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Abstract There are now many physicians, both

radiologists and cardiologists who are reporting

CT coronary angiography (CTCA) scans who

may not be aware that there are many pitfalls

present. For the inexperienced reader a signifi-

cant stenosis in a coronary artery can be easily

missed or a moderate stenosis overcalled as

significant. Artifacts can also be misinterpreted

as representing a significant lesion. It is important

that the studies are correctly interpreted, espe-

cially as the reported high negative predictive

value of CTCA scans is a major strength of this

imaging technique. The learning curve of reading

these scans is steep and access to conventional

coronary catheterisation results is essential for

feedback and to improve the readers results. We

have developed some rules to aid beginners avoid

some of the pitfalls that can occur as these studies

are not as easy to read as they may appear

initially.
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1 Introduction

Since the initial publication of papers on the

accuracy of 16 slice CT coronary angiography

(CTCA), there has been considerable interest and

enthusiasm for the potential role of CTCA in

clinical practice. All initial reports were single

centre studies and largely involved patients with

significant symptoms, e.g. angina, and high dis-

ease prevalence, as most patients were studied by

CTCA prior to planned coronary catheterisation.

Most 16 slice CTCA publications have been

based on segment based analysis and not patient

based analysis and reported average sensitivity

for detection of significant disease of greater than

50% luminal diameter stenosis of 88% and

average specificity of more than 93% [1]. A

multicentre study on accuracy of 16 slice CTCA

was recently published and showed that nearly a

third of coronary segments (29%) were unevalu-

able and that patient based sensitivity for seg-

ments with >50% stenosis was 98% but specificity

was only 54% [2]. The positive predictive value

was low at 50% but the negative predictive value

was high at 99%. The lower specificity and

sensitivity reported in this multicentre study,

compared to previous reports are to be expected,

due to variable centre expertise and patient

characteristics, and are probably more reflective

of results of scans performed outside luminary or

expert sites [2].
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There are now several publications on use of 64

slice CTCA and reports have shown high sensi-

tivity and specificity of above 90% and 95%,

respectively, as well as being able to evaluate

more coronary artery segments [3–5]. Two mul-

ticentre trials on 64 slice CTCA are currently

being conducted and results expected soon but we

would expect that the number of evaluable

segments to increase and the results to be better

compared to 16 slice CTCA.

Note that all studies, both for 16 and 64 slice

CTCA, show a high negative predictive value of

97% or more, i.e. a negative report for stenosis is

highly accurate. This is probably the most verified

evidence with CTCA at this time, and in view of

this, CTCA has been recommended to assess

patients with atypical non anginal chest pain,

equivocal or borderline treadmill tests to exclude

presence of significant coronary artery disease,

and to triage patients for coronary catheterisation

[6–8].

With the widespread introduction of 64 slice

scanners worldwide there are now many physi-

cians, both radiologists and cardiologists, report-

ing CTCA scans who may not be aware that

there are many pitfalls present. For the inexpe-

rienced reader a significant stenosis in a coronary

artery can be easily missed. Conversely a mild or

moderate stenosis can be overestimated resulting

in an unnecessary cardiac catheterisation for the

patient. There has been little published on how

to interpret CTCA scans although there are

some papers dealing with pitfalls and artifacts

that can result in misinterpretation of scans

[9, 10].

2 Materials and methods

This pictorial review is based on our experience

of having performed and reported more than 5000

CTCA examinations, on both 16 and 64 slice

scanners in our centre.

Scans were performed on a 16MSCT scanner

up till December 2004, after which two 64-MSCT

scanners were used. Most patients were scanned

for assessment of atypical chest pain or abnormal

or equivocal treadmill stress tests. CTCA is also

utilised for assessing asymptomatic patients with

several risk factors for cardiac disease. Most of

our referrals are from cardiologists.

CTCA scan protocol in our centre includes a

preliminary calcium score and the use of oral

beta-blockers if the resting heart rate before the

scan is >65 bpm. We routinely use 50–100 mg

metoprolol orally but do not routinely give

betablockers intravenously. We also do not rou-

tinely use sublingual nitroglycerine prior to the

scan acquisition, as in many other centres, to

improve visualisation of the coronary arteries,

due to frequent patient complaints of headaches.

Scans were performed following intravenous

injection of contrast (between 80 and 100 ml

370 mg/ml iodine concentration non ionic iodine

based contrast medium), with preference for the

right antecubital vein at 4.0 ml/s. The examina-

tions were usually acquired using 0.5 mm scan

collimation. With the 16 MSCT scanner, 1 mm

scan collimation was employed if the patient was

expected not to be able to hold his breath for

more than 25 s. All scans performed on the

64MSCT used 0.5 mm scan collimation and were

reconstructed at 50% overlap. ECG dose modu-

lation was available only on the 64 slice scanners

and is used whenever possible, usually when the

heart rate is consistently below 60 bpm at the

time of the calcium score.

