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Objectives

¢ To understand how the RV differs from the LV and how they
relate to each other.

¢ To develop an initial approach to RV failure in patients with
massive PE based upon physiological principles.

¢ Develop a strategy to manage the clot.



o
¢ Heart rate 120, RR 32, BP 105 systolic
¢ Chest pain

é Scared




Parameter

Original version?!4

Simplified version2!®

Age Age in years | point (if age =80 years)
Male sex +10 points -
Cancer +30 points | point
Chronic heart failure +10 points
Chronic pulmonary disease +10 points ! poine
Pulse rate 2| |0 b.p.m. +20 points | point
Systolic blood pressure <100 mm Hg +30 points | point
Respiratory rate >30 breaths per minute +20 points -
Temperature <36 °C +20 points -
Altered mental status +60 points -
Arterial oxyhaemoglobin saturation <30% +20 points | point
Risk strata®
Class 1:<65 points 0 points= 30-day mortality risk .0%
very low 30-day mortality risk (0—1.6%) (95% CI 0.0%-2.1%)

Class II: 66-85 points
low mortality risk (1.7-3.5%)

Class Ill: 86-105 points

moderate mortality risk (3.2-7.1%)
Class IV: 106-125 points

high mortality risk (4.0-11.4%)
Class V: >125 points

very high mortality risk (10.0-24.5%)

2| point(s)= 30-day mortality risk 10.9%
(95% Cl 8.5%—13.2%)

Am J Respir Crit Care Med 2005;172(8):1041-1046

Arch Intern Med 2010;170(15):1383 — 1389




International Cooperative Pulmonary Embolism Registry (ICOPER)
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Escalation of in-hospital mortality, complication, and pulmonary

embolism recurrence rates depending on baseline levels of cTnl (A

A. Troponin |
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Circulation. 2008;117:1436-1448
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Increased RY afterload
v

RV dilatation
TV insufficiency

RV O, delive
2 ITJ’ RV wall tension T
RY
p:rﬂﬂ:;giw 'L Nell.lmlhurmuml
activation
Systemic BP l Myocardial
inflammation
Low CO RV O, demand
LV pre-load |}, RV ischaemia

RV output .L RV contractility ,L

BP = blood pressure; CO = cardiac output; LY = left ventricular; RY = right
ventricular; TV = tricuspid valve.

European Heart Journal (2014) 35, 3033—-3080



. Support systemic
Alpha agonists | blood pressure

Vasopressin




Goals

Improve
CardiaC - Optimize RV preload
function »

Reduce RV afterload
Improve ventricular interaction
Improve contractility

_"1,,?‘

Caution

Preserve coronary blood flow

Preserve systemic blood
pressure

Avoid tachycardia




Goals of thrombolysis

¢ Reduce clot burden

¢ Improve hemodynamics

6 ? Reduce risk of CTPE

¢ ? Improve late functional capacity



Thrombolysis Compared With Heparin for the Initial

Treatment of Pulmonary Embolism
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Study Thrombolysis Heparin OR 95% CI

ula

UPET, 1973 10/82 14/78 0.63 0.26 - 1.53 g
Tibbutt et al, 1974 0/13 1/17 = 0.41 0.02 - 10.83 b
Ly et al, 1978 1/14 2/11 = 0.35 0.03 -4.42
Dotter et al, 1979 1/15 3/16 & 0.31 0.03 - 3.36
Marini et al, 1988 0/20 0/10 » 0.51 0.01 - 27.68
PIOPED, 1990 1/9 0/4 b 1.59 0.05 - 47.52
Levine et al, 1990 1/33 0/25 hd 2.35 0.09 - 60.24
Dalla-Volta et al, 1992 3/20 1/16 = 2.65 0.25 - 28.24
Goldhaber et al, 1993 0/46 4/55 o 0.12 0.01-2.35
Jerjes-Sanchez et al, 1995 0/4 4/4 T 0.01 0.00 - 0.77
Konstantinides et al, 2002  8/118 7/138 ;r" 1.36 0.48 - 3.87
Total 25/374 36/374 0.67 0.40-1.12

0.01 0.1 1 10 100
Odds Ratio (Log Scale)
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Favors thrombolysis Favors heparin

Circ. 2004:110:744




TABLE 1.

