NAY! CTPA IS ALL
YOU NEED

TAN SWEE YAW

PULMONARY EMBOLUS: WHY
CTPA IS THE MODALITY OF
CHOICE




PULMONARY EMBOLISM

» 70-200 cases per 100,000 patient years

> Life threatening condition that needs to be identified expediently

and accurately

vQ

> PIOPED | study 65%
ended up
indeedrminate scan

> 40% of the
indeterminate scans
PE was revealed on
PA
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PREVIOUS GOLD STANDARD

> Invasive Pulmonary Angiography

> 15 years ago before the advent of multislice CT angiography

> Interventional Radiologists used to think Pulmonary angiography as the
reference standard . Survery 5 years ago revealed that up to 45-65% still
prefer Invasive pulmonary angiography.

> Pulmonary Angiography now used if any intervention considered -

thromblysis or thrombictomy

> Off course they get more sleep so took sometime but the IRs have

accepted the CTPA as the gold standard

Remy-Jardin M, Pistolesi M, Goodman LR, Gefler WB, Gottschalk A, Mayo JR, et al. Management of suspected acute pulmonary embolism
in the era of CT angiography: a statement from the Fleischner Society. Radiology 2007:245:315-29




HISTORICAL INVESTIGATIONS FOR PULMONARY
EMBOLISM

> CTPA is now the gold standard for diagnosing PE (Am J
Roentgenology 2017; 208:485)

» Computed tomography (CT) pulmonary angiography (CTPA) is the
current standard of care and provides accurate diagnosis with
rapid turnaround time

Remy-Jardin M, Pistolesi M, Goodman LR, Gefler WB, Gottschalk A, Mayo IR, et al. Management of suspected acute pulmonary
embolism in the era of CT angiography: a statement from the Fleischner Society. Radiology 2007:245:315-29

CLINICAL PREDICTION MODELS

> The clinical risk of PE is stratified based on the Wells score the
Geneva score. A three-tier model of classification (0-1, low risk;
2-6, moderate risk; >6, high risk) helps risk stratification in a
reliable manner

> A two-tier model (<4 PE unlikely; >4 PE likely) approach
recommends performing a D-dimer test on “PE unlikely” patients
and a CT angiography (CTA) for “PE likely” patients

WELLS AND GENEVA PREDICTION SCORE

= Appendix Table 1. Wells Prediction Rule for Pretest Probability of PE*

Clinical Characteristic Score Simplified Score

Appendix Table 2. Revised Geneva Score for Predicting Pretest Probability of PE*

Clinical Characteristic Score Simplified Score




PIOPED

> PIOPED Il study demonstrated that computed tomographic
pulmonary angiography (CTPA) had high specificity (96%) but only
moderate sensitivity (83%) for identifying patients with
pulmonary embolism

» When combined with clinical probability, the positive predictive
value rose to as high as 96% when there was high or low clinical
probability and 92% when there was intermediate clinical
probability

SPECIFICITY AND SENSITIVITY

> Highest Specificity 83-100 and Sensitivity 89-96%
> Small sub segmental is now 92%

> The sensitivity of spiral CT scanning in the evaluation of central PE
is as high as 100%

> VQ rule out was only 75.9%

> If the test is negative PE is ruled out. Even in a population
prevalence of 15% the NPV was 99.1%

DIRECT VISUALIZATION OF THE CLOT

> CT is not probabilistic
> Direct Imaging of the problem

> Direct findings of acute PE in CT include a central filling defect
within a vessel surrounded by contrast material yielding a “polo
mint” appearance when orthogonal to the long axis of the vessel
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SUB SEGMENTAL PE

> CTPA can detect
very small sub-
segmental
pulmonary emboli
which can be sub
millimeter

SEVERITY OF THE PE

> CT provides several parameters for estimating the severity of PE
and risk-stratification

v

Right heart strain,

v

Clot burden and lung perfusion.

v

Right ventricle (RV)/left ventricular (LV) ratio (>1 in axial plane,
>0.9 in 4-chamber reconstruction),

v

Flattening of interventricular septum and reflux of contrast
material into the IVC and hepatic veins. RV/LV ratio >1.1

v

3D RV/LV volume ratio >1.2 was predictive of 30-day outcome




DUAL ENERGY CT

» DECT uses two energy levels to create data sets from two distinct X-
ray spectra,

» used to distinguish materials

» Higher molecular weight materials show a greater difference in X-
ray attenuation when exposed to low and high energy levels as
compared to lower molecular weight materials

> (dual-source, rapid kVp switching, dual-spin, split-beam) and others
at the detector level (dual-layer, photon counting CT)

ANATOMY AND FUNCTION

> Data sets derived from DECT can be used to generate iodine maps

> visualization of the distribution of iodine within the lung after
intravenous contrast material administration

