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Pulmonary Embolism

Make CT Great Again
lllll

PULMONARY EMBOLUS: WHY 
CTPA IS THE MODALITY OF 
CHOICE

TAN SWEE YAW

NAY! CTPA IS ALL 
YOU NEED
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PULMONARY EMBOLISM

▸ 70-200 cases per 100,000 patient years

▸ Life threatening condition that needs to be identified expediently 
and accurately 

VQ

▸ PIOPED I study 65% 
ended up 
indeedrminate scan

▸ 40% of the 
indeterminate scans 
PE was revealed on 
PA

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, Gefter 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
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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, Gefter 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

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



4

PIOPED

▸ PIOPED II 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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Polo Mint Sign

Images :Courtesy of A/Prof Cheah Foong Koon

RAILWAY 
TRACK
SIGN

TEXT

MASSIVE SADDLE
EMBOLUS

Images :Courtesy of A/Prof Cheah Foong Koon
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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

▸Right heart strain, 

▸Clot burden and lung perfusion. 

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

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

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

TEXT

Images :Courtesy of A/Prof Cheah Foong Koon

RV and LV Ratio
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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
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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 perfusion--correlation to scintigraphy. Eur J Radiol 2008;68:369-74.
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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 
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GUIDELINES

ACR GUIDELINES
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ACR FOR PREGNANT WOMEN AND SUSPECTED PE

AMERICAN COLLEGE OF 
PHYSICIANS

CONTEMPORARY GUIDELINES OF PE



12

TEXT

ACC



13

ACCEPTED DECISION TREE BTS

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 no individual 
echocardiographic parameter that provides fast and reliable 
information on RV size or function. 
This is why echocardiographic criteria for the diagnosis of PE 
have differed between studies. Because of the reported 
negative predictive value of 40–50%, a negative result cannot 
exclude PE.

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.
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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

▸All guidelines favour CTPA
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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
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MCONNELL 
EAT YOUR 
HEART OUT

NO CHANGE IN OUTCOME



17

PREGNANT WOMEN

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.

Radiation CT DRAPE

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.

CONTRAST  NEPHROPATHY
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PERC CRITERIA

NPV OF A NEGATIVE D-DIMER

TEXT


