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Clinical Decision Rules

e Easy to collect clinical parameters
e Easy to interpret clinical parameters

* Most patients with suspicion of PE are
seen by inexperienced/junior doctors



Survival among patients admitted on
weekdays and weekends
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Clinical Probability Score
Symptoms and signs of deep-vein thrombosis 3.0
Heart rate =100 beats/min 1.5
Recent immobilization or surgery (=4 wk) 1.5
Previous deep-vein thrombosis or pulmonary embolism 1.5
Hemoptysis 1.0
Cancer 1.0
Pulmonary embolism more likely than alternative diagnosis 3.0

Low score (<2.0) or inter-
mediate score (2.0-6.0)

p-Dimer assay
(highly sensitive)

|
MNegative

Da not treat

|
High score (=6.0)

|

Positive —» Multidetector CT

l

No pulmonary embolism Pulmonary embelism confirmed

Treat




Reagent {1): D-dimer buffer (1)
Reagent (2): D-dimer latex test solution (2)

Sample 12 plL Reagent {2) 100 plL
Reagent (1} 100 pL
T minnie “Ditference of absorbance
. o TAUEE betwaen 570 nm and 800 nm
Measurement® Measurement® (Hitachi 7170 type)
D-dimer (various fractions) Anti-human D-dimer mouse

Monoclonal antibody sensitization latex
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Pulmonary Embolism

 PIOPED study 1990

—1 out of 3 patients

» CHRISTOPHER study 2006

—1 out of 5 patients



Cumulative rate of fatal PE
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PE Clinical features

Ventricular
Dysfunction

Estimated Prevelance (%) Estimated Mortality (%)

Symptomatic

Asymptomatic



Short term prognosis PE

T <2 % In hemodynamically stable,
non-massive PE

T 15% in massive PE with shock (5 %
total)

T 95 % In patients with cardiorespiratory
arrest

Inpatient mortality directly related to
thromboembolic event

RISK STRATIFICATION



PE Clinical features

Estimated Prevelance (%) Estimated Mortality (%)

Symptomatic

Asymptomatic



Clinical Decision Rules

e Easy to collect clinical parameters
e Easy to interpret clinical parameters

* Most patients with suspicion of PE are
seen by inexperienced/junior doctors



Pulmonary Embolism Severity Index
N = 15 531 patients

Demographic characteristics

Age, per year Age, In years

Male gender + 10
Comorbid illnesses

Cancer +30

Heart failure +10

Chronic Lung disease +10

Clinical findings

Pulse 2 110/min +20
SBP <100 mm Hg +20
Respiratory rate 2 30/min +20
Temperature < 36 °C +20
Altered mental status +60
Art oxygen saturation < 90 % +20
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Aujesky et al. Am J Respi Crit Care Med 2005;172:1041-6



Pulmonary Embolism Severity

Index
N = 15 531 patients

I 66-85
I 86-105
1] 106-125
\Y, 106-125
V > 125

Low Risk: Class | and Il: 30-day all cause mortality of 0.9-2.6 %

High Risk: Class V: 30-day all cause mortality of 24.5 %

Aujesky et al. Am J Respi Crit Care Med 2005;172:1041-6
Aujesky et al. Eur Heart J 2006;27:476-81



Pulmonary Embolism Severity

Index
N = 15 531 patients
Dichotomized as LOW (classes I-ll) vs

HIGH (classes IlI-V)

Sensitivity > 90 %
Negative predictive value 98-100 %
Positive predictive value <15 %

Aujesky et al. Eur Heart J 2006;27:476-81
Jimenez et al. Chest 2007;132:24-30



Geneva Risk Score

N = 296 patients

Cancer 9.5 (3.5-25.8)
Heart failure 2.6 (1.0-6.6)
Previous DVT 2.8 (1.0-7.6)
Systolic BP < 100 mm 15.1 (2.4-96.4)
Hg

PaO: < 8 kPa 2.6 (1.0-6.5)
Presence of DVT on 3.8 (1.3-11.4)
CUS

Low Risk £ 2 points

Wicki et al. Thromb Haemost 2000;84:548-52
Nendaz et al. Thromb Haemost 2004;91:1232-6
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Direct Comparison of PESI
with Geneva Score

