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Abstract
Aims: In this single-centre study, we aimed to evaluate the short- and long-term efficacy and safety out-
comes of ultrasound-assisted thrombolysis (USAT) performed in patients with acute pulmonary embolism 
(PE) at intermediate to high risk and high risk (IHR, HR).

Methods and results: The study group comprised 141 retrospectively evaluated patients with PE who 
underwent USAT. Tissue-type plasminogen activator (t-PA) dosage was 36.1±15.3 mg, and infusion dura-
tion was 24.5±8.1 hours. USAT was associated with improvements in echocardiographic measures of right 
ventricle systolic function, pulmonary arterial (PA) obstruction score, right to left ventricle diameter ratio 
(RV/LV), right to left atrial diameter ratio and PA pressures, irrespective of the risk (p<0.0001 for all). 
In-hospital mortality, major and minor bleeding rates were 5.7%, 7.8% and 11.3%, respectively. Follow-up 
data (median 752 days) were available in all patients. Absolute and % changes in RV/LV and % changes in 
PA mean pressure were significantly higher in patients younger than 65 years compared with older patients, 
whereas bleeding, 30-day and long-term mortality were not related to age, t-PA dosage or infusion duration. 
HR versus IHR increased 30-day mortality.

Conclusions: USAT was associated with improvements in thrombolysis and stabilisation of haemody-
namics along with relatively low rates of complications in patients with PE, regardless of the risk status. 
However, HR still confers a higher short-term mortality. Increasing the t-PA dosage and prolongation of 
infusion may not offer benefit in USAT treatments.
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Abbreviations
ANOVA (one-way repeated measures) analysis of variance
CDT catheter-directed treatment
CT computed tomography
Echo echocardiography
ESC/ERS European Society of Cardiology/European Respiratory 

Society
FDA Food and Drug Administration
HR high risk
IHR intermediate to high risk
ILR intermediate to low risk
LR low risk
MPAP mean pulmonary artery pressure
PA pulmonary artery
PE pulmonary embolism
QS Qanadli score
RA/LA right to left atrial diameter ratio
RCT randomised clinical trial
RV/LV right to left ventricle diameter ratio
St systolic tissue velocity
TAPSE tricuspid annular plane systolic excursion
t-PA tissue-type plasminogen activator
TT thrombolytic treatment
USAT ultrasound-assisted thrombolysis

Introduction
Acute pulmonary embolism (PE) has been documented as being 
the third most frequent lethal cardiovascular disease in the west-
ern world1-4. Haemodynamic instability due to right ventricle (RV) 
dysfunction may develop within the first two days when 30 to 
50% of the pulmonary arterial (PA) vessels are occluded by the 
clot, and increased RV diameter to left ventricle diameter ratio 
(RV/LV), assessed either by echocardiography (Echo) or com-
puted tomography (CT), has been documented to predict early 
and midterm clinical worsening in patients with acute PE, even 
in the absence of haemodynamic instability2-8. European Society 
of Cardiology/European Respiratory Society (ESC/ERS) 2014 
PE Guidelines have recommended an updated risk stratification 
based on definitions of high-risk (HR), intermediate- to high-risk 
(IHR), intermediate- to low-risk (ILR) and low-risk (LR) groups2. 
The patients at HR require urgent reperfusion therapy2. However, 
intravenous thrombolytic treatment (TT) has been documented to 
improve haemodynamic status at the expense of an increased risk 
of major bleeding2,3,8-12.

Although various catheter-directed treatments (CDT) have 
been reported in patients with PE10-15, only one of these, a novel 
ultrasound-assisted thrombolysis (USAT) technology (EkoSonic® 
Endovascular System; EKOS Corporation, Bothell, WA, USA) 
was tested in a randomised clinical trial (RCT)16. This technology 
has been reported to facilitate thrombolysis with reduced lytic dos-
ages which leads to a lowered bleeding risk in PE patients at HR 
and IHR17-28. We previously published our single-centre results on 
USAT26 and a meta-analysis29 confirming that USAT significantly 

reduced mean PA pressure (MPAP), RV/LV and obstruction scores 
with similar mortality and a lower risk of major bleeding as com-
pared to those with systemic TTs.

In this single-centre study, we evaluated the short- and long-
term efficacy and safety outcomes following USAT performed in 
patients with PE at HR or IHR.

