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Summary Although early care in out-of-hospital cardiac arrest has been improved
over the past decades, survival remains poor and neurological performance after
survival is often impaired. Consequently, new therapies are needed to improve out-
come. As thrombotic processes such as acute myocardial infarction or pulmonary
embolism are frequent causes of cardiac arrest, therapies like fibrinolysis or percu-
taneous coronary intervention are of interest. Both therapies can restore coronary
and pulmonary perfusion in cardiac arrest patients and, additionally, fibrinolysis

might prevent microthrombi to the brain. In this review, the rationale, safety and
Percutaneous coronary
intervention

efficacy of reperfusion therapy in patients with out-of-hospital cardiac arrest will
be discussed.
© 2006 Elsevier Ireland Ltd. All rights reserved.
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Introduction

Cardiovascular disease is a major health problem
in Western countries. Cardiac arrest is the first
presentation in about 25%.1 In Europe, approx-
imately 275,000 patients per year experience a
cardiac arrest outside the hospital as a result of
coronary artery disease, and undergo an attempt
at cardiopulmonary resuscitation (CPR).2 The sur-
vival rate to hospital discharge is extremely low for
out-of-hospital cardiac arrest and averages around
7%.3 Time is an important determinant of survival.
For example, in patients suffering from ventricu-
lar fibrillation the chance of survival is reduced
by a relative 7—10% with every minute delay to
therapy.4,5 Care for cardiac arrest patients has been
improved, mainly resulting in earlier initiation of
therapy, the so called optimised chain of survival:
early access, early basic life support by a bystander,
early defibrillation and early advanced cardiac life
support.6 Despite these improvements, survival
rates after cardiac arrest did not really increase
as has been shown by several large registries.3,7

In the case of survival neurological status is often
impaired. Therefore, new therapies and strategies
are being explored to improve outcome after car-
diac arrest. As most cardiac arrests are the result
of thrombotic processes, such as acute myocardial
infarction or pulmonary embolism,8—10 reperfusion
with fibrinolysis or percutaneous intervention is one
of the therapies of interest. Although fibrinolysis
has always been considered relatively contraindi-
cated, there is increasing clinical evidence that this
strategy might be relatively safe and beneficial.
Also, there is evidence that percutaneous interven-
tion might be beneficial in selected cardiac arrest
patients. Both reperfusion strategies will be dis-
cussed in this article.

The role of fibrinolysis in cardiac arrest
Out-of-hospital cardiac arrests have both cardiac
and non-cardiac causes (Figure 1).10—13 It is esti-
mated that coronary artery disease is the leading
cause of cardiac arrest: 50—70% of cases are due
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o acute myocardial infarction (or ischaemia) trig-
ering a life-threatening ventricular arrhythmia.
assive pulmonary embolism is a second throm-
otic cause, responsible for approximately 5% of
ardiac arrests, which should especially be sus-
ected when pulseless electrical activity or asystole
s the presenting rhythm. These estimates are
ased on retrospective studies using autopsy or
oronary angiography to verify the cause of the
rrest.10—13 Since thrombotic processes are the
ost frequent cause of cardiac arrests, fibrinol-

sis could be beneficial. In patients with acute
yocardial infarction and selected patients with
ulmonary embolism, fibrinolysis has been shown
fficacious in a setting without CPR. Moreover, a
otential additional effect of fibrinolysis lies in the
revention of microthrombi in the brain in car-
iac arrest patients.14,15 However, there has always
een fear of an increased risk of clinically important
leeding complications.

afety of fibrinolytic therapy in
ardiopulmonary resuscitation

o date, both European and American guidelines
escribe traumatic CPR as a relative contraindica-
ion for the use of fibrinolysis. The American guide-
ines additionally describe prolonged CPR (10 min)
s contraindication because of fear of severe
leeding complications.16,17 This seems plausi-
le because fibrinolytic treatment for myocardial
nfarction or pulmonary embolism without the
eed for CPR is associated with an increased
leeding risk in comparison with controls. For
xample, in a large meta-analysis of patients with
yocardial infarction not complicated by cardiac

rrest, a three-fold increase in life-threatening
leeding or bleeding requiring transfusion was
ound in fibrinolytic treated patients compared
ith control patients during the first 35 days

OR 2.9, 95% CI 2.4—3.7). Intracranial haemor-

hage was found in 0.8% of fibrinolytic treated
atients and in 0.1% of controls.18 Based on the
nalysis, the American guidelines advice against
brinolysis in patients undergoing CPR, although
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igure 1 Causes of out-of-hospital cardiac arrest. (1)
entricular dysplasia; (4)VF, ventricular fibrillation.

o subgroups of patients undergoing CPR were
nalysed.16

In cardiac arrest patients, without treatment
ith fibrinolysis bleeding is expected to occur in
pproximately 10—15% of cases.19 It is estimated
hat in approximately one third of these cases of
leeding is the cause of the arrest. The question is
hether or not additional treatment with fibrinol-
sis leads to an increased bleeding risk in cardiac
rrest patients undergoing CPR.

afety in cardiac arrest with confirmed
cute myocardial infarction

ables 1a and 1b shows bleeding and survival rates
or two observational studies published in the early
0 s.

