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BACKGROUND
Whether anticoagulation alone is an adequate treatment for acute, intermediate-
risk pulmonary embolism is uncertain.
METHODS
We conducted a multinational, adaptive-design trial with blinded outcome adjudica-
tion. Patients with intermediate-risk pulmonary embolism (with a ratio of right ven-
tricular end-diastolic diameter to left ventricular end-diastolic diameter of ≥1.0 and 
an elevated troponin level) were eligible if they had at least two indicators of cardio-
respiratory distress (systolic blood pressure of ≤110 mm Hg, a heart rate of ≥100 beats 
per minute, or a respiratory rate of >20 breaths per minute). Patients were randomly 
assigned to undergo ultrasound-facilitated, catheter-directed fibrinolysis with alteplase 
plus anticoagulation (the intervention group) or anticoagulation alone (the control 
group) according to prespecified treatment protocols. The primary outcome was a 
composite of pulmonary embolism–related death, cardiorespiratory decompensation 
or collapse, or symptomatic recurrence of pulmonary embolism within 7 days.
RESULTS
The intention-to-treat population comprised 544 patients: 273 in the intervention 
group and 271 in the control group. The mean (±SD) age was 58.2±13.5 years, and 
42.6% of the patients were women. A primary-outcome event occurred in 11 patients 
(4.0%; 95% confidence interval [CI], 2.3 to 7.1) in the intervention group and 28 
(10.3%; 95% CI, 7.2 to 14.5) in the control group (relative risk, 0.39; 95% CI, 0.20 to 
0.77; P = 0.005). The effect was driven primarily by a lower risk of cardiorespiratory 
decompensation or collapse in the intervention group. Major bleeding occurred 
within 7 days after randomization in 11 patients (4.1%) in the intervention group 
and 6 (2.2%) in the control group (P = 0.32); major bleeding occurred within 30 days 
in 11 patients (4.1%) and 8 patients (3.0%), respectively (P = 0.64). No substantial 
between-group differences in the incidence of other serious adverse events were 
observed up to 30 days after randomization; no intracranial hemorrhage occurred.
CONCLUSIONS
In patients with acute, intermediate-risk pulmonary embolism, ultrasound-facilitated, 
catheter-directed fibrinolysis plus anticoagulation led to a lower risk of the com-
posite of pulmonary embolism–related death, cardiopulmonary decompensation or 
collapse, or symptomatic recurrence of pulmonary embolism within 7 days than 
anticoagulation alone. (Funded by Boston Scientific; HI-PEITHO ClinicalTrials.gov 
number, NCT04790370.)
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A cute pulmonary embolism encom-
passes a broad spectrum of clinical sever-
ity, a fact that emphasizes the need for 

risk-informed therapy.1 For patients who present 
with hemodynamic instability, the consensus is 
that early thrombus removal by means of sys-
temically administered fibrinolysis, percutaneous 
catheter-directed interventions, or surgical em-
bolectomy is indicated.2-4 On the other hand, the 
appropriate treatment strategy for patients whose 
condition appears to be stable but who have evi-
dence of right ventricular dysfunction and clini-
cal or laboratory signs that suggest a risk of car-
diorespiratory decompensation remains unclear.5 
In a large, randomized, controlled trial, intrave-
nous fibrinolytic therapy prevented hemodynamic 
collapse in patients with intermediate-risk pul-
monary embolism, but at the cost of an increased 
risk of major hemorrhage and stroke.6

High-frequency, low-power ultrasound energy 
may potentiate fibrinolytic effects7; the use of a 
device that administers such energy as adjunc-
tive therapy with catheter-delivered tissue-type 
plasminogen activator (alteplase) may allow for 
lower doses of alteplase and a shorter duration 
of infusion while maintaining efficacy. Ultra-
sound-facilitated, catheter-directed fibrinolysis has 
been associated with early recovery of right ven-
tricular function.8-12 To date, however, evidence 
has been lacking from randomized, controlled 
trials of the effect of this intervention, or of any 
other catheter-directed treatment, on relevant 
clinical outcomes in patients with acute pulmo-
nary embolism, as compared with current usual 
care.13,14 We conducted the Higher-Risk Pulmo-
nary Embolism Thrombolysis (HI-PEITHO) trial 
to assess whether ultrasound-facilitated, catheter-
directed fibrinolysis combined with anticoagula-
tion improves patient outcomes as compared with 
anticoagulation alone.

Me thods

Trial Design and Oversight

We conducted this postmarket, multinational, 
adaptive-design, open-label, randomized trial with 
blinded adjudication for the primary composite 
outcome. The steering committee was responsi-
ble for the design and oversight of the trial, the 
development of the protocol, the analysis of the 
data, the writing of the manuscript, and the deci-
sion to submit the manuscript for publication. 

