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Virchow R. 1884 HYPERCOAGULABLE STATE

+ Malignancy

+ Pregnancy and peri-partum period

+ Oestrogen therapy

¢ Trauma or surgery of lower
extremity, hip, abdomen or pelvis

+ Inflammatory bowel disease

+ Nephrotic syndrome

+ Sepsis

+ Thrombophilia

VASCULAR WALL INJURY CIRCULATORY STASIS

+ Trauma or surgery + Atrial fibrillation

+ Venepuncture + Left ventricular dysfunction

+ Chemical irritation + Immobility or paralysis

+ Heart valve disease or - + Venous insufficiency or
replacement varicose veins

# Atherosclerosis + Venous obstruction from tumour,

+ Indwelling catheters obesity or pregnancy




@ European Heart Journal (2008) 29, 2276-2315 ESC GUIDELINES

EUROPEAN doi:10.1093/eurheartj/ehn310

SOCIETY OF

CARDILOGY =
Table 3 Predisposing factors for venous Table 3 Predisposing factors for venous
thromboembolism thromboembolism

Predisposing factor Patient-related Setting-related  Predisposing factor Patient-related Setting-related

Strong predisposing factors (odds ratio > 10)

Fracture (hip or leg) v
Hip or knee replacement v
Major general surgery v
Major trauma ¥ Weak predisposing factors (odds ratio <2
Spinal cord injury v Bed rest >3 days /
Moderate predisposing factors (odds ratio 2—9) pamobllty & to dhg y
Arthroscopic knee surgery v (e prolonged car or air
Central venous lines v ravel)
Chemotherapy v .
Chronic heart or v creig ige /
respiratory failure Laparoscopic surgery v
Hormone replacement v (eg cholecystectomy)
therapy Obaesity "
Malignancy v
Oral contraceptive v Pregrancytan /
th erapy Varicose veins v
Paralytic stroke v
Pregnancy/ postpartum v Data are modified from reference 2. This article was published in Cireulgion,
Previous VTE v Vol 107, Anderson FA r, Spencer FA Risk ictors for venous thromboembols,
Thrombophilia v 19116 © (2003) American Heart Association, Inc
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Clinical Characteristics, Management,

and Outcomes of Patients Diagnosed With Acute
Pulmonary Embolism in the Emergency Department
Initial Report of EMPEROR (Multicenter Emergency Medicine

Pulmonary Embolism in the Real World Registry) JACC 2011
Signs and Symptoms at Presentation Signs and Symptoms at Presentation
Confirmed PE PE Mot Confirmed Confirmed PE ~ PE Not Confirmed
Feature (n = 1,880) (n = 528) Feature {n = 1,880) {n = 528)
Vital signs at presentation in ED Physical findings In ED
Heart rate, beats/min* 95.7 (20.5) 93.8(21.8) . . .
Extremity swelling suggestive of DVT 442 (23.5) a7(18.4)
Respiratory rate, breaths/min* 205 (5.2) 21.2(7.7)
Systolic blood pressure, mm Hg* 132.3 (24.8) 137.1(26.7) il e L s
Oxygen saturation, %* 95.3 (5.4) 95.7 (5.6) Rales 158 (8.4) 32(6.1)
Symptoms reported by patient Diaphoresis 133(7.4) 28(5.3)
Dyspnea at rest 942 (50.1) 268 (50.8) Chest radiograph findings
Pleuritic chest pain 740 (39.4) 150 (28.4) Mormal 545(40.1) 161(40.7)
Dyspnea with exertion 507 (27.0) 88 (16.7) Westermark sign 5(0.4) 1(0.3)
Cough without hemoptysis 430(22.9) 121(22.9) Hampton hump 11(0.8) 1(0.3)
Substernal chest pain 285 (15.2) a0 (17.0) Atelectasis 230(16.9) 61 (15.4)
Dizziness 230 (12.2) 51(9.7) Infiltrate 184 (13.5) 55 (13.9)
Diaphoresis 220 (14.7) 70(13.3)
Upper abdominal pain 202 (10.7) 39 (7.4) Pleural effusion 220(16.2) 55(13.9)
Fever 182 (9.7) 52 (9.8) Elevated hemidiaphragm 34(2.5) T7(1.8)
Cough with hemoptysis 143 (7.6) 24 (4.5) Cardiomegaly 62(11.9) 51(12.9)
Unilateral extremity pain 110 (5.9) 28 (5.3) Stable non-PE pathology 197 (14.4) 59 (14.9)
Syncope 103 (5.5) 30(5.7)
Altered mental status 90 (4.8) 29 (5.5) Values are n (%). *Data are presented as mean (5D).

