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Abstract

Background

A multimodal approach is required to perform early neuro prognostication after cardiac arrest (CA). The
objective of this study was to determinate the prognostic value of a positive early head computed tomography
(EHCT) for anoxic-ischemic cerebral insult and its impact on 30-day survival rate.

Methods

The retrospective study included all out-of-hospital cardiac arrest (OHCA) events, anonymously recorded with
the Italian Registry of Cardiac Arrest (RIAC), occurred between January 1%, 2015 and December 31%, 2018 in
which EHCT was performed within 2 hours upon ER arrival.

Results

The characteristics of 156 patients were collected. 126 patients (81%) had an EHCT before admission to ICU, of
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these: n° 89 had a negative CT, n° 30 had a positive CT for anoxic-ischemic cerebral insult and n°® 7 were
excluded due to subarachnoid hemorrhage. Our data highlighted a positive association between EHCT and
death, but specificity was 89% and sensitivity 38% meaning that the presence of brain injury was able to
correctly predict 38% of the deaths and 89% of the positive outcomes.

Conclusion

EHCT seems able to classify patients that will survive but tends to produce a high number of false negatives
(62%). Therefore, in our cohort, it is insufficient in isolation to definitively prognosticate.
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Introduction

Out-of-hospital cardiac arrest (OHCA) is a leading cause of death in Europe with an overall survival rate of
2.6-9.9%"*. Across Europe, the annual incidence of OHCA is 84 cases per 100.000 inhabitants, among these,
CPR is attempted in 49 patients. Data on survival to 30 days or to hospital discharge showed that the
percentage ranged from 1.1% and 30.8%; with a bystander witnessed arrest, a suspected cardiac cause, and an
initial recorded shockable rhythm the hospital survival rates ranged from less 6% up to 55%°. Prompt delivery of
high-quality CPR can improve survival outcome and neurologic recovery in OHCA*® but Italian data on CA are
incomplete and fragmented due to the availability of only local reports while a national representation is
lacking’. The best way to describe the epidemiology of a disease is to create a registry in which the disease is
reported because it can describe changes over time in incidence, survival and various mode of treatments’.
Thus, the Italian Resuscitation Council (IRC) has developed a National Registry of CA called RIAC - (Registro
ltaliano Arresti Cardiaci - Italian Registry of Cardiac Arrest)® NCT03220269 which is a free web registry based on
Utstein style data®**for all EMS and ICU departments. This registry has been collecting cases since 2014 with
the aim to reduce the fragmentation of data. RIAC records the full medical history of patients (= 18 years old)
from the onset of CA through CPR (both pre-hospital and in-hospital)** and post-resuscitation care. Post-
resuscitation data include information on patients’ management and processes of care to assess the quality of
interventions and their effects on outcome. Therefore, specific patients’ physiologic data are included within the
database along with results of neurological examinations and biomarkers. The two known computed
tomography (CT) signs associated with ischemic brain damage after OHCA are loss of boundary (LOB) between
grey matter and white matter and cortical sulcal effacement. Both signs are expected to be used as early
prognosticators in OHCA survivors, but the capability of imaging studies for outcome prediction have been
insufficiently investigated™. Thus, the objective of this retrospective study was to determine the prognostic
value of a positive Early Head CT - EHCT for anoxic-ischemic cerebral insult and its impact on survival at 30
days after OHCA.

Methods

1.1 Study design
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The study includes all OHCA events, anonymously recorded in RIAC, occurred between January 1%, 2015 and
December 31, 2018 within the province of Modena. The province of Modena covers an area of 2.688 square
kilometers divided into 47 municipalities and counts a resident population of 701.896 people®. Inclusion criteria
were age = 18 years old and confirmed CA in which there was a resuscitation attempt defined as chest
compression only or full CPR with/or without defibrillation and ROSC. For patients having more than one CA
during the same hospitalization, only the out-of-hospital arrest was included. Management of ROSC patients in
ER followed specific procedures and treatments guided by a local ROSC protocol developed according to the
European Resuscitation Council (ERC)-ESICM guidelines for post-resuscitation care™.

