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PE is a Serious Problem

CTEPH	4%	

PE	sequela	50%	

PE	Deaths	100,000-200,000/yr	

PE	Hospitaliza4ons	150,000-250,000/yr	

VTE	(PE	+	DVT)	900,000/yr	in	US	

cdc.gov	





PE is the #3 cause of CV death

MI	

PE	

CVA	
AHA	Heart	disease	and	stroke	sta@s@cs.	Circula@on	2016	



PE Natural History

Adapted	from	Fedullo	

30%	recurrence	
within	10	yrs	

>90%	complete	
resolu@on	

4%	CTEPH	



American ClassificaAons of PE

• Normotensive	
• No	RV	dysfunc@on	
• Normal	biomarkers	

• Normotensive	
• RV	strain	(CT/TTE)	

• RV	dila@on	
• RV	dysfunc@on	
• BNP	>	90	pg/mL,		
pro-BNP	>	500	pg/
mL	

• Myocardial	necrosis	
•  Trop	I	>	0.4	ng/mL,	
Trop	T	>	0.1	ng/mL	

• Hypotension	(SBP	<	
90	for	>	15	min)		

•  Shock(on	pressor)	
• Pulselessness	

Low	Risk	 Submassive	
(Intermediate	Risk)	

Massive	
(High	Risk)	

Jaff.	Circ	2011	



European ClassificaAons of PE

Konstan@nides.	European	Heart	J.	2014	
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Integrated PrognosAc Factors

PESI	score	

Biomarkers	
(Trp/BNP)	

Imaging	
(Echo/CT)	



PE Severity Index (PESI)

Aujesky.	Am	J	Respir	Crit	Care	Med	2005	
Jimenez.	Arch	Intern	Med	2010	

Zamorano.	European	Heart	J	2014	



Imaging
Echo	
• RV:LV	>	0.9	or	RV	dysf		

• Sens	74%,	Spec	54%	
• 7%	in-hospital	mortality	
• 41%	worse	outcomes	
(pressors,	thrombolysis,	
CPR)	

CT	scan	
• RVD:LVD	>	0.9	

•  Sens	84%,	Spec	35%	
•  5-fold	risk	for	PE-related	
mortality	

• Thrombus	load	and	central	
PE	not	associated	with	
mortality	

J	Am	Coll	Cardiol		1997	
Int	J	Cardiovasc	Imaging	2015	



Biomarkers

Test	 Cut-off	value	 NPV		
(%)	

PPV		
(%)	

OR	or	HR		
(95%CI)	

Troponin	I	 Different	cut-
off	values	

NR	 NR	 4.0	(2.2-7.2)	

Troponin	T	 14	pg/mL	 98	 9	 5.0	(1.7-14.4)	
BNP	 75-100	pg/mL	 98	 14	 6.5	(2.0-21)	
NT-pro	BNP	 600	pg/mL	 99	 7	 6.3	(2.2-7.2)	

Konstan@nides.	European	Heart	J.	2014	



Combined Approach to Risk StraAficaAon

Parameter	 30-day	
complica4ons	

sPESI	 10%	
sPESI	+	BNP	 14%	
sPESI	+	BNP	+	Troponin	 20%	
sPESI	+	BNP	+	Troponin	+	DVT	 26%	

Handoko.	Am	J	Respir	Crit	Care	Med.	2014	





Acute PE Team (PERT)

• A	mul@disciplinary	group	with	exper@se	in	the	
diagnosis,	medical,	surgical	and	interven@onal	
management	of	PE	who	collaborate	to	improve	
pa@ent	care	

• Goals	
•  Improve	pa@ent	care	
•  Facilitate	mul@disciplinary	consulta@on	with	rapid	mobiliza@on	
• Outpa@ent	follow	up:	Post-PE	clinic	
•  Regular	mee@ngs	to	discuss	cases	
•  Facilitate	research	(PE	registry,	clinical	trials)	
• Na@onal	PERT	consor@um	



