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Definition of Biological Markers

% Measurable and quantifiable biological parameters
» specific enzyme concentration, specific hormone
concentration, specific gene phenotype distribution in a

population, presence of biological substances

Year introduced: 1989 MeSH database
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has been initiated.
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D-dimer

Detection Methods

1. Enzyme-linked immunosorbent assay (VIDAS)
. highly sensitive but not specific for DVT,

quantitative results, technically time-consuming

2. Latex-agglutination assay (IL-Test)

. inexpensive, rapid, quantitative, but 80% sensitivity

3. Whole-blood agglutination (SimpliRED)
. qualitative, red-cell agglutination assays,
monoclonal antibody specific for d-dimer

operator-dependent

N Engl J Med 2003,349(13):1203-4



D-dimer
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High clinical likelihood of PE
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Incidence rate of PE using D-dimer and Wells score

Score by model  PE rate with -DD PE rate with +DD PE rate overall

o -2/118] 11.7% [7/60] -9/17]

(0.2%-6.0%) (4.8%-22.6%) (2.3%-9.4%)
10.3 [3.29 24/4 27

) o2 [ e
(2.2%-27.4%) (43.3%-75.1%) 27.6%-51.6%)

( ) = 95% confidence interval: DD = D-dimer

Thromb Haemost 2000:83:416



Diagnostic algorithm of PE using D-dimer

100 ER(outpatient) : 81.7%
‘ Inpatient : 18.3%

Clinical decision rule

L L

67, Unlikely (decision rule score<4) 33, Likely (decision rule score>4)

|

D-dimer test

3

33, Normal D-dimer 34, Abormal D-dimer H 67, CT indicated

| | L

45, PE excluded 205 PE
confirmed

2, others

JAMA 2006,295:172-9



Algorithm for Diagnostic Imaging

Suspect DVT or PE

\ g

Assess clinical likelihood

|

DVT PE
l l
2 2 2 2
Low Not low Not high High
2 3
D-dimer D-dimer
I l
4 3 2 3
Normal High Normal High

3 4

Not DVT Imaging test needed

4 4

Not PE Imaging test needed

Harrison’s Internal Medicine 17t" ed.



Summary of D-dimer
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BNP(Brain Natriuretic peptide)
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BNP(Brain Natriuretic peptide)
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BNP(Brain Natriuretic peptide)

-~ Overall mortality

Qudy High BNP Normal BNP OR (random) Weight OR (random)

O Sub-category AN N 95% Cl % %%l
) )

110) Rey el o 3/29 0/19 : ) 14.82  5.15 (0.25, 105.59]

[11) Persl et 4/4 0/20 : 1530 4.9 [0.25, 95.99)

[14] Kriiger et &l 117 L/2§ i 16.72 1.50 [0.09, 25.75)

I17] ten Wolde et o 9/% 2/ —F— 5305 12.00 [2.44, §9.12)

Total (35% C) 123 138 @ 100.00 | 6.52 [2.04, 20.86]

Total events: 17 (High BNP), 3 (Normal BNP)
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Test for overal effect Z=316(P=0.002)
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BNP(Brain Natriuretic peptide)

Outcone: Overall mortality

Study OR (random) Weight OR (random)
or sub-category NT-pro BNP NT-pro BNP 95% Cl % 5% Cl

elevated normal

niN niN

) SR
(8] Pulsetal 9/53 2754 e £2.20 5.32 [1.09, 25.92)
[12] Binder et al /67 0/57 & ¥ 15.73 14.26 [0.80, 255.33]
[13] Kostrubiec et 15/72 0/28 ¥ y 16.10 15.37 [0.89, 266.09)
[15] Pruszczyk et &l 15/58 0/2l — 15.97 15,32 10,87, 268,39)
Total (35% CI) 250 160 100,00 | 8.72 [2.78, 27.40]
Total events: 46 (NT-pro-BNP elevated), 2 (NT-pro-BN.nozmal)

Test for heterogenelty. Chi* =085, df =3 (P = 0.84)
Test for overall effect: Z=3.71 (P=0.0002)

Tatal (95% C1) 373 298 100.00 | 7.36 [3.35, 17.09]
Total events: 63 (NT-pro-BNP elevated), 5 (NT-pro-BbR-nexmal)

Test for heterogeneity: Chi* = 262, df = 7 (P = 0.92)
Test for overall effect: Z = 4,66 (P < 000001)

o0 01 110 10

Am J Respir Crit Care Med 2008:178(4):425-30



BNP(Brain Natriuretic peptide)

Adverse clinical outcome

Qutcome:

Sy ngh_BNP Normal BNP OR (encon) Weigh OR (andon)
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) SR
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Total events; 67 (High BNP), 26 (Norml BNP)

Test for heterogenety, Chi*=2.32,df =3 (P =051, F = 0%

Test for overall effect Z=6.30 (P «0.00001)

o o 110
Adverse clinical outcome defined as the occurrence of any of the following: death,
CPR, mechanical ventilation, use of vasopressors, thrombolysis, thrombosuction,
open surgical embolectomy, or admission to the ICU.