» perfusion maps can be generated to overlay traditional CT images

DECT - ANATOMICAL AND IODINE PERFUSION MAPS

140kVp

Average PBV Fused image
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WEDGE INFARCT ON DUAL ENERGY IODINE
PERFUSION MAP

DECT

WEDGE INFARCTS

> Wedge-shaped perfusion defects are seen in acute PE, which has
been shown to correlate well with pulmonary perfusion on
scintigraphy

> Enhance detection of peripheral clots

> Allows you to assess severity as it correlates well with RV
dysfunction

Thieme SF, Becker CR, Hacker M, et al. Dual energy CT for the assessment of lung perfi cla

to scintigraphy. Eur ] Radiol 2008:68:369-74.
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Acute and subacute dual energy CT findings of pulmonary
embolism in rabbits: correlation with histopathology

X CHAL, ms, 'L-J ZHANG, mo, *B M YEH, wmo, 'Y-E ZHAO, ms, 'X-B HU, ms and 'G-M LU, mp

'Department of Medical Imaging, Jinling Hospital, Clinical School of Medical College, Nanjing University, Nanjing,
Jiangsu, China, *Department of Radiology, Affiliated Brain Hospital, Nanjing Medical University, Nanjing, Jiangsu, China,
and *Department of Radiology and Biomedical Imaging, University of California, San Frandisco, CA, USA

Objective: The purpose of this study was to describe quantitative dual energy CT
(DECT) findings and their accuracy in the detection of acute and subacute pulmonary
embolism (PE) in rabbits.

Methods: Pulmonary emboli were created in 24 rabbits by gelatin sponge femoral vein
injection. C i pul y hy (CTPA) and DECT were obtained at
either 2h, 1 day, 3 days or 7 days after embolisation (n~6 rabbits for each time point).
Thelocation and number of PEs in the different stages were recorded at CTPA and iodine
maps from DECT on a per-lobe basis. With histopathology as the reference standard,
sensitivity and specificity of CTPA and DECT were calculated. CT and iodine map overlay
values of the embolic and non-embolic areas were measured for each scan.

Results: With histopathology as the reference standard, the overall sensitivity and
specificity of CTPA were 98% and 100% and those of iodine maps were 100% and 95%,
respectively. Conventional CT and iodine map values of the embolised and non-
embolised areas were significantly different between 2h and 1 day (p<0.001), but not
between 3 days and 7 days (p>-0.05). A statistical difference was found for overlay Accepted 5 December 2010
values measured in the embolic and non-embolic regions for four groups
Conclusion: lodine maps derived from DECT show alterations in lung perfusion for

Received 8 September

DOI: 10.1259/bjr/67661352

acute and subacute PE in an experimental rabbit model and show comparable 2012 The Gritish bastiut of
sensitivity for PE detection and conventional CTPA. Radiology
TEXT

AVAILABILITY

> CT widely available. CTPA can be performed even on your old 4
slice CT scanners

> Primarily, it is readily available , minimally invasive, and fast with
scan duration in modern scanners of less than one second

ECONOMIC UTILITY

> Highest diagnostic accuracy

> Lowest proportion of non-diagnostic scans

> Incorporation of CTPA has also been found to be a cost-effective
solution in the workup of patients with PE when combined with
clinical criteria




GUIDELINES

Guidelines Summary

Guidelines for the diagnosis and management of pulmonary embolism (PE) have
been issued by the following organizations:

Physicians (ACP) !

American Heart Association (AHA

American College of Physicians (ACP)
American College of Emergency Physicians (ACEP) t

American College of Obstetricians and Gynecologists (ACOG)[

American Academy of Family Physicians (AAFP)/American College of

) 107]

108]

American College of Radiology (ACR) 6

American College of Chest Physicians (> 1%
)02

110]

ACR GUIDELINES

Radiologic Procedure Rating Comments RRL*
X-ray chest 9 *
. This procedure should be optimized for
CTA chest with IV contrast 9 ey < Optimize wee
pulmonary circulation
This procedure should be optimized for
’ ‘ pulmonary circulation. This procedure
he: ontra 9
CT.chas with 1 contrast may be an altemative to CTA, but both eee
should not be performed.
y This procedure may be an altemnative to
T¢-99m V/Q scan lung 7 )
i Qe km both should not be performed.
US duplex Doppler lower extremity 7 y be an initial sdy o
MRA chest without and with 1V contrast 6 0
CTA chest with IV contrast with CT
A chest with IV contrast with B oo
ower
Arteriography pulmonary with right heart
eriography p Y ight he 3 2000
eriz.
hocardiography transthoracic resting 3 0
T chest without IV contrast 2 pew
CT chest without and with IV contrast 2 wew
This procedure has limited sensitivity and
be indicated for rare
MRA chest without IV contrast 2 be indicated for rare situ o
certain contraindications fo
patient.
US echocardiography transesophageal 2 o
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ACR FOR PREGNANT WOMEN AND SUSPECTED PE

