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Intermediate high-risk pulmonary embolism (PE) is associated with increased risk of haemodynamic deterioration and £
death, but balancing the risk of thrombolytics or catheter-based treatment and efficacy has been challenging. This trial &
compared the additional efficacy of catheter-based ultrasound low-dose thrombolysis (USAT) over intravenous low-
dose thrombolysis or heparin alone.
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In an investigator-initiated randomized clinical multicentre trial, we randomized 210 adult patients with acute, inter-
mediate high-risk PE admitted to emergency departments in two regions of Denmark. Patients were allocated 1:1:1 to
one of three treatment strata: low-dose thrombolysis (20 mg alteplase administered over 6 h) by USAT, by intraven-
ous administration, or heparin alone. The efficacy of the interventions was assessed by comparing the refined O
Modified Miller Score, rmMS, (0-40 points, higher score indicating higher thrombus burden) from CT angiographies =
performed at baseline and 48-96 h post-randomization. Two comparisons were investigated: the reduction of rmMS E
with low-dose thrombolysis (USAT or intravenously) compared to heparin alone and the reduction of rmMS with low- £
dose thrombolysis administered by USAT compared to the intravenous route. The safety endpoint included the risk of
bleeding.

We included 210 patients with acute PE, 49% were female, the mean age was 70 (IQR 62-76), and the mean body
mass index was 30 (26-34). Compared to heparin alone, low-dose thrombolysis reduced the rmMS by 3.6 points (95% S
Cl 2.2-5.0, P < 0.001), but the reduction in rmMS was not different in the ultrasound-assisted thrombolysis (USAT) vs. &
the intravenous route, mean difference —0.1 (95% Cl: —1.9-1.7), P = 0.88. Bleeding complications were numerically%‘j
more frequent with low-dose thrombolysis, albeit not statistically significant. No differences in other outcomes
were observed. N
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Low-dose thrombolysis reduced thrombus burden more than heparin alone in patients with acute intermediate high-

risk PE. However, USAT did not show greater thrombus reduction than intravenous thrombolysis. The rate of death
and risk of bleeding complications were increased with low-dose thrombolysis.

Graphical Abstract

Heparin, or low dose thrombolysis intravenously or by Ultrasound
Assisted Thrombolysis (USAT) in acute intermediate-high risk
pulmonry embolism

N=210, randomised 1:1:1 to
e 20 mg alteplase i.v. +
heparin
* 20 mg alteplase by
USAT + heparin
e Heparin alone —___

Pulmonary embolism e Venous thromboembolism e Thrombolysis e Catheter-based thrombolysis
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1. Introduction

Acute pulmonary embolism (PE) is a medical emergency, where
thrombus, usually formed in and dislodged from the lower body,
is carried by the bloodstream to the pulmonary arteries, causing a
varying degree of obstruction. A subset of patients exhibits right
ventricular pressure overload with evidence of myocardial injury
and are categorized as intermediate high-risk, demonstrating a sig-
nificant risk of clinical deterioration and death.! Conservative treat-
ment with anticoagulation strategies does not seem to prevent
deterioration in all, and thus, alternative and more aggressive treat-
ment strategies have been investigated.

Previously, two randomized clinical trials assessing full-dose
thrombolytics in patients with intermediate high-risk PE have failed
to demonstrate a reduction in mortality,>? since the number of fatal
bleeding complications was comparable to the number of patients
saved from haemodynamic deterioration.

As an alternative, reduced dose thrombolysis has been intro-
duced, where a lower concentration of thrombolysis is adminis-
tered over a similar or an extended period, thus reducing the
concentration of the thrombolytic agent in the bloodstream at
any given time point.® Since previous trials have shown similar ef-
ficacy as full-dose thrombolysis and, in some trials, reduced risk
of bleeding, this approach could potentially represent a safer treat-
ment strategy.*> Furthermore, low-dose thrombolysis may outper-
form anticoagulation alone, but this has only been demonstrated in
smaller populations.®” The effect of low-dose thrombolysis may be
further enhanced by ultrasound-assisted thrombolysis (USAT).2
Though data from randomized trials are limited, USAT has been asso-
ciated with faster normalization of right-to-left ventricular diameter
ratio and reduction of tricuspid regurgitation gradient compared to
anticoagulation alone.’ Recently, a trial comparing four different

2 co-primary endpoints.
Reduction in MRS comparing:
* low dose alteplase IV or by USAT
and heparin
* low dose alteplase iv and by USAT

3.6, p<0.001

0.1, p=0.9

combinations of duration of USAT and dose of alteplase showed simi-
lar efficacy.’© Several case series have demonstrated that USAT is as-
sociated with good efficacy and an acceptable safety profile, with
bleeding risk of approximately 10%,%** and newer studies report
bleeding risks as low as 1.6%.'? Additionally, catheter-based thromb-
olysis includes both a mechanical thrombus manipulation from pla-
cing the catheters, an effect of the thrombolytics, and, with USAT,
a potential additional augmentation of thrombolytics by ultrasound.
Which components of the invasive treatment carry the main treat-
ment effect that remains to be fully elucidated.

