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Epidemiology of pulmonary embolism

Venous thrombo-embolism (VTE)

which includes deep-vein thrombosis
and pulmonary embolism

® is the most common cause
of vascular disease—related deaths
after myocardial infarction and stroke

30-day all-cause mortality : 9% - 11%
three-month mortality : 8.6% - 17%

Registries and hospital discharge datasets of unselected patie



Epidemiology of pulmonary embolism

Venous thrombo-embolism (VTE)

which includes deep-vein thrombosis
and pulmonary embolism

® isthe most common cause
of vascular disease—related deaths
after myocardial infarction and stroke

e with an annual incidence of
in the general population

e is increasingly prevalent despite efforts to prevent the disease




Prevalence of clinical venous thromboembolism in the USA
(2002 - 2006)
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Prevalence of clinical venous thromboembolism in the USA
(2002 - 2006)
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Prevalence of clinical venous thromboembolism in the USA
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Initial risk stratification of acute PE

Suspected acute PE

Shock or hypotension

|
AN
N4

|

Not high-risk®

PE = pulmonary embolism.

2Defined as systolic blood pressure <90 mm Hg, or a systolic pressure drop
by 240 mm Hg, for >15 minutes, if not caused by new-onset arrhythmia,
hypovolaemia, or sepsis.

bBased on the estimated PE-related in-hospital or 30-day mortality.

PE guidelines 2014



Proposed diagnostic algorithm for patients with suspected not high-risk pulmonary embolism

Suspected PE without shock or hypotension

Assess clinical probability of PE

Clinical judgment or prediction rule*

Lowl/intermediate clinical probability High clinical probability
or PE unlikely or PE likely

l

D-dimer

netive  CT angiography has been established as the imaging gold

standard for confirmation or exclusion of the disease

— I

no PE PE confirmed® no PE PE confirmed®

T T o " No treatment®
o treatmen reatmcn or investigate further?

CT = computed tomographic; PE = pulmonary embolism.

*Two alternative classification schemes may be used for clinical probability assessment, i.e. a three-level scheme (clinical probability defined as low, intermediate, or high) or a
two-level scheme (PE unlikely or PE likely).When using a moderately sensitive assay, D-dimer measurement should be restricted to patients with low clinical probability or a
PE-unlikely classification, while highly sensitive assays may also be used in patients with intermediate clinical probability of PE.Note that plasma D-dimer measurement is of limited
use in suspected PE occurring in hospitalized patients.

*Treatment refers to anticoagulation treatment for PE.

CT angiogram is considered to be diagnostic of PE if it shows PE at the segmental or more proximal level.

“In case of a negative CT angiogram in patients with high clinical probability, further investigation may be considered before withholding PE-specific treatment.
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Riding or saddle embolus
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Tahle 4 Direct Imaging Findings of Acute PE on MDCTPA
CT Finding

Complete arterial occlusion
Nonobstructive eccentric intraluminal filling defect
Partial central filling defect surrounded by contrast material

Key to Interpretation of Acute PE

Dilated artery compared with adjacent bronchus

Forms acute angles with arterial wall

“Rim-sign” in axial plane and “railway-track” sign along
long axis of vessel







CTPA

Vascular sign



CTPA

The RV and LV diameter from inner wall to inner wall at their
widest point is measured on axial images at the level of the
tricuspid and mitral valves, respectively.




Box 3
CT features of right ventricular dysfunction

1. Main indicators of right ventricular
dysfunction

¢ Dilatation of the right ventricle

e Interventricular septal shift (displaced to
the left)

e Compression of the left ventricle

. Secondary effects of right ventricular dilata-

tion and dyskinesia
Tricuspid regurgitation
Right atrial enlargement

Reflux of contrast material within the infe-
rior vena cava and hepatic veins

Dilatation of the coronary sinus, superior
vena cava, and azygos vein

From Reid JH, Murchison JT. Acute right ventricular
dilatation: a new helical CT sign of massive pulmonary
embolism. Clin Radiol 1998;53:694-8; with permission.