Design of Trials Included in the Meta-Analysis

Randomized Treatment

Subsequent Anticoagulation

Trial, Year Eligibility n  Thrombolysis Heparin Thrombolysis Heparin Follow-Lp*
UPET trial, 1973 Acute PET 160 Urokinase Heparin Heparin, warfarin Heparin, warfarin 14 days
symptoms =5 days 12 hours
Tibbutt et al, 1974 Acute a0  Streptokinaset Heparing Warfarin (started at 60 Warfarin (started at &0 72 hours
life-threatening PE} T2 hours hours) hours)
Ly et al, 1978 Acute major PEY. 25§  Streptokinase Heparin Warfarin, heparin if TCT Heparin, warfarin 10 days
symptoms =<5 days T2 hours (7 days) <2 control
Dotter et al, 1979 Acute PEY 31 Streptokinase  Heparin Heparin, warfarin Heparin, warfarin In hospital
1872 hours (5 days)
Marini et al, 1988 Acute PE, a0 Urokinase, 12 Heparin Warfarin Heparin, warfarin T days
symptoms =7 days hours or 3 (7 days)
days
Levine et al, 1990 Acute PE, 58 tPA 2 minutes  Heparin Heparin, warfarin Heparin, warfarin 10 days
symptoms =14
days
PIOPED, 1990 Acute PE, 13 1PA 40 to 90 Heparin Heparin, warfarin Heparin, warfarin T days
symptoms =7 days minutes
Dalla-Volta et al, 1992 Acute PE, 36 tPA 2 hours Heparin Heparin, warfarin Heparin, warfarin 30 days
symptoms =10
days
Goldhaber et al, 1993 Acute PE, 101 tPA 2 hours Heparin Heparin, warfarin Heparin, warfarin In hospital
symptoms =14 or 14 days
days
Jerjes-Sancheaz at 2N Acute massive PET 8 Streptokinase  Heparin Heparin, warfarin Heparin, warfarin In hospital
0a5 symptoms =14 2 hours
days
Konstantinides et al, Acute PE, 256 tPA 2 hours Heparin Heparin, warfarin Heparin, warfarin In hospital

2002

symptoms =4 days

or 30 days
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THE AMERICAN

JOURNAL of
MEDICINE

Thrombolytic Therapy in Unstable Patients with Acute
Pulmonary Embolism: Saves Lives but Underused

Paul D. Stein, MD,>" Fadi Matta, MD*"
“Department of Research, 5t Mary Mercy Hospital, Livonia, Michigan; *Department of Medicine, Michigan State University College of
Osteopathic Medicine, East Lansing.

PE Attributable Case Fatality Rate

45

&

In Unstable Patients (%)
o

42

8.4

n=9.810 Lok

Thrombolytic Mo
Therapy Thrombolytic
Therapy

Thrombolytic No

Therapy  Thrombolytic
+ VC Filter Therapy,

VC Filter Used

Unstable patients with
pulmonary embolism

21,390 of 72,230 (30%)
received thrombolysis

American Journal of Medicine (2012) 125, 465-470



‘ ALTEPLASE IN PULMOMNARY EMEOLISM

HEPARIN PLUS ALTEPLASE COMPARED WITH HEPARIN ALONE IN PATIENTS
WITH SUBMASSIVE PULMONARY EMBOLISM

Stavros Konstanminipes, M.D., Annette Geiger, M.D., GerHarp Heuser, PH.D., Frmz HemricH, M.D.,
aND WoLrsans Kaserer, M.D., For THE MaNASEMENT STRATEGIES AND ProsNosIs oF Pulmonary EmeoLism-3
TriaL INvESTIGATORS®

PE plus ...
RV overload or PAH (ECHO or cath) or RV strain on EKG

118 received Heparin + Alteplase
138 received Heparin

NEJM 2002 , 347:1143



Kaplan-Meier Estimates of the Probability of Event-free Survival among Patients with Acute

Submassive Pulmonary Embolism, According to Treatment with Heparin plus Alteplase.or
Heparin plus Placebo
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OQKIHo

Characteristic

Confirmation of pulmonary embolism
cT

Ventilation—perfusion lung
scanning

Pulmonary angiography

Confirmation of right ventricular
dysfunction

Echocardiography

cT

Both echocardiography and CT
Confirmation of myocardial injury

Elevated cardiac troponin |

Elevated cardiac troponin T

Either troponin | or troponin T
elevation

Low-molecular-weight heparin or
fondaparinux given before
randomization

Tenecteplase
(N =506)

no. (%6)

