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Pulmonary Hypertension
CT Protocol

v High Resolution CT : Inspiratory Expiratory

v Computed Tomography Puimonary Angiography (CTPA)

v’ IpRyopec ocapaoeic ( 4-12 sec) pera IV £yxuon 10310UX0U OKIaypaPIKOU

Tpononoinon Tou NPWTOKOAAOU £YXUONG XI_CI TAUTOXPOVI OKIaypa@non NVEULOVIKOU Kal
OUCTNHATIKOU apTnpiakou dikTuou (peyaAuTepn diapkela eyxuong, A threshold, A delay)

v Aentéc Topéc submm (0,7mm). MeTeneEepyacia os noAAanAa enineda ( MPR, VR, MIP)

AR




ECG Gated MDCT

é’ Assessment of RV
functional parameters
when the patient is
unable to undergo MRI

% Increased radiation
dose

% No blood flow or
pressure data

Multi Detector CT
ADVANCES

Iterative
Reconstruction
Algorithms

Dose reduction up to
50%

Dual Energy CTPA -
Pulmonary Perfusion
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CT signs suggesting PH

N

CT signs suggesting the cause of PH
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CT signs suggesting PH




CT signs suggesting PH

a

1. Vascular Signs (Pulmonary Arteries)

Dilatation, loss of distensibility

2. Cardiac Signs (Right Ventricle

Hypertrophy, dilatation




1. Vascular Signs: PA dilatation

/1. Diameter of main pulmonary artery = 29 mm : Sens 79%, spec 83%

2. Main PA diameter/ ascending aorta diameter ratio = 1: sens 74%, sp 81%
Medicine 93(27):e256

3. Segmental artery-to-bronchus diameter ratio = 1 in at least three lobes:
\ Spec 100%  RadioGraphics 2010; 30:1753-1777

Segmental artery D/ bronchus
D Ratio>1




EEaipeon

H 31aUETPOG TNG KUPIAG NVEUHOVIKIG
apTnpiac Oev £XEl KAAN CUOYXETION HE
TNV nieon TnG NVEUHOVIKNG apTnpeiac
(mPAP) og aoOeveic HE nVEULOVIKI]
/v@wor). € auTh TNV NEPINT®WON, NIo
a&ionioTog J<iKTNC Eival 0 AOYOC
diapeTpwyv NMA/ AA

Zisman DA, Karlamangla AS, Ross DJ, et al. High resolution chest
CT findings do not predict the presence of pulmonary
hypertension in advanced idiopathic pulmonary fibrosis. Chest
2007;132:773-9

Devaraj A, Wells AU, Meister MG, et al. The effect of diffuse
pulmonary fibrosis on the reliability of CT signs of pulmonary
hypertension. Radiology 2008;249:1042-9.




1. Vascular signs: Decrease in RPA distensibility

Revel MP et al. Pulmonary hypertension: ECG-
gated 64-section CT angiographic evaluation of
new functional parameters as diagnostic criteria.
Radiology 2009;250(2):558-566

Decrease in right pulmonary artery
distensibility
The best pulmonary artery distensibility cutoff for distinguishing
between patients with pulmonary hypertension and those without it
was 16.5% when a standard method of measurement was used and
13% when a simplified method was used




- "\ 2. Cardiac Signs

1. Right Ventricular
Hypertrophy
RV myocardium
more than 4 mm
thick

2. RV dilatation
RV/LV diameter
ratio=1

3. Straightening or
leftward bowing
of the
interventricular

septum

RV/LV >1

straightening of the IVS, D-shaped LV




Pericardial
effusion

Reflux of
contrast
material into
IVC and
hepatic veins

Reopening of
foramen ovale

Pericarsial effusion
POOR prognostic sign

right atrium

Marie-Pierre LEVEL ECR 2015




CT Limitations

v'CT does not provide pulmonary
pressure and resistances (severity of PH
cannot be precisely estimated by CT)

v'A normal appearance of the
pulmonary arteries does not eliminate
the possibility of mild pulmonary
hypertension