We report a head-to-head comparison of low-dose thrombolysis,
administered via USAT catheters or intravenously, compared to an-
ticoagulation with heparin in a prospective randomized trial in pa-
tients with acute intermediate high-risk PE.

2. Methods
2.1 Trial design

In the low dose thrombolysis, USAT or heparin for intermediate
high-risk Pulmonary Embolism (STRATIFY) trial, an investigator in-
itiated, open label, multicentre randomized trial, we randomly as-
signed 210 patients, who were diagnosed with acute PE and
considered to be of intermediate-high risk!* to one of three man-
agement strategies in a 1:1:1 ratio: therapeutic doses of heparin
and low-dose thrombolysis administered by USAT, or as intraven-
ous low-dose thrombolysis, or heparin alone. The option to admin-
ister full-dose thrombolysis in the event of clinical deterioration
was available in all three treatment strata. Randomization was per-
formed from March 2019 to June 2024 at four sites in the Capital
Region of Denmark and Region of Zealand, using a REDCap®
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webpage-based system with permuted blocks of sizes 6 and 9
patients.

Patients were included in the STRATIFY trial after obtaining writ-
ten informed consent. The protocol was approved by the Regional
Ethics Committee and the Danish Medicines Agency before initiation
of the trial, and the investigation conformed to the principles outlined
in the Declaration of Helsinki. The trial was designed and overseen by
a steering committee (see Supplementary material online, Appendix).
Data were collected by the authors and analysed by J.K. and
E.S.-H. The first author vouches for the accuracy and completeness
of the data and the fidelity of the trial to the protocol. Additional de-
tails of the trial design have been published previously.®

2.2 Patients

Adult patients (>18 years of age) who had been diagnosed with an
acute PE on a computer tomography (CT) angiography less than
24 h prior to screening were eligible for inclusion if they were clas-
sified as intermediate high-risk according to the European Society
of Cardiology criteria,** had thrombus visible in the main, lobar or
segmental pulmonary arteries on CT angiography, had 14 days or
less of symptom duration, and gave informed consent to participate
in the trial. Key exclusion criteria were thrombolysis for PE within
14 days prior to screening and any contraindication to thrombolytic
therapy. A complete list of inclusion and exclusion criteria, as well
as a definition of right ventricular dysfunction and shock, is pro-
vided in the Supplementary material online, Appendix.

2.3 Treatment protocol

All patients received therapeutic doses of heparin, either as low
molecular weight heparin (LMWH) or unfractionated heparin
(UFH) according to European and national guidelines.!! Patients
in the three strata were then treated as follows:

In the USAT stratum, the patient was transferred to a tertiary
heart centre (Rigshospitalet, Copenhagen), where USAT catheters
were placed via ultrasound-guided access to the femoral vein and
advanced under fluoroscopic guidance to the lower pulmonary lo-
bar artery at the affected site, most frequently bilaterally. After pla-
cing the USAT catheters, the ultrasound-based mechanical
stimulation was initiated along with a 20 mg alteplase infusion via
the catheters over 6 h. The catheters were removed immediately
after completion of the alteplase infusion, and after an additional
2 h, the sheaths were removed. The patient could be ambulated
after an additional 1-h bedrest. In the low-dose thrombolysis stra-
tum, 20 mg of alteplase was administered intravenously over 6 h in
addition to heparin. The patient remained at the site where the pa-
tient was randomized. Finally, in the heparin-only stratum, patients
were monitored for clinical deterioration. A full dose of alteplase
(bolus and infusion over 2 h) could be administered at the discretion
of the treating physician if signs of clinical deterioration developed
in all three strata.

2.4 Trial intervention

The trial interventions were 20 mg of alteplase delivered intraven-
ously or using USAT by EKOS™ endovascular system (Boston
Scientific, Marlborough, Massachusetts, USA) over 6 h in addition
to standard heparin therapy. Dose of UFH was guided by targeting
an Activated Clotting Time of 160-180s. If LMWH was chosen,
the recommended therapeutic dose was administered. Heparin
treatment was continued until a repeat CT angiography was per-
formed between 48 and 96 h after randomization. The patient could
then be put on oral anticoagulation therapy; the trial protocol sug-
gested Direct Oral AntiCoagulant (DOAC) for no less than 6 months.
Patients were reevaluated after 3 months with clinical assessment, a
6-min walk test, questionnaires, and Doppler echocardiography.

2.5 Outcome measures

The trial had two primary analyses, both testing change in thrombus
burden assessed by a refined modified Miller score (rmMS),
adapted from the original Miller score,* which quantified the ex-
tent of thrombus occlusion of the vascular tree on a pulmonary
angiogram. This refined, modified score is used for the quantifica-
tion of clot burden from CT angiographies.'® The rmMS quantifies
clot burden in proximal and segmental pulmonary arteries, and the
scale ranges from O to 20 per lung, with a maximum of 40 in total,
with a higher score corresponding to higher thrombus burden.® g
rmMS at baseline and at 48-96 h post-randomization was assessed 5
in a core lab by an experienced radiologist (S.J.), blinded to treat-
ment allocation. The analyses were as follows:

« Efficacy of 20 mg of alteplase administered intravenously or by
USAT compared to UFH/LMWH alone, defined by reduction
in the refined Miller score (rmMS)¢ at 48-96 h after random-
ization (n = 140 vs. n=70) and

« Efficacy of 20 mg alteplase delivered by USAT catheters com-
pared to intravenous administration (N = 70 vs. N = 70).