The HI-PEITHO investigators gathered the data. 
The last author wrote the first draft of the 
manuscript. The authors vouch for the complete-
ness and accuracy of the data and for the fidelity 
of the trial to the protocol (available with the 
full text of this article at NEJM.org). The trial 
was conducted in accordance with the Interna-
tional Council for Harmonisation guidelines for 
Good Clinical Practice, the principles of the Dec-
laration of Helsinki, and local regulations. The 
protocol, which has been published previously,15 
was approved by the institutional review board, 
independent ethics committee, or research ethics 
board at each trial site. All the patients provided 
written informed consent.

The trial was conducted by a tripartite part-
nership consisting of Boston Scientific (the spon-
sor), the University Medical Center of the Johannes 
Gutenberg University of Mainz, and the not-for-
profit PERT Consortium, with guidance from an 
executive committee with representatives from 
these entities and leading investigators from North 
America and Europe. A clinical-events committee 
whose members were unaware of the treatment 
assignments independently adjudicated prespec-
ified outcome events. Echocardiograms were as-
sessed by an independent core laboratory (Med-
Star Health Research Institute). An independent 
data and safety monitoring board periodically 
reviewed all safety data and assessed the interim 
primary-outcome analysis. The members of the 
trial committees are listed in the Supplementary 
Appendix, available at NEJM.org.

Patients, Randomization, and Trial 
Interventions

Adult patients 18 to 80 years of age with acute, 
intermediate-risk pulmonary embolism in at 
least one main or proximal lobar pulmonary 
artery as confirmed by computed tomographic 
pulmonary angiography were eligible if they 
presented with a ratio of right ventricular end-
diastolic diameter to left ventricular end-diastolic 
diameter of 1.0 or higher and abnormal cardiac 
troponin levels5 and met at least two criteria for 
cardiorespiratory distress (systolic blood pres-
sure of ≤110 mm Hg, tachycardia with a heart 
rate of ≥100 beats per minute, or tachypnea with 
a respiratory rate of >20 breaths per minute or 
hypoxemia) within the 6-hour window preceding 
randomization. Patients with persistent hemody-
namic instability were excluded. The complete 
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criteria for exclusion and inclusion are listed in 
the Supplementary Appendix.

Patients were randomly assigned in a 1:1 ratio 
to undergo ultrasound-facilitated, catheter-direct-
ed fibrinolysis with alteplase plus anticoagula-
tion (the intervention group) or to receive the 
current usual care, which is anticoagulation alone 
(the control group). Assignment was computer-
randomized and stratified according to age (<75 
vs. ≥75 years) and ratio of right ventricular end-
diastolic diameter to left ventricular end-diastol-
ic diameter (<1.5 vs. ≥1.5). The catheter-directed 
procedures were performed with the EkoSonic 
endovascular system (Boston Scientific),16 in ac-
cordance with the instructions of the manufac-
turer and established standards. Randomization 
and initiation of the assigned therapy were re-
quired to occur no more than 6 hours after con-
firmation of pulmonary embolism and fulfill-
ment of the additional risk criteria. For patients 
assigned to the intervention group, the protocol 
recommended initiation of therapy within 2 hours 
after randomization. The prespecified fibrinoly-
sis dosing schedule and standardized anticoagu-
lation regimens are described in the Supplemen-
tary Appendix. Outcomes within 7 days were 
assessed at the 7-day follow-up visit, which took 
place at least 7 days and no more than 9 days 
after randomization, or at discharge; outcomes 
within 30 days were assessed at the 30-day fol-
low-up visit, which took place between 23 and 
37 days after randomization.

Outcome Measures

The primary outcome was a composite of pulmo-
nary embolism–related death, cardiorespiratory 
collapse or decompensation, or nonfatal, symp-
tomatic recurrence of pulmonary embolism, as 
confirmed by computed tomographic angiogra-
phy, within 7 days after randomization. The 
criteria for the primary outcome are described in 
the Supplementary Appendix. Cardiorespiratory 
collapse or decompensation was defined as at 
least one of the following: cardiac arrest or indi-
cation for cardiopulmonary resuscitation, signs 
of shock (new-onset persistent arterial hypoten-
sion accompanied by end-organ hypoperfusion), 
placement on extracorporeal membrane oxygen-
ation, intubation or initiation of noninvasive me-
chanical ventilation, or a National Early Warning 
Score (NEWS)17 that rose to or persisted at 9 or 
higher, as confirmed by two consecutive mea-

surements 15 minutes apart, between 24 hours 
and 7 days after randomization. NEWS (Table S1 
in the Supplementary Appendix) is a clinical tool 
that permits standardized serial assessments of 
a patient’s vital status. Scores range from 0 to 
20, with higher scores indicating greater risk; 
elevated scores have shown high discrimination 
for admission to the intensive care unit or early 
death.18 In this trial, escalation to rescue treat-
ment required documented cardiorespiratory de-
compensation, with fulfillment of at least one of 
the aforementioned criteria.

