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Importancia del problema

95% CI: 0.51 to 7.89); results were similar at 6 months
(59). In this context, it should also be borne in
mind that cava filter placement is not free of compli-
cations, which may include penetration of the caval
wall or embolization to the right heart cavities
and occasionally require emergency treatment (60).
Moreover, and importantly, the high success rates of
filter retrieval (153 of 164 patients in whom it was
attempted) reported in the PREPIC 2 trial (59) will
be very difficult to reproduce in the real world,
probably increasing the rate of long-term complica-
tions. In conclusion, the evidence derived from
trial data does not support the liberalization of
cava filter use beyond the strict indications listed
previously.

IMPACT OF EVOLVING MANAGEMENT

STRATEGIES: TRENDS IN MORTALITY

AND THE ECONOMIC BURDEN OF

PULMONARY EMBOLISM

Evidence published in the past decade and continuing
to accumulate consistently indicates a progressive
reduction of case fatality rates among patients with
acute PE (Figure 2). Data obtained from the U.S.
Nationwide Inpatient Sample during the 8-year period

between 1998 and 2005 were used to investigate the
outcomes of patients with a primary or secondary PE
diagnosis who had been discharged from acute care
hospitals. The number of patients increased from
126,546 to 229,637 annually during that period; at the
same time, in-hospital case fatality rates for these pa-
tients decreased from 12.3% to 8.2%, and the length of
hospital stay decreased from 9.4 to 8.6 days (65).
Another study, using both the U.S. Nationwide Inpa-
tient Sample cohort and the Multiple Cause-of-Death
database, reported that the incidence of diagnosed
PE increased by as much as 81% (from 62.1 to 112.3 per
100,000) following the introduction of CT angiog-
raphy, in comparison to the earlier reference period
(1998 to 2006 vs. 1993 to 1998); in parallel, case fatality
rates decreased before (from 13.2% to 12.1%) and,
particularly, in the era of CT angiography (from 12.1%
to 7.8%). Over the entire observation period, mortality
related to PE dropped from 13.4 to 11.9 per 100,000
(66). Similar trends were reported from Germany (67),
and also on the basis of theNational Hospital Discharge
Database, covering the entire Spanish population (68).
In the latter study, in-hospital case fatality rates of PE
decreased from 12.9% in 2002 to 8.3% in 2011 in parallel
with a decrease in mean length of hospital stay from
12.7 to 10 days.

FIGURE 2 Global Trends in PE Incidence and Case Fatality Rates

120

110

100

90

80

70

60

50

40

30

20

10

1997 1999 2001 2003 2005 2007 2009 2011 2013
Year

Nu
m

be
r o

f P
ul

m
on

ar
y E

m
bo

lis
m

 D
iag

no
se

s /
 10

0,
00

0 
In

ha
bi

ta
nt

s

1997 1999 2001 2003 2005 2007 2009 2011 2013
Year

26

24

22

20

18

16

14

12

10

8

6

4

2

Nu
m

be
r o

f I
n-

ho
sp

ita
l D

ea
th

s /
 10

0 
Pu

lm
on

ar
y E

m
bo

lis
m

 D
iag

no
se

s (
%

)

Incidence Rate Case Fatality Rate

U.S. (66)†

U.S. (66)*
Italy (62)*

Australia (61)*

Spain (68)*

China (64)*

Italy (62)*

Spain (68)*
U.S. (66)†

U.S. (70)†

U.S. (66)*
U.S. (70)*

U.S. (63)*

(Left) Pulmonary embolism (PE) incidence. (Right) Case fatality rates. Data shown here were retrieved from studies of trends in pulmonary embolism (61–64,66,68,70).
In case of duplicate or overlapping data, only the most recent publication was included. *Pulmonary embolism was listed as principal diagnosis. †Any listed code for
pulmonary embolism was considered.
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of acute PE is on the basis of the estimated early
death risk (Figure 1). It has been established that the
presence of right ventricular dysfunction and failure
resulting from acute pressure overload is the prin-
cipal determinant of the patient’s early clinical
course and risk of an adverse outcome (reviewed
in [4,9]). Accordingly, high-risk or massive PE refers
to the presence of shock or persistent arterial
hypotension as a result of overt right ventricular
failure. This is clearly a life-threatening situation, in
which prompt reperfusion treatment (as discussed
later) is needed, along with circulatory and res-
piratory support in order to break the spiral of

hemodynamic deterioration and to increase the
chances of survival (4,10,11).

More than 95% of patients with acute PE are (or
appear to be) hemodynamically stable at presentation
and are thus not considered to be at high risk (12).
Within this large group, the next challenging step is
to determine which patients will need hospitalization
and possibly initial monitoring, and to distinguish
them from those who are at truly low risk and may
qualify for early discharge and outpatient treatment.
To be used as risk stratification tools for this purpose,
baseline clinical parameters and prediction scores
derived from them should reliably exclude severe

FIGURE 1 PE: Risk-Adjusted Management in the Acute Phase and Over the Long Term
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Estratificación del riesgo

section titled Current Controversies and Areas of
Ongoing Research.

Phase 3 trials investigating the new, non–vitamin K-
dependent oral anticoagulant agents (NOACs) apix-
aban (30), dabigatran (31,32), edoxaban (33), and
rivaroxaban (34,35) in the treatment of VTE have been
completed and published. A meta-analysis showed
that these agents are noninferior to the standard hep-
arin/VKA regimen, in terms of prevention of VTE
recurrence (relative risk [RR]: 0.90; 95% confidence
interval [CI]: 0.77 to 1.06), and that they are probably
safer in terms of major bleeding (RR: 0.61; 95% CI: 0.45
to 0.83), particularly intracranial (RR: 0.37; 95% CI:
0.21 to 0.68) and fatal (RR: 0.36; 95% CI: 0.15 to 0.84)
hemorrhage (36). As a result, NOACs are recommended
in the 2014 ESC Guidelines as an alternative to the
standard heparin/VKA treatment (4). All 4 NOACs
mentioned earlier are now licensed for treatment of
VTE in the United States and the European Union
(edoxaban still awaits approval in Canada); the
approved regimens are summarized in Table 1.

Post-marketing experience with these drugs in clinical
practice (under “real-world” conditions) appears
reassuring in the setting of stroke prevention in atrial
fibrillation, and has also begun to accumulate in VTE.
In a prospective German registry of patients treated
with rivaroxaban, rates of major bleeding for patients
with VTE were 4.1% per year (95% CI: 2.5% to 6.4% per
year), and case fatality rates were low (approximately
5% at 30 days) (37). Importantly, available data suggest
that the first reversal agent against a NOAC, the
monoclonal antibody idarucizumab, which binds the
thrombin inhibitor dabigatran, is effective in emer-
gency situations (38); this agent is expected to obtain
U.S. Food and Drug Administration approval soon. In
parallel, phase 3 clinical trials are currently being
conducted with andexanet, a modified recombinant
form of factor Xa, which is catalytically inactive (39)
and may serve as a reversal agent for rivaroxaban,
apixaban, and edoxaban.

Single oral drug regimens for PE might be expected
to improve (reduce) patients’ perceived burden of

CENTRAL ILLUSTRATION Acute PE: Current Risk Stratification

Risk Parameters and Scores

Early Mortality Risk

+

+

+

+ (+)(+)

Either 1 (or none) positive

Assessment optional:
If assessed, both negative-

Both positive

Shock or
Hypotension

PESI Class III-V
or sPESI ≥1

Signs of RV
Dysfunction on
an Imaging Test

Cardiac
Laboratory
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-
-

-Low

Intermediate-
high

Intermediate-
low

High

Intermediate

Konstantinides, S.V. et al. J Am Coll Cardiol. 2016; 67(8):976–90.

*Markers of myocardial injury (e.g., elevated cardiac troponin or heart type-fatty acid-binding [H-FABP] plasma concentrations), or of right ventricular dysfunction
(elevated natriuretic peptide plasma concentrations). Adapted with permission from the 2014 European Society of Cardiology Guidelines on the Diagnosis and Man-
agement of Pulmonary Embolism (4). PE ¼ pulmonary embolism; PESI ¼ Pulmonary Embolism Severity Index; RV ¼ right ventricular; sPESI ¼ simplified Pulmonary
Embolism Severity Index.
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Data from registries and cohort studies suggest that patients
in PESI Class I– II, or with sPESI of 0, but with elevated cardiac
biomarkers or signs of RV dysfunction on imaging tests, should also
be classified into the intermediate-low-risk category.76,222,262 Never-
theless, routine performance of imaging or laboratory tests in the
presence of a low PESI or a simplified PESI of 0 is not considered
necessary at present as, in these cases, it has not been shown to
have therapeutic implications.

Recommendations for prognostic assessment

Recommendations Classa Levelb Ref c

Initial risk stratification of 
suspected or confirmed PE—
based on the presence of shock 
or persistent hypotension—is 
recommended to identify 
patients at high risk of early 
mortality.

I B 47, 48

In patients not at high risk, use of 
a validated clinical risk prediction 
score, preferably the PESI or 
sPESI, should be considered to 
distinguish between low- and 
intermediate-risk PE. 

IIa B 214,
218 

In patients at intermediate risk, 
assessment of the right ventricle
with echocardiography or CT, 
and of myocardial injury using a 
laboratory biomarker, should be 
considered for further risk 
stratification.

IIa B 253

CT ¼ computed tomographic (pulmonary angiography); PE ¼ pulmonary
embolism; PESI ¼ pulmonary embolism severity index; sPESI ¼ simplified
pulmonary embolism severity index.
aClass of recommendation.
bLevel of evidence.
cReferences.

5. Treatment in the acute phase

5.1 Haemodynamic and respiratory
support
Acute RV failure with resulting low systemic output is the leading
cause of death in patients with high-risk PE. Therefore, supportive
treatment is vital in patients with PE and RV failure. Experimental
studies indicate that aggressive volume expansion is of no benefit
and mayeven worsen RV function by causing mechanical overstretch,
or by reflex mechanisms that depress contractility.263 On the other
hand, modest (500 mL) fluid challenge may help to increase cardiac
index in patients with PE, low cardiac index, and normal BP.264

Use of vasopressors is often necessary, in parallel with (or while
waiting for) pharmacological, surgical, or interventional reperfusion
treatment. Norepinephrine appears to improve RV function via a
direct positive inotropic effect, while also improving RV coronary
perfusion by peripheral vascular alpha-receptor stimulation and the
increase in systemic BP. Its use should probably be limited to hypo-
tensive patients. Based on the results of small series, the use of dobu-
tamine and/or dopamine may be considered for patients with PE, low
cardiac index, and normal BP; however, raising the cardiac index
above physiological values may aggravate the ventilation–perfusion

mismatch by further redistributing flow from (partly) obstructed to
unobstructed vessels.265 Epinephrine combines the beneficial prop-
erties of norepinephrine and dobutamine, without the systemic vaso-
dilatoryeffectsof the latter. Itmay thereforeexertbeneficial effects in
patients with PE and shock.

Vasodilators decrease pulmonary arterial pressure and pulmonary
vascular resistance, but the main concern is the lack of specificity of
these drugs for the pulmonary vasculature after systemic (intraven-
ous) administration. According to data from small clinical studies, in-
halation of nitric oxide may improve the haemodynamic status and
gas exchange of patients with PE.266,267 Preliminary data suggest
that levosimendan may restore right ventricular–pulmonary arterial
coupling in acute PE by combining pulmonary vasodilation with an in-
crease in RV contractility.268

Hypoxaemia and hypocapnia are frequently encountered in
patients with PE, but they are of moderate severity in most cases.
A patent foramen ovale may aggravate hypoxaemia due to shunting
when right atrial- exceeds left atrial pressure.80 Hypoxaemia is
usually reversed with administration of oxygen. When mechanical
ventilation is required, care should be taken to limit its adverse
haemodynamic effects. In particular, the positive intrathoracic pres-
sure induced by mechanical ventilation may reduce venous return
and worsen RV failure in patients with massive PE; therefore, positive
end-expiratory pressure should be applied with caution. Low tidal
volumes (approximately 6 mL/kg lean body weight) should be used
in an attempt to keep the end-inspiratory plateau pressure
,30 cm H2O.

Experimental evidence suggests that extracorporeal cardiopul-
monary support can be an effective procedure in massive PE.269

This notion is supported by occasional case reports and patient
series.270 –272

5.2 Anticoagulation
In patients with acute PE, anticoagulation is recommended, with the
objective of preventing both early death and recurrent symptomatic
or fatalVTE. The standard duration of anticoagulation should cover at
least 3 months (also see Section 6). Within this period, acute-phase
treatment consists of administering parenteral anticoagulation
[unfractionated heparin (UFH), LMWH or fondaparinux] over the
first 5–10 days. Parenteral heparin should overlap with the initiation
of a vitamin K antagonist (VKA); alternatively, it can be followed by
administration of one of the new oral anticoagulants: dabigatran or
edoxaban. If rivaroxaban or apixaban is given instead, oral treatment
with one of these agents should be started directly or after a 1–2 day
administration of UFH, LMWH or fondaparinux. In this latter case,
acute-phase treatment consists of an increased dose of the oral anti-
coagulant over the first 3 weeks (for rivaroxaban), or over the first 7
days (for apixaban).

In some cases, extended anticoagulation beyond the first 3
months, oreven indefinitely, may be necessary for secondarypreven-
tion, after weighing the individual patient’s risk of recurrence vs.
bleeding risk.

5.2.1 Parenteral anticoagulation
In patients with high or intermediate clinical probability for PE (see
Section 3), parenteral anticoagulation should be initiated whilst
awaiting the results of diagnostic tests. Immediate anticoagulation
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TEP alto riesgo

patients with and without thrombolysis may not have been
comparable because of the nonrandomized design and (2) the
relatively small number of patients yielded wide CIs of the
mortality estimates.

Patients in shock because of acute myocardial infarction do
poorly with thrombolysis alone. To maximize the likelihood

of survival, they usually require mechanical intervention with
insertion of an intra-aortic balloon pump followed by percu-
taneous coronary intervention or coronary artery bypass
grafting.10,11 By analogy, thrombolysis alone might fail to
rescue a substantial proportion of patients with massive PE,
even though the Food and Drug Administration has approved
thrombolysis for massive PE. Their survival may depend on
rapid transfer to a specialized vascular center skilled in
surgical or catheter embolectomy. This strategy of rapid
referral to specialty hospitals is often used to manage com-
plicated acute myocardial infarction or trauma patients.

With a closely coordinated multidisciplinary PE manage-
ment program, 1-year survival after surgical embolectomy
can be as high as 86%.12 In 35 (74%) of 47 massive PE
patients at Brigham and Women’s Hospital, surgical embo-
lectomy was performed before the development of decom-
pensated cardiogenic shock.13 Catheter thrombectomy is es-
pecially useful in the presence of an increased bleeding risk or
if surgical embolectomy is not available or feasible.1 Since
the introduction of novel percutaneous interventional throm-
bectomy devices, such as the Aspirex PE catheter thrombec-
tomy device (Straub Medical)14 or the Angiojet Xpeedior
device (Possis),15 the spectrum of interventional approaches
to treat massive PE has broadened. The Food and Drug
Administration has assigned Humanitarian Use Device status
for the Aspirex PE catheter device to treat patients with
massive PE in whom thrombolysis is contraindicated.

In ICOPER patients with massive PE, IVC filters appeared
to reduce recurrent PE and mortality at 90 days. These
findings should be interpreted with caution because of the
small percentage of patients (10%) who received an IVC

Figure 1. Overall mortality (A) (log-rank P!0.001) and cardiovas-
cular mortality (B) (log-rank P!0.001) in 108 patients with mas-
sive PE and in 2284 patients with non–massive PE.

TABLE 2. Adverse Events

Massive PE
(n"108)

Non–Massive PE
(n"2284) P

Deaths at 90 d 56 (51.9) 332 (14.5) !0.001
Cause of death

PE 35 (62.5) 119 (34.0)
Sudden cardiac death 6 (10.7) 39 (11.1)
Cancer 2 (3.6) 73 (20.9)
Respiratory failure 3 (5.4) 45 (12.9)
Stroke 3 (5.4) 7 (2.0)
Hemorrhage ! ! ! 10 (2.9)
Myocardial infarction ! ! ! 5 (!1)
Other 7 (12.5) 52 (14.9)

Recurrent PE at 90 d 13 (12.6) 171 (7.6) 0.09
Any in-hospital bleeding 19 (17.6) 221 (9.7) 0.007

Intracranial bleeding 2 (2.0) 11 (0.5) 0.11
Gastrointestinal bleeding 7 (7.0) 48 (2.2) 0.011
Genitourinary bleeding 2 (2.0) 21 (1.0) 0.27
Retroperitoneal bleeding ! ! ! 10 (0.4) 1.00
Any transfusion 17 (17.0) 175 (8.0) 0.002
Drop in hematocrit !10% 12 (12.1) 142 (6.5) 0.031

Data are numbers of patients with percentages in parentheses.

TABLE 3. Characteristics of Massive PE Patients With and
Without Thrombolysis

Thrombolysis
(n"33)

No Thrombolysis
(n"75) P

Age, mean#SD, y 64#13 64#19 0.95
Age $70 y 13 (39) 33 (44) 0.66
Men 13 (39) 31 (41) 0.85
Systolic pressure,
mean#SD, mm Hg

73#9 76#10 0.20

Heart rate, mean#SD, bpm 119#22 116#30 0.65
Right ventricular hypokinesis 23/27 (85) 15/34 (44) 0.001
Right heart thrombus 4/28 (14) 2/34 (6) 0.26
LV ejection fraction !40% 3/29 (10) 10/59 (17) 0.41
Concomitant deep vein
thrombosis

13 (41) 21 (28) 0.23

Cancer 2 (6) 21 (28) 0.010
Prior deep vein thrombosis 12 (38) 4 (6) !0.001
Prior PE 4 (13) ! ! ! 0.002
Chronic lung disease 3 (9) 17 (23) 0.09
Congestive heart failure 4 (12) 19 (26) 0.12
Trauma within 2 mo 4 (12) 11 (15) 0.72
Creatinine $2.0 mg/dL 7 (21) 9 (12) 0.22
In-hospital bleeding 8 (24) 11 (15) 0.23
Recurrent PE at 90 d 4 (12) 9 (12) 0.99

Data are numbers of patients with percentages in parentheses. LV indicates
left ventricular.

580 Circulation January 31, 2006
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relatively small number of patients yielded wide CIs of the
mortality estimates.

Patients in shock because of acute myocardial infarction do
poorly with thrombolysis alone. To maximize the likelihood

of survival, they usually require mechanical intervention with
insertion of an intra-aortic balloon pump followed by percu-
taneous coronary intervention or coronary artery bypass
grafting.10,11 By analogy, thrombolysis alone might fail to
rescue a substantial proportion of patients with massive PE,
even though the Food and Drug Administration has approved
thrombolysis for massive PE. Their survival may depend on
rapid transfer to a specialized vascular center skilled in
surgical or catheter embolectomy. This strategy of rapid
referral to specialty hospitals is often used to manage com-
plicated acute myocardial infarction or trauma patients.

With a closely coordinated multidisciplinary PE manage-
ment program, 1-year survival after surgical embolectomy
can be as high as 86%.12 In 35 (74%) of 47 massive PE
patients at Brigham and Women’s Hospital, surgical embo-
lectomy was performed before the development of decom-
pensated cardiogenic shock.13 Catheter thrombectomy is es-
pecially useful in the presence of an increased bleeding risk or
if surgical embolectomy is not available or feasible.1 Since
the introduction of novel percutaneous interventional throm-
bectomy devices, such as the Aspirex PE catheter thrombec-
tomy device (Straub Medical)14 or the Angiojet Xpeedior
device (Possis),15 the spectrum of interventional approaches
to treat massive PE has broadened. The Food and Drug
Administration has assigned Humanitarian Use Device status
for the Aspirex PE catheter device to treat patients with
massive PE in whom thrombolysis is contraindicated.

In ICOPER patients with massive PE, IVC filters appeared
to reduce recurrent PE and mortality at 90 days. These
findings should be interpreted with caution because of the
small percentage of patients (10%) who received an IVC

Figure 1. Overall mortality (A) (log-rank P!0.001) and cardiovas-
cular mortality (B) (log-rank P!0.001) in 108 patients with mas-
sive PE and in 2284 patients with non–massive PE.

TABLE 2. Adverse Events

Massive PE
(n"108)

Non–Massive PE
(n"2284) P

Deaths at 90 d 56 (51.9) 332 (14.5) !0.001
Cause of death

PE 35 (62.5) 119 (34.0)
Sudden cardiac death 6 (10.7) 39 (11.1)
Cancer 2 (3.6) 73 (20.9)
Respiratory failure 3 (5.4) 45 (12.9)
Stroke 3 (5.4) 7 (2.0)
Hemorrhage ! ! ! 10 (2.9)
Myocardial infarction ! ! ! 5 (!1)
Other 7 (12.5) 52 (14.9)

Recurrent PE at 90 d 13 (12.6) 171 (7.6) 0.09
Any in-hospital bleeding 19 (17.6) 221 (9.7) 0.007

Intracranial bleeding 2 (2.0) 11 (0.5) 0.11
Gastrointestinal bleeding 7 (7.0) 48 (2.2) 0.011
Genitourinary bleeding 2 (2.0) 21 (1.0) 0.27
Retroperitoneal bleeding ! ! ! 10 (0.4) 1.00
Any transfusion 17 (17.0) 175 (8.0) 0.002
Drop in hematocrit !10% 12 (12.1) 142 (6.5) 0.031

Data are numbers of patients with percentages in parentheses.

TABLE 3. Characteristics of Massive PE Patients With and
Without Thrombolysis

Thrombolysis
(n"33)

No Thrombolysis
(n"75) P

Age, mean#SD, y 64#13 64#19 0.95
Age $70 y 13 (39) 33 (44) 0.66
Men 13 (39) 31 (41) 0.85
Systolic pressure,
mean#SD, mm Hg

73#9 76#10 0.20

Heart rate, mean#SD, bpm 119#22 116#30 0.65
Right ventricular hypokinesis 23/27 (85) 15/34 (44) 0.001
Right heart thrombus 4/28 (14) 2/34 (6) 0.26
LV ejection fraction !40% 3/29 (10) 10/59 (17) 0.41
Concomitant deep vein
thrombosis

13 (41) 21 (28) 0.23

Cancer 2 (6) 21 (28) 0.010
Prior deep vein thrombosis 12 (38) 4 (6) !0.001
Prior PE 4 (13) ! ! ! 0.002
Chronic lung disease 3 (9) 17 (23) 0.09
Congestive heart failure 4 (12) 19 (26) 0.12
Trauma within 2 mo 4 (12) 11 (15) 0.72
Creatinine $2.0 mg/dL 7 (21) 9 (12) 0.22
In-hospital bleeding 8 (24) 11 (15) 0.23
Recurrent PE at 90 d 4 (12) 9 (12) 0.99

Data are numbers of patients with percentages in parentheses. LV indicates
left ventricular.
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that RV ischaemia is of pathophysiological significance in the acute
phase of PE.76 –78 Although RV infarction is uncommon after PE, it
is likely that the imbalance between oxygen supply and demand can
result in damage to cardiomyocytes and further reduce contractile
forces.

The detrimental effects of acute PE on the RV myocardium and the
circulation are summarized in Figure 1.

Respiratory failure in PE is predominantly a consequence of
haemodynamic disturbances.79 Low cardiac output results in desat-
uration of the mixed venous blood. In addition, zones of reduced
flow in obstructed vessels, combined with zones of overflow in the
capillary bed served by non-obstructed vessels, result in ventila-
tion–perfusion mismatch, which contributes to hypoxaemia. In
about one-third of patients, right-to-left shunting through a patent
foramen ovale can be detected by echocardiography: this is caused
by an inverted pressure gradient between the right atrium and left
atrium and may lead to severe hypoxaemia and an increased risk of
paradoxical embolization and stroke.80 Finally, even if they do not
affect haemodynamics, small distal emboli may create areas of alveo-
lar haemorrhage resulting in haemoptysis, pleuritis, and pleural effu-
sion, which is usually mild. This clinical presentation is known as
‘pulmonary infarction’. Its effect on gas exchange is normally mild,
except in patients with pre-existing cardiorespiratory disease.

2.5 Clinical classification of pulmonary
embolism severity
The clinical classification of the severity of an episode of acute PE is
based on the estimated PE-related early mortality risk defined by
in-hospital or 30-day mortality (Figure 2). This stratification, which
has important implications both for the diagnostic and therapeutic
strategies proposed in these guidelines, is based on the patient’s clin-
ical status at presentation, with high-risk PE being suspected or con-
firmed in the presence of shock or persistent arterial hypotension
and not high-risk PE in their absence.

3. Diagnosis
Throughout these Guidelines and for the purpose of clinical manage-
ment, ‘confirmed PE’ is defined as a probability of PE high enough to
indicate the need for PE-specific treatment, and ‘excluded PE’ as a
probability of PE low enough to justify withholding PE-specific treat-
ment with an acceptably low risk.

3.1 Clinical presentation
PE mayescapeprompt diagnosis since the clinical signs and symptoms
are non-specific (Table 3). When the clinical presentation raises the
suspicion of PE in an individual patient, it should prompt further
objective testing. In most patients, PE is suspected on the basis of dys-
pnoea, chest pain, pre-syncope or syncope, and/or haemoptysis.81–83

Arterial hypotension and shock are rare but important clinical pre-
sentations, since they indicate central PE and/or a severely reduced
haemodynamic reserve. Syncope is infrequent, but mayoccur regard-
less of the presence of haemodynamic instability.84 Finally, PE may
be completely asymptomatic and be discovered incidentally during
diagnostic work-up for another disease or at autopsy.

Chest pain is a frequent symptom of PE and is usually caused by
pleural irritation due to distal emboli causing pulmonary infarction.85

In central PE, chest pain may have a typical angina character, possibly
reflecting RV ischaemia and requiring differential diagnosis with acute
coronary syndrome (ACS) or aortic dissection. Dyspnoea may be
acute and severe in central PE; in small peripheral PE, it is often
mild and may be transient. In patients with pre-existing heart failure
or pulmonary disease, worsening dyspnoea may be the only
symptom indicative of PE.

Increased RV afterload

RV O2 delivery
TV insufficiency

RV wall tension

Neurohormonal
activation

Myocardial
inflammation

RV O2 demand

RV ischaemia

RV coronary
perfusion

RV output RV contractility

Systemic BP

Cardiogenic
shock

Death

RV dilatation

Low CO

LV pre-load

BP = blood pressure; CO = cardiac output; LV = left ventricular; RV = right 
ventricular;  TV = tricuspid valve.

Figure 1 Key factors contributing to haemodynamic collapse in
acute pulmonary embolism

Suspected acute PE

Shock or hypotensiona?

Yes No

High–riskb Not high–riskb

PE = pulmonary embolism.
a

by ≥40 mm Hg, for >15 minutes, if not caused by new-onset arrhythmia, 
hypovolaemia, or sepsis.
bBased on the estimated PE-related in-hospital or 30-day mortality.

Figure 2 Initial risk stratification of acute PE.
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Four-chamber views of the heart by CT angiography may detect
RV enlargement (end-diastolic diameter, compared with that of the
left ventricle) as an indicator of RV dysfunction. Following a
number of early retrospective studies,227 the prognostic value of an
enlarged RVon CT angiography was confirmed by a prospective mul-
ticentre cohort studyof 457 patients (Table8).228 In-hospital deathor
clinical deterioration occurred in 44 patients with- and in 8 patients
without RV dysfunction on CT (14.5% vs. 5.2%; P , 0.004). Right ven-
tricular dysfunction was an independent predictor for an adverse
in-hospital outcome, both in the overall population (HR 3.5; 95%
CI 1.6–7.7; P ¼ 0.002) and in haemodynamically stable patients
(HR 3.8; 95% CI 1.3–10.9; P ¼ 0.007). Additional recent publications
have confirmed these findings.229,230

4.3 Laboratory tests and biomarkers
4.3.1 Markers of right ventricular dysfunction
Right ventricular pressureoverload is associatedwith increased myo-
cardial stretch, which leads to the release of brain natriuretic peptide
(BNP) or N-terminal (NT)-proBNP. The plasma levels of natriuretic
peptides reflect the severity of haemodynamic compromise and
(presumably) RV dysfunction in acute PE.231 A meta-analysis found
that 51% of 1132 unselected patients with acute PE had elevated
BNP or NT-proBNP concentrations on admission. These patients
had a 10% risk of early death (95% CI 8.0–13) and a 23% (95% CI
20–26) risk of an adverse clinical outcome.232

In normotensive patients with PE, the positive predictive value of
elevated BNP or NT-proBNP concentrations for early mortality is
low.233 In a prospective, multicentre cohort study that included
688 patients, NT-proBNP plasma concentrations of 600 pg/mL
were identified as the optimal cut-off value for the identification of
elevated risk (Table 8).234 On the other hand, low levels of BNP or
NT-proBNP can identify patients with a favourable short-term clinic-
al outcome based on their high negative predictive value.226,232,235,236

Haemodynamically stable patients with low NT-proBNP levels may
be candidates for early discharge and outpatient treatment.237

4.3.2 Markers of myocardial injury
Transmural RV infarction despite patent coronary arteries has been found
atautopsyofpatientswhodiedofmassivePE.238Elevatedplasmatropo-
nin concentrations on admission have been reported in connection
with PE and were associated with worse prognosis. A meta-analysis
covering a total of 1985 patients showed elevated cardiac troponin I
or -T concentrations in approximately 50% of the patients with acute
PE (Table 8).239 Elevated troponin concentrations were associated
with high mortality both in unselected patients [odds ratio (OR) 9.44;
95% CI 4.14–21.49] and in haemodynamically stable patients
[OR 5.90; 95% CI 2.68–12.95], and the results were consistent for
troponin I or -T; however, other reports have suggested a limited prog-
nostic value of elevated troponins in normotensive patients.240

The reported positive predictive value of troponin elevation for
PE-related early mortality ranges from 12–44%, while the negative

Table 7 Original and simplified PESI

Parameter Original version214 218

Age Age in years 1 point (if age >80 years)

Male sex +10 points –

Cancer +30 points 1 point

Chronic heart failure +10 points
1 point

Chronic pulmonary disease +10 points

Pulse rate ≥110 b.p.m. +20 points 1 point

Systolic blood pressure <100 mm Hg +30 points 1 point

Respiratory rate >30 breaths per minute +20 points –

Temperature <36 °C +20 points –

Altered mental status +60 points –

Arterial oxyhaemoglobin saturation <90% +20 points 1 point

Risk strataa

Class I: ≤65 points
very low 30-day mortality risk (0–1.6%)
Class II: 66–85 points
low mortality risk (1.7–3.5%)

Class III: 86–105 points
moderate mortality risk (3.2–7.1%)
Class IV: 106–125 points
high mortality risk (4.0–11.4%)
Class V: >125 points
very high mortality risk (10.0–24.5%)

0 points = 30-day mortality risk 1.0% 
(95% CI 0.0%–2.1%)

≥1 point(s) = 30-day mortality risk 10.9% 
(95% CI 8.5%–13.2%)

b.p.m. ¼ beats per minute; PESI ¼ Pulmonary embolism severity index.
abased on the sum of points.
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Riesgo mortalidad 3-10% 
Mayor riesgo de empeoramiento clínico y eventos adversos

section titled Current Controversies and Areas of
Ongoing Research.

Phase 3 trials investigating the new, non–vitamin K-
dependent oral anticoagulant agents (NOACs) apix-
aban (30), dabigatran (31,32), edoxaban (33), and
rivaroxaban (34,35) in the treatment of VTE have been
completed and published. A meta-analysis showed
that these agents are noninferior to the standard hep-
arin/VKA regimen, in terms of prevention of VTE
recurrence (relative risk [RR]: 0.90; 95% confidence
interval [CI]: 0.77 to 1.06), and that they are probably
safer in terms of major bleeding (RR: 0.61; 95% CI: 0.45
to 0.83), particularly intracranial (RR: 0.37; 95% CI:
0.21 to 0.68) and fatal (RR: 0.36; 95% CI: 0.15 to 0.84)
hemorrhage (36). As a result, NOACs are recommended
in the 2014 ESC Guidelines as an alternative to the
standard heparin/VKA treatment (4). All 4 NOACs
mentioned earlier are now licensed for treatment of
VTE in the United States and the European Union
(edoxaban still awaits approval in Canada); the
approved regimens are summarized in Table 1.

Post-marketing experience with these drugs in clinical
practice (under “real-world” conditions) appears
reassuring in the setting of stroke prevention in atrial
fibrillation, and has also begun to accumulate in VTE.
In a prospective German registry of patients treated
with rivaroxaban, rates of major bleeding for patients
with VTE were 4.1% per year (95% CI: 2.5% to 6.4% per
year), and case fatality rates were low (approximately
5% at 30 days) (37). Importantly, available data suggest
that the first reversal agent against a NOAC, the
monoclonal antibody idarucizumab, which binds the
thrombin inhibitor dabigatran, is effective in emer-
gency situations (38); this agent is expected to obtain
U.S. Food and Drug Administration approval soon. In
parallel, phase 3 clinical trials are currently being
conducted with andexanet, a modified recombinant
form of factor Xa, which is catalytically inactive (39)
and may serve as a reversal agent for rivaroxaban,
apixaban, and edoxaban.

Single oral drug regimens for PE might be expected
to improve (reduce) patients’ perceived burden of

CENTRAL ILLUSTRATION Acute PE: Current Risk Stratification

Risk Parameters and Scores

Early Mortality Risk

+

+

+

+ (+)(+)

Either 1 (or none) positive

Assessment optional:
If assessed, both negative-

Both positive

Shock or
Hypotension

PESI Class III-V
or sPESI ≥1

Signs of RV
Dysfunction on
an Imaging Test

Cardiac
Laboratory
Biomarkers*

-
-

-Low

Intermediate-
high

Intermediate-
low

High

Intermediate

Konstantinides, S.V. et al. J Am Coll Cardiol. 2016; 67(8):976–90.

