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LEARNING OBJECTIVES

« PE risk Stratification
« PE treatments and controversies
- Post PE follow up

- CTEPH recognition and management principles
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VTE Mattexrs!!!

900,000
VTE/Year 2466 VTE/Day 1.8 VTE/Minute

1 Death every 5
minutes

270 Death/Day 12 Death/Hour

End of an Hour: we will have roughly 103 VTE and 12 Death

3 Prediction Models: US + Europe: >1 Death/Minute

Wendelboe AM et al. Circ Res. 2016 Apr 29;118(9):1340-7



PE CLASSIFICATION

Table 8 Classification of pulmonary embolism severity and the risk of early (in-hospital or 30 day) death

Haemodynamic Clinical parameters RV dysfunction on Elevated cardiac
instability® of PE severity and/ TTE or CTPAP troponin levels©
or comorbidity:
PESI class lI-V or
sPESI 21

©ESC 2019

Circulation. 2019;140:e774—-e801



PE distribution and mortality

PE Distribution PE related Mortality

N= 3216, Data
from PERT
centers

B High Risk
10%

Low Risk
39%

Intermediate Risk
51%

J Thromb Thrombolysis. 2022 Jan 24. @

Fletias Sosa et al. Eur Respi Review 2022



ADDITIONAL RISK
STRATIFICATION

©)

©)

©)

©)

©)

Lactate > 2 mmol/L

| Pulmonary and Cardiovascular Original Research = CH EST

AKI (eGPR of =60 mL/min/1.7 Heart Rate and Mortality in Patients With

Acute Symptomatic Pulmonary Embolism

Ana Jaureguizar, MD,; David Jiménez, MD, PhD,; Behnood Bikdeli, MD, Pedro Ruiz-Artacho, Alfonso Muriel, PhD;
Victor Tapson, MD,; Raquel Lopez-Reyes, MD, PhD, Beatriz Valero, MD, Gili Kenet, MD; Manuel Monreal, MD, PhD,; and
the Registro Informatizado de la Enfermedad TromboEmbdlica Investigators*

Hyponatremia (<135 mmol/L)
HR>110 On presentation

Degree of Hypoxia?

Neutrophilic Lymphocytic ratio (>7)
J Crit Care 2015;30:1151.el 7.
Thromb Haemost 2019;119:140 148
Ann Emerg Med 2013;61:330 338. ‘
Int J Cardiol 2017;227:251 256
Siddiqui F et al. . Am ] Hematol. 2024 May 30.



RISK STRATIFICATION TOOLS
(IMAGING)




RISK STRATIFICATION TOOLS
(IMAGING)

1 J Thromb Thrombolysis. 2019

2 Vasc Med. 2019 Nov 10.

3 Clin Appl Thromb Hemost. 2019 ‘
4 Thromb Thrombolysis. 2019 Dec 14
5 Rami et al. ATS 2020 (e-poster)




WE CAN USE CTPE BEYOND RV:LV

Table 2 CTA findings indicative of signs of RVD

CTA signs of RVD (references) Abnormal

RV/LV diameter ratio®! >1

RV/LV volume ratio® >1.2

RA/LA volume ratio®® >1.2

LA volume*® <62 mL

PA diameter>’ >29 mm

PA: aortic ratio>® >1.0

PA obstructive index>’->%:60 Score dependent
Intraventricular septal deviation®’48 Present

IVC contrast reflux?®->° Present

Triantafyllou GA et al. Semin Respir Crit Care Med. 2021 Apr;42(2):183-198.



Obstruction index (%)

PE related death Non PE related death alive at 3 months

PAOI (Pulmonary Artery Obstruction Index) >40%
= increase in PE related mortality.

1. van der Meer, R. (2005). Radiology, 235(3), 798-803. ©
2 Bankier, A. A., (1997). ] Thorac Imaging, 12(2), 150-158.



- DVT + PE is different than
PE ox DVT Alone

Diagnosing DVT during PE treatment may reduce PE-related mortality, recurrent VTE, and
prompt timely prevention of post-thrombotic syndrome (PTS).

