Tratamiento percutáneo
del Tromboembolismo
Pulmonar (TEP)
Experiencia Hospital del Mar 2008-2016

Dr. Raúl Millán Segovia
Unidad de Cardiología Intervencionista y
Hemodinámica
Servicio Cardiología

Índice
•

Introducción:
•

Importancia del problema

•

Estratificación del riesgo

•

Recomendaciones actuales de tratamiento
•

Fibrinolisis sistémica

•

Embolectomía quirúrgica

•

Técnicas de tratamiento intervencionista

•

Experiencia en nuestro centro 2008-2016

•

Conclusiones

Importancia del problema
•

Enfermedad tromboembólica venosa (incidencia 100-200 casos/100000 hab)

•

3a enfermedad cardiovascular

•

Principales causas de mortalidad, morbilidad y hospitalización

•

TEP: Mortalidad 7-11% en la fase aguda

Konstantinides et al.

984

JACC VOL. 67, NO. 8, 2016

Pulmonary Embolism Update

MARCH 1, 2016:976–90

120

Incidence Rate

110
100
90
80
70
60

U.S. (66)†

50
40
30

U.S. (66)*

Italy (62)*

Australia (61)*

20

Spain (68)*

10
1997

1999 2001 2003 2005 2007 2009 2011
Year

2013

Number of In-hospital Deaths / 100 Pulmonary Embolism Diagnoses (%)

Number of Pulmonary Embolism Diagnoses / 100,000 Inhabitants

F I G U R E 2 Global Trends in PE Incidence and Case Fatality Rates
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(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.

Trends in hospital admissions for pulmonary embolism in Spain from 2002 to 2011 , Eur Respir J 2014; 44:942-50

F I G U R E 1 PE: Risk-Adjusted Management in the Acute Phase and Over the Long Term
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CENTRAL ILLUSTRATION

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 Nevertheless, 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.

MARCH 1, 2016:976–90

Acute PE: Current Risk Stratiﬁcation

Risk Parameters and Scores

Recommendations for prognostic assessment

Early Mortality Risk

Shock or
Hypotension

+
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Intermediate

Intermediatehigh
Intermediatelow
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-

PESI Class III-V Signs of RV
Dysfunction on
or sPESI ≥1
an Imaging Test
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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.
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.
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.

Cardiac
Laboratory
Biomarkers*

(+)

+

Both positive

+

Either 1 (or none) positive

-

Assessment optional:
If assessed, both negative

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
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214,
218

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.
a
Class of recommendation.
b
Level of evidence.
c
References.
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Figure 1. Overall mortality (A) (log-rank P!0.001) and cardiovascular mortality (B) (log-rank P!0.001) in 108 patients with massive PE and in 2284 patients with non–massive PE.
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526 normotensive patients with acute PE, troponin T concentrations
,14 pg/mL, measured by a high-sensitivity assay, had a negative predictive 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
Guidelines
of myocardial injury, was also found to possess prognostic value in
acute PE.242,243 In normotensive patients, circulating H-FABP levels

4.3.3 Other (non-cardiac) laboratory biomarkers
Elevated serum creatinine levels and a decreased (calculated) glomerular filtration rate are related to 30-day all-cause mortality in
acute PE.247 Elevated neutrophil gelatinase-associated lipocalin
Page 17 of 48
(NGAL) and cystatin C, both indicating acute kidney injury, have
also been found to be of prognostic value.248 Elevated D-dimer
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RV/LV ≥1.0
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59 (54–64)
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+10 points

+30 points

46 (27–66)
+10 points

+20 points
RV/LV ≥0.9

Respiratory rate >30 breaths per minute
Temperature <36 °C

%
(95% CI)

+10 points

CT
Pulse rate ≥110
b.p.m.
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Systolic blood pressure <100 mm Hg

218
NPV,
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%1 point (if age >80
%years)
(95% CI)
(95% CI)
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Age
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85 (64–95)
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8 (5–14)
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75–100
pg/mL

–

56 (50–62)
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(94–99)
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(94–99)
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7 (5–10)
–
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H-FABP

86 (69–95)

–

14 (9–21)

–
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assays/
cut-off valuesc

NR
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(95% CI 0.0%–2.1%)

NR

NR
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(95% CI 8.5%–13.2%)

(38–47)

82
(74–89)
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NR

NR
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(95–99)

9 (6–12)
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Phase 3 trials investigating the new, non–vitamin K- reassuring in the setting of stroke prevention in atrial
rivaroxaban (34,35) in the treatment of VTE have been with rivaroxaban, rates of major bleeding for patients
The Table shows the results of meta-analyses or, in the absence thereof, of the largest prospective cohort studies.
dependent oral anticoagulant agents (NOACs) apix- ﬁbrillation, and has also begun to accumulate in VTE.
completed and published. A meta-analysis showed with VTE were 4.1% per year (95% CI: 2.5% to 6.4% per
b
In most studies, ‘early’ refers to the in-hospital period or the first 30 days after the index event.
aban (30), dabigatran (31,32), edoxaban (33), and In a prospective German registry of patients treated
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rates of major
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,10%.
completed and published. A meta-analysis showed with VTE were 4.1% per year (95% CI: 2.5% to 6.4% per
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that these agents are noninferior to the standard hep- year), and case fatality rates were low (approximately
interval [CI]: 0.77 to 1.06), and that they are probably monoclonal antibody idarucizumab, which binds the
e
These studies included only normotensive patients and used a combined outcome (all-cause death or major cardiovascular
complications).
arin/VKA
regimen, in terms of prevention of VTE 5% at 30 days) (37). Importantly, available data suggest
a

Riesgo mortalidad 3-10%
Mayor riesgo de empeoramiento clínico y eventos adversos

ur-chamber views of the heart by CT angiography may detect
In normotensive patients with PE, the positive predictive value of
ESC Guidelines on the diagnosis and management of acute pulmonary embolism. Eur
Heart
J 2014;35:
in terms of major
bleeding (RR: 0.61; 3033-69
95% CI: 0.45 thrombin inhibitor dabigatran, is effective in emerlargement (end-diastolic diameter, compared with that of the
elevated BNP or NT-proBNP concentrations for early mortality is safer
recurrence (relative risk [RR]: 0.90; 95% conﬁdence that the ﬁrst reversal agent against a NOAC, the
to 0.83), particularly intracranial (RR: 0.37; 95% CI: gency situations (38); this agent is expected to obtain
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interval [CI]: 0.77 to 1.06), and that they are probably

monoclonal antibody idarucizumab, which binds the

Tratamiento
reperfusión
Fibrinolisis sistémica y embolectomía quirúrgica

Original Investigation

Thrombolysis for Pulmonary Embolism

Research

Fibrinolisis sistémica

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, 1.414.62), ICH (median OR, 3.02; 95% credible interval, 1.68-

14.72), and recurrent PE (median OR, 0.31; 95% credible interval, 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
UPETSG,31
1970

No. of
Patients
160

Randomized
Treatment

Comparator

Major
Bleeding
Criteria

Follow-up,
d

Low

Mod

High

Unclear

Age, Mean
(Range or
SD), y

PE Risk, No. (%)

Male,
No. (%)

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)

101

Alteplase
(100 mg)

Heparin

ICH, need for
surgery

14

55
(49.5)

56
(50.4)

0

0

58.54
(17)

44
(44)

Streptokinase
(1 500 000 IU)

Heparin

Not
prespecified

0

0

0

51
(22.9)

5
(63)

Alteplase
(100 mg)

Heparin

ICH, fatal,
Hgb drop
>4 g/dL

155
(60.5)

80
(31.25)

0

62.08
(10.47)

122
(47.6)

7

0

58
(100)

0

0

68.1
(1.85)

13
(22.4)

55.97
(16.12)

41
(56.94)

58.5
(9.5)

55
(45.45)

Goldhaber et
al,2 1993
Jerjes-Sanchez
et al,24 1995

8

Konstantinides
et al,3 2002

256

TIPES,29 2010

58

Tenecteplase
(30-50 mg)

Heparin

ICH, fatal,
need for
transfusion,
need for
surgery

Fasullo et al,11
2011

72

Alteplase
(100 mg)

Heparin

ICH, fatal, any
transfusion

180

0

72
(100)

0

0

121

Alteplase (50 mg)

Heparin/
enoxaparin

Not
prespecified

840

0

82
(67.7)

0

39
(32.23)

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)

Tenecteplase
(30-50 mg)

Heparin/
LMWH/
fondaparinux

ICH, lifethreatening,
fatal, need for
transfusion

30

0

1005
(100)

0

0

66.15
(15.29)

473
(47.06)

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)

MOPETT,10
2012
ULTIMA,30
2013

PEITHO,8 2014

TOPCOAT,9
2014

1005

83

1-3
30

8
(100)

21
(8.2)
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Figure 2. Odds of Mortality in Patients With Pulmonary Embolism Treated With Thrombolytic Therapy vs Anticoagulation

Source
UPETSG,31 1970
Tibbutt et al,28 1974
Ly et al,25 1978
Marini et al,26 1988
Levine et al,22 1990
PIOPED,27 1990
Dalla-Volta et al,23 1992
Goldhaber et al,2 1993
Jerges-Sanchez et al,24 1995
Konstantinides et al,3 2002
TIPES,29 2010
Fasullo et al,11 2011
MOPETT,10 2012
ULTIMA,30 2013
TOPCOAT,9 2014
PEITHO,8 2014
Total

Thrombolytics

Anticoagulants

No. of No. of
Events Patients
6
82
0
13
1
14
0
20
1
33
1
9
2
20
0
46
0
4
4
118
0
28
0
37
1
61
0
30
1
40
6
506
23
1061

No. of No. of
Events Patients
7
78
1
17
2
11
0
10
0
25
0
4
1
16
2
55
4
4
3
138
1
30
6
35
3
60
1
29
1
43
9
499
41
1054

2 = 16.51; P = .28; I2 = 15%
Heterogeneity: χ 14
Overall effect: z = 2.45; P = .01

OR
(95% CI)
0.80 (0.26-2.49)
0.17 (0.00-8.94)
0.37 (0.03-3.96)
Not estimable
5.80 (0.11-303.49)
4.24 (0.06-296.20)
1.61 (0.15-16.82)
0.16 (0.01-2.57)
0.03 (0.00-0.40)
1.58 (0.35-7.09)
0.14 (0.00-7.31)
0.11 (0.02-0.58)
0.35 (0.05-2.57)
0.13 (0.00-6.59)
1.08 (0.07-17.53)
0.66 (0.24-1.82)
0.53 (0.32-0.88)
0.005

Favors
Thrombolytics

Favors
Anticoagulants

Weight,
%
20.2
1.6
4.5
1.6
1.4
4.7
3.3
3.8
11.4
1.7
9.3
6.5
1.7
3.3
24.8
100.0

0.1

1.0

10

200

OR (95% CI)

Embolism Thrombolysis trial; PIOPED, Prospective Investigation of Pulmonary
Evaluated using the Peto method of meta-analysis. The standard practice in
Embolism Diagnosis; TIPES, Tenecteplase Italian Pulmonary Embolism Study;
meta-analysis of odds ratios (ORs) and risk ratios is to exclude studies from the
Thrombolysis for Pulmonary Embolism and Risk
13 of All-Cause Mortality, Major Bleedin and Intrcranial Hemorrhage. JAMA 2014; 311:2414-2421
TOPCOAT, Tenecteplase or Placebo: Cardiopulmonary Outcomes At Three
meta-analysis where there are no events in either group. A 0-cell or continuity
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eFigure 1. Odds of Major Bleeding in Patients with Pulmonary Embolism treated
with Thrombolytic Therapy vs Anticoagulation

eFigure
2.indicates
Odds of Moderate
Intracranial
Hemorrhage
(ICH)
in Patients
with Pulmonary
MOPETT
Pulmonary
Embolism
Treated
with Thrombolysis
trial;
Embolism treated with Thrombolytic Therapy vs. Anticoagulation

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].