All patients were diagnosed with acute myocar-
ial infarction and treated with fibrinolysis. Bleed-

ng rates were compared between patients with or
ithout cardiac arrest and were found to be sim-

lar. No intracranial haemorrhages occurred.20,21

nother study addressed bleeding complications
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Table 1a Safety of fibrinolysis in confirmed myocardial inf

Author Year Design Initial rhythm Treatment

Scholz20 1992 Retrospective All Strepto
Tenaglia21 1991 Retrospective Mainly VF/VT t-PA
eft ventricular; (2) CMP, cardiomyopathy; (3) RV, right

n a retrospective cohort of 265 patients with
ut-of-hospital cardiac arrest caused by myocar-
ial infarction who were admitted after successful
esuscitation. Of the 132 patients receiving rt-
A after myocardial infarction was diagnosed, 10%
uffered from major bleeding. Intracranial haemor-
hage was found in two of these patients. In the 133
ontrol patients major bleeding occurred in 5% and
ntracranial haemorrhage was found in one of these
atients. None of the bleeding episodes caused
eath. Multivariate analysis showed that fibrinol-
sis seemed associated with a more than twofold
ncreased bleeding risk (OR 2.5, CI 0.9—7.4). For
onclusions with respect to an impact on survival,
umbers were too small (OR 1.6, CI 0.0—3.0). A
onger duration of CPR was not associated with an
ncreased risk of bleeding.22
afety in cardiac arrest with confirmed
ulmonary embolism

n a retrospective study major bleeding complica-
ions in pulmonary embolism requiring CPR were

arction with or without CPR

CPR vs. no
CPR

Surival to discharge
CPR vs. no CPR

All bleedings CPR
vs. no CPR

43 vs. 547 54% vs. 94% 19% vs. 16%
59 vs. 649 88% vs. 94% 37% vs. 32%
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Table 1b Safety of fibrinolysis in cardiac arrest with confirmed or presumed cause

Author Year Design Initial
rhythm

Treatment Fibrinolysis
vs. Standard

Surival to
discharge
fibrinolysis vs.
standard

All bleedings
fibrinolysis vs.
standard

Confirmed myocardial infarction or pulmonary embolism and cardiac arrest
Kürkciyan22 2003 Retrospective All rt-PA vs. none 132 vs. 133 63% vs. 35% 10% vs. 5%
Janata23 2003 Retrospective All rt-PA vs. none 36 vs. 30 19% vs. 7% 25% vs. 10%

Cardiac arrest with presumed cause
24 vs.

(reco
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Lederer 2001 Retrospective All rt-PA

VF, ventricular fibrillation; VT, ventricular tachycardia; (r)t-PA
resuscitation.

analysed (Tables 1a and 1b). Thirty-six pulmonary
embolism patients who received fibrinolysis in
the setting of a cardiac arrest were compared
with 30 patients who did not. Again, a two-fold
increased risk of major bleeding in fibrinolytic
treated patients was observed (OR 2.5, CI 0.8—8.6),
and the point estimate of fibrinolysis for survival
seemed to indicate a potential benefit (OR 2.9, CI
0.8—13.8). Again, in contrast to the statements in
the guidelines, no association between the duration
of CPR and occurrence of bleeding was found.23

Safety in cardiac arrest with a presumed
cause

One retrospective study provided data on bleeding
complications in 91 patients with detailed autopsy.
Forty-five patients received rt-PA and 46 did not.
In the first group, six patients had severe bleed-
ing complications, compared to seven in the second
group. In both groups, one intra-cerebral haem-
orrhage and two ruptured aortic aneurysms were
found. In the rt-PA group, two patients had a peri-
cardiac tamponade and one had a haemothorax.
In the control group, pericardiac tamponade was
found in three patients and a subarachnoidal haem-
orrhage in one patient.24 From a recent safety
review of 50 case reports or series and 17 retrospec-
tive or prospective studies it can be concluded that
fibrinolysis tended to increase the bleeding com-
plications, but that the majority could be treated
effectively.19 A meta-analysis of studies comparing
CPR with and without fibrinolysis strongly supports
the increased risk. A more than twofold increase in
major bleeding was found if patients were treated
additionally with fibrinolysis: 9.9% versus 3.4%.25 In
conclusion, bleeding complications in cardiac arrest

patients occur frequently and fibrinolytic treat-
ment increases the risk of bleeding. This risk does
not seem to be related to the duration of CPR. The
question is whether the benefit of fibrinolysis out-
weighs the risk.

H
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a
S

none 45 vs. 46 NA 13% vs. 15%

mbinant) tissue plasminogen activator; CPR, cardiopulmonary

ationale of fibrinolysis in cardiac arrest

yocardial infarction and cardiac arrest

he incidence of acute myocardial infarction is
pproximately 2—3 per 1000 in Western coun-
ries and the in-hospital mortality is about 10%.26

mportantly, the true mortality rate is substan-
ially higher, since many patients do not survive to
ospital admission. One of the categories among
hese patients is those presenting with a cardiac
rrest.

