms”.
For cases with bystander CPR, a no-flow time of 1 minute (median time to BLS among patients receiving
bystander CPR in both the TTM-trial'! and other predominantly European studies'®??) was assumed.
Participants with a non-shockable initial rhythm who were defibrillated were assumed to have changing
intra-arrest thythms. Details on data assumptions are outlined in table S2.

STATISTICAL ANALYSES

Score variables were presented as absolute and relative frequency, median and inter-quartile range (IQR) or
mean and standard deviation (SD). Their association with a poor outcome was presented as odds ratios
(OR) rather than relative risks to preserve comparability to the respective development studies.

Missing data was assumed to be missing at random (MAR) and handled using mice: Multivatiate Imputation
by Chained Equations in R,?! with all available background, prehospital, admission-level and outcome
variables of the TTM2-dataset considered for inclusion in the multiple imputation process. Details on
variable selection, multiple imputation and diagnostics thereof are available in the supplementary appendix.
A total of 50 datasets including all variables of all evaluated scoring systems were imputed. The handling
and reporting of multiple imputation in this manuscript adheres to guidelines by Sterne et al.??



Scores were estimated in each of the imputed datasets using the criteria defined in the original publications
of the OHCA-, TTM-' and MIRACLE2%-scores. For the CAHP-score, which in its original publication
was presented only as a nomogram, parameters for estimation were retrieved from a later publication.?3
Score items are presented in relation to the evaluated scoring systems in figure 1, and details on their
estimations are available in figure S1.

Opverall discriminatory performance was evaluated using ROC-curves, with the area under the ROC-curve
(AUROC) being estimated for each of the imputed datasets and then pooled (after log-transformation) using
Rubin’s rules. Diagnostic measures of sensitivity, specificity, negative predictive value (NPV) and positive
predictive value (PPV) at the proposed cut-offs of each score were also calculated in all imputed datasets,
with results presented as the between-imputations observed minimum-maximum value of each measure.
The first data point yielding a specificity above 95 % was identified with the datasets ordered after each
respective score. Pooled confidence intervals of these estimates are available in the supplementary appendix

(table S3).

The full regression models have not been made publicly available for any of the evaluated scoring systems.
With clinical applicability nonetheless being the aim of this study, no attempt to collect original data from
the respective authors was made and only the scoring systems themselves were evaluated. As a result,
calibration could only be evaluated by indirect measures. The relationship between score and the observed
outcome was assessed graphically as the proportion of a poor outcome per level (for discrete scores) or
interval (for continuous scores) of the score. Intervals of continuous scores were chosen to harmonise with
the cut-off values proposed in the original publications.

All analyses were performed with the use of R: A Language and Environment for Statistical Computing,
version 4.1.2.24
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Figure 1.Venn diagram of items included in each score. GCS = Glasgow coma scale. *Eye reflexces is a composite of “no pupillary or corneal reflexes”

(T'TM-score) and “no pupillary refleces” (MIRACLEZ).
RESULTS

Of the 18061 participants included in the intention to treat-population of the TTM2 trial, functional outcome
data at 6 months after cardiac arrest were available for 1829 (98.3 %), which constituted the study
population. The mean age was 63.9 (SD 13.6) years, 1447 (79.1 %) patients were male and 988 (54.0 %) had
a poor outcome (mRS 4-6) at 6 months.

Data needed for score estimations were available for > 95 % cases with the exception of information on
corneal reflexes at admission (valid n = 1031, 56.4 %) and pupillary reflexes at admission (valid n = 1510,
82.6 %). All variables were significantly correlated with outcome except for unwitnessed arrest (OR 1.30,
95 % CI 0.93 — 1.82 for a poor outcome) and PaCO2 < 4.5 kPa at admission (OR 1.34, 95 % CI 0.90 — 2.02
for a poor outcome). A complete presentation of all score variables and their association with neurological
outcome at 6 months post-arrest is available in table 1. The single strongest predictors in univariable analysis
were age, initial thythm, adrenaline administration and pupillary reflexes with ORs for poor outcome being
8.84 (95 % CI 5.81 — 13.9) for age >80 years, 6.54 (95 % CI 5.05 — 8.55) for non-shockable rhythm, 6.12
(95 % CI 4.91 — 7.606) for any adrenaline dose and 3.32 (95 % CI 2.61 — 4.23) for bilaterally absent pupillary

reflexes, respectively.