MOPETT
indicatesand
Moderate
Pulmonary
Embolism
Treated
with
trial;
Thrombolysis for Pulmonary
Embolism
Risk of All-Cause
Mortality,
Major
Bleedin
andThrombolysis
Intrcranial Hemorrhage.
JAMA 2014; 311:2414-2421

Accelerated regimen: 3 million IU over 2 hours
rtPA

100 mg over 2 hours; or
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0.6 mg/kg over 15 minutes (maximum dose 50 mg)

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

Riesgo de sangrado

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
a

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

30-50% de los pacientes contraindicaciones

Factores de riesgo
Edad ≥ 75 años

Insuficiencia renal

Inestablidad hemodinámica / Uso de catecolaminas (OR 115)

Diabetes mellitus (OR 9.6)

Neoplasia activa (OR 16.0)

Sangrado mayor

20 %

Hemorragia intracraneal

3-5%

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

Fibrinolisis sistémica
Perfil de riesgo del paciente

Benificio clínico:
Mortalidad
Mejoría clínica
Recurrencia eventos

Riesgo complicaciones:
Sangrado mayor
Hemorragia intracraneal

609

Systemic thrombolytic therapy for acute pulmonary embolism

FBN y TEP alto riesgo

748

Circulation

August 10, 2004

TABLE 4. Subgroup Analysis of Trials That Included Major (Hemodynamically Stable) Pulmonary
That Excluded Patients With Major Pulmonary Embolism
Trials That Included Patients With Major PE

Trials That Excluded Patient

Outcome

Thrombolysis,
n/N (%)

Heparin,
n/N (%)

OR
(95% CI)

Thrombolysis,
n/N (%)

Heparin,
n/N (%)

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)

Recurrent PE

5/128 (3.9)

9/126 (7.1)

0.61 (0.23–1.62)

5/246 (2.0)

7/248 (2.8)

Death

8/128 (6.2)

16/126 (12.7)

0.47 (0.20–1.10)

8/246 (3.3)

6/248 (2.4)

28/128 (21.9)

15/126 (11.9)

1.98 (1.00–3.92)

6/246 (2.4)

8/248 (3.2)

Major bleeding

PE indicates pulmonary embolism.

the methodological defici
minimized the likelihood
D

Marti et al. Eur Heart J 2015; 36:605-614
jectively diagnosed
recurrent pulmonary embolism, and we
14,48 one of which
et al.2Circulation
2004;trials,
110: 744-749
also included dataWan
from
additional

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

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

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.
Riesgo
complicaciones:

FBN y TEP riesgo intermedio-alto

Sangrado mayor
Recommendations for acute phase
treatment
Hemorragia
intracraneal
Benificio clínico:
Mortalidad
Recommendations
Classa Levelb Ref c
Mejoría clínica
PE with shock or hypotension (high-risk)
Recurrencia eventos
It is recommended that intravenous
anticoagulation with UFH be initiated
I
C
without delay in patients with highrisk PE.
Thrombolytic therapy is
I
B
168
recommended.
is
ESC GuidelinesSurgical
on the pulmonary
diagnosisembolectomy
and management
of acute pulmonary embolism.
recommended
patients
in whom 3033-69
Eurfor
Heart
J 2014;35:
313
I
C
thrombolysis is contraindicated or has
d

FBN y TEP riesgo intermedio-alto
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Mortalidad precoz

Figure 3. Odds of Mortality in Patients With Intermediate-Risk Pulmonary Embolism Treated With Thrombolytic Therapy vs Anticoagulation

Source
Goldhaber et al,2 1993
Konstantinides et al,3 2002
TIPES,29 2010
Fasullo et al,11 2011
MOPETT,10 2012
ULTIMA,30 2013
TOPCOAT,9 2014
PEITHO,8 2014
Total

Thrombolytics

Anticoagulants

No. of No. of
Events Patients
0
46
4
118
0
28
0
37
1
61
0
30
1
40
6
506
12
866

No. of No. of
Events Patients
2
55
3
138
1
30
6
35
3
60
1
29
1
43
9
499
26
889

Heterogeneity: χ 72 = 7.63; P = .37; I2 = 8%
Overall effect: z = 2.22; P = .03

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

Favors
Thrombolytics

OR
(95% CI)
0.16 (0.01-2.57)
1.58 (0.35-7.09)
0.14 (0.00-7.31)
0.11 (0.02-0.58)
0.35 (0.05-2.57)
0.13 (0.00-6.59)
1.08 (0.07-17.53)
0.66 (0.24-1.82)
0.48 (0.25-0.92)
0.01

0.1

Favors
Anticoagulants

1.0

10

Weight,
%
5.3
18.4
2.7
15.1
10.5
2.7
5.3
40.0
100.0
100

OR (95% CI)

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.

Mortalidad vs riesgo de sangrado

eFigure 7. Weighted Risk Difference of Mortality and ICH with Thrombolytic
Therapy in PE

Thrombolysis for

[26/889]) (Figure 3) and greater major bleeding rate (OR, 3.19; sis comparing associated mortality benefits vs ICH risks of
thrombolytic therapy demonstrated a net clinical benefit of
95% CI, 2.07-4.92; 7.74% [67/866] vs 2.25% [20/889]) when
0.81% (95% CI, 0.65% to 1.01%). This analysis weighted the efcompared with anticoagulation (Table 2). Associations with
lower mortality were derived largely from use of thrombolyt- 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
ics for patients with intermediate-risk PE in the contempoevaluating patients with intermediate-risk PE. In this analyrary 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- sis, the net clinical benefit for thrombolytic therapy was 0.62%
(95% CI, 0.57% to 0.67%).
cant difference in mortality between the 8 trials prespecifyFor the primary analysis of all 16 trials, TSA crossed the
ing enrollment of patients who were hemodynamically stable
O’Brien-Fleming boundaries to indicate existing “firm eviwith objective assessment of RV function vs those enrolling
dence” of a 12% relative reduction in mortality (diversityall-comers without specific assessment of the RV (test for
2
adjusted OR, 0.56; 95% CI, 0.35-0.91) and 75% relative
subgroup differences: Pinteraction = .64, I = 0%) (eFigure 6 in
increase in major bleeds (diversity-adjusted OR, 2.68; 95% CI,
the Supplement).
Findings from prespecified analyses excluding the sole in- 1.88-3.82) as available from current randomized data (eFigcluded trial of catheter-directed thrombolysis, ULTIMA,30 mir- ures 8 and 9 in the Supplement). Firm evidence has not yet
Pulmonary
Embolism
Risk ofefficacy
All-Cause
Mortality,
Bleedinfrom
andrandomized
Intrcranialtrials
Hemorrhage.
2014;
rored the primary
andand
secondary
and safety
out- Major
accumulated
for a relativeJAMA
risk reduc-

The figure depicts a weighted absolute risk difference analysis (as is used for assessment

311:2414-2421

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)

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)

0.73 (0.34–1.57)

FBN y TEP riesgo intermedio-alto

0.42

PEITHO TRIAL
1006 pacientes TEP riesgo

* Plus–minus values are means ±SD. Odds ratios and P values are provided for efficacy outcomes that were prespecified
in the (Disfunción
trial protocol.
intermedio
VD + TN positivas)

Randomizados: TNK+Hep vs Hep

Fibrinolysis for Intermediate-Risk Pulmonary Embolism

Table 3. Efficacy Outcomes.*

Table 4. Safety Outcomes in the Intention-to-Treat Population.*
Tenecteplase
(N = 506)

Placebo
(N = 499)

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)

Fatal

0

3 (0.6)

Nonfatal

1 (0.2)

2 (0.4)

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)

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)

Outcome

Odds Ratio
(95% CI)

P Value

Placebo
(N = 499)

Odds Ratio
(95% CI)

P Value

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)

12 (2.4)

1 (0.2)

12.10 (1.57–93.39)

0.003

0.91 (0.62–1.34)

0.63

Outcome

Tenecteplase
(N = 506)
no. (%)

Bleeding between randomization and day 7
0.20 (0.02–1.68)

0.12

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

Major extracranial bleeding

Stroke between randomization and day 7
Ischemic stroke
Hemorrhagic stroke‡
0.73 (0.34–1.57)

0.42

Serious adverse events between
randomization and day 30

2 (0.4)

0

10 (2.0)

1 (0.2)

55 (10.9)

59 (11.8)

* 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.

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

Fibrinolysis for Patients with Intermediate-Risk Pulmonary Embolism. NEJM 2014; 370: 1402-1411
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ABSTRACT

Department
(10) and role functioning, both emotional (3) and physical
(4). of Cardiovascular Surgery, Berne University Hospital, University of Berne, Berne, Switzerland
Department of Anaesthesiology and Pain Medicine, Berne University Hospital, University of Berne, Berne, Switzerland
Role functioning reﬂects the impact of emotional and physical
Table 2: Early and late outcomes
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Early
best functioning. Swedish normal population (n = 8930) Abstract
scores
OBJECTIVES: The treatmentMortality
of massive pulmonary embolism (PE)
is a matter of
debate. We present 0.25
our institutional experience of
3.6%
13.5%
are used as a standard population for comparison.
patients suffering from massive PE with the aim of comparing the early results, the outcome and quality of life (QoL) between patients
a

b

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
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Mortalidad IH 28%
40

Thierry Aymarda,‡, Alexander Kadnera,‡, Alexandra Widmera, Reto Bascianib, Hendrik Tevaearaia,
Alberto Weber , Jürg Schmidlia and Thierry Carrela,*

T. Aymard et al. / European Journal of Cardio-Thoracic Surgery
a

40

Statistical analysis

(26.5% for TS)

0.02

26.5%

0.01

primarily assigned to either pulmonary surgical embolectomy (SE) or thrombolytic therapy (TL). A subgroup of patients (TS) with failed
of hospitalization
14 ± 12
10.9 ± 10.6
0.08
responses to TL requiring SEDuration
was separately
analysed.

