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O UT-OF-HOSPITAL cardiac arrest (OHCA) remains 
associated with a low rate of survival, despite advanced 

treatment algorithms.1,2 The state of shock associated with 
OHCA is known to be accompanied by the activation of 
the coagulation system and disturbances in the fibrinolytic 
system.3,4 We and others showed that a substantial propor-
tion of OHCA patients develop endogenous excessive clot 
breakdown.5–7 This hyperfibrinolytic state contributes to the 
development of disseminated intravascular coagulation in the 
absence of visible bleeding and is associated with poor outcome 
and increased risk for early mortality.8–10

We previously showed that the level of hyperfibrinolysis 
is associated with the severity of derangements in systemic 
markers of tissue hypoperfusion in OHCA patients, includ-
ing base excess (BE), lactate, and pH values.5 The under-
lying mechanism of hypoperfusion-associated hemostatic 
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ABSTRACT

Background: The authors investigated whether patients with out-of-hospital cardiac arrest with an initial low cerebral oxygen 
level during cardiopulmonary resuscitation are more prone to develop hyperfibrinolysis than patients with normal cerebral 
oxygenation levels and which part of the fibrinolytic system is involved in this response.
Methods: In 46 patients, hyperfibrinolysis was diagnosed immediately upon emergency department admission using rota-
tional thromboelastometry and defined as a lysis more than 15%. Simultaneously, initial cerebral tissue oxygenation was 
measured using near-infrared spectroscopy, and oxygen desaturation was defined as a tissue oxygenation index (TOI) of 50% 
or less. Blood sample analysis included markers for hypoperfusion and fibrinolysis.
Results: There was no difference in prehospital cardiopulmonary resuscitation duration between patients with or without 
hyperfibrinolysis. An initial TOI of 50% or less was associated with more clot lysis (91% [17 to 100%; n = 16]) compared 
with patients with a normal TOI (6% [4 to 11%]; n = 30; P < 0.001), with lower levels of plasminogen (151.6 ± 61.0 
vs. 225.3 ± 47.0 μg/ml; P < 0.001) and higher levels of tissue plasminogen activator (t-PA; 18.3 ± 7.4 vs. 7.9 ± 4.7 ng/ml; 
P < 0.001) and plasminogen activator inhibitor-1 (19.3 ± 8.9 vs. 12.1 ± 6.1 ng/ml; P = 0.013). There were no differences in 
(activated) protein C levels among groups. The initial TOI was negatively correlated with t-PA (r = −0.69; P < 0001). Mortal-
ity rates were highest in patients with hyperfibrinolysis.
Conclusion: Activation of the fibrinolytic system is more common in out-of-hospital cardiac arrest patients with an initial 
cerebral tissue oxygenation value of 50% or less during resuscitation and is linked to increased levels of t-PA rather than 
involvement of protein C. (Anesthesiology 2015; 123:820-9)

This work has been presented at the International Symposium on Critical Bleeding, Copenhagen, Denmark, September 2–3, 2013. 
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disturbances is however still under debate. In trauma 
patients, it has been suggested that the presence of tissue 
hypoperfusion is associated with changes in the thrombo-
modulin–protein C pathway, leading to protein C activa-
tion. This activation subsequently leads to anticoagulation 
by inactivation of factor V and VIII and increased fibrinoly-
sis through an increase in tissue plasminogen activator (t-PA) 
and inactivation of fibrinolysis-inhibiting proteins such as 
plasminogen activator inhibitor- (PAI-1).11,12 It is unknown 
whether the pathway of hypoperfusion-associated traumatic 
coagulopathy mechanisms is also responsible for the changes 
in coagulation observed in OHCA patients.

Although hyperfibrinolysis has been acknowledged as an 
unfavorable complication of cardiac arrest, it is still unclear 
which patients are prone to develop a disturbed fibrinolytic 
state. Moreover, although we previously suggested that hyper-
fibrinolysis should be considered as an epiphenomenon of 
hypoxia and tissue hypoperfusion, the direct link between tis-
sue oxygenation and the prevalence of hyperfibrinolysis has 
scarcely been investigated as most studies only focus on surro-
gate markers for inadequate tissue blood flow, such as arterial 
carbon dioxide partial pressure (pCO2) or pH.5,7

