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Abstract

Background: Ultrasound-accelerated-thrombolysis (USAT) represent a
safe and effective therapeutic modality in patients with intermediate-to-
high risk pulmonary embolism. The tested thrombolytic agent in all studies
investigating USAT in PE patients is alteplase (Actilyse). Actually, there is
a lack of supply of alteplase (alteplase®, Boehringer Ingelheim) in Europe.

Methods: Nine patients with intermediate-to-high risk pulmonary
embolism were treated with USAT and urokinase (300,000 units per
catheter over 10 hours) at our institution. Systolic pulmonary artery
pressure, right ventricle function and right ventricle/left ventricle ratio
were measured at baseline and after therapy. The primary outcome was the
difference in the RV/LV ratio from baseline to 24 hours. Safety outcomes
included in-hospital death, major and minor bleeding according to GUSTO
bleeding score.

Results: The mean RV/LV ratio was reduced from 1.19+0.11 at baseline
to 0.7540.29 at 24 hours (p=0.003); the systolic pulmonary artery pressure
decreased from 52.4+18.7 to 35.11£8.0 mmHg (p=0.021). There was 1
major access-site bleeding and no in-hospital deaths. During a follow-up
of 117.8+72.5 days, no recurrent venous embolism occurred.

Conclusion: USAT with Urokinase seems to be safe and effective
in patients with intermediate-to-high risk pulmonary embolism with
favourable clinical, echocardiographic and laboratory results.
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Abbreviations: CDT- Catheter-Directed-Thrombolysis; dPAP- Diastolic
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Left Ventricular End-Diastolic Diameter; mPAP- Mean Pulmonary Artery
Pressure; PA- Pulmonary Artery; PE- Pulmonary Embolism; rt-PA-
Recombinant Tissue-Type Plasminogen Activator; RV- Right Ventricle;
RVEDD- Right Ventricular End-Diastolic Diameter; sPAP- Systolic
Pulmonary Artery Pressure; TTE- Transthoracic Echocardiography; TAPSE-
Tricuspid Annular Plane Systolic Excursion; USAT- Ultrasound-Accelerated-
Thrombolysis; UK- Urokinase

Introduction

Pulmonary embolism (PE) is the third most common cardiovascular
disease, after myocardial infarction and stroke with an annual incidence
of 39 to 115 per 100,000 individuals yearly. The 2019 European Society
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of Cardiology (ESC) guidelines classified PE into 4
groups: high-risk, intermediate-to-high risk, intermediate-
to-low risk and low risk. Intermediate-to-high risk PE is
defined as the presence of both elevated cardiac laboratory
biomarkers and right ventricular (RV) dysfunction without
systemic hypotension [1]. In intermediate-to-high risk
patients, ultrasound-accelerated thrombolysis (USAT) may
be an appropriate therapeutic modality with superiority to
anticoagulation alone in terms of improving RV-strain [2,3].
The thrombolytic substance used for USAT is recombinant
tissue-type plasminogen activator (rt-PA). The optimal
dosage and duration of rt-PA delivery has been investigated
by the OPTALYSE trial [4]. Currently, there is lack of supply
of rt-PA (alteplase®, Boehringer Ingelheim) in Europe. An
alternative therapeutic approach may be the use of Urokinase
(UK). A previous study suggests that the systemic application
of UK in patients with intermediate-to-high risk PE is non-
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superior to the systemic application of rt-PA [5]. Furthermore,
the local intrapulmonary artery infusion of UK may be a safe
and efficient treatment modality with significant and rapid
resolution of PE [6]. Data about the use of USAT with UK
in PE patients does not exist. The current study aimed to
investigate the clinical efficacy and safety of USAT with low-
dose UK in patients with intermediate-to-high-risk PE.

Methods

Between August 2022 and February 2023, Nine patients
with intermediate-to-high-risk PE received USAT using the
EKOS™ Endovascular System at St. Josef Hospital Bochum
and were included in this retrospective registry study. The
confirmation of the diagnosis in all patients was based on
contrast-enhanced-computer tomography. The evaluation
of the RV function/strain was carried out with transthoracic
echocardiography (TTE) and by measuring cardiac biomarkers

ICU-stay over 24 hours with monitoring of vital

Echocardiography {Control of RV/LY ratio, TAPSE,
sPA&F) and transfer to normal ward + start Q&K

Dizchargs

Figure 1: The chart of the study.