Bleeding

3.6%

METHODS: All consecutive patients (January 2001–December 2007) with computed tomography (CT)-scan-conﬁrmed massive bilateral
Cerebral
bleeding
3.6% from our4.4%
central or paracentral PE were
reviewed.
All clinical data were retrieved
patients’ registry and 1
completed by the evaluation of
Neurological
event
20.4%
1 and QoL was obtained.
the CT-scan-derived right ventricle/left
ventricle
ratio (RV/LV ratio).17.9%
Follow-up focused
on clinical outcome
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At follow-up
RESULTS: Eighty patients were analysed including 28 SE (35%) and 52 TL (65%), of whom 11 (21%) required
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and
Original
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Tratamiento
percutáneo TEP
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Introducción
•

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

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

Técnicas tratamiento percutáneo
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

Fragmentación trombo

Rápida restauración del Rápida restauración del
Efecto menos inmediato
flujo pulmonar
flujo pulmonar

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

(mmHg)

Pacientes

46,8 (rango, 32-78)

Se han utilizado diversos agentes farmacológicos
para realizar la trombólisis arterial pulmonar17-21 y existen 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.

Técnicas fragmentación

ra de forma comparativa las presiones arteiento trombolítico.

lmonar, secundario a la obstruceo por los émbolos6. Además, se
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proximal:
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22-85).
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Reducir
vasculares
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Posibles
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de tratamiento fibrinolítico.
gmentación mecánica del trombo
El índice de Miller es un parámetro cuantativo para medir
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Schmitz-Rode et al.
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obstrucción vascular
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(aspiración,
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local)
Catheter Treatment of Pulmonary Embolism
fragmentación se aumenta el área
y pulmón izquierdo = 7 puntos) y la perfusión de cada pulmón (9 puntos cada uno). La perfusión se valora en tres zonas
l agente fibrinolítico, potenciando
9,10
distintas de cada pulmón dando una puntuación a cada una de
cción y acelerando su lisis .

tión
a,
n-

Catéter pig-tail

Cesta de Dormia

Balones

59 Figure 1. Pigtail fragmentation catheter (with underlying rotated pigtail
loop indicating a 180° turn) with a special tip configuration for embolus
fragmentation;2012,
the guide
wire is exiting an oval side hole distal to a
Catheter-Assited Pulmonary Embolectomy. Circulation
126:1917-1922
radiopaque marker and serves as a directing axis crossing the embolic
occlusion.
During
manualCatheter.
catheter rotation,
the pigtail
tip is slowly
Massive Pulmonary Embolism: Percutaneous Emergency Treatment
by Pigtail
Rotation
JACC 2000;
36: 375-380
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Hybrid treatment with angiographic catheter in massive pulmonary embolism:
mechanical fragmentation and fibrinolysis

Il trattamento ibrido, meccanico e farmacologico, nell’embolia polmonare
massiva con il semplice catetere angiografico

164 pacientes TEP alto riesgo:
FBN intrarterial
con
S. Pieri
• P. UK,
Agrestiseguida de fragmentación con Pigtail y posteriormente perfusión de
FBN intrarterial durante 48-72h.
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n = 164

Mejoría Clínica

138 (84%)

Descenso
PAPm
Abstract

138 (84%)

Purpose. Massive pulmonary embolism is a severe clinical
Complicaciones
mayores
0
condition that
requires prompt therapeutic intervention.
We report our experience with a hybrid treatment involving
systematic menores
fragmentation of the embolus with an
Complicaciones
0 angiographic
catheter associated with fibrinolytic therapy over the following
days.
Mortalidad
2 (1.2%)
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

Riassunto

Respuesta inicial
fragmentación

n = 164

Tipo I (< 5 días)

68 (41%)

Obiettivo. L’embolia polmonare massiva è un grave quadro
Tipo II (<10
día)
clinico, con ipotensione
sistemica
e shock, che necessita di un 38 (23%)
pronto intervento terapeutico.
(< 15 días)
32 (19.5%)
Riportiamo laTipo
nostraIIIsistematica
esperienza di trattamento ibrido:
alla frammentazione meccanica dell’embolo con il catetere
angiografico Tipo
abbiamo
nei giorni successivi, la terapia
IVassociato,
(>15 días)
26 (15.8%)
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,

GREGORIO ET AL.– FRAGMENTACIÓN MECÁNICA Y FIBRINÓLISIS INTRAPULMONAR EN EL TRATAMIENTO
DEL TROMBOEMBOLISMO PULMONAR MASIVO CON REPERCUSIÓN HEMODINÁMICA

mmHg

P media

Pretratamiento
Postratamiento

TABLA I
Principales datos del perfil clínico de los pacientes
con TEP masivo sometidos a tratamiento fibrinolítico
y fragmentación mecánica

Documento descargado de http://www.archbronconeumol.org el 09/09/2014. Copia para uso personal, se prohíbe la transmisión de este documento por c

Técnicas fragmentación

ersonal,
se prohíbe la transmisión de este documento
por cualquier medio o formato. 51
Pacientes
ento descargado de http://www.archbronconeumol.org el 09/09/2014. Copia para uso personal, se prohíbe la transmisión de este documento por cualquier medio o formato.
Sexo
Varones (%)
Mujeres (%)
Edad media (años)
Síntomas de inicio
Disnea de reposo (%)
Shock (%)
Síncope (%)
Saturación de O2 (pulsioximetría)
(%)
Presión arterial pulmonar media
(mmHg)

21 (41)
30 (59)
59,1 (rango, 22-85)
32 (62,7)
9 (17,6)
10 (19,6)

71,4 (rango, 57-86)

M.A. DE GREGORIO ET AL.– FRAGMENTACIÓN MECÁNICA Y FIBRINÓLISIS INTRAPULMON
DEL TROMBOEMBOLISMO PULMONAR MASIVO CON REPERCUSIÓN HEMO

46,8 (rango, 32-78)
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y exispara realizar la trombólisis arterial pulmonar
ten dos formas de administrar estos agentes: sistémica e
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Presentamos nuestra experiencia en el tratamiento
del TEP masivo por medio de fragmentación mecánica
asociada a trombólisis intrapulmonar.
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and pharmacological treatment was 24.1 mmHg. Technical
hemodinámica, mejorando la sintomatología y disminuyensuccess was achieved in 100% of the patients.
do la presión arterial pulmonar.
CONCLUSION: The results attest to the efficacy and safety of
Catéter pig-tail
mechanical fragmentation and medical thrombolysis in treating massive PTE affecting hemodynamics, leading to clinical
dispositivos utiimprovement and lowered pulmonary artery pressure.
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Fig. 1. Histograma que muestra de forma comparativa las presiones arteriales medias pre y postratamiento trombolítico.
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Trombectomía reolítica

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.

AngioJet
Figure 3. Study attrition diagram.

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.

assess the severity of PE.17,18 Clinical success was defined
as an improvement in hemodynamic parameters immediately after the procedure. We could not determine if mortality 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 embolectomy alone) and Table 2 (catheter embolectomy in combination with thrombolytic agents). Pooled data are listed in
Table 3.
Pooled data showed that clinical success with the Greenfield 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 patients; 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 (without 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 occurred in 7 of 8 patients (88%),36,37 and with local thrombolytic 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

> 140 pacientes TEP riesgo alto / intermedio-alto
Mortalidad 12-25%
Liberación adenosina plaquetaria:
Bradicardia
Vasoconstricción pulmonar
Empeoramiento hipoxia

Trombectomía reolítica (AngioJet)
Metanálisis de 35 estudios: incluye 68 pacientes tratados con este dispositivo

Complicaciones menores

27 (40%)

Complicaciones mayores

19 (28%)

Mortalidad procedimiento

5 (7.35%)

Complicaciones mayores: hemoptisis masiva, fallo renal, bradiarritmia severa, apnea y
embolización distal

FDA advertencia (black-box warning) sobre su uso en el
TEP
Catheter-directed Therapy for the Treatment of Massive Pulmonary Embolism: Systematic Review and Meta-analysis of Modern Techniques. JVIR 2009; 20:
1431-1440

Trombectomía reolítica (AngioJet)
AngioJet in Acute Pulmonary Embolism

509

51 pacientes TEP masivo o submasivo (shock, hipotensión y/o disfunción VD)
AngioJet in

TABLE II. In-Hosptital Clinical Events Observed in Patients Tre
TABLE24
II. In-Hosptital
Clinical
Events Observed in Patients Treated in the First 24 months
First
months of
Activity
First 24 months of Activity

N 5 51
Major bleeding,
n (%) n (%)
4 (7.8)
Major
bleeding,
Minor bleeding, n (%)
8 (15.7)
Minor
bleeding,
n
(%)
Minimal bleeding, n (%)
12 (23.5)
Minimal
bleeding,
n (%)
Renal failure,
n (%)
12 (24.0)
Severe thrombocytopenia,
4 (7.8)
Renal
failure, n (%)n (%)
Recurrent pulmonary embolism, n (%)
1 (1.9)
Severe
thrombocytopenia, n (%)
In-hospital mortality, n (%)
8 (15.7)
Recurrent pulmonary embolism, n (%)
In-hospital mortality, n (%)

nts with acute pulmonary embolism (PE) referred to our catheterinary angiography and AngioJet rheolytic thrombectomy (RT).

nstrumental Data
Thrombectomy
n (%)
25 (49.0)
66.7613.8

11 (21.6)
10 (19.6)
14 (27.5)
5 (9.8)Fig. 4. Improvement in obstruction, perfusion, Miller indexes, and systolic pulmonary artery
pressure before and after rheolytic thrombectomy according to hemodynamic compromise
9 (17.6)
(i.e., shock, red bars; hypotension, green bars; right ventricular dysfunction, blue bars). [Color
15 (29.4)
3 (5.9)figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
Fig. 3. Massive angiographic pulmonary embolism (Miller
6 (11.8)
index ≥ 17) according to the different degrees of hemody3 (5.9)
namic compromise (i.e., shock, red bars; hypotension, green
19
(37.3)
nificant improvement
in all angiographic end-points, observed in four (7.8%) cases: one cerebral hemorbars; right ventricular dysfunction, blue bars). [Color figure
h as obstruction,
perfusion
and
indexes
(all isrhage
in aatpatient not treated with concomitant fibrinocan be viewed
in Miller
the online
issue, which
available
38 (74.5)
www.interscience.wiley.com.]
< 0.0001)
in
all
three
groups
(Fig.
4).
lysis;
one
groin hematoma plus melena and one groin
17 (33.3)

