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BACKGROUND: Poor myocardial reperfusion due to distal embolization and microvascular obstruction after percutaneous
coronary intervention is associated with increased risk of morbidity and mortality. Prior trials have not shown a clear benefit
of routine manual aspiration thrombectomy. Sustained mechanical aspiration may mitigate this risk and improve outcomes.
The objective of this study is to evaluate sustained mechanical aspiration thrombectomy before percutaneous coronary
intervention in high thrombus burden acute coronary syndrome patients.

METHODS: This prospective study evaluated the Indigo CAT RX Aspiration System (Penumbra Inc, Alameda CA) for sustained
mechanical aspiration thrombectomy before percutaneous coronary intervention at 25 hospitals across the USA. Adults
presenting within 12 hours of symptom onset with high thrombus burden and target lesion(s) located in a native coronary
artery were eligible. The primary end point was a composite of cardiovascular death, recurrent myocardial infarction,
cardiogenic shock, or new or worsening New York Heart Association class IV heart failure within 30 days. Secondary end
points included Thrombolysis in Myocardial Infarction thrombus grade, Thrombolysis in Myocardial Infarction flow, myocardial
blush grade, stroke, and device-related serious adverse events.

RESULTS: From August 2019 through December 2020, a total of 400 patients were enrolled (mean age 60.4 years, 76.25%
male). The primary composite end point rate was 3.60% (14/389 [95% Cl, 2.0-6.0%]). Rate of stroke within 30 days was
0.77%. Final rates of Thrombolysis in Myocardial Infarction thrombus grade O, Thrombolysis in Myocardial Infarction flow 3, and
myocardial blush grade 3 were 99.50%, 97.50%, and 99.75%, respectively. No device-related serious adverse events occurred.

CONCLUSIONS: Sustained mechanical aspiration before percutaneous coronary intervention in high thrombus burden acute
coronary syndrome patients was safe and was associated with high rates of thrombus removal, flow restoration, and normal
myocardial perfusion on final angiography.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCTO3957473.
GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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from coronary plaque rupture and thrombus for-  and restoring myocardial perfusion.! While percutane-
mation and vessel occlusion, is a leading cause ous coronary intervention (PCl) is an established treat-
of morbidity and mortality.” Treatment focuses on ment option and can reliably re-establish flow, it can

Acute myocardial infarction (MI), typically resulting minimizing infarct size by reopening the impacted artery
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WHAT IS KNOWN

* While percutaneous coronary intervention is an
established treatment option for high thrombus
burden patients and can reliably re-establish flow,
it can also cause distal embolization, resulting in
persistent microvascular obstruction and poor myo-
cardial perfusion.

* Prior trials have not shown a clear cardiovascular
benefit of routine manual aspiration thrombectomy
and may also have a higher risk of stroke.

WHAT THE STUDY ADDS

* The sustained mechanical aspiration thrombectomy
system studied in this study represents a major
technological advancement over the syringe-based
manual aspiration catheters used historically.

* Based on the encouraging results of this study,
future randomized controlled trials may demon-
strate the benefit of mechanical aspiration throm-
bectomy in high thwrombus burden percutaneous
coronary intervention.

Nonstandard Abbreviations and Acronyms

ACS acute coronary syndrome

MBG myocardial blush grade

mi myocardial infarction

PCI percutaneous coronary intervention

STEMI ST-segment—elevation myocardial
infarction

TIMI Thrombolysis in Myocardial Infarction

also cause distal embolization, resulting in persistent
microvascular obstruction and poor myocardial perfu-
sion.?”® Poor myocardial perfusion after PCl is associ-
ated with worse left ventricular functional recovery and
increased long-term mortality.>" By removing throm-
botic material, aspiration thrombectomy before PCI
may reduce the risk of distal embolization and improve
myocardial perfusion. Key outcomes from historical
randomized thrombectomy trials that reported myo-
cardial blush grade (MBG) are available in Table S1.
Initial randomized trials found that manual aspiration
thrombectomy before PCl improved myocardial perfu-
sion and clinical outcomes compared to PCl alone®°
However, subsequent trials did not find the same ben-
efits, causing uncertainty around the utility of routine
aspiration.’®"® The TOTAL trial (Randomized Trial of
Routine Aspiration Thrombectomy With PCl Versus
PCI Alone in Patients With STEMI Undergoing Primary
PCI) found that routine manual aspiration thrombec-
tomy before PCI did not significantly reduce the rate
of the primary composite safety end point compared to
PClI alone (6.9% versus 7.0%; P=0.86)."? Additionally,
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a meta-analysis of large randomized trials comparing
aspiration thrombectomy and PCl alone found that rou-
tine manual aspiration thrombectomy did not improve
clinical outcomes.'”® However, in the high thrombus
burden subgroup, manual aspiration thrombectomy
was associated with reduced cardiovascular death but
increased stroke or transient ischemic attack.'® For
select cardiac populations, particularly those with high
thrombus burden, the role of aspiration thrombectomy
is still a matter of active debate.'®

The predominant technology used in prior trials was
syringe-based manual aspiration. Manual aspiration suf-
fers from decreasing aspiration force as the syringe fills
with fluid and requires the operator to exchange syringes
during the procedure to maintain suction.'” By compari-
son, sustained mechanical aspiration with a dedicated
vacuum pump delivers constant aspiration force while
thrombectomy is being performed.'” Sustained mechani-
cal aspiration is well established and commonly used for
thrombus removal in the neurovasculature.'® Applying
this innovation to the coronary vasculature may reduce
the risk of microvascular obstruction associated with PCI
and improve outcomes.

We evaluate the initial safety and performance of
sustained mechanical aspiration using the Indigo CAT
RX Aspiration System (Penumbra Inc, Alameda, CA)
before PCl in patients with acute coronary vessel
occlusion and high thrombus burden. Compared with
prior coronary aspiration catheters, the CAT RX aspira-
tion catheter has a softer distal tip, a larger aspiration
port and lumen, and the ability to provide continuous
mechanical aspiration.