The majority of these patients will present with
entricular arrhythmias. Typically, impending ST-
levation myocardial infarction is characterised
y an acute thrombotic occlusion of a coronary
rtery resulting in an area of transmural ischaemia.
his can lead to electrical inhomogeneity, pro-
iding the substrate for micro re-entry pathways
riggering ventricular fibrillation.27 In a setting
ithout CPR, reperfusion therapy has been proven
f paramount importance to minimise myocardial
amage and preserve left ventricular function, with
he largest benefits when administered early after
ymptoms.28 In that respect, patients with a car-
iac arrest might benefit in particular since they
ften present within the first hour after myocardial
nfarction.27,29 However, in many cases infarctions
re caused by subtotal thrombotic occlusion of a
oronary artery, i.e. non-ST-elevation myocardial
nfarction, which can also present as a cardiac
rrest. In a setting without the need for CPR, fibri-
olytic therapy has not been proven efficacious and
ould even be harmful in non-ST-elevation myocar-
ial infarction.30

Based on these findings, one would, preferably,
nly administer fibrinolysis in case of ST-elevation
yocardial infarction during a cardiac arrest.

owever, in the acute phase, the diagnosis of
yocardial infarction is not easily established,

nd differentiation between ST-elevation and non-
T-elevation myocardial infarction is even more
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eperfusion therapy in out-of-hospital cardiac arre

ifficult. With every passing minute, the progno-
is decreases, and the classic diagnostic criteria,
uch as medical history, findings on the electrocar-
iogram (ECG) and cardiac enzymes or biomarkers
re of limited use in the acute phase of a resus-
itation. First, in the setting of an arrest, chest
ain and the presence of ST-elevation have been
hown to be poor predictors of acute coronary
cclusion.9,10 Conversely, the absence of these
ndings does not rule out an acute occlusion.
econd, although Q-waves are often indicative of
ransmural ischaemia, they can represent acute as
ell as old myocardial infarction. Third, myocar-
ial damage in ST-elevation and non-ST-elevation
yocardial infarction is normally reflected by ele-

ated creatine kinase MB and troponin levels, which
an only be measured after approximately 6 h. A
ajor limitation is that ventricular arrhythmias
evelop mostly within the first hour after an acute
cclusion31 and cardiac enzymes or biomarkers
re therefore typically negative. Another problem
ould be that cardiac enzymes and markers may
urn out to be positive due to chest compressions
nd defibrillation, although several studies state
hat this is not the case for troponin. Some obser-
ational studies with selected patients report that
n case of elevated troponin, myocardial infarction
s highly likely.9,32,33

In view of the need for very early initiation of
reatment, and the inherently limited time for the
iagnostic process, a distinction between the two
ntities of myocardial infarction is too cumber-
ome. Moreover, the lack of benefit of fibrinolytic
herapy in non-ST-elevation myocardial infarction
s derived from patients who were haemodynam-
cally stable, thus without need for CPR, with a
ather good a priori prognosis. Patients undergo-
ng CPR have a very poor prognosis, and based on
heir haemodynamic status one could assume that
he combination of an anatomically subtotal throm-
otic coronary occlusion and low flow could result
n a functionally total occlusion, and so fibrinolysis
ight have a positive impact. On the other hand,

n some patients with non-ST-elevation myocardial
nfarction, myocardial damage is thought to be
elated to thrombotic dispersion, which could pro-
ide the substrate for ventricular fibrillation given
he possibility of different small electrical islets
hroughout the myocardium. Whether fibrinolysis
ay be of benefit is uncertain, and remains to be
etermined.

Besides thrombotic causes, also non-thrombotic

auses should be suspected in a cardiac arrest
atient. In analogy to the difficulty in differentia-
ion between the type of infarction, the distinction
etween thrombotic and non-thrombotic causes
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s also rather difficult in the acute situation.
n important non-thrombotic cause of ventricu-

ar tachycardia or ventricular fibrillation is the
resence of a myocardial scar from a previous
yocardial infarction in patients with impaired left

entricular function. In these patients with previ-
us myocardial infarction and the absence of an
cute subtotal thrombotic occlusion, the presence
f surviving myocytes in scarred tissue forms the
ubstrate for macro re-entry pathways. These can
ause ventricular tachycardia, which could poten-
ially degenerate into ventricular fibrillation.27 In
hese patients, it is questionable whether fibrinol-
sis may do more good than harm.

Given the paramount importance of every pass-
ng minute, the diagnostic process should not be
elayed and since at least 50% of cardiac arrests
re the result of a total coronary occlusion, the
eneralised application of fibrinolysis seems to be
he preferred strategy and can be of value for
any patients. This generalised application implies

hat patients with other than thrombotic aetiolo-
ies underlying the arrest will receive fibrinolysis,
hich may result in a different efficacy of reperfu-

ion therapy compared to the impact observed for
hose with a thrombotic origin of the arrest.

ulmonary embolism and cardiac arrest

he incidence of pulmonary embolism not compli-
ated by cardiac arrest is 1 per 1000 per year and
he mortality rate is high, up to 17.5% in 3 months.34

ibrinolysis is recommended in confirmed pul-
onary embolism, complicated by haemodynamic

nstability (tachycardia, shock, hypotension or syn-
ope) and/or severe right ventricular dysfunction.
his recommendation is based on subgroup anal-
ses of small and unblinded randomised trials in
hich the majority of patients studied suffered

rom pulmonary embolism without haemodynamic
onsequences.35 In pulmonary embolism without
hese complications and with normal right ven-
ricular function the clinical need to administer
brinolysis is uncertain, and its benefit is difficult
o demonstrate as the prognosis is fairly good (5%
-month mortality).34,36—38

Pulmonary embolism is the cause of cardiac
rrest in approximately 2—7% of all cases39 and is
ncountered more often in patients presenting with
ulseless electrical activity compared to patients
resenting with asystole or ventricular fibrillation.
henever cardiac arrest occurs after confirmed
ulmonary embolism, the mortality ranges from 65
o 95%.39 The mechanisms causing cardiac arrest
re based on obstruction of the right ventricle by
he embolism. This increases the workload and oxy-
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gen consumption of the right ventricle, reduces
its output, and subsequently reduces left ven-
tricular filling. Besides increased oxygen demand,
oxygen supply to the right ventricle is limited by
increased wall stress, resulting in ischaemia or even
infarction. These processes can result in circula-
tory failure, vasovagal reflex with high-grade block,
asystole or ventricular arrhythmias, respectively.39