Radiologic Procedure Rating Comments RRL*
Xoray chst 5 -
This procedure may be an initsl
I " examination prior to CTA, which may
US duplex Doppler lowsr ext . prevent the need for ionizing on in L]
the appropriate clinical stfing
- ; This procedurc shoukd be oplimized 7
s with 1V contrast 7
CTA M ATh LY i pulmonary circulation. e
Shoukd h< oprmzed for
ary circulation. This procedure
o @ 7
(&) with IV CTA, but both e
= proce y e o
; CTA., but both should not be performed
c-99m V/ scan hung ;
Te-99m V/Q scan luog Ventilatian should be dane only if aan
necessary
= : This procediure s rarely indicated. 1155
A'{‘f;’:""""} palmoasry itk right hise) 4 used for elasification or cathetee-dirccted wrw
s mtenvention.
CTA ehest with IV contrast with CT B P
scnography lonwer extremities
This proved b ved a1 3 probl
MRA ¢l withoul d with 1V contrast 3 solver or if intervention is planned. There o
s conce for fetal exposure 1o contras
MRA chest without IV contrast 3 o
T chest without IV contrust 2 e
CT chest without and with IV contrast 2 wow
US echocardiography wansesoph al 2 o
US cehocardiography mnsthoracic resting 2 o
Kating Seale: .23 Urwaity 5

AMERICAN COLLEGE OF QACWE_
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SUMMARY OF THE AMERICAN COLLEGE OF PHYSICIANS BEST
PRACTICE ADVICE FOR THE EVALUATION OF PATIENTS WITH
SUSPECTED ACUTE PULMONARY EMBOLISM
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CONTEMPORARY GUIDELINES OF PE

Low-intermediate High or
or PE unlikely PE likely

Below cut-off Above cut-off
(age-adjusted) (age-adjusled) CTPA
Negative Positive

PE excluded | PE excluded | | PE confirmed




Chest CT angrogram shoming st least segmarmal PE
High probabliey V/Q scan
CUS showing proximal OVT

PE Evaluation and Diagnosis: Non-pregnant Adults Without
Cancer

This algorithm is based on ICSI 2013.
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ACCEPTED DECISION TREE BTS

Suspected PE with shock or hypotension

ESC GUIDELINES QUOTE

Acute PE may lead to RV pressure overload and dysfunction,
which can be detected by echocardiography. Given the
peculiar geometry of the RV, there is

This is why echocardiographic criteria for the diagnosis of PE
have differed between studies. Because of the reported

On the other hand, signs of RV overload or dysfunction may
also be found in the absence of acute PE and be due to
concomitant cardiac or respiratory disease.

ESC GUIDELINES QUOTE

Echocardiographic examination is not recommended as part of the
diagnostic work-up in haemodynamically stable, normotensive patients
with suspected (not high-risk) PE.

This is in contrast to suspected high-risk PE, in which the absence of
echocardiographic signs of RV overload or dysfunction practically
excludes PE as the cause of haemodynamic instability. In the latter
case, echocardiography may be of further help in the differential
diagnosis of the cause of shock, by detecting pericardial tamponade,
acute valvular dysfunction, severe global or regional LV dysfunction,
aortic dissection, or hypovolaemia.

Conversely, in a haemodynamically compromised patient with
suspected PE, unequivocal signs of RV pressure overload and
dysfunction justify emergency reperfusion treatment for PE if
immediate CT angiography is not feasible.

13



OTHER DIAGNOSIS

> The field-of-view of CTPA is not limited to solely the pulmonary
arteries other aetiologies may be imaged

> musculoskeletal injuries,

» pericardial abnormalities,

> pneumonia,

» vascular pathologies,

> coronary artery disease

SUMMARY

> CTPA allows direct visualise of the PE

» Highest NPV with best sensitivity
,specificity

» Even higher with Dual Energy CT-
anatomy and function

> Economic and widely available Tae CHOICE

> All guidelines favour CTPA —IS—CM

14



REBUTLE

3 SITUATIONS WHERE YOU NOT WANT TO DO CT

> The unstable patient
> The pregnant lady

» Contraindications for CT

MCONNELL’S SIGN

> right atrial and ventricular dilation,
> moderate tricuspid regurgitation,
> severe right ventricular dysfunction,

> regional wall motion abnormality of the basal and mid right
ventricular free wall with apical hyper contractility

