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Pathophysiology

• Acute PE interferes with both 
circulation and gas exchange

• Mechanisms of increased RV 
afterload 
• Decrease in cross sectional 

area (30-50% obstruction) 
• Vasoconstriction mediated 

through thromboxane and 
serotonin release
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Who need intervention for acute PE ?
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Prognostic assessment strategy 
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Hemodynamic instability
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Prognostic assessment strategy 
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Prognostic assessment strategy 
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Risk assessment (severity)

• To assess a patient’s overall mortality risk 
and early outcome

• Pulmonary Embolism Severity 
Index (PESI) 

• simplified version (sPESI)

• Strength of the PESI and sPESI : 
identification of patients at low risk for 
30 day mortality (PESI classes I and II) 
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RV dysfunction on TTE or CTPA
Elevated cardiac troponin levels

• Elevation of further 
laboratory biomarkers
• NT-proBNP > 600 ng/L

• H-FABP > 6 ng/mL

• copeptin > 24 pmol/L
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Who need intervention
(catheter-based) ?
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Indication for catheter based  treatment for High risk PE
• Contraindication/failed for systemic thrombolysis

Indication for catheter based  treatment for Low or 
intermediate risk PE
• Hemodynamic deterioration 
• intermediate high risk PE
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Factors 
Determine 
Treatment 
Options

Disease
Severity of PE

Clot burden
Duration

Patient
Medical condition
Bleeding risk

Facility
Surgeon preference
Endovascular skill
Equipment and ICU 
Cost 

Giri J. Circulation. 2019;140:e774–e801. DOI: 10.1161
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Technique for
Percutaneous catheter-directed treatment
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“รู้เขารู้เรา รบร้อยคร้ังไม่แพร้้อยคร้ัง
รู้เราไม่รู้เขา ชนะหน่ึงแพห้น่ึง
แต่ถา้ไม่รู้เขาไม่รู้เรา จะแพทุ้กการรบ”

Catheter intervetion for acute PE, indication and technique : Nutsiri Kittitirapong,M.D. (25/10/20) Slide 19/41



• Severity of PE
• Hemodynamic status
• Clot burden and duration
• Presence of DVT
• Cause of VTE
• C/I to thrombolysis
• C/I to anticoagulant
• C/I to PA catheterization

Absolute contraindications to pulmonary 
artery (PA) catheterization 

• Tricuspid or pulmonary valve 
prosthesis or vegetation,

• Recent myocardial infraction
• Left bundle branch block

Relative contraindications • Contrast allergy 
• History of ventricular irritability

Known your patients Known yourself

• Available facilities
• Available and suitable device 

including limitation
• Surgeon experience
• Team experience 

• PERT: pulmonary embolism 
response team

• Available ECMO
• ICU
• Cost
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Characteristics of interventional pulmonary embolism devices

+ PE
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Catheter-based thrombolysis
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Giri J. Circulation. 2019;140:e774–e801. DOI: 10.1161

Catheter-based thrombolysis

Catheter-directed thrombolysis 
(CDL/CDT)

Infusion catheter 

Uni-Fuse (AngioDynamics Inc, 
Latham, NY) catheters

Cragg-McNamara (ev3 Inc, 
Plymouth, MN) catheters

Ultrasound-assisted 
thrombolysis (USAT) with the 
EKOSonic endovascular system 
(EKOS Corp, Bothell, WA)
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• The goals

• Decrease the rate of major and intracranial bleeding 

Giri J. Circulation. 2019;140:e774–e801. DOI: 10.1161

Catheter-directed thrombolysis (CDL/CDT) 
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EKOS : EKOSonic endovascular system (EKOS Corp, Bothell, WA)

Giri J. Circulation. 2019;140:e774–e801. DOI: 10.1161
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• Hemodynamically unstable PE (high-risk acute PE)

• Intermediate-high risk PE/ Hemodynamic deterioration 

• Decrease bleeding risk compared to systemic thrombolysis

Catheter-based thrombolysis

C
O
N
C
L
U
S
I
O
N

But still remain increased bleeding risk
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Catheter-based embolectomy
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Catheter-Based 
Thrombus 
Maceration

Catheter & guidewire 

Rheolytic
Thrombectomy

AngioJet catheter (Boston Scientific, 
Marlborough, MA)

Large-Bore 
Embolectomy

The Flow-Triever system (Inari Medical, 
Irvine, CA

Small-Bore 
Embolectomy

The Indigo Thrombectomy System 
(Penumbra, Inc, Alameda, CA)

Giri J. Circulation. 2019;140:e774–e801. DOI: 10.1161

Catheter-based embolectomy
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Catheter-Based Thrombus Maceration