N = 599 patients with PE

Primary outcome was all-cause mortality at 30
days

Secondary outcome was non-fatal recurrent VTE
or non-fatal bleeding

PESI low 36 % (41 %)

Geneva low 84 % (67 %) p<o0.0001
30-day mortality: PESI 0.9 % (0.3-2.2)

Geneva 5.6 % (3.6-7.6) p<
0.0001

Jimenez et al. Chest 2007;132:24-30 (/ﬁ;,
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Imaging

Study Exposed Non-exposed RR (fixed) Wizight RR (fixed)
or sub-category () (M) {95% CI) (%) {95% Ch
01 Echocardiography
Grifoni ef al."? 4/85 3/a7 ——— 17.44 1,99 {0.46-2,60)
\iaillard-Baron ef al 12 1/32 2B e g4, 76 0,98 (0.09=10.45)
Kucher ef al."s 2/19 0/40 —_— . .37 10,25 {0.52-203.61)
Kostrubiec ef af 1 3/E0 3/ 38 —_1) 26,6 2.11 |
Fieralli et al = 4/35 0/2e - » a1 £.75 111}
Subtotal {35% CI) 211 264 e 60, 32 2,53 )
Total avents: 21 (Exposed), 8 (Non-exposad)
Test forheterogeneity - y*=2.00, af =4 {(F=072), F=0%
Test foroverall effect: £=2.35 (F=0.02)
02 Computed tomography
Ghuysen et al'’ 324 3/47 — 14, 6% §. 98)
wan der Meer gf af "8 1369 3/51 -+—— 24 GO0 1-8.50)
Subtotal (85% CI) 93 Y e 39, €8 B7-5. 96
Total events: 13 (Exposed), & (Non-exposed)
Test for heterogeneity:y* = 0.05df =1 (F=0.82), F=0%
Test for overall effect; £=1.67 (F=0.09)
Total (85% CI) 304 & =4 . 3 -4, 4
Totalevents: 34 (Exposed), 14 (Non-exposed
Tast for haterogeneity: 3* = 214, df =6 (F=091), F=0%
Test for overall effect: £= 2 .88 (F=0.004)

0.01 0.1 1 10 100

Mo RY gysfunction R dysfunction

Sanchez, O. et al. Eur Heart J 2008 29:1569-1577

il gniverity medeal center



Echocardiography

In hemodynamically stable patients with PE:
e 44 % RV dysfunction

e Patients RVD + T 10 %
RVD - T 3%

* RVD significantly associated with mortality
RR 2.5 (1.2-5.5)
Sensitivity 70 %
PPV 58 %
NPV 60 %

No prospective trials to prove that patients with
normal right ventricular function can be treated
as out-patients

b7



CT Angiography

In hemodynamically stable patients with PE:
* 47 % RV dilatation

e Patients RV dilatation + T 14 %
RV dilatation - T 6.1 %
RV dilatation NOT significantly associated with
mortality
RR 2.3 (0.9-6.0)

o Similar data in PIOPED II study

Quiroz et al. Circulation 2004;109:2401-4
Schoepf et al. Circulation 2004;110:3276-80
Sanchez et al. Eur Heart J 2008;29:1569-77



Cardiac Biomarkers

Shady Exposed MNor-axposad R& (fizad] Wasight RR {fixad])
or sub-caiegony [rehiy ] {95% C1) (%) 125% CI)

01 BNP

Tulewvski =t al
Kuchar at 215

by \olde ot at 20 1
Pieralli & a8
Tulewvekl et ar= " 2L

Subtotal (55% Ch) 21

Tital events: 17 (Exposad). 2 [Non-axposad)

Tesl Tor helérogeneily. y© =050, df = 3 (P=088), F=0%
Tesl Tor overall effed; £ =4.00 (F =< 2,0001)

02 pro-S:F

Pruszozyk af al s 11/56 0/14d -
Kosirubies gf ¢ 4471 EFVY —i— 16, 1 ;. e i,
Subledal (5% Cl) ) . vl o YT
Tedal events: 20 (Expoged), 6 (Mon-exposed)

Test for hetsrogansity: y*= 000, df = 1 (P =0.08), &= 0%

Tast for owerall effect: 7= 383 (P = 0.0004)

