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LEARNING OBJECTIVES:

• Understand the components needed for risk-
stratification for acute PE

• Understand initial treatment options for acute PE 
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TESLA SAVES MAN WITH PULMONARY 
EMBOLISM

1.Arch Intern Med 1988;148:1425-6.

2.Mayo Clin Proc 1995;70:417-24. 

3.Chest 1995;108:978-81.

4.Ann Acad Med Sing 1995;24:356-65.

5.Chest 2006;129:1282-87.

“Patients who die from acute PE are most commonly not 
diagnosed, or even suspected until they are already dead.”

Which of the following is the most common  
definition for “massive” or “high-risk” PE?

A. PE causing systolic BP <90 mmHg for > 15 min

B. PE associated with O2 requirement of > 50% 

C. PE causing severe RV dysfunction by echo or CT

D. PE requiring intubation

E. A clot involving both main pulmonary arteries 

F. Either A, C, or E



3/24/2018

3

Pulmonary Embolism: Definitions

Patient risk stratification (PE AHA 2011 guidelines)

Massive PE Submassive PE Minor/Nonmassive
PE

High risk Moderate risk Low risk

•Sustained hypotension 

- SBP <90 mmHg ≥15 min

•Vasoactive support 

•Pulselessness

•Persistent profound bradycardia
(HR <40 bpm with signs or 
symptoms of shock)

• Systolic BP ≥90

• RV dysfunction

Myocardial necrosis 
-Elevation of troponin 
-Elevation of troponin

• Systolic BP ≥90 mmHg

• No RV dysfunction

• No myocardial necrosis

Jaff et al. Management of massive and submassive PE, iliofemoral DVT, and CTEPH: A scientific 
statement from the AHA.  Circulation 2011;123(16):1788-1830.

Heart rate?
PE burden?

Leg clot?

Hypoxemia?

High Risk Intermediate Risk Low Risk

HETEROGENEOUS!!

Wood, K. E. Chest 2002;121:877-905

The Relationship of Severity and Mortality in Patients with Massive PE

Do you wait for 
hypotension?
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21% with RV hypokinesis

15% with no RV hypokinesis

Mortality rate:

ICOPER: 

RV hypokinesis on baseline echo associated 
with ~40% higher 3 month mortality rate.
Goldhaber S, Visani L, DeRosa M. The Lancet; Apr 24,1999; 353,9162

Prospective registry: 2,454 consecutive PE patients - 52 hospitals in 7 countries

Mortality risk increases 11-fold for PE patients with an 
obstructive index > 40% who are treated solely with 
anticoagulant therapy 
Van der Meer R, Pattynama P, Van Strijen M, Van den Berg-Huijsmans A, Hartmann I, Putter H, De Roos A, Huisman M, 
Radiology 2005; 235: 798-803

• Retrospective analysis of 120 
patients with hemodynamically 
stable PE based on chest CT

• PE-related mortality at 3 mos: 
̶ 17% if RV/LV > 1.5
̶ 8% if RV/LV 1.0 - 1.5
̶ 0% if RV/LV < 1.0

Guidelines do not address 
DEGREE of RV dysfunction, or 
extent of obstruction…

(HR, 11.2; 95% CI: 1.3, 93.6). 

Thus, PE-related mortality risk 
increases with stepwise increase 
in RV/LV Ratio

BNP and Troponin

BNP
A meta-analysis found 51% of 1132 unselected acute PE patients had 
elevated BNP or NT-proBNP on admission. 

Patients had 10% risk of early death (95% CI 8.0–13) and 23% (95% 
CI 20.0–26) risk of adverse outcome.

Troponin
A meta-analysis (1985 patients) showed elevated troponin I or -T in 
50% of patients with acute PE. 

↑troponin assoc with high mortality in:

– Unselected patients (OR 9.44; 95% CI 4.1–21.5) and in

– Hemodynamically stable patients (OR 5.9; 95% CI 2.7–13). 

