IR

Diagn Interv Radiol 2026; DOI: 10.4274/dir.2026.264127

INTERVENTIONAL RADIOLOGY

©Copyright 2026 Author(s) - Available online at dirjournal.org.
@ ® @ Content of this journal is licensed under a Creative Commons
BY NC

Attribution-NonCommercial 4.0 International License.

ORIGINAL ARTICLE

Catheter-directed aspiration thrombectomy with the indigo system
for intermediate- and high-risk pulmonary embolism in older patients:
preliminary findings from a single-center experience

Xiaojiang Wang'*
Yingjie Chen*
Wei Yu!

Jixiang Liu2
Ziyang Zhu'!

Lu Sun23

Hui Wei4

Min Liu'*

Fajiu Lil*
Chenghong Li'*

1Affiliated Hospital of Jianghan University,
Department of Pulmonary and Critical Care Medicine,
Wuhan, China

2National Center for Respiratory Medicine; State Key
Laboratory of Respiratory Health and Multimorbidity;
National Clinical Research Center for Respiratory
Diseases; Institute of Respiratory Medicine, Chinese
Academy of Medical Sciences; Department of
Pulmonary and Critical Care Medicine, Center of
Respiratory Medicine, China-Japan Friendship
Hospital, Beijing, China

3Graduate School of Peking Union Medical College,
Chinese Academy of Medical Sciences, Beijing, China

4lnner Mongolia Autonomous Region People’s
Hospital, Department of Respiratory and Critical Care
Medicine, Hohhot, China

tThese authors have contributed equally to
this work.

*Corresponding authors.
Handling editor: Bahri Ustiinséz
Corresponding author: Fajiu Li
E-mail: m18627933943@163.com

Received 12 May 2026; revision requested 01 June 2026;
accepted 15 July 2026.

Epub: 16.09.2026

DOI: 10.4274/dir.2026.264127

PURPOSE

Percutaneous mechanical thrombectomy (PMT) is a promising treatment for pulmonary embolism
(PE), especially in older patients at high bleeding risk. This study assessed its safety and efficacy in
patients with acute PE aged over 75 years.

METHODS

Using data from the prospective, multicenter China Pulmonary Thromboembolism Registry Study
(NCT02943343), this study included all consecutive patients aged > 75 years with confirmed PE
who underwent catheter-directed aspiration thrombectomy using the Indigo Aspiration System at
the Affiliated Hospital of Jianghan University between April 2020 and November 2024. The efficacy
of PMT included improvements in hemodynamics, vital signs, dyspnea, and cardiac function. The
safety endpoints were the incidence of major adverse events and major bleeding.

RESULTS

Of the 673 patients screened, 202 received PMT, and the data of 60 patients were analyzed. After
the procedure, heart rate significantly decreased by an average of 4.40 bpm (5.1%, P = 0.007) and
mean pulmonary arterial pressure significantly improved by 3.40 mmHg (13.3%, P < 0.001). At 48
hours post-procedure, N-terminal pro-brain natriuretic peptide (NT-proBNP) levels significantly
decreased from 2,102.3 (556.5, 3,772.0) to 898.6 (561.1, 1,670.6) pg/mL (P < 0.001) and Modified
Medical Research Council dyspnea scores improved from 2.52 + 1.24 pre-procedure to 1.22 + 1.03
(P < 0.001). Subgroup analysis revealed that patients with a low clot burden also had significant im-
provements in heart rate, NT-proBNP, and dyspnea score after surgery. No major bleeding occurred
within 3 months.

CONCLUSION

PMT is safe and effective for older patients with acute PE. Potential advantages include immediate
hemodynamic improvements, significant symptom alleviation, and recovery of right ventricular
function, accompanied by minimal adverse events.

CLINICAL SIGNIFICANCE

Percutaneous mechanical thrombectomy is safe and effective in elderly patients with acute pulmo-
nary embolism, including those at high bleeding risk, providing rapid hemodynamic and functional
improvement with low major adverse events. Even patients with low clot burden derive clinical
benefit.
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cute pulmonary embolism (PE) re-
Amains a leading cause of in-hospi-

tal mortality and is the third most
common cause of cardiovascular-related
death."? Conventional treatments for acute
PE include anticoagulation and reperfusion
treatment, such as systemic thrombolysis,
catheter-directed thrombolysis (CDT), percu-
taneous mechanical thrombectomy (PMT),
and surgical embolectomy. For patients with
PE at risk of clinical deterioration, system-
ic thrombolysis and CDT rapidly improve
pulmonary perfusion and right ventricular
(RV) function, thereby reducing the risk of
recurrence and mortality.>* However, these
treatments carry a substantial risk of major
bleeding and intracranial hemorrhage. Ad-
ditionally, thrombolytic therapy is not always
effective, underscoring the necessity for al-
ternative treatments.

PMT has shown promise across diverse
PE populations. This treatment compris-
es several techniques, including thrombus
fragmentation, rheolytic thrombectomy,
rotational thrombectomy, and aspiration
thrombectomy, which differ in their mech-
anisms of thrombus removal. Among these,
aspiration thrombectomy removes throm-
bus through catheter-based suction and can
be performed with or without adjunctive
thrombolytic therapy. Observational studies
have reported positive outcomes for aspira-
tion thrombectomy in the treatment of pa-
tients with acute PE.>® The primary results of
a randomized controlled trial indicated that
PMT had lower rates of clinical deterioration
and/or bailout and post-procedural intensive
care unit (ICU) utilization compared with CDT
without increasing the risk of bleeding and
mortality.’ For patients with intermediate- or
high-risk PE, growing evidence demonstrates
that PMT combined with anticoagulation is
safe and leads to a reduction in the RV-to-left
ventricular (LV) ratio and vital sign normaliza-
tion.’®'? This intervention could provide rap-
id improvements in systemic hemodynamics
and RV function in select patients. Moreover,
as a valid alternative for patients with high
bleeding risk, PMT could reduce the burden
of mortality related to major bleeding. Nev-

* Percutaneous mechanical thrombectom is
safe and effective in acute pulmonary em-
bolism patients over 75 years old.

