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Admission C-reactive protein
concentrations are associated
with unfavourable neurological
outcome after out-of-hospital
cardiac arrest

Christoph Schriefl®, Christian Schoergenhofer?™, Michael Poppe?, Christian Clodi?,
Matthias Mueller?, Florian Ettl}, Bernd Jilma2, Juergen Grafeneder!, Michael Schwameis?,
Heidrun Losert?, Michael Holzer?, Fritz Sterz' & Andrea Zeiner-Schatzl*

Whether admission C-reactive protein (aCRP) concentrations are associated with neurological
outcome after out-of-hospital cardiac arrest (OHCA) is controversial. Based on established kinetics

of CRP, we hypothesized that aCRP may reflect the pre-arrest state of health and investigated
associations with neurological outcome. Prospectively collected data from the Vienna Clinical

Cardiac Arrest Registry of the Department of Emergency Medicine were analysed. Adults (=18 years)
who suffered a non-traumatic OHCA between January 2013 and December 2018 with return of
spontaneous circulation, but without extracorporeal cardiopulmonary resuscitation therapy were
eligible. The primary endpoint was a composite of unfavourable neurologic function or death (defined
as Cerebral Performance Category 3-5) at 30 days. Associations of CRP levels drawn within 30 min of
hospital admission were assessed using binary logistic regression. ACRP concentrations were overall
low in our population (n=832), but higher in the unfavourable outcome group [median: 0.44 (quartiles
0.15-1.44) mg/dL vs. 0.26 (0.11-0.62) mg/dL, p<0.001]. The crude odds ratio for higher aCRP
concentrations was 1.19 (95% Cl 1.10-1.28, p<0.001, per mg/dL) to have unfavourable neurological
outcome. After multivariate adjustment for traditional prognostication markers the odds ratio of
higher aCRP concentrations was 1.13 (95% Cl 1.04-1.22, p=0.002). Sensitivity of aCRP was low, but
specificity for unfavourable neurological outcome was 90% for the cut-off at 1.5 mg/dL and 97.5% for 5
mg/dL CRP. In conclusion, high aCRP levels are associated with unfavourable neurological outcome at
day 30 after OHCA.

Out-of-hospital cardiac arrest (OHCA) remains a major public health problem that claims over 770,000 lives in
Europe and the US annually Whilst significant efforts have been made to increase layperson awareness and
bystander cardiopulmonary resuscitation (CPR), only 10% of patients admitted after OHCA survive to hospital
discharge, many of whom with permanent brain injury?>.

The early phase after successful CPR with return of spontaneous circulation (ROSC) is characterized by
global ischemia and reperfusion injury. The pathophysiological mechanisms in this period are summarized as
“post cardiac arrest syndrome’, which features a systemic inflammatory response, hemodynamic instability and
organ dysfunction®. The degree of the inflammatory response after CPR is associated with clinical outcomes™*.
However, whether inflammatory conditions that are present before cardiac arrest may impact on clinical out-
comes remains to be established, which was the main focus of this analysis. Given the well-known kinetics of
C-reactive protein’, measurements immediately after hospital admission reflect the pre-arrest state of health of
patients and are unlikely to be relevantly influenced by the process of CPR itself, which is in contrast to blood
samples drawn later during post-resuscitation care.
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Earlier studies showed inconclusive results: Isenschmid et al. reported that higher C-reactive protein levels
were associated with poor neurologic outcome, but neither specified the timing of blood sampling nor the exact
population (OHCA or in-hospital cardiac arrest (IHCA))3. Dell'anna et al. reported similar results, but included
both, OHCA and IHCA patients’. It needs to be noted that IHCA patients differ relevantly from patients with
OHCA, because hospitalized patients almost regularly have increased biomarkers of systemic inflammation,
e.g. due to surgery or infectious diseases, and the underlying causes of cardiac arrest differ accordingly'®!!. In
contrast, Vaahersalo et al. included only OHCA patients, but found no differences in C-reactive protein levels
between patients with good or poor neurologic outcome. “Admission” blood sampling was only performed within
6 h of hospital admission®. Interestingly, interleukin-6 levels differed significantly between these two groups. Since
C-reactive protein is a downstream marker of interleukin-6'? with well-known kinetics, these results emphasise
the importance of timing of blood analysis.