Additionally, the
prespecified:
Clinical endpoints:

following secondary endpoints were

e Duration of index admission,
rehabilitation.

« Dyspnoea index (Visual analogue scale) after 48-96 h and
after 3 months.

« Oxygen supplement, blood pressure, respiratory rate, and
heart rate at time of follow-up CT pulmonary angiography.

« Incidence of tricuspid regurgitant (TR) gradient by continuous
Doppler echocardiography >40 mmHg at 3 months follow-up.

« 6 min walking distance at 3 months follow-up.

« Health-related Quality of Life at 3 months follow-up by the
Pulmonary Embolism Quality of Life (PEmb-QoL)'” and the
EQ-5D-5L.*8

including hospital-based

Safety endpoints:

« Bleeding complications (major and minor bleeding complica-
tions according to the Thrombolysis in Myocardial Infarction
(TIMI) classification'®). As a post hoc sensitivity analysis, bleed-
ing complications were also assessed using the International
Society on Thrombosis and Haemostasis classification.?®

« Mortality in the three groups and hazard ratio in a multivariable 5
analysis using the low-dose thrombolysis by intravenous route 3
and UFH/LMWH as a reference.
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Difference in right-to-left ventricle diameter ratio was also re-
ported as a post hoc analysis.

2.6 Statistical analysis

Sample size estimation was based on previous trials, and we ex-
pected a mean rmMS of 18 # 7 at baseline.'* The comparator group
treated by LMWH/UFH would only have a reduction in rmMS of 2 %
points (11%) after 48-96 h,'* whereas the mean rmMS reduction in @
the thrombolysis groups (intravenously or by USAT) was expected
to be 6 points (33%).1*

With those assumptions and a power of 0.90 and alpha 0.01 for
the first co-primary analyses of UFH/LMWH vs. low-dose thromb-
olysis, 210 patients were required (140 vs. 70 patients).

For the second co-primary, on the effect of low-dose thromboly-
sis administered intravenously or by USAT with a power of 0.9 and
alpha 0.04, 140 patients (n = 70 vs. n = 70) were required, assuming
a 22% or greater reduction in rmMS in the USAT group compared
to the IV group.
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Baseline characteristics of the patients were stratified into the
three treatment allocation strata.

Analyses of primary and secondary endpoints were performed
according to the statistical analysis plan.®® For the primary analyses,
a variance component model (proc mixed) was applied, adjusting
for rmMS at baseline and for site. Patients who died before the
follow-up CT angiography were assigned the highest rmMS score
in the stratum. The site was defined as the site of randomization.

The remaining secondary endpoints were presented as mean dif-
ference and 95% Cl or proportions and relative risk with 95% con-
fidence intervals as appropriate in the same groups as defined for
the primary analyses. Intraclass correlation coefficient (ICC) for
the rmMS (primary endpoint) was calculated for 20 randomly se-

lected angiographies and presented intra- and inter-rater
variability.
Clinical and safety outcomes were assessed using the

chi-squared test for dichotomous variables and the ANOVA test
or t-test for continuous variables. The following are predefined de-
sign variables that were examined in subgroup analyses: sex, age
above median, known renal failure (GFR <30 mL/min or current re-
nal replacement therapy), known chronic obstructive pulmonary
disease, saddle embolus at CT angiography, syncope before ran-
domization, and cardiopulmonary resuscitation performed before
randomization.

All statistical analyses were performed using the SAS Enterprise
Guide, ver. 8.3, SAS Institute®, Cary, NC, USA.

3. Results

3.1 Patients

A total of 210 patients were enrolled in the trial from June 2019 to
June 2024, the screening and selection of patients are shown in
Figure 1. All patients provided informed consent, none withdrew
the consent during the trial, and all patients underwent the allo-
cated treatment regimen. Two patients, both in the low-dose
USAT stratum, died from cardiac arrest before the 48-96 h follow-
up pulmonary CT angiography, due to gastrointestinal and intracra-
nial haemorrhage, respectively. An additional five patients did not
have the follow-up CT angiography at 48-96 h (clinical deterior-
ation, discharge per patient’s request, logistical reasons, no intra-
venous access possible, and presumed allergy to intravenous
contrast). Furthermore, 24 CT angiographies (6 at baseline and 18
at follow-up) were technically inadequate for assessment of rmMS.
No patients were lost to follow-up; 19 patients were unable to attend
the physical follow-up visit, partly due to COVID-19 restrictions and
patient discretion. The baseline characteristics of the patients were
well balanced in the three treatment allocation groups as well as in
the groups used in the two co-primary endpoints.