ED = emergency department: other abbreviations as in Table 2.
Angina T4 (3.9 30(3.8)



MDCT: visualization of peripheral arteries
Coche E et al. Eur Radiol 2003;13.815-22. Ghaye et al. Radiology 2001,219.629-36.
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96% of subsegmental arteries and 54% of sub -subsegmental arteries are
identified on multislice CT (4 rows of detectors)

ESR school 2008



ESC GUIDELINES  Low Intermediate High

MNormal pulmonary angiogram

D-dimer
MNegative resule. highly sensitive assay
MNegative result, moderately sensitive assay
VIQ scan
Normal lung scan
MNon-diagnostic lung scan”
MNon-diagnostic lung scan® and negative proximal CUS

Chest CT angiography
Normal SDCT and negative proximal CUS

Mormal multidetector CT alone

ulmonary angiogram s INg
High-probability V/Q scan
CUS showing a proximal DVT

Chest CT angiography

Single or multidetector helical CT scan showing PE
(at least segmental)

Single or multidetector helical CT scan showing
subsegmental PE
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D-Dimer

Prothrombinase
complex

|

Prothrombin Thrombin
Fibrinogen Crosslinked fibrin
Plasmin
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Normal D-dimer (Rapid ELISA) plus
Low/Mod or Unlikely Clin Prob
In Emergency Department

VTE 3 mos

S 0%-0.5%
Excluded

Further
Tests
Necessary

68%-69%

31%-32%

< |

van Belle et al. JAMA.. 2006; 295:172-179
Perrier et al. Am J Med. 2004; 116:291-299




D-dimer 6 U U Op UE DK

ai Nisio et al, JTH 2007,5.:296-304

100+ Highly sensitive tests (Sn > 95%)
90 - O B
80 Moderately sensitive tests (Sn 85-90%)
70—
S 60-
P
S 507
= )
5 407 @ Latex semiquantitative ELFA
n —
30 Whole-blood Latex quantitative
207 @ Latex qualitative @ Microplate ELISA
107 @® Membrane ELISA
0

| | | | | | | | | |
100 90 80 70 60 50 40 30 20 10 O
Specificity, %
ERS school 2008
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Clinical probability

Y

M
Interme - :

Low diate High

Highly sensitive DD . . )
(Sn 95%, Sp 40%) 99% 97% 88%

Moderately sensitive DD (Sn 0 . .
90%, Sp 50%) 98% 92% 73%

Y 7 v

= safe exclusion of PE




D-dimer: number needed to test in specific
patient populations

Number needed to test

Outpatients 3
Patients < 60 years 2
Patients > 80 years 20

Inpatients 14

Cancer patients 9

Previous DVT or PE 6

Pregnancy
Before 30th week 2.6
Weeks 31 to 42 4

ERS school 2008
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@ European Heart Journal (2008) 29, 2276-2315

EURCPEAN doi;l D.1D93fcurhcar‘tj.|"chn31 0

SOCIETY OF
CARDIOLOGY =

RISK MARKERS
Potential

CLINICAL RV Myocardial treatment
(shock or dysfunction injury implications
hypotension)