Recently, the level of cerebral oxygen saturation during 
resuscitation was acknowledged as novel outcome predictor 
in patients with cardiac arrest,13 but the association between 
cerebral tissue oxygenation levels and the prevalence of 
hyperfibrinolysis is unclear. The main objective of his study 
was therefore to further identify patients after OHCA with 
the highest risk of developing hyperfibrinolysis with partic-
ular emphasis on cerebral oxygenation levels. We hypoth-
esized that OHCA patients with an initial low cerebral 
oxygen level during cardiopulmonary resuscitation (CPR) as 
measured upon emergency department (ED) arrival by near-
infrared spectroscopy (NIRS) show a higher prevalence of 
hyperfibrinolysis than patients with normal oxygenation lev-
els. We investigated whether excessive clot breakdown and 
alterations in plasma fibrinolytic markers are particularly 
present in case of cerebral tissue oxygenation levels of 50% 
or less during resuscitation as measured by NIRS. We further 
studied whether the association of cerebral oxygenation lev-
els and initiation of the anticoagulant system is paralleled by 
activation of protein C.

Materials and Methods

Study Design
This prospective, single-center observational study was per-
formed in the VU University Medical Center in Amsterdam, 
The Netherlands, between September 2012 and July 2013. 
The study was approved by the local Human Subjects Com-
mittee of the VU University Medical Center (METc VUmc, 
Amsterdam, The Netherlands) and registered in The Nether-
lands Trial Register (2012/119; NL39831.029.12). The data 
were not previously published, except for the correlation 
between the lysis onset time and t-PA levels in a subgroup of 
13 patients by Dekker et al.6

Relatives of the patients provided written informed 
consent. Adult patients with out-of-hospital cardiac arrest 
(OHCA) undergoing CPR by an emergency medical service 
(EMS) upon hospital admission were eligible for the study 
inclusion. Hyperfibrinolysis was not the inclusion criterion 
for study admission. Exclusion criteria were the absence of 
a peripheral intravenous catheter, the use of anticoagulation 
medication (vitamin K antagonists, clopidogrel, or dabiga-
tran), and a traumatic origin of cardiac arrest due to the risk 
of concomitant traumatic bleeding. None of the patients 
with OHCA received fibrinolytic therapy before hospital 
arrival. For data analysis, patients were a priori categorized 
according to the presence of an initial tissue oxygenation 
index (TOI) of 50% or less or greater than 50% and the 
presence of hyperfibrinolysis (EXTEM maximum lysis [ML] 
≥15%) upon ED arrival.

Prehospital Management of OHCA in The Netherlands
In The Netherlands, EMS teams consist of ambulance 
paramedics who are trained as intensive care unit–certified 
nurses. Ambulance paramedics are not allowed to induce 
and maintain anesthesia and provide advanced life support 
in case of OHCA using oxygen administration by facemask 
or bag-valve-mask ventilation. Endotracheal intubation by 
ambulance paramedics is only allowed in comatose patients. 
Upon ED arrival of patients with OHCA, anesthesiologists 
induce anesthesia, perform endotracheal intubation, and 
start mechanical ventilation.

Mild Therapeutic Hypothermia Protocol
All surviving patients underwent therapeutic hypothermia 
according to the protocol upon admission at the intensive 
care department. Comatose patients after OHCA were 
treated with moderate therapeutic hypothermia irrespective 
of initial heart rhythm or presumed cause of OHCA. All 
patients were intubated and mechanically ventilated. Cool-
ing was initiated in the ED with infusion of refrigerated 
NaCl 0.9% (4°C) with a maximum of 1 l. Upon arrival in 
the intensive care unit, an esophageal temperature probe was 
inserted for continuous temperature monitoring. Body and 
leg wraps were used for cooling, and an external temperature 
control unit adjusted the temperature of the water circulat-
ing through the wraps with a target temperature of 32.5°C 
(Medi-Therm, Gaymar; Stryker GmbH, Germany). Patients 
were deeply sedated with propofol and fentanyl. Moderate 
therapeutic hypothermia was maintained for 24 h, followed 
by rewarming with a maximum temperature increase of 
0.65°C per hour. After rewarming, a neurologic examina-
tion was initiated to assess patient prognosis.

Near-infrared Spectroscopy
Near-infrared spectroscopy measurements and concurrent 
blood sample drawings were immediately performed upon 
arrival of the patient at the ED. Local cerebral oxygen satura-
tion was determined using NIRS (Covidien, The Netherlands) 
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and expressed as the TOI in percentages. NIRS measures the 
presence of oxygenated and deoxygenated hemoglobin in the 
underlying tissue through locally placed electrodes.

