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1. 
How 
important?
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Pathophysiology

• Acute PE interferes with both 

circulation and gas 

exchange

• It is the third most common 

cause of death in 

hospitalized patients
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Venous thromboembolism (VTE) is globally the third most frequent acute 
cardiovascular syndrome behind myocardial infarction and stroke

Increasing trends in annual incidence rates and decreasing in fatality 
rates of pulmonary embolism around the world
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Who need intervention for acute PE ?
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2. 
ESC 
Guideline
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Prognostic assessment strategy 
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Prognostic assessment strategy 
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Prognostic assessment strategy 
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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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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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3. 
Treatment 
nodality
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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 
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Surgical thrombectomy

• Surgical embolectomy

• Cardiopulmonary bypass

• Without aortic cross-
clamping 

• Cardioplegic cardiac arrest

• Incision of the two main 
pulmonary arteries with the 
removal or suction of fresh 
clots.
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Surgical thrombectomy

• Thrombolysis (n = 1854) or surgical embolectomy (n = 257) 

• No difference in 

• 5 year actuarial survival

• 30 day mortality (15% and 13%)

• Thrombolysis 

• higher risk of stroke and reintervention at 30 days

• higher rate of recurrent PE requiring readmission compared with surgery (7.9 vs. 2.8)

• Not randomly allocated in this observational retrospective study, and the patients referred 
for surgery may have been selected.
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Technique for
Percutaneous catheter-directed treatment
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“รู้เขารู้เรา รบร้อยคร้ังไม่แพร้้อยคร้ัง
รู้เราไม่รู้เขา ชนะหน่ึงแพห้น่ึง
แต่ถา้ไม่รู้เขาไม่รู้เรา จะแพทุ้กการรบ”
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• 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

Xi Xue. Tech Vasc Interventional Rad 21:78-84 C 2018
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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)
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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
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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)
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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):1402-11

Management in acute pulmonary embolism : Nutsiri Kittitirapong, M.D. FRCST Slide 37/63



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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Patient Profile
73 year-old Thai female 

Chief complaint : เวียนศีรษะ 2 วนั
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History

• Chief complaint : เวียนศีรษะ 2 วนั

• Present illness:
• 2 วนั เวียนศีรษะ  คลื่นไส้อาเจียน 
• MRI brain: Heterogenous enhancing mass at cerebellar 

hemisphere associated with leptomeningeal enhancement

• Status เดิม: ช่วยเหลือตวัเองได้ เดนิได้
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• U/D: 
• Asthma, DM c DR, HT, DLP

• HFpEF last echo : LVEF> 60%, mild concentric LVH

• RLL AVM S/p lobectomy yr 46

• Staghorn calculi S/p Rt nephrectomy yr 47
• Granulomatosis with polyaniitis (GPA : sinusitis, asthma,antiPR3+)

History
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• V/S : T 36 P 90/min RR 18/min BP 170/75 mmHg

• GA: Good consciousness, not pale, no jaundice, no dyspnea

• CVS : Normal S1, S2, no murmur

• RS: lung clear

• Abd: Soft, not tender

Physical examination
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• Neurological examination:
• E4V5M6, pupil 3mm RTL Rt/ Lt fixed with irregular shape (S/p cataract Sx), No 

nystagmus

• Motor power: grade V all

• CN V: normal facial sensation

• CN VII: No facial palsy

• CN IX: No uvular deviation, tongue in midline

• Reflex 2+, BBK plantar response

• Cerebellar : Impaired FTNT and dysdiadochokinesia Lt , truncal ataxia with 
wide-base gait

Physical examination
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• Cerebellar mass 
• R/o metastasis , unknown primary or primary brain tumor

• Plan: Rectosigmoid craniotomy with tumor removal 

• Risk for VTE : identified high risk patient

Problem list
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Caprini 
score 

6
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6
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DUS (30/12/62): 
No evidence of deep vein thrombosis
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Operation : Craniotomy with tumor removal
2/1/63
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Admit 
26/12/62

OR
2/1/63

PO D 2
4/1/63

O2 sat drop หลงักลบัจากห้องน า้
เดิม on O2 canula 3 LPM --> O2 sat 97-98%
หลงักลบัจากห้องน า้ O2 sat 80% Mask c bag 10 LPM  O2 

sat 90% HR 114/min BP 120/80  On ET tube

Rectosigmoid 
craniotomy 
with tumor 
removal 

DUS
30/12/62

Cerebellar 
mass

Prophylaxis VTE : IPC 
intraoperatively and postop 

No pharmacological 
prophylaxis

• CTA PE protocol
• DUS both legs
• Echocardiogram
• Cardiac enz
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Acute pulmonary embolism at LPA and RPA with pulmonary artery hypertension 
and RV strain (RV:LV= 1.82)
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DUS both legs (4/1/63)

• No evidence of DVT

Echocardiogram (4/1/63)

• Dilate RV with impaired RV free wall contraction, Mc cornell’s sign 
positive

Cardiac enzyme (4/1/63)

• Trop T +, Pro BNP +
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What is your management?
Acute submassive PE, high risk 
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Heparinization
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Enoxaparin 0.6 ml sc stat
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Problem

• 1. Intermediate high risk acute pulmonary embolism

• 2. Recent Craniotomy with tumor removal

Set OR for Penumbra aspiration thrombectomy

Discuss กับแพทย์เจ้าของไข้ 
 Anticoagulation
 Thrombolysis
 Thrombectomy
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Indigo system SEP 8

Pre Post

Management in acute pulmonary embolism : Nutsiri Kittitirapong, M.D. FRCST Slide 60/63



Admit 
26/12/62

OR
2/1/63

PO D 2
4/1/63

Rectosigmoid 
craniotomy 
with tumor 
removal 

Prophylaxis VTE : IPC 
intraoperatively and postop 

Tx : Enoxaparin 0.6 ml sc q 12 hr 

DUS
30/12/62

On GCS

Aspiration 
thrombectomy

Cerebellar 
mass

Intermediate high risk acute pulmonary 
embolism

PO D 7
Patho: 

Large B cell 
lymphoma

PO D8 

Transfer to 
Medicine for CMT

Clinical PE 
improve
On O2 sat 99% 
(canula 3 LPM)

• GSC drop (Brain 
edema)

• Pancytopenia + 
Intracerebral 
bleeding(CMT) 

PO D40
11/2/63 

Death

Stop anticoagulantNo pharmacological 
prophylaxis
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