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ARTICLE INFO ABSTRACT

Objectives: To evaluate the efficacy and safety of aspiration thrombectomy in combination with low-dose
catheter-directed thrombolysis for acute unstable pulmonary embolism (PE).

Background: Acute unstable (PE) is a life-threatening condition requiring treatment escalation, but many patients
cannot receive full-dose systemic thrombolysis due to contraindications.

Methods: Eligible patients had a PE with sustained hypotension. We used a 115-cm, 8-F continuous aspiration
mechanical thrombectomy catheter to perform mechanical thrombectomy, followed by catheter-directed
thrombolysis with low-dose urokinase. The primary efficacy outcome was the change in the pulmonary artery
pressure after aspiration thrombectomy and catheter-directed thrombolysis. Secondary efficacy outcomes
were stabilization of hemodynamics post-procedure and survival to hospital discharge. The primary safety out-
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Thrombectomy come was major procedure-related complications and major bleeding events.
Thrombolysis Results: We included 54 patients with acute unstable PE. After thrombectomy, mean systolic pulmonary artery
Unstable pressure decreased from 60.2 mm Hg to 55.2 mm Hg (P < 0.01), and to 40.5 mm Hg after catheter thrombolysis

(P < 0.0001). The in-hospital PE-related death occurred in six patients (11%; 95% confidence interval [CI],
4.2-23%) at a mean follow-up of 1.1 days, and hemodynamics stabilized in the remaining 48 patients. Minor
complications after thrombectomy included arrhythmias (4 of 48 patients, 8.3%; 95% CI, 2.3-20%), and minor
bleeding episodes (3 of 48 patients; 6.2%; 95% CI, 1.3-17%). Major complication occurred in one patient (2.1%;
95% CI, 0.1-11%) who developed hemorrhagic transformation of paradoxical embolic stroke following catheter-
directed thrombolysis.
Conclusions: Aspiration thrombectomy followed by catheter-directed thrombolysis was overall effective and safe
in treating patients with acute unstable PE.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Pulmonary embolism (PE) remains a worldwide major health issue
[1]. Previous observational data have shown that short-term mortality
in patients with acute PE has decreased over time [2]. The emergence
of pulmonary embolism response teams have facilitated evaluation
and delivery of advanced therapies for severe PE [3], such as systemic
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or catheter-based thrombolytic therapy (with or without ultrasound
assistance) [4-8], catheter thrombectomy [9], and inferior vena cava
filters in certain subgroups [10].

Concern over the risk of intracranial hemorrhage, which approaches
3% to 5% outside of clinical trials [11,12], has dampened clinician enthu-
siasm for full-dose systemic thrombolysis in patients with severe
PE and has sparked development of alternative advanced therapies
with lower bleeding risk. In patients with unstable PE, aspiration
thrombectomy may allow rapid restoration of blood flow through
obstructed pulmonary arteries thereby alleviating right ventricular
(RV) dysfunction, while avoiding bleeding complications. However,
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there are few prospective studies that have assessed the efficacy and
safety of aspiration thrombectomy for unstable PE treatment. We there-
fore aimed at assessing the feasibility of the aspiration mechanical
thrombectomy treatment in patients presenting with unstable PE. To
this end, we analyzed data gathered in a prospective registry of consec-
utive patients with symptomatic, objectively confirmed, severe PE.

2. Methods

In a prospective registry, we enrolled consecutive patients presenting with acute un-
stable PE who received catheter-directed aspiration thrombectomy. All patients provided
written or oral informed consent for participation in the registry in accordance with local
ethics committee requirements and approved by the regional and institutional review
board (PI18/105). For the preparation of this manuscript, we followed the Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) statement guidelines
for observational cohort studies [13].

2.1. Patients, setting, and eligibility criteria

For this study, we screened patients who presented to the Emergency Department
of Hospital Lozano Blesa, Zaragoza, Spain, with symptoms of acute PE (<14 days) from
January 1, 2016, through March 31, 2018.