Fibrinolytic therapy, cerebral reperfusion
and neurological outcome

Whereas in the acute phase the presenting rhythm
and underlying condition are predictive for initial
survival, prolonged survival is more dependent on
the neurological status of the patient. The brain
is intolerant of prolonged periods of low or absent
blood flow. Inadequate blood flow results in hypoxia
and ischaemia of the brain.40

Brain damage causes poor neurological outcome
and is associated with increased mortality. In case
of survival, at best 80% of patients will have an
acceptable neurological outcome.41

The concept of neuronal cell death is not exactly
known, but several mechanisms are involved.
Impaired blood flow leads to increased blood
viscosity, activation of coagulation and platelet
aggregation, which can contribute to the formation
of microthrombi. These thrombi can obstruct the
cerebral microcirculation, contributing to neuronal
cell death. Moreover, the arrest triggers an inflam-
matory response with leukocyte recruitment and
oedema of brain cells.14,15,42 Experimental data
suggest that free oxygen radicals can develop in
this prothrombotic and inflammatory environment
which can induce cell injury and apoptosis. These
processes occur not only due to impaired or absent
blood flow during the CPR, but also after restoration
of perfusion as an ischaemic reperfusion injury.

Several studies have been performed address-
ing these processes in more detail. To start with
the activation of blood coagulation, a human study
in which blood samples during CPR and up to 72 h
after restoration of circulation were taken, showed
that the activity of the coagulation system was
markedly increased during and after prolonged CPR
(median of 30 min) and was not adequately coun-
teracted by endogenous fibrinolysis. This may lead
to the formation of microthrombi and contribute to
perfusion disorders, the cerebral microcirculation
included.43

Data suggesting impaired microcirculation were

derived from a study in which the cerebral micro-
circulation was compared between two groups of
rats after induced ventricular fibrillation by elec-
trical stimulation. The rats were subjected to
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2 min of cardiac arrest, followed by 5 min of chest
ompressions and ventilation, or to 17 min of car-
iac arrest only. After defibrillation and adrenaline
epinephrine), the circulation was restored in 50%
f both groups. In both groups, the cerebral micro-
irculation was impaired, but interestingly cerebral
icrocirculation was more often impaired in the

roup of rats receiving chest compressions as was
hown by more and larger areas of absent capillary
lling.14

Why chest compressions, representing a low-flow
tate, result in larger areas of absent capillary fill-
ng remains unexplained.

Notably, human studies show that the perfor-
ance of chest compressions is essential to provide

ome perfusion of vital organs and that bystander
PR is associated with increased survival. Based
n the experimental data, it can only be inferred
hat during and after cardiac arrest a prothrombotic
ilieu exists in which microthrombi can develop,

ndicating a role in the aetiology of microvascular
re)perfusion disorders and neurological outcome.
herefore, preventing or dissolving microthrombi
ight improve neurological outcome. This could be
second mechanism targeted by fibrinolysis that
ight result in improved prognosis in cardiac arrest
atients.

Confirmation was found in a study conducted
n cats submitted to 15 min of cardiac arrest fol-
owed by CPR (chest compressions, adrenaline and
efibrillatory shocks). Half of them received hep-
rin combined with an rt-PA bolus followed by
nfusion whereas the other half did not. All cats
ere successfully resuscitated after 6 min of CPR,

ollowed by 30 min of spontaneous circulation.
hereafter, absence of microvascular filling was
tudied in the forebrain. Interestingly, in rt-PA
reated cats absence of microvascular filling was
ound in 7%, whereas in untreated cats it was 28%.
ossibly, the reduced cerebral damage is related to
mproved cerebral blood flow by preventing or dis-
olving microthrombi.15 Although promising, these
ata are experimental and there is no evidence in
umans that these processes occur during cardiac
rrest, but it seems logical.

In animals, microcirculatory cerebral blood flow
s used as a surrogate marker for neurological func-
ion. In humans, the cerebral performance category
CPC) is applied to score resuscitated patients neu-
ologically. This score is often used as an indicator
f neurological damage, which could be related
o cerebral perfusion disorders (Table 2). The CPC

as used in a retrospective analysis of 157 patients

uffering from cardiac arrest presenting with ven-
ricular fibrillation caused by myocardial infarction.
orty-two patients received fibrinolysis and in com-
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Table 2 Cerebral performance categories (CPC)

CPC 1 Good cerebral performance. Conscious. Alert, able to work and lead a normal life. May have minor
psychological or neurological deficits (mild dysphasia, non-incapacitating hemiparesis, or minor
cranial nerve abnormalities)

CPC 2 Moderate cerebral disability. Conscious. Sufficient cerebral function for part-time work in sheltered
environment or independent activities of daily life (dressing, travelling by public transportation, and
preparing food). May have hemiplegia, seizures, ataxia, dysarthria, dysphasia, or permanent memory
or mental changes

CPC 3 Severe cerebral disability. Conscious. Dependent on others for daily support because of impaired
brian function (in an institution or at home with exceptional family effort). At least limited
cognition. Includes a wide range of cerebral abnormalities from ambulatory with severe memory
disturbance or dementia precluding independent existence to paralytic and able to communicate
only with eyes, as in the locked-in syndrome