Population and Metabolic Characteristics
Age, sex, cause of cardiac arrest, the time span between 
the emergency call and arrival of the EMS at the OHCA 
location, the duration of CPR provided by the EMS in the 
prehospital period, the duration of CPR after ED arrival, 
the number of patients who received an endotracheal tube 
by the EMS in the prehospital period, and the primary 
observed heart rhythm were documented at the time of 
arrival in our hospital. The time span between the emergency 
call and arrival of the EMS at the OHCA location and the 
prehospital CPR duration by the EMS were documented for 
13 patients (76.4%) with hyperfibrinolysis and 24 patients 
(82.8%) without hyperfibrinolysis. Metabolic parameters 
were determined by standard blood gas analysis and con-
sisted of BE, arterial oxygen partial pressure (pO2), pCO2, 
lactate, and pH values. Furthermore, mortality was assessed 
and defined as death within 24 h after hospital admission 
and as death before hospital discharge.

Definition of Cerebral Oxygen Desaturation
Cerebral oxygen desaturation was defined as an initial 
TOI of 50% or less upon ED arrival. This definition was 
based on observations by others showing that even short 
episodes below this threshold are associated with cognitive 
and neurological injury, increased hospitalization, and poor 
outcome.14,15

Blood Sample Analysis
Blood samples were immediately drawn upon admission to the 
ED and used for rotational thromboelastometry (ROTEM; 
TEM International, Germany) and platelet aggregometry 
(Chrono-log CH592A whole blood aggregometry; Stago 
BNL, The Netherlands). ROTEM measures the dynamics 
of blood clot formation and transfers this information into a 
graphic, showing clot growth, clot strength, and clot break-
down. Whole blood aggregometry was used to measure the 
platelet function by determining the electrical impedance in 
whole blood samples and was defined by the area under the 
curve (AUC). One milliliter of 1:1 NaCl diluted blood was 
activated by 10 μl of 1 mM adenosine diphosphate (ADP; 
Chrono-Log Corporation; Stago BNL). The ROTEM and 
Chrono-log tests were performed within 20 min after blood 
withdrawal.

ROTEM tests included the EXTEM test (extrinsic coag-
ulation). Markers for coagulation included clotting time, 
clot formation time, and maximum clot formation. Other 
coagulation parameters were activated partial thromboplas-
tin time (aPTT), prothrombin time (PT), platelet count, 
fibrinogen (Clauss test), and D-dimer concentration, which 
were performed by the Central Laboratory for Clinical 
Chemistry.

Definition of Hyperfibrinolysis
Clot lysis was determined using the ML during the EXTEM 
test. Hyperfibrinolysis was defined as an ML of 15% or 
greater within 1 h after the initiation of the thromboelasto-
metric measurement or complete absence of clot formation.

Blood Plasma Analysis
Blood plasma was stored in a freezer at −80°C until blood 
sample assays were performed by enzyme-linked immuno-
sorbent assay (Bio-Connect Diagnostics B.V., The Nether-
lands). Thrombin–antithrombin (TAT) III complex was 
assayed as a coagulation marker. Enzyme-linked immuno-
sorbent assay tests for fibrinolytic markers included t-PA, 
plasminogen, PAI-1, thrombin activatable fibrinolysis inhib-
itor (TAFI), protein C, and activated protein C (APC).

Statistical Analysis
Data were entered in an SPSS database (SPSS Statistics 20.0; 
IBM, USA). The study was originally powered to detect a 
difference of 20% in mean TOI between the hyperfibrinoly-
sis and nonhyperfibrinolysis group assuming an SD of 25% 
(two-sided testing at a significance level of 5% and a desired 
power of 80%). Presence of hyperfibrinolysis was assumed 
to be 50% based on Viersen et al.,5 yielding a desired sample 
size of 25 per group. We planned to include a small num-
ber of additional patients (approximately 20%) to anticipate 
some dropout of patients.

The study hypothesis was based on comparison of mean 
TOI between groups with and without hyperfibrinolysis 
using a two-sided independent-samples t test. Data were 
represented as mean ± SD, median with interquartile range, 
or frequencies. The positive predictive value and negative 
predictive value of a TOI of 50% or less or greater than 50% 
for the absence or presence of hyperfibrinolysis (EXTEM 
ML <15% or ≥15%) were calculated from cross-tabulation. 
Means (or medians) of coagulation and fibrinolysis markers 
were compared between groups (EXTEM ML <15% com-
pared with ≥15% or TOI ≤50% compared with >50%) using 
an independent-samples t test in case of a normal-distribu-
tion or a Mann–Whitney test in case data were not normally 
distributed. Linear regression was used to adjust estimated 
differences in means and P values for possible confounding 
by prehospital CPR time. The linear regression models con-
tained the grouping variable and prehospital CPR time. For 
association between continuous variables (TOI and mark-
ers), partial correlations were calculated adjusting for differ-
ences in prehospital CPR time. P value less than 0.05 was 
considered as statistically significant.

