
Introduction

Pulmonary Embolism (PE) is estimated to occur
in approximately 600,000 patients annually in the
United States1-4. Mortality estimates for PE range
from 1% to 95% depending on the clinical pres-
entation and burden of disease5,6. PE may also
contribute to as much as 15% of all in-hospital
deaths2,7,8. As noted, there is a broad spectrum of
disease presentation from asymptomatic to car-
diac arrest. In the past, PE has been categorized
as massive, sub-massive, and non-massive. Recent
European guidelines, however, are recommending
that PE be categorized based upon the patient’s
estimate of early pulmonary-embolism related
death -- in essence, in-hospital or 30 day mortali-
ty9. This approach categorizes patients into high
and non-high risk. Non-high risk patients can be

further stratified into intermediate and low risk
categories based on markers of right ventricular
dysfunction and cardiac injury; this risk stratifica-
tion is outlined in Table 19.

High risk patients, previously categorized as
massive PE, present with acute right ventricular
failure that results in shock defined as systolic
blood pressure less than 90 mmHg or a sus-
tained pressure drop of greater than 40 mmHg
for at least 15 minutes. The three month mor-
tality for these patients is approximately 50%
with most deaths occurring within the first few
days of presentation5,11,12. Intermediate risk pa-
tients have a mortality of roughly 3-15% and
low risk patients typically less than 1%10. In this
article, we will review current fibrinolytic agents
and their indications from the perspective of PE
mortality risk.
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There is reasonable evidence that suggests that fibrinolytic therapy accelerates the
resolution of PE while simultaneously reducing the recurrence of pulmonary embolism; it
can also improve other parameters, such as pulmonary blood flow, lung perfusion, and
right ventricular dysfunction. Unfortunately, conclusive evidence demonstrating a
mortality reduction is not found in the literature, particularly in those patients who are
clinically stable with intermediate to low risk of death. The clinician should assess the
mortality risk of the PE relative to both the potential benefits and the adverse effects of
fibrinolytic therapy for cardiac arrest and the various risk group presentations. In cardiac
arrest related to PE, there are no contraindications to medical fibrinolysis; fibrinolytic
therapy likely offers the reasonable chance at survival. In those patients not in cardiac
arrest, a categorization into high, intermediate, and low risk groups will aid in decision
making. In the absence of significant bleeding risk, those patients who are
hemodynamically unstable or have signs of right ventricular dysfunction would likely
benefit from fibrinolytic agents – i.e., the high risk group. Intermediate risk presentations
demonstrate less benefit such that the consideration of complications not infrequently
outweighs fibrinolytic advantage. The l iterature is mixed, however, in its
recommendations for the intermediate group. And, lastly, the low risk group does not
benefit from fibrinolysis. Despite this categorization, the decision to administer a
fibrinolytic agent remains challenging; the clinician must consider the risks of PE coupled
with the risks of fibrinolysis, as compared with this medication’s potential benefit. The
decision to administer a fibrinolytic agent in the setting of PE remains highly individual
and is most appropriately addressed by the clinician at the bedside. [Emergencias
2011;23:319-323]
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Fibrinolytic agents

Fibrinolytic agents convert plasminogen to
plasmin, which in turn breaks down the fibrino-
gen and fibrin in a clot, thereby actively reducing
the size of the clot. Anticoagulation with unfrac-
tionated heparin (UFH) or low molecular weight
heparin (LMWH) only prevents the extension of
the thrombus. There are various fibrinolytic agents
on the market, but only three streptokinase,
urokinase, and recombinant tissue plasminogen
activator (rtPA) are approved in the treatment of
PE. The current dosing regimens can be found in
Table 2.