CPC 4 Coma, vegetative state. Not conscious. Unaware of surroundings, no cognition. No verbal of
psychological interactions with environment
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CPC 5 Certifiably brain dead or dead by traditio

arison with patients receiving standard care a
ood neurological recovery (CPC 1 and 2) was
ound more often: 69% versus 50%, respectively.
hen adjusting for age, adrenaline dosage and
PR-duration a trend towards good neurological
utcome was found in favour of fibrinolysis.44 Sim-
lar results were found in a long-term follow-up
tudy showing promising neurological outcome,
evel of performance and subjective well-being
n 27 survivors of 108 rt-PA treated patients.45

ighty-one percent of patients discharged alive had
o neurological deficit (CPC 1). Fifty-six percent
f patients were able to manage their pre-arrest
evel of activity. Additionally, in several case series
0—95% of patients surviving after cardiac arrest
ad a good neurological outcome after throm-
olytic therapy.41 Because the evidence is based on
xperimental, retrospective and uncontrolled data,
uture trials especially designed to study neurolog-
cal outcome are needed.

fficacy of fibrinolysis in cardiac arrest

ardiac arrest and confirmed acute
yocardial infarction

ore than a decade ago fibrinolysis was already
onsidered an acceptable therapy in patients who
resented with myocardial infarction and in whom
ubsequently CPR was required. Nonetheless, in
hese patients fibrinolysis was also considered

otentially harmful: the risk of fatal haemor-
hage was thought to be increased considerably.
n most of the individual trials, fibrinolysis showed

non-significant increase in the risk of bleeding
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riteria

Table 1).20—23 A recent meta-analysis of these
ind of studies showed a significant two-fold
ncrease of bleeding (OR 2.2, 95% CI 1.3—3.9).
espite this increased risk of bleeding, fibri-
olysis was associated with a doubled rate of
urvival to discharge (OR 2.0, 95% CI 1.2—3.3).25

onetheless, because publication bias could have
nfluenced the results, these should be interpreted
autiously.

With respect to efficacy, potential benefit of
brinolysis in patients with confirmed myocardial

nfarction is shown in Table 3. Although these data
re derived from observational studies and do not
ndicate significant differences in all individual tri-
ls, all-point estimates are in the same direction
nd meta-analysis seems to indicate that fibrinoly-
is is efficacious.25,46,47

In the Myocardial Infarction Triage and Interven-
ion Registry, 599 of the 12,984 patients suffering
rom myocardial infarction were resuscitated prior
o hospital admission. In total, 53 of the 599
atients received fibrinolysis, 59 percutaneous
oronary intervention and 487 did not receive
eperfusion therapy after CPR. In-hospital sur-
ival rates were 87, 76 and 42%, respectively.48

hus, with respect to survival, fibrinolysis may be
eneficial in myocardial infarction requiring CPR.
owever, data are derived from observations, and
he differences in survival rates could be the result
f selection bias.
ardiac arrest and confirmed pulmonary
mbolism

n pulmonary embolism complicated by cardiac
rrest successful lysis or fragmentation of an
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Table 3 Efficacy of fibrinolysis in cardiac arrest with confirmed acute myocardial infarction

Author Year Design Initial
rhythm

Treatment Fibrinolysis
vs. standard

Surival to discharge
fibrinolysis vs.
standard

All bleedings
fibrinolysis vs.
standard

Van Campen46 1993 Retrospective Mainly VF rt-PA vs.
none

33 vs. 36 61% vs. 33% 3% vs. 3%

Schiele47 1996 Retrospective Mainly VF rt-PA vs.
none

308 vs. 373 52% vs. 38% NA

Stewart48 1996 Retrospective Mainly VF rt-PA vs. 53 vs. 487 87% vs. 42% NA
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none

VF, ventricular fibrillation; rt-PA, recombinant tissue plasmino

embolism should logically result in improved cir-
culation, preservation of right ventricular function
and improved gas exchange. Recently, a system-
atic review of case reports and series of patients
suffering from confirmed pulmonary embolism com-
plicated by cardiac arrest and treated with lytic
therapy before, during or after the arrest, was
published. When limited to the 10 existing case
series only, with 87 patients included overall, the
survival rate ranged from 55 to 100.39 Although
the reported results are good, they are based on
uncontrolled cases and very few studies with a
higher level of evidence exist. One of these is
a retrospective study in which diagnosis, therapy
and outcome of patients with cardiac arrest after
pulmonary embolism admitted to the emergency
department were analysed. In total 1246 patients
suffered from witnessed cardiac arrest, 60 had pul-
monary embolism of which 18 were established with
autopsy. Forty-two patients were diagnosed clini-
cally, of which 21 received rt-PA (11 before CPR) and
21 did not. Return of spontaneous circulation was
achieved significantly more often in rt-PA treated
patients than those treated without. Survival to
hospital discharge was twice as high in the rt-PA
group compared with the non-rt-PA group (p = ns,
Table 4). In another retrospective study, primarily
addressing safety, a proof of concept was shown

in 66 patients admitted with cardiac arrest in the
course of pulmonary embolism. Both return of spon-
taneous circulation and survival to discharge were
found twice as often in fibrinolytic treated patients

1
4
t
o

Table 4 Efficacy of fibrinolysis in cardiac arrest with confi

Author Year Initial rhythm Treatment Fibrinolysis
standard

Kürkciyan49 2000 PEA/asystole rt-PA 21 vs. 21
Janata23 2003 All rt-PA 36 vs. 30

ROSC, return of spontaneous circulation; PEA, pulseless electrical a
ctivator.