3.2 Intervention

The three intervention strata consisted of 69 patients randomized
to heparin alone, 70 patients treated with low-dose thrombolysis
intravenously, and 71 patients with low-dose thrombolysis by
USAT. Demography and clinical characteristics are provided in
Table 1. The randomization was performed 14 h (IQR 7-23) from
the onset of symptoms, with a median delay from randomization
to initiation of the allocated treatment of 66 min (IQR 30-123)
in the low-dose intravenous stratum and 261 min (IQR 30-123)
in the low-dose USAT stratum. All patients in the low-dose thromb-
olysis strata received 20 mg alteplase, and in one patient, infusion
via USAT catheters was interrupted prematurely due to bleeding
complications. All patients in the low-dose thrombolysis by USAT
stratum received two catheters, one in each lower pulmonary
lobe artery. The follow-up CT angiography was performed a
mean of 50 (IQR 49-63), 57 (49-65), and 60 (49-72) h, P=0.06,

for heparin alone, low thrombolysis iv and by USAT, respectively.
The ICC for the rmMS was 0.93 (95% confidence interval 0.85-
0.97) for intra-rater variability and 0.98 (0.94-1.00) for inter-rater
variability.

3.3 Primary analyses

The reduction in rmMS in the 141 patients treated by low-dose
thrombolysis was 6.2 (Standard deviation, SD 5.2) points vs. 2.6
(2.2) points in the 69 patients treated by heparin alone (mean differ-
ence —3.6, 95% Cl —5.0 to —2.2, P < 0.001). The reduction in rmMS
among the 71 patients treated by low-dose thrombolysis by USAT
was 6.3 (5.3) points vs. 6.1 (5.0) points in the 70 patients treated by
low-dose thrombolysis intravenously (mean difference —0.1, (95%
Cl: —1.9-1.7), P=0.88), Figure 2 and Table 2.

3.4 Clinical endpoint

Oxygen saturation was higher at time of follow-up CT angiography
in the low-dose thrombolysis stratum, 97% (2%) compared to 96%
(2%) in the heparin stratum (mean difference 0.8 (95% Cl: 0.2-1.4)),
and the dyspnoea index was 2 (2) vs. 3 (2) point, respectively (mean
difference —1 (95% CI: —1.7 to —0.6). Other vital signs and days of
hospitalization are presented in Table 2. The predefined subgroup
analysis showed no differences between groups for the two pri-
mary analyses (Figure 3). No difference in RV/LV diameter ratio
was found for either of the two comparisons (Table 2).

3.5 Safety endpoints

Full-dose thrombolysis was administered in five patients: two in the
heparin only group, two in the low-dose intravenous group, and
one in the USAT group, P=0.8.

For the safety and 3-month outcomes, the risk of bleeding as
classified by the TIMI definition was numerically higher in the low-
dose thrombolysis groups compared to the heparin group, but the
differences did not reach statistical significance (n = 16, 11% vs. = 3,
4%, P=0.10, Table 2). Similar data were seen for the ISTH classifi-
cation of bleeding events (Table 2). At 3-month follow-up, 6 (4%)
patients in the low-dose thrombolysis groups had died (4 in the
IV and 2 in the USAT groups) compared to O in the heparin group,
P =0.08, Figure 1 and Supplementary material online, Figure S2.

No major or minor bleeding complications, but only three min-
imal bleeding events, according to the TIMI classification, were
seen in the heparin-only group, even though two of the patients re-
ceived full-dose thrombolysis for haemodynamic deterioration.
Five patients died during index hospitalization, and one additional
patient died before the 3 months follow-up, P = NS, See Figure 1.
Causes of death during the first 3 days of hospitalization were
haemodynamic deterioration in one case, gastrointestinal bleeding
in one case, and intracranial haemorrhage in one case. Furthermore,
two patients died while in the hospital, one from sudden cardiac ar-
rest, and one from intracranial haemorrhage.

4. Discussion

In this randomized trial comparing low-dose alteplase administered
by intravenous route or by USAT, we demonstrated a statistically
significant greater reduction in thrombus burden after 48-96 h
among patients treated with low-dose thrombolysis compared to
patients treated only with heparin. We did not find an additional ef-
ficacy of low-dose thrombolysis administered by USAT compared
to intravenously route of administration. The secondary outcomes
showed no clinical and statistically significant differences between
strata, but a trend towards increased risk of death in the thromboly-
sis strata.

PE management relies on early risk stratification.?? All treat-
ments, ranging from heparin to thrombolysis and mechanical clot
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The STRATIFY trial, consort diagram

-
Assessed for eligibility,

n=673

A\ 4

Fulfilling inclusion
criteria, n=226

A 4

'

[ Randomized, n=210 ]

Excluded = 447
* Younger than 18 years of age, n=3

>14 days of symptoms, n=49

angiography, n=3
No informed consent, n=153

Not intermediate-high risk pulmonary embolism, n=239

Thrombus not visible in main, lobar or segmental pulmonary arteries on CT

/

Excluded = 16
¢ Altered mental state (GCS <14), n=0

* No qualifying CT angiography performed (>24 hours since CT angiography), n=7

* Females of child-bearing potential, unless negative HCG test is present, n=2
Thrombolysis for PE within 14 days of randomization, n=0