METHODS

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Study Design

CHEETAH (A Prospective, Multicenter Study to Evaluate the
Safety and Performance of the CAT RX Aspiration Catheter in
Patients With a High Thrombus Burden Acute Coronary Vessel
Occlusion) was a single-arm, postmarket registry study that
enrolled patients from August 2019 through December 2020
at 25 hospitals across the United States and was designed
to assess the feasibility of broader utilization of sustained
mechanical aspiration thrombectomy. Patients were followed
for 180 days or to outcome (ie, withdrawal or death), which-
ever occurred first. Consecutive patients presenting with acute
coronary vessel occlusion and high thrombus burden who
were referred for PCl were screened. Sites kept a screening
log of potential study candidates with reason(s) for exclusion
recorded (Table S2). The study was conducted with proper ethi-
cal oversight, and each site obtained institutional review board
(Listing S1) approval prior to enrolling patients. Inclusion criteria
were as follows: age 218 years, presenting to treating facility
within 12 hours of symptom onset, coronary occlusion with high
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thrombus burden (Thrombolysis in Myocardial Infarction [TIMI]
thrombus grade 4 or b on angiography after the guidewire
crossed the target lesion), target lesion located in a native coro-
nary artery, utilization of the Indigo CAT RX Aspiration System
prior to PCI, and informed consent obtained from either the
patient or a legally authorized representative. Due to the nature
and severity of acute M, informed consent could be obtained
up to 2 calendar days postprocedure, but prior to discharge.
The choice of aspiration frontline or percutaneous transluminal
coronary angioplasty first was based on the operator discre-
tion. Exclusion criteria were as follows: new onset of stroke
symptoms and National Institutes of Health Stroke Scale score
>9 prior to index procedure, treatment with fibrinolytic therapy
for index coronary vessel occlusion, life expectancy <6 months
due to any comorbidities, patient unwilling or unable to comply
with protocol follow-up schedule or based on the Investigator's
judgement that the patient was not a good study candidate,
participation in another investigational drug or device study
that may confound the results of this study, and patient was
pregnant.

End Points

The study used previously published end point definitions.
The primary end point was major adverse cardiovascular
events—a composite of cardiovascular death, recurrent M|,
cardiogenic shock, or new or worsening New York Heart
Association class IV heart failure within 30 days.'? Secondary
performance end points were final TIMI flow grade,' final
TIMI thrombus grade,?° MBG,® distal embolization rate, and
stent thrombosis at 180 days. Secondary safety end points
were incidence of device-related serious adverse events,
stroke and major bleeding within 30 days, and all-cause
mortality, cardiovascular death, recurrent MI, cardiogenic
shock, and class IV heart failure within 180 days. Stroke
was defined as the presence of new focal neurologic deficits
thought to be vascular in origin, with signs or symptoms last-
ing >24 hours. Stroke severity was categorized as major if
there was an increase of 24 points on the National Institutes
of Health Stroke Scale at 24 hours after stroke onset; other-
wise, stroke severity was considered minor. Adverse events
with probable or definite relationship to the Indigo CAT RX
Aspiration System, as adjudicated by the independent medi-
cal reviewer, were considered device related. Detailed defini-
tions are available in Table S3. Sites entered data using the
InForm Electronic Data Capture System (Oracle, Austin, TX).
The sponsor implemented risk-based monitoring to ensure
data consistency and protocol adherence.

Study Oversight Committees

The independent medical reviewer and members of the inde-
pendent core laboratory were not involved with patient enroll-
ment or care. The independent medical reviewer reviewed and
adjudicated adverse events for relationship to device and study
end points. The core laboratory used previously published grad-
ing methods to assess cardiac imaging for TIMI thrombus grade,
TIMI flow grade, MBG, and distal embolization. Assessments
were performed for TIMI thrombus?® and TIMI flow grades'®
according to the standard methodology and for MBG® using
the best available angiographic images.
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Role of the Sponsor

The sponsor, Penumbra Inc (Alameda, CA), performed data-
base setup, site and data monitoring, statistical analysis, and
manuscript editorial support. The authors were involved in study
design, data collection, and the writing of the manuscript. Any
data interpretation and conclusions contained in this article are
those of the authors.

Device and Procedure

The Indigo CAT RX Aspiration System is a sustained mechani-
cal aspiration thrombectomy system composed of the CAT RX
aspiration catheter, a Penumbra aspiration pump (Penumbra
ENGINE or Pump MAX), and associated tubing with flow
switch to activate aspiration. It received FDA clearance on May
2017 for the removal of fresh, soft emboli and thrombi from
vessels in the coronary and peripheral vasculature. The CAT
RX aspiration catheter (Figure 1) is a rapid exchange catheter
compatible with a 0.014” guidewire and a 6F guide catheter.
The pump provides continuous vacuum pressure of up to —29
in Hg.

Preparation for treatment was performed per site standard-
of-care (intravascular imaging used per operator discretion;
see Table S4). Thrombectomy procedures were performed as
follows. With the flow switch in the off position, the Penumbra
aspiration pump was turned on and allowed to reach maxi-
mum suction. The CAT RX aspiration catheter was flushed
prior to the procedure. After the initial angiogram and cross-
ing the lesion with the guidewire, the aspiration catheter was
advanced through the guide catheter and navigated to the
lesion. Upon exiting the distal end of the guide catheter, the
flow switch was turned on, allowing for sustained mechanical
aspiration to be applied through the aspiration catheter as it
was advanced to or across the lesion. After a period of time
per operator discretion, the catheter was withdrawn out of the
body under continuous aspiration and the flow switch was not
turned off until the aspiration catheter had exited the Touhy-
Borst valve. Estimated blood loss is reported based on the
estimate of blood volume in the canister. Additionally, throm-
bus may completely occlude and become lodged in the cathe-
ter while under continuous aspiration, resulting in no flow and
minimal blood loss. Prior to readvancing the aspiration cath-
eter, if deemed necessary by the operator, the catheter was
flushed with saline to clear any blockage and avoid thrombus
reintroduction into the coronary arteries. Postthrombectomy,
PCl was performed.

Statistical Methods

All Cls presented are 2-sided. All statistical tests are 2-tailed
with a significance level of 0.05. Descriptive statistics are
provided. Analyses were conducted using SAS (SAS Institute,
Cary, NC). The sample size calculations assumed that 6.1%
(22/360) of the study subjects would experience a primary
safety event, comparable to 6.1% (272/4454) of the TOTAL
trial's high thrombus burden subset.?! Based on this binomial
analysis with a noninferiority margin of 10%, a sample size
of 360 Indigo CAT RX Aspiration System subjects would
have a 99% power with a 1-sided alpha of 0.025. The sam-
ple size was adjusted to 400 subjects to account for up to
10% attrition.
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Figure 1. CAT RX aspiration catheter.
CAT RX aspiration catheter dimensions.