p = ns). These post hoc observations in selected
atients suggest that fibrinolysis in case of throm-
otic origin of the arrest may be efficacious.49

ardiac arrest with presumed diagnosis

rom the data described above it becomes clear
hat fibrinolytic treatment in cardiac arrest might
mprove neurological outcome and survival after
onfirmed myocardial infarction or pulmonary
mbolism. However, the question is whether gen-
ralised application of fibrinolytic therapy could
lso be efficacious in the treatment of cardiac
rrest without a confirmed diagnosis, comprising
oth thrombotic and non-thrombotic aetiologies.
everal case reports and case series have been pub-
ished suggesting potential benefit and acceptable
leeding rates for fibrinolysis during CPR. Recently,
everal retrospective and prospective studies have
een published, also indicating success (Table 5).

The first was a prospective study performed
uring two consecutive years. In the first year,
atients suffering from out-of-hospital cardiac
rrest underwent standard CPR. This control-group
as compared with patients in the subsequent
ear who were additionally treated with heparin
5000 U) and rt-PA (50 mg in 2 min) if a return of
pontaneous circulation was not achieved within

5 min. In total, 90 patients were included of which
0 received heparin and rt-PA. In the rt-PA group
wo patients needed blood transfusions because
f gastric ulcer bleeding, whereas in the standard

rmed pulmonary embolism

vs. ROSC
fibrinolysis vs.
standard

Surival to
discharge
fibrinolysis vs.
standard

All bleedings
fibrinolysis vs.
standard

81% vs. 43% 10% vs. 5% 14% vs. 0%
67% vs. 43% 19% vs. 7% 25% vs. 10%

ctivity; rt-PA, recombinant tissue plasminogen activator.
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Bö
tt

ig
er

50
20

01
Pr

os
pe

ct
iv

e
Al

l
rt

-P
A

vs
.

st
an

da
rd

40
vs

.
50

68
%

vs
.

44
%

35
%

vs
.

22
%

15
%

vs
.

8%
Le

de
re

r24
20

01
Ca

se
co

nt
ro

l
Al

l
rt

-P
A

vs
.

st
an

da
rd

10
8

vs
.

21
6

70
%

vs
.

51
%

48
%

vs
.

33
%

25
%

vs
.

15
%

St
ad

lb
au

er
51

20
06

Ca
se

co
nt

ro
l

Al
l

rt
-P

A/
TN

K
vs

.
st

an
d.

99
vs

.
10

87
46

%
vs

.
33

%
N

A
14

%
vs

.
10

%

Ra
nd

om
is

ed
st

ud
ie

s
Fa

to
vi

ch
52

20
04

Pl
ac

eb
o

co
nt

ro
l

Al
l

TN
K

vs
.

pl
ac

eb
o

19
vs

.
16

42
%

vs
.

6%
10

%
vs

.
6%

5%
vs

.
6%

Ab
u-

La
ba

n53
20

02
Pl

ac
eb

o
co

nt
ro

l
PE

A
on

ly
t-

PA
vs

.
pl

ac
eb

o
11

7
vs

.
11

6
21

%
vs

.
23

%
3%

vs
.

0%
1%

vs
.

0%

RO
SC

,
re

tu
rn

of
sp

on
ta

ne
ou

s
ci

rc
ul

at
io

n;
rt

-P
A,

re
co

m
bi

na
nt

ti
ss

ue
pl

as
m

in
og

en
ac

ti
va

to
r;

PE
A,

pu
ls

el
es

s
el

ec
tr

ic
al

ac
ti

vi
ty

;
TN

K,
te

ne
ct

ep
la

se
.

t
d
w
r
t
t
t
d
P
T
r
d
f
E
t
c
a
c
T
r
e
i
a
t
t
w
t
m
S
p
v
a
o
d
b
a

t
o
o
p
t
p
1
m
R
4
t
g
o
B
p
r

t
s

197

reatment no episodes of bleeding were found,
espite prolonged CPR-efforts. Short-term survival
as significantly improved: patients who received

t-PA achieved a return of spontaneous circula-
ion more often and were more often admitted to
he hospital when compared with controls. Longer
erm survival, at 24 h and at the time of hospital
ischarge, was almost twice as high in favour of rt-
A, but this did not reach statistical significance.50

hese findings corroborated the findings in a ret-
ospective study of 108 patients receiving rt-PA
uring CPR and 216 controls. Patients were matched
or baseline characteristics, status on arrival and
CG. When compared with controls, fibrinolytic
reated patients had a sustained spontaneous cir-
ulation significantly more often, were more often
live at 24 h and also more often survived to dis-
harge (p = 0.001, 0.003 and 0.048, respectively).24

he efficacy of fibrinolysis was also suggested in a
ecent post hoc analysis. In the original study, the
ffects of vasopressin versus adrenaline were stud-
ed in 1186 patients with out-of-hospital cardiac
rrest. In total 99 patients additionally received
enecteplase or reteplase, whereas 1087 did not. In
his study both short as well as longer term survival
ere increased, but not significantly: fibrinolytic

reated patients were admitted to the hospital
ore often and discharged alive more often.51

election bias could account for this observed
otential benefit. First, patients more often had
entricular fibrillation, which is the initial rhythm
ssociated with the highest chance of survival. Sec-
nd, if patients have ventricular fibrillation myocar-
ial infarction is more likely and fibrinolysis could
e more effective. Third, patients were younger,
nd thus had a better prognosis from the start.