Results
From September 2012 until July 2013, 57 patients with 
OHCA admitted to the ED of VU University Medical Cen-
ter were enrolled in the study; of whom, 11 patients were 
excluded due to a trauma-related cardiac arrest or the use 
of anticoagulant medication. Table 1 represents the patient 
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characteristics and information about CPR times. The mean 
age of the remaining 46 patients was 64 ± 14 yr, and 63% 
of the patients were male. Coronary stenosis with or with-
out myocardial infarction was the most frequent cause for 
cardiac arrest. There were no differences with respect to the 
etiology of OHCA among groups.

CPR and Metabolic Characteristics
Figure 1A shows a flow diagram for patients included in the 
study. Blood sampling and NIRS measurements were imme-
diately initiated upon arrival of the patient at the ED while 
CPR was continued. Figure 1B shows the variation in avail-
able prehospital transportation and CPR times for 13 patients 
with and 24 patients without hyperfibrinolysis. There was no 
difference in the time span between the emergency call and 
arrival of the EMS at the location of OHCA for patients with 
or without hyperfibrinolysis (7 ± 3 vs. 9 ± 6 min, respectively; 
P = 0.43). The duration of CPR by the EMS in the prehospi-
tal period was similar among groups (49 ± 18 vs. 41 ± 20 min 
for patients with or without hyperfibrinolysis, respectively; 
P = 0.25). CPR times after ED arrival was longer in patients 
with hyperfibrinolysis (20 [6 to 40] vs. 4 [1 to 12] min;  
P = 0.02). In 57% of all the patients, ventricular fibrillation 
was the primarily observed heart rhythm.

The initial TOI upon ED admission was lower in patients 
with hyperfibrinolysis compared with patients without 

hyperfibrinolysis (35.1 ± 24.4% vs. 65.2 ± 13.3%, respec-
tively; P < 0.001).

Heart rate and pO2 values after return of spontaneous cir-
culation were not different between groups. However, upon 
ED admission, patients with hyperfibrinolysis showed higher 
pCO2 and lower pH values, a more disturbed BE and higher 
lactate levels, which are indicative for hypoventilation, hypoxia, 
and metabolic acidosis, than patients without hyperfibrinolysis.

Figure  2 shows two examples of the restoration of the 
initial TOI during CPR in the first 30 min after ED admis-
sion. While patient A (fig. 2A) showed an increase in cere-
bral oxygen saturation during CPR from 15 to 70%, the 
TOI did not markedly increase in patient B (fig. 2B) during 
CPR. Cerebral hemoglobin saturation improved during in-
hospital resuscitation in 100% and 67% of the patients with 
an initial TOI greater than 50% or TOI 50% or less, respec-
tively. There was a moderately positive correlation between 
the initial TOI and BE (fig. 3A; r = 0.48; P = 0.001), a mod-
erately negative correlation with lactate (fig. 3B; r = −0.57; 
P < 0.001), and a moderately positive relation with pH  
(fig. 3C; r = 0.63; P < 0.001).

Hemostatic Characteristics
Table  2 summarizes the coagulation and fibrinolytic char-
acteristics of patients with or without hyperfibrinolysis. The 
aPTT and PT values were prolonged in all patients after 

Table 1. Hemodynamic, Respiratory, and Metabolic Parameters of Patients with or without Hyperfibrinolysis upon ED Admission

Hyperfibrinolysis No Hyperfibrinolysis P Value

N 17 29
Age (yr) 61 ± 12 66 ± 15 0.33
Sex (males) (%) 53 69 0.28
Cause of OHCA (%) 0.52
    MI/coronary stenosis 47.0 58.6
    Pulmonary embolism 5.9 6.9
    Cardiomyopathy 11.8 6.9
    Arrhythmias 17.7 17.2
    SAB 0.0 6.9
    Other 17.7 3.4
Delay between emergency call and EMS team arrival (min) 7 ± 3* 9 ± 6† 0.43
Duration of prehospital CPR by EMS team (min) 49 ± 18* 41 ± 20† 0.25
Duration of CPR after ED arrival (min) 20 (6–40)‡ 4 (1–12)§ 0.02║
Prehospital intubation by EMS (%) 88 69 0.17
Initial TOI upon ED arrival (%) 35.1 ± 24.4 65.2 ± 13.3 <0.001║
Heart rate (beats/min) 84 ± 33 91 ± 24 0.52
pO2 (mmHg) 174 ± 148 195 ± 131 0.63
pCO2 (mmHg) 71 ± 25 44 ± 12 <0.001║
pH 6.95 ± 0.20 7.25 ± 0.15 <0.001║
Base excess (mM) −16.0 ± 6.1 −7.7 ± 5.9 <0.001║
Lactate (mM) 11.7 ± 4.1 6.8 ± 3.4 <0.001║
24-h mortality (%) 53 6 0.001