Methods
Our study population comprised 141 retrospectively evaluated 
patients (male 59, female 82, age 61.8±16.2 years) out of the 
420 patients who were referred to our tertiary cardiovascular cen-
tre with a diagnosis of acute PE and who underwent USAT treat-
ment from October 2012 to January 2018. The diagnosis of acute 
PE, definitions of the risk groups and provoked or unprovoked PE 
were based on the criteria as recommended by the ESC/ERS 2014 
PE Guidelines2.

Inclusion criteria are given in Supplementary Appendix 1. 
Baseline risk status was HR or IHR in all included patients. The 
status was clinically stable IHR without significant PA obstruc-
tion, ILR or LR in the remaining 243 patients in whom only anti-
coagulant treatments were utilised. The initial TT with tissue-type 
plasminogen activator (t-PA) (mean 42.8±28.8 mg) prior to USAT 
was performed in 38 patients for several reasons (Supplementary 
Appendix 1). The use of USAT as a treatment option in acute PE 
was approved by the National Ministry of Health and reimbursed 
by the National Social Security Authority. Moreover, the eligibility 
criteria for USAT were defined by the Institutional Review Board, 
and the appropriateness of this treatment for each patient was dis-
cussed by a multidisciplinary team (Supplementary Appendix 2).

EFFICACY MEASURES
As compared to baseline, improvements in the measures of pres-
sure overload and RV function assessed by Echo, RV/LV, PA 
obstruction severity and PA diameters quantitated by CT, and 
invasively assessed PA pressures were used as the surrogates for 
the acute efficacy of USAT.

CHEST CT (Supplementary Appendix 3)
Images were acquired before and after the USAT procedure using 
a 64-slice helical CT scanner (Aquilion 64™; Toshiba Medical 
Systems Corp., Tokyo, Japan) with angiographic contrast material 
(Omnipaque 350; GE Healthcare, Chicago, IL, USA). The stored 
images recorded at the time of diagnosis and following the USAT 
were retrospectively evaluated. For evaluation of PA obstruction, 
the CT score proposed by Qanadli et al (QS) was used30. The 
methods for assessment of RV/LV and right to left atrial diameter 
ratio (RA/LA) have been defined previously2,3,7.

RIGHT HEART CATHETERISATION, PULMONARY 
ANGIOGRAPHY AND USAT PROCEDURES
Only the femoral venous route with a 6 Fr sheath was used; arterial 
puncture was avoided. Details of these procedures and management 
principles are provided in Supplementary Appendix 4.
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SAFETY MEASURES
Safety outcomes included minor and non-fatal major bleeding and 
all-cause mortality, during the in-hospital period and 30 days after 
USAT. Long-term follow-up data were also included in the analy-
sis for mortality and bleeding outcomes. Definitions of bleeding 
events are given in Supplementary Appendix 1.

STATISTICAL ANALYSIS (Supplementary Appendix 5)
Continuous variables were expressed as mean and standard devia-
tion, and categorical variables as percentages. The outliers were 
assessed by box plot and the distribution of variables was assessed 
by the Shapiro-Wilk test. A one-way repeated measures analysis 
of variance (ANOVA) was used to determine the temporal sequen-
tial changes in RV/LV, MPAP and QS before and after USAT 
over the course of time. The details of repeated measures mul-
tivariate analysis of covariance are also given in Supplementary 
Appendix 5. All statistical analysis was performed using SPSS, 
Version 20.0 (IBM Corp., Armonk, NY, USA). All the statistical 
analyses were performed by a blinded analyst.

RESULTS (Supplementary Appendix 6)
The USAT group represented 33.5% of the overall 420 patients 
with acute PE. Patient and treatment characteristics are summa-
rised in Table 1. Age was over 80 years in 10.6% of patients. 
Echo, CT and invasive measures before and after USAT are sum-
marised in Table 2. The mean time delay from baseline CT to 
post-procedural CT acquisition was 4.7±3 days.

PROCEDURAL CHARACTERISTICS
Bilateral devices were used in 94.1% of patients at HR and in 
78.2% of patients at IHR. For unilateral and bilateral treatment, the 
t-PA dosage (27.1±8.3 vs. 38.4±15.9 mg) and the duration of infu-
sion (22.6±4.7 vs. 25±8.7 hrs) were comparable. Similarly, t-PA 
dosage (31.4±21 vs. 36.8±14.4 mg) and infusion duration (21±10.2 
vs. 25±7.7 hrs) were not different between risk groups (p>0.05).