We included patients who had acute unstable proximal PE (filling defect in at least 1
main or lobar pulmonary artery) confirmed by objective testing, age 18 years or older, and
PE symptom duration <14 days. For the diagnosis of acute PE, an intraluminal filling defect
was identified on contrast-enhanced helical chest multidetector computed tomography
(MDCT) PE-protocol [14]. Patients were excluded if they were aged <18 years, had contra-
indications to therapeutic anticoagulation (active bleeding or recent major bleeding,
known bleeding diathesis or coagulation disorder, platelet count <100,000/mm?, recent
major surgery or trauma, or invasive procedures within the previous 10 days), pregnancy,
renal insufficiency (creatinine clearance <30 mL/min), inability to complete MDCT testing
(e.g., allergy to intravenous contrast agents, unavailability of MDCT, patient too ill), or had
tumor thrombus in the pulmonary arteries.

2.2. Definition of unstable PE

We defined unstable PE as the presence of sustained hypotension (i.e., systolic blood
pressure <90 mm Hg for >15 min requiring administration of vasopressors) not caused by
new-onset arrhythmia, hypovolaemia, or sepsis [15].

2.3. Procedures

Before the procedure, we inserted an inferior vena cava (IVC) filter (Gunther-Tulip
Cook-medical, Limerick, Ireland) in every patient. We then inserted a 10F short sheath in-
troducer (Cook Medical, 13 cm, Limerick, Ireland) via the right jugular approach, and then
inserted an 8F angled pigtail diagnostic catheter (Cordis, 115 cm, Miami Lakes, Florida) to
catheterize the main pulmonary arteries. Angiography was performed by injecting 20 mL
of contrast media (loversol 320 mg/mL, Mallinckrodt Medical Imaging, Dublin, Ireland) at
10 mL/s. Patients received 100,000-250,000 IU of urokinase (UCB Pharma S.A., Anderlecht,
Belgium) by bolus injection in the pulmonary arteries. We then performed continuous
aspiration mechanical thrombectomy with the Indigo CAT8 (XTORQ, 115 cm, Penumbra,
Alameda, California) connected to a suction pump (Pump MAX™ & MAX Canister,
Penumbra, Alameda, California), which exerted negative pressure (20-40 cm H,0) to at-
tempt clot aspiration. An associated wire separator (SEP, Penumbra, Alameda, California)
was used to unclog the catheter during aspiration. We measured and recorded the pulmo-
nary artery pressure (PAP) before, during and after aspiration thrombectomy through the
aspiration catheter connected to a pressure transducer. Criteria for termination of the as-
piration procedure were when interventional radiologists agreed that the thrombus had
been significantly reduced (reduction about 50-70%) and/or the PAP had decreased at
least 10 mm Hg. Following mechanical clot debulking, low-dose hourly urokinase infusion
was administered if deemed necessary for a period of 12-24 h.

Anticoagulation was initiated with unfractionated heparin (UFH) of 80 units per kilo-
gram body weight with a target activated partial thromboplastin time of 60 to 80 s,
followed by an infusion of 18 IU/kg per hour [16]. For patients who had already received
low-molecular-weight heparin, the initiation of intravenous UFH was delayed 12 h. During
the procedure, UFH was continued at intermediate intensity with a goal activated
partial thromboplastin time (aPTT) of 40-60 s. After the procedure, full therapeutic
anticoagulation with UFH or low-molecular-weight heparin was reinitiated [17].

2.4. Study outcomes

The primary efficacy outcomes were the changes in PAP after aspiration
thrombectomy and after catheter-directed thrombolysis. Secondary efficacy outcomes
were stabilization of hemodynamics, and survival to hospital discharge. Stabilization of
hemodynamics was defined as resolution of hemodynamic instability with no need for
pressor support.

Safety outcomes were major and minor procedure-related complications, and major
and minor bleeding events within 72 h post-procedure. Major bleeding episodes were

defined as those that required a transfusion of at least 2 units of blood, were retroperito-
neal, spinal or intracranial, or were fatal [18].