*Markers of myocardial injury (e.g., elevated cardiac troponin or heart type-fatty acid-binding [H-FABP] plasma concentrations), or of right ventricular dysfunction
(elevated natriuretic peptide plasma concentrations). Adapted with permission from the 2014 European Society of Cardiology Guidelines on the Diagnosis and Man-
agement of Pulmonary Embolism (4). PE ¼ pulmonary embolism; PESI ¼ Pulmonary Embolism Severity Index; RV ¼ right ventricular; sPESI ¼ simplified Pulmonary
Embolism Severity Index.
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predictive value is high, irrespective of the assays and cut-off values
used. Recently developed high-sensitivity assays have improved
the prognostic performance of this biomarker, particularly with
regard to the exclusion of patients with an adverse short-term
outcome.241 For example, in a prospective, multicentre cohort of
526 normotensive patients with acute PE, troponin T concentrations
,14 pg/mL, measured by a high-sensitivity assay, had a negative pre-
dictive value of 98% with regard to a complicated clinical course,
which was similar to that of the sPESI.76

Heart-type fatty acid-binding protein (H-FABP), an early marker
of myocardial injury, was also found to possess prognostic value in
acute PE.242,243 In normotensive patients, circulating H-FABP levels

≥6 ng/mL had a positive predictive value of 28% and a negative pre-
dictive value of 99% for an adverse 30-day outcome (Table 8).244 A
simple score, based on the presence of tachycardia, syncope, and a
positive bedside test for H-FABP, provided prognostic information
similar to that of RV dysfunction on echocardiography.245,246

4.3.3 Other (non-cardiac) laboratory biomarkers
Elevated serum creatinine levels and a decreased (calculated) glom-
erular filtration rate are related to 30-day all-cause mortality in
acute PE.247 Elevated neutrophil gelatinase-associated lipocalin
(NGAL) and cystatin C, both indicating acute kidney injury, have
also been found to be of prognostic value.248 Elevated D-dimer

Table 8 Imaging and laboratory testsa for prediction of earlyb mortality in acute PE

Test or 
biomarker

Cut-off 
value 

Sensitivity, 
%

(95% CI)
%

(95% CI) 

NPV, 
% 

(95% CI)

PPV, 
%

(95% CI)

OR or HR 
(95% CI)

No. 
patients 

Study 
design 

(reference)
Remarks

Echocardiography
Various 

criteria of RV 
dysfunction

74 (61–84) 54 (51–56) 98 
(96–99) 8 (6–10) 2.4 

(1.3–4.3) 1249 Meta-
analysis226

RV dysfunction on 
echocardiography 
or CT was one 
of the inclusion 
criteria in two 

randomized trials 
investigating 

thrombolysis in 
normotensive 
patients with 

PE.252, 253

CT
angiography

RV/LV ≥1.0 46 (27–66) 59 (54–64) 93 
(89–96) 8 (5–14) 1.5 

(0.7–3.4) 383 Meta-
analysis226

RV/LV ≥0.9 84 (65–94) 35 (30–39) 97 
(94–99) 7 (5–10) 2.8 

(0.9–8.2) 457 Prospective 
cohort228

BNP 75–100
pg/mL 85 (64–95) 56 (50–62) 98 

(94–99) 14 (9–21) 6.5 
(2.0–21) 261 Meta-

analysis232

The optimal 
cut-off value for 
PE has not been 

NT-proBNP 600 pg/mL 86 (69–95) 50 (46–54) 99
(97–100) 7 (5–19) 6.3 

(2.2–18.3) 688 Prospective 
cohort234e

NT-proBNP 
<500 pg/mL 

was one of the 
inclusion criteria 
in a single-armed 
management trial 
investigating home 
treatment of PE.237

Troponin I
Different 
assays/ 

cut-off values
NR NR NR NR 4.0 

(2.2–7.2) 1303 Meta-
analysis239

A positive cardiac 
troponin test 

was one of the 
inclusion criteria 
in a randomized 
trial investigating 
thrombolysis in 
normotensive 

patients with PE.253

Troponin T

Different 
assays/cut-off 

valuesc

c

NR NR NR NR 682 Meta-
analysis239

14 pg/mLd 87 (71–95) 42 (38–47) 98 
(95–99) 9 (6–12) 5.0

(1.7–14.4) 526 Prospective 
cohort76e

H-FABP 6 ng/mL 89 (52–99) 82 
(74–89)

99
(94–99)

28 
(13–47)

36.6 
(4.3–304) 126 Prospective 

cohort244e 

BNP ¼ brain natriuretic peptide; CT ¼ computed tomographic; H-FABP ¼ heart-type fatty acid-binding protein; HR ¼ hazard ratio; LV ¼ left ventricular; NPV ¼ negative
predictive value; NR ¼ not reported in the reference cited; NT-proBNP ¼ N-terminal pro-brain natriuretic peptide; OR ¼ odds ratio; PE ¼ pulmonary embolism; PPV ¼ positive
predictive value; RV ¼ right ventricular.
aThe Table shows the results of meta-analyses or, in the absence thereof, of the largest prospective cohort studies.
bIn most studies, ‘early’ refers to the in-hospital period or the first 30 days after the index event.
cIn the studies included in this meta-analysis, cut-off values for the cardiac troponin tests used corresponded to the 99thpercentile of healthy subjects with a coefficient variation of
,10%.
dHigh-sensitivity assay.
eThese studies included only normotensive patients and used a combined outcome (all-cause death or major cardiovascular complications).
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analysis was congruent with results of the primary analysis for
mortality (median OR, 0.51; 95% credible interval, 0.18-0.89),
major bleeds (median OR, 2.47; 95% credible interval, 1.41-
4.62), ICH (median OR, 3.02; 95% credible interval, 1.68-

14.72), and recurrent PE (median OR, 0.31; 95% credible inter-
val, 0.20-0.82).

In a subgroup analysis of patients older than 65 years, there
was a nonsignificant association with lower mortality (OR, 0.55;

Table 1. Baseline Characteristics of Trials

Source
No. of

Patients
Randomized
Treatment Comparator

Major
Bleeding
Criteria

Follow-up,
d

PE Risk, No. (%) Age, Mean
(Range or

SD), y
Male,

No. (%)Low Mod High Unclear
UPETSG,31

1970
160 Urokinase (2000

U/lb, then 2000
U/lb/h for 12 h)

Heparin Hematocrit
drop >10
points, ≥2
units PRBCs

14 a a 14
(8.75)

146
(91.25)

45 (<50),
55 (>50)b

92
(57.3)

Tibbutt et at,28

1974
30 Streptokinase

(600 000 U over
30 min through PA
catheter followed
by 100 000 U/h IV
for 72 h)

Heparin Not
prespecified

3 a a 7
(23.3)

23
(76.67)

48.73
(25-71)

15
(50)

Ly et al,25 1978 25 Streptokinase
(250 000 IU
loading dose, then
100 000 IU/h
for 72 h)

Heparin Not
prespecified

10 a 4
(16)

2 (8) 19
(76)

53.2
(23-70)

11
(44)

Marini et al,26

1988
30 Urokinase

(800 000 IU
for 12 h/d for 3 d
or 3 300 000 IU
for 12 h)

Heparin Not
prespecified

7 a a a 30
(100)

53
(23-72)

18
(60)

Levine et al,22

1990
58 Alteplase

(0.6 mg/kg of ideal
body weight)

Heparin ICH, RP,
transfusion of
≥2 units
PRBCs, Hgb
drop >2 g/dL

10 a a a 58
(100)

61.5
(2.7)

29
(54.54)

PIOPED,27

1990
13 Alteplase

(40-80 mg)
Heparin Not

prespecified
7 a a a 13

(100)
58.46

(15.81)
9

(55.55)
Dalla-Volta et
al,23 1992

36 Alteplase
(100 mg)

Heparin ICH, any
transfusion

30 a a 0 36
(100)

64.68
(12.5)

12
(33)

Goldhaber et
al,2 1993

101 Alteplase
(100 mg)

Heparin ICH, need for
surgery

14 55
(49.5)

56
(50.4)

0 0 58.54
(17)

44
(44)

Jerjes-Sanchez
et al,24 1995

8 Streptokinase
(1 500 000 IU)

Heparin Not
prespecified

1-3 0 0 8
(100)

0 51
(22.9)

5
(63)

Konstantinides
et al,3 2002

256 Alteplase
(100 mg)

Heparin ICH, fatal,
Hgb drop
>4 g/dL

30 155
(60.5)

80
(31.25)

0 21
(8.2)

62.08
(10.47)

122
(47.6)

TIPES,29 2010 58 Tenecteplase
(30-50 mg)

Heparin ICH, fatal,
need for
transfusion,
need for
surgery

7 0 58
(100)

0 0 68.1
(1.85)

13
(22.4)

Fasullo et al,11

2011
72 Alteplase

(100 mg)
Heparin ICH, fatal, any

transfusion
180 0 72

(100)
0 0 55.97

(16.12)
41

(56.94)
MOPETT,10

2012
121 Alteplase (50 mg) Heparin/

enoxaparin
Not
prespecified

840 0 82
(67.7)

0 39
(32.23)

58.5
(9.5)

55
(45.45)

ULTIMA,30

2013
59 Alteplase

(max dose 20 mg
into PA over 16 h)

Heparin ICH, spinal,
joint, RP,
pericardial,
Hgb drop
>2 g/dL with
transfusion

90 0 59
(100)

0 0 63.01
(13.51)

28
(47.46)

PEITHO,8 2014 1005 Tenecteplase
(30-50 mg)

Heparin/
LMWH/
fondaparinux

ICH, life-
threatening,
fatal, need for
transfusion

30 0 1005
(100)

0 0 66.15
(15.29)

473
(47.06)

TOPCOAT,9

2014
83 Tenecteplase

(dose not reported)
LMWH ICH, need

for surgery,
Hgb drop
>2 g/dL with
transfusion

5 0 83
(100)

0 0 55.44
(14)

49
(59.0)

Abbreviations: Hgb, hemoglobin; ICH, intracranial hemorrhage;
IV, intravenously; LMWH, low-molecular-weight heparin; Mod, intermediate
risk (hemodynamically stable with objective evidence of right ventricular
dysfunction); max, maximum; NA, not available; PA, pulmonary artery;
PE, pulmonary embolism; PRBCs, packed red blood cells; RP, retroperitoneal.

a Cannot exclude potential patients in this category.
b Precise ages of patients not provided; 50.6% of patients were younger than

50 years and 49.4% of patients 50 years or older.
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95% CI, 0.29-1.05; 2.08% [14/673] vs 3.65% [24/658]); how-
ever, there was an association with greater risk of major bleeds
(OR, 3.10; 95% CI, 2.10-4.56; 12.93% [87/673] vs 4.10% [27/
658]) (Table 2). In patients 65 years and younger, there was no
association with increase in major bleeding (OR, 1.25; 95% CI,
0.50-3.14; 2.84% [11/388] vs 2.27% [9/396]). For the 1 trial that
did not clearly state the age of the participants,31 we included
the trial in the age group older than 65 years in the primary
analysis because the majority of patients were noted to be older
than 50 years. We excluded the trial altogether on a further sen-

sitivity assessment of bleeding (OR, 2.91; 95% CI, 1.94-4.37) and
then repeated a bleeding analysis with the entire trial in-
cluded in the group 65 years and younger (OR, 1.73; 95% CI,
0.96-3.12) with no significant deviation from the primary re-
sults noted in either case.

In a prespecified analysis performed of the 8 trials
(n = 1775) specifically enrolling only patients who were
hemodynamically stable with objective assessments of RV
function, thrombolysis was associated with lower mortality
(OR, 0.48; 95% CI, 0.25-0.92; 1.39% [12/866] vs 2.92%

Table 2. Absolute Risk Metrics of Outcomes of Major Interest

Outcome of Interest
(No. of Studies Reporting)

No. of Events/No. of Patients, Absolute Event Rate (%) No. Needed
to Treat or

Harm P ValueThrombolytic Group Anticoagulant Group
All-cause mortality (16) 23/1061 (2.17) 41/1054 (3.89) NNT = 59 .01

Major bleeding (16)a 98/1061 (9.24) 36/1054 (3.42) NNH = 18 <.001

ICH (15) 15/1024 (1.46) 2/1019 (0.19) NNH = 78 .002

Recurrent PE (15) 12/1024 (1.17) 31/1019 (3.04) NNT = 54 .003

Age >65 y

All-cause mortality (5) 14/673 (2.08) 24/658 (3.65) NNT = 64 .07

Major bleeding (5)a 87/673 (12.93) 27/658 (4.10) NNH = 11 <.001

Age ≤65 y

All-cause mortality (11) 9/388 (2.32) 17/396 (4.29) NNT = 51 .09

Major bleeding (11)a 11/388 (2.84) 9/396 (2.27) NNH = 176 .89

Intermediate-risk PE

All-cause mortality (8) 12/866 (1.39) 26/889 (2.92) NNT = 65 .03

Major bleeding (8)a 67/866 (7.74) 20/889 (2.25) NNH = 18 <.001

Abbreviations: ICH, intracranial
hemorrhage; NNH, number needed
to harm; NNT, number needed to
treat; PE, pulmonary embolism.
a Per individual trial criteria with ICH

also included for any trials that did
not prespecify this.

Figure 2. Odds of Mortality in Patients With Pulmonary Embolism Treated With Thrombolytic Therapy vs Anticoagulation

0.005 10 2001.0
OR (95% CI)

0.1

Weight,
%

Favors
Thrombolytics

Favors
Anticoagulants

Thrombolytics

No. of
Events

No. of
Patients

Anticoagulants

No. of
Events

No. of
PatientsSource

OR
(95% CI)

20.26 82 7 78UPETSG,31 1970 0.80 (0.26-2.49)
1.60 13 1 17Tibbutt et al,28 1974 0.17 (0.00-8.94)
4.51 14 2 11Ly et al,25 1978 0.37 (0.03-3.96)

0 20 0 10Marini et al,26 1988 Not estimable
1.61 33 0 25Levine et al,22 1990 5.80 (0.11-303.49)
1.41 9 0 4PIOPED,27 1990 4.24 (0.06-296.20)
4.72 20 1 16Dalla-Volta et al,23 1992 1.61 (0.15-16.82)
3.30 46 2 55Goldhaber et al,2 1993 0.16 (0.01-2.57)
3.80 4 4 4Jerges-Sanchez et al,24 1995 0.03 (0.00-0.40)

11.44 118 3 138Konstantinides et al,3 2002 1.58 (0.35-7.09)
1.70 28 1 30TIPES,29 2010 0.14 (0.00-7.31)
9.30 37 6 35Fasullo et al,11 2011 0.11 (0.02-0.58)
6.51 61 3 60MOPETT,10 2012 0.35 (0.05-2.57)
1.70 30 1 29ULTIMA,30 2013 0.13 (0.00-6.59)
3.31 40 1 43TOPCOAT,9 2014 1.08 (0.07-17.53)

24.86
23

506
1061

9
41

499
1054

PEITHO,8 2014 0.66 (0.24-1.82)

Heterogeneity: χ  2 = 16.51; P = .28; I2 = 15%
Overall effect: z = 2.45; P = .01 

100.0Total 0.53 (0.32-0.88)

14

Evaluated using the Peto method of meta-analysis. The standard practice in
meta-analysis of odds ratios (ORs) and risk ratios is to exclude studies from the
meta-analysis where there are no events in either group.13 A 0-cell or continuity
correction was not used based on recommendations regarding calculation of a
Peto OR for studies with 0 events in only 1 group.13 MOPETT indicates Moderate
Pulmonary Embolism Treated with Thrombolysis trial; PEITHO, Pulmonary

Embolism Thrombolysis trial; PIOPED, Prospective Investigation of Pulmonary
Embolism Diagnosis; TIPES, Tenecteplase Italian Pulmonary Embolism Study;
TOPCOAT, Tenecteplase or Placebo: Cardiopulmonary Outcomes At Three
Months; ULTIMA, Ultrasound Accelerated Thrombolysis of Pulmonary Embolism
trial; UPETSG, Urokinase Pulmonary Embolism Trial Stage 1.
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eFigure 1. Odds of Major Bleeding in Patients with Pulmonary Embolism treated 
with Thrombolytic Therapy vs Anticoagulation 
 

 

MOPETT indicates Moderate Pulmonary Embolism Treated with Thrombolysis trial; 

PEITHO, Pulmonary Embolism Thrombolysis Trial ; PIOPED, Prospective Investigation 

of Pulmonary Embolism Diagnosis; TIPES, Tenecteplase Italian Pulmonary Embolism 

Study; TOPCOAT, Tenecteplase or Placebo: Cardiopulmonary Outcomes At Three 

Months; ULTIMA, Ultrasound Accelerated Thrombolysis of Pulmonary Embolism trial; 

UPETSG,  Urokinase Pulmonary Embolism Trial Stage 1. Square data markers represent 

odds ratios (OR); horizontal lines are the 95% CIs with marker size reflecting the 

statistical weight of the study.  A diamond data marker represents the overall OR and 

95% CI for the outcome.  Evaluated using Peto’s method of meta-analysis.  The standard 

practice in meta-analysis of odds ratios and risk ratios is to exclude studies from the 

meta-analysis where there are no events in both arms [13]. A zero-cell or continuity 

correction was not used based on recommendations regarding calculation of Peto Odds 

Ratio for studies with zero events in only one arm [13].
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eFigure 2. Odds of Intracranial Hemorrhage (ICH) in Patients with Pulmonary 
Embolism treated with Thrombolytic Therapy vs. Anticoagulation 
 

 

MOPETT indicates Moderate Pulmonary Embolism Treated with Thrombolysis trial; 

PEITHO, Pulmonary Embolism Thrombolysis Trial ; PIOPED, Prospective Investigation 

of Pulmonary Embolism Diagnosis; TIPES, Tenecteplase Italian Pulmonary Embolism 

Study; TOPCOAT, Tenecteplase or Placebo: Cardiopulmonary Outcomes At Three 

Months; ULTIMA, Ultrasound Accelerated Thrombolysis of Pulmonary Embolism trial; 

UPETSG,  Urokinase Pulmonary Embolism Trial Stage 1. Square data markers represent 

odds ratios (OR); horizontal lines are the 95% CIs with marker size reflecting the 

statistical weight of the study.  A diamond data marker represents the overall OR and 

95% CI for the outcome.  Evaluated using  Peto’s method of meta-analysis. A zero-cell or 

continuity correction was not used based on recommendations regarding calculation of 

Peto Odds Ratio for studies with zero events in only one arm [13]. 
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Fibrinolisis sistémica
Riesgo de sangrado

Web Table 2 Adjustment of unfractionated heparin
dosage based on the aPTT (adapted from ref. 277)

Activated partial 
thromboplastin time

Change of dosage 

<35 seconds (<1.2 times control) 80 U/kg bolus, 
increase infusion rate by 
4 U/kg per hour

35–45 seconds
(1.2–1.5 times control)

40 U/kg bolus, 
increase infusion rate by 
2 U/kg per hour 

46–70 seconds
(1.5–2.3 times control)

no change

71–90 seconds
(2.3–3.0 times control)

reduce infusion rate by 
2 U/kg per hour

>90 seconds
(>3.0 times control)

stop infusion for 1 h, then reduce 
infusion rate by 3 U/kg per hour

aPTT ¼ activated partial thromboplastin time; U ¼ units.

Web Table 3 Approved thrombolytic regimens for
pulmonary embolism

Streptokinase 250 000 IU as a loading dose over 30 minutes, 
followed by 100 000 IU/h over 12–24 hours

Accelerated regimen: 1.5 million IU over 2 hours

Urokinase 4400 IU/kg as a loading dose over 10 min, followed 
by 4400 IU/kg per hour over 12–24 hours

Accelerated regimen: 3 million IU over 2 hours

rtPA 100 mg over 2 hours; or

0.6 mg/kg over 15 minutes (maximum dose 50 mg)

IU ¼ international units; rtPA ¼ recombinant tissue plasminogen activator.

Web Table 4 Contraindications to thrombolytic
therapy (adapted from ref. 312)

Absolute contraindications:a

• Haemorrhagic stroke or stroke of unknown origin at any time
• Ischaemic stroke in the preceding 6 months
• Central nervous system damage or neoplasms
• Recent major trauma/surgery/head injury in the preceding 3 weeks
• Gastrointestinal bleeding within the last month
• Known bleeding risk

Relative contraindications
• Transient ischaemic attack in the preceding 6 months
• Oral anticoagulant therapy
• Pregnancy, or within one week postpartum
• Non-compressible puncture site
• Traumatic resuscitation
• Refractory hypertension (systolic blood pressure >180 mm Hg)
• Advanced liver disease
• Infective endocarditis
• Active peptic ulcer

aAbsolute contraindications to thrombolysis might become relative in a patient with
immediately life-threatening high-risk PE.

Web Table 1 Predisposing factors for VTE
(data modified from refs. 9, 15)

Strong risk factors (odds ratio >10)

Fracture of lower limb

previous 3 months)

Hip or knee replacement

Major trauma

Myocardial infarction (within previous 3 months)

Previous venous thromboembolism

Spinal cord injury

Moderate risk factors (odds ratio 2–9)

Arthroscopic knee surgery

Auto–immune diseases

Blood transfusion

Central venous lines

Chemotherapy

Congestive heart or respiratory failure

Erythropoiesis-stimulating agents

Hormone replacement therapy (depends on formulation)

In vitro fertilization

Cancer (highest risk in metastatic disease)

Oral contraceptive therapy

Paralytic stroke

Postpartum period

Thrombophilia

Weak risk factors (odds ratio <2)

Bed rest >3 days

Diabetes mellitus

Hypertension

Immobility due to sitting (e.g. prolonged car or air travel)

Increasing age

Laparoscopic surgery (e.g. cholecystectomy)

Obesity

Pregnancy

Varicose veins

ESC Guidelines Page 3 of 4

30-50% de los pacientes contraindicaciones

Edad ≥ 75 años

Insuficiencia renal

Inestablidad hemodinámica / Uso de catecolaminas (OR 115)

Diabetes mellitus (OR 9.6)

Neoplasia activa (OR 16.0)

Factores de riesgo

Predictors of Major Hemorrhage Following Fibrinolisys for Acute Pulmonary Embolism. Am J Cardiol 2006; 97:127-129

Sangrado mayor 20 %

Hemorragia intracraneal 3-5%
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FBN y TEP alto riesgo

jectively diagnosed recurrent pulmonary embolism, and we
also included data from 2 additional trials,14,48 one of which
had not yet been completed at the time of the 3 previous
meta-analyses.14
The present study has several potential limitations. First,

despite examination of the totality of the evidence by pooling
results from all the available properly randomized trials, the
total number of patients randomized and the number of
outcome events were modest. Consequently, the present
meta-analysis has limited statistical power to reliably detect
clinically worthwhile differences between thrombolytic ther-
apy and heparin or among thrombolytic agents. Second, in the
only trial that demonstrated a statistically significant reduc-
tion in recurrent pulmonary embolism or death with
thrombolysis compared with unfractionated heparin,54 the
time elapsed from time of onset of symptoms of the first event
of pulmonary embolism was significantly shorter in patients
randomized to streptokinase. Although baseline differences
of this nature that occur in randomized trials are, by defini-
tion, due to the play of chance, it is possible that this
difference could have accounted, at least in part, for the
apparent benefit of thrombolysis in that study. However,
exclusion of that study did not significantly alter our results
or the conclusions of the present study. Third, definitions for
hemodynamic instability or shock, major bleeding, and minor
bleeding varied among the trials, and in some trials, no
definition was provided. However, this does not preclude
pooling of the results, because the definitions remain consis-
tent within each trial, and it is only within the same trials that
patients are directly compared with each other. Finally,
meta-analysis remains retrospective research that is subject to

the methodological deficiencies of the included studies. We
minimized the likelihood of bias by developing a detailed
protocol before commencing this study, by performing a
meticulous and exhaustive search for both published and
unpublished studies, and by utilizing explicit methodology
for study selection, data extraction, and data analysis. Fur-
thermore, we considered the totality of the randomized
evidence by including all relevant properly randomized trials.

Conclusions
The currently available data provide no evidence for a benefit
of thrombolytic therapy compared with heparin for the initial
treatment of unselected patients with acute pulmonary embo-
lism. However, a clear benefit is suggested among those at
highest risk of recurrence or death, in particular, patients with
major pulmonary embolus who present with hemodynamic
instability. Further evaluation of the efficacy and safety of
thrombolytic therapy for the treatment of high-risk patients
with acute pulmonary embolism appears warranted.
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TABLE 4. Subgroup Analysis of Trials That Included Major (Hemodynamically Stable) Pulmonary Embolism Compared With Those
That Excluded Patients With Major Pulmonary Embolism

Trials That Included Patients With Major PE Trials That Excluded Patients With Major PE

Outcome
Thrombolysis,

n/N (%)
Heparin,
n/N (%)

OR
(95% CI)

Thrombolysis,
n/N (%)

Heparin,
n/N (%)

OR
(95% CI)

P for Heterogeneity
Between

Subgroups

Recurrent PE or death 12/128 (9.4) 24/126 (19.0) 0.45 (0.22–0.92) 13/246 (5.3) 12/248 (4.8) 1.07 (0.50–2.30) 0.10

Recurrent PE 5/128 (3.9) 9/126 (7.1) 0.61 (0.23–1.62) 5/246 (2.0) 7/248 (2.8) 0.76 (0.28–2.08) 0.71

Death 8/128 (6.2) 16/126 (12.7) 0.47 (0.20–1.10) 8/246 (3.3) 6/248 (2.4) 1.16 (0.44–3.05) 0.13

Major bleeding 28/128 (21.9) 15/126 (11.9) 1.98 (1.00–3.92) 6/246 (2.4) 8/248 (3.2) 0.67 (0.24–1.86) 0.12

PE indicates pulmonary embolism.
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0.35–1.17). The pooled ORs were similar in studies including high-
risk PE (OR: 0.48; 95% CI: 0.2–1.15) and studies including only
intermediate-risk PE (0.42; 95% CI: 0.17–1.03), whereas the
pooled OR was close to one in studies including both low- and
intermediate-risk PE (0.96; 95% CI: 0.41–2.24) (Table 2 and
Figure 2). Subgroup analysis based on the thrombolytic regimen did
not show any significant differences between alteplase (OR: 0.64;
95% CI: 0.29–1.41), tenecteplase (OR: 0.65; 95% CI: 0.26–1.64)
or older thrombolytics (OR: 0.48; 95% CI: 0.20–1.15) (P ¼ 0.86).

Pulmonary embolism-related mortality
Pulmonary embolism -related mortality was reported in 13
studies,8,10 – 13,19,26 – 32 including 1776 patients (Supplementary
material online, Figure S1). The reported PE-related mortality
was 0.6% (6/890) among patients allocated to thrombolytic
therapy and 3.0% (27/886) in the control group. Thrombolytic
treatment was associated with a significant reduction of PE-related
mortality (OR: 0.29; 95% CI: 0.14–0.60, P , 0.001) and no hetero-
geneity was detected (I2 0%). No significant difference was found

Figure 2 Early mortality by pulmonary embolism severity, Forest plot.
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Table 2 Efficacy outcomes, subgroup analyses

All studies Studies includinga

High-risk PE
Intermediate-risk
PE

Low and
intermediate-risk PE

Group
difference

OR (95% CI) P-value I2 (%) OR (95% CI) OR (95% CI) OR (95% CI) P-value

Mortality 0.59 (0.36 to 0.96) 0.034 0 0.48 (0.20 to 1.15) 0.42 (0.17 to 1.03) 0.96 (0.41 to 2.24) 0.36

PE mortality 0.29 (0.14 to 0.60) ,0.001 0 0.15 (0.03 to 0.78) 0.17 (0.05 to 0.67) 0.63 (0.20 to 1.97) 0.23

Death or treatment
escalation

0.34 (0.22 to 0.52) ,0.001 0 0.18 (0.04 to 0.79) 0.37 (0.20 to 0.69) 0.35 (0.18 to 0.66) 0.67

PE recurrence 0.50 (0.27 to 0.94) 0.031 0 0.97 (0.31 to 2.98) 0.25 (0.06 to 1.03) 0.46 (0.17 to 1.21) 0.33

aNot exclusively.
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Thrombolytic Therapy in Unstable Patients with Acute Pulmonary 
Embolism: Saves Lives but Underused. Am J Med 2012; 125:465-470

3.4% TEP alto riesgo: 
- 30% tto FBN sistémica 
- 1.2% embolectomía quirúrgica 
- 0.3% trombectomía percutánea 
- 68.5% anticoagulación



FBN y TEP riesgo intermedio-alto

Benificio clínico: 
Mortalidad 

Mejoría clínica 
Recurrencia eventos

Riesgo complicaciones: 
Sangrado mayor 

Hemorragia intracraneal

treatment can evolve to become a widely available (and affordable)
alternative option. The results of the completed large phase III
trials on the use of new oral anticoagulants in the treatment of PE
and secondary prevention of VTE appear convincing and confirm
that the breakthrough in anticoagulation therapy has extended to
include VTE. Nevertheless, the accumulation of clinical experience
with these drugs under ‘real world’ conditions will have to proceed
at a prudent pace. Finally, further management trials are necessary
to ‘crystallize’ the criteria that might permit early discharge and
home treatment of low-risk patients with acute PE.

Recommendations for acute phase treatment

Recommendations 

PE with shock or hypotension (high-risk)

Classa Levelb Ref c

It is recommended that intravenous 
anticoagulation with UFH be initiated 
without delay in patients with high-
risk PE.

I C

Thrombolytic therapy is 
recommended. I B 168

Surgical pulmonary embolectomy is 
recommended for patients in whom 
thrombolysis is contraindicated or has 
failed.d

I C 313

Percutaneous catheter-directed 
treatment should be considered as an 
alternative to surgical pulmonary 
embolectomy for patients in whom 
full-dose systemic thrombolysis is 
contraindicated or has failed.d

IIa C

PE ¼ pulmonary embolism; UFH ¼ unfractionated heparin.
aClass of recommendation.
bLevel of evidence.
cReferences.
dIf appropriate expertise and resources are available on site.
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permit early detection of 
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reperfusion therapy.
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clinical signs of haemodynamic 
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Surgical pulmonary 
embolectomy may be 
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anticipated risk of bleeding 
under thrombolytic treatment is 
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Percutaneous catheter-directed 
treatment may be considered in 
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patients if the anticipated risk of 
bleeding under thrombolytic 
treatment is high.g
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Early discharge and home treatment
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should be considered for early 
discharge and continuation of 
treatment at home if proper 
outpatient care and 
anticoagulant treatment can be 
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* CAUTION: Edoxaban is currently subject to regulatory review for the treatment
of venous thromboembolism in the European Union.
aPTT ¼ activated partial thromboplastin time; INR ¼ international normalized
ratio; LMWH ¼ low-molecular-weight heparin; PE ¼ pulmonary embolism;
UFH ¼ unfractionated heparin; VKA ¼ vitamin K antagonist.
aClass of recommendation.
bLevel of evidence.
cReferences.
dSee Table 9 for definition of the risk categories.
eRE-COVER and RE-COVER II are considered one large trial.
fCreatinine clearance ,30 mL/min for rivaroxaban, dabigatran and edoxaban; and
,25 mL/min for apixaban.
gIf appropriate expertise and resources are available on site.
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eFigure 7. Weighted Risk Difference of Mortality and ICH with Thrombolytic 
Therapy in PE 
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[26/889]) (Figure 3) and greater major bleeding rate (OR, 3.19;
95% CI, 2.07-4.92; 7.74% [67/866] vs 2.25% [20/889]) when
compared with anticoagulation (Table 2). Associations with
lower mortality were derived largely from use of thrombolyt-
ics for patients with intermediate-risk PE in the contempo-
rary era (2009-2014) (OR, 0.39; 95% CI, 0.19-0.82; 1.99%
[14/702] vs 4.02% [28/696]). There was no statistically signifi-
cant difference in mortality between the 8 trials prespecify-
ing enrollment of patients who were hemodynamically stable
with objective assessment of RV function vs those enrolling
all-comers without specific assessment of the RV (test for
subgroup differences: Pinteraction = .64, I2 = 0%) (eFigure 6 in
the Supplement).

Findings from prespecified analyses excluding the sole in-
cluded trial of catheter-directed thrombolysis, ULTIMA,30 mir-
rored the primary and secondary efficacy and safety out-
comes in both the primary analysis and the subanalysis of
patients with intermediate-risk PE. With the exclusion of
ULTIMA, the primary efficacy end point remained signifi-
cantly lower with thrombolytics (OR, 0.54; 95% CI, 0.33-
0.91). With the exclusion of ULTIMA, the analysis of trials of
intermediate-risk PE revealed a persistent association with
lower mortality (OR, 0.50; 95% CI, 0.26-0.96). Major bleeding
remained associated with use of thrombolytics in each case.

A further sensitivity analysis including the outcomes from
the longest available mortality follow-up for individual trials
showed findings consistent with the overall results. Throm-
bolytic therapy across all trials was associated with lower all-
cause mortality (OR, 0.57; 95% CI, 0.36-0.91), and similar re-
sults were seen in the subgroup of intermediate-risk PE trials
(OR, 0.55; 95% CI, 0.32-0.97).

A weighted absolute risk difference assessment per-
formed to weigh relative harms/benefits of ICH and mortality
showed that associations with lower mortality seen with
thrombolysis were comparable with associations of risk of po-
tential ICH (weighted risk difference, 0%; 95% CI, −2% to 1%)
(eFigure 7 in the Supplement). The net clinical benefit analy-

sis comparing associated mortality benefits vs ICH risks of
thrombolytic therapy demonstrated a net clinical benefit of
0.81% (95% CI, 0.65% to 1.01%). This analysis weighted the ef-
fect of an ICH event as 0.75 times that of a mortality event. The
same analysis was performed on patients enrolled in the 8 trials
evaluating patients with intermediate-risk PE. In this analy-
sis, the net clinical benefit for thrombolytic therapy was 0.62%
(95% CI, 0.57% to 0.67%).