Additional outcomes assessed included major 
bleeding as defined according to the criteria of the 
International Society on Thrombosis and Haemo-
stasis19 within 72 hours, 7 days, and 30 days after 
randomization and as defined according to the 
criteria of the Global Use of Strategies to Open 
Occluded Coronary Arteries (GUSTO)20 within  
7 days after randomization; ischemic stroke or 
intracranial hemorrhage within 7 days and 30 
days; the change in the ratio of right ventricular 
end-diastolic diameter to left ventricular end-dia-
stolic diameter within 48±6 hours; death from 
any cause within 7 days and 30 days; recurrence 
of pulmonary embolism and the occurrence of 
serious adverse events within 30 days; World 
Health Organization (WHO) functional class and 
the score on the Post-Venous Thromboembolism 
Functional Status scale (scores range from 0 to 4, 
with higher scores indicating more severe limita-
tions) at 7 days and 30 days; and 6-minute walk-
ing distance at 30 days. All primary-outcome 
events, major bleeding, and other serious adverse 
events were adjudicated by the clinical-events 
committee.

Statistical Analysis

The primary analysis of the primary composite 
efficacy outcome was performed in the inten-
tion-to-treat population, which comprised all 
the patients who had undergone randomization. 
The hypothesis that the probability of a primary-
outcome event in patients who underwent ultra-
sound-facilitated, catheter-directed fibrinolysis 
would be lower than that in patients treated with 
anticoagulation alone was tested with Fisher’s 
exact test (with a two-sided alpha boundary of 
<0.02938; details are provided in the Supplemen-
tary Appendix). Relative risks and 95% confidence 
intervals are reported. In addition, an analysis was 
conducted in the per-protocol population, which 
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Figure 1. Randomization and Treatment.

Of 4313 patients with pulmonary embolism who were screened for eligibility, a total of 3769 were excluded. Of these patients, 3295 did 
not meet at least one criterion for inclusion or met at least one criterion for exclusion. Other reasons included physician discretion (88 pa-
tients), the lack of an available local investigator (41 patients), inability to meet the 6-hour window (29 patients), use of other treatment 
(25 patients), the patient traveling or not living near a trial site (10 patients), and participation of the patient in another clinical trial (3 pa-
tients). The treated population comprised all the patients who had undergone randomization and received treatment: ultrasound-facili-
tated, catheter-directed fibrinolysis (defined as activation of the EkoSonic device and initiation of fibrinolytic infusion) with anticoagula-
tion, or anticoagulation alone. Of the 2 patients who did not begin fibrinolysis as assigned, 1 died before treatment was initiated and 
was excluded from the treated population but was included in the per-protocol analysis, and 1 was excluded from both the treated pop-
ulation and the per-protocol population because of a major protocol deviation. Major protocol deviations included receipt of adjuvant 
or additional therapy by a patient who did not meet the criteria for cardiorespiratory decompensation or collapse, clinically significant 
alterations in the thrombolytic dosing that may have posed a risk to the patient’s safety or the efficacy of the assigned treatment, or  
violation of inclusion or exclusion criteria that may have posed a risk to the patient’s safety or the efficacy of the assigned treatment.

4313 Patients were screened for eligibility

3769 Were excluded
3295 Did not meet inclusion criteria

or met exclusion criteria 
153 Did not give consent
196 Had other reason
125 Had unknown reason

544 Underwent randomization

273 Were assigned to the
intervention group

271 Were assigned to the
control group

258 Were included in the
per-protocol analysis

266 Were included in the
per-protocol analysis

2 Were excluded owing
to not initiating

assigned treatment

5 Were excluded owing to 
receiving adjuvant or additional

therapy without meeting
criteria for cardiorespiratory
decompensation or collapse

15 Were excluded owing to major
protocol deviations

3 Received adjuvant or addi-
tional therapy without meeting
criteria for cardiorespiratory
decompensation or collapse

5 Did not meet inclusion criteria
or met exclusion criteria

7 Had clinically significant alter-
ation in the thrombolytic
dosing

271 Were included in the primary
intention-to-treat analysis

271 Were included in the treated
population

273 Were included in the primary
intention-to-treat analysis

271 Were included in the treated
population
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included all the patients who had undergone 
randomization and had no major protocol devia-
tions (Fig. 1). Major protocol deviations included 
receipt of adjuvant or additional therapy by a 
patient who did not meet the criteria for cardio-
respiratory decompensation or collapse accord-
ing to the primary-outcome definition, clinically 
significant alterations in the thrombolytic dos-
ing that may have posed a risk to the patient’s 
safety or the efficacy of the assigned treatment, 
or a violation of inclusion or exclusion criteria 
that may have posed a risk to the patient’s safety 
or the efficacy of the assigned treatment.

