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Abstract: Ultrasound assisted catheter-directed thrombolysis (UACT) is a relatively novel approach to 
treating acute pulmonary embolism (PE). It is an alternative to systemic thrombolysis with good success 
rates and low reported in-hospital mortality, and low rates of procedure-related major and minor bleeding. 
Since UACT received FDA approval for the treatment of PE in 2014, there is paucity of data regarding the 
optimal timing of initiation of the procedure after the initial diagnosis is made. We reviewed the available 
literature regarding UACT for acute PE and found six studies that included time to procedure. Based on our 
review, patients may benefit from early (<24–48 h after presentation) rather than delayed (>48 h) initiation. 
Early initiation of therapy has shown to improve pulmonary arterial pressures, right ventricular (RV) to 
left ventricular (LV) ratios, with low rates of bleeding and low post procedural and in hospital mortality. 
However, further studies are required to confirm these findings and establish the appropriate timeline for 
initiation of UACT. 
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Introduction 

Pulmonary embolism (PE) is the third leading cause of 
cardiovascular death, after heart attack and stroke (1). The 
management of PE varies depending on the stratification 
of low, intermediate or high-risk (2). High-risk or 
“massive” PE is characterized by hemodynamic instability. 
Intermediate risk or “submassive” PE is hemodynamically 
stable, however, there is evidence of right ventricular (RV) 
dysfunction determined by imaging or elevated cardiac 

biomarkers. Finally, low-risk PE is neither hemodynamically 
unstable nor is there evidence of RV dysfunction (3). 
Patients presenting with high-risk PE have in-hospital 
mortality rates up to 52%, whereas intermediate-risk and 
low-risk PE mortality rates of up to 15% and less than 5%, 
respectively (4).

Systemic thrombolysis remains the recommended 
therapy in the treatment of high-risk PE and can provide 
rapid improvement in RV dilation, a reduction in clot 
burden, and return to hemodynamic stability (4). Despite 
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these benefits, systemic thrombolysis is reported to be 
underutilized and withheld in up to 68% percent of eligible 
patients. (5). Avoidance of fibrinolytics are frequently due 
to bleeding concerns, uneasiness with use, contraindications 
to systemic thrombolysis, and the advent of percutaneous 
techniques. Additionally, the use of systemic thrombolysis 
in the management of intermediate-risk PEs remains 
controversial and is not currently recommended (6-9). A 
relatively new intervention, catheter-directed thrombolysis 
(CDT) has been successfully performed acutely in both 
high and intermediate-risk patients with low in-hospital 
mortality, and low rates of procedure-related major and 
minor bleeding. 

Following its FDA approval in 2014, ultrasound 
assistance in combination with CDT is often utilized in the 
management of acute PE. Ultrasound assisted catheter-
directed thrombolysis (UACT) utilizes high frequency, low-
power ultrasound waves to improve thrombus penetration 
by thrombolytic medications, thus causing temporary fibrin 
molecule separation and exposure of binding sites for the 
thrombolytic medications (10,11). In this fashion, UACT 
allows for direct administration of thrombolytic medications 
to the clot location. From a clinical standpoint, this 
translates to a lower risk of bleeding compared to systemic 
thrombolytic therapy while providing a similar therapeutic 
benefit (12). While there have been a number of studies that 
evaluate the clinical outcomes of UACT (7,13-30), there is 
a paucity of data regarding the optimal timing of therapy 
initiation. Current consensus guidelines do not state when 
UACT should be initiated after the initial diagnosis of acute 
high or intermediate-risk PE (3). The goal of this review 
is to describe the current literature available in regard to 
timing of UACT after diagnosis of PE. 

Methods

A search of the PubMed database was performed 
to identify studies of patients with acute, high or 
intermediate-risk PE from January 1990 to May 2019. 
Our search method used combined text words and medical 
subject headings (MeSH). The keywords used included: 
“acute pulmonary embolism catheter thrombolysis”, 
“catheter directed thrombolysis”, “acute pulmonary 
embolism and catheter directed thrombolysis timing”, 
“acute pulmonary embolism and ultrasound assisted 
thrombolysis.” We also cross-referenced sources in target 
articles for additional references. All studies included were 
published in English. 

