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Pulmonary embolism (PE)

e |t is the third most frequent cardiovascular
disease after myocardial infarction and stroke.

e Overall annual incidence of 100-200 per
100000 inhabitants most of the cases are due
to VTE.

e May be lethal in the acute phase or lead to
chronic disease and disability.



Pulmonary embolism (PE)

* The European Union six countries (population of
454.4 million) data shows over 317 000 deaths
were related to VTE.

* 34% presented with sudden fatal PE.

* 59% deaths resulting from PE remained
undiagnosed during life.

* Only 7% of the patients who died of PE were
correctly diagnosed before death.



DIAGNOSIS OF PULMONARY EMBOLISM (PE)

* CLINICAL PRESENTATION
* INVESTIGATIONS
* SETTING A DIAGNOSTIC APPROACH



CLINICAL PRESENTATION

Predisposing factors

VTE is considered to be ‘provoked’ in the
presence of a risk factor such as
d surgery,
trauma,
immobilization,
pregnancy,
oral contraceptive use or
hormone replacement therapy
- within the last 6 weeks to 3 months.

PE may also occur in the absence of any known
risk factor.
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CLINICAL PRESENTATION

Clinical characteristics of patients with suspected PE

Signs of DVT (unilateral
extremity swelling)

Pollack CV et al. ] Am Coll Cardiol 2011,57(6)



INVESTIGATIONS

* Less specific
* More specific



Less specific investigations

Can be useful in certain condition

* CXR

* ECG

* ECHOCARDIOGRAPHY

* CARDIAC BIOCHEMICAL MARKERS



CXR

Atelectasis

Hampton’s Hump




Prominent PA

Westermark’s Sign




The S;Q5T5 pattern

The "S1Q3T3" pattern of acute PE is classic.



ECHOCARDIOGRAPHY

e Acute PE may lead to RV pressure overload
and dysfunction.

* A negative result cannot exclude PE

* RV overload or dysfunction may also be
found due to cardiac or respiratory disease.



ECHOCARDIOGRAPHY

* RV ejection pattern (so-called ‘60-60 sign’)

* Depressed contractility of the RV free wall
compared with the RV apex (‘McConnell
sign’)

Both has a high positive predictive value for
PE



Echocardiography

RV greater than LV with septal shift

Thrombus in RPA
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BIOCHEMICAL EVIDENCE OF RIGHT
VENTRICULAR STRAIN OR INFARCTION

* Brain Natriuretic Peptide (BNP) — raised in
RV stress

 NT Pro- Brain Natriuretic Peptide (BNP) -
raised

* Troponin I- raised in right ventricular
infarction



MORE SPECIFIC INVESTIGATIONS

D-dimer

CT Pulmonary Angiogram

Pulmonary Scintigraphy (V/Q scan)
Pulmonary Angiogram

Compression Venous Ultrasonography (CUS)

Magnetic Resonance Angiography



D- dimer

D-dimer levels are elevated in plasma in the
presence of acute thrombosis(>500mcg/L)
Normal D-dimer level renders acute PE or
DVT unlikely.

D-dimer may be raised in conditions such as
cancer, inflammation, bleeding, trauma,
surgery and necrosis.

Elevated D-dimer levels is not useful for
confirmation of PE.



CT PULMONARY ANGIOGRAPHY

* CT pulmonary angiography has become the
method of choice for diagnosis of suspected
PE.

 The PIOPED Il trial observed a sensitivity of
92% and a specificity of 96%.

* A negative CT had a high negative predictive
value for PE (96% and 89%, respectively).

PIOPED Il : Prospective Investigation On Pulmonary Embolism Diagnosis



CT PULMONARY ANGIOGRAPHY




PULMONARY SCINTIGRAPHY (V/Q SCAN)

* Normal perfusion lung scintigram excludes PE.

* High probability V/Q scan confirms PE.

* A non-diagnostic V/Q scan may exclude PE
when combined with a negative proximal CUS

in patients with low clinical probability.
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PULMONARY ANGIOGRAM

* It was ‘gold standard’ before, now CT
pulmonary angiography replaced it.

* Pulmonary angiography is more often
used to guide per-cutaneous catheter-
directed treatment of acute PE.