Martine Remy-Jardin,, Frangois Pontana, Jean-Baptiste Faivre et al. New
Insights in Thromboembolic Disease Radiol Clin N Am 2014; 52: 183-193
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Multidetector computed tomography for acute
pulmonary embolism: diagnosis and risk
stratification in a single test
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In patients with acute pulmonary embolism | PE), right ventricular dysfunction at edhocardiography is assodated with
ncreased indhospital mortality. The aims of this study in patients with acute PE were to identify a sensitive and simiple
ariterion for right ventricular dysfunction at multidetector computed tomography (MDOCT) wsing echocardiograp by
& the reference standard and to evaluate the predictive value of the identified MDCT criterion for indhospital death
or dinical deterioration

Right ventricular dysfumction at MDCT was defined as the right-to-left ventricular dimendonal mto and was centrally

and results asessed by a panel unaware of dinical and echocardiographic data. A right-to-left ventricular dimensional ratio =09
at MDOCT had a ‘99% sensitivity for right ventricular dysfunction [95% confidence interal (CI) BB—%6]. Owerall, 457
patients were induded in the outcome study: 303 had right ventricular dysfunctiion at MDCT. In-hospital death or
diinical deterioration ocoumed in @4 patients with and in B patients without nght ventricular dysfundtion at MDCT
(145 vs. 5.2%; P <= 0.D04). The negative predictive value of right ventriculer dysfunction for death due to PE was
1005 (95% O 98— 100). Right wventnoular dysfunction at MDCT wes an independent predictor for in-hospital
death or dinical deterioration in the overall population [hazard o (HR) 35, 95% Cl 1.6-7.7; P = 0002] and in
haemodynamically stable patients (HR 3.8, 95% O 13- 10%; P = 0.007).

AT T A o G | s P

Conclusion In patients with aoute PE, MDCT might be wsed as a single procedure for disgnosis and risk stratification. Patients
without right ventricular dysfunction at MDCT have a low risk of in-hospital adverse outcome

Keywords Pulmonary embolismn & Venous thrombo-embolisnn » Bohocardiography » Computed tonmography
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Proposed diagnostic algorithm for patients with suspected high-risk PE

Suspected PE with shock or hypotension

CT angiography immediately available

No? Yes
Echocardiography
RV overload®

CT angiography
No Yes —> ava;lr?ctlﬂe > CT angiography
. patient stabilized

\
No other test available® positive negative
or patient unstable

Search for other causes PE-specific treatment: Search for other causes
of haemodynamic instability - > primary reperfusion® of haemodynamic instability

CT = computed tomographic; PE = pulmonary embolism; RV = right ventricular.

2Includes the cases in which the patient’s condition is so critical that it only allows bedside diagnostic tests.

bApart from the diagnosis of RV dysfunction, bedside transthoracic echocardiography may, in some cases, directly confirm PE by visualizing mobile thrombi in the right heart
chambers. Ancillary bedside imaging tests include transoesophageal echocardiography, which may detect emboli in the pulmonary artery and its main branches, and bilateral
compression venous ultrasonography, which may confirm deep vein thrombosis and thus be of help in emergency management decisions.

“Thrombolysis; alternatively, surgical embolectomy or catheter-directed treatment (Section 5).

PE guidelines 2014
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Proposed diagnostic algorithm for patients with suspected high-risk PE

Suspected PE with shock or hypotension

I

CT angiography immediately available

7

No?

Echocardiography

RV overload®

The absence of echocardiographic l Cleneiozraphy

Yos! —— availagle
signs of RV overload or i T
dysfunction practically excludes

patient stabilized
v
PE as the cause of haemodynamic o pesiite hegithee
instability.

CT angiography

|

Search for other causes PE-specific treatment: Search for other causes
of haemodynamic instability | "~ =7"7""~ > primary reperfusion® of haemodynamic instability
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compression venous ultrasonography, which may confirm deep vein thrombosis and thus be of help in emergency management decisions.

“Thrombolysis; alternatively, surgical embolectomy or catheter-directed treatment (Section 5).