RESULTS

Between August 2019 and December 2020, of the 1380
patients screened, 400 were enrolled. A patient flow dia-
gram is detailed in Figure S1. The most common reason
for screen failure was for inadequate thrombus burden at
coronary angiography (39.59%, 388/980). Study com-
pletion rate, including patients who died during follow-up,
was 92.50% (370/400). Five withdrew consent, one was
withdrawn by a study investigator, and 24 were lost to fol-
low-up. Informed consent was obtained preprocedure in
20.25% (81/400) of cases and postprocedure in 79.75%
(319/400) of cases; there were no significant differences
in outcomes between these groups (Table Sb). Patient
demographics are detailed in Table 1. The patient popula-
tion (mean age 60.4+12.2 years, 23.75% female, 85.50%
White patients) had a medical history typical of acute Ml
patients (64.50% hypertension, 48.50% dyslipidemia, and
20.00% with prior PCI). The distributions of heart failure
severity are shown in Figure 2. Index event and proce-
dural information are detailed in Table 2. The index event
was ST-segment—elevation myocardial infarction (STEMI)
for 8760% of patients and non—ST-segment—elevation
myocardial infarction for the remaining 12.50%. The most
common target lesion locations were the right coronary
artery (49.75%) and the left anterior descending artery
(87.00%). Multiple target lesion locations were present in
0.75%. After guidewire crossing, all patients, except one,
had TIMI thrombus grades 4 or 5 by physician visual esti-
mate. Mean door-to-device time, including time required
for device setup, for STEMI patients was 59.4 minutes.
The median number of passes with the CAT RX aspiration
catheter was one and the median aspiration time was 69
seconds. Operators reported that CAT RX enhanced visu-
alization of the target lesion in 94.72% of cases and the
median estimated blood loss with aspiration was 19 mL.

Safety End Points

The safety end points are available in Table 3. The pri-
mary composite major adverse cardiovascular events rate
within 30 days was 3.60% (95% Cl, 2.0-6.0%), com-
pared with the historical rate of 6.1% (Pnon\nferiority<o'001)'
No transient ischemic attacks were reported within 30
days. Stroke within 30 days occurred in 3 patients (0.77%

[95% ClI, 0.2-2.2%)]) and was confirmed by neuroimaging.
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One major stroke occurred at day 20 postprocedure. One
major stroke was discovered at day 3 postprocedure by
magnetic resonance imaging, although symptoms con-
sistent with a neurovascular event were present before
enrollment. One minor stroke occurred at day 2 post-
procedure in a patient requiring multiple guide catheter
exchanges before target vessel access could be obtained.
Cardiovascular death within 30 days occurred in 2 patients
(0.51% [95% CI, 0.1-1.8%)]). Both were in cardiogenic
shock and neither were device related. Four patients
experienced major bleeding within 30 days (1.03% [95%
Cl, 0.3-2.6%)]). All were related to the procedure, but

Table 1. Patient Demographics

All patients (N=400)

Age, y; mean (SD) 60.4 (12.2)
(n=400)
>18, <65 63.75% (255/400)
>65 36.25% (145/400)

Sex, female; % (n/N)

Race; % (n/N)*

23.75% (95/400)

American Indian or Alaska Native 0.50% (2/400)

Black or African American 8.00% (32/400)

(

Asian 3.00% (12/400)
(
(

Native Hawaiian or Other Pacific Islander

0.75% (3/400)

White

85.50% (342/400)

Not reported

2.560% (10/400)

Ethnicity, Hispanic or Latino; % (n/N)

3.50% (14/400)

Medical history; % (n/N)

Cardiogenic shock

2.50% (10/400)

Diabetes 23.50% (94/400)

Dyslipidemia 48.50% (194/400)

Hypertension 64.50% (258/400)
(

Myocardial infarction

16.25% (65/400)

Stroke, ischemic

3.00% (12/400)

Stroke, hemorrhagic

1.00% (4/400)

Prior CABG

2.00% (8/400)

Prior PCI

20.00% (80/400)

41.75% (167/400)
57.50% (230/400)

Family history of cardiovascular disease; % (n/N)

Social history of tobacco use (current or former);
% (n/N)

CABG indicates coronary artery bypass graft; and PCl, percutaneous coronary
intervention.
*Multiple responses are allowed for each patient.
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A NYHA Classification

Class | Class 11 Class 11 Class IV

Baseline =30 days m180 days

Killip Classification

Class 1 Class 11 Class IIT Class IV

Baseline ® Discharge or 7 days =30 days m180 days

Figure 2. Heart failure classifications.

A, New York Heart Association (NYHA) and (B) Killip classifications of heart failure.

not attributed to the device. Three patients had access-
site complications (2 retroperitoneal hematomas and 1
access-site bleeding) and 1 patient had a progressive
hemoglobin drop in the setting of a chronic gastrointestinal
bleed on antiplatelets. There were no device-related seri-
ous adverse events. Rate of New York Heart Association
class IV heart failure within 180 days was 1.08% (95%
Cl, 0.3-2.7%) and the rate of cardiovascular death within
180 days was 1.08% (95% Cl, 0.3-2.7%). Additionally,
no significant differences in outcomes were identified in
a comparison of the STEMI and non—ST-segment—eleva-
tion myocardial infarction subgroups (Table S6).

Performance End Points and Angiographic
Assessments

The performance end points and distributions of angi-
ographic outcomes, as assessed by the core labora-
tory, are shown in Table 3 and Figures 3 and 4. Distal
embolization rate postprocedure was 0.75% (95% ClI,
0.2-2.2%). Rate of stent thrombosis within 180 days
was 2.43% (95% ClI, 1.1-4.6%). On final angiogra-
phy, TIMI thrombus grade O was achieved in 99.50%
(95% Cl, 98.2-99.9%) of cases, TIMI flow grade 3
in 97.50% (95% Cl, 95.5-98.8%), and MBG 3 in
99.75% (95% Cl, 98.6—-100.0%). An example case is
presented in Figure b.