Contrast Pulmonary Angiography




Contrast Pulmonary Angiography
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Contrast Pulmonary Angiography

Selective Angiography with Clot




COMPRESSION VENOUS ULTRASONOGRAPHY (CUS)

* CUS showing a proximal DVT in a
patents with clinical suspicion of PE

confirms PE
e Adistal DVT shown by CUS needs

further testing



COMPRESSION VENOUS ULTRASONOGRAPHY (CUS)

DVT Locatlon of VelnMarked

Normal Compression US

Normal Color Doppler
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Venous Ultrasound
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Magnetic Resonance Angiography (MRA)

MRA should not be used to rule out PE



SETTING A DIAGNOSTIC APPROACH

To avoid unnecessary investigation and time-
Two step diagnostic approach is needed:

A. Assessment of clinical probability
B. Following a diaghostic algorithm



Assessment of clinical probability

The value of clinical judgment has been
confirmed in several large Series including

the Prospective Investigation On Pulmonary
Embolism Diagnosis (PIOPED).



Clinical prediction rules for PE

Original version Simplified version

Previous PE or DVT 1.5 |

Heart rate 2100 b.p.m. 1.5 |

Surgery or immobilization within the past four weeks 1.5 |

Haemoptysis |

Active cancer |

Clinical signs of DVT 3

Alternative diagnosis less likely than PE 3

Clinical probability

Threelevel score

Low

Intermediate

High
Two-level score

PE unlikely

PE likely

Wells PS et al. Thromb Haemost 2000; 83 (3)




Clinical prediction rules for PE

Revised Geneva Score Original version Simplified version
Previous PE or DVT 3 |

Heart rate
75-94 b.p.m.
295 b.p.m.

Surgery or fracture within the past month
Haemoptysis
Active cancer
Unilateral lower limb pain
Pain on lower limb deep venous palpation and unilateral oedema
Age >65 years
Clinical probability
Three-level score
Low

Intermediate

High

Two-level score

PE unlikely

Le Gal G et al. Ann Intern Med 2006; 144 (3)



Following diagnostic algorithm

Suspected PE with shock or hypotension

CT angiography immediately available

No
| L

!

Echocardiography

|

RY overload

L
l CT angiography

Yes —» 5'“&;&5"* = CT angiography

, patient stabilized

l l

No other test available positive negative
or patient unstable

Y

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




Following diagnostic algorithm

Suspected PE without shock or hypotension

'

Assess clinical probability of PE

Clinical judgment or prediction rule

l

Low/intermediate clinical probability
or PE unlikely

Y

D-dimer

! '

negative positive

CT angiography
I

| l

no PE PE confirmed

! l !

‘ No treatment Treatment

l

High clinical probability
or PE likely

CT angiography
|

'

no PE

!

No treatment
or investigate further

l

PE confirmed

!

Treatment
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MANAGEMENT OF PE

. Haemodynamic and respiratory support
. Anticoagulation:
a. Parenteral anticoagulation
b. Vitamin K antagonists
c. New oral anticoagulants
. Thrombolytic treatment
. Surgical embolectomy
Percutaneous catheter-directed treatment
. Venous filters.



MANAGEMENT OF PE

HAEMODYNAMIC
AND RESPIRATORY SUPPORT

Patient with hypotension or shock-

1. IV line with modest fluid (500ml)

2. When vasopressor is needed norepinephrine
is preferred.

Hypoxemia can be reversed with oxygen

4. Mechanical ventilation when needed with low

tidal volume

=



MANAGEMENT OF PE

ANTICOAGULATION THERAPY:
PARENTERAL ANTICOAGULANTS:

e LMWH
* Fondaparinux
 UFH

1. LMWH or Fondaperinux are preferred
over UFH as they carry a lower risk of
inducing major bleeding and heparin-
induced thrombocytopenia.

2. Duration of therapy is 5 to 10 days until
INR is between 2-3.



LMWH and pentasaccharide (fondaparinux)
approved for the treatment of pulmonary

1.0 mg/kg Every 12 hours

Enoxaparin or
1.5 mglkg Once daily

Tinzaparin 175 Ulkg Once daily
100 IU/kg Every 12 hours

Dalteparin or
200 1U/kg Once daily
86 1U/kg Every 12 hours
Nadroparin or
171 U/kg Once daily
5 mg (body weight <50 kg); Once daily

Fondaparinux | 7.5 mg (body weight 50-100 kg);
|0 mg (body weight >100 kg)




MANAGEMENT OF PE

Oral anticoagulation therapy

1. Vitamin K antagonists ( VKA)- warferin
initial 10 mg/day then 5 mg/day
2. New oral anti coagulants (NOAC)



Overview of phase lll clinical trials with non-vitamin K-
dependent new oral anticoagulants (NOACs)