Given these limitations and partly contradictory data, we analysed data from a large prospective single cen-
tre registry to determine potential associations between C-reactive protein levels measured immediately after
hospital admission (within 30 min) and clinical outcomes after OHCA.

Methods

Study design. The current analysis is based on prospectively collected data from the Vienna Clinical Car-
diac Arrest Registry of the Department of Emergency Medicine. The registry includes all adult cardiac arrest
patients, admitted to, and treated at, the Department of Emergency Medicine of the Medical University of
Vienna, a tertiary care facility.

Data acquisition and documentation was conducted in accordance with the Utstein style recommendations
for cardiac arrest related documentation’®. Data were obtained by a health care professional either via personal
visits or via standardised telephone interviews if the patient had been discharged from hospital. Health care
professionals were unaware of C-reactive protein levels during the assessments of neurologic function. Baseline
data, for example witnessed status, were determined carefully through meticulous communication with the
dispatch centre, the emergency physicians, the paramedics on scene, bystanders and relatives.

Blood samples were drawn immediately after hospital admission (at maximum within 30 min) and analysed
by the ISO-certified central laboratory of the Vienna General Hospital. The first blood sample always includes
C-reactive protein (mg/dL) as a standard marker of inflammation.

This study was approved by the local Ethics Committee of the Medical University of Vienna (EK No.
1219/2018) with waiver of informed consent due to the minimal risks arising from study participation. The
study complies with the Declaration of Helsinki and was performed in accordance with the relevant guidelines
and regulations.

Study population. In our analysis cohort we included all adults>18 years of age who suffered a non-
traumatic out of hospital cardiac arrest between January 2013 and December 2018. Patients without return
of spontaneous circulation and those with extracorporeal cardiopulmonary resuscitation (eCPR) therapy were
excluded. Furthermore, we excluded patients with missing data for the multivariate analysis.

Patients were treated by the local emergency medical service, operated by the Municipal Ambulance Ser-
vice Vienna and supported by partner organizations, on scene. Emergency medical services (EMS) performed
advanced life support on scene according to standard operating procedures and current guidelines. We have
recently described the Viennese EMS in detail'. Patients were admitted to one of the intensive care positions at
the Department of Emergency Medicine. Patient treatment was based on current guidelines, including post-resus-
citation management"'®. Targeted temperature management (32-34 °C) was conducted for all comatose patients
according to an institutional protocol based on the current guidelines for 24 h until the start of rewarming.

Endpoints. The primary endpoint was neurological outcome at day 30, defined as follows: favourable neu-
rological outcome was defined as a Cerebral Performance Category (CPC) 1 (good neurologic function) or 2
(moderate disability); unfavourable neurological outcome was defined as CPC 3-5 (severe disability, vegetative
state, or death) or persistent unresponsiveness due to analgosedation during the study period or before death.
This is in accordance with the Utstein recommendations’®.

The secondary endpoint was 30-day mortality.

Statistical analysis. We present categorised data as counts (relative frequency), and continuous data as
median + quartiles. C-reactive protein levels on admission were compared between patients with favourable and
unfavourable neurological outcome at day 30 using the Mann-Whitney U test.

We used a binary logistic regression analysis (backward stepwise elimination approach according to Wald
test-statistics step-by-step) to estimate the effect of admission C-reactive protein levels on the primary endpoint.
The effect was quantified as odds ratio with 95% confidence intervals (95% CI).

We used a Cox regression analysis (backward stepwise elimination approach according to Wald test-statistics
step-by-step) to estimate the effect of admission C-reactive protein levels on the secondary endpoint taking the
time-to-event into account. The effect was quantified as hazard ratio with 95% CIL.