PE guidelines 2014



Proposed diagnostic algorithm for patients with suspected high-risk PE

Suspected PE with shock or hypotension

I

CT angiography immediately available

No? Yes
Echocardiography
RV overload®

CT angiography
Yes available > CT angiography

and
patient stabilized

\
No other test available® positive negative
or patient unstable

: PE-specific treatment: Search for other causes
““““““““ > primary reperfusion® of haemodynamic instability
Echocardiography may be of further
dlism; RV = right ventricular.
1 1 H 1 1 5 so critical that it only allows bedside diagnostic tests.
h el p I n th e d Iffe re nt I a I d I agn os I s Of : transthoracic echocardiography may, in some cases, directly confirm PE by visualizing mobile thrombi in the right heart

ansoesophageal echocardiography, which may detect emboli in the pulmonary artery and its main branches, and bilateral

the cause of shock, by detecting e e s i 05 5 of bl b i it hicns
pericardial tamponade, acute valvular e i

dysfunction, severe global or regional

LV dysfunction, aortic dissection, or

hypovolaemia

PE guidelines 2014



V/Q scan




Hampton’s Hump:

a pleura based shallow wedge — shaped
consolidation in the lung periphery with
the base against the pleural surface

Westermark sign:

dilatation of pulmonary vessels
proximal to embolism along
with collapse of distal vessels,
often with a sharp cut off
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ARTICLE !

Annals of Internal Medicine

Gadolinium-Enhanced Magnetic Resonance Angiography for

Pulmonary Embolism
A Multicenter Prospective Study (PIOPED 111)

Paul D. Stein, MD; Thomas L. Chenevert, PhD; Sarah E. Fowler, PhD; Lawrence R. Goodman, MD; Alexander Gottschalk, MD;
Charles A. Hales, MD; Russell D. Hull, MBBS, MSc; Kathleen A. Jablonski, PhD; Kenneth V. Leeper Jr., MD; David P. Naidich, MD;
Daniel J. Sak, DO; H. Dirk Sostman, MD; Victor F. Tapson, MD; John G. Weg, MD; and Pamela K. Woodard, MD, for the PIOPED I
(Prospective Investigation of Pulmonary Embolism Diagnosis Ill) Investigators*

Background: The accuracy of gadolinium-enhanced magnetic res-
onance pulmonary angiography and magnetic resonance venogra-
phy for diagnosing pulmonary embolism has not been determined
conclusively.

Objective: To investigate performance characteristics of magnetic
resonance angiography, with or without magnetic resonance
venography, for diagnosing pulmonary embolism.

Design: Prospective, multicenter study from 10 April 2006 to 30
September  2008.  (ClinicalTrials.gov  registration  number:
NCT00241826)

Setting: 7 hospitals and their emergency services.

Patients: 371 adults with diagnosed or excluded pulmonary
embolism.

Measurements: Sensitivity, specificity, and likelihood ratios were
measured by comparing independently read magnetic resonance
imaging with the reference standard for diagnosing pulmonary
embolism. Reference standard diagnosis or exclusion was made by
using various tests, including computed tomographic angiography
and venography, ventilation-perfusion lung scan, venous ultra-
sonography, o-dimer assay, and clinical assessment.

Results: Magnetic resonance angiography, averaged across centers,
was technically inadequate in 25% of patients (92 of 371). The
proportion of technically inadequate images ranged from 11% to

529% at various centers. Including patients with technically inade-
quate images, magnetic resonance angiography identified 57% (59
of 104) with pulmonary embolism. Technically adequate magnetic
resonance angiography had a sensitivity of 78% and a specificity of
99%. Technically adequate magnetic resonance angiography and
venography had a sensitivity of 92% and a specificity of 96%, but
52% of patients (194 of 370) had technically inadequate results.

Limitation: A high proportion of patients with suspected embolism
was not eligible or declined to participate.

Conclusion: Magnetic resonance pulmonary angiography should
be considered only at centers that routinely perform it well and only
for patients for whom standard tests are contraindicated. Magnetic
resonance pulmonary angiography and magnetic resonance venog-
raphy combined have a higher sensitivity than magnetic resonance
pulmonary angiography alone in patients with technically adequate
images, but it is more difficult to obtain technically adequate im-
ages with the 2 procedures.

Primary Funding Source: National Heart, Lung, and Blood
Institute.