Masivo

First period of activity
(!24 months)
N 5(N51
5 14)

4
8
12
12
4
1
8

F

3 (21.4)
(7.8)
1 (7.1)
(15.7)
4 (28.6)
(23.5)
4 (28.6)
1 (7.1)
(24.0)
0 (0)
(7.8)
3 (21.4)
(1.9)
(15.7)

TABLE III. Comparison of Patients’ Risk Profile Between the First and the Second Period
First period of activity
(!24 months) (N 5 14)

TABLE III. Comparison of Patients’ Risk Profile Between the F

Age, years
Shock, n (%)
Time from symptom onset to rheolytic thrombectomy, hr
TnI at presentation, ng/mL
Creatinine
at presentation, mg/dL
Age, years
Loco-regional fibrinolytic infusion, n (%)

Submasivo

p

69.0 6 11.9
4 (28.6%)
22.7 6 27.2
1.3 6 1.3
1.2 6 1.1
5 (35.7%)

Fi
(!2

Shock, n (%)
Time from symptom onset to rheolytic thrombectomy, hr
thromboembolic material in all patients. Technical sucheterization and Cardiovascular Interventions DOI 10.1002/ccd.
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ofMortalidad
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a mean(SCAI).
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32 %
3.4
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0,006 disease (i.e., achieved in >90%
melena
in
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8 (15.7)
Intrahospitalaria
Creatinine
at
presentation,
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Adjunctive therapy with loco-regional fibrinolytic infurheumatoid arthritis). Eight patients (15.7%) died in- events rate was gen
sion was performed in 11 (21.6%) patients. Temporary
Loco-regional
fibrinolytic infusion, n (%)
43 (84.3)
hospital:
six
due
to persistent and refractory shock, massive PE early
transvenous
pacing
was
needed
in
four
subjects
(7.8%)
3 (5.9)
for bradycardia, as well as intra-aortic balloon pumpone for recurrence of embolism after a successful pro- [2,10], whereas in th
51 (100)
ing which was used in four patients (7.8%) in shock to
43 (85.4)
cedure, and one for cerebral hemorrhage. Patients with heparin or thrombol
18 (35.0)
reduce RV ischemia and improve cardiac output and
22 (43.6)
mean arterial systemic pressure. Temporary vena cava
massive PE showed a higher in-hospital mortality than our series, in-hospita
17 (33.3)
melena
in submassive
a Catheter
patient
with vs.
autoimmune
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(i.e.,
filters
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Embolism.
Cardiovasc
Interv
2009;
73:506-513
25 (50.0) Rheolytic Thrombectomy in Patients With Massive and Submassive Acute Pulmonary
patients
with
PE
(31.8%
3.4%,
P
5
comparing
thrombi deemed at high risk for embolization (i.e., mo-

5 (9.8)events which occurred during hospital
The clinical
14 (27.5)
y are summarized
in Table II. Major bleedings were
7 (13.7)

46 (90.2)

hematoma plus hemoptysis in two patients who had
received fibrinolytics; and one groin hematoma plus

rheumatoid arthritis). Eight patients (15.7%) died in-
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The Efficacy of Rotational
Thrombectomy on the Mortality of
Patients with Massive and Submassive
Pulmonary Embolism
Mert Dumantepe,* Burak Teymen,* Ulku Akturk,y and Mustafa Seren*

36 pacientes con TEP riesgo alto /
intermedio-alto

*Department of Cardiovascular Surgery, Medical Park Gebze Hospital, Kocaeli, Turkey; and
ySureyyapasa Chest Disease and Thoracic Surgery Education and Research Hospital,
Istanbul, Turkey
ABSTRACT Background: Pulmonary embolism (PE) associated with hemodynamic instability has exceedingly
high mortality. We describe our experience using percutaneous mechanical thrombectomy (PMT) in patients
with massive PE (MPE) and submassive PE (SPE). Methods: Thirty-six patients (16 males and 20 females;
mean age, 51.4 W 6.6 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
(53 W 5.8 mmHg versus 25.6 W 6.3 mmHg in MPE group [p < 0.01] and 46 W 7.7 versus 22 W 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/

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.)

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 angiographic results when treating massive PE (59). However, if
the patient can tolerate additional thrombolysis, consideration can be made to treating the residual clot with a
prolonged or overnight catheter-directed thrombolytic infusion, 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 infusion 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 further 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-

Alto (n = 11)

Intermedio-alto (n =
25)

0

0

jocs.12521
(J Card Surg 2015;30:324–332)
Sangrado
menor
1
(8.3%)

2

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

Reperfusión angiográfica
83%
DIAGNOSIS OF SUBMASSIVE
EMBOLISM
Descenso significativo:PULMONARY
AND RATIONALE FOR TREATMENT
ESCALATION
• Shock Index
• PAP m
• Diámetro VD
Mejoría de los parámetros respiratorios

To identify potential candidates for endovascular treatment 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 follows a similar workup to the evaluation of massive PE,
these patients do not present with systemic arterial hypotension, and particular attention must be made to detecting 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 normotensive patients with PE. Echocardiography is the best
imaging study to detect RV dysfunction in the setting of

Sangrado mayor

Dumantepe et al. J Card

INTRODUCTION
Acute pulmonary embolism (PE) can be stratified as
high-risk or massive PE, intermediate-risk or submassive 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
PE has not been defined, and the
Surgsubmassive
2015;30:324–332
therapeutic controversy about using thrombolytics in
patients with RVD but without systemic hypotension

Mortalidad IH
(5.5%)

0

Although systemic anticoagulation remains the
cornerstone of therapy for acute symptomatic pulmonary embolism, the morbidity and mortality associated
with massive pulmonary embolism (MPE) and submassive pulmonary embolism (SPE) warrant treatment
beyond anticoagulation alone. More aggressive therapeutic options include systemic intravenous thrombolysis, surgical embolectomy, catheter-directed intraarterial 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

2
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Kuo ! JVIR
Helix
Clot Buster

Figure 7. Photo of the Helix thrombectomy device. A recessed
Figure 1. Diagram (not to scale) showing the mechanism of action of the
impeller is driven by a drive shaft at high speed (140,000 rpm),
Amplatz catheter. An impeller housed in a capsule at the tip of the catheter
allowing thrombus to be aspirated through the tip, fragmented
to smaller than 10 !m, and then expelled through the side ports
homogenizes the thrombus.
(arrows). (Photograph of the Helix Clot Buster device reprinted
with permission from ev3.)

initial mechanical option in future CDT protocols for acute
massive PE (17,57).
The Helix Clot Buster (ev3, Plymouth, Minnesota),

ProntoXL

Trombectomía / Aspiración
Aspiración manual mediante catéter guía de ACTP

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

Posttratamiento

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

failure, and death from bradycardia and apnea or

ternal jugular veins). A 26-F sheath is placed in 1 vein

from widespread distal embolization (18), which

and an 18-F reinfusion cannula is placed in another

resulted in a black-box warning from the Food and

vein. The AngioVac cannula is then attached to the

Drug Administration (FDA) for use of Angiojet in

inﬂow tubing of the centrifuge pump and the outﬂow

acute PE.

tubing connected to the 18-F reinfusion cannula,

Otros dispositivos

Additional embolectomy devices are discussed in
the following sections.

inserted into the 26-F sheath and is advanced to the

A n g i o V a c t h r o m b e c t o m y d e v i c e . The AngioVac

thrombus, which is suctioned out and captured by a

Cannula (Angiodynamics, Latham, New York), a 22-F

ﬁltration canister inserted proximal to the centrifuge

venous catheter that can remove soft thrombi utiliz-

pump; ﬁltered blood is returned continuously via the

ing
pump and venous reinfusion
M A R Cthe
H 1 , 2centrifugal
016:991–1002

reinfusion cannula. Limitations of this device
include
Pulmonary
Embolism

cannula used in cardiopulmonary bypass (Figure 2), is

the large dual sheaths required for access, leading to a

FDA

higher likelihood of bleeding complications, and the

JACC VOL. 67, NO. 8, 2016

approved for the
AngioVac

removal of

undesirable

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

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)
Acute Pulmonary Embolism With an Emphasis on an Interventional Approach. J Am Coll Cardiol 2016;67:991–1002)
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Fixed low-dose ultrasound-assisted
catheter-directed thrombolysis for
intermediate and high-risk pulmonary embolism

Interventional Cardiology
Randomized, Controlled Trial of Ultrasound-Assisted
Catheter-Directed Thrombolysis for Acute Intermediate-Risk
Pulmonary Embolism

Rolf P. Engelberger 1†, Aris Moschovitis 2†, Jennifer Fahrni1, Torsten Willenberg 1,
Frederic Baumann 1, Nicolas Diehm 1, Do-Dai Do 1, Iris Baumgartner1,
and Nils Kucher 1,2*

Nils Kucher, MD; Peter Boekstegers, MD; Oliver J. Müller, MD; Christian Kupatt, MD;
Jan Beyer-Westendorf, MD; Thomas Heitzer, MD; Ulrich Tebbe, MD; Jan Horstkotte, MD;
Ralf Müller, MD; Erwin Blessing, MD; Martin Greif, MD; Philipp Lange, MD;
Ralf-Thorsten Hoffmann, MD; Sebastian Werth, MD; Achim Barmeyer, MD;
Dirk Härtel, MD; Henriette Grünwald, MD; Klaus Empen, MD; Iris Baumgartner, MD
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.)

End point: ratio VD/VI a las 24h
ULTIMA trial
Key Words:FBN
pulmonary embolism Heparina

A

Ratio VD/VI 0.30±0.20 0.03±0.16

cute pulmonary embolism (PE) is a potentially lifethreatening disease, spanning a wide spectrum of clinical
outcomes.1 Hemodynamically stable patients with preserved
right ventricular (RV) size and function are classified as lowrisk 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
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tomatic PEs (Table 2). The duration of PE symptoms

could be placed). †Devices attempted ¼ 285. ‡Devices placed ¼ 278.
t-PA ¼ tissue-plasminogen activator.
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toms for more than 14 days. Submassive PE and

massive PE were observed in 79% and 21% of patients,
respectively.
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Results for continuous variables were compared

OBJECTIVES This study conducted a prospective, single-arm, multicenter trial to evaluate the safety and efﬁcacy of
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rank
test. For
VD/VI
por2-group
TC acomparisons,
las 48 a 2-sample t test

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

frequently used for device placement (64%). Ultra-

2

for the SEATTLE II Investigators

ABSTRACT

placed. Right femoral venous access was most

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

or Wilcoxon rank sum test was used for continuous

hemorrhagic stroke at a rate exceeding 2%.