4 Ascending aorta diameter may change
with body size and/or age

v PA dilatation may also occur without
PH in patients with chronic diffuse

pulmonary fibrosis
Devaraj A et al. Radiology 2008;249:1042-9

Devaraj et al. A Radiology 2008;249:1042-9




CT signs suggesting the

cause of PH




Pulmonary Veno-Occlusive Disease (PVOD)
Pulmonary Capillary Haemagiomatosis (PCH)

GROUP 1'

v/ Rare conditions. Pathological, clinical and radiological overlap

v Many cases are still misclassified as IPAH. The prognosis appears to
be worse

v/ PAWP is almost invariably normal

v Hazardous lung biopsy (the gold standard to confirm a histological
diagnosis of PVOD/ PCH), is no longer recommended in most cases

v The only curative therapy for PVOD/PCH is lung transplantation

2015 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension




GROUP 1': PVOD/PCH

High-resolution CT of the chest is the investigation of choice.
V/Q lung scanning is not useful in discriminating PVOD/PCH from IPAH

Specific CT signs
'l

1. Smoothly thickened interlobular septa
2. Poorly defined centrilobular ground glass opacities

3. Lymphadenopathy
Sens 66% Spec 100% Resten et al. AJR 2004,183.:65-70




GROUP 1': PVOD/PCH

Mitral valve
disease

In PVOD ... and normal PAWP
(< 15 mmHg)

e

... small central pulmonary veins




GROUP 1': PVOD/PCH

Rare, difficult to diagnose

L But, no room for error P
Vasodilators and, in particular, 1.v. epoprostenol must be used
with great caution because of the high risk of severe drug-

induced pulmonary oedema

Prior to diltiazem therapy After 2 days of diltiazem therapy

David Montani et al. Medicine 2008:87:220-233




GROUP 1: PAH associated with Congenital Heart Disease
(CHD)

Some malformations, such
as patent ductus arteriosus,
sinus venosus atrial septal
defect or partial anomalous
et — AB " & Y pulmonary venous return,
v 9 Sg are often concealed and
o T W XYV patients are misclassified
72 yo man diagnosed as IPAH. Chest CT for pneumonia as suffering from IPAH.
P - o b Hence, these congenital
' anomalies should be

specifically sought

2015 ESC/ERS Guidelines for the
diagnosis and treatment of pulmonary
hypertension



GROUP 1: Associated with CTD (mainly SSc, SLE , mixed CTD)

4

Specific CT features

[ Infiltrative lung disease, mainly NSIP in SSc J

Avdpag 62 eTwv, CREST




GROUP 1: Associated with portal hypertension

|

Specific CT features

Those related to portal hypertension ( splenomegaly, esophageal varices,
ascites ...)




GROUP 3: PH due to lung diseases

Emphysema




GROUP 4 : Chronic Thrombo Embolic Puimonary
Hypertension (CTEPH)

v'Complicates up to 3,8 %
of acute PE

v Routine screening for
CTEPH after PE is not
supported by current
evidence

v'It is of the utmost
importance to diagnose
CTEPH early and, further,
to recognize patients
eligible for PEA.

‘ web or bands

stenosis ﬁ
fresh thrombus

“

retraction with
partial obstruction

recanalization

A

S

retraction with
total obstruction]

Eva Castaner et al. RadioGraphics 2009; 29:31-53




GROUP 4: CTEPH
Specific CT signs

1

1. Signs of chronic PE
2. Enlarged systemic arteries
3. Mosaic perfusion




GROUP 4: CTEPH

' e,
Eccentric thrombi Obtuse angle between thrombus and vessel wall




GROUP 4: CTEPH

Small size occluded vessels

Enlarged bronchial arteries




GROUP 4: CTEPH

Systemic collaterals




Mosaic Perfusion

Mosaic perfusion can be subtle e Minimum Intensity Projection (MinIP)




CT Puimonary Artery Angiography: in the work-up for CTEPH

Yy

Ke

clinical question : Dd between PAH and CTEPH




Otcia vs Xpovia

AUu&non Tnc JIAUETPOU TWV AYYEIWV EAGTTWON TNC OIQUETPOU TWV AYYEIWV

I i

1 year later




O&cia vs Xpovia

O&sia ywvia Tou 6poupou Pe TO AuBAsia ywvia Tou Opoupou Pe TO
TOIXWHA TOU ayyeiou TOIXWMa TOU ayyeEiou