PE- Pulmonary Embolism; TTE- Transthoracic Echocardiography; ICU- Intensive Care Unit; OAK- Oral Anticoagulation; TAPSE- Tricuspid
Annular Plane Systolic Excursion; sSPAP- Systolic Pulmonary Artery; USAT- Ultrasound-Accelerated-Thrombolysis.

Citation: Hani Al-Terki, Tobias Paulus, Michael Gotzmann, Andreas Miigge. The Safety and Efficacy of Ultrasound-Accelerated-Catheter-Directed-
thrombolysis with Urokinase in Patients with Intermediate-High Risk Pulmonary Embolism. Cardiology and Cardiovascular Medicine .

7 (2023): 79-85.



Al-Terki H, et al., Cardiol Cardiovasc Med 2023
Journals DOI:10.26502/fccm.92920311

(troponin T and NTproBNP). All PE patients were classified
according to the ESC guidelines as low, intermediate-to-
low-, intermediate-to-high- or high-risk PE. High-risk PE is
characterized by overt hemodynamic instability, which makes
systemic thrombolytic necessary. Intermediate-to-low-risk
PE is defined as either echocardiographic-confirmed RV
dysfunction or elevated troponin levels without hemodynamic
instability. Low-risk-PE is defined as the absence of RV-
strain or elevated laboratory parameters in hemodynamic
stable patients. Intermediate-to-high- risk PE is defined as
the presence of both right ventricular (RV) dysfunction and
elevated cardiac laboratory biomarkers, without systemic
hypotension. Patients with intermediate-to-high-risk PE were
included in this study and were suitable candidates for USAT
with EKOS™, which was done in the cardiac catheterization
lab within 24 hours after admission. The EKOS™ system
involved positioning one (for unilateral PE) or two pulmonary
arterial infusion catheters, one into each main pulmonary
artery (PA), under fluoroscopic guidance via percutaneous
transvenous access. The procedure was performed with
continuous haemodynamic and electrocardiogram (ECG)
monitoring. Over 10 hours, 300,000 Units of UK were
continuously administered, with a rate of 30,000 Units/h/
catheter. Heparin was administered concomitantly, with
doses determined using a hospital-defined nomogram that
protocolizes dosing to target partial thromboplastin of 60
seconds. After 10 hours, the system was stopped, and the
infusion catheters were removed, followed by compression
of the femoral vein for four hours. After USAT with UK, all
patients received unfractionated heparin for further two hours
and were then switched to oral anticoagulants and transferred
to a normal ward. Twenty-four hours after therapy, TTE was
conducted to measure RV function (tricuspid annular plane
systolic excursion (TAPSE)), systemic pulmonary artery
pressure (sPAP), RV end-diastolic diameter (RVEDd) and
the RV/LV ratio. In addition, creatinine, troponin T and
NTproBNP were monitored 24 hours after the therapy. Vital
parameters (respiratory rate, heart rate and blood pressure)
were regularly monitored from admission to transfer to the
normal ward.

Efficacy Measures

Compared to baseline, the surrogates for USAT efficacy
were the drop of sSPAP, the improvement of RV-function and
RV/LV ratio measured by TTE.

Safety Measures

Safety outcomes included minor and major bleeding
according to the Global Use of Streptokinase and t-PA for
Occluded Coronary Arteries (GUSTO score), all-cause- in-
hospital mortality.

EKOS™ System

EKOS™ (Boston Scientific, Marlborough, MA) is an
approach combining low-power ultrasound energy with
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low-dose thrombolytic agents to achieve clot dissolution.
Ultrasound uses cavitation-induced microstreaming, which
loosens the fibrin strands within the clot, increasing its
surface area. In addition, ultrasound enhances the transport
of the thrombolytic agent across the clot and makes it more
permeable [7,8]. The EKOS™ catheters were placed into the
pulmonary arteries in the cath-lab. After ultrasound-guided
puncture of femoral vein, a 6-French sheath was used to
introduce the EKOS-catheter into the pulmonary arteries
under continuous hemodynamic and electrocardiographic
monitoring and fluoroscopic guidance.

Statistical Analysis

Continuous variables were expressed as mean =+ standard
deviation, and categorical variables as percentages. All
statistical analysis was performed using SPSS Version
25.0 for Windows. The comparison between the variables
was performed with 2-tailed t-test. A p-value < 0,05 was
considered as statistically relevant.