For the primary analysis of all 16 trials, TSA crossed the
O’Brien-Fleming boundaries to indicate existing “firm evi-
dence” of a 12% relative reduction in mortality (diversity-
adjusted OR, 0.56; 95% CI, 0.35-0.91) and 75% relative
increase in major bleeds (diversity-adjusted OR, 2.68; 95% CI,
1.88-3.82) as available from current randomized data (eFig-
ures 8 and 9 in the Supplement). Firm evidence has not yet
accumulated from randomized trials for a relative risk reduc-
tion in mortality of 40% or increase in bleeding risk of 100%.

Discussion
Our systematic review and meta-analysis demonstrate lower as-
sociated mortality with thrombolytic use in PE. Furthermore,
evidence from more recent trials of patients with intermediate-
risk PE corroborates results reported here. This suggests poten-
tial mortality benefit with thrombolytic therapy in patients with
hemodynamically stable PE with RV dysfunction in contem-
porary clinical practice. To our knowledge, this is the first analy-
sis of thrombolysis in PE that has sufficient statistical power to
detect associations with a meaningful mortality reduction. How-
ever, the optimism regarding this clinical advantage must be
tempered by the finding of significantly increased risk of ma-
jor bleeding and ICH associated with thrombolytic therapy, par-
ticularly for patients older than 65 years.

The 6 trials conducted since the last systematic Cochrane
review32 of the topic are responsible for two-thirds (1398/
2115) of all randomized patients in the medical literature.32 Our

Figure 3. Odds of Mortality in Patients With Intermediate-Risk Pulmonary Embolism Treated With Thrombolytic Therapy vs Anticoagulation
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Evaluated using the Peto method of meta-analysis. The standard practice in
meta-analysis of odds ratios (ORs) and risk ratios is to exclude studies from the
meta-analysis where there are no events in either group.13 A 0-cell or continuity
correction was not used based on recommendations regarding calculation of a
Peto OR for studies with 0 events in only 1 group.13 MOPETT indicates

Moderate Pulmonary Embolism Treated with Thrombolysis trial; PEITHO,
Pulmonary Embolism Thrombolysis trial; TIPES, Tenecteplase Italian Pulmonary
Embolism Study; TOPCOAT, Tenecteplase or Placebo: Cardiopulmonary
Outcomes At Three Months; ULTIMA, Ultrasound Accelerated Thrombolysis of
Pulmonary Embolism trial.
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Table 3. Efficacy Outcomes.*

Outcome
Tenecteplase

(N = 506)
Placebo
(N = 499)

Odds Ratio 
(95% CI) P Value

Primary outcome — no. (%) 13 (2.6) 28 (5.6) 0.44 (0.23–0.87) 0.02

Death from any cause 6 (1.2) 9 (1.8) 0.65 (0.23–1.85) 0.42

Hemodynamic decompensation 8 (1.6) 25 (5.0) 0.30 (0.14–0.68) 0.002

Time between randomization and primary 
efficacy outcome — days

1.54±1.71 1.79±1.60

Recurrent pulmonary embolism between 
randomization and day 7 — no. (%)

1 (0.2) 5 (1.0) 0.20 (0.02–1.68) 0.12

Fatal 0 3 (0.6)

Nonfatal 1 (0.2) 2 (0.4)

Other in-hospital complications  
and procedures — no. (%)

Mechanical ventilation 8 (1.6) 15 (3.0)

Surgical embolectomy 1 (0.2) 2 (0.4)

Catheter thrombus fragmentation 1 (0.2) 0 (0.0)

Vena cava interruption 5 (1.0) 1 (0.2)

Thrombolytic treatment other than study 
medication

4 (0.8) 23 (4.6)

Death from any cause between randomization 
and day 30 — no. (%)

12 (2.4) 16 (3.2) 0.73 (0.34–1.57) 0.42

Patient still hospitalized at day 30 — no. (%) 59 (11.7) 50 (10.0)

Rehospitalization between randomization  
and day 30 — no. (%)

22 (4.4) 15 (3.0)

* Plus–minus values are means ±SD. Odds ratios and P values are provided for efficacy outcomes that were prespecified 
in the trial protocol.

Table 4. Safety Outcomes in the Intention-to-Treat Population.*

Outcome
Tenecteplase

(N = 506)
Placebo
(N = 499)

Odds Ratio
(95% CI) P Value

no. (%)

Bleeding between randomization and day 7

Major extracranial bleeding 32 (6.3) 6 (1.2) 5.55 (2.3–13.39) <0.001

Minor bleeding 165 (32.6) 43 (8.6)

Major bleeding† 58 (11.5) 12 (2.4)

Stroke between randomization and day 7 12 (2.4) 1 (0.2) 12.10 (1.57–93.39) 0.003

Ischemic stroke 2 (0.4) 0

Hemorrhagic stroke‡ 10 (2.0) 1 (0.2)

Serious adverse events between 
randomization and day 30

55 (10.9) 59 (11.8) 0.91 (0.62–1.34) 0.63

* Odds ratios and P values are provided for efficacy and safety outcomes that were prespecified in the trial protocol.
† Major bleeding was defined according to the criteria of the International Society on Thrombosis and Haemostasis.
‡ Hemorrhagic stroke included hemorrhagic conversion of ischemic stroke.
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Riesgo complicaciones: 
Sangrado mayor 

Hemorragia intracraneal

Benificio clínico: 
Mortalidad 

Mejoría clínica 
Recurrencia eventos

treatment can evolve to become a widely available (and affordable)
alternative option. The results of the completed large phase III
trials on the use of new oral anticoagulants in the treatment of PE
and secondary prevention of VTE appear convincing and confirm
that the breakthrough in anticoagulation therapy has extended to
include VTE. Nevertheless, the accumulation of clinical experience
with these drugs under ‘real world’ conditions will have to proceed
at a prudent pace. Finally, further management trials are necessary
to ‘crystallize’ the criteria that might permit early discharge and
home treatment of low-risk patients with acute PE.

Recommendations for acute phase treatment

Recommendations 

PE with shock or hypotension (high-risk)

Classa Levelb Ref c

It is recommended that intravenous 
anticoagulation with UFH be initiated 
without delay in patients with high-
risk PE.

I C

Thrombolytic therapy is 
recommended. I B 168

Surgical pulmonary embolectomy is 
recommended for patients in whom 
thrombolysis is contraindicated or has 
failed.d

I C 313

Percutaneous catheter-directed 
treatment should be considered as an 
alternative to surgical pulmonary 
embolectomy for patients in whom 
full-dose systemic thrombolysis is 
contraindicated or has failed.d

IIa C

PE ¼ pulmonary embolism; UFH ¼ unfractionated heparin.
aClass of recommendation.
bLevel of evidence.
cReferences.
dIf appropriate expertise and resources are available on site.

Recommendations for acute phase treatment

Recommendations Classa Levelb Refc

Initiation of parenteral 
anticoagulation is recommended 
without delay in patients with 
high or intermediate clinical 
probability of PE while 
diagnostic work-up is in 
progress.

I C 352

LMWH or fondaparinux is the 
recommended form of acute 
phase parenteral anticoagulation 
for most patients.

I A 273, 274,
281, 353 

In parallel to parenteral 
anticoagulation, treatment with 
a VKA is recommended, 
targeting an INR of 2.5 (range 
2.0–3.0).

I B 352, 354

Anticoagulation: new oral anticoagulants
As an alternative to the 
combination of parenteral 
anticoagulation with a VKA,
anticoagulation with rivaroxaban 
(15 mg twice daily for 3 weeks, 
followed by 20 mg once daily) is 
recommended.

I B 296

Anticoagulation: combination of parenteral treatment
with VKA 

PE without shock or hypotension (intermediate-or low-risk)d

Close monitoring is 
recommended in patients with 
intermediate-high risk PE to 
permit early detection of 
haemodynamic decompensation 
and timely initiation of 'rescue'
reperfusion therapy.

I B 253

Thrombolytic therapy should be 
considered for patients with 
intermediate-high-risk PE and 
clinical signs of haemodynamic 
decompensation.

IIa B 252, 253

Surgical pulmonary 
embolectomy may be 
considered in intermediate-
high-risk patients if the 
anticipated risk of bleeding 
under thrombolytic treatment is 
high.g

IIb C

Percutaneous catheter-directed 
treatment may be considered in 
intermediate-high-risk
patients if the anticipated risk of 
bleeding under thrombolytic 
treatment is high.g

IIb B 336

Early discharge and home treatment
Patients with acute low-risk PE 
should be considered for early 
discharge and continuation of 
treatment at home if proper 
outpatient care and 
anticoagulant treatment can be 
provided.

IIa B 217, 237, 
347, 349

As an alternative to the 
combination of parenteral 
anticoagulation with a VKA,
anticoagulation with apixaban
(10 mg twice daily for 7 days, 
followed by 5 mg twice daily) is 
recommended.

I B 297

As an alternative to VKA 
treatment, administration of 
dabigatran (150 mg twice daily,
or 110 mg twice daily for 
patients >80 years of age or 
those under concomitant 
verapamil treatment) is 
recommended following acute-
phase parenteral anticoagulation.

I Be 293, 294

As an alternative to VKA 
treatment, administration of 
edoxaban* is recommended 
following acute-phase parenteral 
anticoagulation.

I B 298

New oral anticoagulants 
(rivaroxaban, apixaban, 
dabigatran, edoxaban) are not 
recommended in patients with 
severe renal impairment.f

III A 293, 295–
298

Reperfusion treatment
Routine use of primary systemic 
thrombolysis is not 
recommended in patients not 
suffering from shock or 
hypotension.

III B 253

* CAUTION: Edoxaban is currently subject to regulatory review for the treatment
of venous thromboembolism in the European Union.
aPTT ¼ activated partial thromboplastin time; INR ¼ international normalized
ratio; LMWH ¼ low-molecular-weight heparin; PE ¼ pulmonary embolism;
UFH ¼ unfractionated heparin; VKA ¼ vitamin K antagonist.
aClass of recommendation.
bLevel of evidence.
cReferences.
dSee Table 9 for definition of the risk categories.
eRE-COVER and RE-COVER II are considered one large trial.
fCreatinine clearance ,30 mL/min for rivaroxaban, dabigatran and edoxaban; and
,25 mL/min for apixaban.
gIf appropriate expertise and resources are available on site.
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aClass of recommendation.
bLevel of evidence.
cReferences.
dSee Table 9 for definition of the risk categories.
eRE-COVER and RE-COVER II are considered one large trial.
fCreatinine clearance ,30 mL/min for rivaroxaban, dabigatran and edoxaban; and
,25 mL/min for apixaban.
gIf appropriate expertise and resources are available on site.
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Embolectomía quirúrgicaCLINICAL RESEARCH STUDY

Case Fatality Rate with Pulmonary Embolectomy for Acute
Pulmonary Embolism
Paul D. Stein, MD, Fadi Matta, MD
Department of Research, St. Mary Mercy Hospital, Livonia, Mich; and Department of Osteopathic Medical Specialities, Michigan State
University College of Osteopathic Medicine, East Lansing.

ABSTRACT

BACKGROUND: There are insufficient data to assess the potential role of pulmonary embolectomy in
patients with acute pulmonary embolism.
METHODS: In-hospital all-cause case fatality rate with pulmonary embolectomy was assessed from the
Nationwide Inpatient Sample from 1999 through 2008.
RESULTS: Among unstable patients (in shock or ventilator-dependent), case fatality rate with embolectomy
was 380 of 950 (40%). Among stable patients, case fatality rate was lower: 690 of 2820 (24%) (P !.0001).
Case fatality rate in unstable patients was 39% in 1999-2003 and 40% in 2004-2008 (not significant), and
in stable patients it was 27% in 1999-2003 and 23% in 2004-2008 (P " .01). Case fatality rates were lower
in patients with a primary diagnosis of pulmonary embolism and even lower in patients with a primary
diagnosis who had none of the comorbid conditions listed in the Charlson Index. Within each stratified
group, patients with vena cava filters had a lower case fatality rate.
CONCLUSIONS: Case fatality rate in unstable patients who underwent pulmonary embolectomy remained
at 39%-40% from 1999-2003 to 2004-2008, and in stable patients it decreased only from 27% to 23%. Case
fatality rates were lower in those with fewer comorbid conditions and in those who received a vena cava
filter. Our data reflect average outcome in the US. It may be that experienced surgeons and an aggressive
multidisciplinary team could obtain a lower case fatality rate.
© 2012 Elsevier Inc. All rights reserved. • The American Journal of Medicine (2012) 125, 471-477

KEYWORDS: Pulmonary embolectomy; Pulmonary embolism; Venous thromboembolism
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In selected highly compromised patients who are unable
to receive thrombolytic therapy because of an increased
risk of bleeding, pulmonary embolectomy has been rec-
ommended, if appropriate expertise is available, by the
American College of Chest Physicians and the American
Heart Association.1,2 Pulmonary embolectomy also was
recommended for those whose critical status does not
allow sufficient time for thrombolytic therapy to be ef-
fective1 and for those who remain unstable after
receiving fibrinolysis.2 Surgical embolectomy may be
considered in those with new hemodynamic instability,

worsening respiratory failure, severe right ventricular
dysfunction, or major myocardial necrosis.2 Pooled data
from 30 investigations of pulmonary embolectomy from
1961-1984 showed an average in-hospital case fatality
rate of 32% among 1047 patients.3 From 1985-2005,
average in-hospital case fatality rate was lower, 20%,
among 253 patients, based on pooled data from 12 in-
vestigations.3 Usual indications for pulmonary embolec-
tomy were hemodynamic instability, 74%, or cardiac
arrest, 32% (many had both).3 Only 19% had a contra-
indication to thrombolytic therapy.3 Limited experience
suggested that case fatality rate may range from 0% to
11%, with early embolectomy in stable patients.4-9 Most
studies showed a higher case fatality rate (29%-85%) in
unstable patients.4-6,8 The objective of the present inves-
tigation was to assess the case fatality rate of pulmonary
embolectomy using the database of the Nationwide Dis-
charge Sample.
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Massive pulmonary embolism: surgical embolectomy versus
thrombolytic therapy—should surgical indications be revisited?†
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Abstract

OBJECTIVES: The treatment of massive pulmonary embolism (PE) is a matter of debate. We present our institutional experience of
patients suffering from massive PE with the aim of comparing the early results, the outcome and quality of life (QoL) between patients
primarily assigned to either pulmonary surgical embolectomy (SE) or thrombolytic therapy (TL). A subgroup of patients (TS) with failed
responses to TL requiring SE was separately analysed.

METHODS: All consecutive patients (January 2001–December 2007) with computed tomography (CT)-scan-confirmed massive bilateral
central or paracentral PE were reviewed. All clinical data were retrieved from our patients’ registry and completed by the evaluation of
the CT-scan-derived right ventricle/left ventricle ratio (RV/LV ratio). Follow-up focused on clinical outcome and QoL was obtained.

RESULTS: Eighty patients were analysed including 28 SE (35%) and 52 TL (65%), of whom 11 (21%) required TS. Demographics and
preoperative characteristics were similar between SE and TL. Analysis of the RV/LV ratio revealed a ratio of 1.66 for SE and 1.44 for TL.
The early mortality rate was not significantly different between the two groups (SE: 3.6% versus TL: 13.5%), whereas early mortality was
27% in those patients treated initially with thrombolysis and subsequently requiring SE (TS-group). Severe bleeding complications were
lower in the SE-group (3.6% versus 26.5% P = 0.013). Intracerebral bleeding rates and neurological events were not statistically different.
After a mean follow-up of 63 ± 21 months, the mortality rate was 17.9% in the SE-group and 23.1% in the TL-group.

CONCLUSIONS: SE is an excellent treatment option in massive PE with comparable early mortality rates and significantly less bleeding
complications than TL. Patients having surgery after inefficient thrombolysis have the worst early outcome. The RV/LV CT-scan ratio
might serve as a predictor to differentiate patients, who could profit from direct surgical intervention than thrombolytic treatment
attempts. Further studies are required to confirm these results.

Keywords: Pulmonary embolism • Embolectomy • Thrombolysis

INTRODUCTION

Patients presenting with acute massive pulmonary embolism (PE)
are at high risk of circulatory collapse, medical and mechanical
reanimation and late pulmonary hypertension. Their manage-
ment is challenging and still a matter of debate. Although recent
studies have repeatedly demonstrated good to excellent results
following surgical embolectomy (SE), current guidelines recom-
mend thrombolytic therapy (TL) as the treatment of choice,
whereas surgical management is reserved for high-risk patients,
in whom thrombolysis is absolutely contraindicated or has
failed [1].

Unfortunately, there is no current study comparing the two
treatment modalities. We reviewed our institutional experience
with patients referred with acute massive PE, who underwent
either TL or SE treatment.

PATIENTS AND METHODS

All consecutive institutional patients with acute massive central
or bilateral paracentral PE who underwent treatment between
January 2001 and December 2007 were retrospectively analysed.
The inclusion criteria were: acute massive PE defined in com-

puted tomography (CT)-scan as central unilateral or bilateral or
paracentral bilateral embolism. Massive PE was defined by >50%
occlusion of pulmonary vasculature or occlusion of two or
more lobar arteries or clinically as circulatory shock or
moderate-to-severe right ventricular dysfunction (RVD) detected

†Presented at the 25th Annual Meeting of the European Association for
Cardio-Thoracic Surgery, Lisbon, Portugal, 1–5 October 2011.
‡Both authors contributed equally.
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(10) and role functioning, both emotional (3) and physical (4).
Role functioning reflects the impact of emotional and physical
disability on work and regular activity (the individual’s normal
everyday role). Raw points were transformed, generating a score
for each dimension ranging from 0 to 100, with 100 reflecting
best functioning. Swedish normal population (n = 8930) scores
are used as a standard population for comparison.

Statistical analysis

Analyses were performed using SPSS Statistics 17.0 for Windows.
Patient characteristics are described using mean with standard
deviation, or absolute numbers with percentages as appropriate.
To minimize bias, continuous variables were generally assumed
non-parametric and compared using the Mann–Whitney U-test.
Proportions were compared using Fisher’s exact test, and cumu-
lative survival estimates using log-rank statistics. We performed
logistic regression modelling for prediction of 30-day mortality,
adjusting for the suspected confounding factors such as age and
shock index. We performed linear regression analyses with the
same set of independent variables to predict the two major
aspects of QoL: physical and psychological health. Results are
reported as hazard ratios for the logistic regression with 95%
confidence intervals (CIs). The SF-36 questionnaire was analysed
in accordance with the SF-36 manual.

All tests used were two-sided, and differences were consid-
ered statistically significant for P < 0.05.

RESULTS

Of the 125 indentified patients, 80 consecutive patients with a
complete clinical dataset were included, of whom 28 patients
(35%) underwent SE, 52 patients (65%) underwent TL, including
11 patients (21%) undergoing surgery after failed lysis (TS).

No significant differences were found between the demogra-
phical and pre-interventional characteristics of the two groups
(Table 1). Significant differences were seen in the preoperative
pulmonary artery pressure, which was higher in the SE-group
(72 ± 9 versus 52 ± 25 mmHg for TL-group; P = 0.01), and for the
CT-scan RV/LV ratio, 1.67 for SE patients versus 1.43 for TL
patients (P = 0.04). Interestingly, the analysis of the TS-group
revealed a ratio of 1.63 close to the surgical group, while TL
patients having an efficient lysis alone showed a ratio of 1.39.

Results and complications are shown in Table 2. The early
mortality rate was not significantly different between the two
groups, with 3.6% (n = 1) in the SE group and 13.5% (n = 7) in the
TL group, whereas early mortality was 27% (n = 3) in those
patients treated initially with thrombolysis and subsequently
requiring SE-(TS-group).

Bleeding complications were significantly more frequent in
the TL-group (27 versus 3.6% in the SE-group, P = 0.01). One
patient suffered from intracerebral bleeding in the SE-group and
two patients (4.4%) in the TL-group. Overall neurological compli-
cations were found in 17.9% (n = 5) in the SE-group and in 20.4%
(n = 10) in the TL-group (P = 1.0).

The mean duration of the hospital stay was 14.0 ± 12.4 days
after surgery and 10.9 ± 10.6 days after lysis therapy. In the
TL-group, two patients underwent a second thrombolysis.

The follow-up was 95% complete with a mean of 63 ± 21
months, and the overall mortality was not significantly different

between the two groups (17.9% SE-group versus 23.1%
TL-group). Figure 1 shows the Kaplan–Meier survival curve with
no difference between the groups for the 5-year survival prob-
ability (SE: 0.78; CI: 0.69–0.87; versus TL: 0.82; CI: 0.76–0.87).

QoL and adverse long-term events

A total of 82% of the SF-36 and disease-specific questionnaires
were returned and answered correctly. The results (shown in
Fig. 2) demonstrate a well-preserved QoL for the physical and
psychological components with no significant difference
between the two groups.
Recurrent PE was not reported in any patient. No deterior-

ation of NYHA class was found. Figure 3 shows the trend for
mortality, neurological events and the QoL.

DISCUSSION

PE is a common clinical condition, with a reported incidence rate
of up to 2.3 per 10 000 [6]. In the majority of cases, acute PE can
be well treated with supplementary oxygen, anticoagulation and,
if necessary, intensive care management by intravenous fluids or
vasopressin administration with careful attention to RV filling.

Table 2: Early and late outcomes

Characteristics Surgery Lyse P-value

Early
Mortality 3.6% 13.5% 0.25

(26.5% for TS) 0.02
Duration of hospitalization 14 ± 12 10.9 ± 10.6 0.08
Bleeding 3.6% 26.5% 0.01
Cerebral bleeding 3.6% 4.4% 1
Neurological event 17.9% 20.4% 1

At follow-up
Mortality 17.9% 23.1% 0.6

(36.4% for TS)
Re-PE 0% 0% 1

Figure 1: Kaplan–Meier survival.
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patient; or insertion of intracaval device, one pa-
tient). One patient experienced severe GI bleeding.
Surgical control of hematoma and blood transfusion
were needed in two and four patients, respectively.

Long-term Evolution of Patients Who Survived the
Acute Phase

Long-term follow-up data were obtained in all
patients who survived the acute phase. The mean
follow-up period was 5.7 ! 2.7 years (range, 2.6 to
10.5 years). Long-term condition evolution was un-
eventful in 62% of patients who underwent rescue
embolectomy compared with 69% of those who
underwent repeat thrombolysis. The difference was
not statistically significant. Of the 29 patients who
were alive after the hospital stay, 4 patients died
during follow-up from comorbidities. In the repeat-
thrombolysis group, one patient died from cancer
and one patient died from postoperative complica-
tions, while two patients died in the surgical group,
one from cancer and one from renal failure. The rate
of thromboembolic events (ie, recurrent PE or deep
vein thrombosis [DVT]) was 23% in patients who
had undergone surgical embolectomy and was 25%
in those treated by repeat thrombolysis (p " 0.98),
even though approximately half of the study popula-
tion was permanently treated with oral anticoagulant

therapy. The occurrence of CHF or change in
NYHA functional class to class III or IV was similar
in both groups. All in all, the rate of uneventful
evolution was the same in the two groups.

Discussion

To date, no study has ever assessed the manage-
ment of failed thrombolysis in the setting of acute
massive PE. Our study, based on a single-center
prospective registry, is the first study to report the
immediate clinical course as well as the long-term
outcome of acute PE patients who had undergone
either rescue embolectomy or repeat thrombolysis
after not responding to initial thrombolysis. Patients
who were unresponsive to thrombolysis were pro-
spectively defined as patients with both persistent
clinical instability and echocardiographic criteria of
RV dysfunction.

We found that approximately 8% of patients do
not respond to thrombolysis. In this situation, rescue
surgical embolectomy should be preferred over re-
peat thrombolysis. The in-hospital course of patients
who had undergone rescue embolectomy was signif-
icantly better than that of patients who were treated
with a second thrombolysis. This early benefit is the
result of a significant reduction in the number of

Table 3—In-Hospital Evolution*

Variables
Rescue Embolectomy

(n " 14)
Repeat Thrombolysis

(n " 26) OR 95% CI p Value

Death 1 (7) 10 (38) 0.13 0.003–1.12 0.07
PE related-death 1 (7) 6 (23) 0.26 0.01–2.68 0.39

Recurrent PE 0 3 (11.5)
Refractory shock 1 (7) 3 (11.5)

Bleeding complications 2 (14) 6 (23) 0.56 0.05–3.86 0.82
Major bleeding episodes 2 (14) [0 fatal] 4 (15) [4 fatal]
Intracranial hemorrhage 0 1 (4)

Recurrent PE (fatal and nonfatal) 0 9 (35) 0.12 0–0.87 0.015
Uneventful evolution 11 (79) 8 (31) 8.25 1.49–51.71 0.004

*Values are given as No. (%), unless otherwise indicated.

Table 4—Long-term Follow-up of Patients Who Survived the Acute Phase*

Variables
Rescue Embolectomy

(n " 13)
Repeat Thrombolysis

(n " 16) OR 95% CI p Value

Death 2 (15) 2 (12) 1.27 0.1–15.8 1
Recurrent DVT 3 (23) 2 (13) 2.10 0.22–22.8 0.63
Recurrent PE 1 (8) 3 (19) 0.36 0.01–4.98 0.61
Permanent oral anticoagulation 6 (46) 9 (56) 0.67 0.12–3.69 0.59
Development of CHF 1 (8) 1 (6) 1.25 0–52.26 1
Change of NYHA functional class to class III/IV 1 (8) 4 (25) 0.25 0.01–3.12 0.34
Major bleeding complications 0 0
Uneventful evolution 8 (62) 11 (69) 0.73 0.12–4.37 0.71

*Values are given as No. (%), unless otherwise indicated.
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Management of Unsuccessful
Thrombolysis in Acute Massive
Pulmonary Embolism*
Nicolas Meneveau, MD, PhD; Marie-France Séronde, MD;
Marie-Cécile Blonde, MD; Pierre Legalery, MD; Katy Didier-Petit, MD;
Florent Briand, MD; Fiona Caulfield, MSc; François Schiele, MD, PhD;
Yvette Bernard, MD; and Jean-Pierre Bassand, MD

Background: The management of patients with acute massive pulmonary embolism (PE) who do
not respond to fibrinolytic therapy remains unclear. We aimed to compare rescue surgical
embolectomy and repeat thrombolysis in patients who did not respond to thrombolysis.
Methods: We conducted a prospective single-center registry of PE patients who underwent
thrombolytic therapy. Lack of response to thrombolysis within the first 36 h was prospectively
defined as both persistent clinical instability and residual echocardiographic right ventricular
dysfunction. Patients underwent surgical embolectomy or repeat thrombolysis, at the discretion
of the attending physician. The clinical end point was a combined end point including recurrent
PE, bleeding complications, or PE-related death, which was defined as death from recurrent PE
or cardiogenic shock. Long-term adverse outcomes included death, recurrent thromboembolic
events, and congestive heart failure.
Results: From January 1995 to January 2005, 488 PE patients underwent thrombolysis, of whom
40 (8.2%) did not respond to thrombolysis. Fourteen patients were treated by rescue surgical
embolectomy, and 26 were treated by repeat thrombolysis. There was no significant difference in
baseline characteristics between the two groups. The in-hospital course was uneventful in 11 of
the surgically treated patients (79%) and in 8 patients (31%) treated by repeat thrombolysis
(p ! 0.004). There was a trend for higher mortality in the medical group than in the surgical
group (10 vs 1 deaths, respectively; p ! 0.07). There were significantly more recurrent PEs (fatal
and nonfatal) in the repeat-thrombolysis group (35% vs 0%, respectively; p ! 0.015). While no
significant difference was observed in number of major bleeding events, all bleeding events in the
repeat-thrombolysis group were fatal. The rate of uneventful long-term evolution was the same
in the two groups.
Conclusion: Rescue surgical embolectomy led to a better in-hospital course when compared with
repeat thrombolysis in patients with massive PE who have not responded to thrombolysis. The
transfer of patients who have not responded to thrombolysis to tertiary cardiac surgery centers
could be considered as an alternative option. (CHEST 2006; 129:1043–1050)

Key words: embolism; surgery; thrombolysis

Abbreviations: CHF ! congestive heart failure; CI ! confidence interval; DVT ! deep vein thrombosis;
NYHA ! New York Heart Association; OR ! odds ratio; PE ! pulmonary embolism; PH ! pulmonary hypertension;
RV ! right ventricular; t-PA ! tissue plasminogen activator

T he management of patients with acute massive
pulmonary embolism (PE) who do not respond

to fibrinolytic therapy remains unclear. This is partly
due to the difficulty of defining “failed” thrombolysis
in this setting, unlike the situation in patients with
myocardial infarction, in whom the criteria and

consequences of unsuccessful thrombolysis are well-
established. In the setting of PE, the recovery of
right ventricular (RV) function is an early marker of
thrombolysis efficacy as well as a predictor of in-
hospital course.1–5 Furthermore, residual pulmonary
vascular obstruction (" 30% at 10 days) after throm-
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tion dissociates fibrin strands to allow
more effective thrombolysis with shorter
and lower-dose administration.21 The
latter strategy is used by the EKOS
device (EkoSonic Endovascular), which
combines a catheter with numerous side-
holes infusing thrombolytic and a fila-
ment with multiple miniature ultrasound
transducers. The filament is placed in the
catheter’s central lumen and emits ultra-
sound at 2.2 MHz along the treatment
zone (Figure 5). This catheter can be
used as adjunctive treatment after initial
fragmentation or as a standalone strategy
of ultrasound-assisted, catheter-directed
thrombolysis in more stable patients.
Initial experience suggests that 24-hour
infusion of tPA at doses !1 mg/h can
achieve complete thrombus resolution in
76% of patients and near-complete res-
olution in an additional 18%.22 Even

shorter treatments of 17 hours with mean
tPA doses of 0.86 mg/h effectively re-
duce the Miller score and result in larger
thrombus resolution in comparison with
higher rates and longer infusions via
traditional, passive infusion catheters.23

In a retrospective series of 24 patients
with massive and submassive PE, a 12-
hour treatment with the EKOS catheter
infusing as little as 20 mg of tPA re-
sulted in a statistically significant reduc-
tion in the RV to left ventricle ratio.24

Early clinical experience has led to the
approval of this device for treatment of
PE in Europe where the ongoing ran-
domized ULTrasound Accelerated
ThrombolysIs of PulMonAry Embolism
(ULTIMA) trial (ClinicalTrials.gov
Identifier: NCT01166997) will compare
outcomes in patients with submassive
PE who are treated with the EKOS

system versus standard anticoagulation.
In the United States, the efficacy of the
device will be studied in an industry-
sponsored retrospective registry of pa-
tients with submassive PE and RV en-
largement, and a prospective single-arm
trial, as well.

Suction Embolectomy
The optimal endovascular intervention
would succeed in near-complete re-
moval of pulmonary arterial thrombus
without the risk of hemolysis, release
of vasoactive agents, or distal emboli-
zation. The Greenfield embolectomy
catheter aspired to achieve this goal by
combining a large-caliber catheter
with a suction cup at its end and a
syringe to generate suction. Green-

Figure 3. Multiple fragmentation techniques have been used in catheter-based embo-
lectomy procedures. A, A rarely performed balloon angioplasty of venous thrombus in
the left pulmonary artery (arrow). B, A pigtail catheter (arrow) manually rotated in the
right main pulmonary artery to break up the thrombus. C, An Angiojet rheolytic catheter
(arrow) is used to perform thrombectomy in the right pulmonary artery. D, After
mechanical fragmentation, infusion catheters are placed in the upper and lower right
pulmonary arteries (arrows) to perform catheter-based thrombolysis.

Figure 4. A, A pulmonary angiogram in
a patient with massive bilateral PE and
multiple filling defects (arrows). B,
Repeat angiography after mechanical
rheolytic thrombectomy shows improve-
ment in pulmonary perfusion. Restora-
tion of hemodynamic stability allowed
additional catheter-directed thrombolysis
and further clinical improvement.
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• Objetivo técnicas tratamiento percutáneo: 
• Reducir carga de trombo de forma rápida (FBN sistémica precisa de tiempo): 

• Mejorando perfusión y flujo pulmonar —> Mejorando gasto cardíaco y situación 
hemodinámica 

• Reducir dosis de Fibrinolítico —> ⇓ riesgo de sangrado  
• Reducir el riesgo a largo plazo de HTP 

• Limitaciones: 
• Poca evidencia 
• Efectiva si afectación ramas principales o segmento proximal ramas segmentarias 
• Trombo muy organizado / anatomía compleja 
• Posibles complicaciones derivadas del procedimiento 

• OBJETIVO: MEJORÍA CLÍNICA, NO RADIOLÓGICA

Introducción

Acute Pulmonary Embolism With an Emphasis on an Interventional Approach. J Am Coll Cardiol 2016;67:991–1002)  



Técnicas tratamiento percutáneo
Fragmentación trombo Aspiración/

trombectomía Fibrinolisis intrarterial

Disrupción trombo 
central Extracción del trombo 

Administración loca 
fibrinolítico (acción 

directa y menor dosis)

Rotación Pigtail 
Balón Angioplastia 

Otros

Aspiración manual 
Trombectomía mecánica 
Trombectomía reolítica

Catéteres de infusión  
Fibrinolisis facilitada

Rápida restauración del 
flujo pulmonar

Rápida restauración del 
flujo pulmonar Efecto menos inmediato

Combinación de diferentes 
técnicas (reperfusión 

farmacomecánica



Dispositivo Tamaño Mecanismo acción

Catéter Pigtail 6-8 Fr Fragmentación

Balón angioplastia 5-10 mm Fragmentación

AngioJet 8F Trombectomía reolítica, FBN

Hydrolyser 7F Trombectomía reolítica

Aspirex 10F Fragmentación/aspiración

Helix Clot Buster 7F Fragmentación

Catéteres guía ACTP 6-10F Aspiración manual

Pronto XL 6-14F Aspiración manual

Catéteres de infusión 4-6F Fibrinolisis local

Catéteres ultrasonidos 6F Fibrinolisis facilitada

Penumbra Indigo System 6-8Fr Aspiración

Inari FlowTriever 22F Fragmentación/aspiración

AngioVac 18-26F Aspiración



• Descrita por Brady et al. en 1991 

• Disrupción del trombo y reducir obstrucción proximal: 

• Reducir las resistencias vasculares pulmonares y la postcarga del VD 

• Aumentar la superficie de exposición en caso de fibrinolisis local / facilitar tromboaspiración 

• Posibles riesgos: 

• Embolización distal, fenómeno de no reflow y empeoramiento de la situación hemodinámica 

• Combinarse con otras técnicas (aspiración, fibronolisis local) 

Técnicas fragmentación

Catheter-Assited Pulmonary Embolectomy. Circulation 2012, 126:1917-1922

Massive Pulmonary Embolism: Percutaneous Emergency Treatment by Pigtail Rotation Catheter. JACC 2000; 36: 375-380

was passed with the wire, the pigtail catheter was rotated
manually over the fixed wire as a central axis. Under
rotation, it was repeatedly advanced and withdrawn, until a
sufficient fragmentation of the embolus was achieved.