EFFICACY MEASURES
There were significant differences between pre- and post-USAT 
Echo, CT and invasive measures (Table 2, Figure 1A-Figure 1C). 
Absolute and % changes in MPAP, RV/LV and QS after USAT 
were significant (p<0.001 for all) (Table 2). Repeated measures 
multivariate analysis of covariance (MANCOVA) for changes in 
RV/LV, QS and MPAP are shown in Supplementary Table 1.

SHORT- AND LONG-TERM OUTCOMES
In-hospital mortality and bleeding data are summarised in Table 3. 
During a median six days of hospital stay, eight (5.7%) patients 
died, and in 3, 4 and 1 of these mortality was due to fatal bleeding, 
unresolved PE and nosocomial infection, respectively. Bleeding was 
noted in 27 (19.1%) patients during in-hospital stay: 16 and 11 of 
these were minor and major bleeding, respectively. Post-discharge 
follow-up (median 752 [8-1,803] days) data were available in all 
patients, and 11 (7.8%) deaths were documented during follow-up.

Table 1. Clinical, laboratory and treatment characteristics of 
141 patients with pulmonary embolism (PE).

Age, years 61.8±16.2

Male sex, n (%) 59 (41.8%)

Diabetes mellitus, n (%) 19 (13.4%)

Hypertension, n (%) 57 (40.0%)

Atrial fibrillation, n (%) 8 (5.7%)

Chronic obstructive lung disease, n (%) 14 (9.9%)

Previous coronary artery disease, n (%) 12 (8.5%)

Previous PE, n (%) 8 (5.7%)

Presence of deep vein thrombosis, n (%) 101 (71.6%)

Possible 
secondary 
causes,  
n (%)

Malignancy 10 (7.1%)

Orthopaedic surgery/fractures 22 (15.6%)

Previous stroke history 4 (2.8%)

Prolonged airplane travelling 3 (2.1%)

HRT/OCS 4 (2.8%)

Postoperative status 30 (21.2%)

Provoked PE, n (%) 120 (85.1%)

Unprovoked PE, n (%) 21 (14.9%)

Pulmonary infarction, n (%) 44 (32.1%)

Pleural effusion, n (%) 16 (11.7%)

Baseline 
vital signs

Heart rate/min 105.5±18.1

Systolic blood pressure, mmHg 116.9±22.3

Diastolic blood pressure, mmHg 73.2±13.4

Oxygen saturation, % 88.3±4.6

Baseline 
laboratory 
variables

BNP, pg/ml 204 (77-412)

Troponin, ng/ml 0.1 (0.04-0.46)

D-dimer, U/ml 8 (3.73-15)

Symptoms duration, days 5.0 (3-9)

Symptoms duration <14 days, n (%) 122 (86.5%)

High-risk PE, n (%) 17 (12.1%)

Intermediate- to high-risk PE, n (%) 124 (87.9%)

PE 
severity 
indices 
(PESI)

PESI 102 (81-122)

PESI class 3 (2-4)

Simplified PESI (SPESI) 2 (1-3)

Treatment 
regimens

Unilateral/bilateral/triple device 
placement, n (%)

28 (19.8%)/110 
(78%)/3 (2.1%)

USAT treatment duration, hours 26.6±7.7

Dose of t-PA, mg 36.1±15.3

Duration of t-PA, hours 24.5±8.1

Infusion rate of t-PA, mg/hour 1.47±0.49

t-PA before USAT, n (%), dose 
(mg/dl)

38 (26.9%), 
42.8±28.8

CT days, after USAT 4 (3-6)

BNP: brain natriuretic peptide; CT: computed tomography; HRT/
OCS: hormone replacement therapy/oral contraceptive drug; t-PA: 
tissue-type plasminogen activator; USAT: ultrasound-assisted 
thrombolysis

EFFICACY AND SAFETY ACCORDING TO THE AGE AND 
BASELINE RISK
The absolute and % changes in RV/LV and % change in MPAP, 
but not the change in QS, were significantly higher in patients 
younger than 65 years compared with older patients (Table 4). 
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However, improvements in RV/LV, MPAP and QS were similar 
between risk groups. The younger and older patients had compar-
able 30-day and long-term mortality (Figure 2), and minor and 
major bleeding rates (Figure 3). The HR versus IHR status con-
ferred a significantly higher 30-day mortality and a non-significant 
trend for higher long-term mortality (Figure 4).