T A BEligible
L E 5 patients
Safety
150)
METHODS
hadOutcomes
a proximal PE (N
and a¼right
ventricular (RV)-to-left ventricular (LV) diameter

data, and the Fisher exact test was used for binary

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 decreased 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

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

from 51.4 mm Hg at baseline to 37.5 mm Hg at the

unilateral
catheter or 1death
mg/h/catheter for 12 h with bilateral catheters. The primary safety outcome
In-hospital
3 (2) was major bleeding

completion of the procedure (mean difference,

Length ofdata.
stay, SD,All
days reported

"5
p values were8.82-sided,
and a

(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

p value <0.05 was considered statistically signiﬁcant.

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

30-day mortality*

4 (2.7)

Serious and severe adverse events potentially

3 (2)

An intercept-only mixed model repeated measures

diameter ratio within 48 h of procedure initiation.

analysis was conducted with change in RV/LV diam-

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

difference, "0.42; p < 0.0001). Mean pulmonary artery systolic pressure (51.4 mm Hg vs. 36.9 mm Hg; p < 0.0001) and

eter ratio as the dependent variable and study site

Serious
andscore
severe
adverse
potentially
2 (1.3)
modiﬁed
Miller Index
(22.5 vs.
15.8; p <events
0.0001) also
decreased post-procedure. One GUSTO
(Global Utilization of
related
to t-PA Activator for Occluded Coronary Arteries)–deﬁned severe bleed (groin hematoma
Streptokinase and
Tissue Plasminogen

(n ¼ 22) ﬁtted as a random effect to assess the

with transient
hypotension)
patients
IVC ﬁlter
placedand 16 GUSTO-deﬁned moderate bleeding events occurred in 1524
(16) (10%). No patient

ancewithin
in the
Major bleeding
30 change
days*

experienced intracranial hemorrhage.

GUSTOstudy
moderate*
sites.

T A B L E 4 Efﬁcacy Outcomes*

A total of 150 patients with computed tomography (CT)-conﬁrmed pulmonary embolism (PE), symptoms for 14 days or less, and a right
vari-

ventricular (RV)/left ventricular (LV) diameter ratio of at least
underwent ultrasound-facilitated,
catheter-directed,
low-dose ﬁbrinolysi
At0.9
Procedure
Absolute
48 h
After
Absolute

in RV/LV diameter
ratio across the
according to a standardized
protocol. Ultrasound-facilitated,
catheter-directed,Difference
low-dose ﬁbrinolysis
for acute massive
and submassive
15 (10)
Outcome
Baseline
Completion
Procedure
Difference

pulmonary embolism (PE) improved RV function, decreased pulmonary hypertension, and minimized intracranial hemorrhage. PA ¼ pulmonary
(9.3) performed
All statistical analyses14were
PA systolic pressure, 51.4 " 16
37.5 " 11.9† #14 " 15 36.9 " 14.9‡ #14.4 " 15.4

CONCLUSIONS Ultrasound-facilitated, catheter-directed, low-dose ﬁbrinolysis decreased RV dilation, reduced pulmonary hypertension, decreased anatomic thrombus burden, and minimized intracranial hemorrhage in patients with

GUSTO
severe*PE. (A Prospective, Single-arm, Multi-center Trial of EkoSonic!1Endovascular
(0.7)
acute massive
and submassive
System and

artery; tPA ¼ tissue plasminogen.

using SAS statistical software version 9.2 (SAS Insti-

Activase
for Treatment hemorrhage
of Acute Pulmonary Embolism (PE) [SEATTLE II]; NCT01513759) (J Am
Coll Cardiol Intv
Intracranial
0 (0)

tute, Cary, North Carolina).

2015;8:1382–92) © 2015 by the American College of Cardiology Foundation.

Values are ROLE
mean " SDOF
or n FUNDING.
(%). *N ¼ 149 (1 patient
to follow-up).
The lost
sponsor
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no role

mm Hg

RV/LV diameter ratio 1.55 " 0.39
–
Scientiﬁc Sessions
inMiller
Washington,
DC."The
Modiﬁed
Index 22.5
5.7 trial was–
in designed
data and led by an Executive Committee (G.P.

–
1.13 " 0.2§ #0.42 " 0.36
active intracranial
intraspinal
disease
wi
–
15.8 or
" 5.9k
#6.6 "
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12 months; major surgery within 7 days; recent ac
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Catheter-Tip Embolectomy in the Management of Acute Massive
Pulmonary Embolism
Reviews/Catheter-Tip Embolectomy

4

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

Table 3
Pooled data of hemodynamic parameters, clinical
success rates, and rates of major bleeding in patients who underwent embolectomy with and withou
Three catheter interventional techniques are currently available for removing or fragmentthrombolytic agents
ing pulmonary emboli: aspiration thrombectomy, fragmentation, and rheolytic thrombec-

Metanalisis incluye 40 estudios: 348 pacientes

Catheter Type and Technique

Aspiration technique
Greenfield/pulmonary
embolectomy catheter
No lytics5–7,19–22
Systemic lytics21,23
Local lytics20
Systemic and local24
Fragmentation technique
Pigtail or other angiographic
catheter
No lytics25,26
Systemic lytics27
Local lytics12,25,28–35
Systemic and local26,45,54
Amplatz catheter
No lytics36,37
Local lytics36,37
Rheolytic technique
Rheolytic angiojet catheter
No lytics4,38,39
Local lytics40,41
Hydrolyzer catheter
Local lytics42,44
Systemic and local43

tomy. The investigators systematically reviewed all available published research related to

No. of the use of catheter-tip devices
Hemodynamic
Parameters
in patients with pulmonary
emboli. Pooled data showed that
clinical
success
with
the
Greenfield
catheter
occurred
in
72
of 89 patients (81%) when used
Patients
†
aloneMean
and in 19Systemic
of 19 patients (100%) when used in combination with thrombolytic agents.
FragmentationBP
with standard catheters
used alone
agents) was
Mean
PAP(without thrombolytic
Mean PaO
2

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
Before
After
Before
After
Before
After
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 thrombolytic 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
81 occurred 33
21 (8%), and46
without 60
thrombolytic agents,
in 29 of 348 patients
major bleeding 81
at the
insertion50
site occurred in87
8 of 348 patients
(2%).
One
patient
experienced
31
20
50 perforation of
75the
right ventricle
Greenfield catheter.
perforation
— with the—
31 None reported
24
— of a pulmonary
—
artery. In conclusion, all the devices analyzed in this study appear to be useful in the
— of acute —
20 emboli. 19
—Inc. All rights
— remanagement
massive pulmonary
© 2007 Elsevier
served. (Am J Cardiol 2007;99:415– 420)

Éxito clínico

89
9
9
1

Clinical Success
n (%)

Catheter
Insertion Site

Other S

87.6 % (60-100%)
72
9
9
1

(81)*
(100)
(100)
(100)

Sangrados mayores

8 (2%)

Sangrados menores

29 (8%)

Catheter-tip embolectomy has evolved since the first suction
3 catheter developed
28
63
embolectomy
by Greenfield
et al1 38
and
the first
device
21catheter-tip fragmentation
70
93tested by Stein
25
et al2 in dogs. There currently are 3 categories of catheter
121
67
81
33
interventional techniques for removing pulmonary emboli
65burden: (1) aspiration
69
32
(PE) or30
for decreasing clot
thrombectomy, (2) fragmentation, and (3) rheolytic thrombectomy.3,4
Aspiration thrombectomy uses sustained syringe suction
8 a vacuum suction
86 cup at the108
49
applied to
tip of the catheter
to
85 while it is93
securely 6hold the embolus
removed via 64
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
13 A more advanced
8 are rotated.—
— fragmentation
42
the catheters
device,23
the Amplatz catheter
(Microvena
Corp.,
White
Bear
—
—
—
Lake, Minnesota), uses an impeller to homogenize the
thrombus8 –11 (Figure 1). Rheolytic thrombectomy catheters
12 Possis Medical
47 Inc., Minneapolis,
97 Minnesota;
46
(Angiojet,
Hydrolyser,
8 Cordis Corp.,
—Miami, Florida;
—and Oasis, Medi43
tech/Boston Scientific Corp., Natick, Massachusetts) use a
high-speed jet of saline to create a Venturi effect that frag-

Major Bleeding

ments adjacent thrombi and entrains the debris into an
29 lumen8 –11 32
77
2 (67)
evacuation
(Figure 2).

21
—
—
15 (71)
Methods
22
53
90
115 (95)
30 of catheter-tip
37 devices in135
24 (80)
The results
patients with massive

4
0
0
0

(15)
(0)
(0)
(0)

2
0
0
0

(2)
(0)
(0)
(0)

0
0
1
2

(0)
(0)
(1)
(7)

0
0
1
1

(0)
(0)
(1)
(3)

Combinación de
mecánicas
PE weretécnicas
reviewed using established
methods for systematic (asrpiración/
review.
The electronic search was performed using
53 which includes
— Medline, OLDMEDLINE,
—
(88)
1 (13)
PubMed,
Ovid,7la
fragmentación) con
FBN
local
aumenta
tasa
de
éxito
60
— database. The
—search terms were6 (100)
0 (0)
and the
Cochrane Library
14 –16

“embolectomy,” “catheter embolectomy,” “mechanical embolectomy,” “fragmentation,” “catheter fragmentation,”
“catheter-tip fragmentation,” “catheter suction and suction
embolectomy,”
“Greenfield
“pigtail catheter,”6 (75)
30
85 catheter,”91
“Amplatz
catheter,”
“rheolytic
catheter,”
—
—
— “Angiojet cathe20 (87)
ter,” “Hydrolyser catheter,” and “Oasis catheter,” all
matched with “pulmonary embolism.” Manual reference
checks30
of recent reviews
investigations were
73 and original94
11 (92)
performed
to
supplement
the
electronic
searches.
Abstracts,8 (100)
36
—
—
letters, comments, reviews, animal studies, and in vitro
studies were excluded (Figure 3).
* Clinical success with steel cup ! 23 of 27 patients (85%); clinical success
plastic
cupsystemic
! 49blood
of 62
patients (79%).
Mean with
pulmonary
artery and
pressures
†
Preoperative blood
gases
were
obtained
under
varying
levels
of
FiO
.
from the
reported systolic
diastolic 2007; 99:415-420
2 were calculated
Catheter-Tip Embolectomy in the Manegement of Acute Massive
Pulmonary
Embolism.
Am JandCardiol
pressures
using
the
following
equation
when
mean
pressure
a
Abbreviations as in Table 1.
Department of Research, St. Joseph Mercy Oakland Hospital, Pontiac,