T e @ R
H oy | e o
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| ® @ e S
Of patients with PE also have Increased risk of PE-related Increased risk of recurrent VTE
proximal DVT!? and nearly half 90-day mortality in PE in PE patients with proximal
are asymptomatic i patients with proximal DVT? DT

1. Becattini, et al. Chest. 2016 Jan.
2. Hirmerova, et al. Clin Appl ThrombHemost. 2018 Nov.
3. Nishiwaki, et al. 2019 Nov. O

4. Jiménez, et al. Am ] RespirCrit Care Med. 2010 May



Risk Stratification of Patients With Acute

Symptomatic Pulmonary Embolism Based on
Presence or Absence of Lower Extremity DV'T

Systematic Review and Meta-analysis

Cecilia Becattini, PhD,; Alexander T. Cohen, PhD,; Giancarlo Agnelli, MD, Luke Howard, PhD, Borja Castejon, MD;

@ CrossMark

Javier Trujillo-Santos, PhD; Manuel Monreal, PhD; Armaud Perrier, PhD; Roger D. Yusen, MD; and David Jiménez, PhD

A
DVT No DVT Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Jiménez, Chest 2007 21 266 22 333 12.8% 1.21 [0.65, 2.25] -
Jiménez, AJRCCM 2010 40 362 16 345 13.7% 2.55[1.40, 4.65] ®
RIETE, AJRCCM 2010 137 2,803 38 1673 37.1% 2.21[1.54, 3.1§] L
Jiménez, Thorax 2011 31 228 28 361 16.9% 1.87 [1.09, 3.21] '
Vedovati, Chest 2012 17 271 6 108 5.4% 1.14 [0.44, 2.97] n
Jiménez, AJRCCM 2014 22 375 15 445 10.9% 1.79 [0.91, 3.50] Tt
Kabhrel, Thorax 2014 4 74 8 224 3.3% 1.54 [0.45, 5.28] *
Total (95% CI) 4,379 3,489 100.0% 1.89 [1.52, 2.36] 0
Total events 272 133
| | | | |
I I I 1

Heterogeneity: 12 = 0.00; y2 = 4.87, df =6 (P = .56); £ = 0%

Test for overall effect: z = 5.63 (P < .00001)

DVT + PE

Matters 4 times increased risk of recurrent VTE

1. Becattini, et al. Risk Stratification of Patients With Acute Symptomatic Pulmonary Embolism Based on Presence or Absence of Lower Extremity DVT:Systematic Review and Meta-analysis.

Chest. 2016 Jan.

2. Hirmerova, et al. The Prevalence of Concomitant Deep Vein Thrombosis, Symptomatic or Asymptomatic, Proximal or Distal, in Patients With Symptomatic Pulmonary Embolism. Clin Appl

ThrombHemost. 2018 Nov.

3. Nishiwaki, et al.Impact of Concomitant Deep Vein Thrombosis on Clinical Outcomes in Patients With Acute Pulmonary Embolism. American Heart Association. 2019 Nov.
4. Jiménez, et al.Prognostic significance of deep vein thrombosis in patients presenting with acute symptomatic pulmonary embolism. Am J RespirCrit Care Med. 2010 May

4 times increase risk of PE related 90 day mortality

€



Temple Health Doctors Services

Temple Health Joins U.S. Study
of Artificial Intelligence
Diagnostic System for Detection
of Deep Vein Thrombosis

February 13,2024

Temple Health is partnering with ThinkSono, a UK-

based Al company, to study a new artificial

intelligence (Al)-po

d ultrasound technology

that enables more rapid and portable diagnosis of

deep vein thrombosis (OVT)

DVT, a condition in which blood clots develop in
veins, can lead to potentially fatal complications
like the spread of blood clots to the heart and
lungs (known as pulmonary embolism) as well as
debilitating long-term swelling and pain of the legs

(called post-thrombotic syndrome). According to

4
Al Guidance highlights
\ — veins (green) and arteries (red) NS

« THIINKSOS: Automatic Al based DVT Tdetection: On going
Study at Temple Health and NYU Langone Health

atients will be recruited at each

. U%) to a 100 suspected DVT
si at Temple So far)

ite. (>45 patients recruite

» Scan done by any nurse or doctor fnp ultrasound training
required) + remote review by qualified clinician.

ThinkSono Partners With NYU Langone
Health to Conduct Study of Ultrasound Al
Guidance Software for DVT Detection

- Will compare ThinkSono scan + review vs standard of care
duplex ultrasound (image quality, sensitivity, specificity).