LYTIC PROTOCOLS IN RELATION TO BLEEDING AND MORTALITY
In the ANOVA test, t-PA dosages (36.5±14.6 vs. 32.8±13.4 vs. 
37.7±24.1 mg, p=0.63), infusion durations (25.2±7.4 vs. 23.1±10.4 
vs. 19.6±9.5 hrs, p=0.066), and infusion rates (1.44±0.5 vs. 
1.47±0.41 vs. 1.82±0.40 mg/hr, p=0.051) were comparable among 
patients without bleeding and patients with minor and major bleed-
ing episodes, respectively. The infusion rate was numerically 
higher in patients with bleeding despite the absence of statistical 

significance. Survivors compared with non-survivors also had simi-
lar t-PA dosages (35.8±15.3 vs. 38.7±16 mg, p=0.46), t-PA infusion 
durations (24.4±7.8 vs. 25.7±10.2 hrs, p=0.62) and t-PA infusion 
rates (1.53±0.35 vs. 1.46±0.51 mg/hr, p=0.502), respectively. The 
mortality and bleeding rates were similiar between patients with or 
without previous t-PA treatment (p=0.396 and 0.322, respectively).

Discussion
This study based on the five-year, single-centre USAT experience 
in patients with PE at HR or IHR has revealed statistically signi-
ficant and clinically relevant improvements in the measures of PA 
occlusive burden, pressure overload and right heart functions with 
relatively low rates of complications regardless of the baseline risk. 
Although changes in RV/LV and MPAP were significantly higher in 
patients younger than 65 years versus older patients, overall bleeding, 

Table 2. Echocardiographic, CT and haemodynamic measures before and after USAT.

Before USAT After USAT Mean absolute change, 95% CI % change, 95% CI p-value
SPAP catheter (mmHg) 54.7±15.3 40.1±12.3 14.6 (12.4-16.8) 27.5 (19.9-35) <0.001

MPAP catheter (mmHg) 29.6±8.5 22.1±7.1 7.5 (6.2-8.7) 26.8 (19.2-34.4) <0.001

DPAP catheter (mmHg) 16.1±6.4 12.4±5.7 3.7 (2.8-4.5) 20.9 (8.3-33.6) <0.001

RV/LV (ratio) 1.19±0.18 0.92±0.11 0.27 (0.24-0.3) 23.6 (18-29.3) <0.001

RA/LA (ratio) 1.39±0.26 1.19±0.21 0.21 (0.17-0.2) 14.4 (8.7-20.2) <0.001

SPAP echo (mmHg) 55.4±12.6 37.5±8.9 17.8 (15.7-20) 37.5 (30.2-39.3) <0.001

TAPSE (mm) 17.9±3.9 22.1±4.1 –4.2 (–4.8- –3.5) 31.9 (20.4-43.5) <0.001

ST (cm/sec) 12.3±2.3 14.3±2.4 –1.98 (–2.7- –1.2) 16.2 (7.3-25.3) <0.001

Qanadli score 25.2±6.6 10.6±5.3 14.6 (13.6-15.6) 62 (54-69) <0.001

Main PA diameter (mm) 31±4 28.4±4.1 2.6 (2.2-3.0) 6.8 (3.8-9.8) <0.001

Left PA diameter (mm) 22.9±2.8 21.7±3.0 1.3 (0.9-1.6) 4.7 (0.43-8.9) <0.001

Right PA diameter (mm) 23.7±3.4 22.4±3.2 1.3 (1.0-1.6) 5.6 (2.7-8.6) <0.001

CT: computed tomography; DPAP: diastolic pulmonary artery pressure; MPAP: mean pulmonary artery pressure; PA: pulmonary artery; RA/LA: right to 
left atrial diameter ratio; RV/LV: right to left ventricle diameter ratio; SPAP: systolic pulmonary artery pressure; ST: systolic tissue velocity; 
TAPSE: tricuspid annular plane systolic excursion; USAT: ultrasound-assisted thrombolysis
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Figure 1. Changes in mean pulmonary artery pressure (MPAP) before and after USAT. A) Right heart catheterisation. B) Qanadli score (QS). 
C) Right to left ventricle diameter ratio (RV/LV). All changes were significant (p<0.001 for all).
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30-day and long-term mortality rates were not different. The IHR 
compared with HR status conferred a lower 30-day mortality.

