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Abstract
Background To compare the clinical e�cacy and safety of catheter-directed thrombolysis CDT with anticoagulation vs anticoagulation
alone AC in patients with submassive pulmonary embolism sPE .

METHODS Included in this analysis were patients with submassive pulmonary embolism. Two researchers independently screened the
literature, submitted the data and cross-checked them. In case of differences, the third researcher would assist to make the judgment.
RevMan5.4 was used for Meta analysis. Odds ratio (OR) was used as outcome index for dichotomous variables, and weighted mean
difference (WMD) was used as outcome index for continuous variables. Point valuation/95%CI was given for each indicator. With P >
0.05 and I2 < 0.5, the �xed effect model was used for Meta analysis. The primary outcomes were all-cause death at 30 days and 1 year.
Secondary outcomes were total bleeding and major bleeding.

RESULTS  A total of 7 articles and 874 patients were included in this study. 323 patients were in the CDT+AC group and 551 patients were
in the AC group. 30 days and 1 year mortality were lower in the CDT+AC group compared to AC group [ OR 0.35 95%CI 0.14-0.88
P=0.03 I2=0%), OR 0.36 95%CI 0.18-0.71 P=0.004 I2=0% ]. In subgroup analysis 30 days and 1 year mortality were lower in the
USAT+AC group compared to AC group[ OR 0.28 95%CI 0.08-0.98 P=0.05 I2=0%), OR 0.32 95%CI 0.11-0.95 P=0.04 I2=0% ]. The
incidence of total bleeding was lower in AC group compared to CDT+AC/USAT+AC group. Major bleeding were similar between them.

Conclusion Results thus con�rmed that CDT reduced 30-days and 1-year all-cause mortality in patients with sPE compared to
anticoagulation alone (AC). Nonetheless, a higher risk of bleeding was associated with the CDT group.

1. Background
Global epidemiological investigation revealed an increase in the incidence of pulmonary embolism (PE) with the passing years,
accounting for 39–115/100000 per year, and it has become the third major cardiovascular disease after myocardial infarction and
stroke. Morbidity and mortality are higher for geriatric patients suffering from PE [1-5]. Anticoagulation alone (AC), Systemic thrombolysis
(ST), Percutaneous catheter-directed treatment PCDT  and Surgical embolectomy were the main methods for PE. In the absence of
absolute contraindications to anticoagulation, systemic anticoagulation is bene�cial for the treatment of sPE. Nonetheless,
anticoagulation alone fails to rapidly reduce pulmonary thrombotic load and improve right ventricular function, thereby resulting in a
longer hospital stay and a high rate of recurrence. [6]. Compared to anticoagulation alone, systemic thrombolytic therapy combined with
anticoagulation can reduce all-cause mortality, but increase the incidence of major bleeding, which limits the use of systemic
thrombolytic therapy [7]. Guidelines recommended that patients with thrombolytic contraindications can be treated with CDT [6,8]. CDT
can rapidly reduce pulmonary thrombotic load, improve right heart function compared to AC and reduce the risk of bleeding compared to
ST, which make CDT becoming a potential alternative for PE. Recent years, CDT has been more widely used in the treatment of patients
with sPE [9-13]. Nevertheless, the superiority of therapeutic e�cacy of CDT+AC compared to AC alone in patients with sPE remains to be
explored.  We, therefore, conducted a meta-analysis that directly compared the e�cacy and safety of CDT plus AC versus AC alone for
sPE based on published clinical trials [14-20].

2. Methods
2.1 Inclusion and exclusion criteria Inclusion criteria: 1) Identi�cation of Pulmonary embolism by computed tomography angiography
(CTA); 2) Right ventricular dysfunction (RV/LV diameter ratio > 0.9) or increased markers of myocardial injury (troponin or brain natriuretic
peptide BNP) evident from CTA or echocardiography. Exclusion criteria: age < 18 years, symptom duration > 14 days, and signs of shock
and hypotension (systolic blood pressure < 90 mmHg, or a decrease of ≥40 mmHg from baseline for more than 15 min). High risk of
bleeding (including previous intracranial hemorrhage, known structural intracranial cerebrovascular disease or tumor, stroke within 3
months, suspected aortic dissection, active bleeding, recent spinal or cranial/brain surgery, recently closed head or facial trauma
accompanied with a bone fracture or brain injury).