« Upon success will apply for FDA clearance.




RV ASSESSMENT: NEED MORE THAN
ONE VIEWS

J Am Soc Echocardiogr 2010;23:685-713



ECHO based risk stratification

A. Enlarged right ventricle,
parasternal long axis view

B. Dilated RV with basal RV/LV
ratio >1.0,and McConnell sign
(arrow), four chamber view

AcT <60 ms P

"notch”

T 1reG
<60 mmHg

D. Distended inferior vena cava
with diminished inspiratory
collapsibility, subcostal view

C. Flattened intraventricle
septum (arrows) parasternal
short axis view

$'<9.5/s

E. 60/60 sign: coexistence of
<60 ms and midsystolic “notch” with

gradient at the tricuspic valve

acceleration time of pulmonary ejection

mildy elevated (<60 mmHg) peak systolic

F. Right heart mobile thrombus
detected in right heart cavities
(arrow)

G. Decreased tricuspid annular | | H. Decreased peak systolic (§')
plane systolic excursion (TAPSE)| | velocity of tricuspid annulus
measured with M-Mode (<9.5 cmls)

(<16 mm)

©ESC 2019

European Heart Journal (2020) 41, 543 603




Sub Clinical Shock State?

Intermediate Risk PE, Normotensive Patients

Catheter Cardiovasc Interv. 2020 Jan;95(1):13-18



Predictors of Normotensive Shock in Intermediate-Risk
PE Patients- FLASH Registry

CENTRAL ILLUSTRATICONM Normotensive Shock in ntermediate- Risk Pulbmonary Embolism Patients Is
Predicted by a Composite Shock Score and Is immediately mprowed After Mechanical Thrombectomy

MNormotensive Shock in Patients With Intermediabe-Risk Pulmonary Embolism
From the FLASH Registry

With Normotensive Shock
e i Cardiac Index =2.2 L/min/m~>
m =121
withowt
Normotaensive Shock
Cardiac Indaex =2.2 L{fmin/m=
n = 253

+ -
Tropaomin BMNP
‘ Risk Factor Associated With Normotensive S

' 015 Limin/m2 Increase
P = 0000

240 mrm Hg 187 Limmin/ 2

BEarngalore S5, &t al. J Am Goll Cardiol inty. 202 5; W6l E OS5 E-9T2 .

Thromb Res. 2024 Jan:233:18-24



ADDITIONAL STRATIFICATION:
BLEEDING RISK SCORES

Table 4. Major Bleeding Risk—Predicting Scores in Pulmonary Embolism Treatment

Scome Percent Predicted

RIETE score for major bleeding (51) (VKA-related
bleeding score)
Low risk (0 points) 0.3%
Intermediate sk (1-4 points) 2.6%
High risk (=4%) 7.3%
PE-CH scoare for ICH (55) (systemic thrombolysis—
related bleeding risk scare)
(1] 1.2%

1 2.9%
2 3.4%
=5 17.8%

BACS Score: Bleeding (3 points), Age >75 years (1
point), active Cancer (1 point), and Syncope (1

point) Predicting Major Bleeding in patients receiving
tPA

Am ] Respir Crit Care Med. 2018 Sep 1;198(5):588-598 @

Eur Respir J. 2020 Jul 23:2002336



BLEEDING RISK FOR TPA AND

ANTICOAGULATION:

IMPORTANT IN DECISION
MAKING LOW INTERMEDIATE

RISK.

Table 4 Bleeding risk scores

Bleeding risk scores Factors
(references)
Thrombolysis-related bleeding /
PE-CH'C Preexisting vascular

disease (1 point)

Elderly (1 point)

Prior CVA (5 points)

Prior Heart attack (1 point)

BACS''? Bleeding (3 points)
Age =75 (1 point)

Cancer (1 point)

Syncope (1 point)

| Anticoagulation-related bleeding et
oBRI''2 Age =65 (1 point)
History of CVA (1 point)

History of GIB (1 point)
Recent MI, Hct < 30%. Cr > 1.5 or
diabetes mellitus (1 point)

Hypertension (1 point)
Abnormal renal/liver function

(1 or 2 point)