Table 1. Score items and their association with a poor ontcome (n = 1829). Data presented as absolute (relative) frequency or median [IOR]. N denotes
number of patients with valid data. C1 = Confidence interval. IOR = Interquartile range. Ref. denotes reference category. * Per 10 unit change in

creatinine.

N Frequency/ OR [95% CI] p

A va (xraarc) 170

<60 663 (36.2%) Ref. Ref.

A1 - R0 00?2 (R4 70/ 2 RRIM11 _31A]1 <0 NN

> 80 174 (9 5%) R84 1581 -1391  <0.001
Cardiac arrect at hame 1720 QAR (R? 90/ 21R 1M RN - 2 R3] <0 NN
TInwitnessed arrest 1829 157 (8 %) 1301093-1821 0124
Nan-chaclkahle initial rhuvthm 1R20 ARR (DA A9/ A~ R4 TR NR - R RR1 <0 NN
Changino intra-arrest thvthms 1814 167 (8.9%) 327 12.25 - 4861 <0.001
Anxr adrenaline adminictratinn 1720 1247 (AR 20/ A12 1401 7 AA] <0 NN
No-flow time (min) 1829 1.0011.00-1.001 T0RMO5-1111  <0.001
T aw-floxw time (MmMin) 1R20 240 11403701 103110721031 <0 M
GCS motor 1 at admission 1667 1437 (86.2%) 2.7712.07 -3.731  <0.001
N carneal raflav at admiccinn 1031 AAA (AL RO/ 2 AA T2 NR - 3471 <0 NN
No pupillary reflex at admission 1510 453 (30.0%) 3.32 [2.61 - 4.23] <0.001
Creatinine at admission (pmol/L) 1813 105 [87.0 - 127] 1.06 [1.03 - <0.001

1 NQ1%

nH at admission 1796

< A 0N 103 (R 70/ ARATRT7R 11 71 <N M

6.90 -7.04 213 (11 .9%) 5131334 -7971 <0001

708 .7190 AT7R (DG RO/ 200110 -4 3N <0 NN

7.20 -7.34 R23 (45.8%) 144 1T1.03-2.071  0.032

> 7 3R 170 (Q 70/ Reaf Raf
T.actate at admission (mmaol/T.) 1751 490 172.60 - 8101 11711 14-1201  <0.001
PaC0O2 < 4 85 kPa at admissian 1798 107 (R A% 134 1090 - 2 021 0147

Opverall discriminatory performance of each score for a poor outcome at 6 months is presented in figure 2
and table 2, with the TTM-score having the largest area under the ROC-curve of 0.835 (95 % CI 0.816 —
0.852). The 95 % confidence intervals of all AUROC-estimates overlapped each other, except for that of
the OHCA-score (0.770, 95% CI 0.748 — 0.791), which was lower than those of both the TTM- and the
CAHP-scores (0.820, 95 % CI 0.800 — 0.839 for the latter).



Table 2. Area under the ROC-curve. Pooled estimates from 50 imputations. AUROC = Area under the receiver operating characteristics curve. CI =
Confidence interval.

AUROC (95% CI)

CAHP-score 0.820 (0.800 - 0.839)
MIRACLE2-score 0.810 (0.790 - 0.828)
OHCA-score 0.770 (0.748 - 0.791)
TTM-score 0.835 (0.816 - 0.852)

1.00
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>
£ 504 MIRACLE2
é OHCA
TT™
0.25
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Figure 2. Receiver-operating characteristics curves for the respective scores. One line per imputation (n=50) per score. The resulting line thickness thus
reflects imputation variance. FPR = False positive rate (1 - specificity).

Sensitivities, specificities, negative predictive values and positive predictive values at the cut-offs proposed
in the original publications, as well as the cut-off needed to achieve > 95 % specificity in the present study
population, are presented for all scores in table 3 with intervals representing the between-imputations
minimum-maximum values. Additionally, these measures are reported with their corresponding pooled 95%



CIs in table S3. The high-risk categories of the TTM- and MIRACLE2-scores had similar diagnostic
properties with both categorizing roughly a third of all patients as high-risk (30.1 — 30.8 % for the TTM-
score, 29.2 — 29.5 % for MIRACLE?2) in which the specificity for a poor outcome was similar for both
scores (91.7 — 92.4 for the TTM-scote and 91.7 — 91.9 for MIRACLE2). In contrast, the CAHP-score
identified a smaller group comprising 15.5 — 15.7 % of all patients with a specificity for a poor outcome of
96.4 — 96.6 % at its highest cut-off of 200. At the lowest possible cut-off needed to achieve > 95 %
specificity, sensitivities were 33.7 — 41.1 % for the TTM-score, 23.8 — 24.4 % for the MIRACLE2-score,
27.1 = 27.5 % for the OHCA-score and 30.9 — 33.3 % for the CAHP-score.