Study selection and data extraction

Following review of the PubMed database results, we 
included articles if (I) they were either a randomized 
controlled trial, retrospective, or prospective study of 
patients who underwent UACT for acute PE; (II) included 
time from initial diagnosis of PE to CDT; (III) included 
only patients who were classified as having acute high-
risk and/or intermediate-risk PE; (IV) included total 
number of patients who underwent CDT; (V) included 
bleeding outcomes. Final inclusion of articles was based 
on consensus by authors. We report the following data 
from the studies: number of patients included in the study, 
reported time from procedure to intervention, number 
of patients that were classified as high or intermediate-
risk PE, bleeding rate, dose of thrombolytic utilized, and 
average hospital stay.

Results 

Our MeSH search strategy resulted in a total of 329 articles. 
Of the 329 studies, 308 were excluded based on article type. 
As a result, 21 prospective, retrospective and randomized 
clinical trials were assessed for eligibility. Of these, 16 were 
excluded because they did not include information on 
timing of the procedure relative to diagnosis of PE (6,13-18, 
20,21,24-30). Six studies were analyzed for our final review 
and have been summarized in Table 1. Four studies, (Edla 
et al., Gaba et al., Voore et al., Lee et al.) were retrospective 
studies and two studies [Tapson et al. (31), Kucher et al.] were 
randomized controlled trials. 

Edla et al. is one of two studies to date that directly 
compared the effect of timing of UACT in the setting of 
acute PE (32). The study included 41 patients with acute 
intermediate-risk PE, of which 21 patients received early 
(<24 h from diagnosis) UACT, and 20 received delayed 
(>24 h) UACT. The average time to procedure for the early 
group and delayed group was 13.3±5.6 h and 46.4±10.1 h, 
respectively. RV to left ventricular (LV) ratio, mean pulmonary 
arterial pressure, cardiac index, pulmonary vascular resistance, 
RV stroke index, pulmonary artery pulsatility index, in-hospital 
all-cause mortality, recurrent PE, bleeding, procedure-
related complications, and post-procedure length of stay were 
compared. The study found a significant improvement in 
cardiac index (0.6 vs. 0.4 L/min/m2; P<0.001), pulmonary 
vascular resistance (3.4 vs. 0.5 Wood units; P<0.001) and 
mean RV stroke work index (3.5±2.0 vs. 2.3±1.5 gm/mg2 per 
beat; P=0.04) in the early compared to the delayed group. 
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Additionally, there was a trend in favor of early treatment 
in the mean improvement in RV/LV ratio (0.38±0.17 vs. 
0.33±0.21; P=0.40). No GUSTO-defined major bleeding or 
in-hospital mortality was reported. 

Voore et al. also conducted an analysis to evaluate the 
timing of UACT on outcomes (33). In a small retrospective 
study of 24 patients with acute intermediate-risk PE, patients 
were classified into three groups consisting of those who 
underwent UACT after diagnosis of PE between 0–12 h, 
12–24 h, and >24 h after diagnosis. The study found no 
statistical difference between the three groups for the 
outcomes reported. Specifically, there was no difference 
between the time of initiation of UACT and the resolution 
of oxygen requirements (P=0.52), decrease in heart rate 
(P=0.27), mortality (P=1.00), and bleeding (P=0.54). 
The study reported no echocardiographic, invasive 
hemodynamic parameters. A total of three deaths occurred 
in the study, one from each group. 

The Ultrasound Accelerated Thrombolysis of Pulmonary 
Embolism (ULTIMA) trial compared intermediate-risk 
patients randomized to either UACT or heparin-based 
therapy (7). Eligible patients had a diagnosis of acute, 
symptomatic PE of at least one main or proximal lower lobe 
artery and an RV/LV ratio of greater than or equal to one. 
The primary outcome was the change in RV/LV ratio at 24 h.  
Additional outcomes included major and minor bleeding, 
recurrent venous thromboembolism, death, hemodynamic 
decompensation, echocardiographic parameters, and 
invasive hemodynamic parameters. A total of 59 patients 
with acute intermediate-risk PE were included; 30 
patients in the UACT group and 29 patients in the 
heparin group. All patients had UACT initiated within 4 h  
of echocardiographic identification of right ventricular 
dilation. The trial showed a significant improvement in RV/
LV ratio at 24 h with UACT compared to heparin therapy 
(Δ0.30±0.20 vs. Δ0.03±0.16; P<0.001). Additionally, there 
was significant improvement in hemodynamic parameters in 
the UACT group when compared with the heparin group. 
Invasive hemodynamic monitoring showed statistically 
significant improvement in pulmonary artery systolic, 
diastolic and mean pressure, right atrial mean pressure, 
and cardiac index at 18±3 h after procedure. There were 
no episodes of major bleeding in either group. At 90-day 
follow up, there was not a significant difference in RV/LV 
ratio, although there was a trend favoring UACT. At 90-day 
follow up, there were no difference in rates of hemodynamic 
decompensation, recurrent VTE or major bleeding between 
the UACT and standard therapy groups. 