The need for ideal risk-adjusted PE treatment strategies has 
remained unmet for at least four decades2-5. Although TTs compared 

Table 3. Bleeding and mortality events.

Event Number

In-hospital mortality (8)

Fatal bleeding 3

Unresolved pulmonary embolism 4

Nosocomial infection 1

Major bleeding (11)

Haemoptysis 4

Intracranial bleeding 3

Groin haematoma 2

Gastrointestinal bleeding 2

Minor bleeding (16)

Groin haematoma 8

Haemoptysis 4

Haemorrhoid 2

Gingival bleeding 2

25

20

15

10

5

0

<65 years
≥65 years

Minor bleeding Major bleeding Overall bleeding

9.7

13.0

5.6

10.1

15.3

23.2

Figure 3. Comparisons of 30-day and long-term minor, major and 
overall bleeding rates between patients younger than 65 years and 
those older than 65 years.

Table 4. Comparison of age and risk groups for changes in the measures of efficacy.

Change in measure <65 years ≥65 years p-value
Intermediate- to 
high-risk group

High-risk group p-value

RV/LV (%) 25.1 (13.6-31.8) 18.7 (9.1-26.6) 0.009 20.2 (11.6-27.8) 29.9 (9.7-39.9) 0.188

MPAP (%) 28.2 (13.6-41.4) 21.2 (6.9-30.4) 0.026 22.4 (9.5-35.9) 29.2 (6.8-44.6) 0.387

Qanadli score (%) 60 (46.4-75.9) 55.1 (45.5-69.6) 0.254 57.1 (46.6-74.1) 60 (37.5-75.8) 0.785

RV/LV (absolute) 0.29 (0.15-0.42) 0.22 (0.11-0.29) 0.032 0.24 (0.13-0.36) 0.41 (0.10-0.55) 0.128

MPAP (absolute, mmHg) 6 (3-12) 6 (2-10) 0.196 6 (3-11) 10.5 (1.5-20) 0.187

Qanadli score (absolute) 15 (11-19) 15 (10-18) 0.551 15 (10-18) 15 (12-22) 0.403

MPAP: mean pulmonary artery pressure; RV/LV: right to left ventricle diameter ratio
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Figure 2. Comparisons of post-procedural 30-day and long-term 
survival between patients younger than 65 years and those older 
than 65 years.
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Figure 4. Comparisons between high-risk and intermediate to 
high-risk groups for 30-day and long-term survival. PE 
risk: pulmonary embolism risk group
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with anticoagulants were found to be associated with significant 
reductions in all-cause mortality both in overall PE patients and in 
the IHR group, this benefit was obtained at the expense of increased 
risks for major bleeding11. Therefore, current strategies in PE have 
been targeted to facilitate the resolution of PA obstruction, pressure 
overload and haemodynamic instability and to prevent evolution 
to pulmonary hypertension without an increased bleeding risk2-4,8-

12. Although various CDT systems have been developed to infuse 
the lytic agents directly into the PA thrombus, none of these has 
provided robust evidence in terms of superiority to other treatment 
modalities4,13-15,31. In a meta-analysis, utilisation of CDT in mas-
sive PE was associated with a high clinical success with minor and 
major complication rates of 8% and 2.4%, respectively31. In a mul-
ticentre registry, success rates of CDT including fragmentation, 
embolectomy and catheter thrombolysis techniques in massive PE 
and submassive PE groups were reported to be 85.7% and 97.3%, 
respectively32. Morever, in a non-randomised PE study performed 
in HR patients, t-PA infusions via CDT combined with fragmenta-
tion versus systemic TT showed a non-significant trend for a lower 
mortality and significant reductions in the risks of clinically signi-
ficant bleeding and evolution to chronic pulmonary hypertension33.