Stroke (1 point)

Bleeding (1 point)

Labile INR (1 point)

Elderly (age > 65) (1 point)

Drug or alcohol use (1 or 2 point)

HAS-BLED '

Recent major bleeding (2 points)
Creatinine =>1.2 mg/dL (1.5 points)
Anemia (1.5 points)
Cancer history (1 point)
Clinically overt PE (1 point)
Age =65 (1 point)

RIETE''7

VTE-BLEED''® Active cancer (2 points)

Male with uncontrolled arterial
hypertension (1 point)

Anemia (1.5 points)

History of bleeding (1.5 Ppoints)
Age =60 y (1.5 points)

Renal dysfunction (1.5 points)

Common
Themes and
real-world
patients

Triantafyllou GA et al. Semin Respir Crit Care Med. 2021 Apr;42(2):183-198.

—

CVA

Old Age
Cancer
Syncope

Hx of Bleeds
Anemia

Abn Cr/GFR
HTN
Coagulopathy
DM



Artificial Intelligence in PE care

Pulmonary Embolism: Communications are not Unified

Potential Non-Linear
Communications

A Minimum of 20 Phone Calls
Door to Bed
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D oor to Plan Execution

Artificial Intelligence in PE care
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Imaging to D ecision, Imaging to Ordering Anti-coagulants

Current Care Model
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Al based PE care
[
4-5 calls




WHY DID I HAVE THE BLOOD
CLOT?

PROVOKEY

THE REVOLUTION OF IDEAS

Terminology such as “provoked” versus “unprovoked” PE/VTE is no longer supported by the Guidelines, as
it is potentially misleading and not helpful for decision-making regarding the duration of anticoagulation.

Konstantinides et al. ESC 2019 VTE guidelines <‘)



TRAVEL HX: PROVOKED?

o Not only confined to air travel.

o Travel + individual risk factors
responsible for VTE.

o >4 hours: one in 4656

o>8 hours: 0.5% *

ovevere symptomatic PE is rare unless
flights >12 hours: 5 per million

Watson et al. Br ] Haematol. 2011 Jan;152(1):31-4




GOOD OR BAD COMBINATION

PULMONARY EMBOLISM

OSA is not associated with increased mortality in PE

Seckin ZI et al. ] Clin Sleep Med. 2020 Jul 15;16(7):1029-1036
Alonso-Fernandez et al. Chest. 2016;150(6):1291-1301 é"
Giorgi-Pierfranceschi M et al. Chest. 2021 Mar;159(3):1310

Ghiasi F et al. ] Res Med Sci. 2015 Jul;20(7):662-1.
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TREATMENT OPTIONS FOR PE

NDC 5024204413 UstNa: 413

ALTEPLASE
recombinant
ACTIVASE’

for intravenous use

50mg (29 million IU)

atissue plasminogen activator

ALTEPLASE

ACTIASE®

S0mg
28 million 1U)
asson e

e

USLomumbo: 4gup
Genentech’ .

S0.San Francieco, CAKES |18

Catheter

/?

A. Greenfield embolectomy catheter
B. SF pigtail rotational catheter
C. Amplatz thrombectomy device

D. Anglolet (cheolytic) Xpeedior catheter

E. Aspirex 11-Flex catheter

|
¢ q

F. EKOS US-assisted thrombolytic catheter

6. Penumbra catheter
H. Inari FlowTriever
. Pronto 14 F XL-extraction catheter




INTERMEDIATE RISK
INTERVENTION

The Simple (2): Ultrasound-Accelerated
Thrombolysis (EKOS)

Infusion Catheter

|




INTERMEDIATE RISK PE AND
TPA

- PEITHO trial (N=1006 patient) Fatal

Symptomatic bleed in critical organ
Hgb fall >2 g/dL
Transfusion >2 units blood

Major Bleeding (ISTH)

ICH 2% Vs 0.2%
ISTH Major Bleeding

Compared to A/C: 11.5% Vs 2.4%
Less ISTH Minor Bleeding
hemodynamic 32.6% Vs 8.6%

decompensation

and/or reduce

mortality (2.6 Vs

5.6%) within 7

days A/C= ANTICOAGULATION @

ISTH= Int’l Soc Thromb and Haemostasis
N Engl ] Med 2014;370: 1402-1411.