Klok FA, et al. Brain-type natriuretic peptide levels in the prediction of adverse outcome in patients with PE. 
A systematic review and meta-analysis. Am J Respir Crit Care Med 2008;178:425–430.

Becattini C, et al. Prognostic value of troponins in acute PE: a meta-analysis. Circulation 2007;116:427–433.
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If sPESI = 0
and BNP or troponin (+), 
then intermediate low-risk
(not home therapy)

No hypotension / shock 
sPESI = 0

ESC Guidelines Eur Heart J 2014;35:3033–3080. 

sPESI
Age >80

Cancer
Chronic CP disease

HR >110 / min
SBP < 100 sys
O2 sat < 90%)
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What is the mortality in the low-risk group?

1.1% risk of 30-day mortality in “low" risk group 
(sPESI = 0 points), with 1.5% having recurrent VTE 
or non-fatal bleeding.

Jiménez D, et al. Simplification of the pulmonary embolism severity index for 
prognostication in patients with acute symptomatic pulmonary embolism. Arch 
Intern Med. 2010 Aug 9;170(15):1383-9.

Treatment = anticoagulation

Do we need to treat 
this small PE?
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Can we further subdivide the high-risk 
patients?

BP- 60 systolic after 1500 cc NS, 3 pressors

High-risk (massive) PE 

HIGH-RISK PE  

BP- 80 systolic after 1500 cc NS, on NE drip
HR – 108 / min          RR – 20 / min
BNP – 210 pg/ml    Troponin – 0.9
RV moderately enlarged and hypokinetic

BP- 88 systolic – awake, alert – 2 ug NE

Would catheter-directed therapy be reasonable?

-How fast can cath lab / IR lab be activated?
-What is trend? Is patient worsening or improving?
-How comfortable is interventionalist / anesthesiologist?

High-risk (massive) PE 
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Who are the intermediate-risk patients?

Can we further subdivide them?

Who are the intermediate-risk PE patients? 
(ESC 2014)

• No hypotension or shock
• sPESI > 0 

sPESI – 1 point each
• Age > 80
• Cardiopulm disease
• Cancer
• HR   > 110 /min
• SBP < 100 mm Hg
• O2 sat < 90%Intermediate high-risk =

RV dysfunction (echo / CT) and  BNP or troponin

Intermediate low-risk = 
Either echo or biomarker abnormal (or neither)
(Or, sPESI = 0 and abnormal RV or (+) biomarker)

Consider surgical embolectomy or percutaneous CDT for intermediate-high-risk PE, 
when hemodynamic decompensation appears imminent and the anticipated bleeding 
risk under systemic thrombolysis is high.

Consider systemic thrombolysis for intermediate-high-risk PE, if hemodynamic 
decompensation appears. 

RV + troponin
(Both positive)

ESC 2014
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What is the mortality in the (normotensive) 
intermediate-risk group?

Patients with sPESI > 0 had mortality up to 11%. 
(10 x higher than low-risk group)

Aujesky D, et al. Derivation and validation of a prognostic model for pulmonary embolism. Am J 
Respir Crit Care Med 2005;172(8):1041–1046.

Jiménez D, et al. Simplification of the PESI for prognostication in patients with acute symptomatic 
pulmonary embolism. Arch Intern Med. 2010 Aug 9;170(15):1383-9.

What about residual DVT?
Does that impact decisions?

If a patient has PE and very extensive residual DVT…
… do they need an IVCF?

Risk Stratification in Acute PE Based on Presence or 
Absence of Lower Extremity DVT:  Systematic Review 
and Meta-analysis 

272 / 4,379 (6.2%) PE patients with residual DVT died* 

133 / 3,489 (3.8%) PE patients without residual DVT died*

*Within 30 days after PE diagnosis

(7 cohorts; OR 1.9; 95% CI, 1.5 to 2.4; I2 = 0%).