The originally planned sample size of 406 pa-
tients was increased to 544 patients after the 
interim analysis according to prespecified crite-
ria.15 Assumptions about the sample size and the 
rules for the interim analysis are described in 
the Supplementary Appendix and in the statisti-
cal analysis plan, available with the protocol. A 
sensitivity analysis of the primary outcome was 
performed with logistic regression, with stratifi-
cation factors and the treatment group included 
as covariates. Safety analyses, including analyses 
of adverse events and serious adverse events, 
were performed in the treated population, which 
comprised all the patients who had undergone 
randomization and received treatment: ultrasound-
facilitated, catheter-directed fibrinolysis (defined 
as activation of the EkoSonic device and initia-
tion of fibrinolytic infusion) with anticoagula-
tion, or anticoagulation alone. Confidence inter-
vals were not adjusted for multiplicity, and the 
intervals may not be used in place of hypothesis 
testing. Missing data for 7- and 30-day outcomes 
were expected for only a small number of patients, 
and it was assumed that data would be missing 
completely at random. No imputation was per-
formed for missing data. All P values are two-
sided. Analyses were performed with SAS soft-
ware, version 9.4 (SAS Institute).

R esult s

Patients and Treatments

From August 2021 through July 2025, a total of 
4313 patients from 59 sites in the United States 
and Europe were screened, and 544 patients were 
randomly assigned to a treatment group and in-
cluded in the intention-to-treat analysis: 273 in 

the intervention group and 271 in the control 
group (Fig.  1). Of the patients who underwent 
randomization, 20 (3.7%) with major protocol 
deviations were excluded from the per-protocol 
analysis. The 7-day (discharge) visit was complet-
ed by 266 patients (97.4%) in the intervention 
group and 266 patients (98.2%) in the control 
group, and 30-day follow-up visits were completed 
by 253 (92.7%) and 250 (92.3%), respectively. Of 
a total of 41 patients who did not complete the 
30-day visit, 9 patients (6 in the intervention group 
and 3 in the control group) discontinued partici-
pation in the trial before that visit; the remaining 
32 patients completed later visits, which permit-
ted recording of 30-day safety outcomes.

The mean (±SD) age of the patients who un-
derwent randomization was 58.2±13.5 years; 42.6% 
were women, and 15.8% identified their race as 
non-White. The representativeness of the patients 
is shown in Table S2. Demographic and clinical 
characteristics are shown in Table 1; additional 
characteristics of the patients at baseline are 
summarized in Table S3. The mean symptom 
duration associated with acute pulmonary embo-
lism was 3.7±3.4 days; the mean NEWS at base-
line was 6.0±1.9. Ultrasound-facilitated, catheter-
directed fibrinolysis was initiated no more than 
2 hours after randomization in 200 patients 
(73.3%) in the intervention group. The mean to-
tal dose of alteplase was 8.85±0.67 mg for the 
20 patients who had catheter placement on one 
side only and 16.92±3.47 mg for the 251 patients 
who had catheter placement into both the right 
and left pulmonary arteries; the mean total infu-
sion duration was 7.16±0.52 hours (Table S4). 
Unfractionated heparin was the most commonly 
used anticoagulant agent in both the interven-
tion group (in 71.6% of the patients) and the 
control group (in 55.7%), followed by low-molec-
ular-weight heparin (used in 50.6% and 53.9%, 
respectively).

Efficacy Outcomes

In the intention-to-treat population, a primary-
outcome event occurred in 11 patients (4.0%) in 
the intervention group and in 28 patients (10.3%) 
in the control group (relative risk, 0.39; 95% 
confidence interval [CI], 0.20 to 0.77; P = 0.005) 
(Table 2). Cardiorespiratory decompensation or 
collapse occurred in 10 patients (3.7%; 95% CI, 



n engl j med﻿﻿  nejm.org﻿6

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

2.0 to 6.6) in the intervention group, as com-
pared with 28 patients (10.3%; 95% CI, 7.2 to 
14.5) in the control group (relative risk, 0.4; 95% 
CI, 0.2 to 0.7). Causes of cardiorespiratory de-
compensation or collapse are presented in Table 
S5. A NEWS of 9 or higher at least 24 hours after 
randomization was the only criterion for cardio-
pulmonary decompensation or collapse that was 
met in 15 patients (1 in the intervention group 

and 14 in the control group); the score repre-
sented a deterioration from baseline by at least 2 
points in all but 1 patient, whose baseline score 
of 9 improved within 24 hours after randomiza-
tion but subsequently worsened. The relative risk 
of pulmonary embolism–related death was 3.0 
(95% CI, 0.3 to 28.5), and the relative risk of 
recurrence of pulmonary embolism within 7 
days was 1.0 (95% CI, 0.1 to 15.8). Subgroup 