* No major bleeding occurred post-proce-
dure in this high-risk fragile cohort.

* Patients with low clot burden also experi-
enced significant clinical benefits.

ertheless, research is required to optimize
the use of this treatment and define which
patients would benefit the most.

Older patients with PE represent a large
and unique population worldwide. The old-
er population faces greater risks due to co-
morbidities, frailty, and polypharmacy, which
complicate treatment decisions.” Advanced
age is associated with a 40% increase in
bleeding risk for every 10-year increment.''
Despite their high prevalence, older patients
are seldom included in clinical trials due to
age-related exclusion criteria, leading to a
paucity of evidence on their treatment. PMT
may offer particular benefits to older pa-
tients with PE, especially those with multiple
comorbidities and a high bleeding risk. How-
ever, data on the safety and efficacy of PMT in
such patients are less described. Studies have
associated the Supplier details for all equip-
ment and software should be provided after
each item in parentheses. This includes the
name of the supplier and their location (city
and country). For US suppliers, the two-letter
state abbreviation is also included (e.g., the
supplier details for SPSS software are usually
“IBM, Armonk, NY, USA"). with a significant
reduction in the RV/LV ratio and a low rate
of major adverse events in patients with sub-
massive PE.”8 However, data regarding its use
in older patients remain limited. This study
aimed to evaluate the safety and efficacy of
PMT using the Indigo Aspiration System in
older patients with PE and to further inves-
tigate its effectiveness in a subgroup with a
low clot burden.

Methods

Study design

We performed a single-center analysis
using data from the prospective, multicenter
China Pulmonary Thromboembolism Reg-
istry Study (CURES; NCT02943343)."® For
CURES, consecutive adult patients with a
confirmed diagnosis of PE were recruited.
We identified all consecutive patients from
the CURES database who were enrolled at
the Affiliated Hospital of Jianghan Universi-
ty between April 2020 and November 2024.
This constituted a subgroup of 60 patients
over the age of 75 years who had received
PMT and had complete baseline and postop-
erative data. For this study, the institutional
review board approved the retrospective
review of electronic records (approval num-
ber: WHSHIRB-K-2022004, date: November
28, 2022). Written informed consent was ob-
tained from all participants.
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Study procedure

The procedure was mostly performed
via common femoral venous access under
local anesthesia. An Indigo catheter (Pen-
umbra, Alameda, CA, USA) was advanced
over a 0.035-inch guide wire and deployed
proximal to the thrombus in the lobar ar-
tery of the right or left pulmonary artery.
Once engaged, the clot was extracted via
vacuum or manual aspiration. The catheter
was then removed, cleared of the aspirated
thrombus, and reinserted if necessary. The
procedure was repeated as needed based
on the thrombus amount and improvement
in distal flow on repeat angiography. Two
sizes of Indigo catheter (8F and 10F) were
available—a single or a combination can be
selected based on the vessel diameter and
thrombus location during the procedure.
Appropriately sized introducer sheaths were
used according to the selected aspiration
catheter. An invasive hemodynamic assess-
ment was performed before the procedure
and 5 minutes after the removal of the as-
piration catheter. Conscious sedation was
used selectively when clinically indicated. All
procedures were performed by physicians
with > 5 years of interventional procedural
experience. Low-molecular-weight heparin
in a weight-adjusted dose was continued
for 24-48 hours depending on the patient’s
clinical status, and the anticoagulation drug
administered to each patient at discharge
was selected at the investigator’s discretion.

Definitions and outcomes

The RV/LV ratio was measured using mul-
tiplanar reformatted reconstructions from
computed tomography (CT) angiographic
images to assess the short axis of each ventri-
cle.”” Clot burden was quantified through CT
angiography using the Qanadli score.” For
subgroup analyses, patients were stratified
into low (< 25%) and high (= 25%) clot-bur-
den groups using the median Qanadli score
as the cutoff. Procedural time was defined
as the interval between vascular access and
final catheter removal at the completion of
thrombectomy. The simplified Pulmonary
Embolism Severity Index (sPESI) score was
calculated based on risk factors such as age
> 80 years, a history of cancer or cardiopul-
monary disease, heart rate > 110 beats/min,
systolic blood pressure < 100 mmHg, and ox-
ygen saturation < 90%.'? Bleeding risk was as-
sessed using the IMPROVE score.®® Dyspnea
was evaluated using the Modified Medical
Research Council (mMRC) dyspnea scale.”!
Acute kidney injury (AKI) was defined as a
serum creatinine increase of > 26.4 mmol/L
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or = 50% from baseline within 48 hours of
surgery.?> Major adverse events were defined
as any device-related death, major bleed-
ing, treatment-related clinical deterioration,
treatment-related pulmonary vascular injury,
or treatment-related cardiac injury occurring
within 48 hours of treatment.> Major bleed-
ing events met the criteria of life-threatening
or disabling bleeding or major bleeding ac-
cording to the Valve Academic Research Con-
sortium-2 guidelines.”? Cardiac and pulmo-
nary vascular injuries were defined as injuries
requiring intervention. Clinical deterioration
included unplanned mechanical ventilation,
arterial hypotension (> 1 hour or requiring
vasopressors), cardiopulmonary resuscita-
tion, persistent deteriorating oxygenation, or
emergency surgical embolectomy.