O&cia vs Xpovia

-
Pouch defects




Otsia vs Xpovia

Aiataon (01 ungpTpoia ) TnG AiaTaon ka1 ungpTpoPia TnG deIac
de€lac kolAiag KoIAiag

Aouvnonc n diataon Twv Bpoyxikwv  ZuvAONng n diaTacn Twv BPoyXIKWV
apTnpIwv apTnpIwv




Otsia vs Xpovia

® Agv gival onavio va cuvunapyouv ocnueia oggiag kai xpoviag
gpBoAng (Ynorponmialouca nveUHoViKNn EHBOANR)

® H xpovia nveupovikn eBoAn NOAAEC (POPEC avadEIKVUETAI OE
CTPA nou yivovTdl Yia TOV ANnOKAEIOHO OEEIAGC NVEUHOVIKNG
EMBOANG

® H napoucia JIaTETAHEVWV BPOYXIK®MV APTNPIOV I UNEPTPOPIAC
NG d€1a¢ KoIAiag €ival eupnuara nou unoortnpifouv diIayvmorn
unoTponialouoac n Xpoviac NVEUHOVIKNG ENBOANG




Mimics of CTEPH

Puim. Artery
sarcoma

Fibrosing
mediastinitis
Takayasu




Mimics of CTEPH

Eisenmenger's syndrome and PH due to portal hypertension can
be associated with aneurysmal dilatation of the central pulmonary
arteries , in situ thrombosis (long standing PH) and mural
calcifications. Confusion with eccentric thrombi in CTEPH must be

avoided




Xpovia OpoppBosuBoAikn NMveuvpovikn Ynepraon ( CTEPH )

Tunariu N, Gibbs SJ, Win Z, et al. Ventilation-perfusion scintigraphy is more
sensitive than multidetector CTPA in detecting chronic thromboembolic pulmonary
disease as a treatable cause of pulmonary hypertension. J Nucl Med 2007;48:680—4

They reported a sensitivity rate of detecting chronic thromboembolic
disease of just 51% with CTPA versus >96% with a VQ scan.

Multidetector CT pulmonary

It is important to note that while CTPA angiography has become an

has been proven to be noninferior to established imaging modality for
V'/Q’ in diagnosing CTEPH, a negative f:onflrl_mng_j CTEPH, however, this
CTPA does not exclude CTEPH, as investigation alone cannot exclude

subsegmental disease can be missed if the disease

reliance is placed only on CT. 2015 ESC/ERS Guidelines for the diagnosis
Eur Respir Rev 2017; 26: 160108 and treatment of pulmonary hypertension

European Heart Journal (2016) 37, 67—-119




Dual Energy CT- Lung Perfusion

* Dual-energy CT pulmonary angiography allows the generation blood volume (PBV) maps
that represent the relative iodine concentration in the lung parenchyma, which is a
surrogate marker of perfusion

» Perfusion defects on PBV maps may also result from lung parenchymal disease so careful
attention must be paid to avoid a false positive result

» Recent developments of dual-energy CT suggest improved detection of peripheral

thromboembolic disease in the future.
C. E.E. van der Bruggen et al. ERS Monogr 2015; 70: 60-79, 158-170
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Dual Energy CT- Lung Perfusion




Xpovia 0poBoEPBOAIKN NVEUHOVIKN UNEPTACN
EmAoyn acOevmv yia 0popBOEVIAPTNPEKTOHN

KpiTnpia eniTuxouc 0poBoeVvOapTNPEKTOUNG

v "EkTacn npooBoAnG- evronion. TOUAGXIGTOV HEXPI
TOUG KEVTPIKOUG THNHATIKOUG KAGJoUG

v' AiGTaon BpoyxIK®V apTnpiov

Heinrich M et al. Chest 2005;127: 1606—-1613




Extra cardiac shunts
(Group 1)

PVOD/PCH (Group 1')
CT signs it

suggesting the \
cause Lung Diseases (Group 3)

CTEPH (Group 4)




PH Diagnostic algorithm

Symptoms, signs, history suggestive of PH

Echocardiographic probability of PH (Table 8)

High or intermediate

Table 8A Echocardiographic probability of

pulmonary hypertension in symptomatic patients with

a suspicion of pulmonary hypertension

Peak tricuspid
regurgitation
velocity (m/s)

<2.8 or not
measurable

<2.8 or not
measurable

Presence of
other echo
‘PH signs’

No

2.9-34

Yes

Not required

Echocardiographic
probability of pulmonary

hypertension

Low

Intermediate

A: The ventricles®

Right ventricle/
left ventricle basal
diameter ratio >1.0

B: Pulmonary
artery?