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline (Intention-to-Treat Population).*

Characteristic
Intervention 

(N = 273)
Control 

(N = 271)
Standardized 
Difference†

percent

Demographic data

Age — yr 58.2±13.6 58.2±13.4 0.2

Female sex — no. (%) 114 (41.8) 118 (43.5) 3.6

Clinical status

Body-mass index‡ 32.9 ± 8.5 33.4 ± 8.2 5.0

Frailty index§ 1.9 ± 0.7 1.9 ± 0.7 2.0

Duration of symptoms (current episode) — days¶ 3.5 ± 3.3 3.9 ± 3.5 12.5

Dyspnea — no. (%) 254 (93.0) 242 (89.3) 13.2

Chest pain — no. (%) 87 (31.9) 101 (37.3) 11.4

Syncope — no. (%) 67 (24.5) 64 (23.6) 2.2

Tachycardia — no. (%)‖ 210 (76.9) 215 (79.3) 5.8

Prolonged hypotension — no. (%) 4 (1.5) 6 (2.2) 5.6

Tachypnea — no. (%)** 118 (43.2) 142 (52.4) 18.4

Hypoxemia — no. (%) 135 (49.5) 130 (48.0) 3.0

National Early Warning Score†† 6.0±1.9 6.0±1.9 2.2

Concomitant ultrasound-confirmed, lower-extremity 
deep-vein thrombosis — no. (%)

Yes 107 (39.2) 109 (40.2) 2.1

No 82 (30.0) 86 (31.7)

Ultrasound not performed 84 (30.8) 76 (28.0)

Imaging findings

Bilateral pulmonary embolism — no. (%)‡‡ 251 (91.9) 262 (96.7) 20.6

RV:LV ratio§§ 1.6±0.5 1.5±0.4 12.5

Medical history — no. (%)

Congestive heart failure

Yes 4 (1.5) 9 (3.3) 12.2

No 267 (97.8) 259 (95.6)

Unknown 2 (0.7) 3 (1.1)

Transient ischemic attack or stroke

Yes 7 (2.6) 11 (4.1) 8.4

No 266 (97.4) 259 (95.6)

Unknown 0 1 (0.4)
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analyses of the primary outcome according to 
randomization strata and according to country 
are presented in Figures S1 and S2, respectively. 
Results for the primary outcome were consistent 
in the per-protocol population (Table S6) and in 
the sensitivity analysis that accounted for the 
stratification factors of age and ratio of right 
ventricular end-diastolic diameter to left ven-
tricular end-diastolic diameter (odds ratio, 0.36; 
95% CI, 0.18 to 0.75).

Additional Assessments

No apparent between-group differences in the 
incidence of major bleeding19 were observed up 
to 30 days after randomization (4.1% vs. 3.0%; 
relative risk, 1.4; 95% CI, 0.6 to 3.4; P = 0.64), 
and no intracranial hemorrhage occurred in ei-
ther group in the treated population; detailed 
results are shown in Table 3. Results were con-
sistent in the intention-to-treat population (Ta-
ble S7) and the per-protocol population (Table S8). 
Within 30 days after randomization, the inci-

dence of death from any cause, recurrence of 
symptomatic pulmonary embolism, and serious 
adverse events did not appear to differ substan-
tially between the treatment groups; outcomes 
in the treated population are shown in Table 4, 
and outcomes in the intention-to-treat and per-
protocol populations are shown in Tables S9 and 
S10, respectively.

Of the nine deaths that occurred in the inten-
tion-to-treat population during the period from 
randomization through 30 days after randomiza-
tion, four deaths (three of six in the intervention 
group and one of three in the control group) were 
adjudicated to be pulmonary embolism–related. 
One patient who was enrolled despite the pres-
ence of exclusion criteria and assigned to the 
intervention group died from inguinal hemor-
rhage 9 days after randomization. Information 
on the causes of all the deaths is provided in Ta-
ble S11; serious adverse events through the 30-day 
follow-up are listed in Table S12, and site-report-
ed adverse events are listed in Table S13. Chang-

Characteristic
Intervention 

(N = 273)
Control 

(N = 271)
Standardized 
Difference†

percent

Current or previous cancer¶¶

Yes 29 (10.6) 21 (7.7) 10.0

No 236 (86.4) 249 (91.9)

Unknown 8 (2.9) 1 (0.4)

Chronic obstructive pulmonary disease

Yes 13 (4.8) 14 (5.2) 1.9

No 256 (93.8) 247 (91.1)

Unknown 4 (1.5) 10 (3.7)

*	� Plus–minus values are means ±SD. The intention-to-treat population included all the patients who underwent ran-
domization.

†	� The standardized difference between groups was calculated as the difference in means or percentages divided by the 
pooled standard deviation, with the type of calculation dependent on the type of variable.

