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BACKGROUND—Reduction in distal vascular volume in acute pulmonary embolism (PE) is a
significant predictor of 30- and 90-day mortality. The likely cause of this is pulmonary arterial
obstruction. The effect of pharmacomechanical catheter-directed thrombolysis (PM-CDT) on the
occlusions of these pulmonary artery (PA) branches is not known.

OBJECTIVES—The RESCUE study evaluated PM-CDT with the Bashir endovascular catheter
in patients with acute intermediate-risk PE. This analysis assessed PA occlusions using core
laboratory data before and after PM-CDT therapy.

METHODS—The baseline and 48-hour post-treatment contrast-enhanced chest computed
tomography angiography of PE patients with right ventricular dilatation enrolled in the RESCUE
trial were used. The primary analysis was the change in the number of segmental and proximal
PA branches with total or subtotal (>65%) occlusions after 48 hours compared to baseline using
McNemar’s test.

RESULTS—A total of 107 patients enrolled across 18 United States sites comprised this analysis.
At 48 hours post-PM-CDT, the number of segmental PA branches with total or subtotal occlusions
decreased from 40.5% to 11.7% (£ < 0.0001). Proximal PA branch total or subtotal occlusions
decreased from 28.7% to 11.0% (£ < 0.0001). The reduction in segmental artery occlusions
correlated significantly with the magnitude of reduction in right ventricular/left ventricular ratio
(correlation coefficient of 0.287 [95% CI: 0.102-0.452]; P= 0.0026), whereas that in the proximal
PA arteries did not (correlation coefficient of 0.132 [95% CI: 0.059-0.314] P=0.173).

CONCLUSIONS—PM-CDT with the Bashir catheter was associated with a significant reduction
in total and subtotal occlusion of segmental and proximal PAs.

Keywords

catheter-directed therapy; fibrinolysis; pulmonary embolism; Refined Modified Miller Index;
RV/LV ratio

Reduced blood volume through the distal pulmonary vasculature is associated with
significantly higher 30- and 90-day cardiovascular mortality in patients with acute
pulmonary embolism (PE). This is most likely due to decreased arterial inflow and
pulmonary arterial (PA) obstruction from acute thromboembolism and vasoconstriction.?
This acute vascular obstruction occurs as a result of the occlusion of not only the

proximal pulmonary arteries but also the more distal smaller segmental branches.3 Advances
in imaging technology and post-processing software facilitate the analysis of flow and
perfusion through these distal smaller vessels. In addition, PA occlusions have been shown
to be a predictor of chronic thromboembolic pulmonary hypertension (CTEPH) and chronic
thromboembolic disease (CTED) in these patients.*®

Several contemporary studies of catheter-based treatment of acute PE have shown

a reduction | PA obstruction at 48 hours post-treatment by core lab assessment.5-9
However, the magnitude of this reduction has been quite modest, particularly with
mechanical thrombectomy devices, despite impressive post-procedural clot specimens.10:11
The Bashir endovascular catheter (Thrombolex, Inc) is a novel pharmacomechanical
infusion catheter consisting of an expandable basket of 6 nitinol-reinforced infusion limbs
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that was engineered to maximize thrombus reduction.® The recently published RESCUE12
(Recombinant tPA by Endovascular Administration for the Treatment of Submassive PE
Using CDT for the Reduction of Thrombus Burden) trial showed a 35.9% reduction in

PA obstruction using the Refined Modified Miller Index (RMMI), the largest reduction

of all published catheter studies with core lab measurement, with similar doses of tissue
plasminogen activator (tPA). In the present analysis of the RESCUE trial, we evaluated the
change in the proximal and segmental PAs with total and subtotal occlusions on CTA before
and at 48 hours after pharmacomechanical catheter-directed thrombolysis (PM-CDT) by the
Bashir endovascular catheter in patients with acute intermediate-risk PE.

STUDY DESIGN AND POPULATION.

This report is based on the RESCUE trial data set, which was a prospective, multicenter,
single-arm study to assess the safety and efficacy of PM-CDT with the Bashir endovascular
catheter in patients with acute intermediate-risk PE.12 The primary study reported the

effect of PM-CDT on right ventricular/left ventricular (RV/LV) ratio and RMMI, while

in this analysis, we evaluated the effect of PM-CDT on the total and subtotal occlusions

of the PA and its branches. The study was sponsored by the NHLBI (grant #R44HL151032—
03), the Commonwealth of Pennsylvania and Thrombolex Inc. It was conducted under

an Investigational Device Exemption approved by the Food and Drug Administration.
Institutional review board approval was obtained at all sites, and informed consent was
obtained from every patient. The study was monitored by a clinical research organization
(EMINENCE Clinical Research, Inc) and an independent data safety monitoring board. The
analyses of the CT scans were performed by the Core Laboratory (NAMSA/SYNTACTX,
Inc): The metrics analyzed included measurements of RV/LV ratios and PA obstruction as
measured by the RMMI.

