[Diagnesis of

venous thromboembolism




Deep vein thrombosis (DVT) and pulmonary
embolism (PE) represent different views of the
same disease: venous thromboembolism (VTE)

Third most common cardiovascular disease
after myocardial infarction and ischemic

stroke.
DVT 150/100.000/year
PE 60-70/100.000/year

mportant cause of mortality and of morbidity
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VTE often goes undetected until too
late

Approximately 80% of DVTs
are clinically silent 23

1. Stein PD, et al. Chest. 1995;108:978—981
2. Lethen H, et al. Am J Cardiol. 1997;80:1066—1069
3. Sandler DA, et al. J Royal Soc Med. 1989;82:203—205




Recurrence

17%
24%
30%

Prandoni et al. Haematologica 1997










Diagnostic accuracy and reliability of the classi
clinical approach (clinical history/examination)
have been strongly criticized

Prevalence 35% (now 20%) in patients with

suggestive clinical presentation

Need of “objective” diagnosis (by means of
Instrumental diagnostic tools)
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NON-INVASIVE AVAILABLE STRATEGIES

Serial CUS
CUS + D-dimer
CUS + standardized CDR (PTP)

D-dimer alone
D-dimer + CDR (PTP)
Whole-leg Colour Coded Doppler Ultrasonogray




Active Cancer (treatment ongoing-or within previous

6 months or palliative)

Paralysis, paresis, or recent plaster immobilization o

the lower extremities

Recently bedridden for more than 3 days, or major syrge

within 4 week

Localized tenderness along the distribution of the deep

vVenous system

Entire leg swollen

Calf sweeling more than 3 cm when compared with the agymatic

leg (measured 10 cm below the tibial tuberosity

Pitting edema (greater in the symptomatic leq)

Collateral superficial veins (non-varicose)

Previous objectively documented DVT

Alternative diagnosis as likey or greater than that of DVT

High: 3, Moderate: 1-2, Low: O

Unlikely <2, Likely 2
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CPR % VTE (95%ClI)

Low 55 (5.9%)
Moderate 33 17% (23%)
ligh 12 (84%)

Wells et al, Lancet 1997







Type Sensitivity NPV

SIimpliRED  QAg 80(66-90) 82(70-91)
Minutex SQLx  80(66-90) 81(69-91)

Instant 1A SQIlc 94(83-99) 91(76-98)
Turbiguant* QLx 98(88-100) 95(73-100)
VIDAS* ELISA  100(93-100) 100(83-100)
Asserachrom* ELISA  100(92-100) 100(/8-100)
Enzygnost* ELISA 100(92-100) 100(83-100)

van der Graaf et al, Thromb Haemost 2000:83:191-98




D-Dimer sampling

Normal values with objecively documentd DVT

Hypofibrinolisis
Clinical symptoms onset > 7-10 days
Use of low sensitivity sampling methods

Erroneous definition of the cut-off value

Reduced sensitivity in patients aged > 70
yrs, also in acute phase (60-70%)

Use not actually suggested or
recommended In asymptomatic high risk
patients, or in (a)symptomatic in-patients
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External iliac vein —/

Commaon femoral vein

Deep femoral vein

Superficial femoral vein

Popliteal vein

Anterior tibial veins

Peroneal veins

Posterior tibial veins

70%-80% of DVTs
involve the proximal
veins on ultrasound,
most commonly the
popliteal vein and
superficial femoral vein

20%-30% of DNTs are
isolated in veins of the
calf: the anterior tibial,
peroneal and

posterior tibial veins
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The full compressibility of the vein is t
mandatory and validated only US

parameter used to exclude the presen
a DVT :

Common Femoral vein

Poplitea vein + trifurcation

Muscular veins (gastrocnemial, soleal)
Axial veins (posterior tibial, peroneal)
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CUS (+ CPR / D-dimer)(- Sn)

Investigation of proximal deep venous system only (uheo
below knee trifurcation)

US investigation repeated if: CPR “likely” or “high” or
abnormalD-dimer (about 25-30% of patients)

Quick performance (5’), easy learning curve (90’)

ECD “non-invasive venography’-(Sp)

Investigation of the whole deep venous system (proximal
distal)

No need of repetition or of additional testing (“one shot
strategy”)

More time expensive procedure (15-30’), skill operator
(prolonged learning curve)
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BIVIC Medical Imaging BioMed Certra

Research article
Systematic review and meta-analysis of the diagnostic accuracy of
ultrasonography for deep vein thrombosis