1.2 Patients selection

Consulting RIAC we found 408 patients who suffered of an OHCA from January 1%, 2015 to December 31%, 2018.
Out of these 408, 252 arrived dead at hospital admission, while 156 were successfully resuscitated and
transported to hospital. Of these 156, 126 had an EHCT within 2 hours after admission to ER (see Figure 1). We
used non-contrast head CT acquired with 5 mm slices. The main CT findings were reported by certified
radiologists as:

¢ Anoxic-ischemic cerebral insult, which appears as a reduction in the depth of cerebral sulci and an
attenuation of the grey matter to white matter differentiation.

e Subarachnoid hemorrhage.

¢ Negative EHCT.

n® 408
OHCA

A" 158
OHCA with ROSC
—

n* 30
Signs of aroric-Echemi
cenebral ingult

Figure 1. Flow chart demonstrating the patients’ selection process from RIAC
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1.3 Statistical analysis

Baseline characteristics are reported as mean = SD, median [IQR] or percentage (%), as appropriate. To
evaluate the risk of death based on different risk factors we calculated the Hazard Ratio (HR) using a Cox
regression model; percent survival was represented by Kaplan-Meier curves. A p-value <0.05 was accepted as
statistically significant. The rate of unfavorable outcomes was compared between those who were negative for
ischemic brain injury vs those who were positive. The sensitivity and specificity of each EHCT was calculated.
Statistical analysis was performed with Stata 13.0.

Results

2.1 Overall population characteristics

The characteristics of the 156 patients arrived with ROSC are summarized in Table 1. The mean and median age
are both 70 years. The majority of patients are male (67%), had a witnessed CA (64%), arrived during the day
shift (74%), did not report chest pain before (74%), did not have a known heart disease (59%), and were
autonomous before (67%). 126 patients (81%) had an EHCT before admission to ICU, and 61 (39%) had a CAG
immediately after ER evaluation. 90% of patients (n° 141) were admitted to ICU. 30 days after ROSC, 83
patients (53%) were dead (mean 7 days, median 4 days), whereas 73 patients were alive. Initial rhythms of
presentation were VF/VT in 60% of cases (n°® 93), PEA was present in 27% of cases (n° 42) and asystole in 13%
(n° 21). The population was then divided into three groups according to the cardiac arrest causes: cardiogenic,
non-cardiogenic™ and unknown etiology. Among cardiogenic group (53% of patients, n° 82), acute coronary
syndrome (ACS) is the most common cause (63%), whilst respiratory failure (32%), sepsis (23%) and electrolyte
abnormality (18%) represent the three main causes of non-cardiogenic CAs (40% of patients, n° 62).

Characteristics Values

Mean age = SD (years) 70 £ 14

Median age (years) 70

Male sex n/N (%) 104/156 (66.7%)
Witnessed CA n/N (%) 100/156 (64.1%)
Night shift n/N (%) 40/156 (25.6%)

Reported chest pain before CA n/N (%) 40/156 (25.6%)
Known Heart Disease before CAn/N (%)  63/156 (40.7%)
Severe disability before CA n/N (%) 51/156 (33.1%)
Admission to ICU n/N (%) 141/156 (90.4%)
Mean length of stay in ER £ SD (minutes) 55 £ 28

Mean length of hospital stay + SD (days) 18 = 22

Type of CA causes n/N (%)

Cardiogenic causes 82/156 (52.6%)
Non-cardiogenic causes 62/156 (39.7%)
Unknown causes 12/156 (7.7%)
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Causes of Cardiogenic CA n/N (%)
Acute Coronary Syndrome - ACS
Cardiomyopathy
AV block
Channelopathy
Myocarditis

Causes of Non-Cardiogenic CA n/N (%)
Respiratory failure
Sepsis
Electrolyte abnormality
Subarachnoid hemorrhage
Anaphylactic shock
Pulmonary embolism
Trauma
Aortic abdominal aneurism rupture
Initial Rhythm n/N (%)
VENT
PEA
Asystole

Early Head CT n/N (%)
Negative

Signs of anoxic-ischemic brain injury

Subarachnoid Hemorrhage

Emergency coronary angiography - CAG

n/N (%)

Death at 30 days n/N (%)

Mean period before death + SD (days)
Median period before death (days)

