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Abstract

Pulmonary Embolism (PE) is a serious medical condition with high short and long term morbidity and mortality, which re-
quires immediate diagnosis and treatment. Catheter-directed therapies should be considered more often when treating inter-
mediate and high-risk patients as they provide faster and more effective results for reperfusion and positive clinical outcomes

with better long-term prognosis compared to thrombolysis.

We report a case of a 75-year-old male patient who had a one-day history of dyspnoea then syncope and presented with
shortness of breath and tachycardia. His Computed Tomography (CT) pulmonary angiogram scan revealed extensive acute bi-
lateral pulmonary emboli with signs of right-sided cardiac dysfunction. The patient underwent successful pulmonary thrombo-
aspiration using the PENUMBRA INDIGO system, demonstrating its safety and efficacy.

Keywords: Pulmonary embolism; Pulmonary Thrombo-aspiration; PENUMBRA INDIGO system; Computed tomography (CT);

Pulmonary angiogram; Right ventricular systolic pressure (RVSP).

Introduction

Pulmonary Embolism (PE) presents with acute symptoms in-
cluding dyspnoea, syncope and tachycardia, often precipitated
by predisposing factors such as prior deep vein thrombosis. This
case presentation involves a 75-year-old male with a history of
deep vein thrombosis. Initial findings included an abnormal ECG,
elevated D-dimer and pro-BNP levels. Computed tomography
pulmonary angiogram confirmed extensive bilateral pulmonary
emboli with signs of right-sided cardiac dysfunction. Following
diagnostic confirmation, the patient underwent successful pul-
monary thrombo-aspiration using the PENUMBRA INDIGO As-
piration System, resulting in significant thrombus removal and
haemodynamic stabilization. This case shows the effectiveness
of catheter-based intervention in managing high-risk PE when
systemic thrombolysis is contraindicated.

Case presentation

A 75-year-old male presented with a one-day history of dys-
pnoeathensyncope, shortness of breath and tachycardia. He had
a history of deep vein thrombosis four years before, after a long
flight and was on aspirin and testosterone replacement therapy.

Electrocardiogram (ECG) showed sinus rhythm, S wave in
lead |, inverted T wave in Lead Ill and V,-V,, no ST abnormali-
ties, marked left axis deviation, and incomplete right bundle
branch block (Figure 1). The D-dimer was elevated, Troponin
was <0.01 ng/mL and pro-B-type natriuretic peptide (pro-BNP)
was elevated at 1,577 pg/mL. He had a Wells score of 6, and
the Computed Tomography pulmonary angiogram (CTPA) scan
revealed extensive acute bilateral pulmonary emboli with fea-
tures of right-sided cardiac dysfunction (Figure 2). The emboli
were noted in the main lower lobe pulmonary arteries, bilat-
erally, as well as in the right upper lobe segmental pulmonary
arteries.
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The ECHO showed flattening of the interventricular septum
in systole, a dilated right ventricle with normal systolic func-
tion with Tricuspid Annular Plane Systolic Excursion (TAPSE):
18mm, dilated right atrium, mild tricuspid valve regurgitation
with mildly increased Right Ventricular Systolic Pressure (RVSP):
44mmHg. In view of the foregoing, a diagnosis of sub-massive
pulmonary embolism was made. After extensive counselling
with the patient and the cardiology team, it was opted to pro-
ceed to pulmonary thrombo-aspiration.

Right catheterisation was performed, and the pressure was
measured with Cournand and 6Fr Pigtail catheters; the right
atrium had a pressure of 12/8 (7) mmHg, and the pulmonary
artery had a pressure of 60/24 (36) mmHg. A pulmonary angio-
gram was performed, and the bilateral opaque defect was ob-
served in the segmental and sub-segmental branches (Figure 3A
& 3C). The PENUMBRA INDIGO system CAT8 catheter and SEP8
separator were used where the separator facilitated the clear-
ing of the emboli from the catheter tip (Figure 4). The throm-
botic aspiration was performed in both sides, obtaining large
amounts of thrombotic material. Approximately 40% of the
clot was removed from both pulmonary arteries with approxi-
mately 400 ml of blood from the pulmonary circulation (Figure
3B & 3D). The patient was haemodynamically stable during and
post-procedure. His total hospital stay was 2 days which was
uneventful. He had no bleeding post-op. A non-vitamin K antag-
onist anticoagulant (NOAC), Xarelto (Rivaroxaban), was started
after the procedure.

The ECHO before discharge showed flattening of the inter-
ventricular septum in systole, a dilated right ventricle with nor-
mal systolic function with TAPSE: 21 mm, dilated right atrium,
mild tricuspid valve regurgitation with RVSP: 38 mmHg.

A transthoracic echocardiogram performed one year later
showed a non-dilated left ventricle, with an estimated ejection
fraction of 60%, grade 1 diastolic left ventricular dysfunction,
right ventricular dilation, normal right atrium, and no tricuspid
regurgitation, with normal RVSP and TAPSE.

Figure 1: Electrocardiogram (ECG) showing sinus rhythm, S wave
in lead |, inverted T wave in Lead Il and V1-V5, no ST abnormali-
ties, marked left axis deviation, and incomplete right bundle branch
block.

Figure 2: CT pulmonary angiogram scan showing extensive acute
bilateral pulmonary emboli (A) Left pulmonary arteries. (B) Right
pulmonary arteries.

Figure 3: Images of the pulmonary thrombo-aspiration angiogram
(A) Right pulmonary artery showing the filling defect in the upper
lobe segment pre-procedure, (B) Right pulmonary artery post-pro-
cedure (C) Left pulmonary artery showing the filling defect in the
main lower lobe segment pre-procedure, (D) Left pulmonary artery
post-procedure.
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Figure 4: Images showing the Indigo System CAT8 catheter and
SEP8 Separator in the right pulmonary artery where the thrombus
is being removed.