03 Cardisc repanin
Kucher af & 12
Kaosirubiec af /14
Tidewski gt al £
Subledal {559 G 10

Tedal eventa: 15 (Exposed), 6 [Mon-exposed)

Test for hetarogeneity: y¥ =048 df = 2 (P=078), F=0%
Test for overall effect: Z = 4.92 (P < 0.00001)
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Sanchez, O. et al. Eur Heart J 2008 29:1569-1577
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Cardiac Biomarkers

 Troponin: development of RV
microinfarcts
Meta-analysis of 20 studies
e 31 % elevated troponin levels
e Patients Troponin= Tt 3.7 %
Troponin> 1 19.7 %
 Significantly associated with mortality

OR 5.2 (3.3-8.4)
Sensitivity 81 %
NPV 73 %
PPV 75 %

Becattini et al. Circulation 2007;116:427-33
Sanchez et al. Eur Heart J 2008;29:1569-77



Cardiac Biomarkers

e Brain natriuretic peptides: BNP/NT-pro-BNP, released
INn response to cardiomyocyte stretch

Meta-analysis of 13 studies
* 51 % elevated BNP/NT-pro-BNP levels
e Patients BNP =1 1.7 %
BNP > T 16.8 %
 Significantly associated with mortality
Sensitivity  88-93 %
NPV 76-81 %
PPV 63-67 %

Klok et al. Am J Respir Crit Care Med 2008;178:425-30
Sanchez et al. Eur Haert J 2008;29:1569-77



OR for RVD on ECHO based on
elevated (NT-pro) BNP

Cudcome, Right ventricular dysunction

Study Elevated BNP Marmal BNP QR (random) Wsight OR (random)

or sub-category ity ni 5% C1 % 85% C1

[7]1 Logeart etal 36747 orsz0 — 1414 130,13 [7.2%, 2324.30]
[11] Piersli et al AEf4l aszo —) 13.71 223.92 [11.99, 4182.54]
[14] Kriger e al 16717 SSE5 —_— 24.74 ZB. %4 [|3.22, E251.40]
[16] Mucher et al 2oraz 4541 —F 47.42 B2.42 [1B.53, 431.47]
Total (95% CI) 137 106 -l 100 00 BO.55 [27.25, Z38.09)

Total everts: 116 (Elevated BNPY, 13 (Normed BNF)
Test for heterogenety: Chi* =147, df =3 (P=069), F=0%
Test for overall effect; £ = ¥ 84 (P < 0.00001)

Elevated NT-pro-BMP Mormal NT-pro-BNP
it rurd
[12] Binder et &l 30/67 8/57 —— 73.26 14.59 (4.15, 51.37]
[18] Kucher et al 19742 1r31 —®—F 6.74 24.78 [2.09, 198 96)
Total (95% C1) 109 88 -l  100.00 16.81 [5.73, 49.37)

Total everds: 49 (Elevaled NT-pro-BNPY, & (Mormel NT-pro-Bhe)
Test for heterogeneity: Chi2= 018, df =1 (P=067), F=0%
Test for overall effect. Z = 5.14 (P = 0.00001)

Total (95% CI) z46 194 - 100.00 38.61 [16.71, 89.23)
Total averts: 165 (Elevated NT-pro-BnP), 17 (Mormal NT-pro.BhEY
Test for heterogeneity: Chi*=589 df =5 (P =034),F=121%
Test for overall effect: Z = 8.55 (P <0.00001)
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Klok et al. Am J Crit Care Med 2008;178:425
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Pooled diagnostic indexes for echocardiography,
CT, BNP, pro-BNP, and cardiac troponin

Echocardio
graphy
Sensitivity (%) 70 (46-86)
(95% ClI)
Specificity (%) 57 (47-66)
(95% ClI)

Negative predictive value 60 (55-65)
(%) (95% CI)

Sanchez, O. et al. Eur Heart J 2008 29:1569

Computed
tomography

65 (35-85)

56 (39-71)

58 (51-65)

BNP

88 (65-96)

70 (64—75)

76 (73-79)

Pro-BNP Cardiac
troponin

93 (14-100) 81 (23-100)

58 (14-92) 84 (77-90)

81 (65-97) 73 (68-78)



Imaging and Biomarkers
usefull?