Table 1. Baseline characteristics of the OHCA population admitted with ROSC

52/82 (63.4%)
16/82 (19.5%)
5/82 (6.1%)
5/82 (6.1%)
4/82 (4.9%)

20/62 (32.3%)
14/62 (22.6%)
11/62 (17.7%)
7/62 (11.3%)
4/62 (6.5%)
4/62 (6.5%)
1/62 (1.6%)
1/62 (1.6%)

93/156 (59.6%)
42/156 (26.9%)
21/156 (13.5%)

126/156 (80.8%)
89/126 (70.6%)
30/126 (23.8%)
7/126 (5.6%)

61/156 (39.1%)

83/156 (53.2%)
7+6
4

Table 2 shows the differences between CAs etiologies (excluding the CAs of unknown causes). Cardiogenic CAs
has VF/VT as predominant rhythm of presentation with a frequency of 85%, while PEA is more prevalent in non-
cardiogenic CAs with a frequency of 44% among this group. Asystole was recorded in 23% of the patients of the

non-cardiogenic CAs group and only in 4% of the patients of the cardiogenic CAs group.

Mean age + SD (years)
Male sex n/N (%)

Initial Rhythm
VF/T n/N (%)
PEA n/N (%)
Asystole n/N (%)

Emergency coronary angiography -
CAG n/N (%)

Death at 30 days n/N (%)

Cardiogenic
CA

69 =13

Non-Cardiogenic
CA

71 £ 15

62/82 (75.6%) 33/62 (60.0%)

79/82 (85.4%) 21/62 (33.9%)

9/82 (11.0%)

3/82 (3.7%)

27/62 (43.6%)
14/62 (22.6%)

57/82 (69.5%) 3/62 (4.8%)

35/82 (42.7%) 37/62 (59.7%)
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Table 2. Differences between cardiogenic and non-cardiogenic CA population

2.2 EHCT findings

Subsequently, we compared patients with signs of anoxic-ischemic brain injury and patients with negative
EHCT. Those who did not have an EHCT (n° 30) or had subarachnoid hemorrhage (n° 7) were excluded. Out of
the remaining 119 patients, 63 (53%) died in the first 30 days; in particular, 25% patients died within 5 days,
while 50% died within 16 days. We studied predictors of survival at 30 days individually, using Cox proportional
hazard model to analyze EHCT results (positive for signs of anoxic-ischemic brain injury vs negative), age, sex,
witnessed CA, shift (night vs day), cause (cardiogenic vs non-cardiogenic or unknown) and initial rhythms (FV/TV
vs PEA or asystole). The choice of such model is justified by preliminary graphical analysis, which suggests that
the initial assumption of proportional hazards is met. With a confidence level of 0.05, univariate analyses
showed that a witnessed CA (p=0.021) and VF/VT as initial rhythms of presentation (p=0.004) represent
positive factors of survival, while the presence of signs of anoxic-ischemic brain injury (p<0.001) and older age
(p<0.001) are negative outcome predictors. Table 3 shows the HRs of the above-mentioned predictors, and
Figure 2 shows Kaplan-Meier survival estimates according to the presence of sings of anoxic-ischemic cerebral
insult.

Hazard Ratio

(95% CI)

Age 1.04 (1.02-1.07) <0.001 *
Age = 75 2.72 (1.63-4.56) <0.001 *
Male sex 0.64 (0.39-1.05) 0.078
Witnessed CA 0.56 (0.34-0.92) 0.021 *
Night shift 1.15(0.66-1.98) 0.620
Cardiogenic CA? 0.62 (0.37-1.02) 0.058
Initial Rhythms FV/TV" 0.49 (0.30-0.80) 0.004 *
Eil_gl;cn_ls_cofanoxic-ischemic cerebral insult at 2.70 (1.62-4.52) <0.001 *

Table 3. Univariate survival hazard models at 30 days

®Cardiogenic CA compared to Non-Cardiogenic CA and Unknown CA.
®Initial Rhythms FV/TV compared to PEA and Asystole.
“Patients who did not have an EHCT or had subarachnoid hemorrhage are excluded.