Because USAT technology integrates CDT with a high-frequency 
and low-power acoustic streaming, this treatment has been docu-
mented to facilitate recovery of RV function and haemodynamic 
status with a lower dose of lytics which may reduce the risk of 
bleeding compared with other CDT modalities17-36. In an RCT, 
USAT, but not heparin alone treatment, was associated with a signi-
ficant reduction in RV/LV at 24 hours and a greater benefit in RV/
LV at 90 days with comparable bleeding outcomes16. Furthermore, 
in a multicentre, prospective trial, the fixed-dose regimen of t-PA of 
24 mg for both unilateral and bilateral treatments provided a signi-
ficant improvement in RV/LV, PA pressures, and modified Miller 
score from baseline to 48 hours, irrespective of the submassive 
or massive PE status, with a 2% in-hospital mortality and a 2.7% 
30-day mortality rate27. Major bleeding within 30 days was 10% 
while no patients experienced intracranial bleeding27. In reference to 
these results, the FDA approved this USAT system for the treatment 
of PE four decades after the approval of the Greenfield catheter13. 
Our first single-centre study based on initial USAT experience in 
75 patients with PE at HR and IHR showed significant improve-
ments in Echo and CT measures of right heart functions, QS and 
PA pressures with rates of 5.3% in-hospital mortality, and 6.6% and 
2.6% major and minor bleeding events, respectively26. Moreover, 
our meta-analysis revealed satisfactory efficacy and safety outcomes 
with USAT utilising the t-PA dosages as low as one third of those in 
systemic TT trials29. USAT resulted in similar mortality as compared 
to the TT arms of three pivotal RCTs, while the major bleeding risk 
was significantly reduced with USAT in comparison to two of these 
RCTs9-12,29. As compared to those in the TT arms of two meta-ana-
lyses, USAT was found to provide a similar pooled rate of mortal-
ity with a significantly reduced pooled rate of major bleeding11,12,29.

Despite the fact that the majority of evidence has been derived 
from patients at IHR, recommendations in PE Guidelines have 

been directed to patients at HR in whom the data for efficacy of 
CDT were inconclusive at that time4.

The present study represents the largest single-centre USAT series 
ever reported, and has confirmed that the acoustic pulse with low-
dose and slow-infusion t-PA protocol in patients with PE is associated 
with improvements in thrombolysis and haemodynamics with rela-
tively low rates of complications regardless of the HR or IHR status. 
The mortality rate in the study presented (5.7%) seems somewhat 
but not significantly higher than those ranging from 2.16% to 7.3% 
reported in our meta-analysis on USAT series, the SEATTLE trial, 
TT arms of two meta-analyses on RCTs and of two of three pivotal 
RCTs comparing TT versus anticoagulants9,11,12,27. The major bleed-
ing rate of this study (7.8%) was lower than those reported (between 
9.2% and 11.5%) in SEATTLE II, the TT arms of two meta-analyses 
and the PEITHO trial9,11,12,27. Bleeding risks and 30-day or long-term 
mortality were also not significantly related with age and t-PA regi-
men. There was a non-significant trend in favour of prolonged infu-
sions for minimising the bleeding events. Although HR versus IHR 
conferred a significantly higher 30-day mortality, this trend seemed to 
attenuate over time. “Shades of grey” might be present between IHR 
and HR status as defined by initial assessments which may coincide 
with clinically silent phases of a vicious circle, and these subgroups 
may deteriorate to HR from IHR status with the unmasking of RV 
failure and potentially lethal haemodynamic compromise within days.

A recently reported RCT seems to raise the bar in USAT strate-
gies by allowing the very low-dose and short-duration regimens for 
efficacious and safe treatments in patients with PE at IHR28. The 
reductions in RV/LV were comparable among the four cohorts of 
low-dose and short-duration regimens (23 to 26%) and appear to be 
as acutely effective as the regimens in other USAT studies. These % 
reductions in RV/LV were also comparable to those achieved in our 
study. Although t-PA dosages were higher and infusion durations 
were longer in our study compared with those in this RCT, absence 
of a relation between both the t-PA dosage and infusion duration 
with a % reduction in RV/LV, bleeding and mortality rates in our 
study seems to be not inconsistent with a low-dose hypothesis.

Study limitations
Absence of a control cohort, the retrospective nature of the analy-
sis, and operator-driven selection of the t-PA regimen were the main 
limitations. Therefore, the risk of selection bias could not be totally 
eliminated. However, a tailored approach for t-PA dosage and infusion 
durations depending on the individual risks of PE progression and bleed-
ing seem to be more appropriate than standardised protocols in USAT, 
and may provide an important clinical impact in this setting. The com-
parisons with a heparin alone arm in the IHR group and with a fixed 
dose intravenous t-PA alone arm in the HR group might provide more 
relevant outcome data. Moreover, randomisation among the different 
t-PA protocols might provide valuable data for new USAT strategies.