Two catheter versions were tested. Version I (applied in
patients 1–10) had a pigtail tip with an outer diameter of
8 mm and was embedded in a long sheath. Because of
technical limitations of the fragmentation procedure in
some of the patients, the design was improved. Version II
(applied in patients 11–20) consisted of two catheters, one
with a 12-mm pigtail for the main pulmonary arteries and
one with 8-mm diameter for the lobar arteries.

In all patients, transesophageal or transthoracic echocar-
diography was performed before angiography to identify
right heart strain, to demonstrate indirect signs of pulmo-
nary embolism and to exclude right heart-transit thrombi.
Pulmonary angiography and embolus fragmentation were
carried out in a catheter laboratory near the intensive care
unit (Siemens Coroskop HIP or Siemens Polytron 1000
VR; Siemens Medical Systems, Erlangen, Germany). Be-
fore central venous access from the femoral vein, femoral or
iliocaval thrombosis was excluded by vascular ultrasound
and iliocavography. Selective angiography was performed
pre- and postfragmentation using iopromide at 300 mg/ml
iodine (flow rate 12–15 ml/s, injected volume 25–35 ml).
Subjects of treatment were emboli of the central pulmonary
arteries. It was left to the investigator’s decision if both sides
were treated or only the predominant side. After the
procedure, a Swan-Ganz-catheter (Baxter Healthcare, Ir-
vine, CA) was exchanged for subsequent hemodynamic
monitoring. The patients were kept on intensive care unit
for at least 48 h. Systemic blood pressure, heart rate and
pulmonary artery pressure were recorded pre-, post-, and
48 h after fragmentation.

In 16 patients, anticoagulation was achieved with high-
dose intravenous porcine heparin (Heparin-Sodium Braun;

B. Braun Melsungen AG, Melsungen, Germany). Three
patients received danaparoid natrium (Orgaran; Organon,
Oberschlei!heim, Germany) and one patient received lepi-
rudin (Refludan; Hoechst Marion Roussel, Frankfurt, Ger-
many) because heparin-induced thrombocytopenia was sus-
pected and later on confirmed serologically.

Thrombolysis as the gold standard of therapy in acute
massive pulmonary embolism was not restricted in any way
by the study protocol. Total dose, dose distribution, starting
point, and mode of delivery was left at the operator’s
discretion according to the particular circumstances (cardio-
pulmonary status, consideration of possible contraindica-
tions) of each individual case. To analyze the influence of
thrombolysis and fragmentation on the pre- to postfrag-
mentation recanalization results, the patients were allocated
to two groups. 1) Noninterference group: patients who
received thrombolysis after embolus fragmentation or no
thrombolysis at all. Changes in circulatory parameters and
angiographic occlusion scores pre- to postfragmentation
were independent of thrombolysis and therefore exclusively
attributable to fragmentation. 2) Interference group: pa-
tients who received thrombolysis before or during fragmen-
tation. Thrombolysis might have interfered with the frag-
mentation recanalization results.

Quantitative angiographic assessment of pre- and post-
fragmentation angiograms was performed by three examin-
ers independently using the angiographic severity index for
pulmonary embolism defined by Walsh et al. (10). Unilat-
eral angiograms were graded from 0 (no clot) to 9 (entire
lung affected). A synopsis of the score is given by Goldhaber
et al. (11). Recanalization of the occlusion (expressed as a
percentage) was calculated for each lung treated by frag-
mentation as follows: [(score pre ! score post)/score pre] "
100.

Circulatory stabilization 48 h after fragmentation was
defined as shock index # 1, mean pulmonary arterial
pressure # 25 mm Hg and systemic arterial blood pressure
returned to normal values.

All statistical tests were two-sided, and a significance
level of 0.05 or less was applied unless stated otherwise.
Descriptive statistics included mean and SD values. All
variables were tested for normal distribution with the
Kolmogorov-Smirnov test. Student’s two-tailed t test was
used for comparisons of paired samples. Interobserver vari-
ability was determined by reliability coefficient. Data were
analyzed using SPSS 8.0 (SPSS, Chicago, Illinois).

The study was performed according to the European
Standard for Clinical Investigation of Medical Devices EN
540 (13) and under observation of the Declaration of
Helsinki. Approval was obtained from the local university
ethics committee for each center and from an EN540-
certified European institutional review board. The notified
body (local government) responsible for each center was
informed. Before the catheter procedure, written or verbally
informed consent was obtained, if possible. However, the
majority of the patients were unconscious and under respi-

Figure 1. Pigtail fragmentation catheter (with underlying rotated pigtail
loop indicating a 180° turn) with a special tip configuration for embolus
fragmentation; the guide wire is exiting an oval side hole distal to a
radiopaque marker and serves as a directing axis crossing the embolic
occlusion. During manual catheter rotation, the pigtail tip is slowly
advanced and withdrawn within the occlusion over the fixed guide wire.
The embolus is fragmented by mechanical action of the rotating pigtail.
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la presión vascular pulmonar, secundario a la obstruc-
ción del flujo sanguíneo por los émbolos6. Además, se
producen una serie de alteraciones hemodinámicas: va-
soconstricción, hipertensión arterial pulmonar, fallo car-
díaco derecho, disminución del gasto cardíaco y altera-
ciones respiratorias (broncoconstricción, aumento del
espacio muerto y disminución del surfactante pulmo-
nar) que agravan el cuadro clínico7,8.

La rápida restauración del flujo pulmonar es esencial
para prevenir la mortalidad, ocasionando al mismo tiem-
po una importante mejoría hemodinámica del paciente.

Se ha descrito cómo la fragmentación mecánica del
trombo arterial pulmonar junto con la trombólisis far-
macológica podrían constituir una buena opción tera-
péutica para restaurar el flujo pulmonar9-16.

Se conoce que la fragmentación mecánica del trombo
permite la rápida recanalización de las arterias pulmo-
nares centrales9,11-15. Asimismo, la rotura del trombo
ocasiona la dispersión del coágulo a las ramas periféri-
cas, reduciendo la presión arterial pulmonar y aumen-
tando el flujo vascular pulmonar9,12,15.

Por otra parte, con la fragmentación se aumenta el área
del trombo expuesta al agente fibrinolítico, potenciando
o incrementado así su acción y acelerando su lisis9,10.

Se han utilizado diversos agentes farmacológicos
para realizar la trombólisis arterial pulmonar17-21 y exis-
ten dos formas de administrar estos agentes: sistémica e
intraarterial pulmonar o in situ22-25.

Presentamos nuestra experiencia en el tratamiento
del TEP masivo por medio de fragmentación mecánica
asociada a trombólisis intrapulmonar.

Pacientes y métodos
Se trata de un estudio retrospectivo, descriptivo simple.

Desde enero de 1994 hasta enero de 2000 se han tratado 
51 pacientes diagnosticados de TEP masivo con repercusión
hemodinámica. De los pacientes, 21 eran varones (41,1%) y
30 mujeres (58,8%) con una edad media de 59,1 años (rango,
22-85).

Se incluyeron bajo este epígrafe pacientes con TEP agudo
con un índice de Miller > 0,522, una presión media en la arte-
ria pulmonar principal superior a 30 mmHg y con cuadro clí-
nico compatible con inestabilidad hemodinámica (shock, sín-
cope, disnea grave e hipotensión no controlable con fármacos
vasoactivos). Ninguno de ellos presentaba contraindicación
de tratamiento fibrinolítico.

El índice de Miller es un parámetro cuantativo para medir
el grado de afección pulmonar (émbolos intravasculares y al-
teración de perfusión). Éste nos permite el posterior control
evolutivo de los pacientes.

Se basa en los datos obtenidos angiográficamente y valora
el grado de obstrucción vascular (pulmón derecho = 9 puntos
y pulmón izquierdo = 7 puntos) y la perfusión de cada pul-
món (9 puntos cada uno). La perfusión se valora en tres zonas
distintas de cada pulmón dando una puntuación a cada una de
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TABLA I
Principales datos del perfil clínico de los pacientes 

con TEP masivo sometidos a tratamiento fibrinolítico 
y fragmentación mecánica

Pacientes 51
Sexo

Varones (%) 21 (41)
Mujeres (%) 30 (59)

Edad media (años) 59,1 (rango, 22-85)
Síntomas de inicio

Disnea de reposo (%) 32 (62,7)
Shock (%) 9 (17,6)
Síncope (%) 10 (19,6)
Saturación de O2 (pulsioximetría)

(%) 71,4 (rango, 57-86)
Presión arterial pulmonar media

(mmHg) 46,8 (rango, 32-78)

Fig. 1. Histograma que muestra de forma comparativa las presiones arte-
riales medias pre y postratamiento trombolítico.
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Abstract
Purpose. Massive pulmonary embolism is a severe clinical
condition that requires prompt therapeutic intervention. 
We report our experience with a hybrid treatment involving
systematic fragmentation of the embolus with an angiographic
catheter associated with fibrinolytic therapy over the following
days.
Materials and methods. From 1999–2005 we treated 164 patients
with massive pulmonary embolism. We used the same
angiographic catheter for mechanical fragmentation and for
administration of the fibrinolytic agent (24–72 h). Results were
assessed on the basis of changes in mean pulmonary artery
pressure.
Results. After fragmentation with the angiographic catheter, we
observed four types of haemodynamic behaviour: in 61 patients
(41.4%), mean pulmonary artery pressure fell rapidly below 30
mmHg; in 38 patients (23.1%), two passes were required to
achieve the same result; in 32 patients (19.5%) three passes were
required. In the remaining 26 patients (15.8%), at no time did the
mean pulmonary artery pressure fall below 35 mmHg. The only
two deaths occurred in this last group.
Conclusions. Mechanical fragmentation with the angiographic
catheter and administration of fibrinolytic agents effectively
brought about a rapid improvement in patients’ clinical status by
moving the embolus towards the periphery.

Key words Pulmonary embolism • Mechanical fragmentation •
Pharmacological thrombolysis

Riassunto
Obiettivo. L’embolia polmonare massiva è un grave quadro
clinico, con ipotensione sistemica e shock, che necessita di un
pronto intervento terapeutico.
Riportiamo la nostra sistematica esperienza di trattamento ibrido:
alla frammentazione meccanica dell’embolo con il catetere
angiografico abbiamo associato, nei giorni successivi, la terapia
fibrinolitica.
Materiali e metodi. Nel periodo 1999–2005, con il solo
trattamento ibrido, sono stati trattati 164 pazienti con una diagnosi
di embolia polmonare massiva. La procedura interventistica è
stata effettuata direttamente con lo stesso catetere angiografico,
sia per la terapia meccanica , che per l’infusione del farmaco
fibrinolitico nei giorni successivi (24–72 ore). La valutazione dei
risultati immediati veniva effettuata sulla base delle variazioni
della pressione polmonare media. 
Risultati. Sulla base dei risultati ottenuti dopo il solo passaggio
del catetere angiografico, abbiamo registrato 4 tipi di
comportamenti emodinamici. La frammentazione meccanica è
stata effettuata con un solo passaggio del catetere angiografico in
61 (41,4%) pazienti e la pressione polmonare media è scesa
rapidamente al di sotto del valore di 30 mmHg. In altri 38
(23,1%) casi si è reso necessario ricorrere a due passaggi per
raggiungere lo stesso risultato; in 32 pazienti (19,5%) si è dovuto
ricorrere a più di 3 passaggi. Negli ultimi 26 (15,8%), nonostante
l’effettuazione di oltre 6 passaggi, la pressione polmonare media
non è mai scesa sotto i 35 mmHg. In questo gruppo di pazienti si
sono registrati gli unici due decessi della nostra esperienza.
Conclusioni. La frammentazione meccanica con il semplice
catetere angiografico si è dimostrata valida e sicura per
imprimere un brusco miglioramento delle pressioni polmonari e
del generale stato clinico del paziente, mobilizzando l’embolo
polmonare dalla sua iniziale sede centrale. 

Parole chiave Embolia polmonare • Frammentazione meccanica •
Trombolisi farmacologica
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Mejoría Clínica 138 (84%)

Descenso PAPm 138 (84%)

Complicaciones mayores 0

Complicaciones menores 0

Mortalidad 2 (1.2%)

Respuesta inicial 
fragmentación n = 164

Tipo I (< 5 días) 68 (41%)

Tipo II (<10 día) 38 (23%)

Tipo III (< 15 días) 32 (19.5%)

Tipo IV (>15 días) 26 (15.8%)

164 pacientes TEP alto riesgo: 
FBN intrarterial con UK, seguida de fragmentación con Pigtail y posteriormente perfusión de 

FBN intrarterial durante 48-72h.
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Introducción

El embolismo pulmonar es la tercera enfermedad car-
diovascular en frecuencia, ocasionando entre 50.000 y
200.000 muertes anuales1,2.

Existe cierto grado de controversia en la definición
de tromboembolismo pulmonar (TEP) masivo. No obs-
tante se acepta unánimemente que se trata de una situa-
ción grave, en pacientes hemodinámicamente inestables
que presentan una alta tasa de mortalidad; por encima
del 30% en las distintas series3, produciéndose dos de
cada tres muertes en la primera hora de evolución4,5, por
lo que es esencial llevar a cabo una rápida actuación te-
rapéutica para salvar la vida del paciente.

Uno de los principales efectos fisiopatológicos que se
producen en el TEP masivo es el rápido incremento de

ORIGINALES

Fragmentación mecánica y fibrinólisis intrapulmonar 
en el tratamiento del tromboembolismo pulmonar masivo 
con repercusión hemodinámica

M.A. de Gregorio, M.J. Gimeno, R. Alfonso, J. Medrano, S. Loyolaa, M. Favaa y M. Herrerab

Unidad de Radiología Intervencionista. Hospital Clínico Universitario. Zaragoza. aUnidad de Radiología Intervencionista. 
Universidad Católica. Santiago de Chile. Chile. bInterventional Radiolog. Henneping Hospital. University of Minessota. EE.UU.

OBJETIVOS: Evaluar la eficacia y seguridad de la fragmen-
tación mecánica asociada a trombólisis intrapulmonar en el
tromboembolismo pulmonar (TEP) masivo con alteración
hemodinámica.

MATERIAL Y MÉTODO: Un total de 51 pacientes diagnosti-
cados de TEP masivo con repercusión hemodinámica. Se in-
cluyeron bajo este epígrafe pacientes con TEP agudo con un
índice de Miller superior a 0,50 y una presión medida en la
arteria pulmonar principal superior 30 mmHg. Cuadro clí-
nico de inicio: 19 shock, 6 síncope y 26 disnea intensa de 
reposo. La saturación de O2 medida por pulsioximetría:
71,4%. Presión media en arteria pulmonar: 46,1 mmHg. Se
realizó fragmentación de los tromboémbolos más importan-
tes. Durante la fragmentación se administró un bolo de fi-
brinolítico. A través del catéter se administró infusión de 
fibrinolítico. El seguimiento se realizó con valoración clíni-
ca, gammagráfica pulmonar y ecocardiográfica. 

RESULTADOS: Tras la fragmentación y administración del
bolo de trombolítico se observó mejoría clínica en 49 pacien-
tes (97,2%). La presión media postratamiento mecánico y
farmacológico fue de 24,1 mmHg. Éxito técnico del 100%.

CONCLUSIÓN: Los datos aportados avalan la eficacia y se-
guridad de la fragmentación mecánica y trombólisis farma-
cológica en el tratamiento del TEP masivo con afectación
hemodinámica, mejorando la sintomatología y disminuyen-
do la presión arterial pulmonar. 

Palabras clave: Fragmentación mecánica. Fibrinólisis intraarte-
rial. Embolismo pulmonar masivo.

(Arch Bronconeumol 2001; 37: 58-64)

Mechanical fragmentation and intrapulmonary
fibrinolysis in the treatment of massive
pulmonary embolism hemodynamic repercussions

OBJECTIVE: To evaluate the efficacy and safety of mecha-
nical fragmentation associated with intrapulmonary throm-
bolysis to treat massive pulmonary thromboembolism (PTE)
with altered hemodynamics.

MATERIAL AND METHOD: Fifty-one patients with a diagnosis
of acute PTE were enrolled, the criteria being a Miller index
over 0.50 and mean pressure of 30 mmHg in the principal su-
perior pulmonary artery. The initial clinical pictures included
shock (19 patients), syncope (6) and severe dyspnea at rest
(26). Oxygen saturation measured by pulse oxymetry was
71.4%. Mean pulmonary artery pressure was 46.1 mmHg.
The main thromboembolisms were fragmented, with one bo-
lus of a fibrinolytic agent administered during the fragmenta-
tion procedure. An infusion of the fibrinolytic agent was ad-
ministered through a catheter. Monitoring included clinical
assessment, pulmonary scintigraphy and echocardiography.

RESULTS: After fragmentation and administration of the
bolus dose of the fibrinolytic agent, improvement was obser-
ved in 49 patients (97.2%). Mean pressure after mechanical
and pharmacological treatment was 24.1 mmHg. Technical
success was achieved in 100% of the patients.

CONCLUSION: The results attest to the efficacy and safety of
mechanical fragmentation and medical thrombolysis in trea-
ting massive PTE affecting hemodynamics, leading to clinical
improvement and lowered pulmonary artery pressure.

Key words: Mechanical fragmentation. Intraarterial fibrinolysis.
Massive pulmonary embolism.
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la presión vascular pulmonar, secundario a la obstruc-
ción del flujo sanguíneo por los émbolos6. Además, se
producen una serie de alteraciones hemodinámicas: va-
soconstricción, hipertensión arterial pulmonar, fallo car-
díaco derecho, disminución del gasto cardíaco y altera-
ciones respiratorias (broncoconstricción, aumento del
espacio muerto y disminución del surfactante pulmo-
nar) que agravan el cuadro clínico7,8.

La rápida restauración del flujo pulmonar es esencial
para prevenir la mortalidad, ocasionando al mismo tiem-
po una importante mejoría hemodinámica del paciente.

Se ha descrito cómo la fragmentación mecánica del
trombo arterial pulmonar junto con la trombólisis far-
macológica podrían constituir una buena opción tera-
péutica para restaurar el flujo pulmonar9-16.

Se conoce que la fragmentación mecánica del trombo
permite la rápida recanalización de las arterias pulmo-
nares centrales9,11-15. Asimismo, la rotura del trombo
ocasiona la dispersión del coágulo a las ramas periféri-
cas, reduciendo la presión arterial pulmonar y aumen-
tando el flujo vascular pulmonar9,12,15.

Por otra parte, con la fragmentación se aumenta el área
del trombo expuesta al agente fibrinolítico, potenciando
o incrementado así su acción y acelerando su lisis9,10.

Se han utilizado diversos agentes farmacológicos
para realizar la trombólisis arterial pulmonar17-21 y exis-
ten dos formas de administrar estos agentes: sistémica e
intraarterial pulmonar o in situ22-25.

Presentamos nuestra experiencia en el tratamiento
del TEP masivo por medio de fragmentación mecánica
asociada a trombólisis intrapulmonar.

Pacientes y métodos
Se trata de un estudio retrospectivo, descriptivo simple.

Desde enero de 1994 hasta enero de 2000 se han tratado 
51 pacientes diagnosticados de TEP masivo con repercusión
hemodinámica. De los pacientes, 21 eran varones (41,1%) y
30 mujeres (58,8%) con una edad media de 59,1 años (rango,
22-85).

Se incluyeron bajo este epígrafe pacientes con TEP agudo
con un índice de Miller > 0,522, una presión media en la arte-
ria pulmonar principal superior a 30 mmHg y con cuadro clí-
nico compatible con inestabilidad hemodinámica (shock, sín-
cope, disnea grave e hipotensión no controlable con fármacos
vasoactivos). Ninguno de ellos presentaba contraindicación
de tratamiento fibrinolítico.

El índice de Miller es un parámetro cuantativo para medir
el grado de afección pulmonar (émbolos intravasculares y al-
teración de perfusión). Éste nos permite el posterior control
evolutivo de los pacientes.

Se basa en los datos obtenidos angiográficamente y valora
el grado de obstrucción vascular (pulmón derecho = 9 puntos
y pulmón izquierdo = 7 puntos) y la perfusión de cada pul-
món (9 puntos cada uno). La perfusión se valora en tres zonas
distintas de cada pulmón dando una puntuación a cada una de
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TABLA I
Principales datos del perfil clínico de los pacientes 

con TEP masivo sometidos a tratamiento fibrinolítico 
y fragmentación mecánica

Pacientes 51
Sexo

Varones (%) 21 (41)
Mujeres (%) 30 (59)

Edad media (años) 59,1 (rango, 22-85)
Síntomas de inicio

Disnea de reposo (%) 32 (62,7)
Shock (%) 9 (17,6)
Síncope (%) 10 (19,6)
Saturación de O2 (pulsioximetría)

(%) 71,4 (rango, 57-86)
Presión arterial pulmonar media

(mmHg) 46,8 (rango, 32-78)

Fig. 1. Histograma que muestra de forma comparativa las presiones arte-
riales medias pre y postratamiento trombolítico.
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la presión vascular pulmonar, secundario a la obstruc-
ción del flujo sanguíneo por los émbolos6. Además, se
producen una serie de alteraciones hemodinámicas: va-
soconstricción, hipertensión arterial pulmonar, fallo car-
díaco derecho, disminución del gasto cardíaco y altera-
ciones respiratorias (broncoconstricción, aumento del
espacio muerto y disminución del surfactante pulmo-
nar) que agravan el cuadro clínico7,8.

La rápida restauración del flujo pulmonar es esencial
para prevenir la mortalidad, ocasionando al mismo tiem-
po una importante mejoría hemodinámica del paciente.

Se ha descrito cómo la fragmentación mecánica del
trombo arterial pulmonar junto con la trombólisis far-
macológica podrían constituir una buena opción tera-
péutica para restaurar el flujo pulmonar9-16.

Se conoce que la fragmentación mecánica del trombo
permite la rápida recanalización de las arterias pulmo-
nares centrales9,11-15. Asimismo, la rotura del trombo
ocasiona la dispersión del coágulo a las ramas periféri-
cas, reduciendo la presión arterial pulmonar y aumen-
tando el flujo vascular pulmonar9,12,15.

Por otra parte, con la fragmentación se aumenta el área
del trombo expuesta al agente fibrinolítico, potenciando
o incrementado así su acción y acelerando su lisis9,10.

Se han utilizado diversos agentes farmacológicos
para realizar la trombólisis arterial pulmonar17-21 y exis-
ten dos formas de administrar estos agentes: sistémica e
intraarterial pulmonar o in situ22-25.

Presentamos nuestra experiencia en el tratamiento
del TEP masivo por medio de fragmentación mecánica
asociada a trombólisis intrapulmonar.

Pacientes y métodos
Se trata de un estudio retrospectivo, descriptivo simple.

Desde enero de 1994 hasta enero de 2000 se han tratado 
51 pacientes diagnosticados de TEP masivo con repercusión
hemodinámica. De los pacientes, 21 eran varones (41,1%) y
30 mujeres (58,8%) con una edad media de 59,1 años (rango,
22-85).

Se incluyeron bajo este epígrafe pacientes con TEP agudo
con un índice de Miller > 0,522, una presión media en la arte-
ria pulmonar principal superior a 30 mmHg y con cuadro clí-
nico compatible con inestabilidad hemodinámica (shock, sín-
cope, disnea grave e hipotensión no controlable con fármacos
vasoactivos). Ninguno de ellos presentaba contraindicación
de tratamiento fibrinolítico.

El índice de Miller es un parámetro cuantativo para medir
el grado de afección pulmonar (émbolos intravasculares y al-
teración de perfusión). Éste nos permite el posterior control
evolutivo de los pacientes.

Se basa en los datos obtenidos angiográficamente y valora
el grado de obstrucción vascular (pulmón derecho = 9 puntos
y pulmón izquierdo = 7 puntos) y la perfusión de cada pul-
món (9 puntos cada uno). La perfusión se valora en tres zonas
distintas de cada pulmón dando una puntuación a cada una de
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la presión vascular pulmonar, secundario a la obstruc-
ción del flujo sanguíneo por los émbolos6. Además, se
producen una serie de alteraciones hemodinámicas: va-
soconstricción, hipertensión arterial pulmonar, fallo car-
díaco derecho, disminución del gasto cardíaco y altera-
ciones respiratorias (broncoconstricción, aumento del
espacio muerto y disminución del surfactante pulmo-
nar) que agravan el cuadro clínico7,8.

La rápida restauración del flujo pulmonar es esencial
para prevenir la mortalidad, ocasionando al mismo tiem-
po una importante mejoría hemodinámica del paciente.

Se ha descrito cómo la fragmentación mecánica del
trombo arterial pulmonar junto con la trombólisis far-
macológica podrían constituir una buena opción tera-
péutica para restaurar el flujo pulmonar9-16.

Se conoce que la fragmentación mecánica del trombo
permite la rápida recanalización de las arterias pulmo-
nares centrales9,11-15. Asimismo, la rotura del trombo
ocasiona la dispersión del coágulo a las ramas periféri-
cas, reduciendo la presión arterial pulmonar y aumen-
tando el flujo vascular pulmonar9,12,15.

Por otra parte, con la fragmentación se aumenta el área
del trombo expuesta al agente fibrinolítico, potenciando
o incrementado así su acción y acelerando su lisis9,10.

Se han utilizado diversos agentes farmacológicos
para realizar la trombólisis arterial pulmonar17-21 y exis-
ten dos formas de administrar estos agentes: sistémica e
intraarterial pulmonar o in situ22-25.

Presentamos nuestra experiencia en el tratamiento
del TEP masivo por medio de fragmentación mecánica
asociada a trombólisis intrapulmonar.

Pacientes y métodos
Se trata de un estudio retrospectivo, descriptivo simple.

Desde enero de 1994 hasta enero de 2000 se han tratado 
51 pacientes diagnosticados de TEP masivo con repercusión
hemodinámica. De los pacientes, 21 eran varones (41,1%) y
30 mujeres (58,8%) con una edad media de 59,1 años (rango,
22-85).

Se incluyeron bajo este epígrafe pacientes con TEP agudo
con un índice de Miller > 0,522, una presión media en la arte-
ria pulmonar principal superior a 30 mmHg y con cuadro clí-
nico compatible con inestabilidad hemodinámica (shock, sín-
cope, disnea grave e hipotensión no controlable con fármacos
vasoactivos). Ninguno de ellos presentaba contraindicación
de tratamiento fibrinolítico.

El índice de Miller es un parámetro cuantativo para medir
el grado de afección pulmonar (émbolos intravasculares y al-
teración de perfusión). Éste nos permite el posterior control
evolutivo de los pacientes.

Se basa en los datos obtenidos angiográficamente y valora
el grado de obstrucción vascular (pulmón derecho = 9 puntos
y pulmón izquierdo = 7 puntos) y la perfusión de cada pul-
món (9 puntos cada uno). La perfusión se valora en tres zonas
distintas de cada pulmón dando una puntuación a cada una de
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TABLA I
Principales datos del perfil clínico de los pacientes 

con TEP masivo sometidos a tratamiento fibrinolítico 
y fragmentación mecánica

Pacientes 51
Sexo

Varones (%) 21 (41)
Mujeres (%) 30 (59)

Edad media (años) 59,1 (rango, 22-85)
Síntomas de inicio

Disnea de reposo (%) 32 (62,7)
Shock (%) 9 (17,6)
Síncope (%) 10 (19,6)
Saturación de O2 (pulsioximetría)

(%) 71,4 (rango, 57-86)
Presión arterial pulmonar media

(mmHg) 46,8 (rango, 32-78)

Fig. 1. Histograma que muestra de forma comparativa las presiones arte-
riales medias pre y postratamiento trombolítico.
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Fig. 2. Diversos dispositivos uti-
lizados para la fragmentación
de trombos. Cesta de Dormia,
catéter pig tail y balones de an-
gioplastia.
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Mejoría Clínica 49 (96%)

Descenso PAPm 22.7 mmHg (47.9%)

Complicaciones mayores 0

Complicaciones menores 7 (13.7%)

Mortalidad 2 (3.9)Arch Bronconeumol 2001; 37:58-64
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AngioJet

> 140 pacientes TEP riesgo alto / intermedio-alto 
Mortalidad 12-25%

Liberación adenosina plaquetaria:  
Bradicardia 

Vasoconstricción pulmonar 
Empeoramiento hipoxia

assess the severity of PE.17,18 Clinical success was defined
as an improvement in hemodynamic parameters immedi-
ately after the procedure. We could not determine if mor-
tality and a number of other possible complications were
related to the procedure; therefore they were not reported.

Results

Individual case series showing hemodynamic parameters
and clinical success are listed in Table 1 (catheter embolec-
tomy alone) and Table 2 (catheter embolectomy in combi-
nation with thrombolytic agents). Pooled data are listed in
Table 3.

Pooled data showed that clinical success with the Green-
field catheter, when used alone, occurred in 72 of 89 pa-

tients (81%; Table 3). The success rate with the steel-cup
catheter appeared to be somewhat higher, 23 of 27 patients
(85%),5–7 than with the plastic-cup catheter (49 of 62 pa-
tients; 79%).7,19–22 Major bleeding at the site of insertion
occurred in 4 of 27 procedures (15%) with the steel-cup
catheter and 0 of 62 procedures (0%) with the plastic-cup
catheter. Clinical success was high when the Greenfield
catheter was used in combination with thrombolytic agents
(19 of 19 patients; 100%).20,21,23,24

Fragmentation with standard catheters used alone (with-
out thrombolytic agents) was reported in only 3 patients.25,26

Clinical success occurred in 15 of 21 patients (71%) when
used in combination with systemic thrombolytic agents27

and in 115 of 121 patients (95%) when used with local
infusions of thrombolytic agents (Table 3).12,25,28–35 Major
bleeding at the site of catheter insertion was infrequent.

Clinical success with the Amplatz catheter alone oc-
curred in 7 of 8 patients (88%),36,37 and with local throm-
bolytic agents, it occurred in 6 of 6 patients (100%).36,37

One of 8 patients (13%) experienced major bleeding at the
catheter insertion site when the Amplatz catheter was used
without any thrombolytic agents.37

Clinical success with the use of the rheolytic Angiojet
catheter occurred in 6 of 8 patients (75%) when used
alone4,38,39 and in 20 of 23 patients (87%) when used with
intrapulmonary thrombolytic agents.40,41 No bleeding was
reported (Table 3).

Clinical success with the Hydrolyser catheter occurred in
19 of 20 patients (95%) when used in combination with

Figure 1. Diagram (not to scale) showing the mechanism of action of the
Amplatz catheter. An impeller housed in a capsule at the tip of the catheter
homogenizes the thrombus.

Figure 2. Diagram (not to scale) showing the mechanism of action of a
double-lumen catheter-tip device that functions on the basis of the Venturi
effect (rheolytic catheter). The narrow injection lumen ends in a hairpin
loop at the distal end of the catheter to direct a single high-speed retrograde
fluid jet into the larger evacuation lumen. As the jet crosses the side hole,
the resulting venturi effect fragments the adjacent thrombus and entrains
the debris into the evacuation lumen, which is connected to a vacuum bag.

Figure 3. Study attrition diagram.
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Metanálisis de 35 estudios: incluye 68 pacientes tratados con este dispositivo

Complicaciones menores 27 (40%)

Complicaciones mayores 19 (28%)

Mortalidad procedimiento 5 (7.35%)
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significant improvement in all angiographic end-points,
such as obstruction, perfusion and Miller indexes (all
P < 0.0001) in all three groups (Fig. 4).
The clinical events which occurred during hospital

stay are summarized in Table II. Major bleedings were

observed in four (7.8%) cases: one cerebral hemor-
rhage in a patient not treated with concomitant fibrino-
lysis; one groin hematoma plus melena and one groin
hematoma plus hemoptysis in two patients who had
received fibrinolytics; and one groin hematoma plus

Fig. 4. Improvement in obstruction, perfusion, Miller indexes, and systolic pulmonary artery
pressure before and after rheolytic thrombectomy according to hemodynamic compromise
(i.e., shock, red bars; hypotension, green bars; right ventricular dysfunction, blue bars). [Color
figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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thromboembolic material in all patients. Technical suc-
cess was obtained in 92.2% of cases, with a mean MI
reduction rate of 51.2 6 17.4% (range 16.6–85.0%).
Adjunctive therapy with loco-regional fibrinolytic infu-
sion was performed in 11 (21.6%) patients. Temporary
transvenous pacing was needed in four subjects (7.8%)
for bradycardia, as well as intra-aortic balloon pump-
ing which was used in four patients (7.8%) in shock to
reduce RV ischemia and improve cardiac output and
mean arterial systemic pressure. Temporary vena cava
filters were implanted in 23 patients (45.1%), in whom
thrombi deemed at high risk for embolization (i.e., mo-
bile head) had been observed at lower limb venous
Duplex ultrasound scan. Comparison of baseline to
postprocedural angiographic data showed a statistically

Fig. 2. Flow-chart of patients with acute pulmonary embolism (PE) referred to our catheteri-
zation laboratory for pulmonary angiography and AngioJet rheolytic thrombectomy (RT).