Post processing was performed in the standard

fashion, usually with reconstructions of the data

at 75% and 45% of the R–R interval to obtain the

images with the least motion artifacts. We did not

routinely reconstruct all phases of the data, e.g.

from 10 to 80% nor did we routinely perform

cardiac function analysis due to the requirement

for large datasets

The examinations were reported by three

radiologists, two of whom have had coronary

catheterisation experience of at least 10 years.

Scans were interpreted separately by one of

three radiologists using a Vitrea Workstation,

using version 2.7 and 2.8 software (Vital Images

Inc., USA). Images analysed included the axial

datasets, multiplanar reconstructions (MPRs),

usually in the oblique plane, manually and

automatically created curved planar reconstruc-

tions (CPR)), slab maximum intensity projec-

tions (MIPs) as well as 3D volume rendered

(3D-VR) images.
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If there was a stenosis present in any coronary

artery, this was assessed as not significant, if

associated with <50% diameter reduction based

on cross-sectional image analysis, or significant if

>50% diameter reduction.

We also assessed if high grade stenosis (>70%)

or total occlusion was present.

Automated vessel analysis software was also

used to help assess the degree of stenosis in cases

where there was difficulty assessing the degree of

stenosis, but the results generated were only

taken into account, if it corresponded to the

radiologist’s assessment of degree of stenosis

using the other image data sets.

If there was a greater than 50% stenosis in any

one vessel due to presence of non-calcified

plaque, we recommended further evaluation and

made this comment in our reports to the referring

physician. If the vessel lumen was obscured by

calcified plaques by more than 50% of the cross-

sectional lumen, then we reported that the lumen

of that vessel could not be assessed and further

follow up would be required.

The follow up was left to the discretion of the

referring physician, as to whether exercise tread-

mill stress testing (if not already performed),

nuclear MIBI stress test or conventional coronary

catheterisation was performed, based on the

overall clinical assessment of the patient as well

as patient consent.

Based on our reports of the CTCA findings,

many of the patients went on to have conven-

tional coronary angiography and we have learnt

that one can easily make mistakes and over- or

underestimate the presence and severity of a

segment of stenosis in the coronary arteries. The

correlation of these angiographic findings with

our CTCA scan findings and the feedback from

our cardiologist colleagues proved invaluable to

our early learning curve. It is very important that

any person reporting CTCA studies has access to

coronary catheterisation results to get feedback

on reporting decisions. This will also decrease the

number of false positive scan results.

It is also essentially that the technical quality of

the CTCA examination is good as it makes post

processing as well as reading and interpretation of

the studies so much easier. If the technical quality

of the CTCA scan is not optimal this can also

result in mistakes in interpretation. With 64 slice

scanners the technical quality of most scans is

better in a higher proportion of patients com-

pared to 16 slice CTCA and although image

quality may not be excellent in every patient,

because of high heart rates or irregular heart

rates, e.g. atrial fibrillation, in the vast majority of

cases, diagnostic quality scans can still usually be

obtained. Even with the widespread use of oral

beta blockers, and improved software reconstruc-

tion algorithms, high heart rates can still be a

significant problem as heart rates can increase

during the time of the scan acquisition or the

betablocker may not have much effect in some

patients. Although breathhold times are at only

6–12 s on average for 64 slice scanners, breathing

artifacts are also still a major problem unless the

patient has been adequately prepared and has

been instructed as well as has practised breath-

holding prior to entering the scanner gantry.

Breathing artifacts images with 64 slice scanners

are more subtle and can be difficult to detect,

unlike with 16 slice scanners where breathing

artifacts are usually seen as step artifacts often

involving the sternum [9]. If you suspect breath-

ing artifact to be present, viewing the axial images

in a lung window setting will often confirm that

the lung markings are blurred.

3 Results

We have developed some rules that we use to

assist us when reading CTCA scans.

Rule 1: Look at the 3D-volume rendered

(VR) images first, although axial images and

MPRs remain the primary methods of coronary

artery assessment.

Always look at the 3D-volume rendered (VR)

images or other 3D reconstructed images, e.g.

segmented 3D-MIP images first, before viewing

the axial data sets.

Most radiologists would tend to look at the

axial images first, as they would for non-cardiac

studies. The reading of the axial data sets still

remains the primary method of interpretation of

CTCA but the 3D-VR views are should be

viewed first as they give an overall view and

anatomic evaluation of the coronary arteries as
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well as help to localise of the area of interest

[11].

The 3D-VR images are particularly good from

a 64 slice scanner compared with a 16 slice

scanner, due to the improved spatial resolution

allowing better visualisation of smaller vessels.

Often a segment of significant stenosis will be

readily seen on these images, while it may be

readily missed on the axial images. This is partly

due to location of the lesions-if the diseased

segment starts to curve or traverse inferiorly on

the axial images it can be easily missed, e.g. mid

to distal LAD; origin of proximal first and second

diagonal branches; portion of proximal left cir-

cumflex and distal left circumflex near origin of

obtuse marginal (OM) branch (Flowchart, Tables

1, 2, 3) (Fig. 1).