MulAdisciplinary CollaboraAon

PE	Team	

Pulmonary
/Cri4cal	
Care	

Vascular	
Surgery	

Interven4onal	
Cardiology	

Cardiac	
Surgery	

Emergency	
Medicine	

Hematology	



Previous Paradigm

Adapted	from	Rosenfield,	Kabrhel		

Hospital	



New Model

Immediate	plan	implementa@on	

PE	Team	Mee@ng		
(Pulmonary,	interven@onalist,	surgeon,	floor	team,	ED,	ICU)	

PE	Team	Consult	

PE	diagnosed	or	suspected	



How to Consult the PE Team?

• Operator		
• UPMC	MedCall	
412-647-7000	and	ask	for	
PE	Team	consult		

• UPMC	MedTrack:		type	PE	
Team	



	

If	clinical	decompensation	

If	clinical	decompensation	

If	clinical	decompensation	

sPESI	≥	1	
and	

RV	dil/dys	
and	

↑Trp/↑BNP	
	

sPESI	=	0	
and	

RV	dil/dys	
or	

↑Trp/↑BNP	
	

ACUTE	PE	

Cardiac	
Arrest	

CT	w	RV	dil,	TTE	w	RV	dil/dysf,	or	↑Trp,	↑BNP	

SBP	<	90	for	>	15	min	or	requiring	pressor	

ECMO	
or	

RV	assist	
device	

Bleeding	risk*	

Bleeding	risk*	

Syst	
lysis	

Cath-
lysis	

Surgical/mechanical
/catheter	

trombectomy	
or	

AC	alone	

Cath-lysis	AC	

AC	

Yes	

Yes	

No
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No
p	

High	 Moderate	 Low	

High	 Low/Moderate	

High-risk	PE	
(Massive)	

Intermediate-risk	PE	
(Submassive)	 Low-risk	PE	

Low-Intermediate	risk	PE	High-Intermediate	risk	PE	

*Bleeding	risk	factors:	Age	>75,	previous	bleeding,	cancer,	renal	failure,	liver	failure,	thrombocytopenia,	previous	stroke,	diabetes,	anemia,	antiplatelet	therapy,	recent	
surgery	(<3	wks),	frequent	falls,	alcohol	abuse,	NSAIDS.	If	0	risk	factors	=	Low	Risk;	1	risk	factor	=	Moderate	Risk;	≥	2	risk	factors	=	High	Risk.	(From	AT9)	

PERT	consult	

PERT	consult	
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*Bleeding	risk	factors:	Age	>75,	previous	bleeding,	cancer,	renal	failure,	liver	failure,	thrombocytopenia,	previous	stroke,	diabetes,	anemia,	antiplatelet	therapy,	recent	
surgery	(<3	wks),	frequent	falls,	alcohol	abuse,	NSAIDS.	If	0	risk	factors	=	Low	Risk;	1	risk	factor	=	Moderate	Risk;	≥	2	risk	factors	=	High	Risk.	(From	AT9)	
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*Bleeding	risk	factors:	Age	>75,	previous	bleeding,	cancer,	renal	failure,	liver	failure,	thrombocytopenia,	previous	stroke,	diabetes,	anemia,	antiplatelet	therapy,	recent	
surgery	(<3	wks),	frequent	falls,	alcohol	abuse,	NSAIDS.	If	0	risk	factors	=	Low	Risk;	1	risk	factor	=	Moderate	Risk;	≥	2	risk	factors	=	High	Risk.	(From	AT9)	
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≥	1	

AC	alone	or		
Cath-thrombectomy	



New ACCP AnAcoagulaAon Guidelines 2016
•  VTE	w/o	cancer:	1st	line	tx	NOAC	(dabigatran*,	rivaroxaban,	apixaban	and	

endoxaban*)					
•  *	Bridging	required	
•  39%	lower	major	bleeding,	64%	lower	fatal	bleeding,	63%	lower	ICH	
•  Reversal	agent	for	dabigatran:	Idarucizumab	(Praxbind	®).	Dexanet	alpha	awai@ng	FDA	

approval	

• VTE	w	cancer:	1st	line	tx	LMWH	
	
• Provoked	VTE:	treat	x	3	mo	
• Unprovoked	VTE:	treat	indefinitely	(un@l	risk	of	bleeding>clopng)	
	