Table 3. Diagnostic performance by risk group. Point estimates of discriminatory performance by risk group. Cut-offs according to the original publication

of each score. Only two risk groups were defined in the CAHP- and MIRACILE2-publications. Number of patients () and estimates are from 50
imputed datasets, with values representing min-max between imputations. NPV = Negative predictive value, PPV = Positive predictive value. A
specificity of >95% corresponds to a false-positive rate (FPR) of <5%.

Risk group Intermediate Intermediate- High At >95%
high Specificity
TTM-score >10 >13 >16 >18-19
N (%) 1283 (70.1) - 1291 890 (48.7) - 551 (30.1) - 359 (19.0) - 447
(70.6) 563 (30.8) (24.4)
900 (49.2)
Sensitivity (%) | 89.8 - 90.4 71.4-71.9 48.9 - 49.9 33.7-41.0
Specificity (%) | 52.2-53.5 77.2-78.0 91.7-924 95.0 - 96.9
NPV (%) 78.7-79.5 66.3 - 66.9 57.4-57.8 53.5-55.6
PPV (%) 68.9 - 69.5 78.6 - 79.2 87.5 - 88.5 90.6 - 92.4
MIRACLE2- >2 N/A >4 >5
score
N (%) 1249 (68.3) - 1254 534 (29.2) - 255 (13.9) - 263
(68.6) 540 (29.5) (14.4)
Sensitivity (%) | 88.2-88.5 47.1 - 47.8 23.8-24.4
Specificity (%) | 54.7-55.4 91.7-91.9 97.4-97.7




NPV (%)

PPV (%)

OHCA-score

N (%)

Sensitivity (%)

Specificity (%)

NPV (%)

PPV (%)

CAHP-score

N (“0)

Sensitivity (%)

Specificity (%)

NPV (%)

PPV (%)

67.5-67.9

69.6 - 70.0

>2.0

1607 (87.9) - 1613
(88.2)

95.7 - 96.0

209 -21.4

81.2-81.7

58.8 - 58.9

>150

910 (49.8) -

914 (50.0)

71.9-72.2

76.1 -76.2

69.8 - 70.0

78.0 - 78.0

>17.4

1075 (58.8) - 1083
(59.2)

76.4-77.2

61.8 - 62.1

69.1 - 69.9

70.2 -70.5

N/A

52.2-523

87.0 - 87.4

>32.5

488 (26.7) -
497 (27.2)

41.0 - 41.7

89.9 - 90.1

56.5 - 56.7

82.9 - 83.1

>200

284 (15.5) -
287 (15.7)

25.8-26.1

96.4 - 96.6

52.5-52.6

89.5-89.9

48.5 - 48.7

91.6 - 92.6

>38.2-38.3

310 (16.9) - 314
(17.2)

27.1-27.5

95.0 - 95.0

52.6 - 52.7

86.5 - 86.6

>191-195

347 (19.0) - 371
(20.3)

30.9 - 33.3

95.0 - 95.0

53.9-54.8

87.9 - 88.7




Sensitivity analyses restricted to patients with valid data only, a retrospectively identified non-cardiac cause
of arrest, with no-flow times omitted and dichotomisations by sex and temperature target did not reveal any
significant differences from the main results (figures S3-9).
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Figure 3. Score vs. observed outcome. Data from first imputed dataset. Black line shows number of patients per bar (right Y-axis). The continnons
CAHP- and OHCA-scores have been categorised using equal-width binning with numbers on X-axis denoting the midpoint of each bin. The
boundaries of the first and last bins (marked as “<’ and “>") are open to negative and positive infinity, respectively.

DISCUSSION

In this study of different risk scores for early outcome prediction after OHCA applied to the large
international TTM2 trial we demonstrated that differences between well-validated scoring systems and
newer alternatives were minor. The TTM-score showed a slightly higher AUROC point estimate than the
others, but only the OHCA-score showed a meaningful difference in its 95 % confidence interval not
overlapping those of the TTM- and CAHP-scores.