Ann Intern Med. 2010;152:434-443.
For author affiliations, see end of text.
* For a list of the PIOPED Il investigators, see the Appendix (available at
www .annals.org).

wiww_annals.org
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Néec Eqpapuoyeg: Dual Energy CT Perfusion

Dual Energy: XapTeG KaTavopng 10diou Nou ENITPENOUV ANEIKOVION AIHATWONG

Konstantin Nikolaou, Sven Thieme, Wieland Sommer, Thorsten Johnson, and Maximilian F. Reiser. Diagnosing Pulmonary Embolism. New Computed Tomography
Applications J Thorac Imaging 2010;25:151-160



Classification of patients with acute PE based on early mortality

Signs of RY

Shock or PESI class -V
hypotension or sPESI 21*

Cardiac laboratory

dysfunction on an .
i biomarkers®

imaging test”

High + +y* + (4

Intermediate-high Both positive
Intermediate ' ! f
Intermediate=low Either one (or none) positive®

PE guidelines 2014



& laboratory tests for prediction of early mortality in acute PE

Echocardiography

Cut-off “IH

value

Warlous
)criteria of RV
dysfunction

(S%Cl)  (5XC)  (¥SKCI) (9% C)

74 (61-84)

54 (51-56)

8 (6-10)

OR or HR Mo.

[T

24
(1.3-43)

Study
design

Meta-
analtysis™

RV dysfunction on
echocardiography

RVILY =1.0

46 (27-66)

8 (5-14)

1.5
(0.7-3.4)

Meta-
analysls™™

B4 (65-94)

35 (30-39)

7 (5-10)

2.8
(09-82)

Prospective
cohort™®

or CT was one
of the Inclusion
criteria In two
randomized trials
Investigating
thrombalysis In
normotensive
patients with
PE]EI 153

85 (64-95)

56 (50-62)

14 (9-21)

6.5
(2.0-21)

Meta-
analysls™

The optimal
cut-off value for
PE has not been

defined.

86 (69-95)

50 (46-54)

7 (5-19)

6.3
(22-18.3)

Prospective
cohort™*

MNT-proBMP
=500 pg/mL
was one of the
Inclusion criteria
In a single-armed
management trial
Investigating home
treament of PE™

Troponin |

Different
assays/
cut-off valuas®

40
(22-7.3)

Mata-
analysis™

Troponin T

Different
assaysfcut-off
values:

MR

Meta-
analysls®®

14 pg/mL*

87 (71-95)

42 (38-47)

98
(95-99)

9 (6-12)

5.0
(17-14.4)

Prospective
cohort™

A positive cardiac
troponin test
was one of the
Inclusion criteria
Im a randomized
trial Investigating
thrombalysis In
normotensive
patlents wich PE.™

6 ng/mL

89 (52-99)

82
(74-89)

%9
(94-99)

18
(13-47)

366
(4.3-304)

Prospective
cohort™=




Chronic thromboembolic pulmonary hypertension

Epidemiology

long-term complication of PE

incidence : within the first two years after
a symptomatic PE event




Chronic thromboembolic pulmonary hypertension

Epidemiology

long-term complication of PE

incidence : within the first two years after
a symptomatic PE event

80% of patients with CTEPH have clinical history of VTE
(recent international registry)

routine screening for CTEPH after PE is not supported
by current evidence




Algorithm for the diagnosis of chronic thromboembolic pulmonary hypertension

Clinical suspicion

l

Echo: TR >2.8 m/s and >3 months of
therapeutic anticoagulation

At least
|=2 segmental
or larger-sized

defacts

II::TEF"H CTEPH CTEPH
ruled out ur'lcert:.ln |Ikt-|jf

Indeterminate

resonance angiography;

TR = trikanpil regurgitation nel- ity; VI = wentilation-perfusion. PE guidelines 20 14
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CTEPH

Vascular Signs







CTEPH

Vascular Signs Systemic collateral supply




CTEPH

Vascular Signs Systemic collateral supply
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RV/LV>1