• No	IVC	Filter	unless	unable	to	tolerate	AC	

An@thrombo@c	Therapy	for	VTE	Disease.	CHEST.		2016	
Blood	2014	



New ACCP AnAcoagulaAon Guidelines 2016

Out	of	Hospital		
•  Low-risk	PE		
• Clinically	stable	with	good	
cardiopulmonary	reserve	

• No	contraindica@ons	(recent	
bleeding,	severe	renal	or	liver	
disease,	or	low	platelets)		

• Compliant	
• Pa@ent	feels	well	enough	to	be	
treated	at	home		

• PESI	score	<85	or	sPESI	=	0	

Subsegmental	PE	
• No	AC	for	indicated	for:	

•  Single	PE	
• With	low	risk	for	recurrence	
• No	DVT	in	LE	dopplers	
• Asymptoma@c	

An@thrombo@c	Therapy	for	VTE	Disease.	CHEST.	2016			



Systemic Thrombolysis in  
High Risk (Massive) PE

• Meta	analysis	of	11	RCT	comparing	lysis	vs	UFH	
• All	PE	(748	pts):	OR	0.67	(CI	0.4-1.12)		
• Massive	PE:	9.4%	vs	19%,	OR	0.45	(CI	0.22-0.92)	
	
	

• Cohort	study	of	72,230	HD	unstable	pa@ents	
1999-2008	
• HD	unstable	=	shock	or	ven@lator	
• Mortality	15%	vs	47%,	RR	0.2	(p	<	0.001)	

Wan.	Circula@on	2004	

Stein.	Am	J	Med	2012	



Systemic Thrombolysis in 
Intermediate Risk (Submassive) PE

• PEITHO	Trial:	RCT	lysis/heparin	vs	placebo/heparin		
• 1006	pa@ents	w	RV	dysfunc@on	(CT/TTE)	and	myocardial	
injury	(Trop	I	or	T)	

• Primary	endpoint:	All	cause	mortality	or	Hemodynamic	
collapse	within	7	days	of	randomiza@on	(CPR,	SPB	<	90	
mmHg	for	15	min	or	drop	≥	40	mmHg	with	end	organ	
hypoperfusion,	pressor	ini@a@on)	

NEJM	2014;	370:	1402-11	



Meyer.	NEJM	2014	



Meyer.	NEJM	2014	



Meyer.	NEJM	2014	



How about Low-dose Thrombolysis?

• Meta-analysis	of	5	studies	
•  Low-dose	tPA	(50mg)	vs.	standard	dose	(100mg)	
• No	difference	in	all-cause	mortality	or	recurrent	PE	
•  Less	major	bleeding	with	low-dose	tPA	(OR	0.33,	95%	CI	0.12-0.91)	

Sharifi	M	et	al.	Am	J	Cardiol	2013	
Zhang	Z	et	al.	Thromb	Res.	2013	
Armstrong	PW	et	al.	Am	Heart	J	2015	



ACCP AnAthromboAc Guidelines 2016: 
Systemic Thrombolysis

• PE	with	hypotension	and	low	bleeding	risk	
• PE	with	deteriora4on	aWer	star4ng	AC,	but	yet	to	
develop	hypotension	and	with	low	bleeding	risk		

• PE	w/o	hypotension,	with	severe	symptoms	or	marked	
cardiopulmonary	impairment	-	may	benefit	from	ly.cs	

An@thrombo@c	Therapy	for	VTE	Disease.	CHEST.	2016			



Catheter-directed tPA in Intermediate Risk 
(Submassive) PE

• ULTIMA	(ULTrasound	accelerated	thrombolysIs	of	pulMonAry	
embolism	with	EKOS):	Heparin/EKOS	vs	Heparin		