Thrombus passing through patent foramen ovale (risk of paradox embolism),n=0
Ongoing oral anticoagulation therapy (heparins, aspirin, antiplatelet therapy and NOAC

allowed), n=0

Absolute contradictions for thrombolysis

a. Hemorrhagic stroke or stroke of unknown origin at any time, n=3
Ischemic stroke in the preceding 6 months, n=0

Central nervous system damage or neoplasms, n=0

Recent major trauma/surgery/head injury in the preceding 3 weeks, n=1
Gastrointestinal bleeding within the last month, n=1

moaogo

Known bleeding risk, n=2

Comorbidity making 6 months survival unlikely, n=0

J

y

USAT, n=71
Received allocated intervention, n=71

Death, n=2
Other, n=1

A 4

Low dose thrombolysis 1V, n=70
Received allocated jntervention, n=70

J

Q Death, n=0
Other, n=1

y \ 4
4 ) 4 N
Follow-up CT angiography 48-96 Follow-up CT angiography 48-96
hours post-randomization, n=68 hours post-randomization, n=69
Analyzed for primary outcome, n=71 Analyzed for primary outcome, n=70
\_ l J \_ ¢ J
Patients available for 3 months Patients available for 3 months
L follow-up, n=69 J L follow-up, n=70 )
Death, n=0 Death, n=4
Other, n=7 Other, n=2
\ 4 \ 4
) )
[ 3 months follow-up, n=62 [ 3 months follow-up, n=64
J J

A 4

Heparin, n=69
Received allocated intervention, n=69

Death,

Other,
A
( )
Follow-up CT angiography 48-96

hours post-randomization, n=66
Analyzed for primary outcome, n=69

& J

v

Patients available for 3 months
follow-up, n=69

A

[ 3 months follow-up, n=65

Figure 1 Consort diagram describing the trial population, treatment allocation, and follow-up data.
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Table 1 Demographic and clinical variables

USAT \% Heparin P value
(n=71) (n=70) (n=69)
Female sex, no. (%) 31 (44) 37 (53) 34 (49) 0.55
Age, years (SD) 65 (15) 69 (12) 68 (12) 0.20
Body mass index, kg/m? (SD) 32(7) 31(7) 30 (6) 0.28
Medical history/risk factors
Smoking, no. (%) 31 (44) 32 (46) 28 (41) 0.86
Alcohol abuse, no. (%) 1(1) 3(4) 3(4) 0.54
Heart failure, no. (%) 1(1) 0 (0) 1(1) 0.60
Ischaemic heart disease, no. (%) 2(3) 3(4) 4 (6) 0.68
Arrhythmia, no. (%) 5(6) 2(3) 0(0) 0.14
Hypertension, no. (%) 28 (39) 32 (46) 28 (41) 0.72
Stroke/transitory cerebral ischaemia, no. (%) 4 (6) 2(3) 1(1) 0.37
Diabetes, no. (%) 5(7) 8(11) 7 (10) 0.66
Asthma, no. (%) 9 (13) 6(9) 4 (6) 0.36
Chronic obstructive pulmonary disease, no. (%) 2(3) 4 (6) 3 (4) 0.70
Chronic kidney disease, no. (%) 1(1) 4 (6) 5(7) 0.24
Cancer, no. (%) 10 (14) 13 (19) 10 (15) 0.72
Coagulopathy, no. (%) 3(4) 3(4) 3(4) 0.78
Previous deep venous thrombus, no. (%) 5(7) 8(11) 9 (13) 0.49
Previous pulmonary embolism, no. (%) 9 (13) 7 (10) 5(7) 0.56
Clinical presentation
Time from first symptom until admission, median h (IQR) 48 (4-138) 48 (4-105) 29 (4-80) 0.76
Heart rate, beats/min (SD) 105 (19) 100 (17) 99 (19) 0.15
Systolic blood pressure, mmHg (SD) 136 (21) 134 (22) 136 (21) 0.80
Arterial oxygen saturation, % (SD) 94 (5) 95 (3) 95 (4) 0.57
Oxygen supplement, median L/min (IQR) 2 (0-5) 1.5 (0-5) 0 (0-3) 0.29
Respiration rate, no. (SD) 21 (4) 20 (4) 20 (4) 0.63
Temperature, °C (SD) 36.6 (0.6) 36.6 (0.6) 36.6 (0.5) 0.77
pH (SD) 7.43 (0.05) 7.43(0.05) 7.44 (0.04) 0.23
no.=176
Lactate, mmol/L (SD) 2.1(1.5) 2.1(1.7) 1.9 (0.9) 0.78
no.=176
D-dimér, mg/L (SD) 10.5 (8.3) 12.5(9.2) 12.3(10.8) 0.40
no. =205
Troponin |, g/L (SD) 718 (980) 607 (658) 746 (1130) 0.79
no.=116
Troponin T, g/L (SD) 129 (121) 165 (114) 154 (174) 0.48
no.=111
ECG at admission
Arrhythmia, no. (%) 2(3) 4 (6) 4 (6) 0.59
Atrial fibrillation, no. (%) 2(3) 3(4) 2 (3)
Pace rhythm, no. (%) 0(0) 0 (0) 1(1)
Other, no. (%) 0(0) 1(1) 1(1)
S1Q3T3, no. (%) 26 (37) 29 (41) 20 (29) 0.30
Negative T-wave V1-V3, no. (%) 32 (45) 28 (40) 29 (42) 0.83
Right bundle branch block (incl. incomplete), no. (%) 13 (18) 13 (19) 11 (16) 0.90
Echocardiography
Left ventricular ejection fraction, % (SD) 58 (6) 59 (3) 58 (5) 0.35
Tricuspid annular systolic excursion, cm (SD) 15 (3) 17 (4) 17 (4) 0.11
Tricuspid regurgitation gradient, mmHg (SD) 44 (13) 42 (9) 44 (13) 0.59
CT angiography
Saddle embolus, no. (%) 15(21) 21 (30) 22 (32) 0.31