TABLE I. Baseline Clinical, Laboratory, and Instrumental Data
of Patients Treated With AngioJet Rheolytic Thrombectomy

N 5 51 n (%)

Male 25 (49.0)

Age, years 66.7613.8

Risk factors for pulmonary embolism

Current smoking 11 (21.6)
Obesity 10 (19.6)

Malignancy 14 (27.5)

Trauma/fractures 5 (9.8)

Recent (<4 weeks) surgery 9 (17.6)
Immobilization 15 (29.4)

Coagulopathy 3 (5.9)

Autoimmune pathology 6 (11.8)
Chronic heart failure 3 (5.9)

Contraindications to thrombolysis 19 (37.3)

Symptoms

Dyspnea 38 (74.5)
Chest pain 17 (33.3)

Presyncope 5 (9.8)

Syncope 14 (27.5)

Palpitation 7 (13.7)
Clinical presentation

Shock 14 (27.5)

Hypotension 8 (15.7)
Echocardiographic evidence of right ventricular

dysfunction

29 (56.8)

Computer tomography 43 (84.3)

Lung scintigraphy 3 (5.9)
Echocardiography 51 (100)

Right ventricular dilation (RV/LV > 1) 43 (85.4)

Right ventricular hypokinesia 18 (35.0)

Abnormal interventricular septal motion 22 (43.6)
Vena cava dilation 17 (33.3)

Tricuspid regurgitation 25 (50.0)

Lower limb venous Duplex ultrasound scan 46 (90.2)

Troponin I > 0.01 ng/mL at presentation 35 (69.0)
D-Dimer > 500 ng/mL at presentation 49 (97.0)

Deep vein thrombosis 44 (86.3)

Fig. 3. Massive angiographic pulmonary embolism (Miller
index ≥ 17) according to the different degrees of hemody-
namic compromise (i.e., shock, red bars; hypotension, green
bars; right ventricular dysfunction, blue bars). [Color figure
can be viewed in the online issue, which is available at
www.interscience.wiley.com.]
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51 pacientes TEP masivo o submasivo (shock, hipotensión y/o disfunción VD)

melena in a patient with autoimmune disease (i.e.,
rheumatoid arthritis). Eight patients (15.7%) died in-
hospital: six due to persistent and refractory shock,
one for recurrence of embolism after a successful pro-
cedure, and one for cerebral hemorrhage. Patients with
massive PE showed a higher in-hospital mortality than
patients with submassive PE (31.8% vs. 3.4%, P 5
0.006). More in detail, in-hospital mortality was higher
in patients in shock than in those with submassive PE
(42.9% vs. 3.4%, P 5 0.001), whereas there was no
difference between patients with hypotension and
patients with submassive PE (12.5% vs. 3.4%, P 5
0.3). All other patients were safely discharged and
were alive at long-term follow-up (35.5 6 21.7
months, range 3–79 months), with the exception of
two who died from cancer at 1 and 32 months, respec-
tively, and one from acute myocardial infarction at
3 months after discharge.
As regards the impact on in-hospital clinical events

of laboratory experience in performing AngioJet RT, a
lower rate of major bleeding was observed in patients
treated after the first 24 months (2.7% vs. 21.4%, P 5
0.02) (Table II), being the patients’ risk profile similar
in the two periods of activity (Table III).

DISCUSSION

Our data confirm the feasibility, efficacy and relative
safety of Angiojet RT in the treatment of acute PE,
either massive or submassive. Technical success was

achieved in >90% of cases and in-hospital adverse
events rate was generally low. In patients with non-
massive PE early mortality ranges from 8 to 17%
[2,10], whereas in those with massive PE treated with
heparin or thrombolysis is as high as 25–50% [5]. In
our series, in-hospital death rate was 15.7%, therefore
comparing favorably with the above figures, especially
when considering that 75% of patients who subse-
quently died presented in shock.
In patients with acute PE for whom thrombolysis

may be indicated (i.e., massive or submassive PE), the
coexistence of major comorbidities contraindicating
such treatment is common. In ICOPER, in which 2392
patients with acute PE were evaluated, two thirds of
patients were ineligible to thrombolysis. Furthermore,
massive PE was associated with a higher risk of bleed-
ing than nonmassive PE (17.6% vs. 9.7%, P <
0.0001). Indeed, the bleeding rate in patients with mas-
sive PE who received thrombolysis was as high as
24% [5]. Also, the risk of major bleeding was almost
doubled in patients with massive PE who were treated
with fibrinolytics, as reported in an overview of five
randomized clinical controlled trials (22% vs. 12%;
OR 5 1.98; 95% CI 1.99–3.92) [3]. Loco-regional fi-
brinolysis, as it has been carried out in historical trials,
may carry a lower risk of bleeding, because of the low
dose of the drug administered. Because of its easiness
and quick availability, however, the systemic route is
the one currently recommended for fibrinolysis in acute
PE [11]. Unless an invasive approach is warranted for

TABLE II. In-Hosptital Clinical Events Observed in Patients Treated in the First 24 months Compared to Those Treated After the
First 24 months of Activity

N 5 51

First period of activity
(!24 months)

(N 5 14)

Second perdiod of activity
(>24 months)

(N 5 37) P

Major bleeding, n (%) 4 (7.8) 3 (21.4) 1 (2.7) 0.02

Minor bleeding, n (%) 8 (15.7) 1 (7.1) 7 (18.9) 0.3

Minimal bleeding, n (%) 12 (23.5) 4 (28.6) 8 (21.6) 0.6
Renal failure, n (%) 12 (24.0) 4 (28.6) 8 (22.2) 0.6

Severe thrombocytopenia, n (%) 4 (7.8) 1 (7.1) 3 (8.1) 0.9

Recurrent pulmonary embolism, n (%) 1 (1.9) 0 (0) 1 (2.7) 0.5

In-hospital mortality, n (%) 8 (15.7) 3 (21.4) 5 (13.5) 0.4

TABLE III. Comparison of Patients’ Risk Profile Between the First and the Second Period of Activity

First period of activity

(!24 months) (N 5 14)

Second perdiod of activity

(>24 months) (N 5 37) P

Age, years 69.0 6 11.9 65.8 6 14.4 0.4

Shock, n (%) 4 (28.6%) 10 (27.0%) 0.9
Time from symptom onset to rheolytic thrombectomy, hr 22.7 6 27.2 23.0 6 23.6 0.9

TnI at presentation, ng/mL 1.3 6 1.3 0.7 6 0.8 0.09

Creatinine at presentation, mg/dL 1.2 6 1.1 0.7 6 0.4 0.7

Loco-regional fibrinolytic infusion, n (%) 5 (35.7%) 6 (16.2%) 0.1
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rheumatoid arthritis). Eight patients (15.7%) died in-
hospital: six due to persistent and refractory shock,
one for recurrence of embolism after a successful pro-
cedure, and one for cerebral hemorrhage. Patients with
massive PE showed a higher in-hospital mortality than
patients with submassive PE (31.8% vs. 3.4%, P 5
0.006). More in detail, in-hospital mortality was higher
in patients in shock than in those with submassive PE
(42.9% vs. 3.4%, P 5 0.001), whereas there was no
difference between patients with hypotension and
patients with submassive PE (12.5% vs. 3.4%, P 5
0.3). All other patients were safely discharged and
were alive at long-term follow-up (35.5 6 21.7
months, range 3–79 months), with the exception of
two who died from cancer at 1 and 32 months, respec-
tively, and one from acute myocardial infarction at
3 months after discharge.
As regards the impact on in-hospital clinical events

of laboratory experience in performing AngioJet RT, a
lower rate of major bleeding was observed in patients
treated after the first 24 months (2.7% vs. 21.4%, P 5
0.02) (Table II), being the patients’ risk profile similar
in the two periods of activity (Table III).

DISCUSSION

Our data confirm the feasibility, efficacy and relative
safety of Angiojet RT in the treatment of acute PE,
either massive or submassive. Technical success was

achieved in >90% of cases and in-hospital adverse
events rate was generally low. In patients with non-
massive PE early mortality ranges from 8 to 17%
[2,10], whereas in those with massive PE treated with
heparin or thrombolysis is as high as 25–50% [5]. In
our series, in-hospital death rate was 15.7%, therefore
comparing favorably with the above figures, especially
when considering that 75% of patients who subse-
quently died presented in shock.
In patients with acute PE for whom thrombolysis

may be indicated (i.e., massive or submassive PE), the
coexistence of major comorbidities contraindicating
such treatment is common. In ICOPER, in which 2392
patients with acute PE were evaluated, two thirds of
patients were ineligible to thrombolysis. Furthermore,
massive PE was associated with a higher risk of bleed-
ing than nonmassive PE (17.6% vs. 9.7%, P <
0.0001). Indeed, the bleeding rate in patients with mas-
sive PE who received thrombolysis was as high as
24% [5]. Also, the risk of major bleeding was almost
doubled in patients with massive PE who were treated
with fibrinolytics, as reported in an overview of five
randomized clinical controlled trials (22% vs. 12%;
OR 5 1.98; 95% CI 1.99–3.92) [3]. Loco-regional fi-
brinolysis, as it has been carried out in historical trials,
may carry a lower risk of bleeding, because of the low
dose of the drug administered. Because of its easiness
and quick availability, however, the systemic route is
the one currently recommended for fibrinolysis in acute
PE [11]. Unless an invasive approach is warranted for

TABLE II. In-Hosptital Clinical Events Observed in Patients Treated in the First 24 months Compared to Those Treated After the
First 24 months of Activity
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First period of activity
(!24 months)

(N 5 14)

Second perdiod of activity
(>24 months)

(N 5 37) P

Major bleeding, n (%) 4 (7.8) 3 (21.4) 1 (2.7) 0.02

Minor bleeding, n (%) 8 (15.7) 1 (7.1) 7 (18.9) 0.3

Minimal bleeding, n (%) 12 (23.5) 4 (28.6) 8 (21.6) 0.6
Renal failure, n (%) 12 (24.0) 4 (28.6) 8 (22.2) 0.6

Severe thrombocytopenia, n (%) 4 (7.8) 1 (7.1) 3 (8.1) 0.9

Recurrent pulmonary embolism, n (%) 1 (1.9) 0 (0) 1 (2.7) 0.5

In-hospital mortality, n (%) 8 (15.7) 3 (21.4) 5 (13.5) 0.4
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Age, years 69.0 6 11.9 65.8 6 14.4 0.4

Shock, n (%) 4 (28.6%) 10 (27.0%) 0.9
Time from symptom onset to rheolytic thrombectomy, hr 22.7 6 27.2 23.0 6 23.6 0.9

TnI at presentation, ng/mL 1.3 6 1.3 0.7 6 0.8 0.09
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Aspirex

States, but it is undergoing the evaluation process for FDA
approval as a peripheral thrombectomy device. When it has
been approved for use in the periphery, it will become
available for off-label use to treat PE in the United States.

Regardless of the catheter-based technique initiated to
treat acute PE, some believe hemodynamic improvement
with resolution of shock should be used as guidance to
conclude initial mechanical debulking regardless of angio-
graphic results when treating massive PE (59). However, if
the patient can tolerate additional thrombolysis, consider-
ation can be made to treating the residual clot with a
prolonged or overnight catheter-directed thrombolytic infu-
sion, especially if there is residual elevation of PA pressures
with right heart strain and the PE has been “downstaged”
from massive to submassive PE (see below). Based on a
global meta-analysis (14), an extended thrombolytic infu-
sion was performed via catheter in approximately 60% of
patients worldwide for treatment of residual submassive
PE after initial CDT was used to resolve hemodynamic
shock from acute massive PE. A possible advantage to
performing a thorough thrombolytic infusion with fur-
ther clot reduction and good angiographic result is the
potential for reducing the risk of chronic PE formation
and chronic pulmonary hypertension, as data on throm-
bolytic therapy have suggested it may reduce the likeli-

hood of developing chronic thromboembolic pulmonary
hypertension (see below).

DIAGNOSIS OF SUBMASSIVE
PULMONARY EMBOLISM
AND RATIONALE FOR TREATMENT
ESCALATION
To identify potential candidates for endovascular treat-
ment of less severe PE, the interventionalist must be
familiar with the clinical diagnosis of submassive PE (ie,
acute PE causing right heart strain without systemic
hypotension) and the rationale for offering endovascular
therapy. Although the diagnosis of submassive PE fol-
lows a similar workup to the evaluation of massive PE,
these patients do not present with systemic arterial hy-
potension, and particular attention must be made to de-
tecting the presence of right heart strain, which clinches
the diagnosis of submassive PE. The identification of
right heart strain allows risk stratification for possible
treatment escalation beyond anticoagulation in normo-
tensive patients with PE. Echocardiography is the best
imaging study to detect RV dysfunction in the setting of
acute PE. Characteristic echocardiographic findings in

Figure 8. (a) Photo and diagram of the Aspirex catheter (Reprinted with permission from Kucher N, Windecker S, Banz Y, et al.
Percutaneous catheter thrombectomy device for acute pulmonary embolism: in vitro and in vivo testing. Radiology 2005; 236:852–858
[58]. Copyright © The Radiological Society of North America [RSNA®].) (b) Close-up photo of the Aspirex device tip. (Reprinted with
permission from Straub.)
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The Efficacy of Rotational
Thrombectomy on the Mortality of
Patients with Massive and Submassive
Pulmonary Embolism
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ABSTRACT Background: Pulmonary embolism (PE) associated with hemodynamic instability has exceedingly
highmortality.We describe our experience using percutaneousmechanical thrombectomy (PMT) in patients
with massive PE (MPE) and submassive PE (SPE). Methods: Thirty-six patients (16 males and 20 females;
mean age, 51.4W6.6 years) with massive and submassive PE were treated with PMT. All patients exhibited
acute symptoms and computed tomography evidence of large thrombus burden and evidence of right
ventricular (RV) dysfunction and/or failure. An AspirexW percutaneous aspiration device was used in all
patients. Clinical outcomes, hemodynamic recovery, RV and pulmonary artery pressures (PAP), blood gas
changes, thrombus clearance, and complications were evaluated. Results: Treatment of 36 patients resulted
in complete thrombus clearance (!90%) in 83.3% of the patients (n = 30) and near-complete (50% to 90%)
clearance in 13.8%. Measurements before and after treatment showed a decrease in mean PAP
(53W 5.8mmHg versus 25.6W6.3mmHg in MPE group [p<0.01] and 46W7.7 versus 22W 3.6 in SPE group
[p<0.01]). One patient died from refractory shock. No cardiovascular deaths or recurrent PE were
documented during clinical follow-up but one patient demonstrated evidence of mild cor pulmonale.
Conclusions: This study demonstrates safety and effectiveness of percutaneous mechanical aspiration
thrombectomy in patients with massive and submassive PE with a large thrombus burden. doi: 10.1111/
jocs.12521 (J Card Surg 2015;30:324–332)

INTRODUCTION

Acute pulmonary embolism (PE) can be stratified as
high-risk or massive PE, intermediate-risk or submas-
sive PE, and low-risk or nonmassive PE, with nearly
300,000 deaths per year attributable to PE.1 Right
ventricular dysfunction (RVD) and the presence of
hemodynamic instability are powerful predictors of
poor prognosis of patients with acute PE.2,3 A definitive
treatment of RVD secondary to acute massive or
submassive PE has not been defined, and the
therapeutic controversy about using thrombolytics in
patients with RVD but without systemic hypotension
still continues.4,5

Although systemic anticoagulation remains the
cornerstone of therapy for acute symptomatic pulmo-
nary embolism, the morbidity and mortality associated
with massive pulmonary embolism (MPE) and sub-
massive pulmonary embolism (SPE) warrant treatment
beyond anticoagulation alone. More aggressive thera-
peutic options include systemic intravenous thrombol-
ysis, surgical embolectomy, catheter-directed intra-
arterial thrombolysis, and percutaneous mechanical
thrombectomy (PMT).6,7 Despite major advancements
in endovascular technology, the role of PMT in the
treatment of acute pulmonary embolism remains
undefined.

PMT has been developed over the past years as a
reliable alternative method to treat patients with acute
PE and RVD.8 The efficacy of thrombolytic therapy or
PMT in submassive PE remains unclear. Previous
studies have not separately reported on patients who
have submassive PE.9,10 Therefore, the primary objec-
tive of this study was to evaluate the impact of PMT on

Conflict of interest: All authors declare that there is no conflict of
interest to be disclosed.

Address for correspondence: Mert Dumantepe, Merit Life Park Sitesi,
B Blok, Kat: 1 Daire: 5, Serifali/Umraniye 34660, Istanbul. e-mail:
mdumantepe@gmail.com

324 © 2015 Wiley Periodicals, Inc.

36 pacientes con TEP riesgo alto / 
intermedio-alto

Alto (n = 11) Intermedio-alto (n = 
25)

Sangrado mayor 0 0

Sangrado menor 
(8.3%) 1 2

Mortalidad IH 
(5.5%) 0 2

Reperfusión angiográfica 83% 
Descenso significativo: 
• Shock Index 
• PAP m 
• Diámetro VD 
Mejoría de los parámetros respiratorios

Dumantepe et al. J Card Surg 2015;30:324–332 



Trombectomía / Aspiración
Helix Clot Buster

nary artery pressure elevation, requiring adjunctive aspira-
tion thrombectomy to complete treatment (54). Aspiration
can be performed with virtually any end-hole catheter, such
as an 8-F JR4 catheter (Cook, Bloomington, Indiana). Ad-
ditional clot fragmentation may also be achieved with in-
sertion and inflation of an angioplasty balloon sized smaller
than the target arterial diameter. Thus, it is important to
have adjunctive methods available to use in conjunction
with pigtail rotation. The main advantage of the rotating
pigtail is its wide availability and low cost relative to the
mechanically driven thrombectomy devices.

The use of at least one mechanical device—the Angio-
Jet Rheolytic Thrombectomy (ART) System (Possis, Min-
neapolis, Minnesota)—has been associated with relatively
higher procedure-related complications, including bradyar-
rhythmia, heart block, hemoglobinuria, renal insufficiency,
major hemoptysis, and procedure-related death. From an
extensive meta-analysis (14), the highest complication rates
occurred in the 68 patients who underwent CDT with the
ART System, including 27 minor complications (40%) and
19 major complications (28%), with five procedure-related
deaths (14). Interestingly, 76% of all major complications
(19 of 25) recorded in the study were directly attributed to
the ART System despite the fact that it was used in only a
small percentage (11%) of the 594 patients evaluated (14).
Conversely, the data indicate that most modern CDT (89%)
has been performed worldwide with a high degree of safety
and efficacy without the use of the ART System. Several
deaths related to the ART System have been recorded in the
US Food and Drug Administration FDA Manufacturer and
User Facility Device Experience database (55). As a result,
the FDA has issued a block-box warning on the device label
(56). For all these reasons, unless the device can be im-
proved, the ART System should probably by avoided as the

initial mechanical option in future CDT protocols for acute
massive PE (17,57).

The Helix Clot Buster (ev3, Plymouth, Minnesota),
formerly known as the Amplatz thrombectomy device, is
approved for use in dialysis grafts and native vessel dialysis
fistulas, but it has been used on an off-label basis to treat
acute PE. The device is a 75- or 120-cm-long, 7-F rein-
forced polyurethane catheter with a distal metal tip contain-
ing an impeller, which is connected to a drive shaft. The
catheter is connected to an air-source turbine that generates
as much as 140,000 rpm at pressures between 30 and 35 psi
during operation (Fig 7). Although few data are available
on the new version of this device for the treatment of PE,
data from off-label use of the older 8-F version have been
published in conjunction with the use of a 10-F guide
catheter (20). The possibility of hemolytic complications
exists, but, so far, the degree of such has not been shown to
be clinically significant (20). Despite promising results for
rapid thrombectomy, production of the Helix device is on
hold by the manufacturer at the time of this writing, with
possible plans for a product rerelease.

The search for an optimal thrombectomy catheter con-
tinues. A relatively new device, the Aspirex catheter
(Straub, Wangs, Switzerland), has shown promising results
for acute PE thrombectomy (21,58). The catheter works on
the principle of an Archimedes screw, which rotates within
a catheter lumen. The metallic spiral is connected to an
electric motor drive and control unit. Electronic activation
of the spiral coil produces aspiration from the open catheter
tip, transporting material down the catheter shaft and into a
collecting system (Fig 8) (58). At the time of this writing,
the Aspirex device is currently unavailable in the United

Figure 6. Photo diagram of the rotating pigtail method most
commonly used to treat acute massive PE. (Reprinted with
permission from Schmitz-Rode T, Janssens U, Duda SH, Erley
CM, Günther RW. Massive pulmonary embolism: percutaneous
emergency treatment by pigtail rotation catheter. J Am Coll
Cardiol 2000; 36:375–380 [23].)

Figure 7. Photo of the Helix thrombectomy device. A recessed
impeller is driven by a drive shaft at high speed (140,000 rpm),
allowing thrombus to be aspirated through the tip, fragmented
to smaller than 10 !m, and then expelled through the side ports
(arrows). (Photograph of the Helix Clot Buster device reprinted
with permission from ev3.)
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assess the severity of PE.17,18 Clinical success was defined
as an improvement in hemodynamic parameters immedi-
ately after the procedure. We could not determine if mor-
tality and a number of other possible complications were
related to the procedure; therefore they were not reported.

Results

Individual case series showing hemodynamic parameters
and clinical success are listed in Table 1 (catheter embolec-
tomy alone) and Table 2 (catheter embolectomy in combi-
nation with thrombolytic agents). Pooled data are listed in
Table 3.

Pooled data showed that clinical success with the Green-
field catheter, when used alone, occurred in 72 of 89 pa-

tients (81%; Table 3). The success rate with the steel-cup
catheter appeared to be somewhat higher, 23 of 27 patients
(85%),5–7 than with the plastic-cup catheter (49 of 62 pa-
tients; 79%).7,19–22 Major bleeding at the site of insertion
occurred in 4 of 27 procedures (15%) with the steel-cup
catheter and 0 of 62 procedures (0%) with the plastic-cup
catheter. Clinical success was high when the Greenfield
catheter was used in combination with thrombolytic agents
(19 of 19 patients; 100%).20,21,23,24

Fragmentation with standard catheters used alone (with-
out thrombolytic agents) was reported in only 3 patients.25,26

Clinical success occurred in 15 of 21 patients (71%) when
used in combination with systemic thrombolytic agents27

and in 115 of 121 patients (95%) when used with local
infusions of thrombolytic agents (Table 3).12,25,28–35 Major
bleeding at the site of catheter insertion was infrequent.

Clinical success with the Amplatz catheter alone oc-
curred in 7 of 8 patients (88%),36,37 and with local throm-
bolytic agents, it occurred in 6 of 6 patients (100%).36,37

One of 8 patients (13%) experienced major bleeding at the
catheter insertion site when the Amplatz catheter was used
without any thrombolytic agents.37

Clinical success with the use of the rheolytic Angiojet
catheter occurred in 6 of 8 patients (75%) when used
alone4,38,39 and in 20 of 23 patients (87%) when used with
intrapulmonary thrombolytic agents.40,41 No bleeding was
reported (Table 3).

Clinical success with the Hydrolyser catheter occurred in
19 of 20 patients (95%) when used in combination with

Figure 1. Diagram (not to scale) showing the mechanism of action of the
Amplatz catheter. An impeller housed in a capsule at the tip of the catheter
homogenizes the thrombus.

Figure 2. Diagram (not to scale) showing the mechanism of action of a
double-lumen catheter-tip device that functions on the basis of the Venturi
effect (rheolytic catheter). The narrow injection lumen ends in a hairpin
loop at the distal end of the catheter to direct a single high-speed retrograde
fluid jet into the larger evacuation lumen. As the jet crosses the side hole,
the resulting venturi effect fragments the adjacent thrombus and entrains
the debris into the evacuation lumen, which is connected to a vacuum bag.

Figure 3. Study attrition diagram.
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Aspiración manual mediante catéter guía de ACTP

Serie retrospectiva de 15 casos TEP alto riesgo 
9 pacientes FBN intrarterial

Pre-
tratamiento

Post-
tratamiento p

MIller score 18.9 12.1 <0.01

PAPm 29.6 22.5 < 0.01

PAPs 50.6 37.1 < 0.01

Complicaciones 0

Supervivencia al alta 100 %

Tajima et al. Radiation Medicine; 22:168-172



Otros dispositivos

Venturi-Bernoulli effect, using multiple high-
velocity saline jets introduced through the distal
tip, creating a low-pressure vacuum through small
slits in the catheter that can entrain and fragment
thrombi. A meta-analysis reported higher mortality
and morbidity, including massive hemoptysis, renal
failure, and death from bradycardia and apnea or
from widespread distal embolization (18), which
resulted in a black-box warning from the Food and
Drug Administration (FDA) for use of Angiojet in
acute PE.

Additional embolectomy devices are discussed in
the following sections.
AngioVac thrombectomy dev ice . The AngioVac
Cannula (Angiodynamics, Latham, New York), a 22-F
venous catheter that can remove soft thrombi utiliz-
ing the centrifugal pump and venous reinfusion
cannula used in cardiopulmonary bypass (Figure 2), is
FDA approved for the removal of undesirable

intravascular material, including fresh, soft thrombi
or emboli. The AngioVac catheter consists of a
balloon-expandable, funnel-shaped distal tip, which
improves removal of large clots en masse. Patients are
prepped in 2 body locations that will allow for large
venous sheath placements (common femoral or in-
ternal jugular veins). A 26-F sheath is placed in 1 vein
and an 18-F reinfusion cannula is placed in another
vein. The AngioVac cannula is then attached to the
inflow tubing of the centrifuge pump and the outflow
tubing connected to the 18-F reinfusion cannula,
creating a “veno-veno” bypass circuit. The cannula is
inserted into the 26-F sheath and is advanced to the
thrombus, which is suctioned out and captured by a
filtration canister inserted proximal to the centrifuge
pump; filtered blood is returned continuously via the
reinfusion cannula. Limitations of this device include
the large dual sheaths required for access, leading to a
higher likelihood of bleeding complications, and the
relatively stiff suction catheter, which is difficult to
maneuver into the RV and PA. Furthermore, the
active participation of an experienced perfusionist is
required for AngioVac setup and operation, as there is
a learning curve for its use. AngioVac has been uti-
lized in PE, although it is more commonly used to
retrieve thrombi from the vena cava and right atrium
(25). The rapidity of initiation may limit its use in
massive PE situations; future iterations may render it
more useful for PE.
FlowTr iever dev ice . The FlowTriever catheter
(Inari Medical, Irvine, California) is a recently
released device that has FDA 510(k) approval for
removal of emboli and thrombi from blood vessels
(Figure 3). The FlowTriever Infusion Aspiration Sys-
tem requires a 22-F venous sheath and consists of
3 parts: the Flow Restoration Catheter, which is made
up of 3 self-expanding nitinol disks; the Aspiration
Guide Catheter; and the Retraction Aspirator Device.
The FlowTriever device is advanced over the wire and
into the thrombus, where the expandable disks are
deployed using a pin and pull method. The disks and
disrupted thrombus are then retracted and removed
through the aspiration catheter. Set-up is rapid, and
there is a modest learning curve for device utilization.
Limitations include the large size requirement of the
access sheath, and manipulation of the large-bore
catheter into the PA.
Penumbra Ind igo thrombectomy system. The
Indigo mechanical thrombectomy system (Penumbra,
Inc., Alameda, California) consists of a pump, 6- to
8-F straight or angled catheters, and a Separator de-
vice (Figure 4). It is approved for thrombus removal
in both peripheral arterial and venous systems.
An advantage is that it only requires an 8-F venous

FIGURE 2 AngioVac Device

A
C

B AngioVac Cannula

Saline Bag

Filter

Centrifugal Pump Console

Reinfusion
Cannula

AngioVac
Circuit

(A) AngioVac cannula. (B) Diagram of AngioVac insertion and reinfusion circuit. The cannula
has been inserted into the right internal jugular vein. Blood and thrombus is aspirated
through the filter canister, allowing clot capture utilizing a centrifugal pump canister,
prior to return of blood to the patient via the reinfusion cannula placed into the femoral
vein. (C) Example of thrombus captured in the filter canister. Images from Angiodynamics.
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sheath and can be placed into the PA system quickly,
in an over-the-wire technique. Once placed proximal
to the clot, the thrombectomy catheter is advanced
while suction is supplied with the ACER pump. The
provided Separator wire is used to clear the system of
thrombus as the catheter is manipulated inside the
artery.

A distinct limitation of these last 3 devices is the
absence of published data on their overall success and
safety.

CATHETER-DIRECTED FIBRINOLYSIS. Genera l
cons iderat ions . Given that full-dose systemic fibri-
nolysis is helpful in stabilizing high-risk PE patients
and reducing pulmonary pressure, but at the cost of
increased systemic bleeding, interest has risen in local
delivery of low-dose fibrinolytics close to or into
the PA thrombus. Unfortunately, data supporting
such therapy is limited and mostly from small
case series (18,26–28). One small trial randomized
34 patients with angiographically large PE to IV- or
catheter-based infusion of t-PA at a dose of 50 mg over
2 h (29), and showed similar safety and angiographic
and hemodynamic results by both techniques. How-
ever, the local fibrinolytic dose used in this older trial
was much higher than what is currently used. In a
more recent prospective registry of 101 massive and
submassive PE patients treated with catheter-based
therapy (mostly local fibrinolysis), there was a sig-
nificant decrease in PA pressure and improvement in
RV function, with no reported major complications,
major bleeding, or strokes (26). Given the low risk for
major complications, it is reasonable to consider CDF
in patients with already stabilized massive PE who
have contraindications to systemic fibrinolysis and in
patients with intermediate-high–risk PE (those with
RV dysfunction and increased biomarkers), particu-
larly those deemed at increased bleeding risk with
full-dose systemic fibrinolysis. In a series of 52 PE
patients treated with CDF, a more prominent hemo-
dynamic benefit was obtained in patients with symp-
tom duration <14 days, as compared with those with a
longer symptom duration (28).
Techn ique . CT images, if available, are the basis for
planning the CDT procedure. Most high-risk patients
have bilateral PE, although some have a major
thrombus in 1 PA and only require unilateral treat-
ment. Internal jugular or femoral venous access with
ultrasound guidance is obtained. For femoral access,
ultrasound is used to rule out iliofemoral thrombus.
A catheter (e.g., balloon-tipped, pigtail, or multipur-
pose) is carefully advanced to the main PA, where
pressure and blood oxygen saturation sampling are
obtained. Contrast injection into the main PA or

selectively into each PA can be performed to identify
the location of the thrombi; these are typically in the
main and/or lower main PA branch (Figure 5). If
the location of the thrombi is not clear by manual
injection, or the anatomy has not been previously
established by CT, and if the pulmonary pressure is
not severely elevated, a power injection may be
necessary (e.g., at 15 to 20 m/s for a total of 30 ml
selectively in each main PA, with a 15! to 20! left
anterior oblique projection for the left PA and 0! to
20! right anterior oblique projection for right PA). The
volume of contrast injected can be adjusted on the
basis of the CT findings. An exchange-length soft- or
j-tipped wire is placed in the lower PA branch, and the
diagnostic catheter is exchanged for an infusion
catheter, which has a treatment zone of 6 to 12 cm
through which t-PA may be infused into the clot.
A second infusion catheter may be placed in the

FIGURE 3 FlowTriever Device

A

B

AGC

FRC

RAD

(A) The flow restoration catheter (FRC) is used to enmesh clots and is pulled through the
aspiration guide catheter (AGC) utilizing (B) the retraction aspirator device (RAD). Images
from Inari Medical.
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contralateral PA through a second venous sheath, if
needed, using the same technique. Alternatively, a
10- to 12-F sheath may be placed at the beginning of
the procedure and both catheters placed through the
larger sheath. A commonly used t-PA dose is 0.5 to 1.0
mg/h per catheter. The total t-PA dose is typically
between 12 and 24 mg, delivered over 6 to 24 h. Low-
dose, weight-adjusted heparin infusion is usually
continued during t-PA infusion, with a target partial
thromboplastin time on the low end of the thera-
peutic range (e.g., 40 to 60 s).

Commonly available infusion catheters used off-
label for PE include the Cragg-McNamera catheter
(ev3 Endovascular Inc.), the Fountain catheter (Merit
Medical, South Jordan, Utah), and the Unifuse cath-
eter (Angiodynamics). The EkoSonic catheter, (EKOS
Corp., Brothell, Washington), discussed later, is
currently the only catheter specifically approved by
FDA for the treatment of high-risk PE.

The risk of serious complications, including major
hemorrhage, using CDT has been low in published
studies. The risk of intracranial hemorrhage is <0.2%
(18,26–28).
Ult rasound acce lerated fibr inolys i s . The Eko-
Sonic catheter (Figure 6) consists of a 5.2-F con-
ventional infusion catheter with an inner cable
that transmits high-frequency, low-power ultra-
sound signals, designed to loosen the fibrin strands
and enhance thrombus penetration of the

fibrinolytic agent, hence theoretically achieving a
faster thrombus breakdown (30). The technique
used for in vivo insertion is similar to other infu-
sion catheters, as described earlier. Once the
catheter is in position over the 0.035-inch guide-
wire, the guidewire is replaced with the microsonic
cable, which is then locked into place. The cath-
eter has 2 infusion ports: 1 for the fibrinolytic
infusion, and the other for a coolant solution
(normal saline at $35 ml/h).

Limited evidence supports the use of ultrasound-
accelerated thrombolysis (discussed in detail by
Konstantinides et al. [31]). It is uncertain whether
this treatment is suitable for patients who are
hemodynamically unstable and need faster resolu-
tion of the PE or if there is long-term benefit of the
prolonged treatment in prevention of future pulmo-
nary hypertension, underscoring the need for more
evidence.