Note, however, that 3D-VR images are not

useful in the presence of calcified plaques as the

associated stenoses, if any, are obscured by the

presence of the calcifications. The 3D-VR images

do not provide sufficient information about the

lumen of the coronary arteries, which can be

obscured by high-density structures such as calci-

fications and coronary stents [10]. It has been said

that 3D-VR images are only useful for conveying

information to patients and referring physicians

but are not particularly useful for diagnosis and

that the images are also very subjective as by

changing the parameters and opacity thresholds,

stenoses can be made to disappear and reappear

[12]. On 3D-VR images, the window width and

level settings also affects the vessel calibre, and

the smaller vessels, e.g. diagonal tend to be more

affected by use of inappropriate settings [9, 10]. In

our practice, we try not to vary the segmentation

thresholds or transfer functions as this can

obscure or create stenoses in vessels [13]. Also

the severity of a segment of stenosis seen on 3D-

VR images is also not reliable for the same

reasons mentioned above and should not be used

to assess for degree of luminal diameter stenosis.

However, so long as one is aware of the

limitations of the 3D-VR images, when used for

interpretation, we still believe that they can be

very helpful, as in absence of calcified plaques,

they offer a quick overview and assessment of the

vessels and segments with non-calcified plaques

and significant stenoses can often be easily seen.

Axial images remain the cornerstone of imag-

ing evaluation as almost all pathologies can be

recognized [14]. For more detailed observation of

Look at 3D VR and 3D MIP images first to get overview 
(not useful if calcium or stents present)

Use axial images as main dataset for analysis  

Use MPRs interactively to get lesion in imaging plane and to assess in 
orthogonal planes(X-section), and in long axis of vessel 

Use  thick slab MIPs and  CPRs manually or automatically created to help
you assess lesion- if stents or large calcified plaques CPRs most useful 

Apparently normal scan with no plaque or stenosis seen 
-remember reported NPV is 99% and you are not allowed to miss a lesion  

Exclude false negative diagnosis 
( See table 1)

Plaque present-assess for degree of stenosis and significance 
Is degree of stenosis >50%  ?

Exclude false positive diagnosis 
( See table 2)

Exclude overestimation of degree of stenosis 
( See Table 3)

Assess ventricular volumes and function (optional)
Assess for non cardiac findings (mandatory)

Assess ventricular volumes and function (optional)
Assess for non cardiac findings ( mandatory)

Flowchart
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specific lesions, the axial datasets should be used

interactively and slab imaging with MPRs or

maximum intensity projections (MIPs) is required

[11]. MPRs should be used to get the lesion in the

imaging plane and allows views of the arteries in

longer segments and MPRs, and are essential to

detect and assess for coronary stenosis [14].

Rule 2: A segment of stenosis must be seen in

at least two phases (e.g. percentages or millisec-

ond) that are reconstructed.

After the scan data has been acquired during

CTCA, the data is reconstructed retrospectively

so that images can be created. Images are

reconstructed during the time of least cardiac

motion. The scan is reconstructed using only a

small portion of the cardiac cycle and the recon-

struction window is defined using either a relative

percentage (%) or fixed time (ms) delay from the

R-wave of the ECG tracing. The scan operator

reconstructs at least one or usually several sets of

data, selecting the ones that have the least motion

artifact that demonstrate the coronary arteries

most optimally. Many centres reconstruct rou-

tinely all data sets from 10 to 80% of the R–R

interval. This enables them to perform cardiac

function studies as well as 4D CT where myocar-

dial contractility over time can be assessed.

In our centre, we do not routinely reconstruct

all phases due to time and data storage limita-

tions. If the heart rate is during the scan acqui-

sition is <70 bpm we find that a 75–80%

reconstruction in diastole is usually all that is

necessary, while if the heart rate is >70 then we

find a reconstruction phase in late systole, e.g. 40–

45% is usually best. The duration of diastole

decreases as the heart rate increases and an end-

systolic phase reconstruction usually has fewer

artifacts [14]. The lowest coronary artery motion

velocity usually occurs during systole and heart

rate dependent image acquisition during systole,

approx. 35–50% into the R–R interval, can

decrease the degree of motion artifacts and

improve diagnostic accuracy [15]. We usually

reconstruct at least two phases and more phases,

as may be needed.

Once these reconstructed images are on the

workstation and used for interpretation, always

look at a second percentage or a different ms

reconstruction when you see a segment of

stenosis, as often the lesion may be due to

Table 1 How to reduce false negative scan result (i.e. not miss plaque or a significant stenosis)

Use 3D-VR or 3D-MIP images to get overview and look for segment of stenosis not obvious on axial data sets, especially if
no calcium present

Contrast filled lumen of artery must always be white—look for ‘‘dark lumen’’ sign, especially in vessels in longitudinal plane
on axial images, e.g. mid LAD, distal RCA

Use MRPs and CPRs to help you if you suspect a lesion
Use the correct WW/WL to view the images
Do not use thick slab MIPs that are too thick (not >3–5 mm)
Always re-look at the three review areas carefully

Table 2 How to reduce false positive scan result (resulting in unnecessary conventional angiography)

