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Abstract

Objective: This study aimed to test the hypothesis that coagulation, fibrinolytic markers and

disseminated intravascular coagulation (DIC) score (International Society on Thrombosis and

Haemostasis) at hospital admission of out-of-hospital cardiac arrest (OHCA) patients can

predict neurological outcomes 1 month after cardiac arrest.

Methods: In this retrospective, observational analysis, data were collected from the Sapporo

Utstein Registry and medical records at Hokkaido University Hospital. We included patients

who experienced OHCA with successful return of spontaneous circulation (ROSC) between

2006 and 2012 and were transferred to Hokkaido University Hospital. From medical records,

we collected information about the following coagulation and fibrinolytic factors at hospital

admission: platelet count; prothrombin time; activated partial thromboplastin time; plasma

levels of fibrinogen, D-dimer, fibrin/fibrinogen degradation products (FDP), and

antithrombin; and calculated DIC score. Favorable neurological outcomes were defined as a

cerebral performance category 1-2.

Results: We analyzed data for 315 patients. Except for fibrinogen level, all coagulation

variables, fibrinolytic variables, and DIC score were associated with favorable neurological

outcomes. In the receiver operating characteristic curve analysis, FDP level had the largest

area under the curve (AUC; 0.795). In addition, the AUC of FDP level was larger than that of



lactate level. The AUC value of FDP level might indicate that FDP is an independent

predictor of favorable neurological outcomes.

Conclusions: All of the coagulation and fibrinolytic markers, except for fibrinogen level, and

DIC score at hospital admission, were associated with favorable neurological outcomes. Of

all of the variables, FDP level was most closely associated with favorable neurological

outcomes in OHCA patients who successfully achieved ROSC.



Introduction

Survival rates and neurological outcomes after out-of-hospital cardiac arrest
(OHCA) have long been used as indicators of the effectiveness of prehospital treatments by
emergency medical services (EMS) and treatments after hospital arrival by physicians.
Well-known prehospital predictors for these post-OHCA outcomes include age, witness of the
event by a bystander, bystander-initiated cardiopulmonary resuscitation (CPR), origin of
cardiac arrest, primary electrocardiogram (ECG) rhythm, defibrillation, and time to CPR
initiation.>® According to a few reports, post-hospital admission predictors for unfavorable
neurological outcomes in these patients with ventricular fibrillation (VF) include lactate level
elevation at intensive care unit (ICU), and OHCA patients’ plasma lactate and serum
creatinine levels elevation.®*°

Neumar et al."* reported that the high mortality rate of patients who initially
achieved return of spontaneous circulation (ROSC) after experiencing cardiac arrest could be
attributed to the development of post-cardiac arrest syndrome (PCAS), a unique and complex
combination of pathophysiological processes. Some of the most important components of
PCAS are systemic ischemia and reperfusion.**

The mechanisms of unfavorable outcomes after resuscitation from OHCA in



patients with PCAS include both myocardial dysfunction and whole-body ischemia and
reperfusion syndrome responsible for a systematic inflammatory response similar to that in
severe sepsis.”"'* Whole-body ischemia and reperfusion-induced endothelial injury
contributes to thrombotic occlusion of the vessels following activation of coagulation and
impairment of fibrinolysis.’****® These changes lead to disseminated intravascular
coagulation (DIC) in patients resuscitated from cardiac arrest.'®'’ DIC causes thrombotic
occlusion of vessels, followed by deteriorated oxygen supply to cells and tissues.®* As a
result, patients resuscitated after cardiac arrest can experience multiple organ dysfunction
syndrome, which causes unfavorable outcomes in OHCA patients.'*%?

Basal conditions during DIC occasionally cause a simultaneous increase in
fibrin(ogen)olysis resulting from tissue-type plasminogen activator (t-PA), which is referred
to as DIC with the fibrinolytic phenotype, as opposed to the thrombolytic phenotype.?®
Hyperfibrinolysis is reportedly common in OHCA patients and has been associated with
markers of hypoperfusion in these patients.?*? If not improved, DIC with the fibrinolytic
phenotype during the early stage of OHCA proceeds to the thrombotic phenotype at the later
stage of OHCA.”® Both types of DIC affect the patient outcomes.**? Based on assessment of

the mortality rate in OHCA patients one month after cardiac arrest, DIC with the fibrinolytic



phenotype predicted the outcome.?® However, neurological outcomes of OHCA patients were
not assessed.

The aim of the present study was to test our hypothesis that coagulation markers,
fibrinolytic markers, and the DIC score of OHCA patients at hospital admission can predict

neurological outcomes.