EXTRACORPOREAL MECHANICAL

OXYGENATION AND RV ASSIST DEVICES

Extracorporeal membrane oxygenator (ECMO) place-
ment has been described in case reports of patients
with massive PE, as it has the potential to unload
the RV and, importantly, provides oxygenation dur-
ing massive PE to allow for RV recovery (32,33). The
ability of the interventional team to place the ECMO
underscores the importance of a multidisciplinary
approach. In many institutions, PERT members
are also ECMO service members.

Technologies such as the percutaneous RV assist
device (Impella RP, Abiomed, Danvers, Massachu-
setts) may one day be considered for use in massive
PE, either as a bridge to definitive therapy, or to
support RV recovery after thrombus removal.

SURGICAL EMBOLECTOMY

Currently, surgical therapy is considered a last resort
for acute PE and is offered only to patients in
extremis. This concept is on the basis of data from
the 1960s, when the surgical pulmonary embolec-
tomy mortality rate was in excess of 50% (34). This
may have been due, in part, to selection bias, as only
patients with very poor prognosis were brought to
the operating room. Significant advances in cardiac
surgical techniques have led to an impressive
reduction in operative mortality, which is as low as
6% in the current era (35,36). Furthermore, there is
evidence to support reduced long-term mortality in
patients undergoing pulmonary embolectomy
(37,38). In a 2013 report on 27 consecutive surgical
pulmonary embolectomy patients, there was no

FIGURE 4 Penumbra Indigo Aspiration System

(A) The 6- to 8-F straight or angled aspiration catheter (CAT6 or CAT8, respectively)
is advanced to the thrombus and aspiration performed with the (B) ACER pump. Separator
wires may be inserted into the catheter and utilized in a gentle back-and-forth motion to
clear the catheter of thrombus. Images from Penumbra, Inc.
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AngioVac FlowTriever Penumbra Indigo
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• Infusión del fibrinolítico a nivel local, utilizando diferentes catéteres de infusión 

• Ventajas: 

• Administración intratrombo del fármaco 

• Reducir dosis de FBN —> ⇓ riesgo de sangrado 

• Pauta más habitual: rTPA 0.5-1 mg/h durante 6-12h, dosis máxima de 24 mg 

• Limitaciones: 

• Infusión durante determinado periodo de tiempo: ¿TEP de alto riesgo? 

• Combinación con otras técnicas 

• FBN intrarterial facilitada (ultrasonidos)

Fibrinolisis intrarterial
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Catéteres de infusión

Cragg-McNamera Catheter 
Fountain Catheter 
Unifuse Catheter

in-hospital mortality and a 10-year actuarial survival
rate of 93%; both late mortalities were unrelated to
PE or related therapy (39).

SURGICAL TECHNIQUE. After median sternotomy,
patients are anticoagulated with heparin and placed
on cardiopulmonary bypass. Dual venous cannula-
tion allows excellent venous drainage and full access
to the right heart. The PA is typically opened longi-
tudinally, distal to the pulmonic valve, to a length of
approximately 5 cm. Sponge forceps are used to grasp
and remove visible clots. Small clot fragments may be
extracted using targeted gentle suction. The aorta
may be circumferentially freed and gently retracted
to allow “deeper” visualization of the right PA.
Occasionally, a secondary distal incision of the right
PA is made to allow even more distal access. Clots are

typically not adhered to the artery wall, and thus are
easily removable in acute PE cases.

VENA CAVA FILTER

Placement of an inferior vena cava (IVC) filter is
indicated in patients with acute PE who have absolute
contraindications to anticoagulation or in patients
who have recurrent PE, despite adequate anti-
coagulation (1,2). The position of the filter below or
above the renal veins depends on the absence or
presence of renal vein thrombus, respectively.
Retrievable filters are preferable because they are
associated with lower complication rates (40). Both
the American and the European guidelines do not
recommend routine use of IVC filters in patients
with PE (1,2). These recommendations are supported

FIGURE 5 Example of a PE Treated With CDF

(A and B) CT angiogram of a patient with acute submassive PE, with thrombi seen in bilateral main PAs extending into the lower branches
(yellow arrows). (C) Pulmonary angiography of the same patient, demonstrating hand injection of contrast into the lower left PA branches,
with thrombus noted by the orange arrow. (D) Infusion catheters noted in both PAs. Manual injection of contrast agent performed through the
left catheter (orange arrows), documenting that the catheter is imbedded in the clot. Note EkoSonic catheter markers in the right PA (red
arrow). CDF ¼ catheter-directed fibrinolysis; CT ¼ computed tomography; PA ¼ pulmonary artery; PE ¼ pulmonary embolism.
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Fibrinolisis intrarterial

Intravenous and intrapulmonary rTPA in the treatment of acute pulmonary ambolism. Circulation 1988;  77: 353-360 
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FIGURE 1. Individual data for and mean (-+- SD) respiration rate, pulmonary arterial pressure, pulmonary artery 02 saturation,
and pulmonary angiographic score of severity in patients with acute massive pulmonary embolism treated with one or two
infusions of rt-PA administered in the pulmonary artery (PA) or in a systemic vein (IV).

normalized by the end of the second infusion at a mean
elapsed time of 9 hr.
Two patients received, after the second infusion of

rt-PA, subsequent thrombolytic treatment. In one

patient urokinase was given because the pulmonary
angiographic severity score had only decreased from 22
to 14; in the other patient the severity score had
remained 21 and a streptokinase infusion was given
over 3 days. No control pulmonary angiogram was

356

obtained after treatment with urokinase or strepto-
kinase.

Hematologic results. The hematologic results are

listed in table 3. The hematocrit remained unchanged
during thrombolytic treatment. Disregarding the route
of administration of rt-PA, plasma fibrinogen de-
creased from 3.87 g/liter before treatment to 2.06
g/liter after the first infusion in all patients (- 47%) and
from 3.91 to 1.36 g/liter after the second infusion in the
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Fibrinolisis intrarterial (proximal o 
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Fibrinolisis intrarterial 
acelerada (Ultrasonidos)

by the PREPIC2 (Prevention of Recurrent Pulmonary
Embolism by Vena Cava Interruption 2) study,
recently conducted in intermediate- and low-risk
patients (41). However, 3 large analyses, including a
U.S. nationwide hospital sample (42) and a study from
Japan (43), suggest that IVC filters may result in better
outcomes in patients with massive or intermediate-
high–risk PE. In the International Cooperative Pul-
monary Embolism registry, IVC filter use in patients
with massive PE was associated with reduced rates of
recurrent PE and mortality at 90 days (44).

POST-INTERVENTION

Maintenance of anticoagulation post-intervention is
critical to prevent recurrent clot formation. However,
patients who have had a recent catheter-based inter-
vention are at risk of access site bleeding. One strategy
to potentially reduce bleeding risk is to hold the hep-
arin drip for 1 to 2 h after sheath removal, then restart
without a bolus. Warfarin is administered on the night
of the procedure, and parenteral anticoagulation and
warfarin are overlapped until the international
normalized ratio is 2 to 3 for at least 24 h, as per
American College of Chest Physicians guidelines (7).

Low molecular weight heparin can be utilized in
lieu of IV heparin. Alternatively, novel oral

anticoagulants, including rivaroxaban, dabigatran,
apixaban, and edoxaban, can be used (45–48). How-
ever, no guidelines indicate when or how these
agents should be initiated post-CDT, especially if
fibrinolytic agents have been administered. If an
alternative anticoagulant agent is utilized, we suggest
heparin alone for the first 24 to 48 h post-intervention
and then discontinuation of the heparin at the time of
the first alternative anticoagulant agent dosing. This
strategy does not include dabigatran or edoxaban
usage, which require at least 5 days of parenteral
therapy before initiation.

Appropriate transition of the patient from the
inpatient to the outpatient setting is important. This
includes assessment of adequacy of anticoagulation
or affordability of novel anticoagulant agents, if pre-
scribed. Outpatient follow-up with a medical provider
familiar with PE care is imperative; several in-
stitutions incorporate a PE follow-up clinic as part of
the PERT program. To be addressed at follow-up are:
monitoring of anticoagulation; assessment of length
of anticoagulation and bleeding risk; retrieval of IVC
filter, if appropriate; screening for the development
of chronic pulmonary hypertension in patients at risk;
and completion of a hypercoagulable profile, when
indicated.

CONCLUSIONS

At this time, there is not enough evidence to strongly
support routine utilization of any of the previously
discussed techniques in the management of sub-
massive or massive PE, beyond anticoagulation. Most
PE patients should continue to be treated conserva-
tively, with aggressive treatment options reserved for
those at high- or intermediate-high–risk without
contraindications. Several studies have shown benefit
from systemic fibrinolysis in this patient population,
at the expense of an increased bleeding risk.
Currently, CDF with use of the EKOS catheter is the
only FDA-approved catheter-based therapy for use in
treatment of acute PE, although adequate compara-
tive studies are lacking. Other catheter-based thera-
pies focus on direct thrombus removal without use of
fibrinolytic agents and may be an option for patients
who either cannot receive fibrinolysis or cannot wait
for CDF to take effect. Although some centers have
reported favorable outcomes with surgical embolec-
tomy as a first-line management of intermediate-
high– and high-risk PE, it is reasonable to reserve it
for patients with massive PE and shock, who have
contraindications to fibrinolysis, who have failed
other treatments, or who have concomitant intracar-
diac thrombus or paradoxical embolus.

FIGURE 6 EkoSonic Endovascular Device

The 5.2-F infusion catheter (A), which contains 3 lumens: 1 each for the inner ultrasound
cable, drug infusion, and normal saline as a coolant. The inner cable (B) is shown with
ultrasound crystals (arrows). Ultrasound energy separates fibrin strands, allowing for
enhanced thrombus penetration of fibrinolytic agent. Images from EKOS Corporation.
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Acute pulmonary embolism (PE) is a potentially life-
threatening disease, spanning a wide spectrum of clinical 

outcomes.1 Hemodynamically stable patients with preserved 
right ventricular (RV) size and function are classified as low-
risk patients and have an excellent short-term prognosis once 
therapeutic levels of anticoagulation therapy are established.2 
In contrast, hemodynamically unstable patients are at high 
risk of death from worsening RV failure and cardiogenic 
shock, with a hospital mortality rate >15%.3,4 Approximately 
one quarter of hemodynamically stable patients with PE are 
at intermediate risk, with mortality rates ranging from 3% to 

15% if imaging or biomarker evidence of RV dilatation or 
dysfunction is present.5,6

Editorial see p 420 
Clinical Perspective on p 486

Systemic thrombolysis improves hemodynamic parameters7 
and reverses RV dilatation and dysfunction8,9 but is associated 
with rates of major bleeding complications in up to 20% and 
intracranial hemorrhage in up to 3%.10,11 Systemic thrombolysis 
is standard treatment for high-risk PE2,11; however, it is withheld 
in more than two thirds of such patients.4,12 The use of systemic 

Background—In patients with acute pulmonary embolism, systemic thrombolysis improves right ventricular (RV) dilatation, 
is associated with major bleeding, and is withheld in many patients at risk. This multicenter randomized, controlled trial 
investigated whether ultrasound-assisted catheter-directed thrombolysis (USAT) is superior to anticoagulation alone in 
the reversal of RV dilatation in intermediate-risk patients.

Methods and Results—Fifty-nine patients (63±14 years) with acute main or lower lobe pulmonary embolism and 
echocardiographic RV to left ventricular dimension (RV/LV) ratio ≥1.0 were randomized to receive unfractionated heparin 
and an USAT regimen of 10 to 20 mg recombinant tissue plasminogen activator over 15 hours (n=30; USAT group) 
or unfractionated heparin alone (n=29; heparin group). Primary outcome was the difference in the RV/LV ratio from 
baseline to 24 hours. Safety outcomes included death, major and minor bleeding, and recurrent venous thromboembolism 
at 90 days. In the USAT group, the mean RV/LV ratio was reduced from 1.28±0.19 at baseline to 0.99±0.17 at 24 hours 
(P<0.001); in the heparin group, mean RV/LV ratios were 1.20±0.14 and 1.17±0.20, respectively (P=0.31). The mean 
decrease in RV/LV ratio from baseline to 24 hours was 0.30±0.20 versus 0.03±0.16 (P<0.001), respectively. At 90 days, 
there was 1 death (in the heparin group), no major bleeding, 4 minor bleeding episodes (3 in the USAT group and 1 in the 
heparin group; P=0.61), and no recurrent venous thromboembolism.

Conclusions—In patients with pulmonary embolism at intermediate risk, a standardized USAT regimen was superior to 
anticoagulation with heparin alone in reversing RV dilatation at 24 hours, without an increase in bleeding complications.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT01166997.   
(Circulation. 2014;129:479-486.)
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End point: ratio VD/VI a las 24h

Randomizado. 59 pacientes 
TEP riesgo intermedio 

disfunción VD (ratio VD/VI ≥ 1)

ULTIMA trial
      FBN        Heparina

Ratio VD/VI 0.30±0.20 0.03±0.16

Grupo de FBN mejoría significativa 
parámetros hemodinámicos y eco

Complicaciones hemorrágicas 
Mayores: 0 

Menores: 10% vs 3%
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Aims No standardized local thrombolysis regimen exists for the treatment of pulmonary embolism (PE). We retrospectively
investigated efficacy and safety of fixed low-dose ultrasound-assisted catheter-directed thrombolysis (USAT) for inter-
mediate- and high-risk PE.

Methods
and results

Fifty-two patients (65+ 14 years) of whom 14 had high-risk PE (troponin positive in all) and 38 intermediate-risk PE
(troponin positive in 91%) were treated with intravenous unfractionated heparin and USAT using 10 mg of recombinant
tissue plasminogen activator per device over the course of 15 h. Bilateral USAT was performed in 83% of patients. During
3-month follow-up, two [3.8%; 95% confidence interval (CI)0.5–13%]patientsdied (one fromcardiogenic shock andone
from recurrent PE). Major non-fatal bleeding occurred in two (3.8%; 95% CI, 0.5–13%) patients: one intrathoracic bleed-
ing after cardiopulmonary resuscitation requiring transfusion, one intrapulmonary bleeding requiring lobectomy. Mean
pulmonary artery pressure decreased from 37+ 9 mmHg at baseline to 25+ 8 mmHg at 15 h (P , 0.001) and cardiac
index increased from 2.0+0.7 to 2.7+ 0.9 L/min/m2 (P , 0.001). Echocardiographic right-to-left ventricular end-
diastolic dimension ratio decreased from 1.42+0.21 at baseline to 1.06+0.23 at 24 h (n ¼ 21; P , 0.001). The greatest
haemodynamic benefit fromUSATwas found in patients withhigh-risk PE and in thosewith symptom duration , 14days.

Conclusion A standardized catheter intervention approach using fixed low-dose USAT for the treatment of intermediate- and high-
risk PE was associated with rapid improvement in haemodynamic parameters and low rates of bleeding complications and
mortality.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Pulmonaryembolism † Catheter-directed thrombolysis † Cardiac output † Pulmonary artery pressure † Mortality

† Bleeding

Introduction
Pulmonary embolism (PE) is a common clinical condition with a large
spectrum of outcomes.1 Patients can be stratified into different risk
groups according to haemodynamic status and imaging or biomarker
assessment of right ventricular function.2,3 Haemodynamically stable
patients without signs of right ventricular dysfunction have an

excellent short-term prognosis and are classified as low-risk PE
patients. On the other hand, intermediate-risk (or submassive) PE,
defined as PE with preserved systemic arterial pressure, but evidence
of right ventricular dysfunction on imaging or biochemical assay, is
associated with a 3-month mortality rate of 3–15%.2– 5 The
in-hospital mortality rate may exceed 50% in patients with high-risk
(or massive) PE, defined as PE with sustained systemic arterial
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Restrospectivo de 52 pacientes TEP: 
Alto (14) 

Intermedio (38), disfunción VD (VD/VI ≥ 0.9)

End point: PAP e IC

or acute-on-chronic presentation (20.38+ 0.14 vs. 20.27+0.23,
P ¼ 0.24). Atbaselineechocardiography,moderate to severe systolic
right ventricular dysfunction was present in all patients with high-risk
and 80% of patients with intermediate-risk PE. After USAT, 10%
of patients with high-risk PE and 18% of patients with intermediate-
risk PE had moderate to severe systolic right ventricular dysfunction
(P , 0.01 compared with baseline exam for both groups).

Discussion
In the present study, fixed low-dose USAT for patients with high- and
intermediate-risk PE improved right ventricular function based on in-
vasive pulmonary artery pressure and CO measurements and was
associated with low bleeding and mortality rates.

The goal of revascularization therapy is to facilitate right ventricu-
lar recovery, to increase systemic perfusion, to improve symptoms

and survival, and to prevent chronic thrombo-embolic pulmonary
hypertension.3,7 Previous studies reported a reduction of the pul-
monary thrombus load following USAT.11,12,19 However, reduction
in clot burdenmay notnecessarily cause an improvement in right ven-
tricular function and haemodynamic parameters.20 In a recent study
by Kennedy et al.13 of 60 patients with PE, USAT using varying rt-PA
dose and treatment duration improved pulmonary artery pressure at
completion of treatment. The total rt-PA dose was nearly twice as
high as in our study (35 vs. 20 mg). Cardiac risk stratification was
not routinely performed, and several patients without right ventricu-
lar dilatation were treated. In addition, mean pulmonary artery pres-
surewas lower than in the present study (27 vs. 37 mmHg). A novelty
of our study is that a fixed low-dose thrombolysis regimen (total
rt-PA dose 20 mg over 15 h) was used. Biomarker or imaging evi-
dence of right ventricular dysfunction confirmed the presence of
high- or intermediate-risk PE in all treated patients. In the present
study, the reduction of pulmonary artery pressure was accompanied
by an increase in cardiac index which suggests a reduction in pulmon-
ary vascular resistance. In a randomized, controlled trial comparing a
2-h systemic infusion of rt-PA (total dose of 100 mg) to a double
bolus of 10 units reteplase at an interval of 30 min in patients with
high-risk PE, Tebbe et al.21 reported an increase of cardiac index of
!30% in both groups within 24 h. This corresponds well to the 33
and 42% increase in cardiac index after USAT in our patients with
intermediate- and high-risk PE, respectively.

The long-term benefit of early haemodynamic improvement fol-
lowing catheter-based or systemic PE thrombolysis is less well estab-
lished. Ribeiro et al.22 previously reported that after PE, pulmonary
artery pressure progressively decreases during the first 30 days, fol-
lowed by a stable phase. During 5 years of follow-up, only patients
with persistent pulmonary hypertension during the stable phase
required pulmonary thromboendarterectomy due to progressive
right ventricular failure.22 In a randomized, controlled trial of syste-
mic thrombolysis vs. anticoagulation alone, there was persistent im-
provement in echocardiographic parameters of right ventricular
function throughout a 6-month follow-up in favour of the patients
who underwent thrombolysis.23 In another randomized, controlled
trial of systemic urokinase vs. heparin alone, pulmonary artery pres-
sure and pulmonary vascular resistance at rest and during exercise at
7-year follow-up were lower in the thrombolysis group.24 Overall, it
is reasonable to suggest that a revascularisation strategy with early
improvement in haemodynamic parameters may potentially reduce
the incidence of chronic pulmonary hypertension, the main long-
term complication of PE.

An increased RV/LV ratio by echocardiography or CT angiography
as a sign of right ventricular dysfunction predicts short-term mortal-
ity.5,25 Not surprisingly, changes in RV/LV ratio have been used as sur-
rogate marker for clinical outcomes in the treatment of PE.12,26 A
recent study found a significant reduction of the RV/LV ratio by CT
angiography from 1.33+0.24 to 1.00+ 0.13 following USAT. No
fixed-dose thrombolysis regimen was used in this study and the
total mean rt-PA dose was higher (33.5+ 15.5 mg) with longer infu-
sion time (mean duration 19.7+8.1 h) than in our study.12 A similar
treatment effect for systemic thrombolysis was also observed in the
randomized controlled Tenecteplase Italian Pulmonary Embolism
trial, comparing weight-adjusted intravenous tenecteplase vs. stand-
ard therapy with unfractionated heparin without thrombolysis in

Figure1 Paired chart of themean pulmonary arterypressure (A),
cardiac index (B), andechocardiographic RV/LVratio (C ) beforeand
afterultrasound-assisted catheter-directed thrombolysis. Individual
responses and group mean+ SD are shown. Note: two patients
with mean pulmonary artery pressure below 20 mmHg underwent
cardiopulmonary resuscitation and were in cardiogenic shock (A).
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Fibrinolisis intrarterial facilitada (US)
A Prospective, Single-Arm, Multicenter
Trial of Ultrasound-Facilitated,
Catheter-Directed, Low-Dose Fibrinolysis
for Acute Massive and Submassive
Pulmonary Embolism
The SEATTLE II Study
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ABSTRACT

OBJECTIVES This study conducted a prospective, single-arm, multicenter trial to evaluate the safety and efficacy of

ultrasound-facilitated, catheter-directed, low-dose fibrinolysis, using the EkoSonic Endovascular System (EKOS, Bothell,

Washington).

BACKGROUND Systemic fibrinolysis for acute pulmonary embolism (PE) reduces cardiovascular collapse but causes

hemorrhagic stroke at a rate exceeding 2%.

METHODS Eligible patients had a proximal PE and a right ventricular (RV)-to-left ventricular (LV) diameter

ratio $0.9 on chest computed tomography (CT). We included 150 patients with acute massive (n ¼ 31) or submassive

(n ¼ 119) PE. We used 24 mg of tissue-plasminogen activator (t-PA) administered either as 1 mg/h for 24 h with a

unilateral catheter or 1 mg/h/catheter for 12 h with bilateral catheters. The primary safety outcome was major bleeding

within 72 h of procedure initiation. The primary efficacy outcome was the change in the chest CT–measured RV/LV

diameter ratio within 48 h of procedure initiation.

RESULTS Mean RV/LV diameter ratio decreased from baseline to 48 h post-procedure (1.55 vs. 1.13; mean

difference, "0.42; p < 0.0001). Mean pulmonary artery systolic pressure (51.4 mm Hg vs. 36.9 mm Hg; p < 0.0001) and
modified Miller Index score (22.5 vs. 15.8; p < 0.0001) also decreased post-procedure. One GUSTO (Global Utilization of

Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries)–defined severe bleed (groin hematoma

with transient hypotension) and 16 GUSTO-defined moderate bleeding events occurred in 15 patients (10%). No patient

experienced intracranial hemorrhage.

CONCLUSIONS Ultrasound-facilitated, catheter-directed, low-dose fibrinolysis decreased RV dilation, reduced pul-

monary hypertension, decreased anatomic thrombus burden, and minimized intracranial hemorrhage in patients with

acute massive and submassive PE. (A Prospective, Single-arm, Multi-center Trial of EkoSonic! Endovascular System and

Activase for Treatment of Acute Pulmonary Embolism (PE) [SEATTLE II]; NCT01513759) (J Am Coll Cardiol Intv
2015;8:1382–92) © 2015 by the American College of Cardiology Foundation.
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Scientific Sessions in Washington, DC. The trial was
designed and led by an Executive Committee (G.P.
and S.Z.G.) from the Study Coordinating Center. The
Executive Committee established the data analysis
plan and participated in the statistical analysis.

STUDY POPULATION. Patients were potentially
eligible to participate if they had a proximal PE (filling
defect in at least 1 main or lobar pulmonary artery),
age 18 years or older, PE symptom duration #14 days,
and RV/LV diameter ratio $0.9 on contrast-enhanced
chest computed tomography (CT). We included
patients with massive (defined as syncope, systemic
arterial hypotension, cardiogenic shock, or resusci-
tated cardiac arrest) or submassive (defined as a
normotensive patient with PE and evidence of RV
dysfunction) PE. Major exclusion criteria were stroke
or transient ischemic attack, head trauma, or other

active intracranial or intraspinal disease within
12 months; major surgery within 7 days; recent active
bleeding from a major organ; hematocrit <30%;
platelets <100,000/ml; International Normalized
Ratio >3; serum creatinine >2 mg/dl; and systolic
blood pressure <80 mm Hg despite vasopressor or
inotropic support (Online Appendix). Obesity was
defined as a clinical diagnosis of obesity in the med-
ical record.

ANTICOAGULATION. Anticoagulation was initiated
with full-dose intravenous unfractionated heparin
with a target activated partial thromboplastin time of
60 to 80 s. For patients who had already received
low-molecular weight heparin or fondaparinux, the
initiation of intravenous unfractionated heparin was
delayed by 12 h. After completion of the procedure, all
subjects received full anticoagulation. The drug,

CENTRAL ILLUSTRATION Ultrasound-Facilitated, Catheter-Directed, Low-Dose Fibrinolysis for Acute Massive
and Submassive Pulmonary Embolism

A total of 150 patients with computed tomography (CT)-confirmed pulmonary embolism (PE), symptoms for 14 days or less, and a right
ventricular (RV)/left ventricular (LV) diameter ratio of at least 0.9 underwent ultrasound-facilitated, catheter-directed, low-dose fibrinolysis
according to a standardized protocol. Ultrasound-facilitated, catheter-directed, low-dose fibrinolysis for acute massive and submassive
pulmonary embolism (PE) improved RV function, decreased pulmonary hypertension, and minimized intracranial hemorrhage. PA ¼ pulmonary
artery; tPA ¼ tissue plasminogen.

Piazza et al. J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 8 , N O . 1 0 , 2 0 1 5

Ultrasound-Facilitated, Low-Dose Fibrinolysis for Acute PE A U G U S T 2 4 , 2 0 1 5 : 1 3 8 2 – 9 2

1384

150 pacientes: 
 119 riesgo intermedio (79.3%) 

31 riesgo alto (20./%)

End point: cambio ratio 
VD/VI por TC a las 48

adjudicated by a designated independent Study
Safety Monitor (M.R.J.).

STATISTICAL ANALYSIS. We estimated that at 48 h
after the procedure, therewould be at least a 0.27mean
decrease from baseline in the RV/LV diameter ratio,
based on a study that compared RV/LV diameter ratios
at baseline and after reperfusion in patients undergo-
ing systemic fibrinolysis or surgical pulmonary embo-
lectomy for acute PE (18). A 20% decrease in the RV/LV
diameter ratio was observed in a previous systemic
fibrinolysis study (19) and served as the basis for our
sample size estimate. With recruitment of 118 evalu-
able subjects in our present study, the power was
w0.89 to detect a >0.2 mean RV/LV diameter ratio
decrease, with a SD of 0.24, at a 2-sided p < 0.05 sig-
nificance level by t test.

Results for continuous variables were compared
with baseline using a paired t test or Wilcoxon signed
rank test. For 2-group comparisons, a 2-sample t test
or Wilcoxon rank sum test was used for continuous
data, and the Fisher exact test was used for binary
data. All reported p values were 2-sided, and a
p value <0.05 was considered statistically significant.
An intercept-only mixed model repeated measures
analysis was conducted with change in RV/LV diam-
eter ratio as the dependent variable and study site
(n ¼ 22) fitted as a random effect to assess the vari-
ance in the change in RV/LV diameter ratio across the
study sites. All statistical analyses were performed
using SAS statistical software version 9.2 (SAS Insti-
tute, Cary, North Carolina).

ROLE OF FUNDING. The sponsor had no role in data
interpretation or writing the manuscript. G.P. and
S.Z.G. had full access to the data and had final re-
sponsibility for the decision to submit for publication.
The sponsor of the trial was in possession of the
database.

RESULTS

BASELINE DEMOGRAPHICS AND CLINICAL

CHARACTERISTICS. The mean age was 59 years
(Table 1). The mean body mass index (35.6 kg/m2) was
consistent with an obese patient population. Com-
mon risk factors for PE included obesity (55%),
immobility within 30 days of PE diagnosis (30%),
family history of venous thromboembolism (21%),
and personal history of deep vein thrombosis (DVT)
(20%) or PE (10%). Mean serum creatinine was
1.0 mg/dl.

CHARACTERISTICS OF A PE. All patients had symp-
tomatic PEs (Table 2). The duration of PE symptoms
was 14 days or less, with the exception of a single
patient who was subsequently found to have symp-
toms for more than 14 days. Submassive PE and
massive PE were observed in 79% and 21% of patients,
respectively.

PROCEDURAL CHARACTERISTICS. The mean total
dose of t-PA was 24 mg (Table 3). Of 285 devices that
were attempted to be placed, 98% were successfully
placed. Right femoral venous access was most
frequently used for device placement (64%). Ultra-
sound guidance was used in 73% of vascular access
procedures for catheter placement. Bilateral devices
were placed in 86% of patients. Bilateral catheters to
treat bilateral PE were placed through a single-access
site in the majority of patients (57%).

EFFICACY OUTCOMES. Thirty-five patients did not
have follow-up chest CT performed within the 48 "
6-h window. The mean RV/LV diameter ratio de-
creased from 1.55 at baseline to 1.13 at 48 " 6 h after
initiation of the procedure (mean difference, #0.42;
p < 0.0001) (Table 4, Figure 2). Invasively measured
mean pulmonary artery systolic pressure decreased
from 51.4 mm Hg at baseline to 37.5 mm Hg at the
completion of the procedure (mean difference,

TABLE 3 Procedural Characteristics

Total dose of t-PA, mg* 23.7 " 2.9

Successful device placement† 278 (97.5)

Access sites‡

Right femoral vein 177 (63.7)

Left femoral vein 61 (21.9)

Right internal jugular vein 31 (11.2)

Other 9 (3.2)

No. of devices per patient*

0 1 (0.7)

1 20 (13.3)

2 129 (86)

Completed infusion of t-PA‡ 272 (97.8)

Values are mean " SD or n (%). *N ¼ 150 patients (1 patient died before devices
could be placed). †Devices attempted ¼ 285. ‡Devices placed ¼ 278.

t-PA ¼ tissue-plasminogen activator.

TABLE 4 Efficacy Outcomes*

Outcome Baseline
At Procedure
Completion

Absolute
Difference

48 h After
Procedure

Absolute
Difference

PA systolic pressure,
mm Hg

51.4 " 16 37.5 " 11.9† #14 " 15 36.9 " 14.9‡ #14.4 " 15.4

RV/LV diameter ratio 1.55 " 0.39 – – 1.13 " 0.2§ #0.42 " 0.36

Modified Miller Index 22.5 " 5.7 – – 15.8 " 5.9k #6.6 " 6.3

Values are mean " SD. *All p values <0.0001. †Patients with complete right heart catheterization data ¼ 147.
‡Patients with transthoracic echocardiogram performed within both the baseline and the 48 " 6-h window¼ 98.
§Patients with contrast-enhanced chest computed tomography performed within both the baseline and the
48 " 6-h window ¼ 115. kPatients with contrast-enhanced chest computed tomography performed within both
the baseline and the 48 " 6-h window ¼ 116.

PA ¼ pulmonary artery; RV/LV ¼ right ventricular-to-left ventricular.
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!14 mm Hg; p < 0.0001). The decrease in mean pul-
monary artery systolic pressure was sustained from
baseline to 48 " 6 h, as estimated by transthoracic
echocardiography (51.4 mm Hg vs. 36.9 mm Hg; mean
difference, !14.4; p < 0.0001). Mean modified Miller
angiographic obstruction index score decreased
from 22.5 at baseline to 15.8 at 48 " 6 h (mean
difference, !6.6; p < 0.0001).

An analysis was conducted to determine whether
there was any difference in the change in RV/LV
diameter ratio between patients who had a follow-up

CT scan performed with the 48 " 6-h window and
those who had a follow-up CT scan performed but it
fell outside of the 48 " 6-h window. There was no
difference in the change in RV/LV diameter ratio in
patients who had a follow-up CT scan performed
within the 48 " 6-h window and those who had a
follow-up CT scan performed but it fell outside of the
48 " 6-h window (mean percentage of change, !24%
vs. !29%; p ¼ 0.29). Similarly, there was no difference
in the change in pulmonary artery systolic pressure in
patients who had follow-up echocardiography per-
formed within the 48 " 6-h window and those
who had echocardiography performed outside of the
48 " 6-h window (mean percentage of change,
!14.4 mm Hg vs. !17.5 mm Hg; p ¼ 0.24).

A random-effects model analysis was performed to
assess whether there was significant variance in the
change in RV/LV diameter ratio according to study
site. There was no indication of significant study site
variance (p ¼ 0.24), and the 2-sided p value for
comparing the mean change in RV/LV diameter ratio
with the pre-specified control value of !0.2 remained
significant (p < 0.0001).

SAFETY OUTCOMES. Three patients died while hos-
pitalized, and 1 patient died after hospital discharge
within 30 days of the procedure (Table 5). One patient
died of massive PE before the procedure could be
completed; 1 patient changed her code status and
elected to receive hospice care after multisystem or-
gan failure developed during a prolonged admission;
1 patient died of sepsis unrelated to the procedure;
and 1 patient died of PE resulting in progressive res-
piratory failure. The patient who died before the
procedure could be completed was a 61-year-old
woman with diabetes, obesity, and recent infectious
illness who presented hemodynamically stable with

FIGURE 2 Efficacy Outcomes

(A) Change in contrast-enhanced CT–determined mean RV/LV
diameter ratio from baseline to 48 " 6 h after initiation of the
ultrasound-facilitated, catheter-directed, low-dose fibrinolytic
procedure. (B) Change in invasively measured mean systolic
pulmonary artery pressure from baseline to completion of the
ultrasound-facilitated, catheter-directed, low-dose fibrinolysis
and to 48 " 6 h after the procedure as estimated by trans-
thoracic echocardiogram. (C) Change in contrast-enhanced
CT–determined mean modified Miller pulmonary angiographic
obstruction index score from baseline to 48 " 6 h after initiation
of the ultrasound-facilitated, catheter-directed, low-dose fibri-
nolytic procedure. Abbreviations as in Figure 1.

TABLE 5 Safety Outcomes (N ¼ 150)

Length of stay, SD, days 8.8 " 5

In-hospital death 3 (2)

30-day mortality* 4 (2.7)

Serious and severe adverse events potentially
related to device

3 (2)

Serious and severe adverse events potentially
related to t-PA

2 (1.3)

IVC filter placed 24 (16)

Major bleeding within 30 days* 15 (10)

GUSTO moderate* 14 (9.3)

GUSTO severe* 1 (0.7)

Intracranial hemorrhage 0 (0)

Values are mean " SD or n (%). *N ¼ 149 (1 patient lost to follow-up).