Always confirm stenosis is present on another percentage phase of reconstruction to exclude artifact, e.g. motion artifact
A segment of stenosis should have visible plaque, non calcified or calcified associated with it
Current major challenge to diagnosis of coronary stenosis is calcium—commonest cause of false positive scan result. Look at

segment with calcium with different WW/WL, e.g. 1500/350 or use filtering software (as for stents) to try to help you
decide

Table 3 How to reduce overestimation of stenosis (resulting in unnecessary conventional angiography)

Look at the minimal luminal diameter of the vessel on orthogonal planes, especially in the X-sectional plane. Do not just
view lesion in one plane, e.g. axial image of proximal LAD, to assess degree of stenosis

Assess contrast filled ‘‘lumen to lumen’’ of lesion to normal reference diameter, not ‘‘wall to wall’’ of artery containing
plaque, when deciding on degree of diameter stenosis, especially when positive remodelling is present

Use different WW/WL especially when poor contrast enhancement. We prefer 700/250
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motion artifact or other artifact and can be

mistaken for a significant finding. The segment of

stenosis should always be visible on two different

percentages to ensure that it is not an artifact

(Figs. 2, 3).

Hence if a lesion is only seen on one percent-

age then you must suspect it is an artifact. A clue

that the segment of apparent stenosis may be an

artifact is if there is no obvious plaque associated

with it (See Rule 3). Many beginners only use one

percentage reconstruction data set to read their

scans. If a segment of apparent stenosis is seen,

always check to make sure it is visible also on the

other percentage reconstructions, to confirm that

it is a real lesion.

Rule 3: A segment of stenosis is usually

associated with plaque, which can be visualised

at the segment of stenosis.

A real segment of stenosis is usually associated

with clearly visible plaque as a segment of

stenosis is mainly due to plaque formation in

the arterial wall or lumen, usually associated with

some positive remodelling (Fig. 4). The plaque

may be non calcified plaque, with or without

calcification. The non-calcified plaque can be soft

plaque or fibrous plaque. Soft or lipid plaque

tends to associated with a lower density of

approximately 40–50 HU (Hounsfield units)

while fibrous plaque tends to be associated with

a density of about 90–100 HU. Be aware that it is

Fig. 1 (a) Sixty-one year old man with vague chest pain,
not typical for angina with normal treadmill. 3D-VR
images clearly shows segment of significant stenosis in
large diagonal branch. (b) The segment of stenosis, which
was missed on initial reading of axial images as it is difficult
to visualise well, until 3D-VR images were reviewed. (c)

Segment of stenosis also clearly visible on a reconstructed
3D-MIP reconstructed to simulate LAO cranial angio view.
(d) Lesion seen on corresponding angiogram view. Seg-
ment of stenosis was subsequently treated by PCI. Note the
stenosis appears more severe on the 3D images, due to
parameters used to create the images
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not always possible to reliably distinguish be-

tween lipid and fibrous plaques because of wide

overlap of densities [16]. One should also be

aware of the effect of the density of the adjacent

contrast filled lumen. As contrast enhanced

lumen density increases, plaque also increases in

density and it is important to have optimal

contrast opacification of the artery of 250–

350 HU if you want to characterise plaque [17].

Calcified plaques can of course also be associated

with a segment of stenosis.

Rule 4: A segment of stenosis should be

assessed in at least two orthogonal views to

determine if there is a significant stenosis and

compare ‘‘lumen to lumen’’, the diameter of

contrast filled normal lumen with contrast filled

lumen at level of stenosis, not ‘‘wall to wall’’ by

looking at the outer wall of the artery.

Always look at the lesion in all three orthog-

onal planes using MPR views, to assess if there is

a significant stenosis. MPR views of the images

will show the lesion in the axial, sagittal and

coronal planes and when the images are rotated

manually by the workstation user in one plane,

usually the axial plane, the corresponding orthog-

onal images will always automatically be gener-

ated. Many beginners see a lesion on the axial

plane and then only briefly look at the lesion in

one other plane and assume that there is a

significant segment of stenosis present.

For practical purposes, most users of CTCA

consider 50% or more reduction in luminal

diameter as significant, although it is well known

that functional stenosis occurs at 70–75% luminal

diameter stenosis. Most studies have also previ-

ously used a threshold of 50% luminal narrowing

to define ‘‘clinically significant stenoses’’ and the

use of this threshold also decreases the likelihood

of failing to identify patients in whom conven-

tional angiography is needed [15].

When there is a segment of stenosis present,

the lesion should always be assessed in the MPR

images in the cross sectional plane, created

perpendicular to the centreline of the vessel as

Fig. 2 (a) Sixty-two year old man. Heart Rate 62 bpm.
Apparent segment of stenosis in mid LAD due to presence
of plaque. Axial MIP image reconstructed at 75% R–R
interval. (b) Same lesion in mid LAD on CPR view. (c) On
images reconstructed at different phase of R–R interval

(280 ms), apparent stenosis in mid LAD is no longer
present. The vessel is normal in appearance. Lesion is due
to artifact, likely due to motion, as circumflex artery (not
shown) showed slight discontinuity due to breathing or
motion artifact
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this is the best axis to assess the degree of

diameter stenosis. The degree of coronary steno-

sis is calculated as a ratio of the vessel diameter at

the site of maximum stenosis compared to a

reference site. This reference site can be either

the proximal or distal diameter of the normal

looking portion of the stenotic vessel or the

reference site can be located at the level of the

stenotic lesion [18]. With quantitative coronary

angiography (QCA), the QCA software usually

estimates or calculates the reference diameter at

the stenotic site.