Multiple studies have demonstrated similar
safety profiles for the three fibrinolytic agents in
patients with PE13-15. Several studies have also
compared various infusion times. Most of these
studies demonstrated improved cardiac and pul-
monary function initially, yet when compared at
later times, found no significant differences in the
various outcome parameters. These studies also
found that there were no increased rates of major
hemorrhage or mortality with the 2-hour infusion
protocols as compared with 12 or 24-hour infu-
sions14-18. Several studies have also compared bolus
dosing, rather than continuous infusions19-21.
Levine et al randomized 58 patients with PE to re-
ceive rtPA (0.6 mg/kg over two minutes) plus he-
parin or placebo plus heparin. Those receiving rt-
PA initially had greater than 50% clot resolution
and increased perfusion within 24 hours, but no
difference was found at 7 days. This study found
no major bleeding occurrences in either group22.
The same 0.6 mg/kg of rtPA over 15 minutes
demonstrated a trend towards a lower risk of
bleeding when compared to the usual 100 mg in-
fused over 2-hours, but was not statistically signifi-
cant19,20. Thus, current evidence suggests that fibri-
nolytic therapy, if given, should be infused
through a peripheral vein using the 2-hour infu-
sion protocols in patients with sustained, though
compromised, systemic perfusion.

Several small nonrandomized studies have also
investigated catheter-directed thrombolysis23-26.
Verstraete et al compared intrapulmonary throm-
bolysis to rt-PA 2-hour infusion. No significant
differences were found between the two
groups27. Theoretically, catheter-directed throm-
bolysis would have several potential benefits. Be-
cause the drug is being delivered directly to the
clot, one would expect lower doses would be
needed for similar clot lysis, more rapid clot lysis
would occur, and less bleeding complications
would be observed. However, given the limited
data with this therapy, it is currently not recom-
mended28.

As with all therapies in medicine, the risks and
benefits need to be considered before treatment
is initiated. The major risk of fibrinolytic therapy is
hemorrhage29. A meta analysis of 11 randomized
controlled trials of patients with PE managed with
fibrinolysis demonstrated severe bleeding in 13%
of patients and a 1.8% risk of intracranial or fatal
hemorrhage6. Bleeding most commonly occurs at
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Table 1. Risk stratification of pulmonary embolism

Pulmonary embolism- Risk Markers
related mortality risk

Hemodynamic instability Right ventricular dysfunction Myocardial injury
(systolic bp < 90 mmhg or pressure (BNP, NT-ProBNP, hypokinesis (Troponin I or T)
drop of > 49 mmhg over 15 mins) on echocardiography)

High Risk (> 15%) + + +
Non high risk Intermediate (3-15%) – + +

– – +
– + –

Low (< 1%) – – –
Adapted from 9.

Table 2. Fibrinolytic dosing regimenes in PE

1. Alteplase
a. 15 mg IV bolus followed by 85-mg IV infusion over 2 h.
b. Accelerated 90-min regimen recommended total dose based

upon patient weight, not to exceed 100 mg.
< 67 Kg: drug administered as 15-mg IV bolus, followed by
0.75 mg/kg infused over next 30 min (not to exceed 50 mg)
and then 0.50 mg/kg over next 60 min *not to exceed 35 mg).
> 67 Kg: 100 mg given as 15-mg IV bolus followed by 50 mg
infused over next 30 min and then 35 mg infused over next
60 min.

2. Reteplace
a. 10-U IV bolus followed in 30 min by another 10-U IV bolus.

3. Urokinase
a. 4400 IU/KG loading dose over 10 min followed by 4400 IU/Kg/h

over 12-24 h
b. 3 million IU infused over 2 h.

4. Streptokinase
a. 250,000 IU as loading dose over 30 min, followed by 100,00

IU/h over 12-24 h.
b. 1.5 million IU over 2 h.

5. Tenecteplace
a. 0.5 mg/Kg IV bolus (max 50 mg)

Adapted from 9, 35.



venous access sites, but spontaneous hemorrhage
may occur in the gastrointestinal tract, retroperi-
toneal area, and central nervous system30,31. One
study sought to identify specific independent risk
factors for increased bleeding risk and found the
co-administration of catacholamines to be the
greatest predictor, followed by the presence of
malignancy, diabetes, and coagulopathy32. Other
complications include fever, allergic reactions, ur-
ticaria, and hypotension.