We selected covariables for the multivariable models based on both clinical reasoning and previous studies.
These variables included age, sex, initial shockable rhythm, basic life support, witness status, number of shocks,
cumulative epinephrine dose, and pH. The final results of the multivariate analyses are presented in tables. Those
variables eliminated by the testing procedure were omitted.

We conducted receiver-operating characteristic (ROC) curve analysis to assess the performance of C-reactive
protein concentrations for outcome parameters (based on sensitivity and specificity) and to identify respective
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Figure 1. Flowchart of the study.

cut-offs. Moreover, the added value of C-reactive protein to (1) our model, (2) the TTM risk score!” and (3) the
CAHP score'® was assessed by comparing derived areas under the ROC curve by the DeLong test.

We performed a sensitivity analysis for the primary and secondary endpoint in patients with presumed cardiac
cause of cardiac arrest. Furthermore, we included dichotomized data (based on cut-offs) in the analysis instead
of the continuous variable (Supplement). Kaplan-Meier Curve plots of the estimated 30-day survival were drawn
for these cut-offs and groups were compared using the log-rank test.

For data management and analyses we used MS Excel (Microsoft Corporation Redmond, USA) and IBM
SPSS Statistics (Version 26, IBM Corporation) as well as R (R Foundation for Statistical Computing, Version
3.6.2). A two-sided p-value <0.05 was considered statistically significant.

Results
During the observation period 1591 cardiac arrest patients were enrolled in our registry. Of those patients, 832
patients fulfilled all inclusion criteria and were finally analysed (Fig. 1).

Baseline characteristics. Table 1 shows baseline characteristics of the study patients, including distri-
bution of cardiac arrest related parameters grouped by 30-day neurological outcome. In short, patients with
unfavourable neurological outcome were older, less often had an initially shockable rhythm or a cardiac cause
of cardiac arrest. They had higher blood lactate levels lower pH levels and overall more comorbidities. Interest-
ingly, C-reactive protein levels were overall low with 490 of 832 patients having C-reactive protein levels within
the reference range (0.5 mg/dL).

Outcome analysis. C-reactive protein levels on admission were significantly higher in patients with unfa-
vourable neurologic outcome (Table 1, Supplement/Figure S1, p<0.001).

In univariate analysis, the crude odds ratio for unfavourable neurologic outcome was 1.19 (95% CI 1.10—1.28,
p<0.001) for C-reactive protein admission levels. After multivariate adjustment for age, sex, initial shockable
rhythm, basic life support, witness status, number of shocks, cumulative epinephrine dose, and pH the adjusted
odds ratio of C-reactive protein admission levels was 1.13 (95% CI 1.04-1.22, p=0.003, Table 2).

The overall proportion of 30-day mortality was 42% (n=345). In univariate analysis, the crude hazard ratio of
C-reactive protein levels for 30-day mortality was 1.07 (95% CI 1.05-1.10, p <0.001). The estimates of C-reactive
protein levels on 30-day mortality in the adjusted model showed a hazard ratio of 1.04 (95% CI 1.01-1.07,
p=0.01, Table 3).

In ROC analysis, C-reactive protein had an area under the curve of 0.60 (95% CI 0.56-0.64, p <0.001) for
neurologic outcome and similarly of 0.6 (95% CI 0.56-0.64, p <0.001) for 30-day mortality. No obvious cut-offs
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All Favourable neurological outcome | Unfavourable neurological outcome