2.5. Statistical analysis

We used chi-square or Fisher's exact tests to compare categorical data between
groups. We used the Shapiro-Wilk test to assess continuous data for a normal distribution.
We used two-tailed unpaired t-tests to compare parametric continuous data between
two unpaired groups, and we used the Mann-Whitney U test for non-parametric data
comparisons.

We conducted statistical analyses using STATA version 13.1 (STATA Corp, College
Station, Texas). All hypothesis tests were two-sided, with a significance level of 0.05.

3. Results
3.1. Baseline demographics and clinical characteristics

The eligible study cohort included 54 patients (23 men and 31
women) with acute unstable PE. PE was initially diagnosed by spiral
computed tomographic (CT) scan in 54 patients (100%). The mean
age was 60 4 17 years (age range, 24 to 85 years) and 85% of patients
presented to the hospital within 6 days of symptoms. Common risk fac-
tors for PE included immobility within 30 days of PE diagnosis (78%),
cancer (15%), obesity (13%), and surgery (11%) (Table 1). The mean
PESI score was 143 + 30 points. Forty-eight patients (89%) had severe
sustained tachycardia and 91% had severe hypoxemia. Mean saturation
was 84 + 5%. Mean serum creatinine was 0.8 mg/dl and mean serum
hemoglobin was 12.8 mg/dL.

The initial transthoracic echocardiographic examination revealed
the presence of RV dysfunction in 87% of patients. The mean systolic
PAP was 60.2 + 8.2 mm Hg, and the mean tricuspid annular plane

Table 1
Baseline characteristics and treatment information for patients with unstable acute symp-
tomatic pulmonary embolism.

All patients
N =54
Clinical characteristics,
Age, years (mean 4 SD) 59.7 + 16.8
Age > 65 years 23 (43%)
Male sex 23 (43%)
Risk factors for VTE,
Obesity 7 (13%)
History of VTE 1(0.2%)
Cancer? 8 (15%)
Recent surgery” 6 (11%)
Immobilization® 42 (78%)

Comorbid diseases,

Recent major bleeding® 2 (3.7%)
Chronic obstructive pulmonary disease (COPD) 4 (7.4%)
Congestive heart failure 3 (5.6%)
Concomitant DVT 34 (63%)
Clinical symptoms and signs at presentation
Syncope 7 (13%)
Chest pain 17 (31%)
Dyspnea 31 (57%)
Heart rate > 110/min 48 (89%)
Arterial oxyhemoglobin saturation < 90% 49 (91%)
RV dysfunction 42 (78%)
NT-proBNP, pg/mL (mean =+ SD) 2093.2 + 2861.6
hsTnT, ng/L (mean 4+ SD) 501.0 4 448.0
Laboratory findings
Hemoglobin, g/dL (mean =+ SD) 128 £2.3
Creatinine, mg/dL (mean + SD) 0.8+ 0.3

Abbreviations: SD, standard deviation; VTE, venous thromboembolism; COPD, chronic ob-
structive pulmonary disease; DVT, deep vein thrombosis; RV, right ventricle, NT-proBNP,
N-terminal pro-brain natriuretic peptide; hsTnT, high-sensitivity troponin T.

2 Active or under treatment in the last year.

" In the previous month.

¢ Immobilized patients are defined in this analysis as non-surgical patients who had
been immobilized (i.e., total bed rest with bathroom privileges) for 24 days in the month
prior to PE diagnosis.
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Fig. 1. Flow of patients through each stage of the study. PE, pulmonary embolism.

systolic excursion (TAPSE) was 15.5 4+ 3.0 mm. The mean RV/left ven-
tricle (LV) diameter ratio on chest computed tomography (CT) was
2.1+ 04

3.2. Procedural characteristics

Catheter-directed therapy was first-line therapy beyond anticoagu-
lation in 100% (54 of 54) (Fig. 1). The mean duration (i.e., fluoroscopy
time) of the procedure was 17 min (range, 14-75 min). A bolus injec-
tion of urokinase was administered to 52 (96%) patients via catheter
and continuous aspiration thrombectomy was initiated. Following me-
chanical clot debulking, clinical stabilization was achieved in 11 (20%)
patients, and low-dose hourly urokinase infusion was administered to
the remaining 40 (74%) survivors (Fig. 1). The average thrombolytic
dose infused through catheter was 994,629.6 + 608,594.0 IU of uroki-
nase. None of the patients required extracorporeal membrane oxygena-
tion (ECMO) support before or during the procedure.