‡	� The body-mass index is the weight in kilograms divided by the square of the height in meters. Data were missing for 
1 patient (0.4%) in each group.

§	� The frailty index is the age in years divided by the body-mass index. Data were missing for 1 patient (0.4%) in each 
group.

¶	� Data were missing for 1 patient (0.4%) in each group.
‖	� Tachycardia was reported by the investigator.
**	� Tachypnea was reported by the investigator.
††	� National Early Warning Scores range from 0 to 20, with higher scores indicating greater risk. Data were missing for  

2 patients (0.7%) in the control group.
‡‡	� Data were missing for 2 patients (0.7%) in the intervention group.
§§	� The ratio of right ventricular end-diastolic diameter to left ventricular end-diastolic diameter (RV:LV ratio) was deter-

mined on the basis of computed tomographic pulmonary angiography.
¶¶	�Current or previous cancer includes active cancer and cancer in remission.

Table 1. (Continued.)
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es in right ventricular dysfunction by 48±6 hours 
after randomization in the two treatment groups, 
as assessed by the ratio of right ventricular end-
diastolic diameter to left ventricular end-diastol-
ic diameter on transthoracic echocardiograms 
and determined by a core laboratory, are shown 
in Table S14.

After randomization, 8 patients (2.9%) in the 
intervention group underwent rescue therapy, as 
compared with 25 (9.2%) in the control group; 
escalation to rescue treatment followed docu-
mented cardiorespiratory collapse or decompen-
sation, with fulfillment of at least one prespeci-
fied criterion, in 78.8% of the cases. The criteria 
for rescue therapy that were fulfilled and the 
rescue procedures that were performed are sum-
marized in Table S15. The mean duration of the 
hospital stay was 5.77±5.02 days in the interven-
tion group and 6.48±4.88 days in the control 
group (mean difference, −0.71 days; 95% CI, 
−1.55 to 0.12; data were missing for 1 patient 
[0.4%] in the intervention group). In the inter-
vention group, 71.1% of the patients were admit-
ted to the intensive care unit, as compared with 
50.2% in the control group, and the mean dura-
tion of stay in the intensive care unit was 
2.19±3.02 days and 2.78±3.09 days, respectively 
(mean difference, −0.59 days; 95% CI, −1.27 to 
0.09; data were missing for 7 patients [2.6%] in 
the intervention group).

The WHO functional class, which was as-
sessed at 7 days after randomization (or at dis-
charge) and at 30 days, is shown in Table S16; 
the Post-Venous Thromboembolism Functional 

Status is shown in Table S17. At 30 days, the 
median distance walked in 6 minutes was 405.0 
m (interquartile range, 311.0 to 501.4) in the 
intervention group and 393.0 m (interquartile 
range, 280.0 to 502.0) in the control group; data 
were available for 228 patients and 225 patients, 
respectively.

Discussion

In this randomized, controlled trial involving 
patients with acute, intermediate-risk pulmonary 
embolism, ultrasound-facilitated, catheter-direct-
ed fibrinolysis plus anticoagulation led to a 
lower risk of the composite of pulmonary embo-
lism–related death, cardiopulmonary decompen-
sation or collapse, or recurrence of pulmonary 
embolism than anticoagulation alone, with a 
relative risk of 0.39 (95% CI, 0.20 to 0.77). The 
difference between the two groups was driven by 
a lower incidence of cardiorespiratory decom-
pensation or collapse within 7 days after ran-
domization in the intervention group than in the 
control group. No clear differences were ob-
served between the two treatment groups with 
regard to the incidence of major bleeding or 
other serious adverse events through 30 days of 
follow-up, and no intracranial hemorrhage oc-
curred in either group.

For decades, systemic fibrinolytic therapy has 
consistently been shown to restore hemodynamic 
stability and right ventricular function, which 
prevents cardiorespiratory collapse and possibly 
death.6,22-24 However, the increased risk of major 

Table 2. Clinical Efficacy Outcomes (Intention-to-Treat Population).*

Outcome
Intervention 

(N = 273)
Control 

(N = 271)
Relative Risk 

(95% CI)†

no. of patients % (95% CI)† no. of patients % (95% CI)†

Any primary-outcome event 11 4.0 (2.3–7.1) 28 10.3 (7.2–14.5) 0.39 (0.20–0.77)‡

Components of the primary outcome

Pulmonary embolism–related death 3 1.1 (0.4–3.2) 1 0.4 (0.1–2.1) 3.0 (0.3–28.5)

Cardiorespiratory decompensation or collapse 10 3.7 (2.0–6.6) 28 10.3 (7.2–14.5) 0.4 (0.2–0.7)

Recurrence of pulmonary embolism 1 0.4 (0.1–2.0) 1 0.4 (0.1–2.1) 1.0 (0.1–15.8)

*	�The primary composite efficacy outcome was evaluated in the intention-to-treat population of 544 patients at 7 days (or as late as 9 days 
in some cases) after randomization or at discharge; 2 patients (1 in each group) withdrew from the trial before the 7-day visit and were 
considered to have missing data. All outcome events were independently adjudicated by a clinical-events committee whose members were 
unaware of the treatment assignments.