480 (94.9)
31 (6.1)

6(1.2)

278 (54.9)
74 (14.6)
154 (30.4)

364 (71.9)
164 (32.4)
502 (99.2)

170 (33.6)

I Placebo

(N=499)

472 (94.6)
35 (7.0)

8 (1.6)

255 (51.1)
72 (14.4)
172 (34.5)

361 (72.3)
164 (32.9)
494 (99.0)

133 (26.6)

NEJM 2014;370:1402-11



OQKIHo

Tenecteplase Placebo
(n=506) (n=499) P value

All-cause mortality 6 (1.2) 9 (1.8) 0.43
within 7 days
Hemodynamic collapse 8 (1.6) 25 (5.0) 0.002
within 7 days

Need for CPR 5

Hypotension / blood 8 18

pressure drop

Catecholamines 3 14

Resulted in death 1 6

NEJM 2014;370:1402-11



OQKIHo

A Death or Hemodynamic Decompensation

Tenecteplase Placebo
Subgroup (N=506) (N=499)
no. of events/ftotal no. (36)
Age
<75 yr 6/344 (1.7)  17/335 (5.1)
=75 yr 7/162 (4.3) 117164 (6.7)
Sex
Male 7/242 (2.9) 14231 (6.1)
Fernale 6/264 (2.3)  14/268 (5.2)

k P Value for

QOdds Ratio (95% Cl) Interaction

0.36
0.33 {0.13-0.85)

0.63 {0.24-1.66)

0.90
0.46 {0.18-1.16)
0.42 {0.16-1.12)

0.1

T T T T 1T rrrr1rj

10.0

Tenecteplase Better

Placebo Better

NEJM 2014;370:1402-11



OQKIHo

B Major Extracranial Bleeding

Subgroup

Age
=75 yr
=75 yr
Sex
Male

Female

Tenecteplase

(N=506)

no. of events/ftotal no. (36)

14344 (4.1)
18/162 (11.1)

11242 (4.5)
21/264 (3.0)

Placebo P Value for

(N=499) Odds Ratio (95% CI) Interaction
0.09

5/335 (1.5) e 2.80 (1.00-7.86)

1/164 (0.6) - 20.38 (2.69-154.53)
0.13

4/231 (L.7) 4 2.70 (0.85-8.61)

2/268 (0.7) = 11.49 (2.67-49.53)

I T LR RRLY LELERLLLI ¥ LI L | 1 LI BLELLER] |
0.1 1.0 10.0 100.0 1000.0
Tenecteplase Better Placebo Better

NEJM 2014;370:1402-11



MOPETT

v 50 mg TPA in 61 patients vs 60 controls

Table 2
Primary end points at 28 + 5 mo of follow-up
Variable TG CG p
(n = 58; 100%) (n = 56; 100%) Value
Pulmonary hypertension® 9 (16%) 32 (57%) =0.001
Pulmonary hypertension plus 9 (16%) 35 (63%) <0.001
recurrent pulmonary
embolism

* Pulmonary artery systolic pressure =40 mm Hg.

Am J Cardiol 2013;111:273



MOPETT

v 50 mg TPA in 61 patients vs 60 controls

Table 3
Secondary end points
Variable TG CG p
(n =61; 100%) (n = 60; 100%) Value
Recurrent pulmonary 0 3 (5%) 0.08
embolism
Total mortality 1 (1.6%) 3 (5%) 0.30
Total mortality plus recurrent 1(1.6%) 6 (10%) 0.049
pulmonary embolism
Hospital stay (days) 22 £ 0.5 49 = 0.8 <0.001
Bleeding 0 0 —

Am J Cardiol 2013;111:273



A Meta-analysis

Saurav Chatterjee, MD; Anasua Chakraborty, MD; Ido Weinberg, MD; Mitul Kadakia, MD; Robert L. Wilensky, MD;
Partha Sardar, MD; Dharam J. Kumbhani, MD, SM, MRCP; Debabrata Mukherjee, MD, MS; Michael R. Jaff, DO;

Thrombolysis for Pulmonary Embolism and Risk of All-Cause
Mortality, Major Bleeding, and Intracranial Hemorrhage