Serial Assessments of the Signs and
Symptoms of Heart Failure

At baseline, 28.46% (105/369) of patients had signs
of heart failure on physical examination (Killip class I

Circ Cardiovasc Interv. 2023;16:e012433. DOI: 10.1161/CIRCINTERVENTIONS.122.012433

through V), and by discharge after the procedure, this
decreased to 6.74% (24/356). At baseline, 57.82%
(207/3568) of patients reported symptoms of heart fail-
ure categorized as New York Heart Association class |
through 1V; this decreased to 10.74% (35/326) at 180
days. Distributions of Killip and New York Heart Associa-
tion Classes at various time points are shown in Figure 2.

DISCUSSION

Summary of the Results

In this initial study, selective sustained mechanical aspi-
ration thrombectomy in high thrombus burden acute
coronary syndrome (ACS) patients was suggested to be
safe and associated with a low major adverse cardio-
vascular events rate of 3.60% (95% CI, 2.0-6.0%). The
final TIMI thrombus grade 0 (99.50%) and final TIMI flow
grade 3 (97.560%) demonstrate excellent thrombus deb-
ulking and outcome with regard to the epicardial arter-
ies. While prior trials found that aspiration thrombectomy
improves tissue level perfusion over PCl alone (OR, 3.04
[95% ClI, 1.74-5.78]), TIMI myocardial perfusion grade
3 has historically only been achieved in 47.6% (range
26.9-87.8%) of patients treated with any thrombectomy
device and 52.2% (range, 35.8—-87.8%) with aspira-
tion thrombectomy?? The rate of MBG 3 immediately
after CAT RX treatment (45.69%) was similar to final
MBG 3 in previous trials, including those using manual
aspiration, but in CHEETAH, the rate of final MBG 3
(99.75%) was remarkably high, perhaps related to
more efficient and reliable clot removal using sustained
thrombectomy that resulted in normalized microvascu-
lar function after the subsequent PCI81223-26 The study
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Table 2. Index Event and Procedure Characteristics

Final Results of the CHEETAH Study

Table 3. End Points per IMR

All patients (N=400)

All patients (N=400)

Index event diagnosis; % (n/N)

STEMI 87.50% (350/400)
NSTEMI 12.50% (50/400)
Onset-to-treatment-facility-arrival time, h; mean (SD)* | 2.7 (2.82)
(n=389)
Door-to-device time, min; mean (SD)t 59.4 (43.4)
(n=349)
Door-to-reperfusion time, min; mean (SD)t 63.9 (45.3)
(n=339)

Primary target lesion treatment location(s); % (n/N)#

49.75% (199/400)
0.50% (2/400)
37.00% (148/400)
0.50% (2/400)
13.00% (52/400)

Right coronary artery

Left main

Left anterior descending

Ramus intermedius

Left circumflex

Lesion classification according to ACC/AHA guidelines; % (n/N)

Primary composite end point (MACE); 3.60% (14/389; 2.0%, 6.0%)

% (n/N; [95% CII)*

Cardiovascular death within 30 d 0.51% (2/389; 0.1%, 1.8%

Recurrent Ml within 30 d

(
1.80% (7/389; 0.7%, 3.7%
(

)

)

Cardiogenic shock within 30 d 1.80% (7/389; 0.7%, 3.7%)
)

New or worsening NYHA class IV 0.77% (3/389; 0.2%, 2.2%,

heart failure within 30 d

Secondary safety end points; % (n/N; [95% CI])

Stroke within 30 dt 0.77% (3/389; 0.2%, 2.2%)
0.51% (2/389; 0.1%, 1.8%)
0.26% (1/389; 0.0%, 1.4%)

Major stroke within 30 d

Minor stroke within 30 d

Major bleeding within 30 d¥ 1.08% (4/389; 0.3%, 2.6%)

All-cause mortality within 180 d 2.43% (9/370; 1.1%, 4.6%)

Cardiovascular death within 180 d 1.08% (4/370; 0.3%, 2.7%)

(
(
(
(
(
(
(
(
(
(

Recurrent Ml within 180 d 2.70% (10/370; 1.3%, 4.9%)

2.16% (8/370; 0.9%, 4.2%)

Cardiogenic shock within 180 d

Class IV heart failure within 180 d 1.08% (4/370; 0.3%, 2.7%)

19.00% (76/400)
301.5 (76.30)

Intravascular imaging use; % (n/N)§

ACT value, s; mean (SD)

(n=283)
Glycoprotein llb/llla inhibitor use; % (n/N) 33.25% (133/400)
Total aspiration time with CAT RX, s; median [IQR] | 69 [456-124]
(n=283)
Number of passes with CAT RX, n; median [IQR] 1[1-2]
(n=396)
Estimated blood loss with aspiration, mL; median 19 [10-25]
ARl (n=850)

Enhanced visualization of the target lesion post 94.72% (377/398)

CAT RX; % (n/N)

ACC indicates American College of Cardiology; ACT, activated clotting
time; AHA, American Heart Association; IQR, interquartile range; MI, myocar-
dial infarction; NSTEMI, non—ST-segment—elevation myocardial infarction; and
STEMI, ST-segment—elevation myocardial infarction.

“Patients who were admitted prior to symptom onset (e, in-hospital Ml
patients) had onset-to-arrival times of O min.

tFor STEMI patients only.

$Multiple responses allowed for each patient.

§A total of 68 patients received intravascular ultrasound, 7 received optical
coherence tomography, and 1 received both.

criteria focused on patients presenting within 12 hours
of symptom onset, in line with guidelines recommend-
ing PCl in patients with STEMI and ischemic symptoms
for <12 hours to improve survival2” Furthermore, this is
consistent with the enrolliment criteria for the TAPAS
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Type A 8.27% (32/387
ype o ( ) Incidence of device-related SAE(s)§ 0.00% (0/389; N/A)
Ty B 33.59% (130/387
ype o ( ) Distal embolization rate; % (n/N; [95% | 0.75% (3/400; 0.2%, 2.2%)
Type C 58.14% (225/387) Ci)|l
Percent stenosis in target vessel; mean (SD) 99.1 (3.28) Stent thrombosis within 180 d; % (n/N; | 2.43% (9/370; 1.1%, 4.6%)
(n=400) [95% ClI])
Multiple target lesion location: % (n/N) 0.75% (3/400) IMR indicates mdependent med@al reviewer; MACE, major adverse Fardmvas-
cular events; MI, myocardial infarction; NYHA, New York Heart Association; and
Lesion length, mm; mean (SD) 24.0 (14.27) SAE, serious adverse event.
(h=378) “Denominators exclude patients lost to follow-up or withdrawn.

tAll cases of stroke were adjudicated as being unrelated to the device.