Right ventricular
outflow Doppler
acceleration time
<105 msec and/or
midsystolic notching

C: Inferior vena
cava and right
atrium?

Inferior cava diameter
>2| mm with
decreased inspiratory
collapse (<50 % with
a sniff or <20 % with
quiet inspiration)

Flattening of the
interventricular
septum (left ventricular
eccentricity index

>|.1 in systole and/or
diastole)

Early diastolic
pulmonary
regurgitation velocity
>2.2 misec

Right atrial area
(end-systole) >18 cm?

PA diameter >25 mm.

Echocardiography : ALSO rule out cardiac cause, rule
out intracardiac shunt, assess RV function

2015 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension




PH Diagnostic algorithm

2“" Step Echocardiographic probability of PH (Table 8)

High or intermediate Low

[

v

Consider left heart disease and lung diseases Consider other causes
by symptoms, signs, risk factors, ECG, and/or follow-up (Table 9)

PFT+DLCO, chest radiograph and HRCT,
arterial blood gases (Table 9)

' Yes Diagnosis of left heart diseases or Yes
v lung diseases confirmed?

v

Signs of severe PH/RY

No signs of severe

PH/RYV dysfunction

Treat underlying Refer to PH
disease Rule out the most expert centre

frequent causes: Group 2
(left Heart Disease) and
Group 3 (lung diseases)

dysfunction

High Resolution CT (HRCT) of the pulmonary parenchyma
practically in all patients with high or intermediate probability of PH

2015 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension




PH Diagnostic algorithm

Yes
No signs of severe
PH/RYV dysfunction

A\

3rd step

Diagnosis of left heart diseases or Yes
lung diseases confirmed? v

Signs of severe PH/RY
No dysfunction
VIQ scan® Refer to PH
Mismatched perfusion defects? expert centre

Y

Yes Refer to PH No
expert centre ¢

RHC (Table 10)
mPAP >25 mmHg, PAWP
<15 mmHg, PVR >3 Wood units

Treat underlying
disease

CTEPH possible:
CT pulmonary angiography,

RHC +/- Pulmonary Angiography

Rule out CTEPH

V/Q scan: high sensitivity, high NPV, lower dose than CT

But false positives (PVOD, IPAH), underestimation of vascular
obstruction and no dd is possible between acute and chronic embolism

2015 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension



Diagnostic algorithm

v

Refer to PH

expert centre
possible: RHC (Table 10)
y angiography, mPAP >25 mmHg, PAWP

ary Angiography : ¥ <I5 mmHg, PVR >3 Wood units

PAH likely “onsider other
Specific diagnostic tests causes

CHD

Porto-
pulmonary

Drugs - Toxin

HIV Schistosomiasis

v v

Heritable Idiopathic Idiopathic Heritable
PVOD/PCH PVOD/PCH PAH PAH

2015 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension




Take Home Messages

v KouBikoG 0 pOAOG TNG angikovionG: YnodeiEn tng diayvwong Tng
MY, avayvmpion Tou aITiou, EKTIHNON TNG AEITOUPYIKNG KATACTAONG
NG de€1a¢ KoIAiac, napakoAouOnon TnG Nopeiag

v'MDCT: HRCT, CTPA

" Alayvoon tng Ny

" Tautonoinon aitiou (PVOD, CTEPH, shunts, Lung diseases)
" Ox1 NAnpoWopies MIECEWV 1) AyYEIGKWDV AVTIOTAOEWV

v'DECT: Perfusion imaging
v'ECG Gating
v'Iterative Reconstruction Algorithms: Meiwon Tng 360n¢

Refer to PH expert centre