Steve Goodacre*!, Fiona Sampson!, Steve Thomas2, Edwin van Beek3 and

Alex Sutton*

n Sn Tot*  Sn Prox Sn Dist Sp Tot

CUS 22 90 (88-92 94 (92-95) 57 (49-66) 98 (97599)

CCDU 5 82 (77-85) 96 (86-99) 43 (23-66) 93 (90-95)

Duplex 28 92 (91-93) 96 (95-98) 71 (65-77) 94 (93-95)

Triplex 25 91 (89-93) 96 (94-100)75 (68-82) 94 (9296)

(*) % (95%Cl)
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BIVIC NMedical Imaging BioNied Centra
Fesearch article

Systematic review and meta-analysis of the diagnostic accuracy of
ultrasonography for deep vein thrombosis
Steve Goodacre*!, Fiona Sampson!, Steve Thomas?, Edwin van Beek® and
Alex Sutton#

BMC Medica! Imaging 2005, 5:6  doi: Q11867 147 1-2342-5-6&

These findings suggest that CUS alone is probably
the appropriate technigue for most patients, If
scanning is aimed simply at identifying proximal DVT.

Most patients have a low probability of DVT, so
IS required to avoid generating
excessive false positive results.

However, when evaluating patients at high risk of
DVT, or if scanning aims to identify distal DVT, ‘then
duplex or triplex US will probably be the appropriate
technique.




Serial 2-Point Ultrasonography Plus D-Dimer vs
Whole-Leg Color-Coded Doppler Ultrasonography
for Diagnosing Suspected Symptomatic

Deep Vein Thrombosis
A Randomized Controlled Trial




Serial 2-Point Ultrasonography Plus D-Dimer vs
Whole-Leg Color-Coded Doppler Ultrasonography
for Diagnosing Suspected Symptomatic

Deep Vein Thrombosis
A Randomized Controlled Trial

SymptomaticVTE CUS+DD ECD

n. 71801 9/763
% 0.9 1.2
95% CI 0.3-1.8 0.5-2.2




J Thromb Haemost. 2005 Oct 8. [Epub ahead of prini]

Safety and sensitivity of two ultrasound strategies in patients with clinically suspected deep venous thrombosis; a
prospective management study.

Gibson NS, Schellong SM, EI Kheir DY, Beyer J, Gallus AS, Mc Rae 5, Schutgens RE, Fiovella F, Gerdes VE, Buller HR.
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J Thromb Haemaost. 2009 Oct 8. [Epub ahead of print]

Safety and sensitivity of two ultrasound strategies in patients with clinically suspected deep venous thrombosis; a
prospective management study.

Gibson N3, Schellong SM, El Kheir DY, Beyer J, Gallus A3, Mc Rae 5, Schutgens RE, Piovella F, Gerdes VE, Buller HR.

Low CPR+DD: 2/481 (0.4%: 95% CI 0.05-1.5)

Symptomatic VTE CUS ECD
n. 4/198 2/165
% 2.0 1.2
95% ClI 0.6-5.1 0.2-4.3




3-mth FU VTE rate, % (95%Cl)
Design CUS CCDU

BernardiRandom 0.9 (0.3-1.8) 1.2 (0.5-2.2)

Gibson Random 2.0 (0.6-5.1) 1.2 (0.2-4.3)
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CUS represent a purely qualitati
diagnostic method as 0/1, yes/no,
positive/negative

CUS allows to evaluate onlyatients with a

first episode of suspected DVT deep
venous system fully compressible, DV
free

If a vein uncompressibility is detected
automatically corresponds to a diagnosis
DVT




Patients with previous DVT may
have a “residual” thrombus within
the vessel that appear partially
uncompressible:

In 40-50% after 1 year
In 30% after 2 years
In < 20% after 3 years
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To resolve this concern some autho
suggested to use CUS as a ®
diagnostic method, measuring th
regression or stabilization of the residus
thrombus mass during follow-up (after

3, 6 and 12 months after the index DVT
by means of a direct measure of t
thickness of the RTM In transverse scan
the usual diagnostic sites (commc
femoral or popliteal vein) or where visible

P Prandoni, 1993: Piovella F, 2002: Prandoni, P
P Prandoni, 2007 & 2008 (ESOPUS Study)
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As for the diagnostic flow-chart of the
patient with a suspected first episot
of DVT, also for the diagnosis of DV

recurrence the use of D-Dimer,.alone
In association with CUS consented
meaningful simplification of the
diagnostic approach.

P Prandoni, J Thromb Haemost 2007 & Ann Intern Mdi)&
(ESOPUS Study);Rathbun SW, Ann Intern Med 2004 rétala
G, et Al, Thromb Haemost 2002 & NEJM,2006 (PROLON(ENS
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D-Dimer & RTM significantly showed to be
iIndipendent risk factors for DVT recurrence?