0 (0)
0 (0)

0 (0)
0 (0)

0 (0)
0 (0)

0 (0)
0 (0)

0 (0)
0 (0)
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Table 2
Catheter-directed Therapy for Massive PE in 594 Patients

Author and Year
Prospective studies
Schmitz-Rode et al, 1998 (31)
Schmitz-Rode et al, 2000 (32)
Muller-Hulsbeck et al, 2001 (33)
Prokubovsky et al, 2003 (34)
Tajima et al, 2004 (35)
Barbosa et al, 2008 (36)
Retrospective studies
Brady and Crake, 1991 (37)
Rafique et al, 1992 (38)
Uflacker et al, 1996 (39)
Fava et al, 1997 (40)
Stock et al, 1997 (41)
Basche and Oltmanns, 1997 (42)
Hiramatsu et al, 1999 (43)
Wong et al, 1999 (44)
Murphy et al, 1999 (45)
Voigtlander et al, 1999 (46)
Fava et al, 2000 (47)
Egge et al, 2002 (48)
De Gregorio et al, 2002 (49)

Country

No. of Patients

M/F

Mean Age (y)*

Germany
Germany
Germany
Russia
Japan
Brazil

10
20
9
20
25
10

6/4
10/10
4/5
NA
8/17
7/3

54
59
55
51
61
57

(36–70)
(48–60)
(27–85)
(32–75)
(35–77)
(39–75)

England
South Africa
U.S.A.
Chile
Switzerland
Germany
Japan
England
Ireland
Germany
Chile
Norway
Spain

3
5
5
16
5
15
8
4
4
5
11
3
59

0/3
1/4
4/1
8/8
3/2
NA
4/4
2/2
2/2
4/1
3/8
2/1
25/34

36
35
45
49
50
NA
58
33
60
57
61
49
56

(18–71)
(21–47)
(25–64)
(20–68)
(21–80)
(21–73)
(42–87)
(18–46)
(46–66)
(25–72)
(37–79)
(40–54)
(22–85)

Zeni et al, 2003 (50)
Reekers et al, 2003 (51)
Tajima et al, 2004 (52)
Fava et al, 2005 (53)
Siablis et al, 2005 (54)
Yoshida et al, 2006 (55)
Li et al, 2006 (56)

U.S.A.
Netherlands
Japan
Chile
Greece
Japan
China

16
7
15
7
6
8
15

9/8
2/6
4/11
3/4
4/2
4/4
11/4

52
46
60
56
59
61
56

(30–86)
(28–76)
(27–79)
(30–79)
(42–76)
(47–75)
(19–73)

Pieri and Agresti, 2007 (57)
Chauhan and Kawamura, 2007 (58)
Krajina et al, 2007 (59)
Yang et al, 2007 (60)

Italy
U.S.A.
Czech Rep
China

NA
2/4
1/4
13/6

68
64
67
62

(35–78)
(49–78)
(52–80)
(22–87)

Margheri et al, 2008 (61)
Vecchio et al, 2008 (62)
Chen et al, 2008 (63)
Eid-Lidt et al, 2008 (64)
Kuo et al, 2008 (65)

Italy
Italy
China
Mexico
U.S.A.

20
13
26
18
12

12/8
NA
15/11
6/12
7/5

66
68
53
51
56

(32–85)
(54–80)
(36–71)
(47–55)
(21–80)

...

594

Total

164
6
5
19

...

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 !
Catheter-directed
Therapy
for the
of catheter,
Massive Pulmonary
Embolism: Systematic
Review
andnot
Meta-analysis
of Modern
JVIR 2009;
Hydrolyzer
(Cordis),
ICTreatment
! infusion
MC ! multipurpose
catheter, NA
! data
available, Oa
! OasisTechniques.
(Boston
Scientific,
Galway,
Ireland),
PF
!
pigtail
fragmentation,
RT
!
rheolytic
AngioJet
thrombectomy
(Possis
Medical,
Minneapolis,
1431-1440
Minnesota), SR ! Straub Rotarex (Straub Medical, Wangs, Switzerland), WD ! wire disruption.
* Numbers in parentheses are the range.

20:

0
4
0
0
3
59

4
4
0
4
3
57

0
0
4
0
0
8

1
0
0
0
0
0

3/4 (75%)
4/4 (100%)
3/5 (60%)
10/11 (91%)
3/3 (100%)
56/59 (95%)
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0
10
2
1
• Complicaciones
menores0(7.2%)
7
0
0
96%
9 tratamiento •percutáneo
0 1ª elección
0
Hematoma
inguinal 0
3 las mayor• parte
1
Incluye
de3 las ténicas
descritas1previamente
Bradiarritmia
transitoria
4
0
2
0
• Complicaciones
70%
farmacomecánica
mayores0(2.4%)
NA reperfusión
NA
1
• Hematoma
inguinal
6
0
0 requirió transfusión
0
Técnica
más utilizada:
fragmentación
pigtail que
(69%)

Hemorragia no intracraneal (5 casos, 0.84%)
164
0 (1 caso, 0.17%)0
• Hemorragia
intracraneal
216% combinada
0
5
2
• Mortalidad procedimiento (0.84%)
3
0
0
0

16453% aislada
•
•
•

Kuo

•

51%
hubo complicaciones / 76%
no complicaciones
19 de los estudios no NA
0
0 mayores

14/16 (88%)
6/7 (86%)
15/15 (100%)
6/7 (86%)
5/6 (83%)
7/8 (88%)
et
al • 1435
15/15 (100%)

138/164 (84%)
4/6 (67%)
2/5 (40%)
18/19 (95%)

NA
No. ofNA
Patients
Who Recieved
21
a Local
2
Intraclot8 Lytic
during CDT

No. of Patients
0
Who Received
0
a Local
0
Intraclot0 Lytic
via Extended
NA
Infusion

8
6
1
0
Minor
1
Complications

8
8
0
0
Major
0
Complications

17/20 (85%)
8/13 (62%)
26/26 (100%)
16/18 (90%)
10/12 (83%)
Clinical Success

356/535
8
(67%)
0

329/552
1
(60%)
0

7.9%†
0 (CI:
5.0%, 111.3%)

2.4%†(CI:
0
1.9%,04.3%)

86.5%†(CI:
8/10 (80%)
82.2%,
16/2090.2%)
(80%)

0
5
0
0
9/9 (100%)
0
16
0
0
14/20 (70%)
Catheter-directed Therapy for the Treatment of Massive Pulmonary Embolism: Systematic Review and Meta-analysis of Modern Techniques. JVIR 2009; 20:
25
21
0
0
25/25 (100%)
1431-1440
0
0
0
0
9/10 (90%)

mong patients receiving catheter-directed thrombo(pretreatment, 51.17 ! 14.06 mm Hg; post-CDT,
c infusions (n 5 100), 64% were
treated
using
stan[ Original Research Pulmonary Vascular Disease ]
37.23 ! 15.81 mm Hg; P , .0001) (Fig 2). A test of
rd infusion catheters, and 36% were treated with
equality of distributions suggested that CDT changes
AT.
may be less
variable than USAT ones (P 5 .032), but a
Pulmonary Embolism Response
to Fragmentation,
Wilcoxon
test showed no significant difference in
Embolectomy, and Catheter
Thrombolysis
BLE 1 ] Baseline Patient Demographics and Clinical
median pressure drops between these groups (P 5 .900)
(PERFECT)
Characteristics
Initial Results From a Prospective Multicenter
(Figs 2E, Registry
2F). Subgroup analyses comparing patients
emographic
Value
William T. Kuo, MD, FCCP; Arjun Banerjee, BS; Paul S. Kim
, MD; Frank with
J. DeMarco
Jr, MD, FCCP
; Jason
R. Levy, MD; CDT revealed no sigtreated
USAT
vs
standard
Francis R. Facchini, MD; Kamil Unver, MBiomedE, MBA; Matthew J. Bertini, MD; Akhilesh K. Sista, MD;
o. patients Estudio prospectivo
101
multicéntrico
pacientes
TEP riesgo
alto/intermedio
Michael J. Hall, MD
; Jarrett K. Rosenberg, PhD; 101
and Miguel
A. De
Gregorio
, MDerences
, PhD
nifi
cant
diff
in pretreatment
and posttreatment
ge, y
60.3 ! 14.9
pulmonary artery pressures, average pressure changes,
Systemic thrombolysis for acute pulmonary embolism (PE) carries up to a 20%
MI, kg/m2
31.03
! 7.20
average thrombolytic doses, and average infusion times
risk of major bleeding, including a 2% to 5% risk of hemorrhagic stroke. We evaluated the
TEP riesgo alto (28) safety
TEP
riesgo
intermedio
(73)
and effectiveness of catheter-directed therapy (CDT)
as an alternative
treatment
of acute
(
Table
3
).
emale sex
48
(47.5)
PE.
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BACKGROUND:

Reperfusión fármacomecánicaOne hundred one consecutive patients receiving
Fibrinolisis
intrarterial
± US
CDT for acute PE were
prospec-

thnicity/race
White
End
Black

METHODS:

Complications

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
93 catheter-directed
(92)
and/or
thrombolysis through low-dose hourly drug infusion with tissue
plasminogen activator (tPA) or urokinase. Clinical success was defined as meeting all the
3 (3)
following
criteria: stabilization of hemodynamics; improvement in pulmonary hypertension,
right-sided heart strain, or both; and survival to hospital discharge. Primary safety outcomes
(1)
were1
major
procedure-related complications and major bleeding events.

point: éxito clínico —> estabilización hemodinámica (mejoría HTP y/o disfunción VD) y
There were no major procedure-related complications,
supervivencia al alta
major hemorrhages, or hemorrhagic strokes. Minor

Hispanic or Latino

97% tto percutáneo fue de 1ª elecciónFifty-three men and 48 women (average age, 60 years [range, 22-86 years]; mean
RESULTS:

Asian

Other

omorbid conditions
Éxito clínico
Acute
DVT
Mejoría
Obesity

disfunción VD

Hypertension

Descenso PAP

] Safety Outcomes in 101 Patients After CDT

Global

Riesgo alto

94 %

85.7 %

89.1 %
84.8 %

Immobility within 30 d of PE
Complicaciones

Diabetes
mellitus
menores
Cancer

(1)
BMI,131.03
! 7.20 kg/m2) were included in the study. The average thrombolytic doses were
28.0 ! 11 mg tPA (n 5 76) and 2,697,101
! 936,287
TABLE
2 International Units for urokinase (n 5 23).
3 (3)
Clinical
success
was
achieved
in
24
of
28
patients
with massive PE (85.7%; 95% CI, 67.3%Riesgo
96.0%) and
71 of 73 patients with submassive PE (97.3%; 95% CI, 90.5%-99.7%). The mean
intermedio
Outcome
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%;
97.3 %
95%
78.8%-95.5%; P , .0001) Hospital
showed improvement
right-sided heart strain. There
stay,in d
68CI,(67)
were no major procedure-related complications, major hemorrhages, or hemorrhagic strokes.