Continued
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Table 1 Continued

USAT v Heparin P value
(n=71) (n=70) (n=69)
Right to left ventricle diameter ratio, mean (SD) 1.4 (0.3) 1.5(0.4) 1.4 (0.4) 0.15
No. =208
Differences are tested by Chi-square or ANOVA models. Troponins and D-dimer were given at the time of randomization.
CT, computerized tomography; ECG, electrocardiogram; IV, intravenous; SD, standard deviation; USAT, ultrasound-assisted thrombolysis.
A ‘ ; : :
Refined Miller Score : Low dose Thrombolysis vs. Heparin
Mean difference -3.6, 95% CI-5.0 - -2.2, p<0.001
2R 6.2(5.2)
15
10
0
Heparin Low dose thrombolysis
Baseline CT wm48-96h CT
B RMS: Low dose Thrombolysis: IV vs USAT, N = 70 vs 70
- Mean difference -0.1, 95% CI1 -1.9 - 1.7, p=0.88
-6.1(3.9) -6.3(5.3)

HMBaseline CT m48-96h

USAT

cT

Figure 2 Refined Miller score at baseline and at 48-96 h follow-up CT pulmonary angiography. Comparison of the low-dose thrombolysis by
ultrasound-assisted thrombolysis or intravenously compared to heparin alone (A) and low-dose thrombolysis by ultrasound-assisted thromb-
olysis compared to intravenous administration (B). N = 210. Differences were tested using a variance component model (proc mixed).

removal or thrombectomy, are associated with a risk of bleeding
complications that generally increase with the efficacy of the inter-
vention.* While high-risk PE mandates aggressive and urgent re-
perfusion therapy, the use of thrombolytics in intermediate
high-risk PE has been demonstrated to reduce the risk of haemo-
dynamic deterioration, but at the cost of an increased risk of severe
adverse events and bleeding, which offset the advantages of reper-
fusion.)? As the risk of bleeding may, at least partly, be dose

dependent, the net efficacy of lower doses of thrombolytics has
been investigated, finding similar efficacy as for high dose thromb-
olysis® and with a reduced risk of persistent pulmonary hyperten-
sion compared to anticoagulation alone.” The present study adds
that reduced dose thrombolysis with 20 mg of alteplase is effective
in reducing clot burden, but remains associated with an increased,
albeit not statistically significant, increase in risk of bleeding.
Therefore, choosing low-dose thrombolysis for intermediate
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Table 2 Endpoints

USAT
rmMS, baseline, mean (SD) 20 (4)
no. =204
rmMS, 48-96 h follow-up, mean (SD) no. =192 13 (5)
Primary endpoints
Difference in RMS, baseline to 48-96 h follow-up, -6.3(5.3)
mean (SD)
no. =189
Secondary endpoints
Bleeding (TIMI classification), no. (%) 10 (14)
Major 2
Minor 3
Minimal 5
Bleeding (ISTH classification), no. (%) 10 (14)
Major 6
Minor 4
Difference in RV/LV diameter ratio, baseline to 48-96 h -0.3(0.3)
follow-up, mean (SD)
no. =189
Days of hospitalization, median (IQR) 5(4-6)
Dyspnoea index after 48-96 h, mean (SD) 1(2)
no. =133
Dyspnoea index after 3 months, mean (SD) 1(2)
no.=181
Oxygen need, L/min, mean (SD) 0.3 (1.3)
Heart rate, beats/min, mean (SD) 80 (12)
Systolic blood pressure, mmHg, mean (SD) 137 (16)
O, Saturation, %, mean (SD) 98(2)
Respiration rate, mean (SD) 18 (3)
3-month follow-up
Dead, n (%), odds ratio (95% Cl) 2 (3)
Tricuspid regurgitation gradient >40 mmHg, n (%), relative 2(1)
risk (95% Cl)
No. =181
6-Min walk distance, m, mean (SD) 476 (117)
No. =166
PEmb-Qol, 0-100, mean (SD) 36 (13)
No. =161
5Q-5D-5L, 0-5, mean (SD) 1.7 (0.8)
No. =161
Self-rated health, 0-100, mean (SD) 75 (23)
No.=161