Statistical analysis

Data are presented either as numbers (%),
mean =+ standard deviation, or median (inter-
quartile range). Continuous variables were
assessed for normality using the Shapiro-
Wilk test. Differences between groups were
assessed using the independent samples
t-test for normally distributed continuous
variables or the Wilcoxon rank-sum test for
non-normally distributed variables, whereas
categorical variables were compared using
the chi-square or Fisher exact tests. Chang-
es between matched pairs were compared
using the Wilcoxon signed-rank test or the
McNemar test. All statistical analyses were
performed using GraphPad Prism version 5
(GraphPad Software) and SPSS Statistics 17.0

(IBM SPSS Statistics, IBM Corporation). Re-
sults with P < 0.05 were considered statisti-
cally significant.

Results

Baseline demographics and procedural
characteristics

A total of 673 inpatients were confirmed
with acute PE. Among them, 60 patients aged
> 75 years who underwent PMT were includ-
ed in this study. The flowchart for selecting
the study population is shown in Figure 1.
The baseline characteristics of these patients
are summarized in Table 1. The mean age
was 79.7 + 7.2 years, with the oldest being 91
years, and 46.7% were women. Almost all pa-
tients (96.7%) had comorbidities. More than
a quarter of the patients (26.7%) required
mechanical ventilation, and 8.3% needed
vasoactive drugs. Nearly 15% of patients had
undergone recent surgery, and 19 patients
(31.7%) had a contraindication to thrombo-
lytics, including 8.3% with absolute contrain-
dications. Most patients (91.7%) had an sPESI
score > 1, and 25% were classified as having
high-risk PE. The majority of patients (76.7%)
presented with bilateral PE, and 3 patients
(5%) had a saddle PE.

Procedural characteristics are detailed in
Supplementary Table 1. The 8F Indigo cathe-
ter was the most frequently used device, be-
ing employed in 56 patients (93.3%), where-
as the 10F catheter was used in 4 patients
(6.7%). The mean procedural time was 73.1 +
30.8 minutes, with a mean fluoroscopy dura-

Inpatients confirmed acute PE
with intermediate and high risk between April

tion of 24.1 £ 13.4 minutes. Thrombus aspira-
tion was the most frequently used procedure
(95%), with a combination of aspiration and
fragmentation used in 5% of cases. The me-
dian estimated blood loss was 100 (30, 160)
mL. During the procedure, 2 patients (3.3%)
received CDT as an adjunctive treatment. A
vena cava filter was implanted in 16 patients
(26.7%). The average stay in the ICU was 2
days.

Efficacy of percutaneous mechanical
thrombectomy in older patients

A summary of acute changes in hemo-
dynamics and vitals is shown in Figure 2
and Supplementary Table 2. Heart rate sig-
nificantly decreased post-procedure by an
average of 4.40 bpm (5.1%, P = 0.007), from
85.48 + 16.20 bpm pre-procedure to 81.08 +
9.51 bpm post-procedure. Mean pulmonary
arterial pressure (mPAP) significantly im-
proved by an average of 3.40 mmHg (13.3%,
P < 0.001), from 25.48 + 8.26 to 22.08 + 6.06
mmHg. Moreover, N-terminal pro-brain natri-
uretic peptide (NT-proBNP) levels significant-
ly decreased from 2,102.3 (556.5, 3,772.0)
to 898.6 (561.1, 1,670.6) pg/mL (P < 0.001).
Dyspnea scores, assessed using the mMRC
scale, significantly decreased from 2.52 +
1.24 pre-procedure to 1.22 + 1.03 at 48 hours
post-procedure (P < 0.001). Post-procedural
changes in respiratory rate, shock index, and
high-sensitivity cardiac troponin | were not
significant (Supplementary Table 2). An ex-
ample case using an Indigo aspiration cath-
eter is illustrated in Figure 3.

2020 and November 2024
(n=673)

Patients underwent
PMT treatment

Exclusion:

Anticoagulant therapy (n=384)

Systemic thrombolytic therapy (n=27)
Chronic thrombi confirmed by CTPA (n=18)
Sudden death (n=2)

Severe renal insufficiency (n=21)
Accidental PE (n=19)

(n=202)

Exclusion:

patients under 75 years old
(n=134)
incomplete data (n=8)

The elderly patients
over 75 years
(n=60)

Low clot burden
(n=30)

High clot burden
(n=30)

Figure 1. Flowchart of study population selection. PE, pulmonary embolism; PMT, percutaneous mechanical thrombectomy; CTPA, computed tomography

pulmonary angiography.