Systemic Review: tPA and Intermediate risk PE

MAIJOR BLEED

Mortality Benefit: Yes ‘ MortLIity BenLﬁt: No)
m Chatterjee et al (N=1755) ® Riera-Mestre et al (N=1833)

JAMA 2014;311:2414-2421
Thromb Res 2014;134:1265-1271
J Clin Epidemiol 2018;97:1-13




SYSTEMIC THROMBOLY®SIS IN

HIGH-RISK PE

Only RCT of systemic lysis in
Massive PE!

N=8
4 treated with UFH died

4 treated with streptokinase
survived

100% survival in lysis
(p=0.02)

Streptokinase and Heparin versus Heparin Alone
in Massive Pulmonary Embolism: A Randomized

Controlled Trial

Carlos Jerjes-Sanchez, Alicia
Ramirez-Rivera,? Maria de Lourdes
Garcia,! Roberto Arriaga-Nava,’

Salvador Valencia,! Alfenso Rosado-Buzzo,!
Juan A. Pierzo,* and Emma Rosas®

'Emergency Care Department, “Respiratory Department,
*Echocardiography Department, and “Nuclear Medicine
Department, pital de Cardi ia, National Medical Center,
Mexico City, Mexico

€

Jerjes-Sanchez. ] Thromb Thrombolysis 1995




WATCHFUL
WAITING/STABILITY CAN BE
REVISITED

Cl to tPA breakdown (total n=29, 56%)

Systemic tPA use in Confirmed PE

Total tPA Clto tPA

I WAI l E D > J Vasc Surg Venous Lymphat Disord. 2022 Jun 15;52213-333X(22)00255-4. FULL TEXT LINKS
S

doi: 10.1016/j.jvsv.2022.04.014. Online ahead of print. ELSEVIER]

TOO Contemporary practice patterns and outcomes of

¥ . P . ACTIONS
LO N G| systemic thrombolysis in acute pulmonary embolism
Shameek Gayen 1, Alyson Katz 2, Fusun Dikengil 3, Benjamin Kwok 4, Matthew Zheng 3,
7 Ronald Goldenberg 4, Catherine Jamin %, Eugene Yuriditsky 4, Riyaz Bashir &,
= ;‘ Vladimir Lakhter &, Joseph Panaro 7, Gary Cohen 7, Kerry Mohrien 8, Parth Rali 3,
Shari B Brosnahan 7 Text SHARE

Gayen S, ] Vasc Surg Venous Lymphat Disord. 2022
Sep;10(5):1119-1127.




STS Database: Submassive PE Post Operative Complications (N=176)

In Hospital Mortality
9%

Rexplortation
Hemorrhage
7%

Transfusions
35%

B Transfusions
N Stroke
m Renal Failure
Afib
uPMY
u Rexplortation Hemorrhage
u In Hospital Mortality

Renal Failure
10%

Ann Thorac Surg. 2016 Nov;102(5):1498-1502



AP

REATL CASES:
INTERMEDIATE RISK P

SURGICAL OR
PERCUTANEOUS ?

Ann Thorac Surg. 2020 Sep;110(3):1072-1080






CLOTS MORPHOLOGY

Microscopic Examination

of Clots from Percutaneous
Mechanical Embolectomies in
Pulmonary Embolism

Vruksha Upadhyay, Mp®-*, Shameek Gayen, mMp”, Amandeep Aneja, MDS,
Maruti Kumaran, mMp®, Riyaz Bashir, MD®, Vladimir Lakhter, bo*,

Joseph Panaro, MD®, Gary Cohen, MD®, Eduardo Bossone, MD',

Gerard Crine, MpP, Parth Rali, mD®

50 Limin

2 1 Acute 0-3 \n 100% Fio;

wia ventilator
3 7 Acut 27 3 Limin
4 1 Acut 514 2 Limin
5 7 Acut 5-14 3 3 Limin
6 7 Acut =14 3 40% Fioz

wia ventilator
7 3 Ac =14 E 0 Limin
8 5 Acut 27 100% Fio;

wia CPAP
9 1 Acut =14 5 L/min
10 1 Acute 514 4 2 Limin
11 1 Acute \ 27 Y 15 Limin
12 7 Acute \ 514 / = 4 Limin
13 2 Acute \ 0-3 / 3 10 Limin

Upadhyay et al.