As pet the TRIPOD-statement,?® both development and validation studies are recommended to report
calibration of its prediction models. For reasons outlined in the methods section, traditional direct
approaches were not possible in the present study. Perhaps the most useful surrogate of overall
calibration, however, is the distribution of patients across the different risk categories defined for each
respective score in comparison with their development cohorts. The OHCA-score and to some extent
also the CAHP-score tended to be overly specific with correspondingly low sensitivity levels in the present

10



study when compared to their respective development cohorts. This likely reflects differences in the
overall event rate (prevalence of a poor outcome 54 % in the TTM2-trial vs. 79 % in the OHCA-® and 74
% in the CAHP development cohorts,® respectively) and could be improved by simply adjusting the cut-
offs. In contrast, the MIRACLE2-score showed similar specificity but lower sensitivity across all cut-offs
compared to its development cohort, as well as a lower AUROC-estimate in the present study (0.81 vs
0.90), indicating diminished discriminative performance rather than simple calibration issues arising from
baseline risk differences.

A somewhat lower AUROC is to be expected upon external validation, but one possible factor
contributing to this could be the large effect of adrenaline administration in both the CAPH- and
MIRACLE2-scores (univariate OR for a poor outcome 15.40, 95% CI 8.79 - 28.25 in the MIRACLE2
development cohort), which was roughly double that seen in our cohort (univariate OR 6.13, 95% CI 4.92
- 7.67). The TTM-score also included adrenaline administration, but with a smaller effect size (age-
adjusted OR 4.62, 95% CI 3.29 - 6.48) that was comparable to the findings in our cohort (age-adjusted
OR 6.31, 95% CI 5.01 - 8.00). With no randomised trials having shown adrenaline administration to be
deleterious in its own right, 26?7 the prognostic value of adrenaline administration evident in observational
studies more likely reflects prolonged resuscitation attempts and an initial rhythm that is not immediately
shockable. Differences between treatment algorithms among emergency services and in patient
populations might, however, affect the size of the effect.

Despite these constraints, all evaluated scoring systems showed smooth, roughly linear or sigmoid-shaped
relationships between score and the observed outcome (figure 3). The proportion of a poor outcome was,
however, higher than expected for some of the lowest values of the OHCA-score.® Exploratory analyses of
cases with an OHCA-score of less than 0 (data not shown) revealed no single reason for this discrepancy,
but patients with a poor outcome despite low OHCA-scores often had low-normal levels of creatinine.
Given the design of the OHCA-score, low creatinine-levels can have a very large effect on the final score
due to the continuous nature of this item. Abnormally low creatinine levels can theoretically result in
infinitely negative scores which might effectively outweigh the prognostic value of all other score items
combined. This highlights the susceptibility to outlier bias that is inherent to risk prediction scores reliant
on continuous data.

Whether these limitations present a real problem depends on the intended usage of the scoring systems.
Any of the evaluated scores could be used as-is for relative risk stratification within trials, as the cut-offs in
this scenario can be adjusted as needed. For clinical application, however, our findings highlight the
importance of calibrating at least the cut-offs in the intended usage population in order to adjust for any
differences in baseline outcome rates.

Concerns have been raised that early risk prediction might be perceived as a means to guide early withdrawal
of life sustaining therapy (WLST) and thus risk inducing self-fulfilling nihilism.?® Acceptable false-positive
rates for guiding life-and-death decisions are probably impossible to define, but proposed levels range from
0.1 % to 5 %.2%39 While our analyses suggest that such rates are achievable at high cut-offs for all evaluated
scores, it is also clear that these cut-offs vary across different populations and might be affected by inaccurate
input data. Delayed multimodal neuroprognostication at least 72 hours post-arrest must therefore remain
the norm before WLST can be considered for patients who continue to be comatose after OHCA.

Data from the original TTM-trial, however, suggest that about 15 % of OHCA-patients might die earlier
than the timepoint for delayed neuroprognostication — primatily due to non-cerebral causes.3! Within this
group of severely ill patients, advanced treatment options such as coronary revascularization, mechanical
circulatory support and ECMO might be necessaty to avoid imminent death. At the same time, it is critical
to avoid exposing dying patients and their relatives to highly invasive and resource-intensive interventions
when the prognosis is dismal. In these situations, risk scores could provide clinicians with an early and
objective measure of baseline risk, that should be considered in a holistic assessment of an OHCA patient.