n=3832 n=357 n=475
Age, median (IQR) 60 (49-70) 55 (47-66) 63 (51-73)
Female, n (%) 236 (28) 92 (26) 144 (30)
Witnessed, n (%) 691 (83) 323 (90) 368 (78)
BLS, n (%) 505 (61) 239 (67) 266 (56)
Initial rhythm, n (%)
VT 4 (1) 3(0.8) 1(0.2)
VE 440 (53) 257 (72) 183 (39)
PEA 191 (23) 50 (14) 141 (30)
Asystole 133 (16) 14 (4) 119 (25)
Unknown 63 (8) 32(9) 31 (7)
No Flow (min), median (IQR)* 0(0-1) 0(0-1) 0(0-1)
Low Flow (min), median (IQR)* 23 (14-37) 16 (10-25) 29 (20-48)
Origin, n (%)
Pulmonary 114 (14) 26 (7) 88(19)
Cardiac 547 (66) 284 (79) 263 (55)
Metabolic 11(1) 4 (1) 7(2)
Intoxication 25 (3) 5(1) 20 (4)
Drowning 15(2) 4(1) 11 (2)
Sepsis 1(0.1) 0(0) 1(0.2)
Other 18 (2) 3(1) 15(3)
Cerebral 34 (4) 5(1) 29 (6)
Unknown 67 (8) 26 (7) 41 (9)
Total dose of epinephrine in mg, median 2(0-4) 0(0-2) 3(1-5)
(IQR)
ggxgjber of shocks applied, median 3(1-6) 3(1-5) 4(2-7)
pH, median (IQR) 7.16 (7.02-7.27) | 7.24 (7.12-7.30) 7.10 (6.95-7.31)
Lactate (mmol/l), median (IQR) 7.3 (4.3-10.8)) 5.1(3.0-8.1) 8.9 (6.2-12.1)
CRP (mg/dl), median (IQR) 0.33(0.14-0.94) | 0.26 (0.11-0.62) 0.4 (0.15-1.46)
Chronic health conditions, n (%)
Diabetes 158 (19) 49 (14) 109 (23)
Hypertension 339 (41) 122 (34) 217 (46)
Current smoker 239 (29) 115 (32) 124 (26)
Chronic heart failure 89 (11) 31(9) 58 (12)
Myocardial infarction 89 (11) 38(11) 51(11)
Cerebral vascular insufficiency 53 (6) 15 (4) 38(8)
Coronary artery disease 163 (20) 66 (19) 97 (20)
Chronic obstructive pulmonary disease | 105 (13) 34 (10) 71 (15)

Table 1. Baseline characteristics by outcome group. Favourable neurological outcome was defined as cerebral
performance category 1-2, Unfavourable neurological outcome as cerebral performance category 3-5. BLS
basic life support performed by bystanders, CRP c-reactive protein, PEA pulseless electrical activity, IQR

inter quartile range, VF ventricular fibrillation, VT pulseless ventricular tachycardia. *Data only for witnessed
available. ®Data only from patients receiving at least one shock.

were identifiable. Thus, we used a specificity-driven approach to identify cut-offs at 1.5 mg/dL (specificity 90%
and sensitivity 24% for unfavourable 30-day neurologic outcome; specificity 89% and sensitivity 27% for 30-day
mortality) and 5 mg/dL (specificity 97.5% and sensitivity 10% for unfavourable 30-day neurologic outcome;
specificity 96% and sensitivity 10% for 30-day-mortality). The population was dichotomized using these cut-offs
and these variables were included in logistic regression models. In short, the adjusted odds ratio of the cut-off at
1.5 mg/dL was 2.28 (95% CI 1.44-3.61, p <0.001) to have poor neurologic outcome and 3.44 (95% CI 1.57-7.53,
p=0.002) for the cut-off at 5 mg/dL. Details are presented in the Supplement (Tables S1 and S2).

The added value of C-reactive protein to the model calculated with the above-mentioned variables, with the
CAHP and the TTM risk score was assessed. Of note, C-reactive protein statistically improved the multivariate
model of this study, as well as the CAHP model, although the improvement was not clinically meaningful (Sup-
plement, Figure S2/S3/54).