Aside from using the cross sectional images to

assess minimal luminal diameter of the stenosis,

some authors also measure the degree of stenosis

by creating long axis views of the lesion using 3–

5 mm thin slab MIPs, parallel to the long axis of

the vessel. This creates a view similar to conven-

tional angiography [14]. Although a recent

publication showed that there was high agree-

ment between luminal diameters of stenoses

measured in the cross sectional plane and those

measured using 5 mm thin slab MIPs, parallel to

the long axis of the vessel when compared to

QCA [19], we prefer to assess diameter reduction

vascular stenosis on cross-sectional images.

There have been studies reporting that there is

excellent correlation of coronary artery stenosis

compared to QCA but with a tendency for CT to

overestimate the stenosis slightly, most probably

because of partial volume effect from the differ-

ence in spatial resolution between MSCT and

conventional angiography [4, 20]. Current 64 slice

scanners have scan collimation of 0.5–0.625 mm

compared to spatial resolution of conventional

angiography of 0.1–0.2 mm. This means that in a

3 mm vessel coronary vessel, the user has only 6

pixels of data available for analysis.

Fig. 3 (a) Fifty-five year old man with chest pain.
Treadmill stress test was normal. Axial scan reconstructed
at 75% shows apparent segment of significant stenosis in
proximal LAD. Also note that there is no obvious non
calcified plaque associated with this lesion (see Rule 3). (b)
Conventional angiogram was performed based on CTCA
diagnosis of a high grade stenosis in the proximal LAD but
the vessel shows no significant narrowing at angiography
and is of normal caliber. (c) Review of axial data sets
showed that on the 45% reconstructed data set, the

proximal LAD shows normal lumen caliber. (d) Further
review of the MPRs again shows that there is no segment
of stenosis on the 45% reconstructed data set (right image)
but there is an apparent lesion on the 75% reconstructed
data set (left image). This false positive result should have
been suspected as due to an artifact related to probable
partial volume effect of overlying atrial appendage as well
as motion. When a lesion just does not look ‘‘right’’, as in
this case, suspect an artifact and confirm with another
percentage reconstruction
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As the atherosclerotic process develops, there

is compensatory expansion in the vessel wall and

increase in the vessel area and the vessel size

enlarges, preserving the size of the lumen,

although there is plaque present [21]. This is

called positive remodelling. When the plaque size

increases to about 40–45% of the vessel area then

the lumen starts to narrow as vessel expansion is

overcome. This is why conventional angiography

consistently underestimates plaque burden.

Positive remodelling of the vessel which

contains plaque can also lead to overestimation

of coronary artery stenosis by CTCA. CTCA

also tends to overestimates length of the

stenoses compared to QCA, probably due to

positive remodelling and presence of plaque not

seen by QCA [16, 20].

One should always compare the contrast filled

lumen containing the stenotic lesion to the normal

contrast filled lumen of the artery proximal or

distal to the lesion, in other words ‘‘lumen to

lumen’’ rather than compare the outer wall of the

artery or ‘‘wall to wall’’, as this will lead to

overestimation of the stenosis, especially if there is

Fig. 4 (a) 58 year old man.16MSCT scan. In this CPR
image, a short segment of significant stenosis in the distal
RCA, is clearly visible and there is associated non calcified
plaque seen surrounding the contrast filled lumen (arrow).
(b) The fibrous plaque in the lumen of the RCA is also

well visualised on the axial image surrounding the contrast
filled narrowed lumen (arrow). (c) At coronary angiogra-
phy, the segment of stenosis is seen and corresponds to the
CTCA findings
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positive remodelling present with dilatation of the

artery (Fig. 5).

Automated software programs on the worksta-

tions are being increasing used to help the user

perform reformations along the coronary arteries

as well as assess the degree of diameter stenosis.

Depending on the vendor and workstation, some

use degree of area reduction to assess stenosis of

the coronary artery while most use luminal diam-

eter stenosis. The degree of area reduction is

greater than the degree of diameter reduction,

unless there is total occlusion [18]. We prefer to use

degree of luminal diameter stenosis as this is

similar to angiographic assessment, rather than

degree of area stenosis which is similar to IVUS

assessment. With workstation assessment of ste-

nosis using automated software for quantitative

analysis of stenosis (QCT), it is important to be

aware of the different methods different vendors

use to assess luminal diameter stenosis. With a

Vitrea workstation (Vital Images Inc., USA), two

options are currently available with Ver 3.8 soft-

ware, the first method allows the user to assign the

reference site proximal or distal to the lesion while

the other calculates the mean or average vessel

diameter of the normal looking proximal and distal

Fig. 5 (a) 53 year old man with CTCA showing soft and
calcified plaque in left main extending to bifurcation and
proximal LAD. Could be easily misread as associated with
significant stenosis by inexperienced reader. Conventional
angiography recommended because of segment of signif-
icant stenosis in mid LAD (not shown here). (b) Coronary
angiogram shows slight narrowing and tapering of lumen
of distal left main segment but no significant segment of
stenosis is identified (arrow). (c) Cross sectional image at
orthogonal plane of contrast filled normal lumen of left