11



Use case - fictive example

A 65 year old male sustains an out-of-hospital cardiac
arrest at home. The event is witnessed by his wife, but
she is unable to perform CPR prior to ambulance arrival

due to poor health herself. The ambulance arrives in 10

minutes and the crew immidiately starts CPR and TTM: 15 p ’
defibrillates a ventricular fibrillation. After 15 minutes of

CPR, ROSC occurs after the sixth defibrillation attempt

and three doses of adrenaline. On hospital arrival, he is OHCA: 36 p ]
unconcious and shows no motor response to painful

stimuli but has intact pupillary and corneal reflexes.
Blood chemistry analyses show a pH of 7.12, lactate 10 CAHP:
umol/l, PaCO2 5.0 kPa and creatinine 115 umol/I.

Figure 4. Application of all evaluated scoring systems on a fictive clinical scenario.

Our results add to those from several previous development and validation studies that outcome prediction
utilising factors readily available at hospital admission is associated with similar degrees of uncertainty,
almost regardless of the specific scoring system used.* This is likely a reflection of both inaccuracies in input
data”® and insufficient prognostic value of the predictors themselves.?? With clinical judgement being subject
to the very same constraints, we would nonetheless advocate that implementation of the simplest-to-use
scoring system matching available data in a particular setting could improve objectivity in early outcome
assessments, especially since a recent study indicated that clinician perception of prognosis might have a
substantial impact on tesuscitation outcomes that could plausibly extend into the post-resuscitation petiod.
Aside from ease-of-use, less complex scoring could also have an added effect on safety; the simpler the
score, the easier it will be for the clinician to spot discrepancies that might lead to spurious results. In this
aspect, the 7-item, 10-point MIRACLE2-score may offer an advantage over the other evaluated scores
which either include a greater number of items (the TTM-score), requires a nomogram (the CAPH-score)
or a calculator/web-based tool (the OHCA-score). Referring to the example case in figure 4, had the wife
attempted CPR but it was unclear whether this was effective, a user of the TTM-score could easily judge
the impact this would have on the final score (+/- 2 points in this case). For the CAHP- and OHCA-scores,
where this item is on a continuous scale, such an estimation is arguably less intuitive. The MIRACLE2-
score, on the other hand, has a strength in its omission of this often unclear interval altogether. A limited
number of variables is also a clear benefit if a score were to be used for risk stratification within clinical trials
on interventions targeting hypoxic-ischemic encephalopathy, where exclusion of patients with the highest
probabilities of both a good and poor outcome, might increase power.

The main strength of the present study is the use of high-quality data from the international TTM2-trial.
With its strict criteria for WLST, bias introduced from otherwise using the negative prognostic factors of
the evaluated scoring systems to guide WLST is minimised. The slightly higher AUROC point estimate in
this validation of the TTM-score may be attributable to the fact that the case-mix was very similar to its
original development cohort. Furthermore, as the TTM2-trial included patients with OHCA of a presumed
cardiac cause, excluding patients with an unwitnessed arrest and an initial rhythm of asystole, all of the
present validation results are limited to a similar population.

The lack of a recorded time from arrest to BLS is a limitation, as all risk scores evaluated in the present
study (except for MIRACLE?2) included both the no-flow and low-flow time intervals. Nevertheless, it is
also a realistic clinical scenatio as both timing and quality of bystander CPR are difficult or impossible to
estimate. Imputation of a low value for cases with bystander CPR, as done in the present study, retains the
prognostic value of the more precise no-flow interval in cases not receiving bystander CPR while assuming
a conservative “best-case”-scenario for patients receiving bystander-CPR. Completely omitting the no-flow
interval has also been suggested and both the OHCA- and CAHP-scores have been validated without their
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no-flow-item.3* Another limitation is the lack of data on changing rhythms other than from non-shockable
to shockable, although it is likely that this rhythm-change carries most of the prognostic value.®

CONCLUSION
The TTM-, MIRACLE2- and CAHP-scores are all capable of providing objective risk estimates accurate
enough to be used as part of a holistic patient assessment after OHCA of a suspected cardiac origin. Due

to its simplicity, the MIRACLE2-score could be a practical solution for both clinical application and risk
stratification within trials.
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