PE-related early
MORTALITY
RISK

HIGH Thrombolysis
>15% + (+)° (+)° or
embolectomy
+ +

Inter Hospital

NON n?:iﬂ:: admission

HIGH -

fow Early discharge
or
0
<1% home treatment

+
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Table 4 Principal markers useful for risk stratification

in acute pulmonary embolism

Markers of RV RV dilatation, hypokinesis or pressure
dysfunction overload on echocardiography

RV dilatation on spiral computed tomography
BMNF or N T-proBNP elevation
Elevated right heart pressure at RHC

Markers of Cardiac troponin T or | positive”

myocardial injury

BNP = brain natriuretic peptide; NT-proBNP = MN-terminal proBMNP;
RHC = right heart catheterization; RV = right ventricle.

"Heart-type fatty acid binding protein (H-FABP) is an emerging marker in this
category, but still requires confirmation.
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Table 4 Principal markers useful for risk stratification

in acute pulmonary embolism

Clinical markers Shock

Hypotension®

Markers of Cardiac troponin T or | positive”

myocardial injury

BNP = brain natriuretic peptide; NT-proBNP = N-terminal proBNP,

RHC = right heart catheterization; RV = right ventricle.

"Defined as a systolic blood pressure <90 mmHg or a pressure drop of

=40 mmHg for =15 min if not caused by new-onset arrhythmia, hypovolaemia
or sepsis.

"Heart-type fatty acid binding protein (H-FABP) is an emerging marker in this
category, but still requires confirmation.




@ European Heart Journal (2008) 29, 2276-2315

EURCPEAN doi;l D.1D93fcurhcar‘tj.|"chn31 0

SOCIETY OF
CARDIOLOGY =

RISK MARKERS
Potential

CLINICAL RV Myocardial treatment
(shock or dysfunction injury implications
hypotension)

PE-related early
MORTALITY
RISK

HIGH Thrombolysis
>15% + (+)° (+)° or
embolectomy
+ +

Inter Hospital

NON n?:iﬂ:: admission

HIGH -

fow Early discharge
or
0
<1% home treatment

+
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RV/LV ratio
gU; UaUR " sld(q 2T
PA/AO0 ratio

Obstruction index (%)
van der Meer RW et al. Radiology

A

20
RVD/LVD 0.9

RV, /LV, < 0.9

RV,/LV,> 0.9

X
o
2
=
)
=
w

Time, days

Schoepf UJ et al. Circulation 2004




@ European Heart | CLINICAL RESEARCH

EUROPEAM doi:10.109 3/eurheartj/ehr108
ET

Multidetector computed tomography for acute
pulmonary embolism: diagnosis and risk
stratification in a single test

Cecilia Becattini'*, Giancarlo Agnelli', Maria Cristina Vedovati!, Piotr Pruszczyk?,
Franco Casazza3, Stefano Grifoni4, Aldo Salvi®, Marina Bianchi®, Renee Douma’,
Stavros Konstantinides®, Mareike Lankeit?, and Michele Duranti'®

Right ventricular dysfunction at MDCT wes defined as the right-to-left ventricular dimensional ratio and was centrally
assessed by a panel unaware of clinical and echocardiographic da

at MDCT had a 92% sensitvity for right ventricular dysfunction [95% confidence interval (CI) 88-96]. Overall 457
patients were included in the outcome study: 303 had right ventricular dysfunction at MDCT. In-hospital death or

clinical deterioration occurred in 44 patients with and in 8 patients without right ventricular dysfunction at MDCT
(145 vs. 5.2%; P<0.004). The negative predictive value of right ventricular dysiunction for death due to PE was

100 (9% C198-100, :
| hazard ratio (HR) 35, 95% C1 16-77: P=000) and

haemodynamically stable patients (HR 38, 95% CI 1.3-10.% P=0007).