Fibrinolytic therapy indications

Approximately 5% of patients will present in
shock and be categorized as experiencing a mas-
sive PE or demonstrating a high-risk presentaton33.
As previously discussed, these patients have the
highest mortality and are currently the only group
in which fibrinolytic agents can be considered.
Jerjes-Sanchez et al reported that medical fibrinol-
ysis reduced mortality in patients who were he-
modynamically unstable34. This observation was
confirmed by a meta-analysis including five ran-
domized studies in which a 55% reduction in re-
current pulmonary embolism or death was associ-
ated with fibrinolytic therapy compared to
heparin alone6. The high risk category of PE pa-
tients can be considered for firbrinolytic agent ad-
ministration; given the unfavorable prognosis with
this group, contraindications to fibrinolysis are
largely relative35.

All other patients would be defined as non-
high risk either intermediate or low risk for PE-re-
lated mortality. Non-high risk patients can be fur-
ther stratified based on any of the following
abnormal clinical parameters: brain natriuretic
peptide (BNP), N-terminal-proBNP (NT-proBNP),
elevated cardiac troponin T or I, and/or right ven-
tricular dilatation or hypokinesis on echocardiog-
raphy. A positive finding from this list, in a hemo-
dynamically stable patient, indicates the
intermediate risk category; negative findings cou-
pled with clinical stability suggest low mortality
risk.

It is in this intermediate risk group of PE pa-
tients that the greatest therapeutic controversy
exists regarding medical fibrinolysis. In patients
managed with and without fibrinolysis, Goldhaber
et al initially demonstrated that significant PE only
recurred in those patients with baseline right ven-
tricular hypokinesis. The overall rate of recurrence
was low and no statistical difference was demon-
strated between treatment groups; in other
words, fibrinolysis did not reduce the rate of re-

currence in this intermediate risk group36. In con-
trast to this study, the Management Strategy and
Prognosis of Pulmonary Embolism Registry report-
ed that a significantly higher recurrence rate of PE
and death was noted in the subset of patients
with right ventricular dysfunction who did not re-
ceive fibrinolytic agents. An improvement in right
ventricular function was observed in 89% of those
patients in the intermediate risk group who re-
ceived fibrinolytic agents at 24 hours. This im-
proved function was associated with a 58% re-
duction in in-hospital mortality37. Although these
data are promising, these findings were not con-
firmed in the largest randomized control trial to
date. Konstantinides et al enrolled 256 patients
with a PE complicated by pulmonary hypertension
or right ventricular dysfunction to be randomized
to receive intravenous heparin plus placebo or in-
travenous heparin plus alteplase. No significant
difference in mortality was demonstrated; there
was an increased need for the escalation of treat-
ment in the placebo group. The protocol permit-
ted the breaking of the randomization code in de-
teriorating patients, of whom a portion received
“rescue” fibrinolytic agent38. Because of this proto-
col allowance, this trial has been criticized. Thus,
conclusive data in the intermediate risk group
suggesting the use of fibrinolytic therapy does not
yet exist. In 2007, a European trial began that will
further investigate this subset of patients; its re-
sults are pending at this time.

Low risk patients do not benefit from medical
fibrinolysis. This final category of patients demon-
strates the most optimal outcome and is consid-
ered low risk; these patients are defined by hemo-
dynamic stability and the absence of any signs of
right ventricular dysfunction or myocardial injury.
Such patients have a low mortality risk and the
risks of fibrinolytic agents outweigh the benefits in
this subset of patients.