3.3. Efficacy outcomes

Overall, 14% (7 of 51; 95% confidence interval [CI], 5.7-26%) of pa-
tients showed a reduction in systolic pulmonary artery pressure of at
least 10 mm Hg after aspiration thrombectomy, and 84% (42 of 50;
95% confidence interval [CI], 71-93%) after local thrombolysis. Thirty-
nine of 50 (78%; 95% Cl, 64-88%) patients showed improvement in RV
dysfunction after thrombectomy and catheter thrombolysis (Table 2).

After aspiration thrombectomy, mean pulmonary artery systolic pres-
sure decreased from 60.2 mm Hg to 55.2 mm Hg (P < 0.01), and then
to 40.5 mm Hg after catheter thrombolysis (P < 0.0001) (Fig. 2). The
mean RV/LV diameter ratio improved from 2.1 4 0.4 to 0.8 & 0.1 after
thrombectomy and catheter thrombolysis (P < 0.0001). The mean
pO,/FiO, improved from 160 4 55 to 316 4 89 after thrombectomy
and catheter thrombolysis (P < 0.0001). The in-hospital PE-related
death occurred in six patients (11%; 95% confidence interval [CI],
4.2-23%) (3 patients during thromboaspiration, 1 patient during uro-
kinase infusion, and 2 patients following treatment) at a mean follow-
up of 1.1 days. In the remaining 48 patients, hemodynamic stability
was achieved.

At 30-day follow-up, systolic pulmonary artery pressure further im-
proved to 29.2 4+ 5.7 mm Hg, and only 4 patients (4 of 48 patients; 8.3%;
95% Cl, 2.3-20%) showed residual RV dysfunction.

3.4. Safety outcomes

There were no major bleeding complications. Minor complications
after thrombectomy included arrhythmias (4 of 48 patients, 8.3%; 95%
(I, 2.3-20%), and minor (mild according to the Global Use of Strategies
to Open Occluded Arteries [GUSTO] criteria [19]) bleeding episodes
(3 of 48 patients; 6.2%; 95% CI, 1.3-17%) as follows: 2 access site hema-
tomas and 1 gross hematuria. All these bleeding episodes were self-
limited and required no blood transfusions. There was one major proce-
dural complication: one patient (2.1%; 95% CI, 0.1-11%) experienced a

Table 2
Preintervention and postintervention data for patients with unstable acute symptomatic pulmonary embolism.
Before procedures After thrombectomy After thrombolysis Day 30
(N =54) (N=51) (N =50) (N =48)
mPAP, mm Hg (mean + SD) 60.2 + 8.2 552 +93 405 + 11.7 29.2 £5.7
Reduction of at least 10 mm Hg in sPAP, n (%) 0 (0%) 7 (8.4%) 42 (84%) 48 (100%)
TAPSE, mm (mean =+ SD) 155 £ 3.0 - 174425 23.0 £ 2.1
RV dysfunction, n (%) 47 (87%) 40 (78%) 11 (22%) 4 (8.3%)
Stabilization of hemodynamics, n (%) 0 (0%) 11 (20%) 50 (100%) 48 (100%)
RV/LV (mean =+ SD) 21+04 - - 0.8 £ 0.1

Abbreviations: mPAP, mean pulmonary artery pressure; SD, standard deviation; TAPSE, tricuspid annular plane systolic excursion; RV, right ventricle; LV, left ventricle.
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Fig. 2. Efficacy outcomes for patients with unstable acute symptomatic pulmonary
embolism. Panel A. Change in invasively measured mean systolic pulmonary artery
pressure (mm Hg) before and after intervention. Panel B. Change in TAPSE (mm) before
and after intervention.

hemorrhagic transformation of paradoxical embolic stroke after admin-
istration of catheter-directed low-dose thrombolysis.