Right ventr. myocardial thickness > 4 mm

Aiaperpog MNMA > 29 mm
AapeTpog NA > AA




CTEPH

Parenchymal signs




C: CTEPH Compared with Acute Pulmonary Embolism

CTEPH Acute Pulmonary Embolism

Decrease in pulmonary artery diameter Increase in pulmonary artery diameter
Obtuse angle between embolus and vessel wall Acute angle between embolus and vessel wall

Dilatation of bronchial arteries is common Dilatation of bronchial arteries is uncommon

Right ventricular dilatation and hypertrophy Right ventricular dilatation (without hypertrophy) only :
acute pulmonary arterial hypertension

RadioGraphics 2009; 29:31-53
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Clinical classification of Pulmonary Hypertension (ESC/ERS guidelines 2015)

|1 |diopathic
|.2 Herltable
|.2.1 BMPR2 mutation
|.1.2 Other mutations
|.3 Drugs and toxins induced
| 4 Assoclated with:
| 4.1 Connective tissue disease
|.4.2 Human immunedeficiency virus (HIV) infection
|.4.3 Portal hypertension
| 4.4 Congenital heart disease (Table &)
| 4.5 Schistosomiasis

I".1 Idippathic
I'.2 Herttable
I".2.1 EIF2AK4 mutation
|".2.2 Other mutatons
I".3 Drugs, toxins and radiation induced
|'4 Assoclated with:
I"4.] Connective tissue disease

I"4.2 HIV infection
", Persistent pulmonary hypertension of the newborn

.| Left ventricular systolic dysfunction

2.2 Left ventricular diastolic dysfunction

2.3 Valvular disease

2.4 Congenital / acquired left heart inflow/outflow tract
obstruction and congenital cardiomyopathies

1.5 Congenital facquired pulmonary veins stenosis

3. Pulmonary hypertension due to lung diseases andlor

I

3.1 Chronlc obstructive pulmonary disease

3.2 Interstidal lung disease

1.3 Other pulmonary diseases with mixed restrictive and
obstructive pattern

3.4 Sleep-disordered breathing

1.5 Alveclar hypoventllation disorders

3.6 Chronlc exposure to high alitude

3.7 Developmental lung diseases {Web Table II)

4. Chronic thromboembolic pulmonary hypertension

and other pulmonary artery obstructions

4.1 Chronic thromboembolic pulmonary hypertansion
4.2 Other pulmonary artery obstructons

4.2.| Anglosarcoma

4.1.2 Other intravascular tumors

4.1.3 Arterids

4.2.4 Congenital pulmonary arteries stenoses

4.1.5 Parasites (hydatidosis)

5. Pulmonary hypertension with unclear and/or

I
i;

5.1 Haematologlcal disorders: chronic haemolytic anaemia,
myeloproliferative disorders, splenectomy

5.2 Systemic disorders, sarcoldosis, pulmonary histiocytosis,
lymphangiolelomyomatosis

5.3 Metabolic disorders: glycogen storage disease, Gaucher
disease, thyrold disorders

5.4 Others: pulmonary tumaral thrombothic microanglopathy,
fibrosing mediastinitls, chronlc renal fallure (with/without

dialysis), segmental pulmonary hypertension




A: CTEPH Compared with Idiopathic Pulmonary Arterial Hypertension

CTEPH Idiopathic Pulmonary Arterial Hypertension

Intraluminal thrombi, webs, and bands in central  Apposition thrombus only in severe cases (localization in
and peripheral pulmonary arteries the central pulmonary arteries, associated with massive
central pulmonary artery enlargement)
Dilatation of bronchial arteries i1s common (73%  Dilatation of bronchial arteries 1s uncommeon (14% of
of patients) patients)
Combination of mosaic lung attenuation and Combination of mosaic lung attenuation and variation in

variation in the size of segmental vessels is the size of segmental vessels is uncommon
common

Segmental or subsegmental hypo- and hyper- Patchy heterogeneity of lung attenuation (patchy mosaic
attenuating lung areas (geographic mosaic perfusion)
perfusion)




CTEPH

JACC:CARDIOVASCULAR IMAGING, 2010:1287-95



CTEPH PAH

JACC:CARDIOVASCULAR IMAGING, 2010:1287-95
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