Am J Respir Crit Care Med 2008:178(4):425-30



BNP(Brain Natriuretic peptide)

Outcome: Adverse clinical outcome

Stucly OR (random) Weight OR (random)
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BNP(Brain Natriuretic peptide)
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BNP(Brain Natriuretic peptide)

Right ventricular dysfunction

Qutcome:
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Troponin

Death based on serum TroponinI and T

Study

or sub-category

Meyer
Douketis
Kucher
Mehta
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La Vecchia
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Scridon
Binder
Amorim
Hsu

Sublotal (95% CI)

Total events: 71 (Tn positive), 37 (Tn negative)

Test for heterogeneity: Chiz=12.52, df =9 (P = 0.1

Test for overall effect: Z = 4.64 (P < 0.00001)

Ef, =28.1%

95% CI 95% Cl
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1/18 1/20 ———— 1.12 [0.06, 19.28]
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6/62 10/396 —a— 4,14 [1.45, 11.82]
23/73 5/68 el 5,80 [2.06, 16.33]
6/46 1/78 — 11.55 [1.34, 99.27]
2/42 1/18 0.85 [0.07, 10.02]
12/62 8/48 ﬁ 1.20 [0.45, 3.221
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Troponin

Death based on serum TroponinI and T

or sub-category 95% Cl 95% ClI
S S

Giannitsis 8/18 1/38 —_— 29.60 [3.30, 265.30]
Janata 5/41 0/65 —— 19.74 [1.06, 367.18]
Pruszczyk 8/32 0/32 e 22.55 [1.24, 409.83]
Bova 7/26 1/34 —— 12.16 [1.39, 106.48]
Kostrubiec 9/39 6/61 —— 2.75 [0.89, 8.47]
Kaczynska 10/28 6/59 —— 4,91 [1.56, 15.42]
Kline 2/20 0/161 e 43,65 [2.02, 944.27]
Tulevski 2/6 0/22 § 25.00 [1.02, 613.69]
Subtotal (95% Cl) 210 — 102 O 7.95 [3.79, 16.65]

Total events: 51 (Tn positive), 14 (Tn negative)
Test for heterogeneity: Chi? = 8.16, df =7 (P =0.32], P=14.2%
Test for overall effect; Z = 5.49 (P < 0.00001)

Total (95% Cl) 618 1367 (

©)

Total events: 122 (Tn positive), 51 (Tn negative)
Test for heterogeneity: Chi? = 22.81, df =17 (P = 0.14), P=25.5%
Test for overall effect: Z=6.92 (P < 0.00001)
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Troponin

Death resulting from PE based on serum TroponinI and T
N il

0r sub-category 35% Cl 05%Cl
Troponin I

Meyer 0/14 0/22 Not estimable

Kucher 4/28 1/63 —— 10,33 [1.10, 97.20]

Enea 420 0/6 - 3,55 10.17, 75.58]
Sublotal (8% C) i i (’ ) 7a10017,4337)

Total events: 8 (Tn positive), 1 (Tn negative)
Test fo heterogenelty. Chiz= 0,31, df = 1 (P = 0,58}, = 0%
Testfor overall effect: Z=2.13 (P =0.09)
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Troponin

Death resulting from PE based on serum TroponinI and T

Study
or sub-category

Pruszczyk

Bova

Kostrubiec
Kaczynska

Kline

Subtotal (95% Cl)

Total events: 26 (Tn positive), 5 (Tn negative)

Test for overall effect: 2=4.92 (P < 0.00001)

Total (%5% C)

OR OR
CENER SEER
2/32 0/32 —_ 5.33 [0.25, 115.50]
7/26 1/34 —— 12.16 [1.39, 106.48]
6/39 2/61 —— 5.36 [1.02, 28.10]
9/28 2/59 —— 13.50 [2.68, 68.06]
2/20 0/161 41 /R 12 02 944 271
o (@) wwsun e
Test for heterogeneity: Chiz=1.75, df =4 (P = 0.78}, F = 0%
(8)  suwnor