Data represent frequencies, mean ± SD, or median with interquartile range. Differences between groups were analyzed using a chi-square test for categori-
cal variables or a Student t test or Mann–Whitney U test to compare mean or median values, respectively. Entries in italics are statistically significant values.
* n = 13 patients. † n = 24 patients. ‡ n = 15 patients. § n = 18 patients. ║ P < 0.05 compared with patients without hyperfibrinolysis.
CPR = cardiopulmonary resuscitation; ED = emergency department; EMS = emergency medical service; MI = myocardial infarction; OHCA = out-of-hospital 
cardiac arrest; pCO2 = arterial carbon dioxide partial pressure; pO2 = arterial oxygen partial pressure; SAB = subarachnoidal bleeding; TOI = tissue oxygena-
tion index.
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OHCA, independent of the presence of hyperfibrinolysis. 
After adjustment for prehospital CPR duration, patients 
with hyperfibrinolysis showed a lower platelet count (mean 
difference, −0.22 [95% CI, −0.41 to −0.02]; P = 0.03) and 
an increased D-dimer concentration (mean difference, 1.00 
[95% CI, 0.09 to 1.92]; P = 0.03) upon ED admission when 
compared with patients without hyperfibrinolysis.

Platelet function of patients with and without hyperfibri-
nolysis is shown in figure 4. ADP-induced platelet function 
was significantly reduced in patients with hyperfibrinolysis 
as indicated by a lower AUC. There was no difference in the 

AUC between surviving and nonsurviving patients, respec-
tively (24 [11 to 36] vs. 12 [3 to 37] AUC; P = 0.48), within 
24 h after cardiac arrest.

Figure 5 represents the relative number of patients with 
hyperfibrinolysis (fig. 5A), the median D-dimer concentra-
tion (fig. 5B), and the median ML (fig. 5C) in case of an 
initial TOI less than or greater than 50%. The prevalence of 
hyperfibrinolysis was 75.0% in patients with a TOI of 50% 
or less and 16.7% in patients with normal cerebral oxygen-
ation levels (P < 0.001).

The positive predictive value of a TOI of 50% or less for 
the presence of hyperfibrinolysis was 75% (12 of 16 cases), 
and the negative predictive value of a TOI of greater than 
50% for the absence of hyperfibrinolysis was 86% (25 of 29 
cases). In case of cerebral oxygen desaturation, the occur-
rence of hyperfibrinolysis was higher as reflected by the 
increased D-dimer levels (14.0 μg/l [3.4 to 41.2 μg/l] vs. 6.0 
μg/l [2.0 to 10.3 μg/l]; P = 0.01) and a higher ML (91% [17 
to 100%] vs. 6% [4 to 11%]; P < 0.001).

Coagulation and Fibrinolysis Markers in Patients with 
Cerebral Oxygen Desaturation
Table 3 shows the differences in TAT complex, t-PA, plas-
minogen, PAI-1, TAFI, protein C, and APC for patients with 
or without an initial TOI of 50% or less adjusted for the 
duration of prehospital CPR. Patients with cerebral oxygen 
desaturation showed lower plasminogen levels, whereas t-PA 
and PAI-1 were increased in these patients. TAT and TAFI 
were similar in patients with or without cerebral oxygen 
desaturation. Remarkably, we found no differences in protein 
C and APC levels among groups. The initial TOI showed 
a good negative correlation with t-PA (fig.  6A; r = −0.69; 
P < 0001) and moderate positive correlation with plasmino-
gen (r = 0.53; P = 0.001; fig. 6). After correction for duration 
of prehospital CPR, the partial correlations were −0.61 (95% 
CI, −0.83 to −0.28; P = 0.001; n = 29) for t-PA and 0.51 
(95% CI, 0.20 to 0.74; P = 0.006; n = 29) for plasminogen.

Relation of Hyperfibrinolysis and Patient Outcome
Twenty-four hour mortality was significantly higher in 
17 patients with hyperfibrinolysis compared with 29 

Fig. 1. Schematic representation of the patient flow in the 
prehospital period and after admission to the emergency de-
partment (ED; A). Blood sampling and near-infrared spectros-
copy (NIRS) measurements were immediately initiated upon 
ED arrival. Cardiopulmonary resuscitation (CPR) time after ED 
admission was not of influence on the results of the blood 
analyses or the initial tissue oxygenation index as assessed 
by NIRS. (B) The variation in the time span between the emer-
gency call and emergency medical service (EMS) team arrival 
at the location of out-of-hospital cardiac arrest and the dura-
tion of prehospital CPR by the EMS for patients with hyperfi-
brinolysis (HF; n = 13) or without HF (n = 24; table 1).