main proximal to lesion in Fig. 5a (arrow). (d) Cross
sectional image of lumen of distal left main at level of
lesion in Fig. 5a showing soft and calcified plaques
(arrowhead) and contrast filled lumen (arrow) with
narrowing of less than 20% of its diameter. One should
always compare ‘‘lumen to lumen’’, the contrast filled
lumen with the lesion to the normal lumen proximal or
distal to the lesion, rather than compare ‘‘wall to wall’’ as
this will lead to overestimation of the stenosis, especially if
there is positive remodelling
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reference sites to estimate the normal reference

diameter at the level of the lesion.

There have been few reports published com-

paring automated software (QCT) against con-

ventional coronary angiography and QCA for

assessment of diameter stenosis, most likely

because the software is constantly being modified

and improved. Initial reports showed the sensi-

tivity, specificity, non diagnostic rate as well as

accuracy of manual and automated assessment

compared to conventional angiography for assess-

ment of coronary stenoses is similar and reduced

the time required to create reformations along

the coronary arteries by half [22, 23]. However,

more research will be required before the accu-

racy of these automated tools for assessment of

degree of coronary stenoses can be validated

especially to compare CTCA assessment versus

QCA. In the recently published multicentre study

on 16 slice CTCA, a high false positive rate was

reported (15.5%) and presence of calcified

plaques was the main cause of overestimation of

stenoses, which was made worse by the protocol

based use of quantitative stenosis analysis [2].

Many lesions would have been scored as insignif-

icant based on subjective analysis alone [2].

In our practice, automated vessel analysis

software is used to help assess the degree of

stenosis in cases where there is difficulty assessing

the degree of stenosis, especially in the presence

of calcified plaques but the results generated are

only taken into account, if it corresponds to the

radiologist’s assessment of degree of stenosis

using the other image data sets or subjective

assessment.

Rule 5: Look for the ‘‘dark lumen’’ sign and

use MPRs and CPRs to help you.

An experienced reader of axial CTCA datasets

knows that you should always see the white

contrast filled lumen of the vessel being interro-

gated while scrolling through the axial scans. Most

radiologists would easily recognise plaque or a

stenosis in the cross sectional plane on axial

images, e.g. in the right coronary artery, as good

contrast enhancement proximal to the lesion

followed by absence of contrast at the site of the

stenosis, followed by reappearance of contrast in

the lumen distal to the stenosis. This is similar to

how they would read source images or axial scans

in a peripheral CT angiogram study. However,

with arteries that are seen in a longitudinal plane

in the axial plane, e.g. left anterior descending

artery, it is easier to miss a lesion. If you see a

‘‘break’’ in the continuity of the white lumen in the

longitudinal plane on axial images, or see a dark or

black area, do not assume it is due to ‘‘partial

volume’’ effect as the vessel curves over the heart

and goes out of the imaging plane. Always review

that area with MPRs in the orthogonal planes as

well as CPR images, created either manually or

automatically, with or without thick slab MIPs so

you are less likely to miss lesions.

The axial images are most heavily relied on by

expert readers for interpreting CTCA scans but

MPRs are also used interactively [12, 14]. MPRs

should be used to get the lesion in the imaging

plane. Interactive oblique MPRs have been

shown recently to be the most accurate method

to evaluate MDCT data sets with regards to

detection of coronary stenoses, with significantly

higher accuracy, compared to axial images, pre-

rendered reconstructions such as curved MPRs,

curved MIPs (3 mm thickness) and 3D-VR tech-

niques [24] (Figs. 6, 7).

However, we still believe that one should not

just use axial scans and MPRs to read a CTCA

scan but should also learn to make use of the

curved planar reconstructed (CPR) images (gen-

erated either manually or automated) to help you

locate a lesion and better view it, as sometimes

lesions are only better seen on CPRs rather than

MPRs. We also find CPR images more useful to

assess coronary stents and calcified vessels for

stenosis.

Rule 6: Review the images at different sets of

window width and levels, especially if the contrast

enhancement of the artery is not optimal or in the

presence of calcified plaques.

Always change the window width (WW) and

window level (WL) to see the segment of abnor-

mality, as sometimes the lesion can be missed by

only reviewing the images on one set of WW/WL.

This is particularly so if contrast enhancement of

the vessels is not optimal.

Depending on the workstation that is used, the

preset WW/WL may be not wide enough. On a

Vitrea workstation (Vital Images Inc., USA), the

preset heart tissue image window WW/WL is
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1000/200 while the coronary arteries window

WW/WL is preset at 500/230. Many users prefer

the former WW/WL as it is easier on the eye, but

if you see a lesion on this WW/WL, you should try

another WW/WL to confirm it or to see the lesion

better. The effect of window width and level on

visibility of the segment of stenosis is more

noticeable if vascular enhancement of the coro-

nary artery is poor.