Follow-up

The patients were contacted via their physicians to ask
about recurrent venous thromboembolism or any bleeding
complication related to the procedure.

Results
Study Population

Nine patients with intermediate-high-risk PE who
underwent USAT with EKOS™ were included in this study
and retrospectively analysed. Four of them were women
(44%). The mean age was 75.3 years (SD: 8.0), and the mean
body mass index (BMI) was 28.9 kg/m? (SD: 4.46). Three
patients (33%) had chronic heart failure, 7 (77 %) had arterial
hypertension and 3 (33%) had diabetes mellitus. Four (44%)
had been previously diagnosed with PE. Three subjects
(33%) had an immobility as a trigger. One patient (11%) had
postoperative PE. Baseline characteristics are summarized in
Table 1.

Table 1: Baseline characteristic. BMI- Body Mass Index; PE-
Pulmonary Embolism.

Patient characteristics N=9
) Age (years), mean (SD) 75.3 (8.0)

222‘?22; istics | S (female), n (%) 4 (44%)
BMI (kg/m?), mean (SD) 28.9 (4.46)
Systemic Hypertension, n (%) 7 (77%)
Diabetes mellitus, n (%) 3 (33%)
Chronic heart failure, n (%) 3 (33%)
Coronary artery disease, n (%) 3 (33%)

Comorbidities Chronic lung disease 2 (22%)
Cancer, n (%) 0 (0%)
Previous PE, n (%) 4 (44%)
Immobility, n (%) 3 (33%)
COVID, n (%) 1(11%)
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Initial Presentation, Clinical and Echocardiographic
Parameters at Admission

The most common primary complaint was dyspnoea (7
patients, 77%). One patient presented a syncope 24 hours after
cholecystectomy. One patient presented with angina pectoris.
The median heart rate at admission was 96.3 bpm (SD: 11.4),
the median systolic blood pressure was 127.5 mmHg (SD:
19.28), and the median respiratory rate was 24.4 per minute
(SD: 6). The initial RV/LV ratio measured by TTE was 1.19
(SD: 0.11). The median RV/LV ratio measured by CT was
1.22 (SD: 0.12). The mean sPAP was 52.4 mmHg (SD 18.7).
The mean TAPSE was at 14.7 mm (SD: 3.2). The median
initial creatinine value was 1.15 (SD: 0.16), the mean initial
NTproBNP was 7256.33 pg/ml (SD: 5762) (normal value
< 125 pg/ml). Table 2 summarizes the clinical, chemical
laboratory and echocardiographic parameters at admission.

Table 2: clinical, chemical laboratory and echocardiographic
parameters at admission. CPR- Cardiopulmonary Resuscitation;
RVEDD- Right Ventricle End-Diastolic Diameter; LVEDD- Left
Ventricle End-Diastolic Diameter; sPAP- Systolic Pulmonary Artery
Pressure; dPAP- Diastolic Pulmonary Artery Pressure; mPAP-
Mean Pulmonary Artery Pressure; TAPSE- Tricuspid Annular Plane
Systolic Excursion.

Patient characteristics N=9
Dyspnoea, n (%) 7 (77%)
Syncope, n (% 1(11%)
Initial presentation
CPR, n (%) 0 (0%)
Angina pectoris, n (%) 1(11%)
Heart rate (bpm), mean (SD) 96.3 (11.4)
Systolic pressure (mmHg), mean | 127.5
Clinical parameter | (SD) (19.28)
at admission Respiratory rate, mean (SD) 24 .4 (6)
Oxygen saturation, mean (SD) ?4114)%
RVEDD (mm), mean (SD) ?66597)
Echocardiographic | LVEDD (mm), mean (SD) 39.33 (5.8)
parameter at SPAP (mmHg), mean (SD) 52.4 (18.7)
admission
TAPSE (mm), mean (SD) 14.7 (3.2)
RV/LV ratio, mean (SD) 1.19 (0.11)
Creatinine (mg/dl), mean (SD) 1.15 (0.16)
Laboratory- NTproBNP (pg/ml), mean (SD) (75572:2?3
chemical values .o onin T (pg/ml), mean (SD) | 0.07 (0.05)
Lactat (mg/dl), mean (SD) 2.83 (2.84)
Right sPAP (mmHg), mean (SD) | 58.7 (12.8)
Right dPAP (mmHg), mean (SD) |24.0 (12.3)
Invasive Right mPAP (mmHg), mean (SD) | 36.8 (10.4)
hemodynamic Left SPAP (mmHg), mean (SD) | 56.8 (15.8)
measurements 27 28
Left dPAP (mmHg), mean (SD) (12.18)
Left mPAP (mmHg), mean (SD) |36 (11.04)
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Table 3: The procedural data and postinterventional stay. ICU-
Intensive Care Unit.