Methods
Study design

The present study was approved by the institutional review board of the Ethics
Committee of Hokkaido University Hospital. This study was a retrospective analysis of
prospectively collected data from the Sapporo Utstein Registry of OHCA patients and
medical records in Hokkaido University Hospital. Sapporo City started monitoring OHCA
patients according to the Utstein template on April 1, 2002. The EMS system in Sapporo has
been described in previously published research.?’?®
Patient selection

This study included OHCA patients transported to Hokkaido University Hospital

between January 1, 2006 and December 31, 2012. We excluded patients for whom ROSC



was not achieved; for whom spontaneous circulation had been restored before the arrival of
EMS personnel; or whose medical records were missing. A portion of the included patients
was also included in the study by Wada et al.*®
Data collection

The durations of all prehospital procedures were recorded using a timekeeping
device employed by each EMS system. The device records the times of receipt of the
emergency call by EMS, ambulance arrival at the scene, initial contact with the patient,
initiation of CPR, and arrival at the hospital. Patient data included sex, age, initial cardiac
rhythm, and the time course of resuscitation, as well as whether a bystander had witnessed
the episode of cardiac arrest and/or initiated CPR, the patient had been intubated, epinephrine
had been administered, and spontaneous circulation had been restored before arrival at the
hospital. One month after the event, the EMS staff who initially handled each OHCA patient
case collected follow-up data regarding survival and neurological outcomes during a meeting
with the medical control director at the hospital. The physicians in charge examined each
patients and determined their neurological outcomes. If these patients were transferred other
hospital, physicians at the hospital examined them and determined those outcomes. If these

patients were discharged from the hospital, the EMS personnel conducted follow-up serach



on the phone. A favorable neurological outcome was defined as a Cerebral Performance
Category score of 1 (good performance) or 2 (moderate disability). An unfavorable
neurological outcome was defined as a score of 3 (severe cerebral disability), 4 (vegetative
state), or 5 (death).?>* In partnership with the medical control director, emergency personnel
summarized the data from each OHCA case according to the standardized Utstein style.

From the medical records of enrolled patients, we collected lactate levels as well as
coagulation and fibrinolytic information, including platelet count, prothrombin time (PT),
activated partial thromboplastin time (APTT), and plasma levels of fibrinogen, D-dimer,
fibrin/fibrinogen degradation products (FDP), and antithrombin (AT). These variables were
measured immediately after arrival at the emergency department. DIC score was calculated
by the International Society on Thrombosis and Haemostasis scoring system for overt-DIC.%
Statistical analysis

Receiver operating characteristic (ROC) curve analysis, using the Youden Index,
was conducted to calculate the optimal cut-off values for the coagulation and fibrinolytic
markers at hospital admission of OHCA patients who achieved successful ROSC to predict
favorable neurological outcomes. The same analyses ware performed for patients for whom

their OHCA was witnessed by bystanders.



The sensitivity, specificity, positive predictive value (PPV), and negative predictive

value (NPV) of prehospital variables and FDP <13.7 mg/L for predicting favorable

neurological outcomes were determined.

We used Spearman’s rank correlation coefficients to evaluate the correlations

between FDP levels and lactate levels or time from calling the EMS to ROSC. Patient

characteristics and outcomes were compared between two group using the Mann-Whitney U

test (for numerical variables) and the chi-squared test (for categorical variables). These

groups included those based on neurological outcome and those based on FDP threshold.

The adjusted odds ratios (ORs) and 95% confidence intervals (Cls) for outcomes

were assessed using by performing multivariate logistic regression analysis that included the

variables of male sex, age, bystander eyewitness, primary ECG rhythm, the time from call

EMS to ROSC and FDP < 13.7 ug/mL. SPSS version 23.0 (IBM Corp., Armonk, NY, USA)

was used for all statistical analyses. A P-value < 0.05 was considered to be statistically

significant. Unless otherwise indicated, all data are expressed as the median (interquartile

range).

Results
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Patient selection

During the study period, 1,848 patients with OHCA were transferred to Hokkaido

University Hospital by EMS. Of these patients, there were 1,364 patients who had not

experienced ROSC. In addition, there were 79 patients for whom cardiac arrest was not

confirmed by EMS. We also excluded 90 patients for whom data were missing. After these

exclusions, there were 315 patients who were included in the analysis (Supplemental Figure

1),

Comparison of patient characteristics according to the neurological outcome

Table 1 shows the comparison of prehospital characteristics and laboratory data.

There were significant differences in all variables between the groups except frequency of

bystander CPR, time from the call to arrival at the scene, and fibrinogen level.