$All cases of major bleeding were adjudicated as being unrelated to the device.

§Device-related events are events that were adjudicated as probably or defi-
nitely related to the Indigo CAT RX Aspiration System.

||Per core laboratory.

(Thrombus Aspiration During Percutaneous Coronary
Intervention in Acute Myocardial Infarction) and TOTAL
trials.8'? It is possible that patients with late presentation
(>12 hours) may have different or even less favorable
outcomes. This would need to be separately studied. It
will be important to validate the CHEETAH results in a
larger randomized controlled trial.

Early investigation found that routine manual aspira-
tion reduced distal embolization (9.3% versus 16.8%;
P=0.10)** and improved, but did not normalize MBG
compared with conventional PCI8 Subsequent large
randomized trials suggested no clinical benefit and an
increased stroke risk at 30 days—even in the high throm-
bus burden subset (HR, 1.90 [95% Cl, 1.04-3.48]).10122!
Accordingly, the American College of Cardiology/Ameri-
can Heart Association revascularization guidelines made
routine aspiration thrombectomy a class Ill recommen-
dation and selective and bailout thrombectomy a class
llb recommendation.'® Mechanical thrombectomy has
also not yielded beneficial results historically. In a meta-
analysis, mechanical thrombectomy, compared with PClI
alone, was associated with higher mortality (5.3% ver-
sus 2.8%; P=0.05).% It is possible these studies simply
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A Myocardial Blush Grade

After CAT RX -

B TIMI Flow Grade

Diagnostic Angiography

After CAT RX
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Figure 3. Core laboratory assessment of myocardial blush grade and Thrombolysis in Myocardial Infarction (TIMI) flow grade.
Core laboratory assessments of (A) myocardial blush grade and (B) TIMI flow grades at diagnostic coronary angiographic assessment, after

aspiration with CAT RX, and at final coronary angiographic assessment.

expose the limitations of the devices and techniques
used previously. During manual aspiration thrombec-
tomy, aspiration force rapidly drops with time,'” and
mechanical thrombectomy employs clot fragmentation
and other mechanisms (eg, saline jets) that may push
clot distally and increase infarct size. Distal embolization
increases microvascular obstruction and is associated
with lower MBG.2°

Stent thrombosis within the CHEETAH study was
2.43%. While direct comparisons cannot be made due
to variability in populations, our stent thrombosis rate is
in line with the rates previously reported in other ACS tri-
als (2.4-3.9%).3%3" Additionally, in large studies, the most
common independent predictors of definite or probable
stent thrombosis are diabetes, ACS at admission, total
stent number/length, antiplatelet therapy discontinuation
before 30 days, and extent of coronary disease.®®

Stroke is a known complication of PCI with or with-
out thrombectomy, and carotid disease, cardiogenic
shock, atrial fibrillation, and older age are strong pre-
dictors.®? In CHEETAH, stroke occurred in 3 patients.
One occurred well after the index procedure, at day 20.
A second patient presented with neurologic complaints
prior to primary PCl for STEMI, and was evaluated by
a stroke neurologist who concluded that the presence
of stroke at the time was uncertain. Unfortunately,

Circ Cardiovasc Interv. 2023;16:e012433. DOI: 10.1161/CIRCINTERVENTIONS.122.012433

neurologic complaints continued to evolve with stroke
confirmed by magnetic resonance imaging 3 days post-
procedure. A third patient had a periprocedural neuro-
logic event with an National Institutes of Health Stroke
Scale increase score of <4 at 24 hours after neuro-
logic event onset. This patient required excessive guide
catheter manipulation with multiple guiding catheters to
select an anomalous right coronary ostium. It is con-
ceivable that this may have contributed to the patient's
neurologic event. The stroke rate in TOTAL's thrombus
aspiration group was higher periprocedurally as well as
beyond the first 30 days; however, there were a rela-
tively small number of events.”” In the contemporary
SCAAR registry (Swedish Coronary Angiography and
Angioplasty Registry) of 42 829 patients, no stroke sig-
nal was found in patients with aspiration thrombectomy
STEMI PCI.# The risk of stroke with continuous aspira-
tion thrombectomy needs to be further investigated in a
randomized controlled trial.

Other Variables of Interest

The median total aspiration time was 69 seconds. When
a manual aspiration syringe is on nonocclusive throm-
bus or within an open vessel, it is unable to maintain
vacuum force as the syringe fills. An in vitro experiment
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Progression of TIMI Thrombus Grade
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Figure 4. Core laboratory assessment of Thrombolysis in Myocardial Infarction (TIMI) thrombus grade.
Core laboratory assessments of TIMI thrombus grade at diagnostic coronary angiographic assessment, after aspiration with CAT RX, and at

final coronary angiographic assessment.

comparing manual VacLok syringe (Merit Medical Sys-
tem Inc, South Jordan, UT) aspiration with the Penumbra
Pump MAX found that while the 60 mL syringe initially
created higher flow rates than the pump for approxi-
mately the first 2 seconds, the flow rate rapidly dropped
after ~10 seconds.'” In contrast, the pump produced
relatively constant flow throughout the entire duration
of the experiment.’” The mean door-to-device (59.4
minutes) and door-to-reperfusion (63.9 minutes) times
for STEMI patients were well within the current target
door-to-device time of <90 minutes.® These times also
compared favorably to the median door-to-device time
of 61 minutes described in the National Cardiovascular
Data Registry CathPCl registry 2019 to 2020 report.
Within the CHEETAH study, the Indigo CAT RX Aspira-
tion System was associated with short procedure times
(mean [SD] access-to-reperfusion time was 18.4 [12.5]
minutes). Glycoprotein Ilb/Illa inhibitor use in our study

was per operator discretion. Its use was numerically
lower than the rate reported in the TOTAL study’s high
thrombus burden population (33.25% versus 40.80%,
respectively) and had no impact on that study's
results.’??" This decreased use may reflect the current
pharmacologic management of acute MI. In addition,
study operators reported improved visualization of the
culprit lesion in 94.72% of cases. With high thrombus
burden, a leading column of thrombus or static blood
may obscure a more focal underlying lesion. This can
result in PCI of uninvolved areas (increasing the risk
of intimal injury or dissection and lesion extension) and
require longer stents. The CHEETAH study offers com-
pelling evidence that sustained mechanical aspiration
thrombectomy in high thrombus burden ACS patients
may be beneficial in this regard. Further large, random-
ized studies will be necessary to validate the encourag-
ing safety and performance results.