12.9%%
Chest

In-hospital
death
outcomes in patients
with acute PE while minimizing
50 (50)CDT improves clinical

CONCLUSIONS:

the risk of major bleeding. At experienced centers, CDT is a safe and effective treatment of
both
massive and submassive .
PE.30-d mortality
21acute
(21)

Value
8.23 ! 4.82
6 (5.9)
1a (1.0)

TRIAL REGISTRY:

ClinicalTrials.gov; No.: NCT01097928; URL: www.clinicaltrials.gov

14 (14)

Major bleeding within 30 d

0

12 (12)

Intracranial hemorrhage

0

17 (17)

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
cava; PE 5 pulmonary embolism; PERFECT 5 Pulmonary Embo2015;vena
148:667-673
lism Response to Fragmentation, Embolectomy, and Catheter Throm-

IVC filter placed
CHEST 2015; 148(3):667-673
Activase for Treatment of Acute Pulmonary Embolism; tPA 5 tissue
plasminogen activator; ULTIMA 5 Ultrasound Accelerated Thrombolysis
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),

65 (64.4)
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that the breakthrough in anticoagulation therapy has extended to
Recommendations
acute
phase
treatment
to
‘crystallize’
the criteriaforthat
might
permit
discharge
and
include
VTE. Nevertheless,
the accumulation
ofearly
clinical
experience
ESC
Guidelines
home
treatment
low-risk
with
acute
PE.have
a
b
with these
drugs of
under
‘real patients
world’ conditions
will
toc proceed
Recommendations
Class
Level
Ref
at a prudent pace.
further
management
trials are necessary
PE Finally,
with shock
or hypotension
(high-risk)
Recommendations
for
acute
phase
treatment
to ‘crystallize’
the criteria
that might permit early discharge and
It is recommended
that intravenous
anticoagulation
with
UFH
be initiatedwith acute PE.
As
an
alternative
to
the
home treatment of low-risk patients
b
c
I a
C

Indicaciones tratamiento reperfusión
treatment can evolve to become a widely available (and affordable)
alternative option. The results of the completed large phase
III of 48
Page 27
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
Clinical
suspicion
of PE
at a prudent pace. Finally, further management trials are necessary
to ‘crystallize’ the criteria that might permit early discharge and
Shock / hypotension?
home treatment of low-risk patients with acute PE.

Guidelines

Recommendations for acute phase treatment

Yes
Diagnostic algorithm
as in Figure 3

Class Level
Diagnostic algorithm
as in Figure 4
PE with shock or hypotension (high-risk)
a

b

It is recommended that intravenous
PE confirmed
anticoagulation with UFH be initiated
I
without delay in patients with highrisk PE.
Assess clinical risk
(PESI or sPESI)
Thrombolytic therapy is
I
recommended.
Surgical pulmonary embolectomy is
recommended for patients in whom
PESI class III–IV or has PESI class
I I–II
thrombolysis is contraindicated
or sPESI 1
or sPESI = 0
d
failed.
Percutaneous
Intermediate catheter-directed
risk
treatment should be considered as an
alternative
to surgical pulmonary
Consider
further
IIa
embolectomy
for patients in whom
risk stratification
full-dose systemic thrombolysis is
a
RVcontraindicated
function (echo or
orCT)
has failed.d
Laboratory testing b

Ref c

C
B

168

C

313

C

PE ¼ pulmonary embolism; UFH ¼ unfractionated heparin.
a
Both positive bClass of recommendation.
One positive
Level of evidence.
or both negative
c
References.
d
If appropriate expertise and resources are available on site.

Intermediate–high risk

Intermediate–low risk

Low riskc

Recommendations for acute phase treatment
Primary reperfusion

Consider early
A/C; monitoring;
e
a
discharge
consider rescue
Recommendations
Ref c
Hospitalization; A/C Class Levelb and home
f
d
treatment, if feasible
reperfusionPE without shock or hypotension (intermediate-or
low-risk)d

Anticoagulation: combination of parenteral treatment
with VKA
A/C = anticoagulation; CT = computed tomographic pulmonary angiography;
PE = pulmonary
embolism; PESI = pulmonary embolism severity index; RV = right ventricular;
Initiation
of parenteral
anticoagulation
is recommended
a
ESC Guidelines on the diagnosis
and management of acute
If 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

pulmonary

Downloaded from http://eurheartj.oxfordjournals.org/ by guest on August 31, 2014

High risk

Recommendations
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PE confirmed

No

Recommendations
Class Level
Ref
without delay
in patients with highcombination
of parenteral
risk
PE.
anticoagulation
withshock
a VKA,or hypotension (high-risk)
PE with
Recommendations
for
Thrombolytic
therapy
is acute phase treatment
anticoagulation
with
apixaban
I
B B
297
I
168
recommended.
It is mg
recommended
that7 intravenous
(10
twice daily for
days,
Surgical
embolectomy
anticoagulation
with
UFH
be initiated
followed
bypulmonary
5 mg
twice
daily)
is is
Recommendations
Classa Levelb Ref c
recommended for patients in whom
I
C
without
delay in patients with highrecommended.
313
I
C
thrombolysis
is
contraindicated
or
has
PE with shock or hypotension (high-risk)
riskan
PE.
d
failed.
As
alternative
to VKA
Thrombolytic
therapy
It is Percutaneous
recommended
thatisintravenous
catheter-directed
treatment,
administration
of
I
B
168
recommended.
treatment
should
be
considered
as an
anticoagulation
with
UFH
be initiated
dabigatran
(150
mg twice
daily,
I
C
alternative
to
Surgical
pulmonary
embolectomy
is
without
delay
in surgical
patients
with highor
110
mg
twice
daily
forpulmonary
IIa Be C
I
293, 294
embolectomy
for
patients
in
whom
recommended
for
patients
in
whom
risk PE. >80 years of age or
patients
full-dose systemic
thrombolysis or
is has
313
I
C
thrombolysis
is
contraindicated
those
under concomitant
Thrombolytic
therapy is
contraindicated
or has failed.d
d
I
B
168
failed.
verapamil
treatment) is
recommended.
Percutaneous
catheter-directed
recommended
following
acute- is
Surgical pulmonary
embolectomy
PE
¼
pulmonary
embolism;
UFH
¼ unfractionated
heparin.
treatment
should
be
considered
as an
phase
parenteral
anticoagulation.
recommended
for patients in
whom
a
Class
of
recommendation.
alternative
to
surgical
pulmonary
313
I
C
thrombolysis
is contraindicated or has
As
b an alternative to VKA
IIa
C
Level dof evidence.
embolectomy
for
patients
in
whom
failed.
treatment,
administration of
c
References.
I
B
298
full-dose
systemic
thrombolysis is
edoxaban*
is recommended
d
Percutaneous
catheter-directed
If appropriate expertise
andfailed.
resources
are available on site.
d
contraindicated
or
has
following
acute-phase
parenteral
treatment should be considered as an
anticoagulation.
alternative to surgical pulmonary
IIa
C
embolectomy
for patients
in unfractionated
whom
oral anticoagulants
PE ¼New
pulmonary
embolism;
UFH ¼
heparin.
Recommendations
for acute
full-dose
systemic
thrombolysis
is phase treatment
a
(rivaroxaban,
apixaban,
Class
of recommendation.
293, 295–
d
A
contraindicated
or
has
failed.
b
dabigatran,
edoxaban)
are
not
III
Level of evidence.
a
b
Recommendations
Class Level
Ref c298
c
recommended
in patients with
References.
f
PErenal
without
shock or hypotension (intermediate-or low-risk)d
d
severe
impairment.
If appropriate
expertise
andUFH
resources
are availableheparin.
on site.
PE
¼ pulmonary
embolism;
¼ unfractionated
Anticoagulation:
combination
of parenteral treatment
Reperfusion
treatment
a
Class of recommendation.
with VKA
b
Routine
use of
Level
of evidence.
Initiation
of primary
parenteralsystemic
c
thrombolysis
is
notis recommended
anticoagulation
References.
Recommendations
for
acute
phase
d
III treatment
B
253
recommended
in
not
without
delay
inpatients
patients
with
If appropriate expertise
and
resources
are available
on site.
high or
intermediate
suffering
from
shock orclinical
I
C
352
probability of PE while
hypotension.
Recommendations
Classa Levelb
Ref c
diagnostic work-up is in
d
Close
monitoring is
PE without
progress. shock or hypotension (intermediate-or low-risk)
recommended
in
patients
with
Recommendations
for
acute
phase
treatment
Anticoagulation:
combination
of parenteral treatment
LMWH or fondaparinux
is the
intermediate-high
risk PE to
273, 274,
withrecommended
VKA
form of acute
253
II
AB
permit
early
detection
of
a
b
Recommendations
Level 281, 353
Ref c
phase of
parenteral
anticoagulation Class
Initiation
parenteral
haemodynamic
decompensation
for most patients.
anticoagulation
is recommended
PE
without
shock
or hypotension (intermediate-or low-risk)d
and
timely
initiation
of 'rescue'
In parallel
toinparenteral
without
delay
patients
with
Anticoagulation:
combination
of parenteral treatment
reperfusion
therapy.
anticoagulation,
treatment
with
high
or
intermediate
clinical
352
II
BC
352, 354
with
VKA
a VKA is recommended,
Thrombolytic
probability
of therapy
PE whileshould be
targeting
an
INR
of
2.5
(range
Initiation
of
parenteral
considered
for patients
diagnostic
work-up
is inwith
2.0–3.0).
anticoagulation
is recommended
IIa
B
252, 253
intermediate-high-risk
PE and
progress.
Anticoagulation:
newwith
oral anticoagulants
without
delay
patients
clinical
signs
ofinhaemodynamic
LMWH
oralternative
fondaparinux
toclinical
theis the
high As
oran
intermediate
I
C
352
decompensation.
273,
274,
combination
ofwhile
parenteral
recommended
form
of acute
probability
of PE
I
A
Surgical
pulmonarywith a VKA,
281,
353
anticoagulation
phase
parenteral
anticoagulation
diagnostic
work-up
is in
embolectomy
may
be
anticoagulation
with
rivaroxaban
for most patients.
I
B
296
progress.
considered
in intermediate(15 mg twice
daily for 3 weeks,
In
parallel
to
parenteral
IIb
C
LMWH
or
fondaparinux
the is
followed
by 20 ifmg
onceisdaily)
high-risk
patients
the
anticoagulation,
treatment
with
273, 274,
recommended.
recommended
form
of acute
A
anticipated
risk
of
bleeding
I
B
352, 354
aphase
VKAparenteral
is recommended,
281, 353
anticoagulation
under
thrombolytic
treatment
is
targeting
an INR of 2.5 (range
g
for most
patients.
high.
2.0–3.0).
In parallel to parenteral
Percutaneous
catheter-directed
Anticoagulation:
new oral anticoagulants
anticoagulation,
treatment
within
treatment
may be
considered
I
B
352, 354
As
an
alternative
to
the
a
VKA
is
recommended,
intermediate-high-risk
336
IIb
B
combination
of
parenteral
targetingif an
INR
of 2.5 (range
patients
the
anticipated
risk
of
anticoagulation with a VKA,
2.0–3.0).
bleeding
under thrombolytic
anticoagulation
with
rivaroxaban
Anticoagulation:
g new oral anticoagulants
I
B
296
treatment
is high.
(15 mg twice
daily for 3 weeks,
As an discharge
alternative to thehome treatment
Early
followed by 20 mgand
once daily) is
combinationEur
of parenteral
embolism.
Heart J 2014;35: 3033-69
recommended.
Patients
with acute low-risk PE