v Heparin Mean diff. (95% Cl) Mean diff. (95% Cl)
USAT/IV vs. heparin USAT vs. IV
20 (4) 19 (4) 0.99 (-0.14-2.13) -0.29 (-1.58-1.01)
14 (6) 16 (4) -2.27 (-3.70 to —0.85) -0.41(-2.17-1.34)
-6.1(5.0) -2.6(3.5) -3.6 (-5.0t0 -2.2) -0.1(-1.9-1.7)
P<0.001 P=0.88
10 (14) 3(4) 3.2(0.93-11.2) 0.9 (0.4-2.5)
2 0
2 0
6 3
10 (14) 3(4) 3.2(0.93-11.2) 0.9 (0.4-2.5)
6 1
4 2
-0.4(0.4) -0.3(0.3) —0.06 (-0.2-0.03) 0.03 (-0.08-0.1)
5(4-7) 5(4-7) -0.1(-1-1.0) -0.7 (-2-1)
2 (1) 3(2) -1.2 (-1.7 to -0.6) -0.5(-1.1-0.1)
1(2) 2 (5) -0.9 (-1.9-0.2) 0.3(-0.3-1.0)
0.3(0.7) 2.3(12.6) -1.9 (-4.2-0.2) 0.1 (-0.3-0.5)
76 (12) 77 (13) 1.7 (-2.1-5.4) 3.5(-0.7-7.8)
139 (16) 136 (20) 0.76 (-4.4-5.9) -2.16 (-7.6-3.2)
97 (2) 96 (2) 0.81(0.24-1.38) 0.93(0.32-1.53)
17 (3) 17 (2) 0.3(-0.6-1.1) 0.02 (-1.0-1.0)
4 (6) 0(0) NA 0.7 (0.4-1.3)
1(1) 3 (4) 0.7 (0.3-1.5) 1.5(0.3-7.5)
458 (124) 472 (136) —4 (-45-36) 19 (-27-64)
37 (12) 37 (11) -0.7 (-4.6-3.1) -1.5(-6.4-3.4)
1.5(0.7) 1.5 (0.6) 0.1 (-0.1-0.3) 0.1 (-0.2-0.4)
77 (18) 76 (16) -0.04 (-6.1-5.9) -1.9 (-9.6-5.8)

The dyspnoea index is a scale from O to 10 measuring the severity of self-reported dyspnoea, with 10 representing the most extreme difficulty in breathing. The PEmb-Qol scale
covers six dimensions, where scores are calculated by taking the mean of all items and finally transformed into a scale from O to 100. Higher scores indicate a worse quality of
life. The 5Q-5D-5L scale from 1 to 5 where 5 indicates the worst outcome, and a visual analogue scale (EQ VAS) ranging from 0 to 100 where 100 indicates the best outcome.
Differences in the primary and secondary outcomes were tested using a variance component model (proc mixed).

ISTH, International Society on Thrombosis and Haemostasis; USAT, ultrasound-assisted thrombolysis; RMS, Refined Miller Score; SD, standard deviation; TIMI, thrombolysis in

myocardial infarction.

high-risk PE patients remains challenging and should be individua-
lized, with thorough assessment of bleeding risk.?*
Catheter-based interventions, predominantly catheter-based
thrombolysis, have been introduced as a method to increase
the efficacy of thrombolytics by delivering the drug in close
proximity to the thrombus. The efficacy of this approach has

been demonstrated in several case series, and the risk of complica-
tions, including bleeding, remains at an acceptable rate of around
5-10%.22 A few small randomized trials have compared the effi-
cacy of USAT with anticoagulation alone, finding a significant re-
duction in right to left ventricular diameter and a borderline
reduction of tricuspid regurgitation gradient both after 48-72 h
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Forrest plots A og B

A

Change in Refined Miller Score (baseline + 48-96h CT angiography)

IV/USAT  Heparin Estimate
IVAUSAT 141 69 —_—— -3.47 (-2.01,4.92)
Male 3 3 _— 222 (0.17,4.27)
Fem: 68 k7] —_—— 1 47 (-266,-6.74)
Abaove median age 69 33 — -4.78 (-2.57,-6.98)
Below median age 72 36 —— -2.16 (-0.33,-399)
Renal Impairment 5 5 33 (014 ,-674)
No renal impairment 136 64 —_— -339 (-1.86,-4.92)
COPD 6 3 -2.83 (6.12 ,-11.79
No COPD 135 66 —_— -3.51 (-2.03,-4.99)
CPR 3 1 . 0 o .0 )
No CPR 138 68 —_— -3.59 (-2.12,-5.06)
Syncope 217 12 -2.36 (1.51,-6.22)
No syncope 114 57 —_—— -363 (-2.06,-5.19)
Saddle embolus 36 22 —_— -5.07 (-2.48,-7 66)
No saddle embolus 105 a7 _—— 282  (-1.06,4.58)
f T T T T 1
-20 -15 -10 -5 0 10
Change in Refined Miller Score (baseline + 48 96h CT angiography)
USAT v Estimate
USAT 70 [l —_— 012 (192 ,168)
Male sex 3 40 —_— 01 (252 ,233)
Female sex k1 3 -— o1 (246 ,288)
Above median age 38 " —_— 0 (28 .291)
Below median age 32 40 —_——— 025 (184 .235)
Renal Impairment 4 1 B —— 2 426 .026)
No renal impairment 66 il —_— 013 (199 173
COPD 4 2 575 (1576 426 )
No COPD 66 69 —_—— 0.06 .78 .19 )
CPR 3 0 0 © 0 )
Ne CPR 67 7 —_— 012 (9% ,171)
Syncope 1 16 093 (544 ,359)
Na syncops 59 55 —_— 01 (209 ,189)
Saddle embolus Fal 15 * 1 (263 ,463)
No saddle embolus 49 56 _— 033 (243 178)
r T i 1
-20 -10 0 10