* = statistical significance with a 0.05 confidence level
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Figure 2. Kaplan-Meier plot of patients’ survival at 30 days comparing negative EHCT vs positive EHCT for signs
of anoxic-ischemic cerebral insult

In order to evaluate the most important predictors of survival at 30 days, a multivariate analysis (see Table 4)
was performed using Cox proportional hazard model.

Hazard Ratio

(95% ClI)
Age 1.05 (1.02-1.07) <0.001 *
Male sex 0.77 (0.46-1.29) 0.325
Witnessed CA 0.64 (0.38-1.07) 0.092
Night shift 1.15 (0.67-2.02) 0.616
Cardiogenic CA® 1.00 (0.55-1.82) 1.000
Initial Rhythms FV/TV® 0.43 (0.24-0.79) 0.006 *
Signs of anoxic-ischemic cerebral insult at

- *
EHCT 2.14 (1.25-3.67) 0.005

Table 4. Multivariate survival hazard model at 30 days

®Cardiogenic CA compared to Non-Cardiogenic CA and Unknown CA.
®Initial Rhythms FV/TV compared to PEA and Asystole.
“Patients who did not have an EHCT or had subarachnoid hemorrhage are excluded.

* = statistical significance with a 0.05 confidence level.
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With a confidence level of 0.05, the significant risk factors are the presence of signs of anoxic-ischemic brain
injury (p=0.005) and age (p<0.001), while the only factor significantly associated with survival is VF/VT as initial
rhythms of presentation (p=0.006). All other covariates being equal, the hazard rate for patients with positive
EHCT is 2.14 times higher than the hazard rate of other patients. Analogously, the hazard rate increases of 5%
for each year of age and decreases of approximately 60% for patients with VF/VT as initial rhythms. The witness
of the CA no longer results to be a significant factor. Finally, we studied how EHCT might fit into the framework
of prognostication by analyzing its ability to predict death at 30 days (see Table 5).

Dead Alive Tot.
. True positives False positives
Positive EHCT 24 (38%) 6 (11%) 30
. False negatives  True negatives
Negative EHCT 39 (62%) 50 (89%) 89
Tot. 63 (100%) 56 (100%) 119

Table 5. Contingency table of EHCT results and death at 30 days

80% of patients with positive EHCT for post anoxic brain injury and 44% of patients with negative EHCT died
within 30 days. The positive likelihood ratio LR+ is 3.56, indicating a positive association between EHCT and
death. The sensitivity is 0.381, hence 38% of patients that died had a positive EHCT. The specificity is 0.893,
meaning that 89% of patients that survived had a negative EHCT. In other words, the presence of signs of
anoxic-ischemic brain injury was able to correctly predict 38% of the deaths and 89% of the positive outcomes,
while 62% of patients that died had negative EHCT (false negatives) and 11% of patients that survived had
positive EHCT (false positives).

Discussion

3.1 Summary and discussion of the study results

In this retrospective study, OHCAs were prevalent in males with a mean and median age of both 70 years. The
64% of all cardiac arrests were witnessed and had a VF/TV as onset rhythm. Cardiogenic causes of CA were the
most frequent category observed with acute coronary syndrome as leading etiology whereas non-cardiogenic
were less represented. After ROSC, prior to ICU admission, 126 patients underwent an EHCT. Of these, for n° 89
CT did not find signs of brain injury, instead anoxic brain injury was diagnosed in n° 30 patients, finally n° 7
were excluded due to subarachnoid hemorrhage®". In this cohort of 119 patients, 63 died within 30 days, most
of them within 16 days, pointing out that the OHCA is still a major cause of mortality. Neuroprognostication in
post-cardiac arrest patients is clinically challenging and reliable strategies for timely prognostication are a
critical component of any cardiac arrest system of care. The earliest time for prognostication in post-ROSC
patients treated with TTM is 72 hours after return to normothermia™*. The four key components of post-cardiac
arrest syndrome had been identified as (1) post-cardiac arrest brain injury, (2) post-cardiac arrest myocardial
dysfunction, (3) systemic ischemia/reperfusion response, and (4) persistent precipitating pathology®. Among
these, brain injury is the cause of death between 54% to 68% after OHCA and our data are in line with these
findings**?. The multivariate analysis for 30-day survival showed that the factors that appear to be strongly
associated with mortality were a positive EHCT for brain injury (p=0.005), age (p<0.001) and onset rhythm
(p=0.006). All other covariates, gender, witnessed CA, night shift and cardiogenic causes of cardiac arrest were
no longer significant factors. Previous studies highlighted that the onset rhythms with the higher chance of
outliving are the shockable ones® which are the most frequent in cardiogenic CAs compared to non-cardiogenic
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CAs: in our cohort 85.4% vs 33.9% of prevalence of VF/VT respectively. Within our data, the hazard rate
correlated, decreased of approximately 60% for patients with shockable initial rhythms. An anoxic-ischemic
cerebral insult after ROSC in OHCA patients is linked to a lower survival rate at 30 days®. Therefore we wanted
to study how exactly the CT findings are related to death after OHCA. Our data highlighted a positive association
between EHCT and death, but specificity was 89% and sensitivity 38% meaning that the presence of brain injury
was able to correctly predict 38% of the deaths and 89% of the positive outcomes. In conclusion, EHCT seems
able to classify patients that will survive, but tends to produce a high number of false negatives (62%),
therefore, it is insufficient in isolation to definitively prognosticate.