or 110 mg
phase parenteral
an
recommen
patients >8
As an alternative
to
As
an unde
alter
those
treatment,
administ
treatment,
verapamil
edoxaban*
is recomt
dabigatran
recommen
following
acute-pha
or 110pare
mg
anticoagulation.
phase
patients
>8
New oral
anticoagu
As an alter
those
unde
(rivaroxaban,
apixa
treatment,
verapamil
dabigatran,
edoxabat
edoxaban*
recommended
in pa
recommen
following
a
severe phase
renal impair
pare
anticoagula
Reperfusion
trea
As
anoral
alter
New
a
Routinetreatment,
use of prim
(rivaroxaba
thrombolysis
is not
edoxaban*
dabigatran,
recommended
in pa
following
a
sufferingrecommen
from shoc
anticoagula
severe
ren
hypotension.
New
oral isa
Close monitoring
Reperfusi
(rivaroxaba
recommended
in pa
Routine usr
dabigatran,
intermediate-high
thromboly
permit recommen
early detect
recommen
haemodynamic
dec
severe
ren
suffering
fr
and timely
initiation
Reperfusi
reperfusion
therapy
hypotensio
Routine
us
Thrombolytic
Close thera
mon
considered
for
pati
thromboly
recommen
intermediate-high-r
recommen
intermedia
clinical suffering
signs of haem
fr
permit ear
decompensation.
hypotensio
Surgicalhaemodyna
pulmonary
Close
mon
and
timely
embolectomy
may
recommen
reperfusion
considered
in inter
intermedia
high-risk
patients if
Thromboly
permit
anticipated
risk ear
of b
considered
haemodyna
under thrombolytic
intermedia
high.g clinical
and timely
sign
Percutaneous
cathe
reperfusion
decompen
treatment
may be c
Thromboly
Surgical pu
intermediate-high-r
considered
patientsembolecto
if the antic
intermedia
bleedingconsidered
under thro
clinical
sign
gp
high-risk
treatment
is high.
decompen
anticipated
Early discharge a
Surgicalthro
pu
Patientsunder
with acute
g
embolecto
high.
should be consider
considered
discharge
and conti
Percutaneo
high-risk
p
treatment
at home
treatment
anticipated
outpatient
care and
intermedia
anticoagulant
treatm
under
thro
patients
if t
provided.
high.g

bleeding un
Percutaneo
treatment
treatment
* CAUTION: Edoxaban
is
Early disc
intermedia
of venous thromboembolis
Patients
patients
ifwi
aPTT ¼ activated
partial
thct
should
beun
bleeding
ratio; LMWH ¼
low-mole
discharge
a
treatment
UFH ¼ unfractionated
hep
treatment
a
Early disc
Class of recommendation
outpatient
b
Patients
wi
Level of evidence.
anticoagula
c
should be c
References. provided.
d
See Table 9 fordischarge
definitiona
e
treatment
RE-COVER and
RE-COVE
f
outpatient
Creatinine
clearance
,30
* CAUTION:
Edo
anticoagula
,25 mL/min
for
apixaban.
of venous
thromb
g
If appropriate
expertise
aPTT ¼provided.
activatedan
ratio; LMWH ¼ lo
¼ unfraction
*UFH
CAUTION:
Edo
a
of recomm
ofClass
venous
thromb
b
Level¼ofactivated
evidence
aPTT
c
References.
ratio; LMWH ¼ lo
d
See Table
9 for de
UFH
¼ unfraction
e
a RE-COVER and R
Class of recomm
fb
Creatinine
clearan
Level of evidence
c
,25
mL/min
References. for a
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IfSee
appropriate
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Experiencia Hospital
del mar 2008-2016

Muestra
•

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

Técnica

Características basales
Características basales
Edad (años)
Sexo femenino
Motivo de consulta
Disnea
Dolor torácico
Síncope
Síntomas inespecíficos
Parada cardiorespiratoria
Enfermedad pulmonar
crónica
Enfermedad cardíaca previa

Datos clínicos al ingreso
69,0 ± 12

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

25 (47,2%)

32 (60,4%)
6 (11,32%)
12 (22,6%)
2 (3,8%)
1 (1,9%)
3 (5,7%)
0

Neoplasia

13 (24,5%)

Enfermedad tromboembólica
previa
TVP
TEP
Ambos

13 (24,5%)

Tratamiento anticoagulante
previo

Tensión arterial sistólica
(mmHg)

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

Estratificación de riesgo
%

70
60
50
40

Estratificación de riesgo
Contraindicación
fibrinólisis sistémica
No
Absoluta
Relativa

13 (24,5%)

30

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

20

PESI score
Grupo riesgo PESI
Clase I-II (PESI ≤ 85 ptos)
Clase III-IV (PESI ≥ 86 ptos)

113,6 ± 29,4

PESI score simplificado
Grupo riesgo PESIs
Bajo (0 ptos)
Alto (≥ 1 pto)

1,75 ± 1,04

Riesgo mortalidad precoz
Alto
Intermedio-alto
Intermedio-bajo

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

6 (11,3%)
47 (88,7%)
13 (24,5%)
34 (64,2%)
6 (11,3%)

10
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0

Alto

Intermedio-alto

Intermedio-bajo

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

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

1 point
Risk strata a
0 points = 30-day mortality risk 1.0%
(95% CI 0.0%–2.1%)

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%)

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

Downloaded from http://eurheartj.ox

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%)

Tratamiento
Datos tratamiento FBN
sistémica

Datos tratamiento percutáneo
Tratamiento ACO pre-procedimiento
HBPM
HNF
HBPM y HNF
Ninguno
Horas ingreso-trombectomía
Riesgo alto
Riesgo intermedio-alto
Riesgo intermedio-bajo

19 (37,25%)
19 (37,25%)
12 (23,5%)
1 (2%)
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

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%)

No fibrinolisis intrarterial
Contraindicaciones FBN
No
Contraindicación absoluta
Contraindicación relativa
Fibrinólisis sistémica
Si
No

n = 11
5 (45,5%)
4 (36,4%)
2 (18,2%)
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%)

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)

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

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)

Presión Pulmonar Media (mmHg)

32,2 (±7,2)

27,9 (±8,4)

Gasto Cardíaco (l/min)

4,4 (±1,2)

4,95 (±1,1)

60

0,013
< 0,001
0,004

7

50

6

40

L/min

mmHg

5
30

4
20
3

10

0

2
PAPm preprocedimiento

PAPm postprocedimiento

Gasto cardíaco Pre

Gasto cardíaco Post

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

66,7 %

6,98 %

< 0,001

Hipertensión pulmonar

Seguimiento medio 364 días (2 - 1392)

Resultados
Hospital del Mar
Éxito Clínico

PERFECT trial

Kuo et al

86,8 %

94 %

88,9 %

89,1 %

84,1 %

84,8 %

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 %

Mejoría signiﬁca4vo
función VD
Descenso signiﬁca4vo
PAPs
Complicaciones
procedimiento

86,5 %

Conclusiones
•

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

JACC VOL. 67, NO. 8, 2016
MARCH 1, 2016:991–1002

.

Jaber et al.
Pulmonary Embolism

JACC VOL. 67, NO. 8, 2016

Embolism

MARCH 1, 2016:991–1002

should be given to patients who had syncope, which
may represent transient hemodynamic instability

C EN T RA L IL LUSTR AT I ON

PERT Protocol

F I G U R E 1 ER PE Protocol Utilizing PERT Consultation and sPESI Score

and the potential for higher risk (9). Hemodynamically stable patients without evidence of RV strain
PE confirmed:

are considered to be Anticoagulate
at low risk, may not require

Patient with suspected pulmonary embolism (PE)

PERT activation, and can be treated with anticoagulation alone. That said, the Unstable
PERTpatient
might help the
Stable patient

Massive PE

clinical team deﬁne the level of(SBP
risk
< 90) and optimal

Anticoagulation initiated, unless contraindicated

therapy for each individual patient.
Once the PERT has been activated, members typiPERT consult

cally meet, either at the patient’s bedside or virtually,

Acute PE confirmed by Computed Tomography (CT) scan

and review all patient-related data. The most impor-

Low risk PE pt
sPESI* 0 tant

Submassive PE

data include
the presenting history,
suspected
1. Discuss IVwith
lytics/ a focus
sPESI ≥ 1

catheter/surgery

on symptoms and signs of hemodynamic
instability,
with PERT leader

2. If lytics,
vital signs, CT, echocardiogram, and
laboratory data.
consider

Multidisciplinary PE response team (PERT) alerted:
Interventionalist, cardiac surgeon,
radiology, pulmonary/critical care medicine
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further considering the risks and beneﬁts of interventional therapies (10).

*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

SYSTEMIC
echocardiography; ER ¼ emergency
room; IV ¼ intravenous;FIBRINOLYSIS
PE ¼ pulmonary embolism; PERT ¼ pulmonary embolism response team;

Jaber, W.A. et al. J Am Coll Cardiol. 2016; 67(8):991–1002.
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