2.2 Intervention measures and Outcomes The CDT+AC group received the CDT + AC and the AC group was treated with heparin, low
molecular weight heparin, enoxaparin, or oral anticoagulants. Two kinds catheters were used, including ultrasound-assisted catheter-
directed thrombolysis approved by FDA, standard catheter-directed thrombolysis produced by Medtronic or AngioDynamics. The primary
outcome referred to all-cause mortality, whereas the secondary endpoint was total bleeding, major bleeding, hospital length of stay.
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2.3 Search strategy The present work included all published studies, and four databases, including PubMed, EMBASE, Cochrane Library,
and ClinicalTrials, were searched by computer from January 1st, 2012 to January 1st, 2022. A combination of Medical Subject Heading
and EMTREE terms were used, including "catheter-directed Thrombolysis, ultrasound-assisted Thrombolysis, ultrasound-accelerated
Thrombolysis, Standard catheter-directed Thrombolysis, Pulmonary embolism, Lung pulmonary embolism, Pulmonary
thromboembolism, Anticoagulation" and retrospective reference of the included literature to supplement the acquisition of relevant
literature. Finally, the newly published and unincluded literature was searched manually. The data from the included articles were
extracted independently by two investigators, and any discrepancies were resolved by a third investigator. The extracted data included: 
The baseline data, including the author's name and publication year, cancer, gender, age, smoking, and related disease (DVT and PE,
cancer, stroke, coronary heart disease/heart failure, diabetes, hypertension, chronic lung disease); (2) The procedural characteristics of
studies, including study type, sample size, interventional measures, follow-up time. The quality of the included literature was determined
by Cochrane evaluation tools for randomized controlled trials (RCT) and NOS scales for non-randomized controlled studies.

2.4 RevMan 5.4 statistical software was adopted for performing a meta-analysis. The heterogeneity of involved articles was explored by
the X2 test (test level a = 0.1) and evaluated by I2 statistics. The �xed-effect model was nurtured for meta-analysis if the heterogeneity
test results were I2<50%. If the consistency test results were I2≥50%, the random effect model was applied for meta-analysis. Sensitivity
analysis was conducted after removing single studies in turn. Subsequently, a meta-analysis was conducted to estimate the differences
between the results after elimination and the original combined results. Since only �ve studies were included (< 10), the test of
publication bias did not need to be carried out.

3. Results
3.1 Literature screening  Databases were screened for a total of 844 publications, and 152 duplicates were excluded. Animal experiments,
case reports, reviews, meta-analyses, and conference proceedings were excluded. The remaining 19 articles were re-screened, and there
was no direct comparison between USAT+AC with AC in 12 controlled clinical trials. So, �nally, seven articles were included, as illustrated
in Figure 1.

3.2 Baseline data and procedural characteristics  As evident in Table 1, no differences were obtained between the two groups about
gender, age, smoking, and related disease (DVT and PE, cancer, stroke, coronary heart disease (CHD)/heart failure, diabetes, hypertension,
chronic lung disease), in addition to the history of cancer. Table 2 summarizes the procedural characteristics of the research.

3.3 Quality assessment  The present study included overall �ve articles, including one prospective randomized controlled trial (RCT) and
four non-randomized controlled studies. The Cochrane evaluation tool was employed for the RCT. NOS scales were applied for the non-
randomized controlled studies to evaluate the quality of the covered literature. Besides, the quality evaluation of the RCT trial literature
re�ected high quality. The NOS scale evaluation results of the non-randomized controlled study were discussed in Table 3.