†	�The 95% confidence intervals were determined with the Wilson method21 and were not adjusted for multiplicity.
‡	�P = 0.005. The two-sided P value was calculated with Fisher’s exact test; a value of less than 0.02938 was considered to indicate significance.
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bleeding associated with fibrinolytic therapy, par-
ticularly intracranial hemorrhage,25,26 has limited 
the widespread adoption of this treatment in clini-
cal practice.27,28 Ultrasound-facilitated, catheter-
directed fibrinolysis allows low doses of alteplase 
to be infused locally, with the aim of maintain-
ing efficacy while reducing the risk of major 
bleeding. The present trial was designed to vali-
date the clinical efficacy and safety of this proce-
dure in direct comparison to the currently recom-
mended usual care for this risk category.5

We enrolled patients with intermediate-risk 
pulmonary embolism as defined by an earlier 
trial6 and current guidelines5; the additional cri-
teria of cardiorespiratory distress, defined ac-
cording to blood pressure, heart rate, and respi-
ratory function at presentation, allowed for better 
focus on the patients most likely to benefit from 
advanced treatment.3,29 These criteria were chosen 
on the basis of findings from a large, random-

ized trial of systemic fibrinolysis as compared 
with anticoagulation, as well as an observational 
study of large patient cohorts.30,31 In the inter-
vention group, ultrasound-facilitated, catheter-
directed fibrinolysis was initiated no later than 
2 hours after randomization in 73.3% of the 
cases, which minimized selection bias toward 
patients who were already recovering from the 
acute episode.

The mandated protocol of ultrasound-facili-
tated, catheter-directed fibrinolysis was based on 
insights from previous studies and real-world 
experience.8-11 This protocol was in contrast to 
the approach in previous trials, which left the 
catheter-based fibrinolytic regimen to the dis-
cretion of local investigators.32,33 Similarly, a 
standardized anticoagulation regimen was stip-
ulated for both treatment groups. In view of the 
strong adherence of the participating sites to the 
trial protocol, our results indicate that the inter-

Table 3. Cumulative Major Bleeding Events through 30 Days (Treated Population).*

Event
Intervention 

(N = 271)
Control 

(N = 271)
Relative Risk 

(95% CI)† P Value‡

no. of patients (%)

Major bleeding according to ISTH criteria

Within 72 h 10 (3.7) 4 (1.5) 2.5 (0.8–7.9) 0.17

Within 7 days 11 (4.1) 6 (2.2) 1.8 (0.7–4.9) 0.32

Within 30 days 11 (4.1) 8 (3.0) 1.4 (0.6–3.4) 0.64

Moderate-to-severe bleeding within 7 days  
according to GUSTO criteria

9 (3.3) 4 (1.5) 2.3 (0.7–7.2) 0.26

Ischemic stroke

Within 7 days 1 (0.4) 0 NE 1.00

Within 30 days 1 (0.4) 0 NE 1.00

Intracranial hemorrhage

Within 7 days 0 0 NE 1.00

Within 30 days 0 0 NE 1.00

*	�All major bleeding events and strokes were evaluated in the treated population of 542 patients, which comprised all the 
patients who had undergone randomization and received treatment: ultrasound-facilitated, catheter-directed fibrinolysis 
(defined as activation of the EkoSonic device and initiation of fibrinolytic infusion) with anticoagulation, or anticoagu-
lation alone. The numbers shown reflect the cumulative number of events from randomization to the indicated time 
point. All the events reported were independently adjudicated by a clinical-events committee whose members were 
unaware of the treatment assignments. Outcomes within 7 days were assessed at the 7-day follow-up visit, which took 
place at least 7 days and no more than 9 days after randomization, or at discharge; outcomes within 30 days were as-
sessed at the 30-day follow-up visit, which took place between 23 and 37 days after randomization. At 72 hours and  
7 days, 1 patient (0.4%) in the control group had missing data; at 30 days, 6 patients (2.2%) in the intervention group 
and 3 (1.1%) in the control group had missing data because they had withdrawn from the trial before the 30-day 
visit. GUSTO denotes Global Use of Strategies to Open Occluded Coronary Arteries, ISTH International Society on 
Thrombosis and Haemostasis, and NE not evaluable.