The RESCUE trial enrolled patients aged 18 to 75 years with a filling defect in at least

one main or lobar PA as determined on CTA, right ventricular-to-left-ventricular diameter
(RV/LV) ratio >0.9, and symptom duration <14 days. The detailed inclusion and exclusion
criteria were previously published.12 The Bashir catheter and the procedural techniques have
previously been described in detail.® The total recombinant-tissue plasminogen activator
(r-tPA) dose administered was 7 mg in unilateral and 14 mg in bilateral PE patients.

ENDPOINTS.

The primary endpoint for this analysis was the change in the number of segmental PA
branches with total or subtotal occlusions before and at 48 + 8 hours after PM-CDT with the
Bashir catheter. We also evaluated the change in the number of proximal PA branches with
total or subtotal occlusions (Figure 1 shows the branches and their names in anteroposterior
and lateral views). The PA obstruction was measured by the core lab (NAMSA/SYNTACTX
Inc) using the RMMI,13 which is a refinement of the Modified Miller scoring system. They
assessed the degree of obstruction in 10 segmental arteries to the right lung and 10 to the

left lung and assigned scores of 0 (no obstruction), 0.5 (1%-33%), 1 (34%—-66%), 1.5 (67%—
99%), and 2 (total obstruction) to each of these segmental arteries. A cumulative score was
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calculated by adding the scores for all arteries. Total scores can range from 0 to a maximum
of 40 (20 per lung). The proximal PA branch scores were ascribed based on the number

of segmental arteries that arise from that proximal artery as long as the highest possible
scores are ascribed to each branch. For purposes of this discussion, we focused on total
(100%) and subtotal (67%-99%) occlusions. We also evaluated the association between the
reduction in the total and subtotal occlusions in the segmental and proximal PA branches
with the improvement in RV/LV ratios at 48 hours after PM-CDT. The scoring of these
vessels was performed on CTAs at baseline and 48 hours after treatment. The changes in
RV/LV ratio were measured by a dedicated, imaging core laboratory using anonymized chest
CTA studies at baseline and 48 hours after treatment. The RV/LV ratio was measured using
the reformatted 4-chamber view. Troponin and brain-type natriuretic peptide (BNP) levels
were assessed before and after PM-CDT.

DATA ANALYSIS.

RESULTS

Data were summarized using descriptive statistics. Results for continuous variables were
compared with baseline using a McNemar’s test. All reported Pvalues were 2-sided, and

a Pvalue <0.05 was considered statistically significant. The correlation of change in total
and subtotal occlusions with RV recovery was assessed by a Pearson correlation (Fisher’s

Z transformation) test. The change in the RV/LV ratio, the RMMI scores, and patient-level
changes in the total and subtotal occlusions were assessed by using a paired #test. Statistical
analyses were performed by biostatisticians from Pharma Lex. using SAS statistical software
version 9.4 (SAS Institute).

A total of 109 patients were enrolled across 18 U.S. sites. All patients met the criteria

for acute intermediate-risk PE as defined by European Society of Cardiology guidelines.
Two patients did not have a follow-up CTA at 48 hours; therefore, a total of 107 evaluable
patients were used for this analysis. A total of 102 patients (93.6%) had bilateral PE. Ninety-
eight (89.9%) patients had intermediate high-risk PE with an elevated troponin and/or BNP
level. A total of 211 Bashir catheters were placed in the 109 enrolled patients: 2 each in

102 patients with bilateral PEs and 1 each in 7 patients with unilateral PEs. All patients
received a pulse spray of 2 mgs of r-tPA into each lung, followed by 5 mg over 5 hours for

a total of 7 mg of r-tPA for unilateral and 14 mg for bilateral PEs, respectively. The median
catheter-placement time was 15 14 minutes, and the total procedure time was 54 28 minutes.

PRIMARY AND SECONDARY OUTCOMES.