Heart Fail Clin. 2023 Jan;19(1):67-73




Oxygen therapy and ventilation

Mechanical circulatory support

¢ Consider VA-ECMO in patients
with high-risk PE, and circulatory
collapse or cardiac arrest. Also as
a bridge to other therapies (e.g.,

surgical embolectomy or catheter-

directed thrombolysis)
¢ May consider RVAD

e Start with conventional devices
Consider HFNC if required

L4

Fluid therapy and diuretics

¢ Avoid intubation if possible; if necessary, use

etomidate or ketamine in induction
Aim for low or zero PEEP, low tidal volume, and
end-inspiratory plateau pressure <30 cmH,0

Diamond of
supportive care
in pulmonary
embolism

Pharmacological support with
vasopressors, inotropes, and
vasodilators

» Consider early pharmacological support
in PE patients with hypotension

e First-line: NE; titrate to keep MAP >65
mmHg

e Consider dobutamine if NE insufficient

Use IV fluids with caution
Avoid fluid overload
Monitor CVP and stop IV
fluids if elevated
Consider diuretics

Pérez-Nieto et al. Front Med (Lausanne). 2023 Jun 2;10:1123793.

€




POST PE PATIENTS FOLLOW UP AT
TEMPLE UNIVERSITY HOSPITAL

(Courtesy of Parth Rali, MD)

* Retrospective review
* Descriptive statistics
* August 2017 to November 2020

—

Primary Outcomes

*  Baseline demographics

*  PE Classification

*  Time to first appointment
*  Clinic retention rate

450 PERT 90 Patients |
Activations Follow in Clinic

All Inpatient
PERT activations -
are given a
follow up in
PERT clinic

Secondary Outcomes

AC management & months
IVC filter removal rate
Perioperative AC
Diagnostic testing

New pulmonary diagnoses
RPVO and CTEPH

- - - - - -

19/90 (21%) patients were found to
have previously undiagnosed
pulmonary disease at PERT follow up

Noto JG, Rali P. Pulm Circ. 2022 Jan 20;12(1):e12021. (‘)



WITH Pulmonary Embolism
Response Teams (PERT),
WE ARE MOVING THE NEEDLE !

PERT Control 0dds ratio Weight A
Study Yes No Yes No with 95% C1 (%) PERT Control
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
AnnasaTHULA et al. [12] 29 275 37 189 B 0.54(0.32-0.91) 19.14
CarroLL et al. [6] 72 1086 60 824 —J— 091(0.64-1.30) 3182 Annabathula et al. 2021 29 304 37 226 *| 0.58 [0.37,0.92] 12.6%
CHAuDHURY et al. 5] 20 406 29 314 — 053(0.30-0.96)  15.27 Carroll et al. 2020 72 1158 60 884 - 0.92 [0.66; 1.28] 14.9%
Jenetal. [13) 273 144 14 140 — . 1.60(0.79-3.23) 626 Chaudhury et al. 2019 20 426 29 343 0.56 [0.32;0.96] 11.0%
Kwon et al. [16] ER 26 — 030(0.08-1.12)  4.84 JMer: et :L» 202? o~ gg 167 1; ;5‘; ;51 {og: igg} gg&
elamed et al. 1 1 ——%—— 2.14 [1.01;4. !
Mvcetuf.[.la]! 15 105 54 380 - 101(0.55-185)  10.20 Myc et al, 2020 55 817 36 237 069 [044. 1.07] 12.9%
MeLameo et al. [21] 15 3% 12 682 ——s———  215(100-465 429 Rosovsky et al, 2018 19 228 6 118 164 [0.67.3.99] 6.6%
Xenosetal. [25] 16 133 859 — 108(0.55-2.09) 8.9 Wright et al. 2021 32 231 33 137 —_— 0.58 [0.37;0.89] 12.9%
B ] £ S Xenos et al. 2019 12 77 133 992 : 1.16 [0.68;2.00] 11.1%
Heteropendity: Fa0.460 1241 Random effects model 3319 3408 - 0.89 [0.67; 1.19] 100.0%
e g: g:;’nlf‘?;;’:’u P Heterogeneity: /2 = 63%, <% = 0.1133, p < 0.01
o I 03 e
Fixed-effects Mantel-Haenszel model / Favors PERT era Favors pre-PERT era
Overall Mortality
B
. . PERT Control
Fleitas Sosa D et al. Eur Rev. 2022 Jul 12;31(165) Respir Study Events Total Events Total Risk Ratio RR  95%-Cl Weight
Annabathula et al. 2021 19 214 31 139 —“‘-—- 0.40 [0.23;0.68] 20.5%
EUROPEAN RESPIRATORY REVIEW Carroll et al. 2020 52 276 32 192 i— . 1.13 [0.76; 1.69] 23.2%
REVIEW Chaudhury et al. 2019 20 378 29 289 —i— 0.53 [0.30;0.91] 20.1%
D. FLEITAS SOSA ET AL. Rosovsky et al. 2018 19 228 6 118 1.64 [0.67;3.99] 13.7%
Wright et al. 2021 32 231 33 137 — 0.58 [0.37;0.89] 22.4%
Random eﬁecgs modelz 1327 875]0’ 0.71 [0.45; 1.12] 100.0%
Impact of pulmonary embolism response teams on acute Heteragencly: I: = 74%, v = 0:1049:p < 0.01 ic 4 B
pulmonary embolism: a systematic review and meta-analysis G M';jtvaﬁfyvfe-PERTefa

