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Figure 1 (A,B) Coronal and axial images in the 
CT pulmonary angiogram showing ill- defined filling 
defects in a lobar pulmonary artery (arrows) of the right 
lower lobe. (C) Bolus- tracking technique with optimal 
opacification of the pulmonary trunk (HU 506). (D) Axial 
CT image showing bronchiectasis with bronchial wall 
thickening (arrow), left lower lobe collapse (arrowheads) 
and partial middle lobe collapse (asterisk) in the 
background of common variable immunodeficiency.

Figure 2 Initial (A,C) and repeat CTPA studies in our 
case (B,D). The CTPA (A,C) was repeated with more 
delayed injection of contrast and during expiration 
showing homogeneous opacification of the pulmonary 
arteries (arrows) in axial and coronal CT images. The 
initial CTPA (B,D) at the same level in axial and coronal 
reconstructions shows the flow artefacts (arrows) 
mimicking emboli. CTPA, CT pulmonary angiogram.

DesCripTion
A 37- year- old man with a background of bronchi-
ectasis secondary to common variable immuno-
deficiency (CVID) and pulmonary hypertension 
presented with dyspnoea, tachycardia and hypoxia. 
He was investigated with a CT pulmonary angio-
gram (CTPA) for suspected pulmonary embolus 
(PE). The CTPA was performed during inspira-
tion using bolus- tracking technique (60 mL of 
non- ionic contrast with a 100 mL saline chaser at 
4.5 mL/s with a time delay of 6 s). This revealed 
a well- opacified pulmonary trunk (506 HU) with 
multiple filling defects in the main and lobar 
pulmonary arteries (figure 1A–C). There was back-
ground CVID- related bronchiectasis and left lower 
lobe collapse (figure 1D). Initially, the reporting 
radiologist concluded that the CTPA was posi-
tive for acute pulmonary embolism. However, on 
further evaluation by specialist chest radiologist, it 
was noted that despite optimal opacification of the 
pulmonary trunk, there was layering of contrast in 
the lobar pulmonary arteries with a ‘smoke- like’ 
appearance (figure 1A,B). Turbulent flow arte-
fact leading to suboptimal opacification of lobar 
and segmental pulmonary arteries was suspected. 
The CTPA was repeated in the resting expiratory 
position with more prolonged time delay (9 s), 

showing homogeneous opacification of the pulmo-
nary arteries and excluding pulmonary embolism 
(figure 2).

A number of diagnostic pitfalls have been 
described in the diagnosis of pulmonary embolism 
on CT.1 These include technical problems caused by 
improper bolus timing, respiratory motion artefact, 
streak artefact, patient body habitus and misinter-
pretation of normal bronchovascular anatomy. 
Physiological and pathological processes may alter 
the contrast kinetics resulting in suboptimal opacifi-
cation of the vessels. In our case, despite the bolus- 
tracking method, there was inadequate scanning 
time delay resulting in suboptimal enhancement 
of the pulmonary arteries. While bolus- tracking 
technique aims to maximise contrast in the vessel 
of interest, early scanning may lead to incomplete 
mixing of contrast and blood in the vessels distal to 
the target vessel, leading to suboptimal opacifica-
tion. The appearances resemble a puff of smoke, a 
term used by the cardiologists to describe slow flow 
in echo.2 The smoke- like appearance with turbu-
lent flow has been previously described in a limited 
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Learning points

 ► Recognition of flow artefacts in interpretation of CT 
pulmonary angiogram (CTPA) examinations is important to 
reduce false- positive results and unnecessary anticoagulation 
therapy.

 ► Conditions such as pulmonary hypertension or cardiac 
failure may alter the contrast kinetics in CTPA examinations, 
resulting in suboptimal opacification of the pulmonary 
arteries. Appropriate modification of the scanning protocol 
with more delayed and prolonged contrast injection will 
resolve this artefact.

Copyright 2020 BMJ Publishing Group. All rights reserved. For permission to reuse any of this content visit
https://www.bmj.com/company/products-services/rights-and-licensing/permissions/
BMJ Case Report Fellows may re-use this article for personal use and teaching without any further permission.

Become a Fellow of BMJ Case Reports today and you can:
 ► Submit as many cases as you like
 ► Enjoy fast sympathetic peer review and rapid publication of accepted articles
 ► Access all the published articles
 ► Re-use any of the published material for personal use and teaching without further permission

Customer service
If you have any further queries about your subscription, please contact our customer services team on +44 (0) 207111 1105 or via email at support@bmj.com.

Visit casereports.bmj.com for more articles like this and to become a Fellow

number of patients with pulmonary hypertension.3 Similar to 
our patient, the reported cases have backgrounds of pulmonary 
hypertension, which can probably explain the turbulent flow. 
These haemodynamic changes were confirmed in patients with 
pulmonary hypertension with MRI.4

Flow artefacts make interpretation of CTPA difficult, leading 
to false- positive results for PE. The basic CT characteristics in 
distinguishing true emboli from pseudoemboli are well- defined 
margins and contrast attenuation in the range of 30–60 HU for 
pulmonary emboli.5 Multiplanar reconstructions can help in 
distinguishing between flow artefacts and true emboli as they 
can better illustrate the borders of the filling defects. When 
flow artefact is suspected, a repeat expiratory CTPA with more 
delayed and prolonged contrast injection is recommended.6–8
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