N=9
Procedural time (min), median (SD) |25.7 (11.0)
Procedural Contrast agent (ml), median (SD) 4.4 ml (6.2)
data . 935.6 cGY/
Fluoroscopy dose (Gy), median (SD) cm? (418)
Fluoroscopy time (min), median (SD) | 7.4 Min (1.6)
Post- ICU-Stay (days), median (SD) 1.4 (0.72)
procedural
stay Total-Stay (days), median (SD) 5.8 (1.3)

160

140

1.20

1.00
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RV/LV admission RV/LV after 24 h

Figure 2: RV/LV ratio from baseline to 24 hours after therapy.

100

sPAP before SPAP after 24 h

Figure 3: sPAP from baseline to 24 hours after therapy. sPAP-
Systolic Pulmonary Artery Pressure.

Procedural Data

One patient had right-sided PE and only one EKOS™
catheter was placed into the right pulmonary artery. The
remaining eight patients had bilateral PE and two catheters
were placed in both pulmonary arteries. The median
procedural time was 25.7 min (SD: 11.0), and the mean
fluoroscopy time was 7.4 min (SD: 1.6). Table 3 summarizes
the procedural data and the post-USAT stay. 25.75 £11.059
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Table 4: The mean values before and after the therapy. USAT- Ultrasound-Accelerated-Thrombolysis; CI- Confidence Interval; TAPSE-
Tricuspid Annular Plane Systolic Excursion; sSPAP- Systolic Pulmonary Artery Pressure; RVEDD- Right Ventricle End-Diastolic Diameter.

Before USAT after USAT
Heart rate (bpm) 96.33+11.42 80.33+10.6
Respiratory rate 24.4446.0 1944 1
Systolic blood pressure (mmHg) 127.6+19.3 132.6£19.5
Diastolic blood pressure (mmHg) 81.6+12.3 75.44+11.9
TAPSE (mm) 14.78+3.3 20.7+2.7
sPAP (mmHg) 52.44+18.8 35.118.0
RVEDD (mm) 46.57+6.4 38.14+4.14
RV/LV ratio 1.1910.11 0,75+0.29
NTproBNP (pg/ml) 75265762 516414669
Creatinine (mg/dl) 1.15+0.26 0.99+0.25

25

n

TAPSE before after 24 h

Figure 4: TAPSE from baseline to 24 hours after therapy. TAPSE-
Tricuspid Annular Plane Systolic Excursion.

Postprocedural Data  (Clinical Parameters,

Echocardiography and Laboratory)

The RV/LV ratio, sPAP and TAPSE decreased
significantly after the therapy. NTproBNP and creatinine also
significantly decreased. Table 4 summarizes the mean values
before and 24 hours after therapy.

Complications

There was no device failure in our study. No in-hospital
deaths occurred. One patient had severe access-related
bleeding, which made blood-transfusion of 3 units necessary.
This patient had massive thrombus load in the femoral vein
on both sides, so that the punction had to be performed very
high, making the compression of the puncture very difficult.

Follow-up

During a follow-up time of 117.8+£72.5 days, there were
no recurrent venous thromboembolism or any complication
related to the procedure. All patients were on oral
anticoagulation. No deaths occurred.