Derlis Fleitas Sosa "9, Andrew L. Lehr*?, Huaqing Zhao?, Stephanie Roth ©*, Vlad Lakhther®,

Riyaz Bashir®, Gary Cohen®, Joseph Panaro®, Thomas S. Maldonado’, James Horowitz®, : .
Nancy E. Amoroso?, Gerard J. Criner’, Shari B. Brosnahan ®? and Parth Rali ®* Hobohm et al. Clin Res Cardiol. 2022

'Dept of Thoracic Medicine and Surgery, Lewis Katz School of Medicine at Temple University, Philadelphia, PA, USA. “Division of
Pulmonary, Critical Care and Sleep Medicine, New York University Langone Health, New York, NY, USA. *Dept of Clinical Sciences,
Temple University School of Medicine, Philadelphia, PA, USA. *Biomedical and Research Services Librarian, Simmy and Harry Ginsburg
Library, Temple University, Philadelphia, PA, USA. “Dept of Cardiovascular Diseases, Lewis Katz School of Medicine at Temple
University, Philadelphia, PA, USA. ®Dept of Radiology, Lewis Katz School of Medicine at Temple University, Philadelphia, PA, USA.
"Division of Vascular Surgery, New York University Langone Health, New York, NY, USA. ®Division of Cardiology, New York University
Langone Health, New York, NY, USA. “Both authors contributed equally.




All PE Response () pathways lead
to patient betterment--it doesn't
matter what the structure is
PERT = TEAM, SPEED, OUTCOMES




2020 ESC/ERS GUIDELINES

6.4. Multidisciplinary pulmonary embolism teams
The concept of multidisciplinary rapid-response teams for the management of “severe” (high-risk and
selected cases of intermediate-risk) PE emerged in the USA, with increasing acceptance by the medical

647-2019 28

ACUTE PULMONARY EMBOLISM | S.V. KONSTANTINIDES ET AL.

community and implementation in hospitals in Europe and worldwide. Set-up of PE response teams
(PERTSs) is encouraged, as they address the needs of modern systems-based healthcare [301]. A PERT
brings together a team of specialists from different disciplines including, for example, cardiology,
pulmonology, haematology, vascular medicine, anaesthesiology/intensive care, cardiothoracic surgery, and
(interventional) radiology. The team convenes in real time (face-to-face or via web conference) to enhlance
clinical decision-making. This allows the formulation of a treatment plan and facilitates its immediate
implementation [301]. The exact composition and operating mode of a PER'T are not fixed, depending on
the resources and expertise available in each hospital for the management of acute PE.