There were no further complications within the first 30 days of anti-
coagulant therapy.

4. Discussion

In patients with acute unstable PE, treatment escalation is required
to prevent death. Current guidelines state that catheter-directed therapy
may be warranted in patients with contraindications to full-dose throm-
bolysis, in patients who have failed systemic thrombolytic therapy, and
in patients in whom there is no time to deliver full-dose systemic throm-
bolysis [9,15]. In addition, a prior meta-analysis also showed that
catheter-directed therapy may be used as first-line therapy for patients
with massive PE [20], but prospective data on use of catheter-directed
therapy for unstable PE are sparse in the literature. In our prospective
study, percutaneous catheter-directed thromboaspiration in combina-
tion with low-dose catheter-directed thrombolysis significantly re-
duced pulmonary hypertension and improved RV function leading to
high rate of survival in a cohort of patients with life-threatening unsta-
ble PE. Furthermore, our rates of survival (87%) and major bleeding
(2.1%) compared favorably with those outcomes reported after sys-
temic thrombolysis in the Registro Informatizado de la Enfermedad
TromboEmbdlica (RIETE) Registry [21].

The high risk of death in patients with acute PE associated
with hypotension/shock requires emergent aggressive treatment

(e.g., thrombolysis, thrombectomy) according to American College of
Chest Physicians (ACCP) and American Heart Association (AHA) guide-
lines [22,23]; however, many patients are not candidates for systemic
thrombolysis due to bleeding risks. In the large RIETE registry from
325 hospitals in 24 countries, only one fifth of hemodynamically unsta-
ble patients received advanced therapies [21] beyond anticoagulation.
This underscores the need for further research and education on the
use of advanced thrombolytic therapies including catheter-based treat-
ment in this population.

Our study expands on the prior experience of percutaneous aspira-
tion thrombectomy in patients with unstable PE and demonstrates
the potential benefits of this technique when used in combination
with low-dose catheter-directed thrombolysis. After the procedure,
echocardiography parameters of right ventricular function (RV dysfunc-
tion, RV diameter, and TAPSE) improved significantly, indicating a de-
crease in right ventricle overload. Interestingly, we found additional
improvement in all assessed hemodynamic parameters after low-dose
catheter-based thrombolytic therapy, and there was only one episode
of major bleeding in a patient with prior embolic stroke. We believe
this case emphasizes an important contraindication to the use of any
thrombolytic drug even at low dose.

There are limitations to the current study. The major limitation of
our study was the lack of a comparator group. Because we did not in-
clude a comparator group, we cannot comment on the efficacy or safety
of aspiration thrombectomy compared with other reperfusion proce-
dures (i.e., full-dose systemic fibrinolysis, half-dose systemic fibrinoly-
sis, or catheter thrombolysis). However, it should be acknowledged
that conducting a randomized trial on patients with life-threatening
massive PE might not be feasible especially with regards to a compari-
son to systemic thrombolysis since many patients have contraindica-
tions to this treatment. The potential for selection bias could have
skewed the study sample, and it could have biased the results in favor
of a greater treatment efficacy and safety by excluding sicker patients;
however, all patients met the definition for acute unstable PE. The rela-
tively small sample size of the cohort lowered the statistical power of
the study. Finally, there was limited follow-up on long-term clinical out-
comes after treatment.

In conclusion, aspiration thrombectomy in combination with low-
dose catheter-directed thrombolysis is effective and safe as a first-line
treatment option for patients with acute unstable PE. Further prospec-
tive trials in larger cohorts may help validate these results and also po-
tentially identify other groups of PE patients (e.g. intermediate-high risk
PE) that may also benefit from this catheter-based protocol.