Becattini C, et al. Chest July 23, 2015
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RISK STRATIFICATION:

Symptoms

General appearance

RR, heart rate, BP, O2 sat

RV – EKG / CTA / echo / BNP / troponin

sPESI

Extent of clot by CTA / VQ scan / D-dimer

Residual clot in legs

CP reserve

Trends

Lactate

Bleed risk?

How fast can you implement any given therapy?

CLINICAL TRIALS!

PE RESPONSE TEAM?

N Engl J Med 2014; 370:1402-1411 / April 10, 2014

Guy Meyer, M.D., Eric Vicaut, M.D., Thierry Danays, M.D., Giancarlo
Agnelli, M.D., Cecilia Becattini, M.D., Jan Beyer-Westendorf, M.D., Erich
Bluhmki, M.D., Ph.D., Helene Bouvaist, M.D., Benjamin Brenner, M.D.,
Francis Couturaud, M.D., Ph.D., Claudia Dellas, M.D., Klaus Empen,
M.D., Ana Franca, M.D., Nazzareno Galiè, M.D., Annette Geibel, M.D.,
Samuel Z. Goldhaber, M.D., David Jimenez, M.D., Ph.D., Matija Kozak,
M.D., Christian Kupatt, M.D., Nils Kucher, M.D., Irene M. Lang, M.D.,
Mareike Lankeit, M.D., Nicolas Meneveau, M.D., Ph.D., Gerard Pacouret,
M.D., Massimiliano Palazzini, M.D., Antoniu Petris, M.D., Ph.D., Piotr
Pruszczyk, M.D., Matteo Rugolotto, M.D., Aldo Salvi, M.D., Sebastian
Schellong, M.D., Mustapha Sebbane, M.D., Bozena Sobkowicz, M.D.,
Branislav S. Stefanovic, M.D., Ph.D., Holger Thiele, M.D., Adam Torbicki,
M.D., Franck Verschuren, M.D., Ph.D., and Stavros V. Konstantinides,
M.D. for the PEITHO Investigators

PEITHO: Does Thrombolytic Therapy Reduce 
Mortality in Acute Submassive PE?

Prospective, randomized, double-blind

Patients had RV dysfunction based on echo or CT plus a 
positive troponin I or T test.

Enrolled 1,006 patients with confirmed acute submassive
PE in 13 countries

Anticoagulated

Weight-based IV tenecteplase vs placebo

Enrolled between 2007 and 2012

Meyer G, et al. NEJM April 10, 2014

So, intermediate 
high-risk patients.
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PEITHO: Results

Endpoint: Tenecteplase Heparin      P-value

(n = 506) (n = 499)

1°(combined) endpoint*† 13 (2.6%)         28 (5.6%)  0.02

Death (7d) 6 (1.2%) 9 (1.8%) 0.42

Hemodynamic collapse 8 (1.6%)          25 (5.0%)          0.0002

Major bleeding 32 (6.3%)  6 (1.5%)     < 0.001

Stroke 12 1 0.003

Hemorrhagic   10 (2.0%) 1 (0.2%)

Ischemic 2 0

Rescue thrombolysis 4 (0.8%) 23 (4.6%)

*death / hemodynamic collapse 
† 56% reduction

Safety Outcomes in the Intention-to-Treat Population.

Meyer G et al. N Engl J Med 2014;370:1402-1411

Of ICH patients, 8/10 were > 70 y-o. Youngest was 65.    4/10 survived. 

JAMA. 2014;311(23):2414-2421. 
doi:10.1001/jama.2014.5990

JAMA 2014;311(23):2414-2421
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If We Thrombolyse – What is Dose? 
Submassive / Intermediate-risk PE

Wang, et al. A/C → tPA 50 mg vs. 100 mg

Sharifi, et al. A/C → tPA 50 mg vs. A/C alone 

Consider in:
Smaller patients
Older patients
Patients with strong relative contraindications

Grade of recommendation: X

Wang C et al. Efficacy and Safety of Low Dose Recombinant Tissue-Type Plasminogen Activator for the Treatment of Acute Pulmonary Thromboembolism. 
CHEST 2010; 137(2): 254-262.