The only randomised double blind placebo con-
rolled trial addressing the efficacy and safety
f thrombolysis in patients suffering from out-
f-hospital cardiac arrest receiving CPR is the
rematurely stopped (due to funding difficul-
ies)TICA trial. Only 35 patients were enrolled: 19
atients received tenecteplase (50 mg bolus) and
6 placebo. Importantly, the mean time to treat-
ent was high: 40 min after onset of the arrest.

eturn of spontaneous circulation was achieved in
2% of tenecteplase treated patients versus 6% in
he placebo-group. However, in the tenecteplase
roup, patients were significantly younger and more
ften had ventricular fibrillation as initial rhythm.52

ecause of this and the fact the study was stopped
rematurely, the data are inconclusive and larger

andomised studies are warranted.

In the studies described, all initial rhythms were
aken into account. In one trial only patients pre-
enting with pulseless electrical activity without
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confirmed diagnosis were analysed. A total of 233
patients with out-of-hospital cardiac arrest with
more than 1 min of pulseless electrical activity
and unresponsive to initial therapy were randomly
assigned to intravenous infusion of t-PA 100 mg or
placebo over a 15 min period. One hundred and sev-
enteen patients received t-PA and 116 placebo. Also
in this study, time to treatment was high: 35 min.
Return of spontaneous circulation was achieved in
21% of t-PA treated patients in comparison with 23%
in the placebo-group (p = ns). One patient survived
in the t-PA group whereas none in the placebo-group
did. From this study, it seems that in cardiac arrest
patients with pulseless electrical activity fibrinoly-
sis is not beneficial.53

In summary, the results of most individual stud-
ies discussed indicate that in cardiac arrest patients
with presumed diagnosis short-term survival is sig-
nificantly improved, whereas longer term survival
is not (Table 5). Although the previously discussed
individual studies failed to show improved longer
term survival, statistical power was limited and
it remains unclear whether one study is suffi-
cient for a definitive conclusion. Nonetheless, in a
recent meta-analysis of these studies a significantly
improved longer term survival was demonstrated
(OR 2.0, 95% CI 1.2—3.3).25 Although promising,
publication bias cannot be ruled out completely.

A more definite answer is awaited from the first
large scale multicentre randomised, double blind
placebo-controlled study, the European TROICA
(ThROmbolysis In Cardiac Arrest) trial. Patients pre-
senting with non-traumatic out-of-hospital cardiac
arrest receive tenecteplase or placebo. Major inclu-
sion criteria are: witnessed arrest, CPR started
within 10 min after onset and continued for a max-
imum of 10 min, ventricular fibrillation or pulseless
electrical activity as initial rhythm and presumed
cardiac origin. The primary endpoint is 30-day
survival. The secondary endpoints are return of
spontaneous circulation, survival at 24 h, survival
to discharge and neurological and overall outcome.
Also, safety will be assessed by occurrence of
intracranial haemorrhage and major bleeding com-
plications. In total 1300 patients were planned to
be enrolled.54 Recently, however, the enrolment
has been suspended on DSMB advice after inclusion
of 1000 patients because of futility. Nevertheless,
whereas no difference in the primary endpoint was
found, a positive impact of fibrinolysis on neurolog-
ical outcome or other endpoints is possible. These
potential benefits should be weighed against the

expected increased risk of bleeding.

Regarding causes for the lack of benefit, one can
only speculate. Several factors might contribute.
Firstly, non-thrombotic causes of cardiac arrest may

a
T
a
I
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epresent a larger proportion of the patients than
xpected. Thus, the incidence of thrombotic causes
ay have been overestimated in the sometimes

ather selected observations on which the trial was
esigned. Application in a more selected group of
atients could provide insight as to whether fibri-
olysis might be effective in patients with a higher
linical suspicion of thrombotic cause.

Another explanation may be, that even though
he incidence of thrombotic aetiologies may have
een as anticipated, the efficacy of fibrinolysis
roved to be lower than estimated beforehand, and
potential effect may have been missed due to lack
f statistical power. From a logistic point of view,
PR may have been discontinued too early after
dministration of fibrinolysis, reducing the interval
or fibrinolysis to become effective. An alternative
xplanation may be that the use of heparin during
PR was not allowed. This is in contrast with most
revious studies in which heparin was administered
longside fibrinolysis. This may have caused mas-
ive thrombin generation after bolus injection of
brinolysis with subsequent re-occlusion or devel-
pment of microthrombi damaging the cerebrum.
lthough in total contradiction with the evidence
n which the trial was designed, fibrinolysis may
ot work at all, or, bleeding complications may have
eutralised the benefits.

Clearly, further research is warranted to eluci-
ate the findings of this trial and provide guidelines
or clinical practice.

ther reperfusion strategies

CI in cardiac arrest

n ST-elevation myocardial infarction without
ardiac arrest, primary percutaneous coronary
ntervention has been shown to be very effective in
owering morbidity and mortality.55 Moreover, the
isk of bleeding is lower in comparison with fibrinol-
sis. In cardiac arrest, coronary angioplasty could
e an attractive strategy, but data are scarce.