Jay Giri, MD, MPH

Thrombolytics Anticoagulants

No.of  No. of No.of  No. of OR Favors : Favors Weight,
Source Events Patients Events Patients (95% Cl) Thrombolytics - Anticoagulants 1
Goldhaber et al,2 1993 0 46 2 55 0.16(0.01-2.57) - } 5.3
Konstantinides et al,? 2002 4 118 3 138 1.58(0.35-7.09) —I— 18.4
TIPES, 29 2010 0 28 1 30 0.14 (0.00-7.31) - : 2.7
Fasullo et al,1! 2011 0 37 6 35 0.11(0.02-0.58) —_—— A 15.1
MOPETT,1C 2012 1 6l 3 60 0.35(0.05-2.57) . - ‘ 10.5
ULTIMA,C 2013 0 30 1 29 0.13(0.00-6.59) - : 2.7
TOPCOAT,? 2014 1 40 1 43 1.08 {0.07-17.53) » 5.3
PEITHO,® 2014 6 506 9 499 0.66(0.24-1.82) —— 40.0
Total 12 866 26 889 0.48 (0.25-0.92) {:} 100.0
Hetemgeneitjr:){;:?.ﬁi;P=.3?; [2=8% R 1 T R i T e i B
Overall effect: z=2.22; P= .03 0.01 0.1 1.0 10 100

DR (95% CI)

JAMA. 2014;311(23):2414-2421




Thrombolysis for acute intermediate-risk’pulmonary embolism:
A meta-analysis

Guang-yuan Gao, Ping Yang, Miao Liu, Mei Ding, Guo-hui Liu, Ya-liang Tong, Chun-yan Yang, Fan-bo Meng *

Department of Cordiology, China-fapan Union Hospital of filin University, Changchun, Ching

Thrombosis Research 2015 (epub ahead of print)

Systemic thrombolytic therapy for acute
pulmonary embolism: a systematic review
and meta-analysis

Christophe Marti'*, Gregor John!, Stavros Konstantinides2, Christophe Combescure?,
Olivier Sanchez?, Mareike Lankeit?, Guy Meyer*, and Arnaud Perrier!

European Heart Journal (2015) 36, 605-614



Mechanical solutions




ULTIMA

American

Heart
Association.

Circulation

JOURNAL OF THE AMERICAN HEART ASSOCIATION

Randomized, Controlled Trial of Ultrasound-Assisted Catheter-Directed Thrombolysis for
Acute Intermediate-Risk Pulmonary Embolism
Nils Kucher, Peter Boekstegers, Oliver J. Miiller, Christian Kupatt, Jan Beyer-Westendorf,
Thomas Heitzer, Ulrich Tebbe, Jan Horstkotte, Ralf Miiller, Erwin Blessing, Martin Greif,
Philipp Lange, Ralf-Thorsten Hoffmann, Sebastian Werth, Achim Barmeyer, Dirk Hartel,
Henriette Griinwald, Klaus Empen and Iris Baumgartner

Circulation. 2014;129:479-486




Clinical suspicion of PE

Shock/hypotension?

l

Diagnostic algorithm
for high-risk PE

PE confirmed

Primary
reperfusion

No l

Diagnostic algorithm for

nonhigh-risk PE

PE confirmed

#Assess climical risk

[PESI ar sPESI]

l

PESI class III-¥  PESI class -1

Imtermeadiate risk

ar sPESI &1 I or sPESI=0

Consider further
risk stratification

or CT angiographyl
Laboratory testing

|

RV function [echocardiography

l Both positive

Anticoagulation; monitoring;
consider rescue
reperfusion

Jne positive
or both negative
L

Intermediata-low risk

Anticoagulation; consider
early dischange and home
treatment, if feasible

Anticoagulation;

hospitalisation

Eur Respir J 2014; 44: 1385-1390



Indication for thrombolysis

¢ If you develop

Palpitations
Generalized sense of impending doom
Loose watery stool

That feeling like you had prior to your board
exams



Know when
to bail




VA-ECMO VV-ECMO
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Pulmonary angiogram

RHC: PAP 97/34 mean 55 mmHg, CO 3.1 L/min,

Total PVR 1419 Dynes.sec.cm™







Surgical specimen

L
Accy-line
| |[[l1]]

RHC POD1: PAP 29/12 mean 20 mmHg, CO 3.2 L/min




Thank you!