Sharifi M et al. Moderate Pulmonary Embolism Treated with Thrombolysis (from the MOPETT Trial). Am J Cardiol 2013; 111: 273-277.

(FDA: 100 mg tPA IV over 2 hours)

Dyspnea
P- 104/ min  BP 130/72  RR- 18   O2 sat 96-98% (RA)
BNP = 43
Troponin 0.06 
Leg US - negative 

Dyspnea
P- 104/ min  BP 130/72  RR- 18   O2 sat 96-98% (RA)
BNP = 43
Troponin 0.06 
Leg US - negative 
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RV - NORMAL

TAPSE 24.4 mm  - NORMAL

What should you do?
PERT team?

TREATMENT?

• Saddle embolus – but intermediate-low risk

• Enoxaparin 1 mg/kg SC q12h

• Changed to rivaroxaban 15 mg q12h after 24 h 

What should initial anticoagulation be?

1. If parenteral, strongly consider LMWH – more 
bioavailable and therapeutic level in 3-4 hours.

2. If possible procedure, consider standard IV UFH 

3. Can you use LMWH if you are considering a 
procedure?

4. Can you use LMWH if you are considering 
thrombolysis?

5. When can you go straight to a DOAC?
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LMWH Use with Thrombolysis: Is it Effective 
and Safe? Ten Years' Clinical Experience.

METHODS: 

Retrospective cohort of acute PE patients (2000 and 2010). 

Patients received either SC LMWH or SC LMWH + thrombolytics.

RESULTS: 

392 patients: 107 (27.2%) = massive and 285 (72.8%) = nonmassive.

Mortality = 16.8% (18/107) in massive and 3.5% (10/285) for 
nonmassive (p < 0.001). 

Major hemorrhage Minor hemorrhage

LMWH + thrombolytics 3.7% (n=4)    12.1% (n=13)
LMWH + no thrombolytics 0.7% (n=2) 3.8% (n=11)

Ucar EY, et al. Respiration 2013;86:318-23.

HR = 120 / min
O2 sat = 94% on 6L /min
BP = 105/58

HR = 120 / min
O2 sat = 94% on 6L /min
BP = 105/58
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RV

LV

HR = 120 / min
O2 sat = 94% on 6L /min
BP = 105/58

-Troponin 4.7
-BNP 280

INITIAL ECHOCARDIOGRAM – Estimated PA systolic pressure = 55 mm Hg 

PERT team?

“Severe” intermediate high-risk PE
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Ultrasound-assisted, catheter-directed thrombolysis
1 mg/h per lung x 6h (12 mg of tPA)

TREATMENT?

Marked clinical improvement
Marked improvement in RV function 4h later

Intermediate-risk PE:
Another option?

Focus on:

Extent of clot

Severity of RV dysfunction by echo

Physiologic parameters

– Heart rate

– Oxygenation

– Trends
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Intermediate-risk PE:
Another option?

Focus on:

Extent of clot

Severity of RV dysfunction by echo

Physiologic parameters

– Heart rate 

– Oxygenation

– Trends

Dahhan T, Siddiqui I, Tapson, VF, et al. Cardiovascular Ultrasound 2016; 14:44

Intermediate-risk PE:
Another option?

Focus on:

Extent of clot

Severity of RV dysfunction by echo

Physiologic parameters

– Heart rate (<110 min / 111-120 / > 120)

– Oxygenation 

– Trends
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Intermediate-risk PE:
Another option?