Recently, a retrospective study was conducted
ddressing the feasibility of percutaneous coronary
ntervention in cardiac arrest. Forty patients suc-
essfully resuscitated from out-of-hospital cardiac
rrest caused by ST-elevation myocardial infarction
nd treated with percutaneous coronary inter-
ention were compared with 325 patients with
T-elevation myocardial infarction without cardiac

rrest but also treated with coronary intervention.
he 2-year survival in the cardiac arrest-group was
s high as 73% versus 93% in the control group.56

n another study, 84 consecutive survivors of
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eperfusion therapy in out-of-hospital cardiac arre

ut-of-hospital cardiac arrest with presumed car-
iac cause underwent immediate coronary angiog-
aphy. In-hospital survival for these patients was
8%. With respect to angiographic findings 48%
f patients had a total occlusion: in 37 patients
ngioplasty was attempted and in 28 of these TIMI
ow grade 3 was achieved. Another 23% of the
atients had one or more stenoses greater than 50%
n luminal diameter on angiography. Importantly,
he occurrence of pre-arrest chest pain or post-
rrest ST-segment elevation had a poor predictive
alue for occlusion of a coronary artery.10 In any
ase, both studies show a good outcome and it
an be concluded that coronary reperfusion can be
uccessfully achieved with percutaneous coronary
ntervention, with probably a lower risk of bleeding
han fibrinolytic treated patients.

Nonetheless, several remarks should be made.
irstly, at least 90% of patients in both studies pre-
ented with ventricular fibrillation. Also, in the first
tudy 90% of patients were already conscious prior
o the intervention and patients receiving CPR for
ore than 10 min were excluded. Because of this

nd the fact that ventricular fibrillation is the ini-
ial rhythm in cardiac arrest patients in only 30—40%
n large registries, the incidence of total occlu-
ion in a less selected population will probably be
uch lower.57 Secondly, cardiac arrest is only in
art caused by myocardial infarction. Therefore,
oronary interventions can only be beneficial in
elected patients with high likelihood of myocardial
nfarction and is therefore not generally applica-
le. Thirdly, coronary interventions can only be
erformed in patients with spontaneous circula-
ion. Fourthly, and most importantly, it will take
ime before coronary interventions can be initiated
ecause patients with out-of-hospital cardiac arrest
ave to be transferred and admitted to hospitals
ith intervention facilities. Finally, experimental

upport for a beneficial effect of coronary inter-
entions in preventing or dissolving microthrombi
n the brain is not available.

mbolectomy in pulmonary embolism
omplicated by cardiac arrest

ase reports or series on surgical embolectomy
n case of massive pulmonary embolism with
r without cardiac arrest are few and show a
urvival rate ranging from 26 to 50%. Only anec-
otal reports exist on catheter embolectomy for

assive pulmonary embolism. Because of lack

f clinical data and the fact that embolectomy
an only be performed in specialised centres,
oth therapies can only be reserved for selected
atients.58,59
199

onclusion

he evidence available from several observa-
ional, mostly non-randomised studies reveals that
brinolytic therapy has potential as additional
reatment during cardiopulmonary resuscitation
n patients suffering from non-traumatic out-of-
ospital cardiac arrest. Post hoc observations in CPR
atients with confirmed acute myocardial infarc-
ion or pulmonary embolism provide a proof of
oncept. Yet, in the acute setting every minute lost
n the diagnostic process could result in a marked
ecrease in prognosis.

Therefore, generalised application of fibrinolysis
as tested in cardiac arrest with presumed cause,
ith a meta-analysis suggesting both increased

hort- and longer term survival. Besides improved
urvival, fibrinolysis also seemed to diminish
erebral damage in experimental studies. On the
ther hand, the risk of bleeding complications is
ncreased by two-fold. Despite the fact a meta-
nalysis suggests that fibrinolysis is associated with
5 extra episodes of bleeding per 1000 patients
reated, of which 17 per 1000 are fatal, there
as an overall gain of 79 lives per 1000 treated
atients.25 A major disadvantage is the fact that
rospective randomised data are scarce and that
ot all cases of out-of-hospital cardiac arrest will
e caused by thrombotic processes. On theoretical
rounds, fibrinolysis is not expected to derive much
enefit in patients with non-thrombotic causes,
xcept for a putative effect on neurological
utcome.

The definite results of the suspended large scale
ROICA trial are eagerly awaited for final inter-
retation, and subgroups of patients might be
dentified for further research.

For patients with return of spontaneous circula-
ion and admitted to the hospital, reperfusion by
ngioplasty should be considered as an attractive
trategy.
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9. Müllner M, Hirschl MM, Herkner H, et al. Creatine kinase-mb
fraction and cardiac troponin T to diagnose acute myocardial
infarction after cardiopulmonary resuscitation. J Am Coll
Cardiol 1996;28:1220—5.

0. Spaulding CM, Joly LM, Rosenberg A, et al. Immediate
coronary angiography in survivors of out-of-hospital cardiac
arrest. N Engl J Med 1997;336:1629—33.

1. Brembilla-Perrot B, Miljoen H, Houriez P, et al. Causes and
prognosis of cardiac arrest in a population admitted to
a general hospital; a diagnostic and therapeutic problem.
Resuscitation 2003;58:319—27.

2. Goldstein S, Landis JR, Leighton R, et al. Characteristics of
the resuscitated out-of-hospital cardiac arrest victim with
coronary heart disease. Circulation 1981;64:977—84.

3. Vreede-Swagemakers JJ, Gorgels AP, Dubois-Arbouw WI, et
al. Circumstances and causes of out-of-hospital cardiac
arrest in sudden death survivors. Heart 1998;79:356—61.
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