Catheter-directed indigo thrombectomy for PE in the older population «



Table 1. Baseline demographics and clinical characteristics

Characteristic Baseline
Age, years 79.67 +7.23
Women 28 (46.7)
BMI, kg/m? 2292 +3.95
Symptoms duration, days 6.35 +4.89
Comorbidities

Coronary artery disease 11(18.3)
Diabetes mellitus 7(11.7)
Chronic pulmonary disease® 19 (31.7)
Prior PE 5(8.3)
Chronic kidney disease 2(3.3)
COVID-19 3(5)
Active cancer 8(13.3)
Cerebrovascular accident 4(6.7)
Recent surgery® 8(13.3)
Concomitant DVT 24 (40)
Mechanical ventilation 16 (26.7)
Invasive 4(25)
Non-invasive 12 (75)
Vasopressor use 5(8.3)
Systemic thrombolysis before procedure 1(1.7)
Lytics contraindication 19 (31.7)
Absolute 5(8.3)
Relative© 14 (23.3)
sPESI = 1 55(91.7)
PE severity

High risk 15 (25)
Positive biomarkers? 41 (68)

PE location

Saddle 3(5)
Unilateral 11(18.3)
Bilateral 46 (76.7)
Clot burden scores® 29.46 +20.23
Complicated with pulmonary infarction 17 (28.3)

a, chronic pulmonary disease includes chronic obstructive pulmonary disease, interstitial lung disease, and
pulmonary tuberculosis. b, recent surgery is defined as a surgical history within the past 3 months. ¢, fourteen
patients with relative thrombolysis contraindications had other contraindications in addition to being aged > 75
years. d, positive biomarkers included elevated N-terminal pro-brain natriuretic peptide (= 1,800 pg/mL) and/or
cardiac troponins (= 0.04 ng/mL). e, Qanadli score on computed tomography angiography was utilized to evaluate
clot burden. BMI, body mass index; PE, pulmonary embolism; COVID-19, coronavirus disease 2019; DVT, deep vein
thrombosis; sPESI, simplified Pulmonary Embolism Severity Index.

An age- and sex-matched anticoagula-
tion cohort was identified from the institu-
tional registry for exploratory comparative
analyses. The baseline characteristics of the
anticoagulation group are presented in Sup-
plementary Table 3. Compared with antico-
agulation alone, PMT was associated with a
significantly greater reduction in heart rate
and a more favorable mMRC dyspnea score
distribution at 48 hours after treatment,
whereas the respiratory rate was comparable

between the two groups (Supplementary
Figure 1).

Safety of older patients with pulmonary
embolism during and after percutaneous
mechanical thrombectomy

The safety assessment is presented in
Table 2. One patient experienced clinical
deterioration, categorized as a major ad-
verse event, necessitating emergent intuba-
tion and resulting in death within 48 hours

- September 2026 - Diagnostic and Interventional Radiology

post-procedure. One patient exhibited
agitation during the procedure, required
increased sedation, and developed parox-
ysmal atrial fibrillation necessitating phar-
macological cardioversion. Minor vascular
injuries were observed in three patients due
to multiple catheter passes, but these did not
require intervention. No incidences of major
bleeding or treatment-related cardiac injury
were observed. AKI developed in three pa-
tients (5%) within 48 hours post-procedure.
Creatinine and hemoglobin levels remained
stable pre- and post-operation (Supplemen-
tary Table 2).

The overall mortality rate at 1 month was
8.3% (five patients), with four deaths (6.7%)
unrelated to the procedure or PE. Among
these, two fatalities resulted from the pro-
gression of pre-existing comorbidities (inter-
stitial lung disease and ischemic stroke), and
two were attributed to COVID-19-related
complications. Additionally, one patient
with advanced lung cancer succumbed to
cerebral infarction 53 days after discharge.
During the 3-month follow-up, PE recurrence
was observed in one patient. Among the five
patients with absolute contraindications to
thrombolysis, three were classified as high
risk, and two developed AKI postoperatively.
Among these, three were classified as high
risk, and two developed AKI postoperatively.
No major bleeding or deaths occurred with-
in 3 months. In the anticoagulation group,
three patients died within 3 months, and one
patient discontinued anticoagulation due
to gastrointestinal bleeding. Recurrent PE
occurred in one patient (Supplementary Ta-
ble 3). No statistically significant differences
were observed between the PMT and antico-
agulation groups in the 3-month outcomes.

Clinical improvement of patients with low
clot burden

To further investigate the impact of clot
burden on the outcomes of PMT, patients
were stratified into high (Qanadli score >
25%) and low (Qanadli score < 25%) clot-bur-
den groups based on the Qanadli scoring
system. The baseline characteristics of both
groups are presented in Supplementary Ta-
ble 4. Preoperatively, patients with a high clot
burden exhibited higher mPAP and mMRC
scores than those with a low clot burden.
No significant differences were observed in
NT-proBNP levels or RV/LV ratios between
the two groups.

Post-procedurally, significant improve-
ments were noted in the high clot burden
group, with reductions in heart rate (89.33 +
14.27 vs. 82.53 £ 9.10 bpm; P = 0.022), mPAP

Wang et al.
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Figure 2. Short-term clinical improvement of older patients with pulmonary embolism following
thrombectomy. After thrombectomy, heart rate (a) and mPAP (b) decreased immediately; NT-proBNP (c) and
dyspnea score (d), based on the mMRC dyspnea scale, improved significantly 48 hours after thrombectomy.
mPAP, mean pulmonary artery pressure; NT-proBNP, N-terminal pro-brain natriuretic peptide; mMRC,
Modified Medical Research Council.

Table 2. Safety and mortality outcomes

Safety outcomes

n, (%)

During the thrombectomy procedure

Composite MAE
Procedure-related death

Major bleeding

Treatment-related pulmonary artery injury®

Treatment-related cardiac injury

Treatment-related clinical deterioration

Paroxysmal atrial fibrillation
48 hours after procedure
PE-related mortality
All-cause mortality

Major bleeding

Clinical deterioration

Acute kidney injury
Infection (pneumonia/sepsis)
1-month follow-up
PE-related mortality
All-cause mortality

3 months follow-up
PE-related mortality
All-cause mortality

PE recurrence

Bleeding event

o O o o

1(1.7)
1(1.7)

1(1.7)
1(1.7)

3(5)

1(1.7)
5(8.3)

1(1.7)
6(10)
1(1.7)
0

a, three patients with minor vascular injury without any intervention were not considered to have treatment-related

pulmonary artery injury. MAE, major adverse event; PE, pulmonary embolism.