Focus on:

Extent of clot

Severity of RV dysfunction by echo

Physiologic parameters

– Heart rate (<110 min / 111-120 / > 120)

– Oxygenation (0-2L / 3-6L / > 6L)

– Trends

Catheter embolectomy:  
Catheter devices 

HG I J

A B C D E

F

F

A. Greenfield embolectomy catheter 

B. 5F pigtail rotational catheter

C. Amplatz Thrombectomy Device

D. AngioJet (rheolytic) Xpeedior catheter

E. Aspirex 11-Flex catheter

F. EKOS® US-assisted thrombolytic catheter

G. Penumbra catheter

H. Inari FlowTriever

I.  Pronto 14 F XL-extraction catheter

J. AngioVac cannula

We have lots of devices…..
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NEED MORE DATA!!!!

If our risk-stratification is to matter, we need to prove
that outcomes change with more aggressive therapy!

ULTIMA study compared EKOS® to 
heparin in intermediate risk PE therapy

Primary Objective:

Determine whether fixed low-dose 
catheter-directed US-accelerated 
thrombolysis is superior to heparin alone 
in reversal of RV dilation in submassive / 
intermediate risk PE

Kucher et al. Circulation. 2014;129:479-486

The first RCT for an advanced catheter-based modality

All received IV heparin for at least 24 h.

Treated patients also received US-
accelerated low-dose, intra-clot delivery of 
rt-PA at ≤ 2 mg/hr for 5 h, and ≤ 1 mg/h for 
10 h, for a total infusion time of 15 h and 
no more than 20 mg in total dose.

ULTIMA:  ULTrasound Accelerated 
ThrombolysIs of PulMonAry Embolism

Phase II, multicenter, open-label, randomized, 
controlled trial

RV/LV ratio ≥ 1.0 required for inclusion.

Primary outcome:  Reduction in RV/LV ratio from 
baseline to 24 hours and 90 days

Secondary outcome:  Mortality, recurrent PE, 
major and minor bleeding at 90 days 

Kucher N, et al. Circulation 2014;129:479
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Symptoms < 14 days

No hemodynamic collapse 

No active bleeding

Acute symptomatic PE with PE
in at least one main or proximal 
lower lobe PA

RV/LV ratio > 1 on echo

Enrollment Criteria

The ULTIMA Trial

ULTIMA:  Primary Outcomes
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p < 0.001
p = 0.07

0.3

0.03

0.35

0.24

Kucher N, et al. Circulation 2014;129:479

USCDT+ Heparin

ULTIMA:  Safety Outcomes

Clinical outcomes at 3 
months

EKOS®
+Heparin

Heparin

p-valueN=30 N=29

Death 0 0% 1 3% 1.00

Recurrent VTE 0 0% 0 0% 1.00

Major bleeding 0 0% 0 0% 1.00

Minor bleeding 3 10% 1 3% 0.61

Kucher N, et al. Circulation 2014;129:479
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150 patients – intermediate risk and high-risk patients

*1-sided compared to 0.2 decrease
** 1-sided compared to 0

(8 mg) 

(8 mg) 

(12 mg) 

(24 mg) 

OPTALYSE PE:
Lower doses, shorter duration of therapy

ATS 2017 / Submitted for publication

• 30 year-old with acute PE

• Hypotensive and severely hypoxemic

• Syncope – hit head brain CT negative

• RA/RV clot-in-transit

• PA pressure in OR 80 systolic

• AngioVac planned

• Coded in OR

• CPR – resuscitated

• Embolectomy performed

CASE 
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Normotensive, HR-100/min, O2 sat 98% on 
3L
Do you need more information on severity?
Consider a catheter-based procedure

CASE 10
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IVCF / central venous catheter

Central Venous 
Catheter (CVC)

Filter permanently
attached to CVC ensuring 

IVC Filter is retrieved

 IVC filter permanently attached to triple lumen central venous catheter

 First prophylactic indication for use for IVC Filters—intended for critically 
ill ICU patients at a temporarily high risk of PE

 Bedside placement 

Retrievable 
IVC Filter

(1) Distal Tip Port

(2) Medial 
Filter Port

(3) Proximal sheath port

Multilumen Cross 
Section

Permanent Filter 
Attachment

Catheter
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71

Angel™ Catheter: 3D FilterAngel™ Catheter:  Inside Vena Cava
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59 year-old woman with pneumonia – improved after 2 days of antibiotics
Now on 2L nasal cannula
• Sudden onset pleuritic R CP and severe dyspnea.