3.4  Outcomes

3.4.1 Primary outcome  Results from the present study revealed a lower incidence of all-cause mortality in the CDT+AC group in
comparison with the AC group, 30-day mortality (1.2% vs 7.1%, OR: 0.35, 95%CI: 0.14-0.88, P=0.03, I2=0%), 1-year mortality (3.4% vs 9.6%,
OR: 0.36, 95%CI: 0.18-0.71, P=0.004, I2=0%) (Figure 2B).

3.4.2 Secondary outcome   Statistically signi�cant difference was noted in the incidence of total bleeding, 11.5% in the CDT+AC group
and 4.0% in the AC group (OR: 3.19, 95%CI: 1.77-5.73, P < 0.001, I2=0%) (Figure 3A), while there were no differences about the incidence
of major bleeding, 2.8% in the CDT+AC group and 2.0% in the AC group (OR: 1.50, 95%CI: 0.62-3.65, P=0.37, I2=0%) (Figure. 3B).

3.4.3 Subgroup analysis  The 30-day all-cause mortality were 0.5% in the USAT+AC group compared to 7.6% in the AC group OR 0.28
95%CI 0.08-0.98 P=0.05 I2=0% and the 1-year all-cause mortality were 1.4% in the USAT+AC group compared to 8.0% in the AC group
(OR: 0.32, 95%CI: 0.11-0.95, P=0.04, I2=0%), the two results were statistically different (Figure 4b). The difference was signi�cantly about
total incidence of bleeding, 12.9% in the USAT+AC group and 4.6% in the AC group (OR: 2.84, 95%CI: 1.48-5.46, P=0.002, I2=0%) (Figure
4c). On the contrary, the incidence of major bleeding revealed 2.4% in the USAT group and 2.3% in the AC group (OR: 1.10, 95%CI: 0.38–
3.19, P = 0.86, I2 = 0%), the difference was not statistically signi�cant, 2.4% in the USAT+AC group and 2.3% in the AC group (OR: 1.10,
95%CI: 0.38-3.19, P=0.86, I2=0%) (Figure 4D).

3.4.4 Sensitivity analysis was performed. When Sekulic 2019 was excluded, 30-day all-cause mortality was 1.3% in the CDT+AC group
and 4% in the AC group (OR: 0.42, 95%CI: 0.16-1.13, P=0.09, I2=0%), the difference was not statistically different. Other conclusions were
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consistent with the above (Figure. 5).

4. Discussion
AC was recommended as the �rst-line therapy for patients with low-risk pulmonary embolism without contraindications, ST as the
preferred treatment for patients with high-risk pulmonary embolism, and CDT as the second choice for patients with anticoagulation
orathrombolytic contraindications. The therapy for sPE are more controversial than that of low-risk and high-risk patients because the
incidence of mortality and bleeding for sPE is lower compared to high-risk pulmonary embolism. CDT improves right ventricular function,
pulmonary artery pressure better than AC, and has a lower risk of bleeding than ST, which can prevent sPE from developing chronic
thromboembolic pulmonary hypertension [6,8].

This study was to compare the clinical e�cacy of CDT+AC vs AC in the treatment of sPE. 30-day all-cause mortality and 1-year all-cause
mortality in the CDT+AC group were signi�cantly lower than those in the AC group. The incidence of total bleeding in the CDT+AC group
was signi�cantly higher than that in the AC group, and major bleeding was similar between the two groups. Same results were in the
USAT+AC group. CDT or USAT had a very low incidence of all-cause mortality and major bleeding based on available clinical evidence
[21-22].  There are several advantages of CDT over AC. First, First, in Kuther-2014 and Hubert-2021, an effective reduction in systolic
pulmonary artery pressure (SPAP) and mean pulmonary artery pressure (MPAP) was attributed to the use of CDT. Scond, relative to the
AC group, rapid improvement in right ventricular function was recorded for the USAT group. In Kuther (2014), RV/LV diameter ratio
decreased in the USAT group than the AC group (0.3 ±0.19 vs. 0.03 ±0.16, P < 0.01), right ventricular systolic pressure also reduced in the
CDT group in comparison to the AC group (1.1 ±0.8 vs. 0.3 ±0.4, P < 0.01). Moreover, CDT improved the cardiac index (3.9 ±2.3 vs. 2.5
±0.5). In Hubert-2021, improved right ventricular systolic as well as diastolic functions were reported in the CDT group. Third, more
effective and quick attenuation of the pulmonary thrombotic load was documented in the CDT group than in the AC group. Reducing
pulmonary artery pressure rapidly, improving right ventricular function, alleviating pulmonary thrombotic load may be the reasons why
CDT can reduce 30-day and 1-year all-cause mortality in patients with sPE [23-24]. 