Fig. 2. Typical examples of the course of the tissue oxygenation index (TOI) in out-of-hospital cardiac arrest patients during 
cardiopulmonary resuscitation (CPR) within the first 30 min after admission upon the emergency department, with (A) or without 
(B) restoration of cerebral oxygen saturation.
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patients without hyperfibrinolysis (53 vs. 6%, respectively;  
P = 0.001). Only 19% of all patients with hyperfibrinolysis 
survived until hospital discharge compared with 70% of the 
patients without hyperfibrinolysis (P = 0.001).

Discussion
This is the first study showing that hyperfibrinolysis occurs 
most prominently in OHCA patients experiencing low cere-
bral oxygen saturation levels during CPR. Moreover, patients 
with cerebral oxygen desaturation showed diminished plate-
let function, increased t-PA and PAI-1 levels, and a reduction 
in plasminogen levels compared with patients with an ini-
tially normal TOI. Interestingly, we could not find evidence 
for alterations in protein C and APC levels in patients with 

signs of hypoperfusion as observed in trauma patients with 
signs of tissue hypoperfusion.11,12,16 Finally, although this 
study was not powered to make definite conclusions about 
patient outcome, in accordance with others, we observed 
higher mortality rates in patients with hyperfibrinolysis.5,7,8

Although the presence of hyperfibrinolysis might be 
considered as an epiphenomenon of hypoxia and tissue 
hypoperfusion rather than a stand-alone phenomenon, its 
presence may be of added value in determining the prognosis 
of OHCA patients based on initial pO2 values, pH, BE, and 
lactate.13,17 The level of metabolic acidosis in our patients 
was associated with the level of hyperfibrinolysis, and the 
presence of hyperfibrinolysis might alarm physicians with 
respect to the severity of disease.

Fig. 3. The tissue oxygenation index (TOI) upon emergency department admission showed a moderately positive correlation 
with base excess (A) and pH (C) and a moderately negative correlation with lactate (B) in patients with (black circles) or without 
(white circles) hyperfibrinolysis.

Table 2. Hemostatic Characteristics of Patients with or without HF upon Emergency Department Admission

Mean Values Adjusted for Duration of Prehospital CPR

HF No HF Mean Difference (95% CI)* P Value

N 17 29
Hemoglobin (g/l) 8.6 ± 1.2 8.4 ± 1.0 0.24 (0.57 to 1.05) 0.55
aPTT (s) 77 ± 71 82 ± 71 2.52 (−56.9 to 62.0) 0.93
PT (INR) 1.40 ± 0.25 1.37 ± 0.57 0.02 (−0.40 to 0.44) 0.93
Platelet count (109/l) 202 ± 67 240 ± 48 −0.22 (−0.41 to −0.02)† 0.03
Fibrinogen (g/l) 3.3 ± 1.3 4.0 ± 1.2 −0.89 (−2.03 to 0.25) 0.12
D-dimer concentration (μg/l) 12 (4–35) 6 (2–9) 1.00 (0.09 to 1.92)† 0.03

Data represent mean ± SD or median with interquartile range. Entries in italics are statistically significant values.
* Mean in HF group minus mean in no-HF group. † Difference in means of log-transformed values.
aPTT = activated partial thromboplastin time; CPR = cardiopulmonary resuscitation; HF = hyperfibrinolysis; INR = international normalized ratio;  
PT = prothrombin time.
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It however remains questionable whether there are thera-
peutic strategies available that reduce the unfavorable impact 
of a hyperfibrinolytic state on body hemostasis. Although the 
use of fibrinolytic therapeutics in case of a suspected prothrom-
botic profile might worsen the coagulation state of OHCA 
patients, antifibrinolytic therapy may counteract the reac-
tion of the body to maintain microcirculatory perfusion. The 
Clinical Randomisation of an Antifibrinolytic in Significant 
Haemorrhage (CRASH-2) collaborators showed that prophy-
lactic use of tranexamic acid in patients at risk for bleeding 
with hyperfibrinolysis reduced the risk of death and warranted 
the widespread use of antifibrinolytics in patients with severe 
traumatic injury, with the highest benefit in patients who 
received early therapy to prevent exsanguination.18,19 The lack 
of analogy between the trauma population and patients with 
OHCA resides in the presence of bleeding, and the findings 
presented by the CRASH-2 collaborators can therefore not 
easily be extrapolated to our study population.