The Kaplan-Meier survival plot of the estimated 30-day mortality based on both cut-offs for C-reactive pro-
tein quartiles is presented in Fig. 2. The between-group difference continues throughout the observation time
and is still observed on day thirty (log-rank test p <0.001).
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Unfavourable outcome (cerebral performance

category 3-5)

CRP [mg/dL]
Parameters OR (95% CI) p-value
CRP 1.13 (1.04-1.22) 0.003
Age 1.04 (1.03-1.05) <0.001
Male sex 0.72 (0.50-1.03) 0.07
Witnessed arrest 0.34 (0.22-0.55) <0.001
BLS 0.74 (0.54-1.03) 0.073
pH 0.01 (0.00-0.02) <0.001

Table 2. Multivariate analysis of the primary endpoint (n=832). Unfavourable outcome was analysed by
binary logistic regression using a backward stepwise elimination approach according to Wald test statistic step-
by-step. The presented parameters are the ones remaining in the final step of the model. BLS basic life support,
CI confidence interval, CRP C-reactive protein, OR odds ratio.

30-day mortality

CRP [mg/dL]
Parameters HR (95% CI) p-value
CRP 1.04 (1.01-1.07) 0.01
Age 1.03 (1.02-1.04) <0.001
BLS 0.70 (0.53-0.91) 0.007
pH Value 0.05 (0.03-0.11) <0.001

Table 3. Multivariate analysis of the secondary endpoint (n=3832). 30-day mortality was assessed by the Cox
regression model using a backward stepwise elimination approach according to Wald test statistic step-by-
step. The presented parameters are the ones remaining in the final step of the model. BLS basic life support, CI
confidence interval, CRP C-reactive protein, HR hazard ratio.
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Figure 2. Kaplan-Meier plot of mortality to day 30 among ED patients presenting with OHCA according to
(a) the CRP cut-off level of 1.5 mg/dL and (b) the CRP cut-off level of 5 mg/dL. Shaded areas indicate a 95%
confidence interval. CRP C-reactive protein, ED emergency department, OHCA out-of-hospital cardiac arrest.

Patients with cardiac cause of OHCA. A total of 547 patients with an underlying cardiac cause of OHCA were
included in this subgroup analysis. The crude OR for unfavourable neurological outcome was 1.54 (95% CI
1.26-1.88, p<0.001) for C-reactive protein admission levels. After multivariate adjustment the adjusted OR was
1.45 (95% CI 1.20-1.75, p<0.001, Table S3) for C-reactive protein.

The crude hazard ratio for 30-day mortality was 1.13 (95% CI 1.10-1.17, p<0.001) for C-reactive protein
admission levels. The estimates of C-reactive protein levels on 30-day mortality in the adjusted model showed a
hazard ratio of 1.06 (95% CI 1.02-1.10, p=0.005, Table S4) for C-reactive protein levels.
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Discussion

The main finding of this study is that admission C-reactive protein levels are associated with unfavourable neu-
rological outcome and mortality 30-days after OHCA. Interestingly, the observed associations were even more
pronounced in the subgroup of patients with an underlying cardiac cause of OHCA. C-reactive protein levels
performed poorly in ROC analysis, which is explainable by a low sensitivity, although its specificity to predict
unfavourable clinical outcomes was remarkable with a specificity of 90% at 1.5 mg/dL and 97.5% at 5 mg/dL.

In contrast to other studies®® we focused on OHCA patients in our analysis. As mentioned, [IHCA and OHCA
patients differ substantially'®!!. Interestingly, Vaahersalo et al. reported that C-reactive protein levels did not differ
between OHCA patients with favourable and unfavourable neurologic outcome. However, their sample size was
much smaller (n=130) compared to our study (n=832) and their study may not have been sufficiently powered®.