Author contributions

Study concept and design: De Gregorio, Guirola, Jimenez

Acquisition of data; analysis and interpretation of data; statistical
analysis: De Gregorio, Guirola, Kuo, Serrano, Urbano, Figueredo, Sierre,
Quezada, Barbero, Jimenez

Critical revision of the manuscript for important intellectual content:
De Gregorio, Guirola, Kuo, Serrano, Urbano, Figueredo, Sierre, Quezada,
Barbero, Jimenez

Study supervision: De Gregorio, Jimenez

The corresponding author, David Jiménez, had full access to all the data
in the study and had final responsibility for the decision to submit for
publication.

Conflict of interest statement
None reported.
Source of funding

This study (PI15/00207) has been partially supported by the
Instituto de Salud Carlos III (Plan Estatal de I+-D+12013-2016) and



110

M.A. De Gregorio et al. / International Journal of Cardiology 287 (2019) 106-110

co-financed by the European Regional Development Fund “A way to
achieve Europe” (ERDF).

References

(1]

2

3

[4

5

6

(7

8

[9

(10]

(1]

[12]

F.A. Anderson Jr., M. Zayaruzny, J.A. Heit, D. Fidan, A.T. Cohen, Estimated annual
numbers of US acute-care hospital patients at risk for venous thromboembolism,
Am. ]. Hematol. 82 (2007) 777-782.

D. Jimenez, J. de Miguel-Diez, R. Guijarro, ]J. Trujillo-Santos, R. Otero, R. Barba, A.
Muriel, G. Meyer, R.D. Yusen, M. Monreal, RIETE Investigators, Trends in the
management and outcomes of acute pulmonary embolism, analysis from the
RIETE registry. ] Am Coll Cardiol 67 (2016) 162-170.

A.S. Witkin, S. Harshbarger, C. Kabrhel, Pulmonary embolism response teams,
Semin. Thromb. Hemost. 42 (2016) 857-864.

S. Chatterjee, A. Chakraborty, I. Weinberg, M. Kadakia, R.L. Wilensky, P. Sardar, D.J.
Kumbhani, D. Mukherjee, M.R. Jaff, . Giri, Thrombolysis for pulmonary embolism
and risk of all-cause mortality, major bleeding, and intracranial hemorrhage:
a meta-analysis, JAMA 311 (2014) 2414-2421.

G. Meyer, E. Vicaut, T. Danays, G. Agnelli, C. Becattini, J. Beyer-Westendorf, E. Bluhmki,
H. Bouvaist, B. Brenner, F. Couturaud, C. Dellas, K. Empen, A. Franca, N. Galié, A. Geibel,
S.Z. Goldhaber, D. Jimenez, M. Kozak, C. Kupatt, N. Kucher, M. Lang, M. Lankeit,
N. Meneveau, G. Pacouret, M. Palazzini, A. Petris, P. Pruszczyk, M. Rugolotto, A. Salvi, S.
Schellong, M. Sebbane, B. Sobkowicz, B.S. Stefanovic, H. Thiele, A. Torbicki, F.
Verschuren, S.V. Konstantinides, PEITHO Investigators, Fibrinolysis for patients with
intermediate-risk pulmonary embolism, N. Engl. ]. Med. 370 (2014) 1402-1411.

M. Sharifi, C. Bay, L. Skrocki, F. Rahimi, M. Mehdipour, “MOPETT” Investigators,
Moderate pulmonary embolism treated with thrombolytics (from the ‘MOPETT’
trial), Am. J. Cardiol. 111 (2013) 273-277.

E. Ozcinar, M. Cakici, N. Dikmen Yaman, C. Baran, A. Aliyev, B. Inan, S. Durdu, A.R.
Akar, M. Sirlak, Thrombus resolution and right ventricular functional recovery
using ultrasound-accelerated thrombolysis in acute massive and submassive pul-
monary embolism, Int. Angiol. 36 (2017) 428-437.