• Small amount of hemoptysis
• HR 120/min
• BP 96/52

• O2 sat 80% on FIO2 100%

JACC 2017; 69:1536-1544

PEITHO 2 – LONG-TERM OUTCOMES
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Rivaroxaban vs. ASA for the Reduction in the Risk of Recurrent 
DVT/PE:  THE EINSTEIN CHOICE TRIAL
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PERT:  Pulmonary Embolism Response Team

Mission:  Improve patient outcomes with a 
collaborative, multidisciplinary team-based urgent 
consult to treat massive and submassive PE

Functionality

– Modeled on rapid-response concept

– Multidisciplinary team of experts:  convened via 
electronic meeting

– Evaluate and offer full range of available 
treatments

Chest 2013;144:1738.

Multidisciplinary Collaboration

PERT

Vascular 
Medicine and 
Intervention Pulmonary/

Critical Care

Cardiac Surgery

Cardiac and 
Thoracic Imaging

Nursing

Quality & SafetyResearch

Echocardiography

Cardiology

Hematology/
Oncology

Emergency 
Medicine
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Pulmonary 

of patient

Pulmonary 
attending 
from PE 

Assessment
of patient

Anticoagulation alone?

Catheter-directed lysis?

Systemic lysis? 

Embolectomy?

3CLOT activates 
24h team*

Rapid ECHO

Candidacy for enrollment in a 
clinical trial?

PE diagnosedPE diagnosed

Multi Disciplinary 
Discussion if 

Needed 

Outpatient 
PE clinic

IVC filter?

*7am – 7pm pulmonary consult fellow 
7pm – 7am MICU fellow

Anticoagulation alone?

Catheter-directed lysis?

Systemic lysis? 

Embolectomy?

Candidacy for enrollment in a 
clinical trial?

IVC filter?

Anticoagulation alone?

Catheter-directed lysis?

Systemic lysis? 

IVC filter?

Clinical trial?

Severe 
anemia?

Embolectomy?

Active 
bleeding?

Should you intubate?

Emergency surgery 
unrelated to PE is 
needed?

Syncope with 
head injury –
negative brain CT 
– Can you lyse? 

Cannot move 
patient for 
diagnostic CTA?? 

Hypotensive - How much 
fluid should you give?

Can you safely transfer 
this PE patient to you?

Thrombocytopenia and PE – Can I 
anticoagulate?Which technique?
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Utilizing the PERT adds value to the care 

Leverage “pockets” of experience:
Critical Care
Cardiology 
Cardiac surgery
Interventional cardiology 
Pulmonary hypertension

Decrease bias
Eliminate serial consults  SPEED
Shared decision making  Can’t leave without 
an answer
Insures long term follow-up

Short term goal : 

Increase internal awareness through grand rounds lectures and 
internal conferences

Build our internal volume through good reputation

Continue to enroll in clinical trials

We are starting a monthly VTE conference open to multiple 
disciplines 

CEDARS PERT team next steps
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CONCLUSIONS

Recognize the varied presentations of acute PE

Risk stratify patients taking into consideration:
– History – syncope?  Lightheadedness / dizziness

– Appearance / vital signs – HR / BP / oxygenation

– Clot burden (including legs!)

– RV size / function

– Troponin / BNP / D-dimer

– Cardiopulmonary reserve

– Trends

– Calculated data (sPESI / Shock index)

Let’s continue to work on improving risk stratification

We need more outcome data to support therapy beyond 
anticoagulation.
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THANK YOU!!!