When the vessel enhancement is poor, which

can occur when the patient is very large or there is

suboptimal venous access to allow high injection

flow rate, we prefer a WW/WL in between and

recommend 650–700/250. When contrast density

in the lumen of the coronary arteries is relatively

poor, a non-calcified plaque can be easily missed

when the WW is too wide. A WL of 250 is also

more suitable. Conversely, when there is dense

enhancement of the lumen WW/WL of 1000/200

is more useful (Fig. 8).

Optimal density of the coronary arteries on

CTCA should be 250–300 HU but is recom-

mended to be not much higher than 350 HU as

there will be overlap with the density of calcifi-

cations, which will be obscured [25]. We, how-

ever, prefer a density of 300–350 HU as it makes

visualisation of non calcified plaques much easier.

A recent publication has confirmed that a higher

intracoronary density of more than 326 HU

improves diagnostic accuracy for assessment of

Fig. 6 (a) Normal contrast filled lumen of left main
segment and proximal left anterior descending artery.
Note dark area between the aorta and left main seg-
ment—this is normal and due to the proximal left main

segment being out of the axial imaging plane as it courses
upwards. (b) Orthogonal oblique MPR coronal view
confirms cranial upward course of proximal left main
resulting in partial volume effect on the axial scans

Fig. 7 (a) Forty-seven year old man with abnormal
treadmill stress test. Axial scan shows area of low density
in the proximal LAD-‘‘dark lumen’’ (arrow). When one
scrolls through the stack of axial images, the lesion can be
mistaken for partial volume effect of vessel going out of

the imaging plane and missed. (b) The orthogonal views of
the MIP-MPR images clearly confirm presence of a
segment of non-significant stenosis due to presence of
non-calcified plaque (arrow)
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coronary stenoses, and this can be achieved by

high rate of contrast injection and high iodine

concentration contrast material (350–400 mgI/ml)

[26]. Note also that increasing the density of the

contrast in the coronary arteries will also affect

the density measurements and differentiation of

soft and fibrous plaques [17].

The WW/WL should also both be set higher in

the presence of calcified plaques. For calcified

plaques we prefer a WW/WL of 1500/350. This

will help decrease false positive diagnoses of

significant stenosis and the lumen often can be

better visualised. If there is a lot of calcium

present, using a filtering software algorithm such

as that used for stents may also be helpful to

reduce blooming artifact, e.g. B46f for Siemens,

FC5 for Toshiba (Fig. 9).

Rule 7: Do not use thick slab MIPs that are

too thick to review your images.

The use of thick slab MIPs, should be part of

your routine when reading axial scans as well as

MPRs. The use of thick slab MIPs allows one to see

a longer length of the course of the coronary artery

in question, as well as to better visualise the lesion

or suspected segment of stenosis. We prefer slabs

of about 3–5 mm in thickness in the axial plane as

well as in the oblique MPRs when we read a scan. If

the slabs are too thick, e.g. 10 mm then one may

miss stenoses especially in smaller vessels such as

diagonal or ramus intermedius branch, due to

overlap with adjacent structures and result in a

false negative scan result.

Rule 8: Look at ‘‘review areas’’ before you

conclude a scan is normal—Review segments of

arteries where we often tend to miss lesions.

To avoid missing a significant segment of

stenosis, always specifically exclude a stenosis at

these areas, where lesions are often missed on the

axial scans. You should do this routinely after an

initially reading the axial data sets, which appears

normal, with and without thick slab MIPs, and

before you conclude the CTCA scan is normal

Fig. 8 (a and b) 84 year old man with chest pain. Sixteen
slice scanner images. The stenosis at junction of proximal
and middle third of RCA was less well appreciated at the
preset WW/WL of 1000/200 and 700/200 (arrow). (c and d)

The segment of stenosis is much better seen at WW/WL
700/250 (arrow) and was confirmed at coronary angiogra-
phy (arrow)
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1. Segment of the mid to distal LAD as it curves

caudally over the heart on the axial scans,

particularly near the origin of the first diagonal

branch, and the origin and proximal portion of

the first diagonal branch (Fig. 1).

2. Segment of the proximal and distal left

circumflex, near the origin of the OM branch as

well as the proximal portion of the OM branch,

Segment of stenosis here can be easily missed on

axial scans and you should always review this area

using sagittal, coronal or oblique MPRs even

when this portion of the circumflex or proximal

OM appears normal on the axial scans (Fig. 10).

3. Distal RCA and proximal posterior descending

artery (PDA). This area is best seen on the axial

scans but a significant lesion can often be missed

Fig. 9 (a) Patient with large calcified plaque obscuring
lumen of proximal LAD. On the cross-sectional image
(right) it was read as obscuring more than 70% of the
luminal diameter and as it was not able to exclude a
significant stenosis here, further evaluation was recom-
mended. (b) Coronary angiogram was performed and the
proximal LAD shows no evidence of a segment of stenosis.