3.2 Consideration and current evidences

The ILCOR international guidelines identified different studies using imaging as a prognostic tool but all of them
were prone to selection bias and had low or very low-quality evidence. Hence there is not a standard for the
critical outcome of survival with unfavorable neurologic status or death at discharge, or neurologic status or
death at 180 days. The task force suggested the use of clinical criteria alone before 72 h after ROSC to estimate
prognosis and a multiple modality of testing (clinical exam, neurophysiological measures, imaging or blood
markers) to estimate prognosis instead of relying on single tests or findings"’. Prior CT studies focused on
attenuation of the gray-white matter (GM/WM) interface quantitatively measured as the ratio (GWR) and
cerebral edema***?’, Inamasu et al demonstrated that a time window of £ 20 min vs > 20 min from CA to
ROSC prognosticate as favorable aftermath in association with a better CPC (1-2). In particular, they analyzed
the loss of boundary sign and found out that a positive LOB on CT was predictive of unfavorable outcome with
81% sensitivity and 92% sensibility. But they excluded non-witnessed cardiac arrest in order to define a better
window period. The CA to ROSC interval regarding the Utstein recommendation® relies on many variables such
as the memory of witnesses” and some of the others are impossible to record or they are unlikely to be
recorded’. This state-of-art scenario by Inamasu et al is not possible in our realty therefore the discrepancy of
data are obviously. When combination of different tools is combined better prediction of outcome are possible.
In fact, the combination of CT and the neuro specific enolase - NSE had been studied by Lee et al. The analysis
of 119 patients undergoing both brain CT and NSE at 48 h indicated that CT and NSE improved the sensitivity up
till 78.6% compared to either alone (48.6%, 62.9%). Sensitivity was found similar in our group but lower (38%).
Metter et al according to their study suggested that the average GWR can estimate risk of mortality for patients
after CA prior to treatment with or without hypothermia but does not report any data concerning sensibility and
specificity. Fugate et al instead studied the cerebral edema with malignant EEG finding a statistical association
in hypothermic and non-hypothermic group but also bringing up a false-positive rate of NSE of 29.3%. Reynolds
et al highlight the bias involved in decision-making regarding whether to perform an EHCT, but there are no
data available about sensibility and specificity as well.

3.3 Limitations

The study has many limitations. The decision-making process regarding when to obtain an EHCT was influenced
by a patient’s premorbid status and therefore there is no exception within the ROSC protocol. Among our 156
patients, 30 did not undergo an EHCT due to cardiologic causes. Also, this study spanned over four years and
due to the continuous shifting of healthcare professionals, data such as CPCs, variable time to HCT, bystander
CPR were lacking or not complete.
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Overall Conclusion

EHCT images showing an anoxic-ischemic cerebral insult after CA are linked to a lower survival rate at 30 days.
Our data underlines the importance of EHCT in patient resuscitated from out-of-hospital cardiac arrest as a tool
to obtain a primary indication for survival but EHCT tends to produce a high number of false negatives (62%).
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