Conclusions
Our single-centre study revealed that USAT was associated with 
improved lysis of PA clot and stabilisation of haemodynamics with 
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relatively low risks of complications in patients with PE regard-
less of the baseline risk. The HR versus IHR status, but not age, 
conferred a higher 30-day mortality risk. Moreover, increasing the 
t-PA dosage and prolongation of infusion duration seemed not to 
provide additional benefit in USAT treatments.

Impact on daily practice
USAT should be considered as an efficacious and safe treatment 
strategy in patients with acute PE at HR and IHR who are prone 
to an increased bleeding risk with systemic TT or are candidates 
for progression to more severe obstruction with anticoagulants. 
However, even with USAT, HR increases the 30-day mortality.
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Supplementary Appendix 1. Methods 

Inclusion criteria were acute symptomatic pulmonary embolism (PE) with 

haemodynamic and/or clinical instability due to obstructive thrombus located in at 

least one main or proximal lower lobe pulmonary artery (PA) on computed 

tomography (CT), failed systemic thrombolytic treatment (TT), concomitant with the 

high bleeding risk for full-dose TT because of recent major trauma, bone fractures or 

major surgery. 

The systematic work-up for initial diagnosis and risk assessment included 

multidetector contrast-enhanced CT angiography and echocardiography (Echo) 

assessments, PE severity index and its simplified version (PESI, SPESI) and 

biomarker evaluation2. Lower extremity venous ultrasound was also available in all 

patients.  

Moreover, 36 patients who underwent rheolytic thrombectomy were excluded from 

the analysis. 

The initial TT with tissue-type plasminogen activator (t-PA) (mean 42.8±28.8 mg) 

prior to USAT was performed in 38 patients for several reasons, as follows: 

unavailability of the additional USAT system in the presence of multiple admissions 

within the same day up to three patients, intermediate to high-risk (IHR) status with 

extensively obstructed PA vascular bed and very high right to left ventricle diameter 

ratio (RV/LV) on CT, high PA systolic pressures and severely compromised right 

ventricle (RV) basal longitudinal function as assessed by tricuspid annular plane 

systolic excursion (TAPSE) and systolic tissue velocity (St) on initial Echo. In 

contrast to patients who underwent USAT treatments directly, only CT, Echo and 

clinical data obtained after initial TTs were used for patients in whom initial 

treatments were “failed”. The definition of “failure” was based on the persistence of 

the high obstruction score and increased RV/LV ratio on CT, high pulmonary 

pressures derived from tricuspid regurgitation by Echo concomitant with an unstable 

clinical and haemodynamic status including resting tachycardia, hypotension and low 

pulse oxymetric O2 saturation levels at room air. 



Major bleeding was defined as overt bleeding associated with a fall in the 

haemoglobin level of at least 2.0 g/dl or with transfusion of 2 units of packed red 

blood cells or involvement of a critical site. Clinically overt bleeding not fulfilling the 

criteria of a major bleeding was classified as a minor bleeding complication. 

 

Supplementary Appendix 2. Structure of the institutional multidisciplinary 

team, decision protocols and informed consent for USAT 

Our multidisciplinary team was composed of cardiologists, pulmonologist(s), 

radiologists, critical care physicians, cardiovascular and thoracic surgeons, 

anaesthesiologists and extracorporeal membrane oxygenation (ECMO) team members 

in case of urgent need for circulatory support. Following the approval of USAT 

treatment by this team, a written informed consent was obtained from all patients 

before the initiation of treatment. 

 

Supplementary Appendix 3. Chest CT  

The PA diameters, PA occlusion score, RV/LV and right to left atrial diameter ratio 

(RA/LA) were measured from CT images.  

 

Supplementary Appendix 4. Right heart catheterisation, pulmonary 

angiography and USAT procedures 

A 6 Fr multipurpose catheter was used for initial PA pressure measurements and 

selective angiograms. The details of the USAT procedure were given in our previous 

paper26. Operator-driven selection of t-PA dose and treatment duration on an 

individual basis depending on risk status and comorbidities of the patients was the 

treatment of choice. Approximately 4 hours after the termination of the t-PA delivery, 

removal of the system catheters and sheath under fluoroscopic control and starting the 

subcutaneous enoxaparin 1 mg/kg bid (for dosage in patients >75 years age 0.75 

mg/kg bid) with a maintenance for 3 to 7 days were our standard procedures. 