YES NO

Palareti G, 2006 Palareti G, 2010
(PROLONG Study) HR for D-D 2.1

HR 2.27 for D-D HR for RTM ns

Prandoni P, 2002/2008
(AESOPUS Study)

HR 2.4 for RTM
Piovella F,2002







PROLONG AESOPUS
D-Dimer Residual Thrombus
I\/Iass G

DULCIS
D-Dimer + RTM







Cardiac arrest

Mechanical, metabolic, toxic causes
Syncope

Vaso-vagal, cardiogenic, hypovolemic shock
Dyspnea

Cardiac, pulmonary, metabolic ...

Chest pain (non traumatic)
SCA, dissection, pleurisy, pneumonia, PNX

achycardia ...
Astenia ...




TABLE 1.

Diagnostic Approaches to Acute PE: Strengths and Weaknesses

Test

Strengths

Weoaknessos

Wells questionnaire’

Arterial blood gases: hypoxemia®
Arterial blood gases: A-A gradient?®
D-dimer*?

Electrocardiogram®"

Chest x-ray'

Venous ultrasound'*'®

CT venography™™®
Echocardiography®™

Lung scanning®**
Pulmonary angiography*+25

Spiral CT2as37.40s1-5

Rapid bedside stratification of likelihood of PE
Rapid; widely available
Rapid; widaly available

Rapid: widely available: high negative predictive value
Universally available; may indicate right heart strain

May identify mimics of PE: pneumonia, pneumothora, congestive
heart failure

May identify DVT, thus establishing the presence of venous
thrombosis

May obviate venous ultrasonography if DVT is detected

ldentifies patients at high risk if right ventricular dysfunction is
detected; on rare occasions will visualize the PE

Byoids contrast injection; useful if normal or high probability

Classically considered the "gold standard™: detailed display of

pulmonary vascular morphology, oligemic areas of perfusion,

manifestations of antecedent, chronic emboli (webs, pouches,
laminated clot, vessel fenestrations), and venous drainage

De facto first line imaging test in clinical practice; widely available:

direct visualization of thrombus and of alternative or additional
diagnoses; cost effective: high negative predictive value for
clinically relevant PE

Influenced by one subjective question: whether
alternative diagnoses are more likely than PE

Does not discriminate well between patients with
and without PE

Mormal gradient present in as many as 20% of
patients with PE

Mot specific: low positive predictive value
Mot specific; may be normal despite PE

May be normal despite PE; patients may have
concomitant PE and pneumonia or PE and
congestive heart failure

May be normal despite PE (because DVT
embolized)

Low sensitivity for calf DVT; radiation exposure
Usually normal despite PE

Dften nondiagnostic

Invasive; labor intensive; costly; high interobserver
variability for detection of subsegmental embali

Requires use of iodinated contrast material;
radiation exposure




Wells Score

Clinical signs and symptoms of DVT

An alternative diagnosis is less likely than PE

Heart rate greater than 100/min

Immobilisation or surgery in the previous four weeks
Previous DVT or PE

Haemoptysis

Malignancy (on treatment, treated in the
last 6 months or palliative)

Clinical Probability

Low

Intermediate
High

Revised Wells’s score for PE: Likely > 4, Unlikely < 4

- .6 3% ,E




Revised Geneva Score

Points

Age over 65 years

Previous DVT or PE

Surgery (under general anaesthesia) or
fracture of the lower limbs within 1 month

Active malignant condition (solid or haematological,

currently active or considered cured <1 year)

Unilateral lower-limb pain

Haemoptysis

Heart rate 75-94/min

Heart rate >94/min

Pain on lower-limb deep venous palpation
and unilateral oedema

Clinical Probability

Low

Intermediate

High
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The frequency of PE in the low, intermediate and mgbbability
groups were similar for both clinical prediction rules

Wells Score

Low Intermediate High

All patients 64 (65.3%) 32 (32.7%) 2 (2.0%) 98 (100%)

Patients with PE 8 (12.5%) 6 (18.6%) 1 (50.0%) 15 (100%)

Revised Geneva Score Total

Low Intermediate High

All patients 42 (42.9%) 50 (51.0%) 6 (6.1%) 98 (100%)

Patients with PE 3(7.1%) 9 (18.0%) 3 (50.0%) 15 (100%)