Figure 5. Example case of Indigo CAT RX Aspiration System.

An example of Indigo CAT RX Aspiration System removing thrombus and exposing the underlying focal lesion: (A) diagnostic angiogram after
wire crossing showing Thrombolysis in Myocardial Infarction (TIMI) flow 0; (B) angiogram postthrombectomy with the Indigo CAT RX Aspiration
System showing TIMI flow 2; and (C) final angiogram showing TIMI flow 3.

Circ Cardiovasc Interv. 2023;16:e012433. DOI: 10.1161/CIRCINTERVENTIONS.122.012433
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Strengths/Limitations

Strengths include prospective, consecutive, multicenter
patient recruitment and the use of a centralized core
laboratory and independent medical reviewer to assess
the outcome measures. Limitations include the lack of
randomization, the fact that not all interventional cardi-
ologists at the sites participated in the study. Additionally,
the ability to enroll patients up to 2 days postprocedure
but prior to discharge may have introduced selection
bias. Study enrollment and screening occurred during the
COVID-19 pandemic, introducing challenges to obtain-
ing consent prior to procedure as legally authorized rep-
resentatives may have been restricted from entering the
hospital. However, a concerted effort was made to enroll
consecutive patients. Screen failures were logged and
the most common reasons were inadequate thrombus
burden and lack of up front CAT RX use. The reasons
for exclusion are not mutually exclusive. Furthermore,
while MBG was assessed by a core laboratory, the clini-
cal operators did not capture angiographic images using
a prespecified blush protocol;*® this may have introduced
measurement bias. Additionally, the number of patients
and operators were relatively small compared to prior
large meta-analyses and randomized trials that reported
lower rates of MBG 3 with thrombectomy compared to
the rates seen in CHEETAH.

Conclusions

The CHEETAH study results suggest that selective
sustained mechanical aspiration thrombectomy in high
thrombus burden ACS patients prior to PCI may be
appropriate. We found that the Indigo CAT RX Aspira-
tion System was safe and associated with reduction of
thrombus burden, restoration of flow, and normalization
of myocardial perfusion. To further validate the results
from CHEETAH and utility of aspiration thrombectomy
with CAT RX, a randomized controlled trial is needed and
in development.

ARTICLE INFORMATION
Received July 25, 2022; accepted January 6, 2023.

Affiliations

Bradenton Cardiology Center, Manatee Memorial Hospital, FL. (S.J.M.). Columbia
University Irving Medical Center, New York, NY (S.A.P). North Carolina Heart and
Vascular Research, Raleigh (WW.). Wellmont Holston Valley Medical Center, King-
sport, TN (D.C.M.). Metropolitan Heart and Vascular, Minneapolis, MN (J.W.C.).
Mercy Medical Des Moines, IA (M.G.H.G.). University of Michigan Health West,
Wyoming (MJ.S). St. Joseph Hospital — Orange, CA (B.C.K.). Beth Israel Dea-
coness Medical Center, Boston, MA (D.S.P). Cedars-Sinai Medical Center, Los
Angeles, CA (SD.).

Acknowledgments

The authors thank the Independent Medical Reviewer (Dr Barry S. Weinstock) for
his contributions. They thank the investigators (Table S7) for their role and work
in this study. The authors thank Penumbra Inc (Alameda, CA) employees Erin
Archard, Vincent Ho, and Hee Jung Lee for providing statistical, medical writing,
and editorial support.

Circ Cardiovasc Interv. 2023;16:e012433. DOI: 10.1161/CIRCINTERVENTIONS.122.012433

Final Results of the CHEETAH Study

Sources of Funding
This study was funded by Penumbra Inc (Alameda, CA).

Disclosures

Dr Mathews discloses speaker's bureau from Philips, Penumbra, Boston Scien-
tific, Shockwave, Cordis, and Cardiva; grant or research support from Philips, Ab-
bott Vascular, Reflow Medical, Boston Scientific, Trireme, and Penumbra; service
as a consultant for Penumbra; and service on medical or scientific boards for
Boston Scientific, Philips, Angiodynamics, Abbott Vascular, Evident Vascular, Re-
flow Medical, Akura Medical, and Innova. Dr Parikh discloses research support
from Abbott, Boston Scientific, Shockwave, TriReme, and Surmodics; service on
the advisory board for Abbott, Boston Scientific, Medtronic, Janssen, Philips, and
Cordis; and service as a consultant for Abiomed, Penumbra, Inari, Canon, and
Terumo. Dr Metzger discloses Speaker's honoraria from Penumbra. Dr Chamber
discloses service as the CMO for Cardiovascular Systems, Inc, and as a con-
sultant for Boston Scientific, Philips, and Teleflex. Dr Ghali discloses service as
a speaker for Penumbra (invited after CHEETAH study completion). Dr Kolski
discloses research and grant support for clinical research from Providence St
Joseph and service as a speaker and consultant for Penumbra. Dr Pinto dis-
closes service as a consultant for Abbott Vascular, Abiomed, Boston Scientific,
Inari, Philips, Terumo, Teleflex, Biotronik, Medtronic, NuPulseCV, and Magenta. Dr
Dohad reports institutional research and grant support for clinical research and
fellowship training from Penumbra, and service as a speaker and consultant for
Penumbra. The other authors report no conflicts.