(30.17 £ 7.50 vs. 23.87 + 6.61 mmHg; P <
0.001), NT-proBNP [2,493.7 (828.5, 4,052.6)
vs. 927.20 (609.60, 1,633.18) pg/mL; P <
0.001], and mMRC dyspnea score (2.89 £ 1.10
vs. 1.35 + 0.99; P < 0.001). An improvement
in heart rate (83.13 + 15.22 vs. 78.40 + 8.81
bpm; P = 0.039), NT-proBNP [1,078.9 (411.4,
3,355.6) vs. 830.30 (405.10, 2,058.98) pg/mL;
P =0.035], and mMRC dyspnea score (2.21 +
1.20 vs. 1.14 = 1.04, P < 0.001) were also ob-
served in the group with a low clot burden
(Figure 4). Patients with a low clot burden
also benefited from PMT treatment in terms
of right heart function and dyspnea score
despite limited hemodynamic improvement.

Discussion

In the present study, we assessed the safe-
ty and efficacy of PMT in patients aged > 75
years with acute PE. Our data demonstrat-
ed significant improvements in heart rate,
hemodynamics, NT-proBNP, and dyspnea
scores following the procedure, with a low
incidence of major adverse events (1.7%) and
no major bleeding. This is the first study to
demonstrate the safety and efficacy of PMT
in older patients with PE, providing prelimi-
nary evidence supporting its application in
this population.

PMT offers rapid hemodynamic benefits
comparable to systemic or CDT. In our co-
hort, mPAP decreased by 3.4 mmHg imme-
diately post-procedure, consistent with the
FlowTriever All-Comer Registry for Patient
Safety and Hemodynamics (FLASH).® Given
that acute mortality in PE is primarily attrib-
utable to hemodynamic compromise re-
sulting from RV failure, RV size and function
have been established as reliable prognostic
markers and indicators of therapeutic effica-
cy.>?* The Evaluating the Safety and Efficacy
of the Indigo Aspiration System in Acute Pul-
monary Embolism (EXTRACT-PE) study, uti-
lizing the Indigo Aspiration System, reported
a 0.43 reduction in RV/LV ratios at 48 hours
post-procedure’ Comparable improvements
have been reported with the FlowTriever sys-
tem, with RV/LV ratio reductions of 0.38 re-
ported in the FlowTriever Pulmonary Embo-
lectomy Clinical Study and 0.36 in FLASH.>®
Similarly, AngioJet rheolytic thrombectomy
achieved a 0.41 reduction in the RV/LV ratio.®
Our study further demonstrated a significant
reduction in NT-proBNP levels, supporting
the clinical benefit of PMT in older patients.
These data indicate that PMT effectively im-
proves RV function, regardless of device de-
sign or procedural technique. This observa-
tion was further supported by an exploratory
comparison with a matched anticoagulation

Catheter-directed indigo thrombectomy for PE in the older population «



Figure 3. Example case of pulmonary angiography before and after removing thrombus through Indigo aspiration catheter. A 76-year-old man was admitted to the
hospital due to massive hemoptysis. He was diagnosed with concurrent acute high-risk pulmonary embolism and massive hemoptysis. Sputum culture confirmed
aspergillus infection. Bronchial artery embolization was performed twice within 6 months due to hemoptysis. (a) Baseline right pulmonary artery angiogram
revealing filling defects with occluded superior and lower lobar branches (arrows). (b) Final angiogram showing restoration of flow to all previously occluded
branches. Pre-treatment of selective pulmonary angiography revealed filling defects (arrows) in the right superior lobar branches (c), basilar artery trunk (e), and
posterior basal segment (g) of the right lower lobe. (d,f,h) Angiogram showing the previous thrombotic obstruction resolved after thrombus removal.
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Figure 4. Clinical improvement after thrombectomy in older patients with pulmonary embolism with high and low clot burden. (a) Heart rate significantly reduced
in both groups at 48 h after thrombectomy; (b) mPAP decreased immediately after the procedure in patients with high clot burden. Improvements were seen in
NT-proBNP (c) and mMRC dyspnea score (d) in both groups at 48 h after thrombectomy. mPAP, mean pulmonary artery pressure; NT-proBNP, N-terminal pro-brain
natriuretic peptide; mMRC, Modified Medical Research Council.
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cohort, which suggested greater early clini-
cal improvement following PMT.

CDT remains an established reperfu-
sion strategy for patients with intermedi-
ate- and high-risk PE. Previous studies have
demonstrated significant improvements in
RV dysfunction with low doses of throm-
bolytic agents.>?® Nevertheless, bleeding
risk remains a major consideration, partic-
ularly in older patients and those with con-
traindications to systemic thrombolysis. By
contrast, PMT enables thrombus removal
without thrombolytic exposure and may
represent an attractive alternative in select-
ed patients at high bleeding risk. These two
approaches should be viewed as comple-
mentary treatment options, and the choice
of therapy should be individualized based
on patient characteristics and institution-
al expertise. Advanced age is associated
with an increased bleeding risk, with major
bleeding occurring in 2.5% of patients aged
> 80 years, compared with 0.9% in younger
patients.?”28 This risk is further compounded
by comorbidities, polypharmacy, and drug
interactions.”? Although antiplatelet, antico-
agulant, and fibrinolytic therapies effectively
reduce the mortality and severity of throm-
botic events, they also increase the bleeding
risk, particularly in older patients. Even with
reduced dosing, systemic thrombolysis does
not fully mitigate these risks.3**' For older
populations, the key challenge is whether
the benefits outweigh the bleeding risks.
Given the advanced age of our cohort and
the relatively high prevalence of contrain-
dications to thrombolytic therapy, PMT was
selected as a reperfusion option. The low in-
cidence of major bleeding events is encour-
aging and suggests a favorable safety profile
for PMT in older patients.