Wells’'s score vs Geneva score:

lower sensitivity(46.7% vs 80.0%; p 0.06)
higher specificity(67.5% vs 47%; p 0.002)
Using the accepted guidelines in which a high pretesthaioility leads tc

further imaging and a low probability leads to a D-dirb&yod test, use
of the more specific Wells Score could safely redueenthmber of

unnecessary scans Wong DD, Intern Med J 20
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D-dimer (ELISA assay) can be used
alone to exclude PE (1 study)

NPV = 99.3 (95%CI 97.5-99.9)

4 s

A normal D-Dimer value with a rapid
guantitative assay (ELISA) has the same
diagnostic utility of a normal V/Q scan

or CUS

.6 3% 7?
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W&l #

VIE 95% CI

EHES
Kruip
Christopher Study

437 0.2
60 0.0
1028 0.5

0.06-1.2
0.0-6.0
0.2-1-1




Pricr Posttast
Probalbility, Probability,
Source H ] MLA (S5% Cl)

Donato et al, 17 2003 275 1.5 L0 0. Ce-0.10)

Fermstti st al,'® 1287 Z38 G.d 0.22 0.13-0.37)
iZarg ot al,'® 1280 Az 1.2 0,02 (001 -014)
Goodrman et al 2 2000 275 oF L0200 -0007)

Gottsdter ot al,?! 2001 28 012 (0.08-0.22)
Kavanagh st al, 2 2004 11 006 [0.01-0.37)

Kmestan et al,* 2004 28 0,08 (0.0d-0.13)
Lemibard et al 24 2003 3.2 05 004-0.55)

Lomis et al, 25 1209 21 012 004-0.35)

Milemon et al, > 2002 0,03 (001-0.07)
Ciat st al,* 2001 . 0,10 [0.08-0.41)
Rermy-Jardin et al =8 2002 . 0,18 (0.10-0.300

Swansen et al @ 2002 . L0 0,000

Tillie-Lablond et al * 2002 . 004 0.0 -011)

van Strijen st al,? 2003 . 0,06 (0.03-0.12)

Crvarall 007 (0.05-011)

010
Megative Likalihood Ratio

Quiroz R. JAMA. 2005;293:2012-2017




Low clinical probability
iprevalence of pulmonary embolism = 10%)

|

Exclusion of

pUIMONary embalism
Magathe o-dimar tast*
Maar of normal lung scan
Low probabiliy
ventilatlon-parfusion
lun stan

Magative spiral com purtad
tomography resuft
Maative magnetic
rasonance anglograpry
rasutt

Nagathe angiography

Y

Corflrratlion of
pulmonary ambollsm

Pas e angiog rphy

Intermadiate clinical probability
(prevalence of pulmonary embolism = 35%)

|

Excluslon of

puimaonary ambolism
Quantitativa snzyme
linkad Immunasortsnt
assay

p-dimar test <500 pg
Mormal or near normal
lung sean

Nagative spiral com putad
tomaography and nagative
lag valn urascnography
restt

Nagathve angiography

¥

Confirmation of
pulmanary embolism
Pioes v (8 valn
uitrasoncgraphy resut
High protsbiity
vantitatian-parfusion
|ung scan

Pos ftivia spiral camputed
tomograpiy rasuft

Pios ftivia magnatic
rasananca anglog rapy
rasult

Pos tve angiog raphy

High clinical probability
i prevalence of pulmonary embolism = 70%)

|

Excluslan of
pulmaonary amballsm

Nagathe angiography

.

Conflrmatlon of
pulmonary mbolism

P g Hiva
achocardlography resuft
Pos v 18 veln
ultrasonography resutt
Hgh probabiliity

wart latlon-parfusion
Iung scan

Pos Hthvia spiral computed
tomography rasult

Pos v magnatic
rasananca anglograpy
rsult

Pos five angiography

* Quantitative enzyme linked immunasorbent assay <500 pgd, quantitative latex <500 paf, negative semiquantitative latex or negative hasmagglutination [-dimer test

Roy PM. BMJ 2005



















Suspected PE

Chest X-Ray and ECG

¥

Aszass clinical
likelihood and

consider sotting
'-..__‘__H
Qutpatient with low Inpatient or high

or intermeadiate clinical suspicion
clinical suspicion

|

D-dimer

I :

Mormal High Chest CT

!

Na PE Posifive

—




MNo shock

—--_-_- -
- --

X
TBNP
| Troponin i Troponin
IRV on CT

¥
Echocardiography

dysfunction dysfunction

Anticoagulation Consider fibrinolysis or
alone embolectomy
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Un piccolo chiarimento ...

Angiologol “ecografista, dopplerista, ecografa
Angiologo =specialista malattie vascolari

\

CUS vs ECD

Iniziale, embricazione con TAO, HIT2

Gestione TAOQO, sospetta recidiva, DD SPT







