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Despite advances in the management of acute
pulmonary embolism (PE), the mortality rate in
intermediate-high-risk and high-risk PE remains
significant [1, 2]. Recently, percutaneous catheter-
directed therapies have progressed with contem-
porary PE management [3-6].

A 44-year-old woman with a history of dissemi-
nated ovarian cancer was admitted with interme-
diate-high risk PE. Several days of unfractionated
heparin (UFH) infusion was ineffective despite
therapeutic range of activated partial thromboplas-
tin time (APTT). Physical examination revealed
heart rate (HR) 120 bpm, respiratory rate (RR) 30/
/min and blood pressure (BP) 95/60 mmHg. Blood
test showed elevated troponin concentration 0.6 ng/L
(normal range < 0.01 ng/L) and low arterial satura-
tion (Sa0,) 88% despite oxygen supplementation
(flow rate 15 L/min). Echocardiography demon-
strated right ventricle dysfunction (right ventricle/
/left ventricle [RV/LV] diameter ratio 1.5 and tri-
cuspid annular plane systolic excursion [TAPSE]
13 mm). A bedside lower-limb compression ultraso-
nography showed a deep vein thrombosis of the left
popliteal vein. The Pulmonary Embolism Severity
Index indicated very high mortality risk (144 points
— class V). Our institutional PE response team
qualified the patient to catheter-directed treatment.

The right common femoral venous access
was obtained with a 6-F vascular sheath. A pigtail
catheter (6-F; Cordis, Hileah) was inserted into
the right and left pulmonary arteries and a selec-
tive angiography was performed. Then, pulmonary
arterial pressures (PAPs) were recorded under
fluoroscopy according to current guidelines [7].
The systolic/diastolic/mean PAPs were 63/17/35

mmHg, respectively. Pulmonary angiography re-
vealed large thrombus burden bilaterally mainly
in lobar pulmonary arteries.

Due to well thrombi organization it was de-
cided to give alteplase directly to the thrombus in
preparation for aspiration.

For this purpose, an angioplasty balloon cath-
eter Maverick 2 ™ 4.0 x 20 mm (Boston Scien-
tific, Marlborough) was manually perforated with
aneedle at different sites and subsequently insert-
ed into the target segmental artery of the right up-
per lobe tracked along Sion blue guidewire (Ashahi,
Aichi). The balloon catheter was inflated with an
alteplase solution (concentration 1mg/1 mL) us-
ing a deployment pressure of 6 atmospheres (Fig.
1A-F). The balloon catheter was subsequently
placed and inflated in the two other segmental
arteries of the right upper lobe. The total amount
of 3 mg of alteplase was injected via the balloon
catheter within 3 min — each inflation lasted 1 min.

Subsequently, a 115cm, 8-F Indigo CATS8
XTORQ catheter (Penumbra, Alameda, California)
was inserted through a long 90cm, 8 F Flexor
sheath (Cook; Bloomington) to perform continuous
aspiration thrombectomy (CDT) procedure in the
right and left lobar pulmonary arteries. A direct-
aspiration first-pass technique was performed in
order to attach a large part of the thrombus to the
catheter tip by suction and then pull it out through
the sheath. Subsequently, separator wire was re-
peatedly passed through the thrombus to fragment
and facilitate aspiration (Fig. 1G-I). The procedure
was terminated with the improvement of hemo-
dynamic parameters (on table HR normalization
< 100 bpm and PAPs reduction to 46/15/26 mmHg).
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Eventually, blood flow significantly improved bilat-
erally in proximal pulmonary arteries as well in the
lung periphery. During the procedure, intravenous
UFH was continued at normal intensity with a goal
APTT of 1.5-2.5 upper normal range.

During the subsequent monitoring in the
cardiac intensive unit the patient’s clinical status
significantly improved. There were no complica-
tions related to the procedure. 24 hours after CDT
patient’s HR was 80 bpm, RR was 20/min and SaO,
was 94% on room air, respectively. Echocardiogra-
phy showed significant RV function improvement
(TAPSE 20 mm, RV/LV diameter ratio 1.0). Anti-
coagulation with UFH was continued for 48 hours
after the procedure and then a weight-adjusted
low molecular weight heparin was introduced. The
clinical 6-month follow up was uneventful and the
patient continued with chemotherapy.

Interventional techniques are focused to
quickly relieve blockage and restore pulmonary
blood flow with subsequent improvement in hemo-
dynamic status, oxygenation and RV function [8, 9].
The use of two catheter-directed techniques,
balloon-delivered local thrombolysis and continu-
ous aspiration thrombectomy, during one proce-
dure was unique. In the present case, efficient
clot removal immediately improved the patient’s
condition and appeared important to ameliorate
the outcome with low bleeding risk. An alteplase
given directly into the pulmonary arterial circula-
tion reaches a steady-state and is capable of dis-
solving thrombi [10]. It was decided to administer
a thrombolytic drug directly into the segmental
arteries to provide the highest drug concentra-
tion in most obstructed vessels. These results
suggest a possible synergistic effect of low dose
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Figure 1. Step by step a hybrid catheter-directed treatment of pulmonary embolism; A, B. The initial computed tomog-
raphy angiograms showing extensive thromboembolic material burden in right pulmonary arteries; C. The angioplas-
ty balloon perforation with a needle at different sites; D. The alteplase solution preparation (concentration 1 mg/1 mL);
E, F. Filling of the handheld pump and the angioplasty balloon with the alteplase solution; G. The angioplasty balloon
placement and inflation with the alteplase solution into the target segmental artery of the right upper lobe; H. The
selective angiogram performed after transballoon alteplase delivery; I, J. The catheter-directed mechanical aspiration
thrombectomy procedure with the Indigo device; K. An image of the removed clots.
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thrombolytic therapy and aspiration thrombectomy,
even in patients with a relatively long duration of
PE symptoms.
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