« CT and Echo findings of RVD are more
likely to identify higher-risk than lower-risk
patients

* Evidence on prognostic usefulness of CT-
based pulmonary artery obstruction
assays Is non-conclusive

e For biomarkers:

— Lack of test standardization

— Absence of clinical studies demonstrating
positive effect on patient care




Stratification of Risk of Death

Table 3. Stratification of Risk of Death Associated with Pulmonary Embolism and Severity-Adjusted Treatment.®

Early Risk of Death Risk Factor
Shock or Right Ventricular
Hypotension Dysfunction
{on Clinical (on Echocardiography
Examination) or Multidetector CT)
High Present Presenty
Nen-high
Intermediate] Absent Present
Absent Present
Absent Absent

@ Absent Absent

Myacardial Injury
{on Cardiac
Troponin Testing)

NA

Present
Absent

Present

Absent

Recommended Treatment

Unfractionated heparin plus thrombolysis

or embolectomy

Low-molecular-weight heparin or fonda-
parinux; as a rule, no early thromboly-
sis; monitor clinical status and right
ventricular function

* Adapted with modifications from the 2008 Guidelines on the Diagnosis and Management of Acute Pulmonary Embolism of the European

Society of Cardiology.'® NA denotes not applicable.

7 If RV function is normal on echocardiography, or if a CT scan shows no RV dilatation in a patient with hemodynamic compromise and clini-
cally suspected pulmonary embolism, an alternative diagnosis should be sought.

i Troponin test results do not influence risk assessment or treatment in hemnodynamically compromised patients with acute pulmonary em-

bolism,

§ Although it has been suggested that normotensive patients with both RV dysfunction and myocardial injury have a higher risk of death than
those with only one of these risk factors, there is currently no definitive proof that they should receive more aggressive treatment.

Konstantinides S. N Engl J Med 2008;359:2804-2813
The NEW ENGLAND

JOURNAL MEDICINE
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Conclusions

* Low risk patients may be treated in a out-
patient setting

 Pulmonary Embolism Severity Index
(PESI) Is at this moment the best choice

* Absence of clinical studies demonstrating
positive effect of RV

dysfunction/dilatation or elevated
biomarkers on patient care

 NEW STUDIES




HOME study

Hemodynamically stable
NT-proBNP < 500 pg/ml
Primary endpoint: 10 days mortality

Secondary endpoints: readmission rate,
patient satisfaction and SAE

5 teaching hospitals in the Netherlands



HOME study

351 patients with PE screened

152 patients included
— 105 pt (70%) returned directly to home
— 47 pt (30%) were discharged < 24 hours

No death, VTE recurrence, major bleeding
after 10 and 90 days follow up

7/ pts readmitted:

— 4 pts: ilness unrelated to PE

— 2 pts: anxiety and chest pain

— 1 pt : dyspnoea and O2 sat 88%

Al griveriity medenl center



HESTIA study

prospective cohort investigation

To Investigate the efficacy and safety
of home treatment of patients with

hemodynamically stable PE

Proven Pulmonary Embolism
Hemodynamically stable

< Exclusion criteria

Discharge < 24 hours
Home R/ LMWH +/- VKA

{

Follow up:
1 week, 6 weeks, 3 months




Treatment

Intrinsic Extrinsic
artithramiin Artithrombin artithrombin  PEthway  pathuesy
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LMWH Factor Xa inhibitors
Vitamin K antagonists ~ Thrombin inhibitors



Efficacy of Idraparinux for DVT vs PE

Cumulative incidence

0.00%

Number at risk:

Idraparinux
(LMW)H/VKA

0.05]

0.047

0.03]

0.02]

0.017

DVT study
J‘( Idraparinux
|‘ —— (LMW)H/VKA
0 30 60 90 120 150 180 Days

1,452 1,408 1,395 1,381 1,050 1,043 1,034
1,452 1,409 1,389 1,378 1,067 1,057 1,054

0.05]

Cumulative incidence

0.00°

Number at risk:

Idraparinux
(LMW)H/VKA

The van Gogh Investigators. New Engl J Med 2007;357:1094-1104

0.047

0.03]

0.02]

0.017

PE study

Idraparinux
— (LMW)H/VKA

L—

0

30 60 90 120 150 180 Days

1,0951,050 1,029 1,016 906 904 897
1,120 1,098 1,083 1,074 965 954 950