GUSTO ¼ Global Utilization of Streptokinase and Tissue Plasminogen Activator
for Occluded Coronary Arteries; IVC ¼ inferior vena cava; t-PA ¼ tissue-
plasminogen activator.
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Catheter-Tip Embolectomy in the Management of Acute Massive
Pulmonary Embolism

Elias Skaf, MDa, Afzal Beemath, MDa, Tehmina Siddiqui, MDa, Muhammad Janjua, MDa,
Nikunj R. Patel, MDa, and Paul D. Stein, MDa,b,*

Three catheter interventional techniques are currently available for removing or fragment-
ing pulmonary emboli: aspiration thrombectomy, fragmentation, and rheolytic thrombec-
tomy. The investigators systematically reviewed all available published research related to
the use of catheter-tip devices in patients with pulmonary emboli. Pooled data showed that
clinical success with the Greenfield catheter occurred in 72 of 89 patients (81%) when used
alone and in 19 of 19 patients (100%) when used in combination with thrombolytic agents.
Fragmentation with standard catheters used alone (without thrombolytic agents) was
reported in only 3 patients. Clinical success with standard angiographic catheters occurred
in 15 of 21 patients (71%) when used in combination with systemic thrombolytic agents and
in 115 of 121 patients (95%) when used with local infusions of thrombolytic agents. Data
for the Amplatz catheter, the rheolytic Angiojet catheter, and the Hydrolyser catheter when
used alone were sparse or absent. Clinical success when used in combination with throm-
bolytic agents occurred in 6 of 6 patients (100%) with the Amplatz catheter, in 20 of 23
patients (87%) with the Angiojet catheter, and in 19 of 20 patients (95%) with the
Hydrolyser catheter. Minor bleeding at the insertion site among all patients, with and
without thrombolytic agents, occurred in 29 of 348 patients (8%), and major bleeding at the
insertion site occurred in 8 of 348 patients (2%). One patient experienced perforation of the
right ventricle with the Greenfield catheter. None reported perforation of a pulmonary
artery. In conclusion, all the devices analyzed in this study appear to be useful in the
management of acute massive pulmonary emboli. © 2007 Elsevier Inc. All rights re-
served. (Am J Cardiol 2007;99:415–420)

Catheter-tip embolectomy has evolved since the first suction
embolectomy catheter developed by Greenfield et al1 and
the first catheter-tip fragmentation device tested by Stein
et al2 in dogs. There currently are 3 categories of catheter
interventional techniques for removing pulmonary emboli
(PE) or for decreasing clot burden: (1) aspiration thrombec-
tomy, (2) fragmentation, and (3) rheolytic thrombectomy.3,4

Aspiration thrombectomy uses sustained syringe suction
applied to a vacuum suction cup at the tip of the catheter to
securely hold the embolus while it is removed via the
venotomy.5–12 The fragmentation of PE has been done by
manually breaking clots with angiographic (usually pigtail)
catheters,8–12 sometimes used with guidewires over which
the catheters are rotated.13 A more advanced fragmentation
device, the Amplatz catheter (Microvena Corp., White Bear
Lake, Minnesota), uses an impeller to homogenize the
thrombus8–11 (Figure 1). Rheolytic thrombectomy catheters
(Angiojet, Possis Medical Inc., Minneapolis, Minnesota;
Hydrolyser, Cordis Corp., Miami, Florida; and Oasis, Medi-
tech/Boston Scientific Corp., Natick, Massachusetts) use a
high-speed jet of saline to create a Venturi effect that frag-

ments adjacent thrombi and entrains the debris into an
evacuation lumen8–11 (Figure 2).

Methods

The results of catheter-tip devices in patients with massive
PE were reviewed using established methods for systematic
review.14–16 The electronic search was performed using
PubMed, which includes Medline, OLDMEDLINE, Ovid,
and the Cochrane Library database. The search terms were
“embolectomy,” “catheter embolectomy,” “mechanical em-
bolectomy,” “fragmentation,” “catheter fragmentation,”
“catheter-tip fragmentation,” “catheter suction and suction
embolectomy,” “Greenfield catheter,” “pigtail catheter,”
“Amplatz catheter,” “rheolytic catheter,” “Angiojet cathe-
ter,” “Hydrolyser catheter,” and “Oasis catheter,” all
matched with “pulmonary embolism.” Manual reference
checks of recent reviews and original investigations were
performed to supplement the electronic searches. Abstracts,
letters, comments, reviews, animal studies, and in vitro
studies were excluded (Figure 3).

Mean pulmonary artery and systemic blood pressures
were calculated from the reported systolic and diastolic
pressures using the following equation when mean pressure
was not reported: mean pressure ! [(2 " diastolic compo-
nent) # systolic component]/3 (http://www.globalrph.com/
map.cgi). An angiographic assessment score (the Miller
index or the Urokinase Pulmonary Embolism Trial [UPET]
index) and a shock index, when reported, were used to
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Metanalisis incluye 40 estudios: 348 pacientes

ranged from 0% to 15%. In patients in randomized trials
who received thrombolytic agents without any mechanical
intervention in the management of PE, major bleeding was
reported in an average of 14.7% of patients who received
recombinant tissue plasminogen activator and 17% of pa-
tients who received urokinase.52 The reason that lower rates
of major bleeding were reported in patients who received
thrombolytic agents with mechanical embolectomy is not
clear.

To minimize the risk for the perforation or dissection of
vessels and cardiac chambers, it is recommended that cath-
eter embolectomy be performed only in the main and lobar
pulmonary arteries, not in the segmental pulmonary arteries,
and the procedure should be terminated as soon as hemo-
dynamic improvement is achieved, regardless of the angio-
graphic result.53
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Table 3
Pooled data of hemodynamic parameters, clinical success rates, and rates of major bleeding in patients who underwent embolectomy with and without
thrombolytic agents

Catheter Type and Technique No. of
Patients

Hemodynamic Parameters Clinical Success
n (%)

Major Bleeding

Mean Systemic
BP Mean PAP Mean PaO

2

† Catheter
Insertion Site

Other Site

Before After Before After Before After

Aspiration technique
Greenfield/pulmonary

embolectomy catheter
No lytics5–7,19–22 89 60 81 33 21 46 81 72 (81)* 4 (15) 2 (2)
Systemic lytics21,23 9 50 87 31 20 50 75 9 (100) 0 (0) 0 (0)
Local lytics20 9 — — 31 24 — — 9 (100) 0 (0) 0 (0)
Systemic and local24 1 — — 20 19 — — 1 (100) 0 (0) 0 (0)

Fragmentation technique
Pigtail or other angiographic

catheter
No lytics25,26 3 28 63 38 29 32 77 2 (67) 0 (0) 0 (0)
Systemic lytics27 21 70 93 25 21 — — 15 (71) 0 (0) 0 (0)
Local lytics12,25,28–35 121 67 81 33 22 53 90 115 (95) 1 (1) 1 (1)
Systemic and local26,45,54 30 65 69 32 30 37 135 24 (80) 2 (7) 1 (3)

Amplatz catheter
No lytics36,37 8 86 108 49 53 — — 7 (88) 1 (13) 0 (0)
Local lytics36,37 6 85 93 64 60 — — 6 (100) 0 (0) 0 (0)

Rheolytic technique
Rheolytic angiojet catheter

No lytics4,38,39 8 — — 42 30 85 91 6 (75) 0 (0) 0 (0)
Local lytics40,41 23 — — — — — — 20 (87) 0 (0) 0 (0)

Hydrolyzer catheter
Local lytics42,44 12 47 97 46 30 73 94 11 (92) 0 (0) 0 (0)
Systemic and local43 8 — — 43 36 — — 8 (100) 0 (0) 0 (0)

* Clinical success with steel cup ! 23 of 27 patients (85%); clinical success with plastic cup ! 49 of 62 patients (79%).
† Preoperative blood gases were obtained under varying levels of FiO2.
Abbreviations as in Table 1.
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Éxito clínico 87.6 % (60-100%)

Sangrados mayores 8 (2%)

Sangrados menores  29 (8%)

Combinación de técnicas mecánicas (asrpiración/
fragmentación) con FBN local aumenta la tasa de éxito
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mas (no transfusion required), 11 epi-
sodes of transient bradyarrhythmia (one
with apnea), one transient heart block,

two cases of hemoglobinuria, five cases
of mild hemoptysis (no transfusion re-
quired), eight cases of temporary renal

insufficiency, one embolus dislocation
occluding an upper lobe that was re-
canalized with mechanical thromboly-

Table 2
Catheter-directed Therapy for Massive PE in 594 Patients

Author and Year Country No. of Patients M/F Mean Age (y)*

Prospective studies
Schmitz-Rode et al, 1998 (31) Germany 10 6/4 54 (36–70)
Schmitz-Rode et al, 2000 (32) Germany 20 10/10 59 (48–60)
Muller-Hulsbeck et al, 2001 (33) Germany 9 4/5 55 (27–85)
Prokubovsky et al, 2003 (34) Russia 20 NA 51 (32–75)
Tajima et al, 2004 (35) Japan 25 8/17 61 (35–77)
Barbosa et al, 2008 (36) Brazil 10 7/3 57 (39–75)

Retrospective studies
Brady and Crake, 1991 (37) England 3 0/3 36 (18–71)
Rafique et al, 1992 (38) South Africa 5 1/4 35 (21–47)
Uflacker et al, 1996 (39) U.S.A. 5 4/1 45 (25–64)
Fava et al, 1997 (40) Chile 16 8/8 49 (20–68)
Stock et al, 1997 (41) Switzerland 5 3/2 50 (21–80)
Basche and Oltmanns, 1997 (42) Germany 15 NA NA (21–73)
Hiramatsu et al, 1999 (43) Japan 8 4/4 58 (42–87)
Wong et al, 1999 (44) England 4 2/2 33 (18–46)
Murphy et al, 1999 (45) Ireland 4 2/2 60 (46–66)
Voigtlander et al, 1999 (46) Germany 5 4/1 57 (25–72)
Fava et al, 2000 (47) Chile 11 3/8 61 (37–79)
Egge et al, 2002 (48) Norway 3 2/1 49 (40–54)
De Gregorio et al, 2002 (49) Spain 59 25/34 56 (22–85)

Zeni et al, 2003 (50) U.S.A. 16 9/8 52 (30–86)
Reekers et al, 2003 (51) Netherlands 7 2/6 46 (28–76)
Tajima et al, 2004 (52) Japan 15 4/11 60 (27–79)
Fava et al, 2005 (53) Chile 7 3/4 56 (30–79)
Siablis et al, 2005 (54) Greece 6 4/2 59 (42–76)
Yoshida et al, 2006 (55) Japan 8 4/4 61 (47–75)
Li et al, 2006 (56) China 15 11/4 56 (19–73)

Pieri and Agresti, 2007 (57) Italy 164 NA 68 (35–78)
Chauhan and Kawamura, 2007 (58) U.S.A. 6 2/4 64 (49–78)
Krajina et al, 2007 (59) Czech Rep 5 1/4 67 (52–80)
Yang et al, 2007 (60) China 19 13/6 62 (22–87)

Margheri et al, 2008 (61) Italy 20 12/8 66 (32–85)
Vecchio et al, 2008 (62) Italy 13 NA 68 (54–80)
Chen et al, 2008 (63) China 26 15/11 53 (36–71)
Eid-Lidt et al, 2008 (64) Mexico 18 6/12 51 (47–55)
Kuo et al, 2008 (65) U.S.A. 12 7/5 56 (21–80)

Total . . . 594 . . . 53 (18–87)

Note.—AT ! aspiration thrombectomy, ATD ! Amplatz thrombectomy device (Microvena, White Bear Lake, Minnesota), BA !
balloon fragmentation, DB ! Dormia basket (Cook Europe, Bjaeverskov, Denmark), G ! Gensini (Cordis, Miami, Florida), Hy !
Hydrolyzer (Cordis), IC ! infusion catheter, MC ! multipurpose catheter, NA ! data not available, Oa ! Oasis (Boston
Scientific, Galway, Ireland), PF ! pigtail fragmentation, RT ! rheolytic AngioJet thrombectomy (Possis Medical, Minneapolis,
Minnesota), SR ! Straub Rotarex (Straub Medical, Wangs, Switzerland), WD ! wire disruption.
* Numbers in parentheses are the range.
† Pooled estimates from random effects model.
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• 96% tratamiento percutáneo 1ª elección 
• Incluye las mayor parte de las ténicas descritas previamente 
• 70% reperfusión farmacomecánica 
• Técnica más utilizada: fragmentación pigtail (69%) 

• 53% aislada 
• 16% combinada 

• 51% de los estudios no hubo complicaciones / 76% no complicaciones mayores
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sis, and one pulmonary artery dissec-
tion that required no treatment. Major
procedural complications occurred in 25

patients, including 11 groin hematomas
(requiring transfusion), five noncerebral
hemorrhages (sites unspecified, requir-

ing transfusion), two cases of massive
hemoptysis requiring transfusion, one
renal failure requiring hemodialysis,

Technique and No. of
Patients

No. of Patients
Who Recieved

a Local
Intraclot Lytic
during CDT

No. of Patients
Who Received

a Local
Intraclot Lytic
via Extended

Infusion
Minor

Complications
Major

Complications Clinical Success

PF,10 8 1 0 0 8/10 (80%)
PF, 20 0 0 1 0 16/20 (80%)
ATD, 9 0 5 0 0 9/9 (100%)
PF, 20 0 16 0 0 14/20 (70%)
PF and AT, 25 25 21 0 0 25/25 (100%)
PF, 10; ATD, NA 0 0 0 0 9/10 (90%)

PF, 1; MC, 2 2 2 0 0 3/3 (100%)
MC, 5 5 5 1 0 5/5 (100%)
ATD, 5 1 1 0 1 3/5 (60%)
PF, 16; BA. NA 16 16 3 0 14/16 (88%)
PF and BA, 5 5 5 0 2 5/5 (100%)
PF and BA, 2; BA, 13 NA NA 0 0 12/15 (80%)
AT and WD, 8 0 8 0 0 7/8 (88%)
PF, 1; PF and G, 1; G, 2 0 4 0 1 3/4 (75%)
MC and WD, 4 4 4 0 0 4/4 (100%)
RT, 5 0 0 4 0 3/5 (60%)
Hy, 11 0 4 0 0 10/11 (91%)
PF, 3 3 3 0 0 3/3 (100%)
PF, 52; PF and BA, 4; PF

and DB, 3
59 57 8 0 56/59 (95%)

RT, 16 0 10 2 1 14/16 (88%)
Hy, 6; Oa, 1 7 0 0 0 6/7 (86%)
AT, 15 9 0 0 0 15/15 (100%)
Hy, 4; Oa, 3 3 3 1 1 6/7 (86%)
RT, 6 4 0 2 0 5/6 (83%)
PF and AT, 8 NA NA 0 1 7/8 (88%)
PF and ATD, 13; PF and

Hy, 1; PF and Oa, 1
6 0 0 0 15/15 (100%)

PF, 164 164 164 0 0 138/164 (84%)
RT, 6 2 0 5 2 4/6 (67%)
PF, 3; PF and AT, 2 3 0 0 0 2/5 (40%)
PF, 10; PF and AT, 5; PF

and SR, 4
19 NA 0 0 18/19 (95%)

RT, 20 NA 0 8 8 17/20 (85%)
RT, 13 NA 0 6 8 8/13 (62%)
ATD, 17; SR, 9 21 0 1 0 26/26 (100%)
PF, 5; PF and SR, 13 2 0 0 0 16/18 (90%)
PF and AT, 6; PF and

AT and BA, 2; RT and
AT, 2; AT and IC, 2

8 NA 1 0 10/12 (83%)

. . . 356/535
(67%)

329/552
(60%)

7.9%† (CI:
5.0%, 11.3%)

2.4%†(CI:
1.9%, 4.3%)

86.5%†(CI:
82.2%, 90.2%)
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• Complicaciones menores (7.2%) 
• Hematoma inguinal  
• Bradiarritmia transitoria 

• Complicaciones mayores (2.4%) 
• Hematoma inguinal que requirió transfusión 
• Hemorragia no intracraneal (5 casos, 0.84%) 
• Hemorragia intracraneal (1 caso, 0.17%) 
• Mortalidad procedimiento (0.84%)
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 Pulmonary Embolism Response to Fragmentation, 
Embolectomy, and Catheter Th rombolysis 
(PERFECT) 
 Initial Results From a Prospective Multicenter Registry 
  William T.   Kuo ,  MD, FCCP ;  Arjun   Banerjee ,  BS ;  Paul S.   Kim ,  MD ;  Frank J.   DeMarco   Jr ,  MD ,  FCCP ;  Jason R.   Levy ,  MD ; 
 Francis R.   Facchini ,  MD ;  Kamil   Unver ,  MBiomedE ,  MBA ;  Matthew J.   Bertini ,  MD ;  Akhilesh K.   Sista ,  MD ; 
 Michael J.   Hall ,  MD ;  Jarrett K.   Rosenberg ,  PhD ; and  Miguel A.   De Gregorio ,  MD ,  PhD  

  BACKGROUND:    Systemic thrombolysis for acute pulmonary embolism (PE) carries up to a 20% 
risk of major bleeding, including a 2% to 5% risk of hemorrhagic stroke. We evaluated the 
safety and eff ectiveness of catheter-directed therapy (CDT) as an alternative treatment of acute 
PE. 
  METHODS:    One hundred one consecutive patients receiving CDT for acute PE were prospec-
tively enrolled in a multicenter registry. Massive PE (n  5  28) and submassive PE (n  5  73) were 
treated with immediate catheter-directed mechanical or pharmacomechanical thrombectomy 
and/or catheter-directed thrombolysis through low-dose hourly drug infusion with tissue 
plasminogen activator (tPA) or urokinase. Clinical success was defi ned as meeting all the 
following criteria: stabilization of hemodynamics; improvement in pulmonary hypertension, 
right-sided heart strain, or both; and survival to hospital discharge. Primary safety outcomes 
were major procedure-related complications and major bleeding events. 
  RESULTS:    Fift y-three men and 48 women (average age, 60 years [range, 22-86 years]; mean 
BMI, 31.03  !  7.20 kg/m 2 ) were included in the study. Th e average thrombolytic doses were 
28.0  !  11 mg tPA (n  5  76) and 2,697,101  !  936,287 International Units for urokinase (n  5  23). 
Clinical success was achieved in 24 of 28 patients with massive PE (85.7%; 95% CI, 67.3%-
96.0%) and 71 of 73 patients with submassive PE (97.3%; 95% CI, 90.5%-99.7%). Th e mean 
pulmonary artery pressure improved from 51.17  !  14.06 to 37.23  !  15.81 mm Hg (n  5  92) 
( P   ,  .0001). Among patients monitored with follow-up echocardiography, 57 of 64 (89.1%; 
95% CI, 78.8%-95.5%;  P   ,  .0001) showed improvement in right-sided heart strain. Th ere 
were no major procedure-related complications, major hemorrhages, or hemorrhagic strokes. 
  CONCLUSIONS:    CDT improves clinical outcomes in patients with acute PE while minimizing 
the risk of major bleeding. At experienced centers, CDT is a safe and eff ective treatment of 
both acute massive and submassive PE. 
  TRIAL REGISTRY:    ClinicalTrials.gov; No.: NCT01097928; URL: www.clinicaltrials.gov   
    CHEST  2015;  148 ( 3 ): 667 - 673  

 [     Original Research  Pulmonary Vascular Disease      ] 

 Manuscript received January 16, 2015; revision accepted March 20, 
2015; originally published Online First April 9, 2015. 
  ABBREVIATIONS:  CDT  5  catheter-directed therapy; IVC  5  inferior 
vena cava; PE  5  pulmonary embolism; PERFECT  5  Pulmonary Embo-
lism Response to Fragmentation, Embolectomy, and Catheter Th rom-
bolysis; RCT  5  randomized controlled trial; SEATTLE II  5  A Prospective, 
Single-Arm, Multi-center Trial of EkoSonic Endovascular System and 

Activase for Treatment of Acute Pulmonary Embolism; tPA  5  tissue 
plasminogen activator; ULTIMA  5  Ultrasound Accelerated Th rombolysis 
of Pulmonary Embolism; USAT  5  ultrasound-assisted thrombolysis 
  AFFILIATIONS:  From the Division of Vascular and Interventional 
Radiology (Drs Kuo and Rosenberg and Messrs Banerjee and Unver), 
Stanford University Medical Center, Stanford, CA; Vascular and Interven-
tional Radiology (Dr Kim), Spectrum Medical Group, South Portland  , ME; 

Estudio prospectivo multicéntrico 101 pacientes TEP riesgo alto/intermedio

TEP riesgo alto (28) 
Reperfusión fármacomecánica

TEP riesgo intermedio (73) 
Fibrinolisis intrarterial ± US

End point: éxito clínico —> estabilización hemodinámica (mejoría HTP y/o disfunción VD)  y 
supervivencia al alta
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 Results 
 Fift y-three men and 48 women (average age, 60 years 
[range, 22-86 years]; mean BMI, 31.03  !  7.20 kg/m 2 , 
consistent with an obese population) were included in 
the study. Th e baseline demographics and clinical char-
acteristics are summarized in  Table 1 .   Acute submassive 
PE and massive PE were observed in 73% (73 of 101) 
and 28% (28 of 101) of patients, respectively. 

 Procedural Characteristics 

 CDT for acute PE was first-line therapy beyond anti-
coagulation in 97% (98 of 101). Th e three remaining 
patients had a prior failure of systemic tPA, and all 
three (one with massive PE, two with submassive PE) 
were successfully rescued with CDT. The average 
thrombolytic doses infused through catheter were 
28.0  !  11.0 mg tPA (n  5  76) and 2,697,101  !  936,287 
International Units urokinase (n  5  23). One patient 
with submassive PE (1%) did not receive any thrombo-
lytic drug and was treated only with mechanical CDT. 
Among patients receiving catheter-directed thrombo-
lytic infusions (n  5  100), 64% were treated using stan-
dard infusion catheters, and 36% were treated with 
USAT. 

  TABLE 1   ]     Baseline Patient Demographics and Clinical 
Characteristics 

Demographic  Value

No. patients 101

Age, y 60.3  !  14.9

BMI, kg/m 2 31.03  !  7.20

Female sex 48 (47.5)

Ethnicity/race

 White 93 (92)

 Black 3 (3)

 Hispanic or Latino 1 (1)

 Asian 1 (1)

 Other 3 (3)

Comorbid conditions

 Acute DVT 68 (67)

 Obesity 50 (50)

 Hypertension 21 (21)

 Immobility within 30 d of PE 17 (17)

 Diabetes mellitus 14 (14)

 Cancer 12 (12)

 Atherosclerotic cardiovascular disease 5 (5)

 None 5 (5)

 Data are presented as mean  !  SD or No. (%) unless otherwise indicated. 
PE  5  pulmonary embolism. 

  TABLE 2   ]     Safety Outcomes in 101 Patients After CDT 

Outcome Value

Hospital stay, d 8.23  !  4.82

In-hospital death 6 (5.9)

 .  30-d mortality 1  a   (1.0)

IVC fi lter placed 65 (64.4)

Major bleeding within 30 d 0

Intracranial hemorrhage 0

 Data are presented as mean  !  SD or No. (%). Four deaths were due to 
massive PE, and two were due to submassive PE. CDT  5  catheter-directed 
therapy; IVC  5  inferior vena cava. See  Table 1  legend for expansion of 
other abbreviation. 
  a One patient with massive PE died 24 wk after hospital discharge. 

 Outcomes 

 Clinical success was achieved in 24 of 28 patients with 
massive PE (85.7%; 95% CI, 67.3%-96.0%) and 71 
of 73 patients with submassive PE (97.3%; 95% CI, 
90.5%-99.7%). Four of six deaths were due to massive PE, 
and two were due to submassive PE  . Safety outcomes 
are summarized in  Table 2 .   Among nine patients with 
absolute contraindications to systemic tPA, one received 
mechanical CDT only (no thrombolytic), and eight 
received catheter-directed tPA infusion (average dose, 
24.0  !  13.2 mg) with no major bleeding events. Eight of 
the nine survived, and one died of massive PE. 

 Among patients monitored with follow-up echocardiog-
raphy, 57 of 64 (89.1%; 95% CI, 76.8%-94.4%) showed 
improvement in right ventricular strain, and this improve-
ment occurred signifi cantly more oft en than worsening 
of heart strain ( P   ,  .0001) ( Fig 1 ).   Among patients 
monitored with invasive pulmonary artery pressures, 
84.8% (78 of 92; 95% CI, 75.8%-91.4%) showed signifi -
cant improvement in pulmonary artery pressures 
(pretreatment, 51.17  !  14.06 mm Hg; post-CDT, 
37.23  !  15.81 mm Hg;  P   ,  .0001) ( Fig 2 ).   A test of 
equality of distributions suggested that CDT changes 
may be less variable than USAT ones ( P   5  .032), but a 
Wilcoxon test showed no significant difference in 
median pressure drops between these groups ( P   5  .900) 
( Figs 2E, 2F ). Subgroup analyses comparing patients 
treated with USAT vs standard CDT revealed no sig-
nifi cant diff erences in pretreatment and posttreatment 
pulmonary artery pressures, average pressure changes, 
average thrombolytic doses, and average infusion times 
( Table 3 ).   

 Complications 

 Th ere were no major procedure-related complications, 
major hemorrhages, or hemorrhagic strokes. Minor 

97% tto percutáneo fue de 1ª elección

Global Riesgo alto Riesgo 
intermedio

Éxito clínico 94 % 85.7 % 97.3 %

Mejoría 
disfunción VD 89.1 %

Descenso PAP 84.8 %

Complicaciones 
menores 12.9%%

Chest 2015; 148:667-673
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5.9 Areas of uncertainty
Although a large number of recent cohort studies have helped to
further refine risk stratification in not-high-risk patients with con-
firmed PE, the clinical implications of prognostic assessment—and

in particular the therapeutic strategy for patients at intermediate-
high risk—warrant further investigation. It will be necessary to elab-
orate on (i) whether reduced-dose intravenous thrombolysis is
indeed safe and effective and (ii) whether catheter-directed

Shock / hypotension?

Clinical suspicion of PE

Diagnostic algorithm
as in Figure 3

Diagnostic algorithm
as in Figure 4

Assess clinical risk
(PESI or sPESI)

RV function (echo or CT)a

Laboratory testingb

Intermediate risk

Intermediate–low risk Low riskcHigh risk Intermediate–high risk

Hospitalization; A/Ce
Consider early

discharge and home
treatment, if feasiblef

Primary reperfusion
A/C; monitoring;
consider rescue

reperfusiond

No

PE confirmed

PESI class III–IV
or sPESI 1

Consider further
risk stratification

Both positive One positive
or both negative

PESI class I–II
or sPESI = 0

PE confirmed

Yes

A/C = anticoagulation; CT = computed tomographic pulmonary angiography; PE = pulmonary embolism; PESI = pulmonary embolism severity index; RV = right ventricular; 

aIf echocardiography has already been performed during diagnostic work-up for PE and detected RV dysfunction, or if the CT already performed for diagnostic work-up has 
shown RV enlargement (RV/LV (left ventricular) ratio ≥0.9 , a cardiac troponin test should be performed except for cases in which primary reperfusion is not a therapeutic option 
(e.g. due to severe comorbidity or limited life expectancy of the patient).
bMarkers of myocardial injury (e.g. elevated cardiac troponin I or T concentrations in plasma), or of heart failure as a result of (right) ventricular dysfunction (elevated natriuretic 
peptide concentrations in plasma). If a laboratory test for a cardiac biomarker has already been performed during initial diagnostic work-up (e.g. in the chest pain unit) and was 
positive, then an echocardiogram should be considered to assess RV function, or RV size should be (re)assessed on CT.
c  –low 
risk category. This might apply to situations in which imaging or biomarker results become available before calculation of the clinical severity index. These patients are probably 
not candidates for home treatment.
dThrombolysis, if (and as soon as) clinical signs of haemodynamic decompensation appear; surgical pulmonary embolectomy or percutaneous catheter-directed treatment may be 
considered as alternative options to systemic thrombolysis, particularly if the bleeding risk is high.
e

f

randomized) management studies.

Figure 5 Risk-adjusted management strategies in acute PE (see Table 9 for definition of the risk categories).
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treatment can evolve to become a widely available (and affordable)
alternative option. The results of the completed large phase III
trials on the use of new oral anticoagulants in the treatment of PE
and secondary prevention of VTE appear convincing and confirm
that the breakthrough in anticoagulation therapy has extended to
include VTE. Nevertheless, the accumulation of clinical experience
with these drugs under ‘real world’ conditions will have to proceed
at a prudent pace. Finally, further management trials are necessary
to ‘crystallize’ the criteria that might permit early discharge and
home treatment of low-risk patients with acute PE.

Recommendations for acute phase treatment

Recommendations 

PE with shock or hypotension (high-risk)

Classa Levelb Ref c

It is recommended that intravenous 
anticoagulation with UFH be initiated 
without delay in patients with high-
risk PE.

I C

Thrombolytic therapy is 
recommended. I B 168

Surgical pulmonary embolectomy is 
recommended for patients in whom 
thrombolysis is contraindicated or has 
failed.d

I C 313

Percutaneous catheter-directed 
treatment should be considered as an 
alternative to surgical pulmonary 
embolectomy for patients in whom 
full-dose systemic thrombolysis is 
contraindicated or has failed.d

IIa C

PE ¼ pulmonary embolism; UFH ¼ unfractionated heparin.
aClass of recommendation.
bLevel of evidence.
cReferences.
dIf appropriate expertise and resources are available on site.

Recommendations for acute phase treatment

Recommendations Classa Levelb Refc

Initiation of parenteral 
anticoagulation is recommended 
without delay in patients with 
high or intermediate clinical 
probability of PE while 
diagnostic work-up is in 
progress.

I C 352

LMWH or fondaparinux is the 
recommended form of acute 
phase parenteral anticoagulation 
for most patients.

I A 273, 274,
281, 353 

In parallel to parenteral 
anticoagulation, treatment with 
a VKA is recommended, 
targeting an INR of 2.5 (range 
2.0–3.0).

I B 352, 354

Anticoagulation: new oral anticoagulants
As an alternative to the 
combination of parenteral 
anticoagulation with a VKA,
anticoagulation with rivaroxaban 
(15 mg twice daily for 3 weeks, 
followed by 20 mg once daily) is 
recommended.

I B 296

Anticoagulation: combination of parenteral treatment
with VKA 

PE without shock or hypotension (intermediate-or low-risk)d

Close monitoring is 
recommended in patients with 
intermediate-high risk PE to 
permit early detection of 
haemodynamic decompensation 
and timely initiation of 'rescue'
reperfusion therapy.

I B 253

Thrombolytic therapy should be 
considered for patients with 
intermediate-high-risk PE and 
clinical signs of haemodynamic 
decompensation.

IIa B 252, 253

Surgical pulmonary 
embolectomy may be 
considered in intermediate-
high-risk patients if the 
anticipated risk of bleeding 
under thrombolytic treatment is 
high.g

IIb C

Percutaneous catheter-directed 
treatment may be considered in 
intermediate-high-risk
patients if the anticipated risk of 
bleeding under thrombolytic 
treatment is high.g

IIb B 336

Early discharge and home treatment
Patients with acute low-risk PE 
should be considered for early 
discharge and continuation of 
treatment at home if proper 
outpatient care and 
anticoagulant treatment can be 
provided.

IIa B 217, 237, 
347, 349

As an alternative to the 
combination of parenteral 
anticoagulation with a VKA,
anticoagulation with apixaban
(10 mg twice daily for 7 days, 
followed by 5 mg twice daily) is 
recommended.

I B 297

As an alternative to VKA 
treatment, administration of 
dabigatran (150 mg twice daily,
or 110 mg twice daily for 
patients >80 years of age or 
those under concomitant 
verapamil treatment) is 
recommended following acute-
phase parenteral anticoagulation.

I Be 293, 294

As an alternative to VKA 
treatment, administration of 
edoxaban* is recommended 
following acute-phase parenteral 
anticoagulation.

I B 298

New oral anticoagulants 
(rivaroxaban, apixaban, 
dabigatran, edoxaban) are not 
recommended in patients with 
severe renal impairment.f

III A 293, 295–
298

Reperfusion treatment
Routine use of primary systemic 
thrombolysis is not 
recommended in patients not 
suffering from shock or 
hypotension.

III B 253

* CAUTION: Edoxaban is currently subject to regulatory review for the treatment
of venous thromboembolism in the European Union.
aPTT ¼ activated partial thromboplastin time; INR ¼ international normalized
ratio; LMWH ¼ low-molecular-weight heparin; PE ¼ pulmonary embolism;
UFH ¼ unfractionated heparin; VKA ¼ vitamin K antagonist.
aClass of recommendation.
bLevel of evidence.
cReferences.
dSee Table 9 for definition of the risk categories.
eRE-COVER and RE-COVER II are considered one large trial.
fCreatinine clearance ,30 mL/min for rivaroxaban, dabigatran and edoxaban; and
,25 mL/min for apixaban.
gIf appropriate expertise and resources are available on site.
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treatment can evolve to become a widely available (and affordable)
alternative option. The results of the completed large phase III
trials on the use of new oral anticoagulants in the treatment of PE
and secondary prevention of VTE appear convincing and confirm
that the breakthrough in anticoagulation therapy has extended to
include VTE. Nevertheless, the accumulation of clinical experience
with these drugs under ‘real world’ conditions will have to proceed
at a prudent pace. Finally, further management trials are necessary
to ‘crystallize’ the criteria that might permit early discharge and
home treatment of low-risk patients with acute PE.

Recommendations for acute phase treatment

Recommendations 

PE with shock or hypotension (high-risk)

Classa Levelb Ref c

It is recommended that intravenous 
anticoagulation with UFH be initiated 
without delay in patients with high-
risk PE.