A randomized trial of the Optimum Duration of Acoustic 
Pulse Thrombolysis Procedure in Acute Intermediate-Risk 
Pulmonary Embolism (OPTALYSE PE) trial evaluated 
lowest optimal dose and duration for intermediate, acute 
PE patients. This randomized, prospective trial enrolled 
101 patients with mean age of 60 years who presented 
with PE symptoms for <14 days, >90 mmHg systolic blood 
pressure, RV/LV diameter ≥0.9 and PE located in at least 
1 main or proximal lobar pulmonary artery. All patients 
received UACT within 48 h of diagnosis. The patients were 
randomized to 4 groups of UACT with various regimens of 
tPA dose per catheter: 2 mg/h for 2 h, 1 mg/h for 4 h, 1 mg/h  
for 6 h, 2 mg/h for 6 h. RV/LV ratio measured at 48±6 h 
after start of UACT reduced by 24.0%±15.9% (P<0.0001), 
22.6%±14.1% (P<0.0001), 26.3%±16.8% (P<0.0001) and 
25.5%±22.7% (P=0.0011) compared to baseline in the 
intention-to-treat population. Major bleeding, as defined by 
International Society on Thrombosis and Hemostasis, was 
calculated at 72 h after the start of UACT and was reported 
in 4% of patients. No bleeding events were reported in 
Group 1. Group 2 and Group 3 each had a patient with 
bleeding, which was related to either systemic or higher tPA 
dose. Randomization to Group 4 was stopped after a patient 
developed fatal ICH, which was attributed to UACT and 
the only death in the study. Recurrent PE was noted in one 
patient in Group 3, attributed to non-compliance with his 
anticoagulation. A significant limitation of the study is the 
limited sample between regimens and a lack of a control 
group. Despite this, it appears that lower doses and shorter 
durations are effective in improving RV/LV and have low 
risk of bleeding. 

Lee et al. (22) was a retrospective study that included 
91 patients who underwent UACT over the course of  
39 months. Patients were included if they had a diagnosis of 
symptomatic, acute PE, with RV/LV ratio greater than one. 
Reported outcomes included changes in pulmonary arterial 
pressures, bleeding and average length of hospital stay. The 
average time from presentation to catheter intervention was 
25.4±20.9 h. Of the 91 patients enrolled, 88 patients were 
classified as having intermediate-risk PE while three were 
classified as high-risk PE. The study found a significant 
reduction in pulmonary arterial pressures from an average 
of 56.1±15.2 mmHg pre-therapy to 34.3±15.2 mmHg after 
UACT. Seven patients (8%) experienced major bleeding 
while 14 patients (15%) experienced minor bleeding. 
Interestingly, of the 17 patients included that were high-risk 
for thrombolysis and systemic anticoagulation there were 
three major bleeding events, which was not significantly 
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higher than the lower risk group. 
Gaba et al. retrospectively reviewed 19 patients with 

acute intermediate-risk PE who underwent CDT between 
2009 and 2013 (19). The average presentation to catheter 
intervention time was 30±28 h with a range of four to 96 h.  
The study reported outcomes of procedural and clinical 
success (defined as resolution of symptoms), 30 and 90-day 
survival, and survival to hospital discharge. The authors 
reported 100% procedural and clinical success, a 95% 
30-day and 94% 90-day survival, and 95% survival to 
discharge. One patient experienced a fatal bleed. This study 
was limited by its small sample size. No echocardiographic 
or hemodynamic parameters were reported, limiting 
comparison to the previously described studies. Additionally, 
ultra-sound assistance was not used in this study. 

Discussion

An increase of the RV/LV ratio is an important predictor 
of in-hospital mortality for patients presenting with acute 
PE (34). The ULTIMA and SEATTLE-II trials both 
demonstrated that UACT is an effective alternative to 
standard therapy for reducing the RV/LV ratio in patients 
with acute intermediate-risk PEs, without significantly 
increased major bleeding complications (28). Current 
guidelines recommend use of CDT with or without 
ultrasound assistance on a case to case basis due to the lack 
of randomized clinical data available (3). However, there 
are several trials underway that aim to expand the available 
knowledge regarding UACT for the treatment of acute PE 
(35-37). As more information becomes available, this may 
lead to increased utilization of UACT for the treatment of 
high and intermediate-risk PE. However, there continues 
to be a lack of studies evaluating the optimal time from 
diagnosis to initiation of UACT. As such, there remains a 
lack of consensus as to the optimal time to procedure. 