Supplemental Material
Listing S1

Figure S1

Tables S1-S7

References 36, 37

REFERENCES

1. Anderson JL, Morrow DA. Acute myocardial infarction. N Engl J Med.
2017,;376:2063-2064. doi: 10.1056/nejmra1606915
2. Amsterdam EA, Wenger NK, Brindis RG, Casey DE, Ganiats TG,
Holmes DR, Jaffe AS, et al. 2014 aha/acc guideline for the management
of patients with non—st-elevation acute coronary syndromes. Circulation.
2014;130:e344-e426. doi: 10.1161/CIR0000000000000134
3. O'Gara PT, Kushner FG, Ascheim DD, Casey DE, Chung MK de Lemos JA,
Ettinger SM, et al. 2013 ACC/AHA guideline for the management of st-
elevation myocardial infarction. Circulation. 2013;127:e362-e425. doi:
10.1161/CIR.0b013e3182742cf6
4. JaffeR,Charron T, Puley G, Dick A, Strauss BH. Microvascular obstruction and
the no-reflow phenomenon after percutaneous coronary intervention. Circu-
lation. 2008;117:3152-3156. doi: 10.1161/circulationaha.107.742312
5. van ‘t Hof AWJ, Liem A, Suryapranata H, Hoorntje JCA, de Boer M-J,
Zijlstra F. Angiographic assessment of myocardial reperfusion in patients
treated with primary angioplasty for acute myocardial infarction. Circulation.
1998;97:2302-2306. doi: 10.1161/01.¢ir.9723.2302
6. Ito H, Maruyama A, Iwakura K, Takiuchi S, Masuyama T, Hori M, Higashino Y,
Fujii K, Minamino T. Clinical implications of the “no reflow” phenomenon.
Circulation. 1996;93:223-228. doi: 10.1161/01.¢cir93.2.223
7. Henriques JP, Zijlstra F, Ottervanger JP, de Boer MJ, van ‘t Hof AW,
Hoorntje JC, et al. Incidence and clinical significance of distal emboliza-
tion during primary angioplasty for acute myocardial infarction. Eur Heart J.
2002;23:1112-1117.doi: 10.1053/euhj.2001.3035
8. Svilaas T, Vlaar RJ, van der Horst IC, Diercks GFH, de Smet BJGL,
van den Heuvel AFM, et al. Thrombus aspiration during primary percu-
taneous coronary intervention. N Engl J Med. 2008;358:557-567. doi:
10.1066/NEJM0a0706416
9. Sardella G, Mancone M, Bucciarelli-Ducci C, Agati L, Scardala R, Carbone |,
Francone M, et al. Thrombus aspiration during primary percutaneous coro-
nary intervention improves myocardial reperfusion and reduces infarct size:
The expira (thrombectomy with export catheter in infarct-related artery dur-
ing primary percutaneous coronary intervention) prospective, randomized
trial. J Am Coll Cardiol. 2009;63:309-315. doi: 10.1016/jjacc.2008.10.017
10. Frébert O, Lagerqvist B, Olivecrona GK, Omerovic E, Gudnason T,
Maeng M, Aasa M, Angeras O, Calais F, Danielewicz M, et al. Thrombus
aspiration during st-segment elevation myocardial infarction. N Engl J Med.
2013;369:1687-1597. doi: 10.1066/nejmoa1308789
11. Lagerqvist B, Frébert O, Olivecrona GK, Gudnason T, Maeng M,
Alstrom P, Andersson J, Calais F, Carlsson J, Collste O, et al. Outcomes

February 2023 56


https://www.ahajournals.org/doi/suppl/10.1161/CIRCINTERVENTIONS.122.012433

Mathews et al

20.

21.

22.

23.

24,

Circ Cardiovasc Interv. 2023;16:e012433. DOI: 10.1161/CIRCINTERVENTIONS.122.012433

. Jolly

1 year after thrombus aspiration for myocardial infarction. N Engl J Med.
2014;371:1111-1120. doi: 10.1056/nejmoa1405707

. Jolly SS, Cairns JA, Yusuf S, Meeks B, Pogue J, Rokoss MJ, Kedev S,

Thabane L, Stankovic G, Moreno R, et al. Randomized trial of primary pci with
or without routine manual thrombectomy. N Engl J Med. 2015;372:1389—
1398. doi: 10.1066/nejmoa1415098

SS, Cairns JA, Yusuf S, Rokoss MJ, Gao P, Meeks B,
Kedev S, Stankovic G, Moreno R, Gershlick A, et al. Outcomes after throm-
bus aspiration for st elevation myocardial infarction: 1-year follow-up of
the prospective randomised total trial. Lancet 2016;387:127-135. doi:
10.1016/s0140-6736(15)00448-1

. Meyer-Saraei R, de Waha S, Eitel |, Desch S, Scheller B, Bohm M, Lauer B, et

al. Thrombus aspiration in non-st-elevation myocardial infarction - 12-month
clinical outcome of the randomised tatort-nstemi trial. Eur Heart J Acute
Cardiovasc Care. 2017;6:10-17. doi: 10.1177/2048872615617044

. Jolly SS, James S, Dzavik V, Cairns JA, Mahmoud KD, Zijlstra F, Salim Y, et al.

Thrombus aspiration in st-segment-elevation myocardial infarction: an indi-
vidual patient meta-analysis: thrombectomy trialists collaboration. Circula-
tion. 2017;135:143-152. doi: 10.1161/CIRCULATIONAHA.116.025371

. Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA, Cercek B,

Chambers CE, et al. 2015 acc/aha/scai focused update on primary per-
cutaneous coronary intervention for patients with st-elevation myocardial
infarction: an update of the 2011 accf/aha/scai guideline for percutaneous
coronary intervention and the 2013 accf/aha guideline for the management
of st-elevation myocardial infarction. Circulation. 2016;133:1135-1147. doi:
10.1161/CIR.0000000000000336

. Kobkitsuksakul C, Jaroenngarmsamer T. Comparison of vacuum pres-

sure syringe aspiration technique with penumbra aspiration thrombec-
tomy system: an in vitro study. Hong Kong J Radiol 2021,24:47-51. doi:
10.12809/hkjr2117093

. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC,

Becker K, Biller J, et al. Guidelines for the early management of patients with
acute ischemic stroke: 2019 update to the 2018 guidelines for the early
management of acute ischemic stroke: a guideline for healthcare profes-
sionals from the American heart association/American stroke association.
Stroke. 2019;50:344—e418. doi: 10.1161/STR.0000000000000211

. TIMI Study Group. The thrombolysis in myocardial infarction (timi)

trial. Phase i findings. N Engl J Med.
10.1056/NEJM198504043121437

Gibson CM, de Lemos JA, Murphy SA, Marble SJ, McCabe CH,
Cannon CP, Antman EM, , Braunwald E. Combination therapy with abcix-
imab reduces angiographically evident thrombus in acute myocardial
infarction: a timi 14 substudy. Circulation. 2001;103:256560-2554. doi:
10.1161/01.cir103.21.2550