S
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Table 4 Principal markers useful for risk stratification

in acute pulmonary embolism

Clinical markers Shock

Hypotension®

Markers of RV RV dilatation, hypokinesis or pressure
dysfunction overload on echocardiography

RV dilatation on spiral computed tomography
BMNFP or N T-proBNP elevation
tlevated right heart pressure at RHC

BNP = brain natriuretic peptide; NT-proBNP = N-terminal proBNP,

RHC = right heart catheterization; RV = right ventricle.

*Defined as a systolic blood pressure <<90 mmHg or a pressure drop of

=40 mmHg for =15 min if not caused by new-onset arrhythmia, hypovolaemia
or sepsis.

"Heart-type fatty acid binding protein (H-FABP) is an emerging marker in this
category, but still requires confirmation.
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Figure 3. OR for death resulting from pulmonary embaolism based on elevated or normal serum troponin | and T.

C Becattini et al., Circulation, 2007
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Suspected non-high-risk PE (without shock or hypotension)

Assessment of clinical probability of PE

Low / intermediate clinical probability High clinical probability
PE “unlikely” PE “likely”

i l

MDCT

PE (-) PE (+)

<500 g/l < > >500 ug/l Further diagnostic
work-up -
i L probably needed

No treatment MDCT

LMWH/
Fondaparinux

PE(-) | PE(+)

LMWH/

Mo treatment .
Fondaparinux




ARTICLE

Low-Molecular-Weight Heparin Compared with Intravenous

Unfractionated Heparin for Treatment of Pulmonary Embolism

A Meta-Analysis of Randomized, Controlled Trials
Danlel ). Quinlan, MBES; Andrew McQuillan, MBBS; and John W. Elkelboom, MBES Ann Intern Med. 2004:140:175-

183.
Figure 2. Symptomatic venous thromboembolism at the end of treatment in trials comparing low-molecular-weight heparin (LMWH)
with unfractionated heparin (UFH) for the treatment of acute pulmonary embolism.

Study, Year (Reference) LMWH, n/n UFH, n/n OR (95% Cl)
European multicentre study, 1991 (36) 1/61 1/47 0.77 (0.05-12.59)
Thery et al., 1992 (38) 0/35 0/33 0.94 (0.02-48.92)
Prandoni et al., 1992 (37) 1/45 3/48 - 0.33 (0.03-3.286)
Hull et al., 1992, 2000 (32, 8) 0/97 2/103 * 0.21 (0.01-4.39)
Meyer et al., 1995 (39) 0/29 1/31 * 0.34 (0.01-8.80)
Kuijer et al., 1995 (13) 0/32 1/35 - 0.35 (0.01-9.00)
Simonneau et al., 1997 (7} 3/3M1 2/307 —{— 1.54 (0.25-9.25)
Columbus Investigators study, 1997 (6) 5/138 5/133 —— 0.96 (0.27-3.40)
Kirchmaier et al., 1998 (42) 0/39 1/41 . 0.34 (0.01-8.64)
Decousus et al., 1998 (41) 1/41 4/54 = 0.31 (0.03-2.91)
Campbell et al., 1998 (40) 0/6 0/10 1.62 (0.03-91.81)
Merli et al., 2001 (9) 3/199 2/88 —— 0.66 (0.11-4.01)
Total 14/1023 22/928 * 0.63 (0.33-1.18)
001 01 1 10 100
Odds Ratio (Log Scale)
Favors LMWH Favors UFH
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Table 16 Subcutaneous regimens of low molecular-
weight heparins and fondaparinux approved for the
treatment of pulmonary embolism

Dose Interval
Enoxaparin 1.0 mg/kg Every 12 h

or 1.5 mg/kg® Once daily®
Tinzaparin 175 Ulkg Once daily
Fondaparinux 5 mg (body weight <50 kg) Once daily

7.5 mg (body weight 50—100 kg)
10 mg (body weight =100 kg)

In patients with cancer, Dalteparin is approved for extended treatment of
symptomatic VTE (proximal DVT and/or PE), at an initial dose of 200 U/kg s.c.
once daily (see drug labelling for details).