ROC curve analysis

Table 2 shows the results of the ROC curve analysis of coagulation and fibrinolytic

variables, DIC score, time from the call to ROSC, and lactate level in OHCA patients who

achieved successful ROSC. FDP level had the largest area under the curve (AUC; 0.795), and

the cut-off point for FDP level was 13.7 mg/L. Figure 1 shows the ROC curves for FDP,

lactate level, and time from the call EMS to ROSC.

11



In the ROC curve analysis for patients who were witnessed by bystanders, the FDP

level had the largest AUC (0.799), and the cut-off point for FDP level was 9.5 mg/L.

There were significant differences in all variables between OHCA patients

classified according to the FDP threshold except for with physician, time from the call to

arrival at the scene, time from the call to CPR initiation, and veno-arterial extracorporeal

membrane oxygen (Supplemental Table 1).

Variables accuracy and correlation

Table 3 shows the sensitivity, specificity, PPV, and NPV of prehospital variables

and FDP <13.7 mg/L for predicting favorable neurological outcomes. The following

prehospital variables were considered useful predictors: onset witnessed by a bystander,

initial ECG rhythm with VF or ventricular tachycardia (VT), and cardiac arrest of cardiac

origin. The sensitivity, specificity, PPV, and NPV of FDP <13.7 mg/L compared favorably

with those of these prehospital variables.

Figure 2 shows the scatter diagrams and correlations between FDP and lactate level

(r = 0.274) or time from the call to ROSC (r = 0.246); these relationships were weak but

significant (P < 0.01).

Adjusted odds ratios (ORs) for prognoses

12



According to the logistic regression analyses, primary ECG rhythm (VF/VT), time
from the call to ROSC, and FDP <13.7 mg/L were statistically significant predictors for

favorable neurological outcomes (Table 4).

Discussion

This study evaluated our hypothesis that coagulation variables, fibrinolytic
variables, and the DIC score of OHCA patients at hospital admission can predict neurological
outcomes. All of the variables, except the fibrinogen variables were significantly associated
with favorable neurological outcomes, and FDP level had the largest AUC.

Anoxia and endothelial injury were previously established as triggering stimuli for
circulating fibrinolytic activators and increased fibrinolysis.*** Vascular endothelial cells
have a considerable amount of t-PA, which causes fibrin(ogen)olysis and subsequently
increases the FDP level.*® Schneiderman et al.*’* showed immediate increases in t-PA
activity following arterial occlusion-induced ischemia in humans, attributable to release of
substantial amounts of t-PA. Endothelial cells secrete t-PA in response to vascular injury,
36,39

whole body ischemia and reperfusion syndrome and hypoxia owing to cardiac arrest.

Therefore, FDP levels after cardiac arrest might reflect whole body ischemia and hypoxia.

13



That explains the close association between low FDP levels at hospital admission and
favorable neurological outcomes in OHCA patients with successful ROSC in the present
study. A low DIC score at hospital admission was also associated with favorable neurological
outcomes for the same reason. However, in the present study fibrinogen levels at hospital
admission were not associated with neurological outcomes, although FDP is a degradation
product of fibrin and fibrinogen. The different units of mass (FDP, mg/L; fibrinogen, g/L)
might explain this.

Elevated lactate levels at ICU admission are closely associated with unfavorable
neurological outcomes after OHCA, due to VF.”'? In the present study, the optimal cut-off
point for lactate level of 6.7 mmol/L was significantly associated with favorable neurological
outcomes in OHCA patients who achieved ROSC, with an AUC of 0.726. However, the AUC
of FDP (0.795) was greater than that of the lactate level (Figure 1, Table 2). Furthermore, the
present study did not restrict the sample to OHCA patients with VF and included patients
with any cause of OHCA. In addition, we evaluated the correlation between FDP and lactate
level. Figure 2 showed the correlation was weak but significant (P< 0.01, correlation
coefficient; 0.274). Therefore, as a predictor for neurological outcomes in OHCA patients,

FDP level might be more useful than lactate level. We considered that other factors except for

14



whole body ischemia or hypoxia can affect the lactate level in OHCA patients. For example,
administration of epinephrine administration for resuscitation can increase lactate levels by
an increase in Na'/K*-ATPase activity.”’ In addition, FDP levels might increase in an earlier
phase of whole body ischemia and hypoxia than lactate levels.