Jolly SS, Cairns JA, Lavi S, Cantor WJ, Bernat |, Cheema AN, Moreno R,
Kedev S, Stankovic G, Rao SV, et al. Thrombus aspiration in patients with
high thrombus burden in the total trial. J Am Coll Cardiol. 2018;72:15689—
15696. doi: 10.1016/jjacc.2018.07.047

Mongeon FP, Bélisle P, Joseph L, Eisenberg MJ, Rinfret S.
Adjunctive thrombectomy for acute myocardial infarction: a bayesian
meta-analysis. Circ Cardiovasc Interv. 2010;3:6-16. doi: 10.1161/
CIRCINTERVENTIONS.109.904037

Chevalier B, Gilard M, Lang |, Commeau P, Roosen J, Hanssen M, Lefevre T,
Carrié D, Bartorelli A, Montalescot G, et al. Systematic primary aspiration in
acute myocardial percutaneous intervention: a multicentre randomised con-
trolled trial of the export aspiration catheter. Eurolntervention. 2008;4:222—
228. doi: 10.4244/¢ijv4i2240

Ciszewski M, Pregowski J, Teresifiska A, Karcz M, Kalificzuk L, Pracon R,
Witkowski A, Ruzyfto W. Aspiration coronary thrombectomy for acute myocar-
dial infarction increases myocardial salvage: single center randomized study.
Catheter Cardiovasc Interv. 2011;78:5623-531. doi: 10.1002/ccd.22933

19856;312:932-936. doi:

26.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Final Results of the CHEETAH Study

De Carlo M, Aquaro GD, Palmieri C, Guerra E, Misuraca L, Giannini C,
Lambardi M, et al. A prospective randomized trial of thrombectomy versus
no thrombectomy in patients with st-segment elevation myocardial infarc-
tion and thrombus-rich lesions: mustela (multidevice thrombectomy in acute
st-segment elevation acute myocardial infarction) trial. JACC Cardiovasc
Interv. 2012;5:1223-1230. doi: 10.1016/}jcin.2012.08.013

Parodi G, Valenti R, Migliorini A, Maehara A, Vergara R, Carrabba N, Mintz GS,
et al. Comparison of manual thrombus aspiration with rheolytic thrombec-
tomy in acute myocardial infarction. Circ Cardiovasc Interv. 2013;6:224~
230. doi: 10.1161/CIRCINTERVENTIONS.112.000172

Lawton JS, Tamis-Holland JE, Bangalore S, Bates ER, Beckie TM,
Bischoff JM, Bittl JA, et al. 2021 acc/aha/scai guideline for coronary artery
revascularization: a report of the American college of cardiology/American
heart association joint committee on clinical practice guidelines. Circulation.
2022;145:¢18-e114. doi: 10.1161/CIR.0000000000001038

Bavry AA, Kumbhani DJ, Bhatt DL. Role of adjunctive thrombectomy and
embolic protection devices in acute myocardial infarction: a comprehensive
meta-analysis of randomized trials. Eur Heart J. 2008;29:2989-3001. doi:
10.1093/eurheartj/ehn421

Henriques JP, Zijlstra F, Ottervanger JF, Dambrink JH, van ‘t Hof AW,
Hoorntje JC, et al. Angiographic determinants of infarct size after success-
ful percutaneous intervention for acute st-elevation myocardial infarction:
the impact of distal embolisation. Neth Heart J. 2002;10:353-359. doi:
10.1016/S0735-1097(02)815616-9

D'Ascenzo F, Bollati M, Clementi F Castagno D, Lagerqvist B,
de la Torre Hernandez JM, ten Berg JM, Brodie BR, et al. Incidence and
predictors of coronary stent thrombosis: evidence from an international
collaborative meta-analysis including 30 studies, 221,066 patients, and
4976 thromboses. Int J Cardiol. 2013;167:575-584. doi: 10.1016/
jijcard.2012.01.080

James S, Koul S, Andersson J, Angeras O, Bhiladvala P, Calais F
Danielwicz M, et al. Bivalirudin versus heparin monotherapy in st-segment-
elevation myocardial infarction. Circ Cardiovasc Interv. 2021;14:e008969.
doi: 10.1161/CIRCINTERVENTIONS.120.008969

Alkhouli M, Algahtani F, Tarabishy A, Sandhu G, Rihal CS. Incidence, pre-
dictors, and outcomes of acute ischemic stroke following percutaneous
coronary intervention. JACC Cardiovasc Interv. 2019;12:1497-1506. doi:
10.1016/jcin.2019.04.015

Angeras O, Haraldsson |, Redfors B, Frobert O, Petursson P, Albertsson P,
Loanes D, et al. Impact of thrombus aspiration on mortality, stent thrombosis,
and stroke in patients with st-segment—elevation myocardial infarction: a
report from the Swedish coronary angiography and angioplasty registry. J
Am Heart Assoc. 2018;7:e007680. doi: 10.1161/JAHA.117.007680
Brindis RG, Bates ER, Henry TD. Value of registries in st-segment-elevation
myocardial infarction care in both the pre-coronavirus disease 2019 and the
coronavirus disease 2019 eras. J Am Heart Assoc. 2021;10:¢019958. doi:
10.1161/JAHA.120.019958

Gibson CM, Cannon CP, Murphy SA, Ryan KA, Mesley R, Marble SJ,
McCabe CH,, Van de Werf F, Braunwald E. Relationship of timi myocardial
perfusion grade to mortality after administration of thrombolytic drugs. Cir-
culation. 2000;101:125-130. doi: 10.1161/01.cir101.2.125

Sharma V, Jolly SS, Hamid T, Sharma D, Chiha J, Chan W, Fuchs F, Bui S,
Gao P, Kassam S, et al. Myocardial blush and microvascular reperfusion
following manual thrombectomy during percutaneous coronary intervention
for st elevation myocardial infarction: Insights from the total trial. Eur Heart
J.2016;37:1891-1898. doi: 10.1093/eurheartj/ehw157

lkari Y, Sakurada M, Kozuma K, Kawano S, Katsuki T, Kimura K, Sizuki T, et
al. Upfront thrombus aspiration in primary coronary intervention for patients
with st-segment elevation acute myocardial infarction: report of the vam-
pire (vacuum aspiration thrombus removal) trial. JACC Cardiovasc Interv.
2008;1:424-431. doi: 10.1016/}jcin.2008.06.004

February 2023 57