The current American College of Chest Physi-
cians guidelines recommend fibrinolytic therapy in
those patients with the following features: 1. he-
modynamic instability and 2. hemodynamic sta-
bility yet identified as higher risk. “Higher risk” in-
dicators include patients with the following: ill
appearing, significantly dyspneic, low oxygen sat
urations, elevated troponins, right ventricular dysn-
function on echocardiography or right ventricular
enlargement on chest CT. If these patients are at
low risk of bleeding, meaning they have the ab-
sence of intracranial disease, uncontrolled hyper-
tension or recent major surgery or trauma, then
fibrinolytic agents can be beneficial according to
this guideline39.
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Both the European and ACCP guidelines are in
partial agreement on which patients may benefit
the most from fibrinolytic therapy; however, they
categorize these patients differently. The hemody-
namically unstable patients described in the ACCP
guidelines correspond to the European high risk
categorization. These patient demonstrate the
greatest benefit from firbrinolysis. The ACCP sub-
set of higher risk, hemodynamically stable patients
corresponds to the European intermediate risk
group. This patient subgroup does not consistent-
ly demonstrate benefit from medical fibrinolysis;
in these patients, an individual review of the clini-
cal features and potential risk will guide therapeu-
tic decisions.

The last area to consider is cardiac arrest. A
significant minority of patients with PE will pres-
ent in cardiac arrest. Of course, the diagnosis of
PE must be confirmed or strongly considered in
this setting a difficult task in and of itself. With a
mortality rate approaching 95%40, the use of fib-
rinolytic therapy offers a clear risk - benefit ratio;
furthermore, it has no absolute contraindications
in this particular presentation. In fact, according
to the British Thoracic Society recommendations,
the immediate use of 50 mg IV rtPA can be lifesa-
ving for patients in cardiac arrest resulting from
PE41. While it is unclear if treatment with fibrinoly-
sis ultimately alters long-term outcome, the low
rate of bleeding complications and the improve-
ment in ROSC warrants consideration in this
group that has dismal survival without aggressive
management. If one considers the use of fibrinoly-
sis in cardiac arrest of all cause, outcomes with
fibrinolysis are dismal; the empiric use of fibri-
nolytic agents in all patients with cardiac arrest of
uncertain origin is not recommended due to futility.
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Tratamiento fibrinolítico en la embolia de pulmón

Brady WJ

Existe una evidencia razonable que el tratamiento fibrinolítico acelera la resolución de la embolia pulmonar (EP) mien-
tras que simultáneamente reduce su recurrencia. También puede mejorar otros parámetros, como el flujo sanguíneo
pulmonar, la perfusión pulmonar y la disfunción del ventrículo derecho. Desafortunadamente, en la literatura no se ha
encontrado evidencia concluyente que demuestre una disminución de la mortalidad, particularmente en aquellos pa-
cientes que están clínicamente estables con riesgo de mortalidad bajo o intermedio. Los clínicos deberían valorar el
riesgo de mortalidad de la EP y los potenciales beneficios y efectos adversos del tratamiento fibrinolítico tanto para la
parada cardiorrespiratoria como en los distintos grupos de riesgo de presentación. En la parada cardiorrespiratoria se-
cundaria a EP, no existen contraindicaciones para la fibrinolisis médica, que ofrecería una oportunidad razonable de su-
pervivencia. En aquellos pacientes sin parada cardiorrespiratoria, clasificar en grupos de alto, intermedio y bajo riesgo
ayudará en la toma de decisiones. En la ausencia de riesgo significativo de sangrado, aquellos pacientes que están he-
modinámicamente inestables o tienen signos de disfunción del ventrículo derecho probablemente se beneficiarían de
agentes fibrinolíticos –como por ejemplo el grupo de alto riesgo–. Las presentaciones de riesgo intermedio demuestran
menor beneficio ya que no es infrecuente que las complicaciones superen las ventajas de la fibrinolisis. La literatura, sin
embargo, es controvertida para las recomendaciones del grupo intermedio. Y por último, el grupo de bajo riesgo no
se beneficia de la fibrinolisis. A pesar de esta clasificación, la decisión de administrar el agente fibrinolítico es compleja;
el clínico debe considerar los riesgos de la EP conjuntamente con los riesgos de la fibrinolisis; y comparar el beneficio
potencial de este fármaco. La decisión de administrar un agente fibrinolítico en la EP continúa siendo muy individuali-
zada, y lo más adecuado es que sea tomada por el clínico a la cabecera del enfermo. [Emergencias 2011;23:319-323]
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