The duration of cardiac arrest (from witness by a bystander to ROSC) is
significantly associated with favorable neurological outcomes; in the subgroup analysis with
OHCA patients who achieved ROSC and were witnessed by a bystander, the optimal cut-off
points for FDP level, lactate level, and duration of cardiac arrest were significantly associated
with favorable neurological outcomes. Surprisingly, even in this subgroup analysis, FDP
levels had a larger AUC (0.799) than duration of cardiac arrest (0.765). Therefore, FDP level
might reflect the quality of CPR by an eyewitnesses or EMS personnel.

The present study has several limitations. First, the results were based on
retrospective analyses of OHCA patients in a single center and limited by an incomplete data
set. Second, the lengthy study period meant that the patients were not treated with the same
CPR method because of the change in the CPR guidelines. Third, we could use only six
variables to determine adjusted ORs owing to the limited number of patients with a favorable

neurological outcome.

15



Conclusion

In the present study, coagulation variables, fibrinolytic variables except fibrinogen,

and DIC score at hospital admission were associated with neurological outcomes in OHCA

patients who successfully achieved ROSC. In particularly, low FDP level at hospital

admission was closely associated with favorable neurological outcomes. In addition, the

cut-off point for FDP level to predict favorable neurological outcomes was <13.7 mg/L,

which might be the most reliable laboratory measurement for predicting favorable

neurological outcomes at hospital admission in OHCA patients who successfully achieved

ROSC.
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Figure legends

Figure 1. Receiver operating characteristic curves

Receiver operating characteristic (ROC) curves of fibrin/fibrinogen degradation product

(FDP) level, time from calling the emergency medical services (EMS) to return of

spontaneous circulation (ROSC), and lactate level for the prediction of favorable neurological

outcomes in out-of-hospital cardiac arrest (OHCA) patients who successfully achieved ROSC

Figure 2. Scatter diagrams and correlations between fibrin/fibrinogen degradation

product (FDP) level and lactate level and time from calling emergency medical services

(EMS) to return of spontaneous circulation (ROSC)

The left vertical line in the left scatter diagram represents lactate level and the left vertical

line in the right diagram shows time from call EMS to ROSC. The horizontal lines in both

diagrams represent FDP level. In the bottom of this figure, the correlation between FDP and

lactate or time from call EMS to ROSC is showed.

FDP, fibrin/fibrinogen degradation products; ROSC, return of spontaneous circulation; EMS,

emergency medical services
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Table 1. Characteristics of out-of-hospital cardiac arrest patients according to

neurological outcomes

Neurological outcome CPC1lor2 CPC 3-5
P value
n=>5I n =264
Age, years, median (IQR) 61 (56-72) 74 (60—82) < 0.001
Male sex 40 (78.4) 140 (53.0) 0.001
Witness by a bystander 45 (88.2) 152 (57.6) < 0.001
With physician 46 (90.2) 186 (70.5) 0.003
CPR initiated by a bystander 14 (27.5) 95 (36.0) 0.241
Origin of cardiac arrest
Cardiac 47(92.2) 106 (40.2)
<0.001
Not cardiac 4(7.8) 158 (59.8)
Primary ECG rhythm
VF/NVT 38 (74.5) 38 (14.4)
<0.001
PEA/Asystole 13 (25.5) 226 (85.6)
Life support by EMS personnel
Defibrillation 40 (78.4) 51(19.3) <0.001
Advanced airway management 40 (78.4) 257 (97.3) <0.001
Intravenous line inserted 42 (82.4) 255 (96.6) <0.001
Epinephrine administerd 18 (35.3) 219 (83.0) < 0.001
Time, minutes, median (IQR)
Time from calling EMS to arrival at the scene 547 6(5-7) 0.078
Time from calling EMS to CPR initiation 6(5-8) 7(6-9) < 0.001
Time from calling EMS to ROSC 17 (13-24) 30 (23-39) < 0.001
Time from calling EMS to arrival at the hospital 32 (25-36) 34 (28-39) < 0.001
Time from CPR initiation to ROSC 10 (6-20) 23 (16-30) <0.001
Duration of cardiac arrest 16 (11-24) 31(23-37) <0.001
Laboratory data, median (IQR)
FDP (mg/L) 7.2(2.6-24.6) 37.4(18.4-69.3) < 0.001
D-dimer (mg/L) 4.20(1.17-14.57) 21.16 (10.64-43.03) < 0.001
AT (%) 83.0(71.0-91.0) 71.0 (60.0-81.0) <0.001
Fibrinogen (g/L) 2.34(2.03-2.96) 2.38 (1.87-3.00) 0.663
PT (sec) 12.4 (11.8-14.0) 142 (12.8-16.4)  <0.001
APTT (sec) 32(29-41) 48 (37-65) <0.001
Platelet count (10*/uL) 20.8 (16.1-25.4) 18.1 (14.6-22.8) 0.01
Lactate (mmol/L) 52(2.2-87) 0.2(6.4-12.2) < 0.001
DIC score, median (IQR) 0(0-3) 3(2-4) <0.001
V-AECMO 10 (19.6) 21(8.0) 0.011

Therapeutic hypothermia 35 (68.6) 60 (22.7) < 0.001




Data are expressed as n (%), unless otherwise indicated.