Naturally, prolonged CPR times reflect an extended 
ineffective circulation, which causes a substantial decrease 
in cerebral oxygen desaturation. Failure of circulatory res-
toration after cardiac arrest is therefore a major indicator 
of prognosis and survival. Interestingly, we found no dif-
ferences in CPR duration by an EMS team before blood 
sampling and initiation of NIRS measurements between 
patients presented with or without hyperfibrinolysis. More-
over, the etiology of OHCA in patients with or without 
hyperfibrinolysis was similar, with the highest prevalence 
of coronary stenosis with or without myocardial infarction. 
The latter suggests that the prothrombotic profile associated 
with cardiac ischemia was not a distinct risk factor for the 
development of hyperfibrinolysis.

There is growing interest in the usefulness of cerebral 
NIRS monitoring during resuscitation in patients with 
cardiac arrest, in particular with respect to its predictive 
value regarding patient outcome.20–23 Our study confirms 
that effective CPR is directly reflected by improvement 
of cerebral oxygen saturation measured by NIRS. Due to 
biological variation among patients, most studies use the 
relative decrease in tissue oxygenation levels from baseline 
values to diagnose local ischemia.14 However, this method 
is not applicable in cardiac arrest patients due to the lack of 
baseline values. On the basis of the existing literature, we 
therefore considered a TOI of less than 50% as a sign of 
cerebral ischemia and tissue hypoperfusion.13,14,22,23 Predict-
ing return of spontaneous circulation based on TOI appears 
to be more adequate than using static and invasively col-
lected blood pH, lactate, and carbon dioxide levels.13,17,20,22 
Moreover, the TOI during the first 24 h after admission to 
the intensive care department was significantly increased in 
survivors compared with nonsurvivors.23 We, however, have 
to take into account that the observed low TOI values might 
be influenced by disturbed autoregulation of cerebral blood 
flow in combination with changes in systemic blood pres-
sure, leading to an overestimation of cerebral blood flow.24,25

Fig. 4. Adenosine diphosphate (ADP)–induced plate-
let function analysis using impedance aggregometry in  
patients with or without hyperfibrinolysis upon  emergency 
 department admission. Data represent median with  
interquartile range. *P = 0.01 patients with versus patients 
without  hyperfibrinolysis. a.u. = arbitrary units; AUC = area 
under the curve.

Fig. 5. Relative number of patients with hyperfibrinolysis (HF; A),  
the median D-dimer concentration (B), and the median maxi-
mum lysis (C) in patients with an incidence of cerebral oxygen 
desaturation (tissue oxygenation index [TOI] <50%) com-
pared with patients with normal TOI values. *P < 0.001 versus 
patients with HF.
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Fibrinolysis is a phenomenon that, under normal physi-
ological circumstances, sustains a balance between clot forma-
tion and clot breakdown. Locally induced activation of t-PA or 
urokinase by the injured endothelium leads to the conversion 
of plasminogen into plasmin, which subsequently degrades 
fibrin clots. The fibrinolytic activity is regulated by, among 
others, PAI-1 and PAI-2, α-2-antiplasmin, and TAFI.26 The 
occurrence of excessive fibrinolysis after hypoxia and shock in 
patients after trauma and cardiac arrest has been previously 
described by others and involves PAI-1 and TAFI inhibition 
upon protein C activation.11,12,15,27–29 Protein C activation leads 
to consumption of PAI-1 and subsequent deinhibition of t-PA, 
resulting in initiation of clot breakdown.30,31 Normally, protein 
C and its activated form (APC) are present in a 2:1 concentra-
tion in blood plasma, but in case of increased thrombin levels, 
protein C is converted to its activated fibrinolytic form and 
may exert anticoagulant effects.31 APC is not the primary acti-
vator of fibrinolysis. However, in the studies reported by Brohi 
et al.,11,12 APC is frequently mentioned as a common denomi-
nator of coagulopathy with hyperfibrinolysis during a state of 
hypoperfusion. Because cardiac arrest is characterized by severe 
hypoperfusion without confounding factors such as sepsis or 
bleeding, we considered this disease state as an ultimate model 
to confirm whether  hyperfibrinolysis is mediated by an APC-
mediated mechanism. Although our data are associative by 
nature, we could not confirm this assumption and showed that 

OHCA-related hyperfibrinolysis is paralleled by an increase in 
t-PA. Because protein C levels were a secondary endpoint in 
the current study, our findings however warrant future studies 
focusing on the pathophysiologic mechanisms underlying the 
initiation of hyperfibrinolysis in OHCA patients.