Total events: 34 (Tn positive), 6 (Tn negative)
Test for heterogeneity: Chi®=2.18, df =6 (P = 0.90}, F= 0%
Test for overall effect: Z=5.35 (P < 0.00001)

0001 001

01 1 10 100 1000
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Pooled diagnostic indexes for various tests

- RV dysfunction predicting death in PE showing stable haemodynamics

Echocardio Cardiac
Pro-BNP
-graphy troponin
Sensitivity
70 (46-86) 65 (35-85) 88 (65-96) 93 (14-100) 81 (23-100)
(%) (95% CI)
Specificity
57 (47-66) 56 (39-71) 70 (64-75) 58 (14-92) 84 (77-90)
(%) (95% CI)
NPV
60 (55-65) 58 (51-65) 76 (73-79) 81 (65-97) 73 (68-78)
(%) (95% CI)
PPV
58 (53-63) 57 (49-64) 67 (64-70) 63 (50-76) 75 (69-80)

(%) (95% CI)

NPV : negative predictive value, PPV : positive predictive value

Eur Heart J 2008:29:1569-1577




Simplified PESI(Pulmonary Embolism Severity Index)

Variable Points

Age > 80 years 1
History of cancer 1
History of chronic cardiopulmonary disease 1
Pulse 2110 beats/min 1
Systolic blood pressure <100 mmHg 1
Arterial oxyhemoglobin saturation (SaO02) <90% 1

A total point score for a given patient is obtained by summing the points. The score

corresponds with the following risk classes: 0, low risk; > 1, high risk.

Am J Respir Crit Care Med 2005;172(8):1041-6
Arch Intern Med 2010;170(15):1383-9



Testing and treatment algorithm for hemodynamically stable PE

- acute symptomatic PE diagnosed in the ER or OPD setting

K N
Intermediate to

Very low & low
risk strata high risk strata

BNP testing Troponin testing

(-) (+)
©) \ *) hospi ot
osplta =
tion

Consider hospitaliza
outpatient P RV dysfunction (-) K N('l')

tion

treatment . -
~ ospitaliza
tion
BM.J 2010:-151:415-424, Proximal DVT?

Lancet 2011 378: 41-48
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D-dimer
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D-Dimer Testing to determine the duration of
anticoagulation therapy (PROLONG study)

Cumulative Incidence of Qutcomes
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New Engl J Med 2006; 355: 1780-9



Usefulness of repeated D-dimer testing after
stopping anticoagulation (PROLONG II)

30
e group 2
@ . o
Qo i
S < ; i
g 20l g HR =9.38
.G g !.i P =.0004
I — I |
© 9 o group 3 —1
== 10F T - HR = 3.78
= © — P = .047
g ,I group 1 1
U O ! E"- i I I I I I I
90 150 210 270 330 390
Follow-up (days)

Numbers at risk

group 1: 149 147 139 127 116 102 64

group 2: 31 29 26 24 22 19 12

group 3: 46 46 45 43 40 37 24

Group 1: Patients in whom D-d was normal at T90 and afterward (with D-d becoming abnormal only once).
Group 2: Patients in whom D-d became abnormal at T90 and afterward remained altered persistently or at

least twice.

Group 3: Patients in whom D-d became abnormal after T90 and afterward remained abnormal persistently

or at least twice.

Blood 2010;115:481-488



Annualized Risk for Recurrent VTE, by Timing of

D-Dimer Testing After Anticoagulation

(-) D-Dimer Result | (+) D-Dimer Result

Timing of D-dimer testing Annualized Risk for Recurrent VTE
after anticoagulation Per 100 Patient-Years (95% CI)
< 3 weeks 2.0 (1.1-2.0) 8.2 (2.1-13.9)
3-5 weeks 4.2 (3.8-4.5) 10.2 (7.3-13.5)
> 5 weeks 3.0 (2.3-4.1) 7.4 (3.9-12.0)

D-Dimer result (positive vs. negative) HR 2.59 (1.90-3.52)

Ann Intern Med. 2010;153:523-531
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Microparticles
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Response to vascular injury
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N Engl J Med 2008;359:938-49



Microparticles
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Other biomarkers for thrombogenic potentials

s P-selectin
+» Factor VIII
* Thrombin Generation

* Fibrin monomer
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