*Once-daily injection of enoxaparin at the dose of 1.5 mg/kg is approved for
inpatient (hospital) treatment of PE in the United States and in some, but not all,

European countries.
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Table |15 Adjustment of intravenous unfractionated
heparin dosage based on the activated partial
thromboplastin time

Activated partial Change of dosage
thromboplastin time

<35 s (=<1.2 times control) 80 U/kg bolus; increase infusion
rate by 4 U/kg/h

35—455 (1.2—1.5 times control) 40 U/kg bolus; increase infusion
rate by 2 U/kg/h

46—70s (1.5—2.3 times control) MNo change

71-90s (2.3—3.0 times control) Reduce infusion rate by 2 U/kg/h

=90 s (=3.0 times control) Stop infusion for 1 h, then reduce
infusion rate by 3 U/kg/h

Data are from reference 283. This article was published in Arch Intern Med, Vol.
156, Raschke RA, Gollihare B, Peirce JC. The effectiveness of implementing the
weight-based heparin nomogram as a practice guideline, 1645 —1649. Copyright ©
(1996) American Medical Association. All Rights reserved.
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Initial Treatment Long-Term Treatment Extended Treatment

Unfractionated Vitamin K antagonists Vitamin K antagonists
heparin (INR target, 2.0-3.0) ( (INR target, 2.0-3.0 or 1.5-1.9)
Low-molecular-weight
heparin

Fondaparinux
Thrombolysis

Percutaneous mech-
anical embolectomy

Surgery
Vitamin K antagonists

=5 Days
=3 Mo
Indefinite
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For patients with a second episode of
unprovoked PE, long-term treatment is
recommended

In patients who receive long-term anticoagulant
treatment, the risk/benefit ratio of continuing
such treatment should be reassessed at regular

intervals

In patients with PE, the dose of VKA should be

adjusted to maintain a target INR of .5 (range

2.0-3.0) regardless of treatment duration

55 of recommendation.
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Dabigatran versus Warfarin in the Treatment = j;;f/

of Acute Venous Thromboembolism o 12 d b

Months since Randomization

Me. at Risk
o - - ,- sl H R / - . . / Cabigatran 1274 1238 1221 1203 1152 1121 1024
Sam Schulman, M.D., Clive Kearon, M.D., Ajay K. Kakkar, M.D., S, g S S S

Patrick Mismetti, M.D., Sebastian Schellong, M.D., Henry Eriksson, M.D.,
David Baanstra, M.Sc., Janet Schnee, M.D., and Samuel Z. Goldhaber, M.D.,

Figure 1. Curmulative Risk of Recurrent Venous Thremboembaolism or
Related Death during & Months of Treatment ameng Patients Randomly

for the RE-COVER Stud y Grou [} Assigned to Dabigatran or Warfarin.

Dabigatran etexilate versus enoxaparin for prevention o
venous thromboembolism after total hip replacement:
a randomised, double-blind, non-inferiority trial

Bengt | Eriksson, Ola E Dahl, Nadia Rosencher, Andreas A Kurth, CNiek van Dijk, Simon P Frostick, Martin H Prins, Rohan Hettiarachchi,
Stefan Hantel, Janet Schnee, Harry R Buller, for the RE-NOVATE Study Group Lancet 2007; 370: 949-56
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Dabigatran versus Warfarin in Patients with Atrial Fibrillation
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REVIEW

Outpatient treatment and early discharge of
symptomatic pulmonary embolism: a
systematic review

00000000
oooooooooooo
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A. Squizzato, M. Galli, F. Dentali and W. Ageno

Qutpatient treatment of symptomatic PE is not based on high-quality evidence. Although the
published data suggest that certain subgroups of haemodynamically and respiratorily stable
patients may be safely treated at home when a well-defined management programme is applied,
further studies are warranted for a short-term prognostic risk stratification of this PE subgroup.