†	�Confidence intervals were not adjusted for multiplicity.
‡	�Two-sided P values were determined with Fisher’s exact test.
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vention tested has a favorable efficacy and safety 
profile in this patient population with interme-
diate risk. Patient follow-up over a 12-month pe-
riod is ongoing to address the possible effects of 
ultrasound-facilitated, catheter-directed fibrinoly-
sis on late outcomes after pulmonary embolism.15

In trials testing catheter interventions, open-
label randomization introduces the risk of ex-
pectation bias on the part of investigators, who 
may proceed to treatment escalation early when 
they believe that a patient’s condition is not im-
proving fast enough. To mitigate this risk, res-
cue treatment was not an outcome itself in this 
trial, but it could be used only after at least one 
criterion for cardiorespiratory decompensation 
or collapse had been fulfilled. However, the trial 
protocol also addressed the need for standard-
ized, early recognition of failure of the assigned 
treatment.29 Specifically, the criteria for cardio-
respiratory decompensation or collapse included 
a persistently high NEWS (≥9) after the first 24 
hours after randomization. Helping to reproduc-
ibly quantify a patient’s vital status, this score is 
broadly used in hospitals in many countries and 
has repeatedly been validated as a reliable mon-
itoring tool for detecting clinical decompensa-
tion, with values similar to or lower than the one 
used in the present trial considered to indicate a 
medical emergency.18,34,35

The present trial has limitations. Patient ran-
domization was not blinded, but all primary-out-
come and safety events were independently adjudi-
cated by a committee whose members were 
unaware of the treatment assignments. Mortality 
was low in both treatment groups, despite the 
inclusion criteria for intermediate risk; however, 
this result largely reflects a principal safety as-
pect of the trial, which was to prevent hemody-
namic collapse and death. Objective documenta-
tion of cardiorespiratory decompensation allowed 
for rescue treatment in 2.9% of the patients in 
the intervention group and 9.2% of those in the 
control group, which may have prevented deaths.

Owing to the overall low frequency of events, 
the trial did not have the power to compare treat-
ment efficacy in specified patient subgroups or to 
allow for firm conclusions with regard to differ-
ences in bleeding complications between the 
two treatment groups. Standardized differences 
larger than 10% suggest possible imbalance of 
some baseline variables between the two treat-
ment groups. In addition, only 10.1% of the pa-
tients were 75 years of age or older, and the mean 
frailty index (the age in years divided by the body-
mass index) of the patients was moderate. Be-
cause randomization was not stratified by site, 
potential center-level effects cannot be excluded. 
The results may differ in more ethnically diverse 

Table 4. Mortality, Recurrence of Pulmonary Embolism, and Serious Adverse Events through 30 Days (Treated 
Population).*

Event
Intervention 

(N = 271)
Control 

(N = 271)
Relative Risk 

(95% CI)†

no. of patients (%)

Death from any cause through 7 days 3 (1.1) 2 (0.7) 1.5 (0.3–8.9)

Outcomes through 30 days

Death from any cause 5 (1.8) 3 (1.1) 1.7 (0.4–6.9)

Symptomatic recurrence of pulmonary embolism 1 (0.4) 2 (0.7) 0.5 (0.0–5.5)

Any serious adverse event‡ 40 (14.8) 44 (16.2) 0.9 (0.6–1.3)§

*	�The numbers shown reflect the cumulative number of events from randomization to the indicated time point. Deaths 
and symptomatic recurrences of pulmonary embolism were independently adjudicated by a clinical-events commit-
tee whose members were unaware of the treatment assignments. At 7 days, 1 patient (0.4%) in the control group had 
missing data; at 30 days, 6 patients (2.2%) in the intervention group and 3 (1.1%) in the control group had missing 
data because they had withdrawn from the trial before the 30-day visit.

†	�Confidence intervals were not adjusted for multiplicity.
‡	�The numbers shown include all the patients with reported serious adverse events, regardless of the adjudication of the 

events by the clinical-events committee.
§	� P = 0.64. The two-sided P value was determined with a Cochran–Mantel–Haenszel test with stratification according to 

age (<75 vs. ≥75 years) and ratio of right ventricular end-diastolic diameter to left ventricular end-diastolic diameter 
(<1.5 vs. ≥1.5).
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populations. Finally, we did not test whether simi-
lar results might be obtained with other catheter-
based interventions or reduced-dose systemic fibri-
nolysis. Trials testing various methods of advanced 
treatment were recently reported36 or are cur-
rently under way37-39; together with the present 
trial, they may provide the evidence to inform fu-
ture guideline recommendations.

In this trial, ultrasound-facilitated, catheter-
directed fibrinolysis plus anticoagulation led to 
a lower risk of the composite of pulmonary em-
bolism–related death, cardiopulmonary decom-
pensation or collapse, or symptomatic recurrence 
of pulmonary embolism within 7 days than an-
ticoagulation alone in patients with acute, inter-
mediate-risk pulmonary embolism. No apparent 
differences between the two treatment groups 
with regard to major bleeding complications 
were observed.
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