N. Kucher, P. Boekstegers, O.J. Muller, C. Kupatt, J. Beyer-Westendorf, T. Heitzer, U.
Tebbe, ]. Horstkotte, R. Miiller, E. Blessing, M. Greif, P. Lange, R.T. Hoffmann, S.
Werth, A. Barmeyer, D. Hdrtel, H. Griinwald, K. Empen, I. Baumgartner, Randomized,
controlled trial of ultrasound-assisted catheter-directed thrombolysis for acute
intermediate-risk pulmonary embolism, Circulation 129 (2014) 479-486.

W.T. Kuo, AK. Sista, S. Faintuch, S.R. Dariushnia, M.O. Baerlocher, R.A. Lookstein, Z.].
Haskal, B. Nikolic, ]J. Gemmete, Society of Interventional Radiology position state-
ment on catheter-directed therapy for acute pulmonary embolism, ]. Vasc. Interv.
Radiol. 29 (2018) 293-297.

A. Muriel, D. Jiménez, D. Aujesky, L. Bertoletti, H. Decousus, S. Laporte, P. Mismetti,
F.J. Mufioz, R. Yusen, M. Monreal, RIETE Investigators, Survival effects of inferior
vena cava filter in patients with acute symptomatic venous thromboembolism
and a significant bleeding risk, J. Am. Coll. Cardiol. 63 (2014) 1675-1683.

K. Fiumara, N. Kucher, J. Fanikos, S.Z. Goldhaber, Predictors of major hemorrhage
following fibrinolysis for acute pulmonary embolism, Am. ]. Cardiol. 97 (2006)
127-129.

S.Z. Goldhaber, L. Visani, M. De Rosa, Acute pulmonary embolism: clinical outcomes
in the International Cooperative Pulmonary Embolism Registry (ICOPER), Lancet
353 (1999) 1386-1389.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

E. von Elm, D.G. Altman, M. Egger, S.J. Pocock, P.C. Gotzsche, ].P. Vandenbroucke,
STROBE Initiative, Strengthening the Reporting of Observational Studies in Epidemi-
ology (STROBE) statement: guidelines for reporting observational studies, BMJ 335
(2007) 806-808.

M. Remy-Jardin, J. Remy, L. Wattinne, F. Giraud, Central pulmonary thromboembolism:
diagnosis with spiral volumetric CT with the single-breath-hold-technique-
comparison with pulmonary angiography, Radiology 185 (1992) 381-387.

S.V. Konstantinides, A. Torbicki, G. Agnelli, N. Danchin, D. Fitzmaurice, N. Galié, J.S.
Gibbs, M.V. Huisman, M. Humbert, N. Kucher, I. Lang, M. Lankeit, J. Lekakis, C.
Maack, E. Mayer, N. Meneveau, A. Perrier, P. Pruszczyk, L.H. Rasmussen, T.H.
Schindler, P. Svitil, A. Vonk Noordegraaf, ].L. Zamorano, M. Zompatori, Authors/
Task Force Members, 2014 ESC guidelines on the diagnosis and management of
acute pulmonary embolism: the task force for the diagnosis and management of
acute pulmonary embolism of the European Society of Cardiology (ESC) endorsed
by the European Respiratory Society (ERS), Eur. Heart ]. 35 (2014) 3033-3073.
R.P. Engelberger, A. Moschovitis, J. Fahrni, T. Willenberg, F. Baumann, N. Diehm, D.D.
Do, I. Baumgartner, N. Kucher, Fixed low-dose ultrasound-assisted catheter-directed
thrombolysis for intermediate and high-risk pulmonary embolism, Eur. Heart J. 36
(2015) 597-604.

I. Sadiq, S.Z. Goldhaber, P.Y. Liu, G. Piazza, Submassive and massive pulmonary em-
bolism treatment with ultrasound accelerated thrombolysis therapy (SEATTLE II)
Investigators. Risk factors for major bleeding in the SEATTLE II trial, Vasc. Med. 22
(2017) 44-50.