CDT enhanced the risk of bleeding, however, the risk of major bleeding was similar. If the risk of bleeding is kept at a low level, the clinical
bene�ts of CDT are more valuable. USAT has a higher risk of bleeding than AC in subgroup analysis, however the average dose of tPA
reported in the articles included in this study is about 20 mg, which may not be the optimal choice. A lower risk of bleeding, effective
reduction in the pulmonary thrombotic load, improved right ventricular function in patients with stable hemodynamics of sPE was
associated with the use of 4–8 mg tPA/2 h infusion with USAT [25-26]. Therefore, further clinical trials should attempt to select a lower
dose of tPA in combination with USAT to minimize the risk of bleeding. Lastly, in the real world data, USAT neither shows better clinical
bene�ts and Cost-Effectiveness than SCDT [27-31]. 

Limitations of this study: First, the existence of methodological heterogeneity in the study. The trial designs were different, including one
RCT study and four retrospective studies. Second, presence of clinical heterogeneity in the study, i.e., differences in intervention measures
between studies, such as timing and dose of thrombolytic drugs, types, and dosages of anticoagulants, duration of follow-up. Third,
these studies lasted for a long time. Several trials were for continuous �ve years, so the continuity of cases could not be guaranteed, and
the sample size was small.

5. Conclusion
This study concluded that for patients with sPE, CDT reduced 30-day and 1-year all-cause mortality and did not increase the risk of major
bleeding compared to AC. Subgroup analysis showed that USAT also had lower all-cause mortality and similar incidence of major
bleeding compared to AC. In addition to clinical bene�ts, CDT has a lower cost than heparin anticoagulant therapy alone in the long-term
[32].  Generally, especially those who had high pulmonary artery pressure, right ventricular dysfunction, and heavy pulmonary thrombotic
load. Furthermore, to minimize the risk of bleeding and improve the clinical bene�t, prospective, multi-center randomized controlled trials
with a large sample size are essential to seek the most reasonable time and dosage infusion of tPA and types of anticoagulation.
Furthermore, to minimize the risk of bleeding and improve the clinical bene�t, prospective, multi-center randomized controlled trials with a
large sample size are essential to seek the most reasonable time and dosage infusion of tPA and types of anticoagulation.

Abbreviations
CDT catheter-directed thrombolysis
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USAT ultrasound-assisted catheter-directed thrombolysis

SCDT: Standard catheter-directed thrombolysis

AC anticoagulation

sPE submassive pulmonary embolism

ST systemic thrombolysis

PCDT percutaneous catheter-directed treatment

CTA computed tomography angiography

RCT randomized controlled trial

CHD coronary heart disease

DVT deep venous thrombosis

tPA tissue plasminogen activator
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Tables
Table 1 Baseline
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Baseline CDT+AC group n=323 AC group n=551 P value

Age 58 64 0.06

Male % 158 49 273 50 0.79

Smoker % 46 14 80 15 0.53

related diseases      

VTE/PE % 68 21 167 30 0.15

cancer % 47 15 246 45 0.007

stroke % 7 2 29 5 0.44

CHD/HF % 32 10 112 20 0.44

Diabetes % 41 13 85 15 0.56

hypertension % 81 25 77 14 0.30

CLD % 35 11 76 14 0.08

CHD: Coronary heart disease   HF:heart failure  CLD: Chronic lung disease

Table 2 procedural characteristics
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Author and
year