•  59	pa@ents	with	submassive	PE	(RV:LV	ra@o	>1)	
• Primary	outcome:	∆	RV/LV	at	24	hrs	

Kucher.	Circula@on	2014	







Catheter-directed tPA in Intermediate Risk 
(Submassive) PE

•  SEATLE	II	Trial:	Submassive	and	massive	pulmonary	Embolism	
treatment	with	ultrasound	AcceleraTed	Thrombolysis	thErapy	

•  Single	arm,	prospec@ve,	mul@center	trial	
•  150	pa@ents	(119	submassive,	31	massive)	
• Results	at	48	hrs:	

•  ↓ 25%	CT-measured	RV:LV		
•  ↓ 30%		in	PASP	by	echo	
• ↓	30%	clot	burden	by	PA	angiogram	

• Bleeding	risk:	moderate	10%,	severe	<1%,	ICH	none	



Does catheter-based intervenAons improve 
outcomes?

• PERFECT	trial:	prospec@ve,	mul@center	registry	
•  101	pa@ents	(Massive	28;	Submassive	73)	
• Primary	outcome:	clinical	success	(stabiliza@on	of	HD	+	improvement	
in	PH	or	RV	strain)	and	survival	to	discharge	

• Results:		
•  Clinical	success	24/28	Masive;	71/73	Submassive	
•  Decrease	mPA	from	51	to	37	mmHg	
•  Improved	RV	strain	in	89%	
•  No	major	complica@ons	related	to	procedure	or	bleeding	
•  No	differences	among	various	techniques/devices	



What about survival benefit?

• Na@onal	Inpa@ent	Sample	2010-2012	iden@fied	110,731	PE	→ 1,521	
(1.4%)	pa@ents	received	thrombolysis	

•  77%	systemic	and	23%	catheter-directed	(CDL)	
•  ↓ in-hospital	mortality	22%	vs.	13%,	OR	0.55	(CI	0.36-0.85,	p	=	0.007)	
•  Similar	length	of	stay	7	days	
•  ↑cost	of	hospitaliza@on	$23,799	vs	$17,218	

• UPMC	Registry	w	submassive	and	massive	PE	
•  CDL	higher	clinical	success	rate	(87%	vs.	68%,	p	=	0.001)	
•  Lower	rate	of	major	bleeding	(7%	vs.	22%,	p	=	0.001)	

Patel	et	al.	Cath	and	Card	Interv	2015	
Avgerinos,	Rivera-Lebron	et	al.	Society	of	Vascular	

Surgery	



Catheter-based Embolectomy 

•  Thrombus	fragmenta@on/aspira@on	
• Can	be	alone	or	in	combina@on	CDL	
•  Fragmenta@on	may	cause	distal	emboliza@on	and	worsen	
obstruc@on	



ACCP AnAthromboAc Guidelines 2016: 
Catheter-based intervenAons

• Recommend	systemic	over	CDL	
• PE	with	hypotension	with	high	bleeding	risk	or	failed	
systemic	thrombolysis	or	shock	that	will	lead	to	death	
before	systemic	thrombolysis	can	take	effect	–	recommend	
catheter-assited	thrombus	removal	+/-	CDL		

An@thrombo@c	Therapy	for	VTE	Disease.	CHEST.	2016			



Surgical Embolectomy

• Requires	median	sternotomy	with	bypass	
• Mortality	rate	5%	
• Preopera@ve	thombolysis	increases	risk	of	bleeding	but	is	not	
absolute	contraindica@on	

	
•  Impella,	ECMO	
• Reserved	for	cardiac	arrest	or	refractory	shock	
	

Malekan.	Ann	Thorac	Surg	2012	
Leacche.	J	Thorac	Cardiovasc	Surg	2005	
Aymard.	Eur	J	Cardiothorac	Surg	2013	

RV assist devices



Thank you!

Belinda	Rivera-Lebron	
riveralebronbn@upmc.edu		