The majority of studies in OHCA patients investigated parameters directly associated with CPR itself (e.g.
serum lactate concentration or pH value)!*-?*. These parameters usually reflect no-flow time and low-flow time
and the quality of resuscitation. Taking the kinetics of C-reactive protein into account’, admission C-reactive
protein levels do not reflect the specifics of CPR, but rather the health status of patients prior to cardiac arrest.
Although C-reactive protein synthesis starts rapidly after a single stimulus, it takes approximately 6 h for serum
concentrations to rise above 0.5 mg/dL, and peak values are only reached after approximately 48 h’. Regrettably,
the exact time of blood sampling and therefore the more relevant time span from cardiac arrest was not docu-
mented, but we can estimate this duration with sufficient accuracy for this analysis, as explained in the following.
In contrast to other studies®®, in our cohort blood samples were drawn shortly after admission (within 30 min).
Schober et al. reported that the median time from the arrival of EMS at the scene of cardiac arrest to hospital
admission was 50 (quartiles: 40-61) minutes in Vienna?*. We included both, patients with witnessed and non-
witnessed cardiac arrests. Thus, the time to arrival of EMS after CA cannot be exactly determined, however,
the average time-to-first medical contact was 7+ 3 min in Vienna'®. In sum, blood samples were drawn within
60-90 min after cardiac arrest, which precludes substantial impact of cardiac arrest on C-reactive protein con-
centrations. In contrast, C-reactive protein levels measured after a time lag of six hours already may have been
relevantly influenced by resuscitation associated aspiration, infection or inflammation, which could also explain
negative results reported by Vahersalo et al.. Likewise, Isenschmid et al. do not specifically state the timepoint
of blood sampling in their study?®.

C-reactive protein performed poorly in ROC curve analysis with an AUC of only 0.6. However, this is explain-
able by its low sensitivity. For instance, patients with low C-reactive protein levels may still experience unfavour-
able clinical outcomes, if their collapse is not witnessed, the no-flow time is exceedingly long or the quality of
CPR is poor. Thus, the low sensitivity is not merely surprising, while the specificity is comparable to established
risk scores and more established prognostic parameters: the specificity of the high-risk group score of the Cardiac
Arrest Hospital Prognosis score was 98%, with a sensitivity of 36-51% (depending on the cohort)'®, and the
high-risk group in the target temperature risk (TTM) score: specificity 95%, sensitivity 40%"”. Noteworthy, these
scores only included witnessed patients, which contrasts our analysis. The specificity of neuron-specific enolase
(NSE) was 94-100%, depending on the analysed cohorts, but only after 48 h, with a low sensitivity of 36%.
In sum, C-reactive protein concentrations measured immediately after hospital admission are not an optimal
prognostic parameter given its low sensitivity, but the high specificity for poor neurologic outcome may indeed
be of interest for clinicians, as it is a rapidly and ubiquitously available standard laboratory parameter measured.

The association of C-reactive protein concentrations with neurological outcome was more pronounced
in the subgroup of patients with cardiac cause of cardiac arrest with an adjusted odds ratio of 1.45 (95% CI
1.20-1.75). C-reactive protein is recognised as a routine biomarker of cardiovascular disease**-?%. Furthermore,
there are numerous studies reporting associations of inflammation with poor clinical outcomes after myocardial
infarction®.

The strengths of this analysis include the inclusion of a large cohort of patients, the prospective collection
of data and the timely measurement of blood parameters shortly after admission. High quality ALS and post-
resuscitation care are crucial determinants of patient outcomes'. We recently reported that EMS in the city
of Vienna consistently demonstrate excellent cardiopulmonary resuscitation performance'**!. Moreover, the
Department of Emergency Medicine is a specialized cardiac arrest center with high patient volumes®'.

The major limitations of this study include its observational nature and its single centre design. Therefore,
applying our results to other health care systems or countries may not be feasible. Other parameters of inflam-
mation (e.g. interleukin-6) were not included in the analysis. We did not investigate reasons for high C-reactive
protein levels in included patients, especially procalcitonin was not available for most patients. The exact time
of blood sampling was not documented and consequently, the duration from cardiac arrest to blood sampling
could only be estimated.

Conclusions

In adult patients with OHCA high C-reactive protein levels on admission are associated with unfavourable
neurological outcome and 30-day mortality. It is noteworthy that C-reactive protein levels do not reflect quality
or duration of CPR, but rather the health status of patients prior to cardiac arrest.

Data availability
The datasets used and analysed during the current study are available from the corresponding author on reason-
able request.
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