One major bleeding event (0.92%) occurred within 72 hours, and the same patient

had a device-related left common iliac vein thrombosis while off anticoagulation. There
was 1 non-PE-related death (0.92%) within 30 days. There were no intracranial bleeds.
Additional procedural characteristics, safety outcomes, and study sites have been previously
described.12 There was no significant effect of the procedure times on improvement in
RV/LV ratio or RMMI scores. The median procedure time was numerically longer in
patients who had adverse events, but it was not statistically significant because of very

low numbers (64 minutes vs 53 minutes: 2= 0.59).

JACC Adv. Author manuscript; available in PMC 2023 December 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Bashir et al. Page 5

At 48 hours after Bashir catheter therapy, the RV/LV ratio decreased from 1.66 + 0.45 to
1.10 £ 0.24 (P< 0.0001; a reduction of 0.56 + 0.41: 95% CI: 0.48-0.64; 33.3% reduction).
The median baseline and 24-hour follow-up levels of biomarkers in the RESCUE trial were
BNP 253 £ 1,950 pg/mL to 165 + 763 pg/mL and troponin baseline 0.13 £+ 2.1 ng/mL to
0.08 + 3.03 ng/mL. PA obstruction as measured by the RMMI decreased from 22.42 + 3.93
to 14.35 £ 4.77 (P<0.0001, a reduction of 8.05 + 3.89; 95% CI: 7.3-8.8; 35.9% reduction).

EFFECT ON TOTAL AND SUBTOTAL OCCLUSIONS.

At 48 hours after Bashir catheter therapy, the number of segmental PA branches that had
total or subtotal occlusions decreased from 40.5% (95% CI: 38.4%-42.6%) to 11.7% (95%
Cl: 11.7%-13.1%) (P < 0.0001, a 71.1% reduction) (Central Illustration A). This reduction
was also noted in the proximal PA branches with a reduction from 28.7% (95% ClI:
25.5%-32.1%) to 11.1% (95% CI: 8.9%-13.6%) (P < 0.0001; a 61.3% reduction) (Central
Illustration B). These improvements were seen not only in the PA branches where the device
was placed but also in the branches that were remote from the location of the infusion basket
(Figure 1) On a per patient basis, the average number of segmental arteries that were totally
or sub-totally occluded at baseline was 8.1 out of the 20 (or 40.5%) and 2.3 (or 11.5%)

at 48 hours, a 69.8% reduction (£ < 0.0001) (Central Illustration D). Central Illustration

C shows a fluoroscopic image of the 2 Bashir endovascular catheters in the right and left
pulmonary arteries (red arrow) along with the diagrammatic representation of the expanded
Bashir catheter within the thrombus. 11 segmental arteries (0.5%) had new total occlusions
at 48 hours, of which 8 had a subtotal occlusion at baseline, whereas the other 3 also had
thrombus; however, they were <65% occluded. The distribution of the thrombus in various
segmental arteries is shown in Tables 1 and 2.

The magnitude of the reduction in the total and subtotal occlusions of the segmental arteries
was associated with the magnitude of RV recovery as measured by the reduction in RV/LV
ratio, (P= 0.0026: 95% CI: 0.102-0.452) with a correlation co-efficient of 0.287. The
magnitude of the reduction in the total and subtotal occlusions of the proximal pulmonary
arteries was not associated with the RV recovery as measured by the reduction in RV/LV
ratio (P=0.173: 95% CI: 0.059 to 0.314) with a correlation co-efficient of 0.132.

DISCUSSION

This prospective single-arm study showed that Bashir catheter-directed PM-CDT was not
only associated with improvement in RV/LV ratio and PA obstruction (as measured by
RMMI) but also with a significant reduction in total and subtotal occlusions of the segmental
(71% relative and 29% absolute reduction) and proximal PAs (61% relative and 17.6%
absolute reduction) at 48 hours. The study also showed that reduction in occlusions in

the segmental PAs correlated with the right ventricular recovery. Conversely, reduction in
proximal PA occlusions did not correlate with RV recovery.

Our analysis demonstrated a 71.1% relative reduction in occlusions of segmental arteries and
61% in proximal PAs at 48 hours after PM-CDT. Prior studies suggest that the presence of
total occlusions and intense inflammatory response that these occlusive thrombi produce in
the vessel walls of the pulmonary arteries may play a role in the development of CTEPH or
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CTED in patients with acute PEs.*® Whether reduction in such occlusions with PM-CDT
could reduce the risk of post-PE syndrome or chronic pulmonary vascular obstructive
disorders, like CTEPH and CTED, remains to be seen.