Giri J. Circulation. 2019;140:e774–e801. DOI: 10.1161

•

•
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Large-Bore Embolectomy
The Flow-Triever system (Inari Medical, Irvine, CA)
20 F device with three self-expanding nitinol discs entrapping the thrombus with 

simultaneous aspiration

Giri J. Circulation. 2019;140:e774–e801. DOI: 10.1161
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Small-Bore Embolectomy 
The Indigo Thrombectomy System (Penumbra, Inc, Alameda, CA)

Giri J. Circulation. 2019;140:e774–e801. DOI: 10.1161

8 F vacuum assisted 
aspiration with mechanical 

clot engagement
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• The EKOSonic endovascular system (SEATTLE II, 2014)

• The FlowTriever embolectomy device (FLARE, 2018)

• The Indigo Thrombectomy System (EXTRACT-PE, 2020)

Giri J. Circulation. 2019;140:e774–e801. DOI: 10.1161
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Comparison trials

Adapted from AKHILESH SISTA PRESENTED ON NOVEMBER 6, 2019 AT VIVA 2019

Extract PE
(N 119), 2019

SEATTLE II1

(N 150), 2015
FLARE2

(N 106), 2019
PEITHO3 Tenecteplase arm 

(N 506), 2014

Device, study design Penumbra 
(single arm)

EKOS 
(single arm)

Flow Triever
(single arm)

Systemic thrombolysis VS 
Anticoagulant (RCT)

PE risk Intermediate risk Intermediate+ high risk Intermediate risk Intermediate risk 

Primary efficacy 
(Change in RV/LV 

ratio at 48 hr)

0.43; p<0.0001 0.42; p<0.0001 0.38; p<0.0001 N/A

Primary safety Major Adverse Events 
within 48 hrs

1.7%

Major bleeding within 
72 hrs
10%

Major Adverse Events 
within 48 hrs

3.8%

Death or hemodynamic 
decompensation within 7 d

2.6%

Major bleeding Within 48 hrs, 1.7% Within 72 hrs, 10% Within 48 hrs, 1.0% Within 7 d, 11.5%

All cause mortality 
(30 d)

2.5% 2.7% 1.0% 2.4%

Device time 37 min 12-24 hrs 57 min NA

1. Piazza et al. JACC Cardiovasc Interv,2015. 8(10): 1382-922;2
2. Tu et al. JACC Cardiovasc Interv, 2019 May 13;12(9):859-869
3. Meyer et al. N Engl J med. 2014 Apr 10:370(15):1402-11Catheter intervetion for acute PE, indication and technique : Nutsiri Kittitirapong,M.D. (25/10/20) Slide 33/41



Technique
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Procedural tips

Review and use 
information 
from CT 

• RV/LV ratio 

• Clot distribution 

DUS for R/O 
DVT

Access : 

CFV / IJV

Measure PA 
pressures at 
baseline 

Don’t do 
unnecessarily 
angiogram 

• Left PA – LAO / 
Right PA – RAO 

“Clinical improvement doesn’t correlate to angiographic result”
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Pulmonary Artery Catheterization
• Pigtail type

Pigtail catheter (A)
Grollman pulmonary artery catheter (B)

• Balloon tip type
Balloon tipped catheter (C)

Adv : low risk for arrhythmia

Omniflush catheter (AngioDynamics, 
Queensbury, NY) 

Caution: high risk for arrhythmia
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Injection contrast and normal pressure in PA

Injection rate and quantity of contrast medium

Artery Injection rate (cc/sec) Qauntity of contrast medium 
(cc)

Rt/Lt pulmonary artery 25 50

Rt/Lt pulmonary artery 
(pulmonary hypertension)

15-20 30-40

Lobar pulmonary arteries 15-20 30-40

Segmental pulmonary arteries 5-10 15-20

Normal Pressure

RA pressure 0-5 mmHg PA pressure systolic 20-25 mmHg

RV pressure 20-25 mmHg PA pressure diastolic 10-15 mmHg

Mean PA pressure 9-18 mmHg
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Complications of Catheter-base Tx for PE
• Pulmonary hemorrhage 
• Pulmonary artery dissection 
• Pulmonary artery perforation

• Cardiac tamponade 
• Bleeding 

• including cerebral 
hemorrhage

• Transient heart block or 
Arrhythmias 

• CIN / Reactions to contrast 
media

• Hemolysis 
• Hemoglobinuria
• Hypotension 
• Pancreatitis 

• Hemoptysis 
• Vascular access complications 
• Death
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Conclusion

Understanding of pathophysiology of PE is the key to success.

Catheter-based intervention should be considered in pts with high risk 
or intermediate-high risk PE who are at risk for thrombolysis.

Determining the factors for the optimal treatment; patient, disease and 
utility, is important. 
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