15



MCONNELL
EAT YOUR
HEART OUT

+ McConnell’s sign, not that specific ?
» Acute increase in pulmonary vascular resistance
» Chronic pulmonary hypertension
» PE = MOST COMMON ETIOLOGY

« Echo findings in acute pulmonary embolism :

» # Dx; # Rule out
» Need to be confirmed (CTA, V/Q) unless HD instability

» McConnell’s sign utility
» Good clinical context
» Severely compromised and HD unstable patients

NO CHANGE IN OUTCOME

Computed tomography (CT) has become the predominant imaging modality used
for the diagnosis of PE. Although the use of CT for the evaluation of patients with
suspected PE is increasing in the inpatient, outpatient, and ED settings (9-14), no
evidence indicates that this increased use has led to improved patient outcomes. In
fact, evidence suggests that many of the PEs diagnosed with increasing use of CT
may be less severe (15-17). As a result, although the incidence of PE has risen
significantly with the use of CT, there has been minimal or no associated change in
mortality (9, 10). This questionable benefit of increased testing, in combination with
the significant expense of PE evaluations and the unintended costs of follow-up
imaging needed for incidental findings discovered on these potentially
inappropriate CT: 18), has led some to conclude that current practice patterns for
21)

the evaluation of PE are not cost-effective (5, 1

16



PREGNANT WOMEN

807 n20m as 2018 Ot 23, 10 TIZEMIB. 16TO. [E5ui ahma ofpere]

of Y During P A
Outcome Study.
BigtiniM', RobertE:
Elam Ba", Lo.Gal 6
+ Author infermation

Prograncy Grouo

Abstract

Data women with suspected pulmonary embolism (PE) are limited,

f diagnostc tests.
OBJECTIVE: To prospactively vulicals @ diagnostic stratogy in rognant women with suspected PE.

'DESIGN: Multicontor, multinational, chnical probasil

A, Snchaz O, Le Worgre £, Schmidt ”, Le Gat C°, Comuz . Aujesy 0 Roy P Chauteur C'°. Rutscomaen OT',

y
(€Us), and

3

9 y tosting. nary
angiography (CTPA). (ClinkalTrials.gov: NCTO0740454).
SETTING: 11 centers in France and Swizeriand between August 2008 and July 2016,

suspected PE

pragnant woman had cinical follow-up at 3 months.

The primary the rata of tho 3-manth follow-up.
RESULTS: 441 women were assessed for igioiity, and 395 wero Included in e stucy. Aong hese, PE was 0iagnosed in 26 (7.1%)
ol v

(proximal dosp f

rascund [r = 7], pos result [ = 19), and high. \

exchuded in 387 (clinical pr n = 46]. nog: rouult[n = 200], Rormal or low-probabilty VG
\coived extendad  mainly for previous
The rate of symplomatic , 0.0% 1o 1.0%) among

800 [n = 17), and cther reason [ = 14]) o
dwaso

untreated women afar exciusion of PE on the basis of negatie results on the diaGOSIC work-up

LIMITATION: There dev 3 9 y of performing in pregnant women with suspecied PE.
based on clinical probabikty, D- CUS, and CTPA can sately rule

out PE In pregnant women

ate p a negative D-
dimer resull. All ohers undenwent kower mb CUS and. If resulls were negative, CTPA. A ventiation-perfusion (V/Q) scan was done If
CTPA rosults  rosuits of the diagnostic work-up were nogative, and untrasled

Radiation CT DRAPE

The entire chest is covered in the scan including the
subcutaneous tissue, except for pregnant patients where the
lung bases can be excluded to minimize radiation dose.

CONTRAST NEPHROPATHY

CTPA is performed with intravenous contrast material,
which is associated with contrast-induced-nephropathy
(CIN) and may not be suitable for patients with a low
glomerular filtration rate (GFR) although the risk is
probably overestimated in many clinical scenarios .

Adverse events, including anaphylactoid reactions,
related to intravenous iodinated contrast for modern
low-osmolar and iso-osmolar contrast materials are
low, ranging from 0.2% to 0.7% with fatal reactions
occurring in 1 out of 170,000 injections.
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PERC CRITERIA

Table 1. Pulmanary Embolism Rule-Out Criteria for
Predicting Probability of Pulmonary Embolism in Patients
With Low Pretest Probability*

No surgery or trauma within 4 wk

No history of venous
thrombosmbotem

No estrogen use

Clinieal Charactaristic Moats. Does Not
Criterion Meet Criterion

Age <80y ) 1

intial heart rate <100 beats/min 0 1

iniisl cxygen saturation >94% ) 1

on room ai

No undlateral leg swellng [

No hemoptyss ) 1
)
0

Pretest probabilty with
score of Dis <T%

NPV OF A NEGATIVE D-DIMER
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