The Indigo Aspiration System has been
utilized in various clinical trials for throm-
bectomy, with its smaller diameter allow-
ing access to more distal clots. The cathe-
ter facilitates multiple passes through the
thrombus for extensive clot removal. The
EXTRACT-PE trial utilized the 8F Indigo aspi-
ration catheter, whereas our study included
Revised: 8F and 10F catheters to enhance
clot removal efficiency. Despite larger cath-
eters being potentially more challenging to
handle and associated with a higher risk of
complications, the incidence of device-relat-
ed vascular injury was not higher than in the
EXTRACT-PE trials.” The potential blood loss
and AKI are limitations of this technology.?2*
In our study, no significant differences in re-
nal function or hemoglobin levels were ob-
served before and after the procedure. Post-

operative AKl occurred in three patients, two
of whom underwent concomitant bronchial
artery embolization for concurrent massive
hemoptysis. Overall, our findings suggested
that PMT did not increase the risk of AKI in
older patients.

Our analysis revealed that patients with a
low clot burden also experienced significant
improvements in heart rate, NT-proBNP, and
dyspnea score, highlighting that clot burden
alone may not fully identify patients who
could benefit from PMT. Previous studies
have demonstrated that clot burden is as-
sociated with risk stratification and clinical
outcomes in PE3** However, clot burden
is not currently incorporated into guideline
recommendations for selecting reperfusion
therapies. Accordingly, PMT selection in our
cohort was based on overall clinical assess-
ment by the multidisciplinary team. This
assessment included hemodynamic status,
RV dysfunction, symptom severity, bleeding
risk, and contraindications to thrombolytic
therapy, rather than clot burden alone. Older
patients typically have greater comorbidities
and are more fragile, often presenting with
RV dysfunction despite minor thrombus ob-
struction. This may explain the favorable clin-
ical response observed in selected patients
with a low clot burden.

This study has several limitations. First,
although patients were enrolled through a
prospective multicenter registry, the pres-
ent study represents a retrospective anal-
ysis of a single-center cohort, which may
limit the generalizability of the findings. As
a non-randomized study, the causal rela-
tionships between PMT and the observed
clinical improvements cannot be definitively
established, and residual confounding may
remain despite prospective data collection.
Due to the small number of patients with
larger devices, outcomes were not compared
between catheter diameters. Second, treat-
ment indications were heterogeneous, as the
decision to perform PMT was made by the
local Pulmonary Embolism Response Team.
Additionally, the relatively short follow-up
period limits evaluation of long-term out-
comes, which include recurrent PE, chronic
thromboembolic pulmonary hypertension,
functional status, and mortality. Further pro-
spective studies with an extended follow-up
period are warranted to clarify the long-term
benefits of PMT in older patients.

PMT is a safe and effective treatment for old-
er patients with acute PE. Further studies are
warranted to evaluate age-related differences
in outcomes and to better define the role of

PMT across different patient populations.
Footnotes

Conflict of interest disclosure

The authors declared no conflicts of inter-
est.

Funding

This work was supported by the Na-
tional Natural Science Foundation of
China (82500066), the Natural Science
Foundation Exploration Plan of Wuhan
(2025040601020212), Noncommunica-
ble Chronic Diseases-National Science and
Technology Major Project (2026ZD0556204)
and China Postdoctoral Science Foundation
(2023TQ0383).

Supplementary Tables: https://
d2v96fxpocvxx.cloudfront.net/e6921826-
40a4-4ec2-8c4c-3b8dc63111d7/content-
images/937e8e42-7d35-4299-bd39-
05cala54683e.pdf

Supplementary Figure: https://d2v96fx-
pocvxx.cloudfront.net/e6921826-40a4-
4ec2-8c4c-3b8dc63111d7/content-images/
bb6bf5fd-4a0f-4c22-bde3-e9ecec62fe7c.pdf

References

1.  Wendelboe AM, Raskob GE. Global burden of
thrombosis: epidemiologic aspects. Circ Res.
2016;118(9):1340-1347. [Crossref]

2. Sedhom R, Megaly M, Elbadawi A, et al.
Contemporary national trends and outcomes
of pulmonary embolism in the United States.
Am J Cardiol. 2022;176:132-138. [Crossref]

3. Kucher N, Boekstegers P, Miller OJ, et al.
Randomized, controlled trial of ultrasound-
assisted catheter-directed thrombolysis for
acute intermediate-risk pulmonary embolism.
Circulation. 2014;129(4):479-486. [Crossref]

4.  Meyer G, Vicaut E, Danays T, et al. Fibrinolysis
for patients with intermediate-risk pulmonary
embolism. N Engl J Med. 2014;370(15):1402-
1411. [Crossref]

5. TuT, Toma C, Tapson VF, et al. A prospective,
single-arm, multicenter trial of catheter-
directed mechanical thrombectomy for
intermediate-risk acute pulmonary embolism:
the FLARE study. JACC Cardiovasc Interv.
2019;12(9):859-869. [Crossref]

6. Toma C,Bunte MC, Cho KH, et al. Percutaneous
mechanical thrombectomy in a real-world
pulmonary embolism population: interim
results of the FLASH registry. Catheter
Cardiovasc  Interv.  2022;99(4):1345-1355.
[Crossref]

7. Sista AK, Horowitz JM, Tapson VF, et al. Indigo

aspiration system for treatment of pulmonary
embolism: results of the EXTRACT-PE trial.