S. Schulman, U. Angerds, D. Bergqvist, B. Eriksson, M.R. Lassen, W. Fisher,
Subcommittee on Control of Anticoagulation of the Scientific and Standardization
Committee of the International Society on Thrombosis and Haemostasis, Definition
of major bleeding in clinical investigations of antihemostatic medicinal products in
surgical patients, J. Thromb. Haemost. 8 (2010) 202-204.

GUSTO Investigators, An international randomized trial comparing four thrombo-
lytic strategies for acute myocardial infarction, N. Engl. J. Med. 329 (1993) 673-682.
W.T. Kuo, M.K. Gould, ].D. Louie, J.K. Rosenberg, D.Y. Sze, L.V. Hofmann, Catheter-
directed therapy for the treatment of massive pulmonary embolism: systematic
review and meta-analysis of modern techniques, J. Vasc. Interv. Radiol. 20 (2009)
1431-1440.

D. Jimenez, B. Bikdeli, D. Barrios, A. Quezada, J. Del Toro, G. Vidal, I. Mahé, I. Quere, M.
Loring, R.D. Yusen, M. Monreal, RIETE investigators, Epidemiology, patterns of care
and mortality for patients with hemodynamically unstable acute symptomatic
pulmonary embolism, Int. J. Cardiol. 269 (2018) 327-333.

C. Kearon, E.A. AKl, ]. Ornelas, A. Blaivas, D. Jimenez, H. Bounameaux, M. Huisman,
C.S. King, T.A. Morris, N. Sood, S.M. Stevens, ].R.E. Vintch, P. Wells, S.C. Woller, L.
Moores, Antithrombotic therapy for VTE disease: chest guideline and expert panel
report, Chest 149 (2016) 315-352.

M.R. Jaff, M.S. McMurtry, S.L. Archer, M. Cushman, N. Goldenberg, S.Z. Goldhaber, J.S.
Jenkins, J.A. Kline, A.D. Michaels, P. Thistlethwaite, S. Vedantham, R.J. White, B.K.
Zierler, American Heart Association Council on Cardiopulmonary, Critical Care,
Perioperative and Resuscitation, American Heart Association Council on Peripheral
Vascular Disease, American Heart Association Council on Arteriosclerosis, Thrombo-
sis and Vascular Biology, Management of massive and submassive pulmonary em-
bolism, iliofemoral deep vein thrombosis, and chronic thromboembolic pulmonary
hypertension: a scientific statement from the American Heart Association, Circula-
tion 123 (2011) 1788-1830.


http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0005
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0005
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0005
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0010
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0010
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0010
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0010
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0015
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0015
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0020
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0020
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0020
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0020
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0025
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0025
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0025
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0025
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0025
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0025
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0025
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0030
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0030
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0030
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0035
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0035
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0035
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0035
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0040
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0040
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0040
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0040
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0040
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0045
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0045
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0045
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0045
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0050
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0050
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0050
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0050
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0055
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0055
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0055
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0060
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0060
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0060
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0065
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0065
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0065
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0065
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0070
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0070
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0070
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0075
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0075
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0075
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0075
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0075
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0075
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0075
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0075
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0080
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0080
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0080
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0080
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0085
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0085
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0085
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0085
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0090
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0090
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0090
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0090
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0090
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0095
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0095
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0100
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0100
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0100
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0100
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0105
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0105
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0105
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0105
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0110
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0110
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0110
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0110
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0115
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0115
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0115
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0115
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0115
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0115
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0115
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0115
http://refhub.elsevier.com/S0167-5273(18)36761-5/rf0115

	Catheter-�directed aspiration thrombectomy and low-�dose thrombolysis for patients with acute unstable pulmonary embolism: ...
	1. Introduction
	2. Methods
	2.1. Patients, setting, and eligibility criteria
	2.2. Definition of unstable PE
	2.3. Procedures
	2.4. Study outcomes
	2.5. Statistical analysis

	3. Results
	3.1. Baseline demographics and clinical characteristics
	3.2. Procedural characteristics
	3.3. Efficacy outcomes
	3.4. Safety outcomes

	4. Discussion
	Author contributions
	Conflict of interest statement
	Source of funding
	References