Review of the cross-sectional CTCA scan at a different
WW/WL of 1500/350 shows that the calcified plaque
occupies less than 50% of the lumen and the false positive
result and unnecessary angiogram could have been
avoided if we had reviewed the original data at the
appropriate WW/WL settings
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here unless you specifically and carefully look for

a lesion here.

The use of software tools on the workstation to

straighten out the vessel and lesion of interest, or

to rotate around the area of suspicion is very

helpful to better visual a suspected area of

disease. The key to not missing lesions is to have

a high index of suspicion when looking at the

review areas on axial scans, and to try to routinely

look at these areas not just in the axial plane but

in the orthogonal MPR views as well as using the

other software tools available on the workstation.

Use of specialised software tools that may be

available on the workstation may often be helpful

in these difficult areas. On the Vitrea workstation

there is a little known tool which we call the

‘‘rolling view’’. By pressing the ‘‘CTRL’’ key as

well as left clicking the mouse, the pointer will

change to a square box. Then by placing the cross

hairs of the tool at the area of interest, e.g. mid

portion of the left circumflex and moving the

mouse it is possible to ‘‘roll’’ the vessel around

and see it in many planes much better than on

axial scans.

Rule 9: Assess axial datasets for non-cardiac

findings.

Do not forget to assess the axial datasets for

other information that was acquired as part of

the volume dataset at the time of scan acquisi-

tion. This information comes ‘‘free’’ and should

be used. This includes assessment of the peri-

cardium, the ventricular wall thickness as well as

cardiac function and wall motion analysis which

can be performed. Non-cardiac findings are also

important and the lungs and mediastinum should

also be assessed for any incidental findings as

these can sometimes be significant, e.g. inciden-

tal lung neoplasms. The recently published ACR

Practice Guideline for Performance and Inter-

pretation of Cardiac CT considers this an essen-

tial part of the standard of care when

interpreting cardiac CT studies [27]. Failure to

review the lungs and mediastinum could be

considered a breach of a ‘‘medico-moral’’ obli-

gation [28]. In our centre, we usually review the

lungs and mediastinum, using a 80% reconstruc-

tion data set, using both lung and soft tissue

windows. We use a standard field of view of

32 cm, centred to enclose as much of the thorax

as possible.

4 Conclusion

Analysis of the images from a CTCA scan

requires knowledge of the potential pitfalls in

interpretation. Knowledge about the technical

artifacts that are also commonly associated with

CTCA scans is also important so as not to mistake

an artifact for a lesion. It is well known that to

analyse images may take one hour of workstation

time but in a busy practice or due to reader

inexperience or fatigue it is possible to easily miss

a significant segment of stenosis and have a false

negative result. This will affect the high negative

predictive value that has been reported in the

literature, which have all been studies performed

by expert readers. False positive diagnoses on

CTCA are also a problem as most readers would

tend to overcall the severity of a stenosis that they

are uncertain about, to avoid overlooking a

significant stenoses, especially when CTCA is

being used as a gatekeeper for referral of patients

to cardiac catherisation. Currently false positive

diagnoses, especially in the presence of calcified

plaques, is the major cause of low positive

predictive results for CTCA compared to con-

ventional angiography.

The presence of calcium often obscures the

lumen of the coronary arteries and although the

blooming and beam hardening effect is less with

the improved spatial resolution of 64 slice

scanners, there are still many cases where one

maybe unable to decide on the degree of

coronary stenosis because of the presence of

calcium and this is still the commonest cause

of false positive diagnosis of significant stenosis

on CTCA

For the beginner reader of CTCA scans, it is

vital that one gets feedback from conventional

angiography findings so that one can improve

not just the detection of lesions, but in assessing

their degree of stenosis and significance. We

believe that reading CTCA scans equates in

difficulty with mammography and CT colonogra-

phy reading, as it is easy to miss lesions and

without feedback from angiography results, it is
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Fig. 10 (a–d) 58 year old man with chest pain. Serial axial
images viewed in sequence and going caudally, show
normal contrast filled proximal circumflex (thin arrow),
then contrast filled OM branch (thick arrow), then soft
plaque in lumen of OM causing segment of stenosis (thick
arrow), then the normal contrast filled OM lumen distal to
the plaque (thick arrow). Accompanying circumflex vein is
marked by arrowhead. Teaching point: Junction of
circumflex with OM specifically needs to be assessed in

oblique planes on a routine basis when reading a CTCA
scan as it is often not adequately assessed just by looking at
the axial images. Often a segment of stenosis in the
circumflex will be easily missed on axial images. (e)
Segment of stenosis better seen on orthogonal oblique
MPR images after lesion in the axial plane was suspected.
(f) Coronary angiogram confirms presence of the segment
of significant stenosis in the proximal OM branch
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not possible to improve one’s level of skill at

interpretation of CTCA scans. The learning curve

for reading CTCA scans is initially steep and is

also continuous and one needs constant feedback

on one’s reporting results to maintain compe-

tence, even for an experienced reader.
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