Catheter-directed indigo thrombectomy for PE in the older population «


https://d2v96fxpocvxx.cloudfront.net/e6921826-40a4-4ec2-8c4c-3b8dc63111d7/content-images/937e8e42-7d35-4299-bd39-05ca1a54683e.pdf
https://d2v96fxpocvxx.cloudfront.net/e6921826-40a4-4ec2-8c4c-3b8dc63111d7/content-images/bb6bf5fd-4a0f-4c22-bde3-e9ecec62fe7c.pdf
https://d2v96fxpocvxx.cloudfront.net/e6921826-40a4-4ec2-8c4c-3b8dc63111d7/content-images/bb6bf5fd-4a0f-4c22-bde3-e9ecec62fe7c.pdf
https://d2v96fxpocvxx.cloudfront.net/e6921826-40a4-4ec2-8c4c-3b8dc63111d7/content-images/bb6bf5fd-4a0f-4c22-bde3-e9ecec62fe7c.pdf
https://d2v96fxpocvxx.cloudfront.net/e6921826-40a4-4ec2-8c4c-3b8dc63111d7/content-images/bb6bf5fd-4a0f-4c22-bde3-e9ecec62fe7c.pdf
https://doi.org/10.1161/CIRCRESAHA.115.306841
https://doi.org/10.1016/j.amjcard.2022.03.060
https://doi.org/10.1161/CIRCULATIONAHA.113.005544
https://doi.org/10.1056/NEJMoa1302097
https://doi.org/10.1016/j.jcin.2018.12.022
https://doi.org/10.1002/ccd.30091

JACC Cardiovasc Interv. 2021;14(3):319-329.
[Crossref]

Stawek-Szmyt S, Stgpniewski J, Kurzyna M, et
al. Catheter-directed mechanical aspiration
thrombectomy in a real-world pulmonary
embolism  population: a  multicenter
registry. Eur Heart J Acute Cardiovasc Care.
2023;12(9):584-593. [Crossref]

Jaber WA, Gonsalves CF, Stortecky S, et al.
Large-bore  mechanical  thrombectomy
versus catheter-directed thrombolysis in the
management of intermediate-risk pulmonary
embolism: primary results of the PEERLESS
randomized controlled trial. Circulation.
2025;151(5):260-273. [Crossref]

Silver MJ, Gibson CM, Giri J, et al. Outcomes
in high-risk pulmonary embolism patients
undergoing FlowTriever mechanical
thrombectomy or other contemporary
therapies: results from the FLAME study.
Circ Cardiovasc Interv. 2023;16(10):e013406.
[Crossref]

Lookstein RA, Konstantinides SV, Weinberg |, et
al. Randomized controlled trial of mechanical
thrombectomy with anticoagulation versus
anticoagulation alone for acute intermediate-
high risk pulmonary embolism: primary
outcomes from the STORM-PE trial. Circulation.
2026;153(1):21-34. [Crossref]

Leiva O, Alviar C, Khandhar S, et al.
Catheter-based therapy for high-risk or
intermediate-risk  pulmonary  embolism:
death an re-hospitalization. Eur Heart J.
2024;45(22):1988-1998. [Crossref]

Polo Friz H, Orenti A, Gelfi E, et al. Predictors
of medium- and long-term mortality in elderly
patients with acute pulmonary embolism.
Heliyon. 2020;6(9):e04857. [Crossref]

Pauley E, Orgel R, Rossi JS, Strassle PD. Age-
stratified national trends in pulmonary
embolism admissions. Chest. 2019;156(4):733-
742. [Crossref]

Barco S, Cheung YW, Eikelboom JW, Coppens
M. New oral anticoagulants in elderly patients.
Best Pract Res Clin Haematol. 2013;26(2):215-
224. [Crossref]

LeiJ, Xu X, JiY, et al. Rational and design of the
China Pulmonary Thromboembolism Registry
Study (CURES): a prospective multicenter
registry. Int J Cardiol. 2020;316:242-248.
[Crossref]

Ouriel K, Ouriel RL, LimYJ, Piazza G, Goldhaber
SZ. Computed tomography angiography
with pulmonary artery thrombus burden and
right-to-left ventricular diameter ratio after

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

pulmonary embolism. Vascular. 2017;25(1):54-
62. [Crossref]

Qanadli SD, El Hajjam M, Vieillard-Baron A, et al.
New CT index to quantify arterial obstruction
in pulmonary embolism: comparison with
angiographic index and echocardiography.
AJR Am J Roentgenol. 2001;176(6):1415-1420.
[Crossref]

Yamashita Y, Morimoto T, Amano H, et
al. Validation of simplified PESI score for
identification of low-risk patients with
pulmonary embolism: from the COMMAND
VTE Registry. Eur Heart J Acute Cardiovasc Care.
2020;9(4):262-270. [Crossref]

Decousus H, Tapson VF, Bergmann JF, et al.
Factors at admission associated with bleeding
risk in medical patients: findings from the
IMPROVE investigators. Chest. 2011;139(1):69-
79. [Crossref]

Mahler DA, Wells CK. Evaluation of clinical
methods for rating dyspnea. Chest.
1988;93(3):580-586. [Crossref]

No  authors  listed. ~ Summary  of
Recommendation Statements. Kidney Int
Suppl (2011). 2012;2(1):8-12. [Crossref]