Derivation and Validation of a Prognostic Model for
Pulmonary Embolism

Drahomir Aujesky, D. Scott Obrosky, Roslyn A. Stone, Thomas E. Auble, Arnaud Perrier, Jacques Cornuz,
Pierre-Marie Roy, and Michael |. Fine

Am | Respir Crit Care Med Vol 172 pp 1041-104&, 2005

Predictors Points Assigned TABLE 4 PU|mDﬂ3W EmeHSFH SEUE”I}‘ |ﬂdE}{ riSk C|HESES
Demographic characteristics
Age, per yr Age, inyr | Risk classes Points  30-day all-cause mortality
Male sex +10
Comorbid illnesses
Cancer + 30
Heart failure +10 Class| <65 0%
Chronic lung disease +10 o
Clinical findings Class I 06 1%
Pulse = 110/min + 20 Class I 86105 1%
Systolic blood pressure < 100 mm Hg +30 '
Respiratory rate = 30/min + 20 Class IV 106-125 10.4% I
Temperature < 36°C + 20 ) o
Altered mental status* +60 Class V 2125 A4k

Classes I/ll vs classes TV :
AKgUsdddgaBBESI O0O90%

Al } 3dqUsae ~ | 62 398ill0%aw UUsqgGo3rvid
dadqURUqUUd Aujesky D et al, Eur Heart J 2006




Sensitivity

Prognostic Factors for Pulmonary Embolism
The PREP Study, A Prospective Multicenter Cohort Study

Olivier Sanchez', Ludovic Trinquart2*, Vincent Caille3, Francis Couturaud?, Gerard Pacouret®, Nicolas Meneveaus,
Franck Verschuren?, Pierre-Marie Roy® Florence Parent®, Marc Righini'®, Arnaud Perrier'®, Christine Lorut!’,

Bernard Tardy'?, Marie-Odile Benoit'?, Gilles Chatellier’?, and Guy Meyer!

AJRCCM 2010 TABLE 5. RISK SCORE FOR 30-DAY ADVERSE EVENTS
Prognostic Factor Cateqories Points
Altered mental state *
0.8 1 No 0
. Yes 10
- -~ - . e Lo
Conclusions: BNP and echocardiography may be useful determinants o o
0.6 - of the short-termoutcome for patients with PE, togetherwith clinical a 6
findings. Patients with PE can be stratified according to the initial risk
of adverse outcome, using a simple score based on clinical, echocar- lo 0
04 diographic, and biochemical variables. 2 6
<100 0
‘. Model 1: Cardiogenic shock on admission + ;ggj‘;g ;
0.2 - Altered mental status + Cancer 500-999 4
== |Model 1 + BNP =1,000 8
_ RV/LV ratio
= [odel 1+ BNP + RV/LY EDD ratio 0.2-0.49 0
0.0 - 0.5-0.74 3
| T | | | | 0.75-1.00 5
0.0 0.2 0.4 0.6 0.8 1.0 1.00-1.25 8
=1.25 11

1 - Specificity
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Suspected acute PE
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shock or hypotension®

¥

Non-high risk

Different management
strategies
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NO <

Suspected high-risk PE (shock or hypotension)

CT immediately available®

Results . Results

l

Other diagnosis
possible

positive " negative

l l

Thrombolysis
or
embolectomy

Other diagnosis
possible



Trials That Included Patients With Major PE

Thrombolysis, Heparin, OR
Outcome n/N (%) n/N (%) (95% ClI)

Recurrent PE or death 12/128 (9.4 24/126 (19.0)  0.45(0.22-0.92)
Recurrent PE 5/128 (3.9 9/126 (7.1) 0.61 (0.23-1.62)
( )
{ )

(9.4)

(3.9)
Death 8/128 (6.2) 16/126 (12.7)  0.47 (0.20-1.10
Major bleeding 28/128 (21.9)  15/126 (11.9)  1.98 (1.00-3.92

PE indicates pulmonary embolism.

9,
3.
6.

S Wan et al., Circulation, 2004