All of the short- and long-term control visits after discharge from hospital were 

performed with face-to-face and detailed clinical, laboratory and Echo assessments. In 



case of urgent situations, patients were able to dial our dedicated official or mobile 

phones. 

The minimum duration of anticoagulation therapy was 6 months, and warfarin, 

rivaroxaban or apixaban was used. For warfarin treatment, after a minimum 3-day 

overlap period with enoxaparin targeted to an international normalised ratio >2.5, 

warfarin was maintained targeted to a range of 2.5 to 3.0. 

 

Supplementary Appendix 5. Statistical analysis 

Repeated measures multivariate analysis of co-variance (MANCOVA) was used to 

adjust the RV/LV, mean PA pressure (MPAP) and Qanadli score (QS) for potentially 

confounding variables (age, sex, PE risk, baseline RV/LV, baseline MPAP, baseline 

QS, t-PA dose, t-PA duration and USAT duration). The assumption of sphericity was 

assessed by Mauchly’s test of sphericity. When the assumption of sphericity was 

violated (Mauchly’s p-value<0.05), Greenhouse-Geisser correction was used. A p-

value less than 0.05 was considered statistically significance.  

 

Supplementary Appendix 6. Results 

The CT assessment was not possible before and after USAT in 4 and 16 patients, 

respectively. Moreover, USAT was utilised after the failure of the intravenous full-

dose infusion of t-PA in 38 patients (26.9%), and CT images obtained after 

termination of t-PA infusion were used as baseline data. In one patient with residual 

PA thrombus after removal of the system, an extra intravenous infusion of 25 mg t-

PA was needed. 

 

Repeated measures MANCOVA for change in RV/LV, QS and MPAP are given in 

Supplementary Table 1. In the repeated measures MANCOVA, the change in 

RV/LV showed significant interactions with age and baseline RV/LV. There were 

significant interactions between changes in QS and baseline QS, t-PA dosage, 

baseline RV/LV and female sex, and between changes in MPAP and age and baseline 

MPAP. There was no significant interaction between changes in MPAP, RV/LV, QS, 

and previous thrombolysis (p=0.627, 0.601 and 0.870, respectively). The % 



improvement in RV/LV showed a moderate correlation to % change in MPAP 

(r=0.414, p<0.001) and a mild correlation to % change in QS (r=0.233, p=0.009). 

Heparin-induced thrombocytopaenia occurred in 3 patients and 2 patients were treated 

with fondaparinux and 1 was treated with rivaroxaban. 

The % improvement in RV/LV showed a moderate correlation to % change in MPAP 

and a mild correlation to % change in QS. There were significant interactions between 

the change in RV/LV and age and baseline RV/LV, between the changes in QS and 

baseline QS, t-PA dosage, baseline RV/LV and female sex, and between the changes 

in MPAP and age and baseline MPAP. Although these results imply the potential 

impact of severity as assessed by RV/LV, QS and MPAP on the benefits in these 

variables with USAT, these potential benefits were independent of the baseline risk. 

More importantly, only changes in QS, but not those in RV/LV and MPAP, showed 

significant interactions with t-PA dosage (Supplementary Table 1). 
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Supplementary Table 1. Repeated measures MANCOVA for changes in RV/LV, 
Qanadli score, and MPAP. 

 RV/LV Qanadli score MPAP 
 p-value Partial 

eta-
squared 

p-value Partial 
eta-

squared 

p-value Partial 
eta-

squared 
PE risk status 0.881 0.000 0.438 0.006 0.690 0.002 
Female sex 0.278 0.011 0.014 0.056 0.783 0.001 
Age 0.003 0.083 0.947 0.000 0.005 0.075 
Baseline RV/LV <0.001 0.620 0.045 0.038 0.254 0.013 
Baseline 
Qanadli score 

0.068 0.032 <0.001 0.274 0.203 0.016 

Baseline MPAP 0.829 0.001 0.352 0.008 <0.001 0.308 
USAT duration 0.476 0.005 0.183 0.017 0.195 0.016 
t-PA dose 0.897 0.001 0.005 0.074 0.121 0.023 
t-PA infusion 
duration 

0.859 0.000 0.306 0.010 0.955 0.000 

 

MPAP: mean pulmonary artery pressure; PE: pulmonary embolism; RA/LA: right to left 
atrial diameter ratio; RV/LV: right to left ventricle diameter ratio; t-PA: tissue-type 
plasminogen activator; USAT; ultrasound-assisted thrombolysis  