Dabigatran | RE-COVER

| RE-COVER Il

EINSTEIM-
DVT

Rivaroxaban

| EINSTEIN-PE

Apixaban AMPLIFY

Edoxaban Hokusai-VTE

b.i.d. = bis in die (twice daily); CRNM = clinically relevant non-major; DVT= deep vein thrombosis; o0.d. = omni die (once daily); PE= pulmonary embolism; UFH = unfractionated

Double-blind,
double-dummy

Double-blind,

double-dummy

Open-label

Open-label

Double-blind,

double-dummy

Double-blind,

double-dummmy

Enoxaparin/dabigatran
(150 mg bid.)* vs.
enoxaparin/warfarin

Enoxaparin/dabigatran

(150 mg bid.)*vs.
enoxaparin/warfarin

Rivaroxaban (15 mg bid.

for 3 weeks, then 20 mg

o.d.) vs. enoxaparin/warfarin

- Rivaroxaban (15 mg bid.

for 3 weeks, then 20 mg

o.d.) vs. enoxapariniwarfarin

Apicaban (10 mg bid. for
7 days, then 5 mg b.id.) vs.

enoxaparin/warfarin

LMWH/edoxaban (60 mg
o.d.; 30 mg o.d. if creatinine
clearance 30-50 ml/min or

body weight <60 kg) vs.

UFH or LMWH/warfarin

& months
3.6,0r

|2 months

& months

Wariable,

12
months

2519 patients
with acuteVTE

| 2589 patients

with acute VTE

3449 patients

with acute
DvT

- 4832 patents

with acute PE

5395 patients

with acute
DWVT or PE

8240 patients

with acute
DVT andlor PE

heparin; VTE = venous thromboembolism. **Approved doses of dabigatran are 150 mg b.i.d. and 110 mg b.i.d.

RecurrentVTE or

fatal PE:

2.4% under dabigatran
vs. 2.1% under warfarin

RecurrentVTE or

fatal PE:
2.3% under dabigatran
w5, 2.2% under warfarin

RecurrentVTE or

fatal PE:
2.1% under rivaroxaban
vs. 3.0% under warfarin

RecurrentVTE or

faral PE:
2.1% under rivarcxaban
vs. |.B% under warfarin

RecurrentVTE or

fatal PE:

2.3% under apixaban vs.

2.7% under warfarin

RecurrentVTE or

fatal PE:
3.2% under edoxaban
¥s. 3.5% under warfarin

Major bleeding:
|.6% under dabigatran
vs. 1.9% under warfarin

Major bleeding:

|5 patients under
dabigatran vs.
12 patients under

warfarin

Major or CRNM
bleeding

8.1% under rivaroxaban
vs. B.1% under warfarin

Major or CRNM

bleeding:
10.3% under
rivarcxaban vs.

I 1.4% under warfarin

Major bleeding:
0.6% under apixaban vs.
|.8% under warfarin

Major or CRNM

bleeding:
8.5% under edoxaban
vs, 10.3% under warfarin




MANAGEMENT OF PE

Oral anticoagulants should be initiated on same
day or within 1-2 days of parenteral
anticoagulants

Target international normalized ratio (INR) — 2-3.
Anticoagulation therapy should be continued for
3-6 months.

In few exceptional cases it is continued for
indefinite period



MANAGEMENT OF PE

Thrombolytic/ reperfusion treatment

Routine use of primary systemic thrombolysis is not
recommended in patients not suffering from shock or

hypotension.

Thrombolytic therapy should be considered for patients
with intermediate-high-risk PE and clinical signs of
haemodynamic decompensation.



MANAGEMENT OF PE

Surgical embolectomy

e Surgical pulmonary embolectomy may be considered in
intermediate high risk patients if the anticipated risk of
bleeding under thrombolytic treatment is high.

e Surgical pulmonary embolectomy is recommended for

patients in whom thrombolysis is contraindicated or
has failed



MANAGEMENT OF PE

Percutaneous catheter-directed treatment

Percutaneous catheter-directed treatment should be
considered as an alternative to surgical pulmonary
embolectomy for patients in whom full-dose systemic
thrombolysis is contraindicated or has failed.



MANAGEMENT OF PE

Recommendations for venous filters

IVC filters should be considered in patients with acute PE
and absolute contraindications to anticoagulation.

IVC filters should be considered in case of recurrence of
PE, despite therapeutic levels of anticoagulation.
Routine use of IVC filters in patients with PE is not
recommended.



Conclusion

Acute PE is common and often fatal disease
Mortality can be reduced by prompt diagnosis
and early treatment

A clinical prediction rule and validated
diagnostic algorithm is main stay in diagnosis
Anti-coagulants are corner stone in the initial
management

Further advanced treatment requires
specialized center with experienced personnel



THANK YOU!