I C

Thrombolytic therapy is 
recommended. I B 168

Surgical pulmonary embolectomy is 
recommended for patients in whom 
thrombolysis is contraindicated or has 
failed.d

I C 313

Percutaneous catheter-directed 
treatment should be considered as an 
alternative to surgical pulmonary 
embolectomy for patients in whom 
full-dose systemic thrombolysis is 
contraindicated or has failed.d

IIa C

PE ¼ pulmonary embolism; UFH ¼ unfractionated heparin.
aClass of recommendation.
bLevel of evidence.
cReferences.
dIf appropriate expertise and resources are available on site.

Recommendations for acute phase treatment

Recommendations Classa Levelb Refc

Initiation of parenteral 
anticoagulation is recommended 
without delay in patients with 
high or intermediate clinical 
probability of PE while 
diagnostic work-up is in 
progress.

I C 352

LMWH or fondaparinux is the 
recommended form of acute 
phase parenteral anticoagulation 
for most patients.

I A 273, 274,
281, 353 

In parallel to parenteral 
anticoagulation, treatment with 
a VKA is recommended, 
targeting an INR of 2.5 (range 
2.0–3.0).

I B 352, 354

Anticoagulation: new oral anticoagulants
As an alternative to the 
combination of parenteral 
anticoagulation with a VKA,
anticoagulation with rivaroxaban 
(15 mg twice daily for 3 weeks, 
followed by 20 mg once daily) is 
recommended.

I B 296

Anticoagulation: combination of parenteral treatment
with VKA 

PE without shock or hypotension (intermediate-or low-risk)d

Close monitoring is 
recommended in patients with 
intermediate-high risk PE to 
permit early detection of 
haemodynamic decompensation 
and timely initiation of 'rescue'
reperfusion therapy.

I B 253

Thrombolytic therapy should be 
considered for patients with 
intermediate-high-risk PE and 
clinical signs of haemodynamic 
decompensation.

IIa B 252, 253

Surgical pulmonary 
embolectomy may be 
considered in intermediate-
high-risk patients if the 
anticipated risk of bleeding 
under thrombolytic treatment is 
high.g

IIb C

Percutaneous catheter-directed 
treatment may be considered in 
intermediate-high-risk
patients if the anticipated risk of 
bleeding under thrombolytic 
treatment is high.g

IIb B 336

Early discharge and home treatment
Patients with acute low-risk PE 
should be considered for early 
discharge and continuation of 
treatment at home if proper 
outpatient care and 
anticoagulant treatment can be 
provided.

IIa B 217, 237, 
347, 349

As an alternative to the 
combination of parenteral 
anticoagulation with a VKA,
anticoagulation with apixaban
(10 mg twice daily for 7 days, 
followed by 5 mg twice daily) is 
recommended.

I B 297

As an alternative to VKA 
treatment, administration of 
dabigatran (150 mg twice daily,
or 110 mg twice daily for 
patients >80 years of age or 
those under concomitant 
verapamil treatment) is 
recommended following acute-
phase parenteral anticoagulation.

I Be 293, 294

As an alternative to VKA 
treatment, administration of 
edoxaban* is recommended 
following acute-phase parenteral 
anticoagulation.

I B 298

New oral anticoagulants 
(rivaroxaban, apixaban, 
dabigatran, edoxaban) are not 
recommended in patients with 
severe renal impairment.f

III A 293, 295–
298

Reperfusion treatment
Routine use of primary systemic 
thrombolysis is not 
recommended in patients not 
suffering from shock or 
hypotension.

III B 253

* CAUTION: Edoxaban is currently subject to regulatory review for the treatment
of venous thromboembolism in the European Union.
aPTT ¼ activated partial thromboplastin time; INR ¼ international normalized
ratio; LMWH ¼ low-molecular-weight heparin; PE ¼ pulmonary embolism;
UFH ¼ unfractionated heparin; VKA ¼ vitamin K antagonist.
aClass of recommendation.
bLevel of evidence.
cReferences.
dSee Table 9 for definition of the risk categories.
eRE-COVER and RE-COVER II are considered one large trial.
fCreatinine clearance ,30 mL/min for rivaroxaban, dabigatran and edoxaban; and
,25 mL/min for apixaban.
gIf appropriate expertise and resources are available on site.
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treatment can evolve to become a widely available (and affordable)
alternative option. The results of the completed large phase III
trials on the use of new oral anticoagulants in the treatment of PE
and secondary prevention of VTE appear convincing and confirm
that the breakthrough in anticoagulation therapy has extended to
include VTE. Nevertheless, the accumulation of clinical experience
with these drugs under ‘real world’ conditions will have to proceed
at a prudent pace. Finally, further management trials are necessary
to ‘crystallize’ the criteria that might permit early discharge and
home treatment of low-risk patients with acute PE.

Recommendations for acute phase treatment

Recommendations 

PE with shock or hypotension (high-risk)

Classa Levelb Ref c

It is recommended that intravenous 
anticoagulation with UFH be initiated 
without delay in patients with high-
risk PE.

I C

Thrombolytic therapy is 
recommended. I B 168

Surgical pulmonary embolectomy is 
recommended for patients in whom 
thrombolysis is contraindicated or has 
failed.d

I C 313

Percutaneous catheter-directed 
treatment should be considered as an 
alternative to surgical pulmonary 
embolectomy for patients in whom 
full-dose systemic thrombolysis is 
contraindicated or has failed.d

IIa C

PE ¼ pulmonary embolism; UFH ¼ unfractionated heparin.
aClass of recommendation.
bLevel of evidence.
cReferences.
dIf appropriate expertise and resources are available on site.

Recommendations for acute phase treatment

Recommendations Classa Levelb Refc

Initiation of parenteral 
anticoagulation is recommended 
without delay in patients with 
high or intermediate clinical 
probability of PE while 
diagnostic work-up is in 
progress.

I C 352

LMWH or fondaparinux is the 
recommended form of acute 
phase parenteral anticoagulation 
for most patients.

I A 273, 274,
281, 353 

In parallel to parenteral 
anticoagulation, treatment with 
a VKA is recommended, 
targeting an INR of 2.5 (range 
2.0–3.0).

I B 352, 354

Anticoagulation: new oral anticoagulants
As an alternative to the 
combination of parenteral 
anticoagulation with a VKA,
anticoagulation with rivaroxaban 
(15 mg twice daily for 3 weeks, 
followed by 20 mg once daily) is 
recommended.

I B 296

Anticoagulation: combination of parenteral treatment
with VKA 

PE without shock or hypotension (intermediate-or low-risk)d

Close monitoring is 
recommended in patients with 
intermediate-high risk PE to 
permit early detection of 
haemodynamic decompensation 
and timely initiation of 'rescue'
reperfusion therapy.

I B 253

Thrombolytic therapy should be 
considered for patients with 
intermediate-high-risk PE and 
clinical signs of haemodynamic 
decompensation.

IIa B 252, 253

Surgical pulmonary 
embolectomy may be 
considered in intermediate-
high-risk patients if the 
anticipated risk of bleeding 
under thrombolytic treatment is 
high.g

IIb C

Percutaneous catheter-directed 
treatment may be considered in 
intermediate-high-risk
patients if the anticipated risk of 
bleeding under thrombolytic 
treatment is high.g

IIb B 336

Early discharge and home treatment
Patients with acute low-risk PE 
should be considered for early 
discharge and continuation of 
treatment at home if proper 
outpatient care and 
anticoagulant treatment can be 
provided.

IIa B 217, 237, 
347, 349

As an alternative to the 
combination of parenteral 
anticoagulation with a VKA,
anticoagulation with apixaban
(10 mg twice daily for 7 days, 
followed by 5 mg twice daily) is 
recommended.

I B 297

As an alternative to VKA 
treatment, administration of 
dabigatran (150 mg twice daily,
or 110 mg twice daily for 
patients >80 years of age or 
those under concomitant 
verapamil treatment) is 
recommended following acute-
phase parenteral anticoagulation.

I Be 293, 294

As an alternative to VKA 
treatment, administration of 
edoxaban* is recommended 
following acute-phase parenteral 
anticoagulation.

I B 298

New oral anticoagulants 
(rivaroxaban, apixaban, 
dabigatran, edoxaban) are not 
recommended in patients with 
severe renal impairment.f

III A 293, 295–
298

Reperfusion treatment
Routine use of primary systemic 
thrombolysis is not 
recommended in patients not 
suffering from shock or 
hypotension.

III B 253

* CAUTION: Edoxaban is currently subject to regulatory review for the treatment
of venous thromboembolism in the European Union.
aPTT ¼ activated partial thromboplastin time; INR ¼ international normalized
ratio; LMWH ¼ low-molecular-weight heparin; PE ¼ pulmonary embolism;
UFH ¼ unfractionated heparin; VKA ¼ vitamin K antagonist.
aClass of recommendation.
bLevel of evidence.
cReferences.
dSee Table 9 for definition of the risk categories.
eRE-COVER and RE-COVER II are considered one large trial.
fCreatinine clearance ,30 mL/min for rivaroxaban, dabigatran and edoxaban; and
,25 mL/min for apixaban.
gIf appropriate expertise and resources are available on site.
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treatment can evolve to become a widely available (and affordable)
alternative option. The results of the completed large phase III
trials on the use of new oral anticoagulants in the treatment of PE
and secondary prevention of VTE appear convincing and confirm
that the breakthrough in anticoagulation therapy has extended to
include VTE. Nevertheless, the accumulation of clinical experience
with these drugs under ‘real world’ conditions will have to proceed
at a prudent pace. Finally, further management trials are necessary
to ‘crystallize’ the criteria that might permit early discharge and
home treatment of low-risk patients with acute PE.

Recommendations for acute phase treatment

Recommendations 

PE with shock or hypotension (high-risk)

Classa Levelb Ref c

It is recommended that intravenous 
anticoagulation with UFH be initiated 
without delay in patients with high-
risk PE.

I C

Thrombolytic therapy is 
recommended. I B 168

Surgical pulmonary embolectomy is 
recommended for patients in whom 
thrombolysis is contraindicated or has 
failed.d

I C 313

Percutaneous catheter-directed 
treatment should be considered as an 
alternative to surgical pulmonary 
embolectomy for patients in whom 
full-dose systemic thrombolysis is 
contraindicated or has failed.d

IIa C

PE ¼ pulmonary embolism; UFH ¼ unfractionated heparin.
aClass of recommendation.
bLevel of evidence.
cReferences.
dIf appropriate expertise and resources are available on site.

Recommendations for acute phase treatment

Recommendations Classa Levelb Refc

Initiation of parenteral 
anticoagulation is recommended 
without delay in patients with 
high or intermediate clinical 
probability of PE while 
diagnostic work-up is in 
progress.

I C 352

LMWH or fondaparinux is the 
recommended form of acute 
phase parenteral anticoagulation 
for most patients.

I A 273, 274,
281, 353 

In parallel to parenteral 
anticoagulation, treatment with 
a VKA is recommended, 
targeting an INR of 2.5 (range 
2.0–3.0).

I B 352, 354

Anticoagulation: new oral anticoagulants
As an alternative to the 
combination of parenteral 
anticoagulation with a VKA,
anticoagulation with rivaroxaban 
(15 mg twice daily for 3 weeks, 
followed by 20 mg once daily) is 
recommended.

I B 296

Anticoagulation: combination of parenteral treatment
with VKA 

PE without shock or hypotension (intermediate-or low-risk)d

Close monitoring is 
recommended in patients with 
intermediate-high risk PE to 
permit early detection of 
haemodynamic decompensation 
and timely initiation of 'rescue'
reperfusion therapy.

I B 253

Thrombolytic therapy should be 
considered for patients with 
intermediate-high-risk PE and 
clinical signs of haemodynamic 
decompensation.

IIa B 252, 253

Surgical pulmonary 
embolectomy may be 
considered in intermediate-
high-risk patients if the 
anticipated risk of bleeding 
under thrombolytic treatment is 
high.g

IIb C

Percutaneous catheter-directed 
treatment may be considered in 
intermediate-high-risk
patients if the anticipated risk of 
bleeding under thrombolytic 
treatment is high.g

IIb B 336

Early discharge and home treatment
Patients with acute low-risk PE 
should be considered for early 
discharge and continuation of 
treatment at home if proper 
outpatient care and 
anticoagulant treatment can be 
provided.

IIa B 217, 237, 
347, 349

As an alternative to the 
combination of parenteral 
anticoagulation with a VKA,
anticoagulation with apixaban
(10 mg twice daily for 7 days, 
followed by 5 mg twice daily) is 
recommended.

I B 297

As an alternative to VKA 
treatment, administration of 
dabigatran (150 mg twice daily,
or 110 mg twice daily for 
patients >80 years of age or 
those under concomitant 
verapamil treatment) is 
recommended following acute-
phase parenteral anticoagulation.

I Be 293, 294

As an alternative to VKA 
treatment, administration of 
edoxaban* is recommended 
following acute-phase parenteral 
anticoagulation.

I B 298

New oral anticoagulants 
(rivaroxaban, apixaban, 
dabigatran, edoxaban) are not 
recommended in patients with 
severe renal impairment.f

III A 293, 295–
298

Reperfusion treatment
Routine use of primary systemic 
thrombolysis is not 
recommended in patients not 
suffering from shock or 
hypotension.

III B 253

* CAUTION: Edoxaban is currently subject to regulatory review for the treatment
of venous thromboembolism in the European Union.
aPTT ¼ activated partial thromboplastin time; INR ¼ international normalized
ratio; LMWH ¼ low-molecular-weight heparin; PE ¼ pulmonary embolism;
UFH ¼ unfractionated heparin; VKA ¼ vitamin K antagonist.
aClass of recommendation.
bLevel of evidence.
cReferences.
dSee Table 9 for definition of the risk categories.
eRE-COVER and RE-COVER II are considered one large trial.
fCreatinine clearance ,30 mL/min for rivaroxaban, dabigatran and edoxaban; and
,25 mL/min for apixaban.
gIf appropriate expertise and resources are available on site.
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Experiencia Hospital 
del mar 2008-2016



• 2008-2016: 53 pacientes con TEP de riesgo alto o intermedio 
• Valoración conjunta: Urgencias/ UCI / Neumología / Unidad Hemodinámica 
• Técnica realizada:  

• Fragmentación y trombectomía ± FBN intrarterial (Tenecteplase 1/3 dosis 
sistémica) 

• Objetivo: Evaluar los resultados 
• End-points: 

• Complicaciones procedimiento / Hemorrágicas (GUSTO) 
• Mortalidad IH / 30 días / Seguimiento 
• Resultados hemodinámicos 
• Presencia de disfunción VD e HTP en el seguimiento por Ecocardiograma 

• Análisis por subgrupos: 
• Riesgo mortalidad precoz 
• Indicación tratamiento percutaneo: de elección / rescate

Muestra



Técnica



Características basales
Características basales

Edad  (años) 69,0 ± 12

Sexo femenino 25 (47,2%)

Motivo de consulta
Disnea
Dolor torácico
Síncope
Síntomas inespecíficos
Parada cardiorespiratoria

32 (60,4%)
6 (11,32%)
12 (22,6%)

2 (3,8%)
1 (1,9%)

Enfermedad pulmonar 
crónica 3 (5,7%)

Enfermedad cardíaca previa 0

Neoplasia 13 (24,5%)

Enfermedad tromboembólica 
previa
TVP 
TEP
Ambos

13 (24,5%)

6 (11,3%)
6 (11,3%)
1 (1,9%)

Tratamiento anticoagulante 
previo 1 (1,9%)

Datos clínicos al ingreso

Tensión arterial sistólica 
(mmHg) 120,5 ± 27,1

Frecuencia cardíaca (lpm) 109,3 ± 19,9

Saturación arterial O2 (%)  90,7 ± 5,0

Frecuencia respiratoria (rpm) 24,9 ± 7,8

Hallazgos angioTC
Afectación central
Afectación periférica

47 (90,4%)
5 (9,6%)

Disfunción ventricular derecha
No
Ecocardiograma
AngioTC

51 (96%)
2 (3,8%)

46 (86,8%)
5 (9,4%)

Troponina positiva 46 (88,5%)

Pro-BNP positivo 44 (89,9%)

Shock Índex (FC/TAS) 0,97 ± 0,36



Estratificación de riesgo

Estratificación de riesgo
Contraindicación 
fibrinólisis sistémica
No
Absoluta
Relativa

13 (24,5%)

40 (75,5%)
8 (15,1%)
5  (9,4%)

PESI score 113,6 ± 29,4
Grupo riesgo PESI
Clase I-II (PESI ≤ 85 ptos) 
Clase III-IV (PESI ≥ 86 ptos)

7 (13,2%)
46 (86,8%)

PESI score simplificado 1,75 ± 1,04
Grupo riesgo PESIs
Bajo (0 ptos)
Alto (≥ 1 pto)

6 (11,3%)
47 (88,7%)

Riesgo mortalidad precoz
Alto
Intermedio-alto
Intermedio-bajo

13 (24,5%)
34 (64,2%)
6 (11,3%)

Four-chamber views of the heart by CT angiography may detect
RV enlargement (end-diastolic diameter, compared with that of the
left ventricle) as an indicator of RV dysfunction. Following a
number of early retrospective studies,227 the prognostic value of an
enlarged RVon CT angiography was confirmed by a prospective mul-
ticentre cohort studyof 457 patients (Table8).228 In-hospital deathor
clinical deterioration occurred in 44 patients with- and in 8 patients
without RV dysfunction on CT (14.5% vs. 5.2%; P , 0.004). Right ven-
tricular dysfunction was an independent predictor for an adverse
in-hospital outcome, both in the overall population (HR 3.5; 95%
CI 1.6–7.7; P ¼ 0.002) and in haemodynamically stable patients
(HR 3.8; 95% CI 1.3–10.9; P ¼ 0.007). Additional recent publications
have confirmed these findings.229,230

4.3 Laboratory tests and biomarkers
4.3.1 Markers of right ventricular dysfunction
Right ventricular pressureoverload is associatedwith increased myo-
cardial stretch, which leads to the release of brain natriuretic peptide
(BNP) or N-terminal (NT)-proBNP. The plasma levels of natriuretic
peptides reflect the severity of haemodynamic compromise and
(presumably) RV dysfunction in acute PE.231 A meta-analysis found
that 51% of 1132 unselected patients with acute PE had elevated
BNP or NT-proBNP concentrations on admission. These patients
had a 10% risk of early death (95% CI 8.0–13) and a 23% (95% CI
20–26) risk of an adverse clinical outcome.232

In normotensive patients with PE, the positive predictive value of
elevated BNP or NT-proBNP concentrations for early mortality is
low.233 In a prospective, multicentre cohort study that included
688 patients, NT-proBNP plasma concentrations of 600 pg/mL
were identified as the optimal cut-off value for the identification of
elevated risk (Table 8).234 On the other hand, low levels of BNP or
NT-proBNP can identify patients with a favourable short-term clinic-
al outcome based on their high negative predictive value.226,232,235,236

Haemodynamically stable patients with low NT-proBNP levels may
be candidates for early discharge and outpatient treatment.237

4.3.2 Markers of myocardial injury
Transmural RV infarction despite patent coronary arteries has been found
atautopsyofpatientswhodiedofmassivePE.238Elevatedplasmatropo-
nin concentrations on admission have been reported in connection
with PE and were associated with worse prognosis. A meta-analysis
covering a total of 1985 patients showed elevated cardiac troponin I
or -T concentrations in approximately 50% of the patients with acute
PE (Table 8).239 Elevated troponin concentrations were associated
with high mortality both in unselected patients [odds ratio (OR) 9.44;
95% CI 4.14–21.49] and in haemodynamically stable patients
[OR 5.90; 95% CI 2.68–12.95], and the results were consistent for
troponin I or -T; however, other reports have suggested a limited prog-
nostic value of elevated troponins in normotensive patients.240

The reported positive predictive value of troponin elevation for
PE-related early mortality ranges from 12–44%, while the negative

Table 7 Original and simplified PESI

Parameter Original version214 218

Age Age in years 1 point (if age >80 years)

Male sex +10 points –

Cancer +30 points 1 point

Chronic heart failure +10 points
1 point

Chronic pulmonary disease +10 points

Pulse rate ≥110 b.p.m. +20 points 1 point

Systolic blood pressure <100 mm Hg +30 points 1 point

Respiratory rate >30 breaths per minute +20 points –

Temperature <36 °C +20 points –

Altered mental status +60 points –

Arterial oxyhaemoglobin saturation <90% +20 points 1 point

Risk strataa

Class I: ≤65 points
very low 30-day mortality risk (0–1.6%)
Class II: 66–85 points
low mortality risk (1.7–3.5%)

Class III: 86–105 points
moderate mortality risk (3.2–7.1%)
Class IV: 106–125 points
high mortality risk (4.0–11.4%)
Class V: >125 points
very high mortality risk (10.0–24.5%)

0 points = 30-day mortality risk 1.0% 
(95% CI 0.0%–2.1%)

≥1 point(s) = 30-day mortality risk 10.9% 
(95% CI 8.5%–13.2%)

b.p.m. ¼ beats per minute; PESI ¼ Pulmonary embolism severity index.
abased on the sum of points.
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Tratamiento
Datos tratamiento FBN 
sistémica
Fibrinolisis sistémica
No contraindicación
Contraindicación absoluta
Contraindicación relativa

8 (15,1%)
6 (75%)

1 (12,5%)
1 (12,5%)

Indicación fibrinólisis sistémica
De primera elección
Rescate
Perfusión post-trombectomía

5 (62,5%)
2 (25%)

1 (12,5%)
Tipo Fibrinolítico
rTPA
TNK

7 (87,5%)
1 (12,5%)

Datos tratamiento percutáneo

Tratamiento ACO pre-procedimiento
HBPM
HNF
HBPM y HNF
Ninguno

19 (37,25%)
19 (37,25%)
12 (23,5%)

1 (2%)

Horas ingreso-trombectomía
Riesgo alto
Riesgo intermedio-alto
Riesgo intermedio-bajo

25 ± 20
13,4 ± 15,9
28,5 ± 20,5
30,75 ± 18,1

Indicación tratamiento percutáneo
De primera elección
De rescate

48 (90,6%)
5 (9,4%)

Fibrinolisis intrarterial
No contraindicación
Contraindicación absoluta
Contraindicación relativa

42 (79,25%)
35 (83,3%)
4 (9,5%)
3 (7,2%)

Tipo Fibrinolítico
rTPA
TNK
Dosis TNK (UI)

4 (9,5%)
38 (90,5%)

2750 (2500-3000)

Trombectomía mecánica 53 (100%)
Trombectomía efectiva 49 (94,2%)
Duración procedimiento (min) 108,5 ± 36,5

No fibrinolisis intrarterial n = 11
Contraindicaciones FBN
No
Contraindicación absoluta
Contraindicación relativa

5 (45,5%)
4 (36,4%)
2 (18,2%)

Fibrinólisis sistémica
Si
No

3 (27.3%)
8 (72.7%)



Resultados
Resultados

Mejoría clínica 46 (86,8%)

Complicaciones procedimiento
Menor
Mayor
Mortalidad

7 (13,2%)
4 (7,5%)
3 (5,7%)
1 (1,9%)

Complicaciones hemorrágicas (GUSTO)
Severa
Moderada
Leve

14 (26,4%)
3 (5,7%)
5 (9,4%)
6 (11,3%)

Mortalidad intrahospitalaria 3 (5,7%)

Mortalidad 30 días 4 (8,16%)

Seguimiento medio (días) 1090 
(18-2663)

Mortalidad global seguimiento (n=50) 10 (20%)

Recurrencia TEP (n = 47) 2 (4,3%)

• Análisis por subgrupos: 
• Riesgo mortalidad precoz: no diferencias complicaciones procedimiento, hemorrágicos y mortalidad IH 
• Indicación trombectomía: no hubo diferencias complicaciones procedimiento o mortalidad IH 

• Complicaciones hemorrágicas: 22% (elección) vs 60% (rescate), p < 0,05

GUSTO classification: 
1: Severa (hemorragia intracraneal o 
hemorragia que causa compromiso 
hemodinámico y requiere intervención) 
2: Moderada (requiere transfusión, no 
compromiso hemodinámico) 
3. Leve (no criterios para severa o 
moderada)



Resultados hemodinámicos
Pre-procedimiento Post-procedimiento p

Frecuencia cardíaca (lpm) 96,2 (± 18,3) 88,0 (± 19,2) < 0,001

Presión arterial sistólica (mmHg) 128,4 (±26,6) 135,0 (±23,0) 0,112

Presión arterial diastólica (mmHg) 75,1 (±14,3) 78,1 (±12,2) 0,134

SatO2 (%) 96,1 (±3,5) 97,9 (±1,9) 0,001

Shock Index 0,95 (±0.35) 0,66 (0.22) < 0,001

Presión Pulmonar Sistólica (mmHg) 52,2 (±13,3) 42,4 (±11,7) < 0,001

Presión Pulmonar Diastólica (mmHg) 20,3 (±6,4) 17,3 (±8,5) 0,013

Presión Pulmonar Media (mmHg) 32,2 (±7,2) 27,9 (±8,4) < 0,001

Gasto Cardíaco (l/min) 4,4 (±1,2) 4,95 (±1,1) 0,004
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Resultados datos ecocardiográficos
Pre-procedimiento Seguimiento p

Dilatación ventrículo derecho 96,15 % 9,30 % < 0,001

Disfunción ventrículo derecho 86,5 % 9,30 % < 0,001

TAPSE (mm) 15,1 (± 4,4) 20,3 (±5,7) < 0,001

Presión Pulmonar Sistólica (mmHg) 54,0 (±16,3) 33,1 (±11,3) < 0,001

Hipertensión pulmonar 66,7 % 6,98 % < 0,001

Seguimiento medio 364 días (2 - 1392)



Resultados
Hospital	del	Mar PERFECT	trial Kuo	et	al

Éxito	Clínico 86,8	% 94	% 86,5	%

Mejoría	significa4vo	
función	VD 88,9	% 89,1	%

Descenso	significa4vo	
PAPs 84,1	% 84,8	%

Complicaciones	
procedimiento 13,2	% 0	% 10,3	%

Sangrado	mayor 5,7	% 0 3,2	%

Sangrado	menor 20,7	% 12,9	% 3,5	%

Mortalidad	
intrahospitalaria 5,7	% 5,9	%



• Tromboembolismo pulmonar continua siendo una 
causa de morbimortalidad importante 

• Importancia de la estratificación de riesgo 
(pacientes normotensos) 

• Grupos de riesgo alto e intermedio-alto requieren 
de una manejo agresivo 

• Fundamental el abordaje multidisciplinar

Conclusiones



• Fibrinolisis sistémica: 

• Tratamiento de elección TEP de alto riesgo 

• ¿TEP de riesgo intermedio-alto? 

• Tratamiento percutáneo: 

• Herramienta terapéutica eficaz 

• TEP alto riesgo como alternativa a la FBN sistémica o bien como rescate  
REPERFUSIÓN FARMACOMECÁNICA 

• TEP de riesgo intermedio-alto: puede tener un papel fundamental: 
REPERFUSIÓN FARMACOLÓGICA INTRARTERIAL 

• Objetivo debe ser la mejoría clínica, NO ANGIOGRÁFICA

Conclusiones



Conclusiones
should be given to patients who had syncope, which
may represent transient hemodynamic instability
and the potential for higher risk (9). Hemodynami-
cally stable patients without evidence of RV strain
are considered to be at low risk, may not require
PERT activation, and can be treated with anti-
coagulation alone. That said, the PERT might help the
clinical team define the level of risk and optimal
therapy for each individual patient.

Once the PERT has been activated, members typi-
cally meet, either at the patient’s bedside or virtually,
and review all patient-related data. The most impor-
tant data include the presenting history, with a focus
on symptoms and signs of hemodynamic instability,
vital signs, CT, echocardiogram, and laboratory data.
Team members should discuss indications and con-
traindications to fibrinolytic therapy, catheter-based
intervention, and surgical embolectomy, followed
by discussion with the patient and family members,
including the risks and benefits of each therapy pro-
posed. A sample algorithm to help in triaging patients
presenting to the emergency room of a hospital with a
PERT is provided (Figure 1). The PERT should
consider the degree of hemodynamic compromise
and the existence of variable contraindications. The
simplified PE severity index may be a useful aid when
further considering the risks and benefits of inter-
ventional therapies (10).

SYSTEMIC FIBRINOLYSIS

Traditionally, intravenous (IV) fibrinolysis has been
considered the primary intensive therapy option in
patients with high-risk PE, although the data sup-
porting its use in massive PE is poor. Most trials that
randomized patients with PE to fibrinolytics versus
standard anticoagulation included submassive PE
only. A meta-analysis of trials including patients with
massive PE showed a reduction in the composite of
recurrent PE and death with use of IV fibrinolytic
agents, but not in death alone (11). Univariate analysis
of a large inpatient sample found that among unsta-
ble patients with PE, use of IV fibrinolytic therapy was
associated with a lower mortality rate (12), but only
30% of unstable patients received such therapy.

Patients with submassive PE were better repre-
sented in randomized trials. The MAPPET (Manage-
ment, Strategies and Prognosis of Pulmonary
Embolism)-3 trial (13) randomized 256 patients with
PE and pulmonary hypertension or RV dysfunction to
100 mg of IV alteplase or placebo infused over 2 h plus
anticoagulation. IV alteplase was associated with a
lower risk of further need to escalate the treatment and
with a similar risk of death. Mortality was lower than

expected in both groups (3.4% in the alteplase and
2.2% in the placebo group; p ¼ 0.71). More recently,
the PEITHO (Pulmonary Embolism Thrombolysis) trial
(14) randomized 1,006 patients with submassive
PE (normal blood pressure, RV enlargement, and
increased troponin level) to tenecteplase or placebo.
The PEITHO trial showed a reduction in the primary
endpoint of hemodynamic collapse at 7 days with
tenecteplase, but a significant increase in hemorrhagic
stroke (most in patients older than 75 years of age),
with similar mortality in both groups. The smaller
MOPETT (Moderate Pulmonary Embolism Treated
With Thrombolysis) trial (15) randomized 121 patients
with moderate-risk PE to half-dose alteplase
(maximum 50mg over 2 h) with anticoagulation versus
anticoagulation alone. Low-dose alteplase was asso-
ciated with lower pulmonary pressure at 28 months
and no major bleeding. A 1,700 patient meta-analysis

CENTRAL ILLUSTRATION PERT Protocol

Medical therapy Catheter 
directed therapy

Surgical
embolectomy

Acute PE confirmed by Computed Tomography (CT) scan

Patient with suspected pulmonary embolism (PE)

Multidisciplinary PE response team (PERT) alerted:
Interventionalist, cardiac surgeon,

radiology, pulmonary/critical care medicine

PERT members review the available medical information
and develop optimal treatment plan

Anticoagulation initiated, unless contraindicated

Jaber, W.A. et al. J Am Coll Cardiol. 2016; 67(8):991–1002.

Example of an intensive PE management pathway utilizing a single phone call to the PE
team leader. Further review with PERT members can occur while the patient is transferred
to the critical care unit, interventional laboratory, or operating room. Adapted with
permission from Bloomer et al. (6). CT ¼ computed tomography; PE ¼ pulmonary
embolism; PERT ¼ pulmonary embolism response team.
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of all fibrinolysis trials, including patients with
catheter-directed fibrinolysis (CDF), demonstrated a
statistically significant mortality benefit from fibrino-
lysis in patients with intermediate-risk PE (16). There
was a significantly increased risk of hemorrhage, but
the benefit appeared to outweigh the risk when the
analysis excluded patients older than 65 years of age.
Importantly, subanalyses of patients younger than 65
years of age were performed post hoc in the trials
included in the meta-analysis.

Taken together, these studies show that the use of
IV fibrinolytic therapy in patients with massive or
submassive PE leads to improved hemodynamic sta-
bilization and, possibly, a lower risk of recurrent PE
and PE-attributed death. However, this benefit comes

with an increased risk of severe bleeding and intra-
cranial hemorrhage (14).

CATHETER-BASED THERAPIES

Catheter-based therapies aim to relieve obstruction
quickly and restore pulmonary blood flow, thus
improving cardiac output and converting a hemody-
namically unstable situation into a stable one. This
is accomplished with reduced or no doses of fibrino-
lytic agents. Catheter-directed therapies (CDT) might
include clot fragmentation, aspiration, and low-dose
fibrinolytic injection. The American Heart Associa-
tion and American College of Chest Physicians
guidelines address catheter-based management of

FIGURE 1 ER PE Protocol Utilizing PERT Consultation and sPESI Score

PE confirmed:
Anticoagulate

Stable patient
Unstable patient

Massive PE
(SBP < 90)

PERT consult

Low risk PE pt
sPESI* 0

Submassive PE
suspected
sPESI ≥ 1

1.   Discuss IV lytics/
      catheter/surgery 
      with PERT leader
2.   If lytics,
      consider
      initiation in ER

Echo
+

Troponin

Echo and troponin
(-) for RV

dysfunction
Echo or troponin (+)
for RV dysfunction

Anticoagulate,
admit to medicine

floor
Admit to critical

care unit

PERT consult

*Simplified pulmonary embolism severity index (sPESI) score ¼ 1 point for age >80 years, cancer, chronic heart failure or chronic pulmonary
disease, heart rate >110 beats/min, SBP <100 mm Hg, or O2 saturation <90%. Adapted with permission from Bloomer et al. (6). Echo ¼
echocardiography; ER ¼ emergency room; IV ¼ intravenous; PE ¼ pulmonary embolism; PERT ¼ pulmonary embolism response team;
RV ¼ right ventricular; SBP = systolic blood pressure.
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Servicios	Participantes:			

Neumología	(D.A.	Rodríguez,	C.	Estirado	y	A.	Sancho)	

Cardiología	(R.	Millan,	LL.	Molina)	

UCI	(A.	Vazquez)	

Urgencias	Medicina	(O.	Pallás)	
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