Figure 3 Forrest plot of predefined subgroups in the two co-primary endpoints: low-dose thrombolysis by IV or ultrasound-assisted thromb-
olysis vs. heparin alone (A) and low-dose thrombolysis by IV vs. USAT (B). N = 210. Differences were tested in a variance component model

(proc mixed).
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post-intervention®2?® and at 3 months.?® Catheter-based thromb-
olysis has been compared to USAT in one previous randomized trial
(the SUNSET trial), finding similar efficacy in thrombus burden re-
duction but improved reduction in right ventricular to left ventricu-
lar diameter after 48 h,?* suggesting the efficacy of the ultrasound
of the USAT catheter may have minimal efficacy. The results of the
present STRATIFY add that iv rTPA is equally efficacious as
catheter-based thrombolysis. Furthermore, the OPTALYSE PE trial
compared four different regimens of alteplase dose and duration in
USAT for intermediate high-risk patients and found similar results
across these regimens.'® We chose a USAT intervention compar-
able to the highest dose and longest duration in the OPTALYSE trial
to ensure sufficient time and dose and subsequently applied a simi-
lar 20 mg dose of alteplase in the intravenously low-dose thromb-
olysis group. The reduction in MRS was 2 points smaller than seen
in a recent case series of catheter-based thrombolysis using an-
other device.?® A large-scale randomized trial of USAT compared
to heparin alone, with PE-related mortality as the primary endpoint,
is currently enrolling patients (NCT04790370).

Recently, catheter-based embolectomy has also been intro-
duced. While no randomized clinical trials on this approach have
yet been published, comparisons of published case series suggest
that efficacy is similar to that of catheter-based thrombolysis and
USAT.?® Relevant upcoming randomized trials are the PEERLESS
trials, of which the first has been published27 and the other one
has recently been initiated (NCT06055920).

Thrombus burden is a surrogate endpoint and should be inter-
preted with caution in relation to clinical outcomes, in particular,
the risk of death, albeit used in previous trials in the field.?4?° The
STRATIFY trial was not powered to detect improvements in mortal-
ity or other clinical outcomes, and the rmMS was chosen as the best
alternative to the hard clinical endpoint for the ability to have end-
point assessment blinded, and its previous use in literature, in par-
ticular in recent trials in the same population.2®?* Larger trials are
needed to evaluate the long-term effects of low-dose ultrasound
or catheter-based treatments compared to other treatment options.

Given the invasive nature of USAT, the treatment allocation was
open-label; however, the assessment of thrombus burden at base-
line (re-reading of the qualifying CT angiography) and 48-96 h CT
angiography was performed by an experienced radiologist who
was blinded to the allocated treatment stratum. Twenty-four CT an-
giographies were deemed to be of insufficient quality for assessment
of rmMS in the Core Lab, which is similar to previous trials*® and low-
er than other trials.?*2> We had no reason to believe this would re-
sult in systematic error and thus invalidate the results of the trial.
Transfer for the USAT treatment introduced a delay from random-
ization to initiation of treatment, but the mean delay was less than
7 h, and the protocol defined the acceptable delay as 12 h.
Whether the efficacy of USAT would be improved by a shorter delay
in catheter placement cannot be assessed in the STRATIFY trial.?

Selection bias in the patient recruitment for the trial cannot be
excluded, but the baseline characteristics seem to be representa-
tive of Danish PE patients.?® However, previous reports on the
mortality in patients presenting with PE and clinical symptoms
and signs of right ventricular strain®? suggest that the overall mor-
tality of the present cohort was relatively low, albeit comparable to
previous trials in intermediate high-risk PE patients. The risk of fatal
bleeding in the first few days following randomization was similar to
previous trials'®?4 and occurred only with thrombolysis. Doses of
rTPA could be reduced in further trials to identify the optimal bal-
ance between efficacy and bleeding risk.*®

5. Conclusion

Use of low-dose thrombolytics resulted in a significantly greater
reduction in thrombus burden 48-96h post-randomization

compared to heparin alone. There was no additional benefit from
administering low-dose thrombolysis via USAT catheters compared
to intravenous administration. The rate of death, including risk of
bleeding complications, was increased with low-dose thrombolysis,
which should be considered when considering the implementation
of this treatment.
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online.
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