The optimal time from diagnosis to initiation of 
thrombolytic or anticoagulation therapy is not well 
established either. Early trials of thrombolysis found no 
significant difference in reduction of clot burden for patients 
who received thrombolysis within two days of symptom 
onset compared to patients who received thrombolysis 
between 3–5 days from symptom onset (38-40). However, 
a more recent study showed that for each additional day of 
symptoms prior to thrombolysis, there was a 0.8% decrease 
in lung tissue perfusion on reperfusion imaging (41).  
In addition, evidence exists that patients presenting with 
cardiac arrest or with high-risk PE had an improved in-

hospital mortality and less recurrent PE if thrombolytic 
therapy was initiated within 1 h of diagnosis (42).

In our review, Edla et al. was the largest study to 
directly compare the outcomes of early versus delayed 
CDT initiation (32). While there was improvement in 
pulmonary arterial pressures compared to delayed CDT 
therapy, RV/LV ratio change was not significantly different. 
Voore et al. was a similar retrospective study to directly 
compare outcomes based on the timing of UACT (33).  
They stratified patients into three groups based on 
procedure timing (0–12, 12–24, and >24 h) and found no 
statistically significant difference in outcomes. However, 
results were limited small sample size and no reported 
echocardiographic parameter outcomes. The ULTIMA 
study initiated CDT therapy within 4 h of baseline 
echocardiography and showed improvement in RV/LV 
ratio compared to standard therapy (7). It showed that 
UACT is an effective alternative to systemic heparin 
therapy alone, with improved short term echocardiographic 
and hemodynamic parameters. It is unclear if this benefit 
persists at longer term follow up. OPTALYSE PE showed 
improvement in RV/LV ratio with shorter duration and 
lower dose of tPA with CDT done within 48 h of diagnosis. 
The other two retrospective studies, both had an average 
of >24 h from time of presentation to initiation of CDT 
therapy but did not report the RV/LV ratio (19,22). 

Despite the variations in reported outcomes in these 
studies, there is a trend towards benefit in early interventions. 
Edla et al., ULTIMA, and Lee et al. all reported improvement 
in mean pulmonary arterial pressure with early intervention 
(7,22,32). The ULTIMA study showed that intervention 
within 4 h of PE diagnosis improved RV/LV significantly 
compared to heparin alone (7). While early intervention was 
associated with increased resolution of PE, Voore et al. were 
not able to replicate this finding and regrettably, limited 
hemodynamic parameters prevent effective comparison. Lee 
et al. and Gaba et al. did not stratify the patient outcomes 
based on timing. However, both studies initiated CDT 
within an average of 30 h and reported good PE resolution 
with low rates of bleeding. 

There are significant limitations in the ability to 
generate conclusions from the available literature. First, 
the variations in CDT treatment regimens and reported 
outcomes does not allow for adequate comparisons. 
While some studies report PE resolution as RV/LV ratio, 
others report pulmonary artery pressure. Furthermore, 
the average time of CDT initiation ranges from less than 
5 h to more than 50 h from PE diagnosis. The infusion 
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duration ranges from 2 h to over 100 h and the tPA dosing 
ranges from 4 to 57 mg are confounding factors in efforts 
to determine optimal timing. Amidst such variation, there 
is a potential for benefit with early intervention yet will 
require confirmation in larger studies. Second, a majority of 
the studies do not describe the timeline of CDT initiation 
or a mean time to procedure. Of our review of six studies, 
many consisted of small patient populations, in which 
positive trends in outcomes are encouraging for early 
intervention. While the majority of patients studied have 
been classified as intermediate risk, perhaps a door-to-
cath time requirement may be more impactful in high-risk 
patients who are hemodynamically unstable and likely to 
benefit from earlier intervention. 

Conclusions

While catheter directed thrombolysis is an effective 
management strategy for acute PE, there is no consensus 
available for the optimal timing of initiation of therapy. 
Based on review of the available literature, UACT may 
provide benefit for patients started on therapy early (<24–48 
after presentation) compared to those in whom UACT is 
delayed. However, further studies are needed to further 
clarify the role and benefit of UACT. 
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