Study type Sample size Intervation measures  Follow-up
time 

USAT
group

AC
group

Kline-2021 Retrospective 40        90 USAT: a 2 mg bolus of alteplase followed by a continuous
infusion of alteplase 0.75 mg/h via a pulmonary artery
catheter to administer 10 mg in each affected pulmonary
artery;  AC: unfractionated heparin given via a continuous IV
infusion; in the USAT group, the dose of heparin was typically
reduced by about 50% 

during
hospitalization

Hubert-2021 Retrospective 51        51 USAT: a 2 mg bolus of alteplase followed by 0.75 mg/hr for a
total of 12 mg/catheter (24 mg total dose for bilateral
intervention);  AC: Heparin infusion was continued during tPA
infusion, typically at a rate of approximately half the
therapeutic infusion rate

during
hospitalization

Derya-2021 Retrospective 14       16 SCDT or USAT a 5 mg bolus of alteplase followed by a
continuous infusion of alteplase 1 mg/h via a pulmonary
artery catheter to administer 10 mg in each affected
pulmonary artery for 24h; AC a subtherapeutic dose of
unfractionated heparin (400–600U/kg) was given via
intravenous route to provide an activated partial
thromboplastin time prolongation between 40 and 50 s  

during
hospitalization

Stephen=2020 Retrospective 99       99 SCDT or USAT a continuous infusion of alteplase 1 mg/h
≤12h AC anticoagulation via IV or oral agents

1 year 

Sekulic-2019 Retrospective  24           227 USAT: 1–2 mg bolus of alteplase per hour with a dose range
of 12–50 mg; AC: a bolus of unfractionated heparin at
admission and further therapy was either 24 hours of
continuous unfractionated heparin infusion with activated
partial thromboplastic time monitoring or the use of low-
molecular weight heparin at therapeutic doses

30 days

Schissler-
2018

Retrospective 65        39 USAT: a bolus dose of alteplase 0-5 mg/strand followed by an
infusion rate of 0.5 to 1 mg/hour/strand, target dose 20 mg;
AC: intravenous unfractionated heparin with a goal partial
thromboplastin time of 40 to 60 during the alteplase infusion

1 year

Kucher-2014 Prospective
 randomized

30        29 USAT: a continuous infusion of rtPA at 1 mg/h and saline
coolant at 35mL/h, after 5 hours of treatment, the infusion
rate of rtPA was reduced to 0.5 mg/h per catheter for 10
hours. The maximum tPA dose was 20±1 mg; AC: an
intravenous bolus of 80 IU/kg, followed by an infusion of 18
IU/kg per hour (with a maximum initial infusion rate of 1800
IU/h) 

90 days

RCT: randomized controlled trial    USAT: Ultrasound-assisted catheter-directed thrombolysis SCDT: (Standard catheter-directed
thrombolysis SCDT

Table 3 Quality assessment
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Author
and year

Selection of case 4 scores Comparison
between
experimental
group and
control
group 2
scores

de�nition
and
diagnosis of
cases

methods of exposure assessment 4
scores

de�nition
and
diagnosis

of cases

representativeness
of cases

control
selection

de�nition
of
control

representativeness
of cases

control
selection

No
response
rates

Kline-
2021

√ √ √ √ √ √ √  

Derya-
2021

√ √ √ √ √√ √ √  

Hubert-
2021

√ √ √ √ √√ √ √  

Stephen-
2020

√ √ √ √ √   √  

Sekulic-
2019

√ √ √ √   √  

Schissler-
2018

√ √ √ √ √ √ √  

Figures
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Figure 1

PRISMA flow diagram
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Figure 2

a 30-days all-cause death

b 1 year all-cause death
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Figure 3

a Total bleeding

b major bleeding
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Figure 4

a Subgroup 30-days all-cause death

 b Subgroup 1 year all-cause death

 c Subgroup total bleeding

d Subgroup major bleeding
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Figure 5

Sensitivity analysis 30-days all-cause death exclude Sekulic-2019