CPC, Cerebral Performance Category; IQR, interquartile range; CPR, cardiopulmonary

resuscitation; ECG, electrocardiography; VF, ventricular fibrillation; VT, ventricular

tachycardia; PEA, pulseless electrical activity; EMS, emergency medical services;

ROSC, return of spontaneous circulation; FDP, fibrin/fibrinogen degradation products;

AT, antithrombin; PT, prothrombin time; APTT, activated partial thromboplastin time;

DIC, disseminated intravascular coagulation; V-A ECMO, veno-arterial extracorporeal

membrane oxygenation



Table 2. Receiver operating characteristic curve analysis

95% confidence interval

AUC P value cutoff value
lower upper
all OHCA patients who achieved ROSC

FDP (mg/L) 0.795 0.719 0.872 < 0.001 13.7
D-dimer (mg/L) 0.768 0.69 0.846 < 0.001 9

AT (%) 0.708 0.631 0.785 < 0.001 80.5
Fibrinogen (g/L) 0.481 0.4 0.561 0.663 1.92
PT (sec) 0.707 0.624 0.789 < 0.001 133
APTT (sec) 0.74 0.661 0.818 < 0.001 41

Platelet count (10%/uL) 0.613 0.531 0.696 0.01 19.1
DIC score 0.755 0.674 0.836 < 0.001 0.5
Time from calling EMS to ROSC (min) 0.759 0.67 0.847 <0.001 18.5
Lactate levels (mmol/L) 0.726 0.644 0.808 <0.001 6.7

OHCA patients witnessed by bystanders and who achieved ROSC

FDP (mg/L) 0.799 0.715 0.884 < (.001 9.5
D-dimer (mg/L) 0.771 0.683 0.859 < (.001 7.7
AT (%) 0.712 0.628 0.797 < 0.001 81.5
Fibrinogen (g/L) 0.547 0.457 0.636 0.343 23
PT (sec) 0.698 0.606 0.79 < 0.001 13

APTT (sec) 0.724 0.638 0.81 < 0.001 367
Platelet count (10%/uL) 0.628 0.535 0.72 0.009 19.1
DIC score 0.77 0.681 0.859 < (.001 0.5
Duration of cardiac arrest (min) 0.765 0.67 0.859 < 0.001 18.5
Lactate levels (mmol/L) 0.716 0.626 0.807 <0.001 6.7

AUC, area under the curve; ROSC, return of spontaneous circulation;

FDP,

fibrin/fibrinogen degradation products; AT, antithrombin; PT, prothrombin time; APTT,

activated partial thromboplastin time; DIC, disseminated intravascular coagulation;

EMS, emergency medical services



Table 3. Accuracy of variables to predict favorable neurological outcomes in out of

hospital cardiac arrest patients who successfully achieved return of spontaneous

circulation
sensitivity specificity positive predictive value negative predictive value
Witnessed by a bystander 0.882 0.424 0.228 0.949
ECG rhythm(V/VT) 0.745 0.848 0.5 0.945
Cardiac origin 0.922 0.598 0.307 0.975
FDP =13.7 mg/L 0.725 0.803 0.416 0.828

ECG, electrocardiograph; VT, ventricular fibrillation; VT, ventricular tachycardia; FDP,

fibrin/fibrinogen degradation products



Table 4. Logistic regression analyses for the prediction of favorable neurological

outcomes in out of hospital cardiac arrest patients who successfully achieved

return of spontaneous circulation (ROSC)

Variables regression coefficient OR 95%, CI P-value
Male sex 042 1.52 0.61-3.80 0.367
Age -0.013 0.99 0.96-1.01 0.311
Witnessed by a bystander 1.003 2.73 0.92-8.06 0.07
Primary ECG rhythm (V/VT) 2.203 9.05 3.98-20.60 <0.001
Time from calling EMS to ROSC —-0.042 0.96 0.93-0.99 0.005
FDP < 13.7 mg/L 1.606 4.98 2.18-11.40 <0.001

OR, odds ratio; CI, confidence interval; ECG, electrocardiograph; VT, ventricular

fibrillation; VT, ventricular tachycardia; EMS, emergency medical services; FDP,

fibrin/fibrinogen degradation products
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