Despite similar aPTT and PT values in patients with or with-
out hyperfibrinolysis, hyperfibrinolysis was associated with a 
reduction in platelet count and ADP-induced platelet function. 
In trauma patients, a reduction in platelet function was associ-
ated with increased mortality rates,32 whereas others reported 
that cardiac arrest is associated with hyperfunctional plate-
lets.33,34 We found a moderately negative correlation between 
t-PA and platelet aggregation, suggesting that patients with the 
highest t-PA concentrations showed the largest impairment of 
platelet function (data not shown), but it cannot be excluded 
whether reduced platelet function is due to the primary disease 
of the patient (e.g., myocardial ischemia). However, the asso-
ciation of hyperfibrinolysis with reduced platelet function in 
the absence of anticoagulant treatment hints toward alterations 
in platelet function in patients with activation of the antico-
agulant system.35 Although not demonstrated in this study, it 
is important to keep in mind that a thrombosis-related etiology 
of cardiac arrest, such as acute coronary syndrome or a massive 
pulmonary embolism, themselves can enhance the fibrinolytic 
system in contrast to nonthrombotic origins of arrest such as 
rhythmical disturbances leading to heart failure.

Table 3. Coagulation and Fibrinolytic Markers in Patients with Cerebral Oxygen Desaturation

Mean Values Adjusted for Duration of Prehospital CPR

TOI >50% TOI ≤50% Mean Difference (95% CI) P Value

N 22 13
Thrombin–antithrombin (ng/ml) 29.5 ± 11.4 20.0 ± 11.2 4.75 (−14.7 to 5.24) 0.34
t-PA (ng/ml) 7.9 ± 4.7 18.3 ± 7.4 −8.67 (−14.0 to −3.36) 0.002
Plasminogen (μg/ml) 225.3 ± 47.0 151.6 ± 61.0 72.5 (35.0 to 109.9) <0.001
PAI-1 (ng/ml) 12.1 ± 6.1 19.3 ± 8.9 −8.05 (−14.8 to −1.35) 0.02
TAFI (ng/ml) 17.0 ± 7.2 16.5 ± 9.6 2.59 (−3.51 to 8.69) 0.39
Protein C (μg/ml) 0.18 ± 0.02 0.20 ± 0.05 −0.015 (−0.048 to 0.019) 0.38
Activated protein C (ng/ml) 64.5 ± 30.1 65.7 ± 20.2 −8.22 (−32.7 to 16.2) 0.50

Entries in italics are statistically significant values.
CPR = cardiopulmonary resuscitation; PAI-1 = plasminogen activator inhibitor-1; TAFI = thrombin activatable fibrinolysis inhibitor; TOI = tissue oxygenation 
index; t-PA = tissue plasminogen activator.

Fig. 6. Association of the tissue oxygenation index (TOI) upon emergency department admission with tissue plasminogen activa-
tor (t-PA; A) and plasminogen (B). The lines represent the linear regression line with 95% CI.
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Our findings should be assessed in light of the included 
patient population and the single-center and observational 
character of our study. Patients were only included for fur-
ther analysis if they had a nontraumatic cause of cardiac 
arrest and when they were not on anticoagulant or antiplate-
let medication. Based on previous findings by our group5 we 
a priori hypothesized that hyperfibrinolysis is more preva-
lent in patients with low initial cerebral tissue oxygenation, 
and we could confirm our hypothesis. We are aware of the 
relatively small nature of the current study and the risk of 
a type I error for the observed associations and emphasize 
that this may limit the generalizability of the study findings. 
However, our observations are unique and complimentary 
to previously published observations by our group and 
 others.5–7 Although we found higher 24-h mortality rates in 
patients with hyperfibrinolysis compared with patients with-
out hyperfibrinolysis, this study was not designed to assess 
outcome differences between patients with or without altera-
tions in anticoagulant pathways.

Treatment algorithms after OHCA are still a topic of dis-
cussion, and there is no consensus about the most beneficial 
strategy. Future studies should evaluate whether measuring 
and subsequently increasing cerebral oxygen saturation in 
the acute setting by EMSs improves final patient outcome, in 
particular as this may indirectly be beneficial for the patient 
hemostasis, partly due to the prevention of hyperfibrinolysis. 
Our findings also warrant caution, as the combination of 
endogenous hyperfibrinolysis in combination with throm-
bolytic therapy may lead to uncontrolled bleeding and worse 
outcome. Whether prevention of hyperfibrinolysis may 
finally contribute to improved patient outcome after cardiac 
arrest should be a subject of future studies.
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