The correlation of reduction in occlusions of the segmental branches, but not the proximal
ones, with the improvement in RV/LV ratios is another important finding of this analysis.
This is consistent with the observation from the SEATLE 3D study, which showed that

the reduction in the distal vascular volumes was associated with RV recovery as compared
to the proximal vascular volumes.2 In view of the potential risks of distal embolization
from mechanical thrombectomy, this improvement in distal perfusion and reduction in total
and subtotal occlusions of segmental PA should not be assumed with these devices. This
highlights the need for evaluation of outcomes that not only focus on proximal thrombus
burden but also on the assessment of distal vascular occlusions and perfusion in acute PE
clinical trials.

The reduction in PA obstruction seen with the Bashir catheter-directed PM-CDT was not
only seen in the vessels where the device was placed but also in vessels distant from the
device. This may be related to the effect of endogenous and exogenous fibrinolytics, overall
improvement in hemodynamics, and recirculation of non-thrombus bound rt-PA. One of the
major advantages of CDT is the effective restoration of alveolar perfusion with thrombolysis
in contrast to pure mechanical thrombectomy, which may fragment thrombus and lead to
distal vessel occlusions due to embolization, which is frequently seen angiographically.14
This may be responsible for some on-table cases of respiratory failures seen with pure
mechanical thrombectomy.14.15

The RESCUE trial results show that PM-CDT with the Bashir catheter is improving both
elements of the acute PE-related pathophysiology by restoring RV function and relieving
the PA obstruction. The reduction in the RV/LV ratio was like that noted with full-dose
intravenous thrombolytics (100 mg of rt-PA) (Figure 2A), while the improvement in PA
obstruction was much greater than that seen with 100 mg of rt-PA (Figure 2B). The
thrombolytic efficiency of 1 mg of r-tPA was more than double when compared to that

in CDT studies using conventional single-lumen infusion catheters (Figure 2C). All these
effects were seen with a safety similar to anticoagulation alone (Figure 2D), which could
make this therapy feasible for a much broader set of acute PE patients in large and small
hospitals around the globe.

STUDY LIMITATIONS.

There are some limitations to this study. This is a study of the acute effect of Bashir
catheter-directed PM-CDT on total and subtotal occlusions of the PA but does not have
long-term clinical follow-up and outcomes. The reduction of these obstructions in both the
proximal and segmental arteries, with only a modest dose of r-tPA, is very encouraging,

but the long-term benefit needs to be validated in larger studies. This is a single-arm

study without any comparison group of anticoagulation alone, mechanical thrombectomy, or
systemic fibrinolysis. Another limitation of this analysis is that it does not extend past the
segmental vessels, and so implications for the microvasculature are not known. In addition,
all contemporary PE trials including the RESCUE trial have used CTA imaging that was not
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gated, which may introduce some bias in the measurement of RV/LV ratio. Also, this was
not the primary efficacy analysis of the RESCUE trial and therefore should be viewed as
hypothesis-generating.

CONCLUSIONS

This core laboratory-assessed study showed that Bashir catheter—directed PM-CDT is
associated with a significant reduction in the number of PA branches with total or subtotal
occlusions. This effect was seen with a low dose of r-tPA with a short infusion time. Future
studies are needed to assess the direct effect of a reduction in segmental PA occlusions on
pulmonary vascular volumes and clinical outcomes, including exercise tolerance, quality of
life, CTED/ CTEPH, and mortality.
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ABBREVIAT IONS AND ACRONYMS

CDT catheter-directed thrombolysis

CTA computed tomographic angiography

LV left ventricular

PA pulmonary artery

PE pulmonary embolism

PM pharmacomechanical

PM-CDT pharmacomechanical catheter-directed thrombolysis
PMT percutaneous mechanical thrombectomy
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RMMI Refined Modified Miller Index
r-tPA recombinant-tissue plasminogen activator
RV right ventricular
SAE serious adverse event
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PERSPECTIVES
COMPETENCY IN PATIENT CARE AND PROCEDURAL SKILLS:

Reduction in distal vascular volume in patients with acute PE is a significant predictor of
30- and 90-day mortality. The likely cause of this reduction is PA obstruction. PM-CDT
with the Bashir endovascular catheter was associated with a significant reduction in total
and subtotal occlusion of segmental and proximal pulmonary arteries. The decrease in
occlusions in the segmental PAs correlated with the right ventricular recovery, while the
reduction in proximal PA occlusions did not correlate with RV recovery.