Discussion
The main finding of the current study is that USAT with UK

Mean absolute change, 95% Cl t p-value
16.0 (7.7-24.3) 4.45 0.002
5.4 (1.81-9.0) 3.46 0.009

-5.1(-23.8-13.6) -0.62 0.54
6.11 (-6.1-18.4) 1.14 0.28
-5.8(-8.8 to -2.9) 4.54 0.002
17.33(3.43-31.2) 2.87 0.02
8.43 (4.6-12.2) 5.41 0.002
0.44(0.19-0.68) 412 0.003
2362(898.5-3826) 3.7 0.006
0.15(0.07-0.24) 4.3 0.003

represents an effective therapeutic modality in patients with
intermediate-to-high risk PE with favourable hemodynamic,
clinical and laboratory outcomes. PE is the third leading
cause of cardiovascular mortality [1]. Normotensive
Patients with large PE and RV dysfunction are classified as
intermediate-to-high risk and are at high risk of in-hospital
and latent mortality [9]. PEITHO Trial aimed to investigate
the effectiveness and safety of systemic fibrinolysis in this
group [10]. The study compared the use of anticoagulation
and systemic fibrinolysis with anticoagulation alone in 1005
patients. Systemic fibrinolysis significantly reduced death and
hemodynamic decompensation by 56%, albeit at the expense
of a four-fold increase in the rate of severe extracranial
bleeding (6.3% vs. 1.2%) and a 12-fold increase in the rate of
intracranial bleeding haemorrhagic strokes (2.4% vs. 0.2%).
As a consequence, the ESC guidelines do not recommend
the routine use of systemic thrombolysis for treating these
patients. Since the Therapy with heparin alone can often
take more than 3 weeks to completely resolute major PE
[11], a more aggressive approach such as catheter-directed-
thrombolysis (CDT) has been recommended in such entities
[1]. USAT with the EKOS™ system is one of the CDT systems,
which combines local delivery of thrombolytic substances
together with ultrasound, which increases the permeability
of the thrombus to thrombolytic drug [3]. In clinical studies,
USAT leads to an improvement in RV-function, RV/LV ratio
and to a decrease in sPAP in PE patients, with a low rate
of procedural complications [2,3,12,13]. Of note, all these
studies were performed using thrombolysis with rt-PA. The
effectiveness of other thrombolytics in combination with
USAT in PE patients has not been investigated. Ouriel K
et.al. compared the efficacy of different thrombolytic agents
in an in vitro venous model and reported that streptokinase
was the agent associated with the slowest rate of clot lysis.
Urokinase was associated with an intermediate rate of clot
lysis, but appeared to be the agent with the greatest degree
of fibrinolytic specificity. Although rt-PA was associated
with improved efficacy early in the perfusion, the differences
between rt-PA and UK dissipated after 30 min [14]. The study
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concluded, that UK may be the most beneficial thrombolytic
agent. Since the efficacy rates of UK in the Pilot trial were
equally effective to rt-PA [14], we thought that the use of
UK with USAT in intermediate-to-high risk PE patiens may
be an alternative to the use of rt-PA in the time of its supply
bottleneck. Our study demonstrates, that the use of low-dose
UK combined with USAT significantly improved sPAP, RV/
LV ratio and TAPSE in all patients with intermediate-to-high
risk PE 24 hours after the therapy. The improvement of RV/
LV ratio from baseline to 24 hours (0.44+0,32) exceeds the
difference of RV/LV ratio in the Ultima trial (0.30+0.20)
[3] and exceeds the postinterventional mean difference of
RV/LV ratio in all four arms of the OPTALYSE Trial [4].
USAT with UK significantly reduced the heart rate and the
respiratory rate, but did not significantly affect the blood
pressure in our study. This could be due the fact, that all our
patients were hemodynamically stable. It remains unclear, if
USAT combined with UK could be beneficial in unstable PE
patients.

One severe bleeding (according to GUSTO score)
occurred. This was due to very high puncture and
subsequently difficult compression of the puncture site. We
think, that this complication does not correlate with USAT or
UK. Nevertheless, our sample size is too small to draw firm
conclusions about the safety of USAT with UK in comparison
to USAT with rt-PA. One patient with postoperative PE was
treated in our study with USAT and UK. Postoperative PE is
a serious condition with high mortality [15]. Its management
remains challenging, since the use of systemic thrombolysis
is here contraindicated due to high bleeding risk. According
to our experience, we think that USAT combined with UK
could be an alternative therapeutic approach, although safety
data are lacking.

Conclusion

USAT with UK (300,000 U per catheter over 10 hours)
seems to be an effective and safe treatment for patients with
intermediate-to-high-risk PE and can improve clinical and
echocardiographic parameters.

Limitations

The main limitation of our study is the small sample
size and the lack of a control group, randomization and
echocardiographic follow-up. Large randomized studies with
long-term follow-up are needed to validate our findings and
to determine the optimum dosage needed to achieve the best
outcomes.
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