Discussion

Pulmonary Embolism (PE) occurs when an intramural throm-
bosis forms within the pulmonary artery, partially or completely
obstructing blood flow. It is characterized by high mortality
(34% of patients die suddenly after an acute event [1]) and the
development of chronic pulmonary hypertension, which leads
to deterioration of the quality of life. In severe cases, Right Ven-
tricular (RV) failure can result from acute pressure overload,
leading to potentially fatal consequences [1,2]. Given the ur-
gency of this condition, a prompt and comprehensive approach
is necessary for diagnosis and treatment in cases of high-risk PE,
including immediate diagnostic measures upon suspicion and
therapeutic intervention upon confirmation or high suspicion.
However, the absence of haemodynamic instability does not
exclude RV dysfunction, and thus an elevated PE-related early
risk [1].

ECG findings during the acute phase of PE commonly include
the S Q.T, sign (prominent S wave in lead |, Q wave and inverted
T wave in lead Ill), new right bundle branch block either com-
plete or incomplete, rightward shift of the QRS axis, ST- segment
elevationinV, and aVR, generalized low amplitude of ORS com-
plex, sinus tachycardia, atrial flutter/ fibrillation, atrial prema-
ture contractions and T wave inversions in lead V_ -V, [6].

When acute thrombosis is present, D-dimer levels in the
plasma increase due to simultaneous activation of coagulation
and fibrinolysis. A normal D-dimer level has a high negative pre-
dictive value, so acute PE or DVT is unlikely [1]. However, the
positive predictive value of elevated D-dimer is low and, there-
fore would not be useful for confirming PE. Elevated D-dimer
can be seen in acute myocardial infarction, severe infection or
inflammatory disease, cancer, hospitalized patients and during
pregnancy [1]. Acute PE can cause RV pressure overload and
increased myocardial stretch, which leads to the release of B-
type natriuretic peptide (BNP) and N-terminal (NT)-proBNP [1].

Echocardiographic findings of RV overload and/ or dysfunc-
tion are usually suggestive of acute PE [1]. This is demonstrated
by:

RV dilation with basal RV/LV ratio > 1.0

Pulmonary ejection acceleration time (measured in the RV
overflow tract) <60 ms with a peak systolic tricuspid valve gradi-
ent < 60mmHg (‘60/60’ sign)

Depressed contractility of the RV—free wall compared to the
‘echocardiographic’ RV apex (McConnell sign)

Flattened intraventricular septum.

Decreased tricuspid annular plane systolic excursion (TAPSE)
<16 mm [1].

CT Pulmonary Angiography (CTPA) is the gold standard non-
invasive imaging test for detecting venous thromboembolic dis-
ease [1].

Current guidelines recommend catheter-based techniques
should be considered for patients with high-risk PE who can-
not have systemic thrombolysis due to contraindications [1,2].
For the acute-phase treatment of high-risk PE, the first choice,
according to current guidelines, is systemic thrombolysis in ad-
dition to unfractionated heparin infusion [1]. Primary systemic
thrombolysis is not recommended for intermediate or low-risk
PE [1]. In cases of PE with high thrombotic burden and worsen-
ing haemodynamics, thrombus aspiration should be considered
as an option for restoring pulmonary artery circulation [1-3].
This procedure is particularly useful for patients who cannot un-
dergo systemic thrombolysis due to contraindications or those
who have already undergone this treatment but with unsatis-
factory results. Systemic thrombolysis was associated with high-
er rates of severe bleeding and intracranial haemorrhage [1,2].

The Indigo Aspiration Catheter (Penumbra) was validated in
the EXTRACT-PE (A Prospective, Multicenter Trial to Evaluate
the Safety and Efficacy of the Indigo Aspiration System in Acute
Pulmonary Embolism) study of patients with haemodynami-
cally stable PE and associated RV dysfunction [4,5]. The trial
results showed a significant improvement in RV function, with
low rates of mortality and major bleeding, as well as no cardiac
injury [4,5]. Prompt intervention reduces mortality which is ex-
pected to decrease the risk of haemodynamic collapse [4,5].

The Penumbra Indigo Aspiration System consists of the 8-F
Indigo aspiration catheter, tubing, pump and separator [4,5].
Haemodynamics are evaluated through a diagnostic pulmonary
angiogram after percutaneous access to the pulmonary artery.
The aspiration catheter is positioned proximal to the thrombus
after being introduced over a guidewire, either to the left or
right pulmonary artery. The separator is advanced through the
catheter if required to clear the catheter lumen. Pulmonary
vessels could be aspirated repeatedly, and the catheter can be
flushed between passes [4,5]. A final pulmonary angiogram and
haemodynamic evaluation are conducted after the Indigo de-
vice is removed.

It is worth noting that thrombo-aspiration devices have
proven to be effective and are being increasingly used in unsta-
ble patients, despite the need for large-bore access to venous
system [1-3]. It can also be used for deep vein thrombosis and
myocardial infarction. Aspiration thrombectomy for PE is a safe
and effective option that significantly improves respiratory and
haemodynamic parameters in the first 24 hours after the pro-
cedure, with a lower complication rate than fibrinolysis [1,3].

Conclusion

This case report provided evidence on the effectiveness and
safety of aspiration thrombectomy for high-risk pulmonary em-
bolism.

Abbreviations: PE: Pulmonary Embolism; RVSP: Right Ven-
tricular Systolic Pressure; NOAC: Non-Vitamin K Antagonist
Anticoagulant; RV: Right Ventricular; BNP: B-Type Natriuretic
Peptide; NT: N- Terminal; TAPSE: Tricuspid Annular Plane Sys-
tolic Excursion.
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