Kappetein AP, Head SJ, Généreux P, et al.
Updated standardized endpoint definitions
for transcatheter aortic valve implantation:
the Valve Academic Research Consortium-2

consensus document (VARC-2). Eur J
Cardiothorac ~ Surg. 2012;42(5):545-S60.
[Crossref]

Meinel FG, Nance JW Jr, Schoepf UJ, et al.
Predictive value of computed tomography
in acute pulmonary embolism: systematic
review and meta-analysis. Am J Med.
2015;128(7):747-759. [Crossref]

Akbal OY, Keskin B, Tokgdz HC, et al. A seven-
year single-center experience on AngioJet
rheolytic thrombectomy in patients with
pulmonary embolism at high risk and
intermediate-high risk. Anatol J Cardiol.
2021;25(12):902-911. [Crossref]

Zhang RS, Magsood MH, Sharp
ASP, et al. Efficacy and safety of
anticoagulation, catheter- directed

thrombolysis, or systemic thrombolysis in
acute pulmonary embolism. JACC Cardiovasc
Interv. 2023;16(21):2644-2651. [Crossref]

Bauersachs RM. Use of anticoagulants in
elderly patients. Thromb Res. 2012;129(2):107-
115. [Crossref]

Nieto JA, Solano R, Ruiz-Rib6 MD, et al. Fatal
bleeding in patients receiving anticoagulant
therapy for venous thromboembolism:

- September 2026 - Diagnostic and Interventional Radiology

29.

30.

31.

32.

33.

35.

36.

findings from the RIETE registry. J Thromb
Haemost. 2010;8(6):1216-1222. [Crossref]

Shakeel M, Thachil J. Dilemmas in the
management of venous thromboembolism
in older patients. Br J Hosp Med (Lond).
2017;78(10):552-557. [Crossref]

Chatterjee S, Chakraborty A, Weinberg |, et al.
Thrombolysis for pulmonary embolism and
risk of all-cause mortality, major bleeding,
and intracranial hemorrhage: a meta-analysis.
JAMA. 2014;311(23):2414-2421. [Crossref]

Tapson VF, Sterling K, Jones N, et al. A
randomized trial of the optimum duration
of acoustic pulse thrombolysis procedure in
acute intermediate-risk pulmonary embolism:
the OPTALYSE PE trial. JACC Cardiovasc Interv.
2018;11(14):1401-1410. [Crossref]

Morrow KL, Kim AH, Plato SA 2", et al. Increased
risk of renal dysfunction with percutaneous
mechanical thrombectomy compared with
catheter-directed thrombolysis. J Vasc Surg.
2017;65(5):1460-1466. [Crossref]

Shen Y, Wang X, Jin SS, Zhang RL, Zhao
WJ, Chen G. Increased risk of acute kidney
injury  with  percutaneous mechanical
thrombectomy using Angiolet compared
with catheter-directed thrombolysis. J Vasc
Surg Venous Lymphat Disord. 2019;7(1):29-37.
[Crossref]

Irmak |, Sertcelik U, Oncel A, et al. Correlation
of thrombosed vessel location and clot
burden score with severity of disease and risk
stratification in patients with acute pulmonary
embolism. Anatol J Cardiol. 2020;24(4):247-
253. [Crossref]

Higazi MM, Fattah RARA, Abdelghany EA,
Ghany HSA. Efficacy of computed tomography
pulmonary angiography as non-invasive
imaging biomarker for risk stratification of
acute pulmonary embolism. J Clin Imaging Sci.
2020;10:49. [Crossref]

Shen C, Yu N, Wen L, et al. Risk stratification
of acute pulmonary embolism based on the
clot volume and right ventricular dysfunction
on CT pulmonary angiography. Clin Respir J.
2019;13(11):674-682. [Crossref]

Wang et al.


https://doi.org/10.1016/j.jcin.2020.09.053
https://doi.org/10.1093/ehjacc/zuad066
https://doi.org/10.1161/CIRCULATIONAHA.124.072364
https://doi.org/10.1161/CIRCINTERVENTIONS
https://doi.org/10.1161/CIRCULATIONAHA.125.077232
https://doi.org/10.1093/eurheartj/ehae184
https://doi.org/10.1016/j.heliyon.2020.e04857
https://doi.org/10.1016/j.chest.2019.05.021
https://doi.org/10.1016/j.beha.2013.07.011
https://doi.org/10.1016/j.ijcard.2020.05.087
https://doi.org/10.1177/1708538116645056
https://doi.org/10.2214/ajr.176.6.1761415
https://doi.org/10.1177/2048872618799993
https://doi.org/10.1378/chest.09-3081
https://doi.org/10.1378/chest.93.3.580
https://doi.org/10.1038/kisup.2012.7
https://doi.org/10.1093/ejcts/ezs533
https://doi.org/10.1016/j.amjmed.2015.01.023
https://doi.org/10.5152/AnatolJCardiol.2021.28303
https://doi.org/10.1016/j.jcin.2023.07.042
https://doi.org/10.1016/j.thromres.2011.09.013
https://doi.org/10.1111/j.1538-7836.2010.03852.x
https://doi.org/10.12968/hmed.2017.78.10.552
https://doi.org/10.1001/jama.2014.5990
https://doi.org/10.1016/j.jcin.2018.04.008
https://doi.org/10.1016/j.jvs.2016.09.047
https://doi.org/10.1016/j.jvsv.2018.06.016
https://doi.org/10.25259/JCIS_75_2020
https://doi.org/10.1111/crj.13064