European Heart Journal 2020; 41:543-603 ©



CTEPH

(Chronic Thromboembolic Pulmonary Hypertension)

Demographics Slide-
CTEPH vs CTED
risk of CTEPH after initial VTE

burden of CTEPH nationally

V/Q vs CTPE for chronic clot




CTEPH

(Chronic Thromboembolic Pulmonary Hypertension)

Evaluation of CTEPH
Echo, Right Heart Cath, V/Q, Pulmonary Angiography




CTEPH

(Chronic Thromboembolic Pulmonary Hypertension)

Treatment of CTEPH
Medical- anticoagulation, riociguat, off label use
Balloon Pulmonary Angioplasty

Pulmonary Thromboendarterectomy
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Hot off the Press
New ACC/AHA guidelines

Brief summary of new ACC/AHA guidelines




CONCLUSIONS

- PE hemodynamic profile is a moving target. Adapt to treatment
options as patient’s clinical status changes.

- All comers with Intermediate risk (i.e. Submassive PE) are not
indicated for catheter directed intervention.

- Identify goals of re-perfusions and discuss with the patients.
Shared decision making is important.

- CTEPH is more common than you think. V/Q > CT




CTPA PE +

Intermediate/High risk

Intermediate PE risk
Indicators:

RV strain on ECHO
+Trop/

+BNP/

+lactic acid

+ RV/LV ratio>1 CTPA
Saddle PE

HR>100

True Hypoxia

Clot in transit

High risk/Massive PE risk

Indicators:

Shock

Hypotension

LOC

Bradycardia with PE
Cardiac arrest
Mechanical ventilation

Formal PERT Activation as per

SOC pathway (T3, 2-TRAN)

Lovenox (preferred)/UFH
Call Routine Pulmonary
Consult as needed. PERT
only if very complicated
clinical situation

Out-patient pulmonary
follow up.




	Slide 1:   APPROACH TO A PATIENT WITH ACUTE AND CHRONIC PULMONARY EMBOLISM Richard Staab Symposium April 11, 2026
	Slide 2
	Slide 3: LEARNING OBJECTIVES
	Slide 4
	Slide 5
	Slide 6: PE CLASSIFICATION
	Slide 7
	Slide 8: ADDITIONAL RISK STRATIFICATION
	Slide 9: RISK STRATIFICATION TOOLS (IMAGING)
	Slide 10
	Slide 11: WE CAN USE CTPE BEYOND RV:LV
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16: RV ASSESSMENT: NEED MORE THAN ONE VIEWS
	Slide 17
	Slide 18
	Slide 19
	Slide 20: ADDITIONAL STRATIFICATION: BLEEDING RISK SCORES
	Slide 21: BLEEDING RISK FOR TPA AND ANTICOAGULATION: IMPORTANT IN DECISION MAKING LOW INTERMEDIATE RISK.
	Slide 22
	Slide 23
	Slide 24: WHY DID I HAVE THE BLOOD CLOT?
	Slide 25: TRAVEL HX: PROVOKED?
	Slide 26: GOOD OR BAD COMBINATION
	Slide 28: TREATMENT OPTIONS FOR PE
	Slide 29: INTERMEDIATE RISK INTERVENTION
	Slide 30: INTERMEDIATE RISK PE AND TPA
	Slide 31
	Slide 32: SYSTEMIC THROMBOLYSIS IN  HIGH-RISK PE
	Slide 33: WATCHFUL WAITING/STABILITY CAN BE REVISITED
	Slide 35
	Slide 36: REAL CASES:  INTERMEDIATE RISK PE  SURGICAL OR PERCUTANEOUS ?
	Slide 37
	Slide 38: CLOTS MORPHOLOGY
	Slide 39
	Slide 40: POST PE PATIENTS FOLLOW UP AT TEMPLE UNIVERSITY HOSPITAL (Courtesy of Parth Rali, MD)
	Slide 41: WITH Pulmonary Embolism Response Teams (PERT),  WE ARE MOVING THE NEEDLE !!
	Slide 42
	Slide 43: 2020 ESC/ERS GUIDELINES
	Slide 44: CTEPH (Chronic Thromboembolic Pulmonary Hypertension)
	Slide 45: CTEPH (Chronic Thromboembolic Pulmonary Hypertension)
	Slide 46: CTEPH (Chronic Thromboembolic Pulmonary Hypertension)
	Slide 47
	Slide 48: Hot off the Press New ACC/AHA guidelines 
	Slide 49: CONCLUSIONS
	Slide 50