TRANSLATIONAL OUTLOOK:

The assessment of segmental and proximal PA occlusions should be carefully studied in
future randomized controlled trials of PE therapies, such as CDT, PM CDT, mechanical
thrombectomy, or anticoagulation alone.
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. LLL Lateral Basal (78.6%)

FIGURE 1. Magnitude of Reduction of Total and Subtotal Occlusions After
Phar macomechanical Catheter-Directed Thrombolysis With the Bashir Endovascular Catheter

This is a diagrammatic representation of the percent reduction in total and subtotal
occlusions in various branches of the right and left pulmonary arteries after
pharmacomechanical catheter-directed thrombolysis with the Bashir endovascular catheter.
LLL = left lower lobe; LUL = left upper lobe; RLL = right lower lobe; RML = right middle
lobe; RUL = right upper lobe.
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FIGURE 2. Safety and Efficacy of Pharmacomechanical Catheter-Directed Thrombolysis With

Bashir Endovascular Catheter (Core Laboratory Data)

(A) Reduction in right ventricular/left ventricular (RV/LV) ratio across various acute PE
trials.6.7.9-12.16-18 (B) Percent reduction in pulmonary artery obstruction across various
contemporary CDT trials.8:7:9-12.18.19 (C) percent reduction in pulmonary artery obstruction
per mg of t-PA in contemporary catheter-directed thrombolysis trials.6.7:212.18 (D) Major
bleeding rates in intermediate risk PE trials.%-1216.18 CDT = catheter-directed thrombolysis;

PE = pulmonary embolism.
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CENTRAL ILLUSTRATION. Effect of Phar macomechanical Catheter-Directed Thrombolysis

on Total and Subtotal Occlusions of Pulmonary Arteriesin Acute Pulmonary Embolism

Computed tomographic angiography parameters before and after Bashir catheter-directed
PM-CDT. (A) Reduction in the total and subtotal occlusions of the segmental pulmonary

artery branches. (B) Reduction in the total and subtotal occlusions of the proximal

pulmonary artery branches. (C) Fluoroscopic image of the 2 Bashir endovascular catheters in
the right and left pulmonary arteries (red arrows) along with the diagrammatic representation

of the expanded catheter within the thrombus. (D) Reduction in the mean number of

total and subtotal segmental artery occlusions per patient. PM-CDT = pharmacomechanical

catheter-directed thrombolysis.
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Segmental Artery Occlusion Analysis: Change in Number of Totally Occluded and Subtotally Occluded

TABLE 1

Segmental Arteries From Baseline to Post-PM-CDT

Total Occlusions

Total and Subtotal Occlusions

Baseline Post PM-CDT Baseline Post PM-CDT  All Arteries
Total of segmental arteries 114 33 867 250 2,140
Artery
RUL apical 3 2 48 14 107
RUL posterior 3 1 30 9 107
RUL anterior 7 3 38 12 107
RML middle lobe medial 8 0 45 14 107
RML lateral 11 2 44 15 107
RLL superior 5 1 35 12 107
RLL posterior basal 2 0 66 22 107
RLL lateral basal 3 0 64 25 107
RLL anterior basal 10 2 53 15 107
RLL medial basal 6 2 48 15 107
LUL apical 1 1 25 5 107
LUL posterior 5 2 20 5 107
LUL anterior 6 3 43 12 107
LLL (lingula) superior lingula 5 4 38 11 107
LLL (lingula) inferior lingula 6 3 28 7 107
LLL superior 7 2 20 5 107
LLL posterior basal 7 1 55 9 107
LLL lateral basal 7 1 56 12 107
LLL anterior basal 5 2 55 15 107
LLL medial basal 7 1 56 16 107

Page 14

LLL = left lower lobe; LUL = left upper lobe; PM-CDT = pharmacomechanical catheter-directed thrombolysis; RLL = right lower lobe; RML =
right middle lobe; RUL = right upper lobe.
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TABLE 2

Proximal Pulmonary Artery Occlusion: Change in Number of Totally Occluded and Subtotally Occluded
Proximal Pulmonary Arteries From Baseline to Post PM-CDT
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Total Occlusions Total and Subtotal Occlusions
Baseline Post PM-CDT Baseline Post PM-CDT All Arteries

Total of the major arteries 3 3 215 83 749
Major artery

Main pulmonary artery 0 0 0 0 107

Right pulmonary artery 0 0 0 0 107

Right interlobar artery 0 0 34 8 107

Right lower lobe basal trunk 0 1 88 38 107

Left pulmonary artery 0 0 1 0 107

Left interlobar artery 1 0 19 6 107

Left lower lobe basal trunk 2 2 73 31 107

PM-CDT = pharmacomechanical catheter-directed thrombolysis.
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