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Introduction

Figure 1: Occlusive PE in the right upper and left lower lobes on mediastinal window (1a) and associated perfusion defect on iodine map 
(1b).

Abstract

Computed tomographic pulmonary angiography is the gold standard in diagnosing pulmonary embolism (PE). There is increasing use 
of dual energy CT (DECT) scanners in producing iodine perfusion maps. These maps assist in diagnosing a PE. However, many conditions 
can mimic perfusion defects on iodine maps including artefacts, pleural effusion, pulmonary artery compression, emphysema, vasculitis, 
pulmonary collapse, interstitial lung disease, MacLeod syndrome, mosaic perfusion and lung masses. It is important for the radiologist to 
familiarize themselves with these conditions to avoid misinterpreting iodine perfusion maps.
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Computed tomographic pulmonary angiography (CTPA) has 
become the mainstay in diagnosis of pulmonary embolism [1]. 
The advent of DECT has enabled simultaneous acquisition of 
datasets at two energy spectra; commonly at 80 KVp and 140 
KVp. Iodine perfusion maps are generated using the concept of 
material decomposition, difference in attenuation at different 
energies [2]. Iodine attenuation is significantly greater at 80 KVp 
compared to 140 KVp resulting in derivation of an iodine map, 
representing distribution of iodinated contrast within the lung 
parenchyma which reflects the perfusion status of the lung [3]. 
Pulmonary perfusion map may aid the diagnosis of PE, as some 
emboli, in particular the occlusive type, can lead toper fusion 

deficits, commonly depicted as well demarcated wedge shaped 
defects. Perfusion defects detected on iodine maps are, however, 
not specific to embolic etiology; with vascular compression 
and diseases, artefact, airways disease and primary pulmonary 
parenchymal pathology also resulting in perfusion defects [4]. On 
the contrary, certain lesions in lungs may have increased vascular 
perfusion and may be seen as increased iodine concentration on 
iodine maps. 

The aim of this pictorial review is to demonstrate the 
appearances of some common pulmonary Pathologiesy which 
can mimic PE on iodine maps created from DECT. 

Current Trends in

Clinical & Medical Imaging
ISSN: 2573-2609

http://dx.doi.org/10.19080/ctcmi.2017.02.555577


How to cite this article: Shu Y T, Ken L, Adina B, Dana J, Dee N. Iodine Perfusion Maps in Computed Tomographic Pulmonary Angiography: What 
Radiologists Need to Know?. Curr Trends Clin Med Imaging. 2017; 2(1): 555577. DOI: 10.19080/CTCMI.2017.02.555577004

Current Trends in Clinical & Medical Imaging

 

Figure 2: Non-occlusive left sided PE on mediastinal window (2a) with no associated perfusion defect on iodine map (2b).

Discussion
Pulmonary embolism

Occlusive emboli: The perfusion defects associated with 
PE on iodine map tend to be wedge-shaped and at the periphery 
of lungs, particularly if the occlusions are above the segmental 
level. DECT depicted perfusion defects from PE on iodine maps 
are generally in good agreement with scintigraphic perfusion 
findings [5]. Presence of occlusive PE correlates well with 

segmental/subsegmental perfusion defects on iodine maps1. 
Therefore, absence of perfusion defects confers a high negative 
predictive value in excluding occlusive emboli. Fink et al. [3] have 
reported sensitivity and specificity of DECT for detection of PE 
on a per segment basis as 100%. In comparison, CT angiography 
has a sensitivity and specificity of 60-66.7% and 99.5-8% 
respectively. A study by Wu et al. [6] found that all patients with 
occlusive PE were accurately detected on perfusion maps (Figure 
1). 

Figure 3: Beam hardening artefact on mediastinal window (3a) and iodine map.

Figure 4: Respiratory motion artefact on lung window (4a) resulting perfusion defect on iodine map (4b).

Non-occlusive emboli: Non-occlusive PE are poorly 
associated with perfusion defects [7]. Only 2 out of 33 non 
occlusive clots in the study by Thieme et al. [7] had perfusion 
defects and 11 out of 42 non-occlusive emboli have defects on 
iodine maps1 (Figure 4).

Beam hardening artifact
Dense contrast in the superior vena cava or the 

brachiocephalic vein results in beam hardening artifact which in 
turn causes apparent defects across the upper lungs which are 
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band-like2. Other patterns such as cresecentic, polygonal and 
ovoid shapes have also been described with the defects exhibiting 
sharp margins. These are typically observed in the apical and 
anterior segment of the right upper lobe and the apico-posterior 

and lingular segments of the leftupper lobe [7]. Artefacts can be 
reduced by caudocranial scan direction with reduction of the 
amount of iodinated contrast in central veins and by relatively 
lower contrast flow [1] (Figure 5).

Figure 5: Pleural effusion on mediastinal window (5a) and iodine map (5b).

Motion artifact 
Motion artifact resulting from cardiac and diaphragmatic 

movement results in artifacts in the right middle lobe, 
lingularsegment of the left upper lobe and the lung bases [2]. 
The diaphragmatic motion results in apparent curvilinear 
defects on iodine map. Blurred contours on the mediastinal and 
lung windows may help to distinguish these artifact from true 
perfusion artifact associated with PE.

Pleural effusion 

Defect created by pleural effusion iodine map is easily 
recognized by its crescentic peripheral contour which is 

concordant with the distribution of pleural fluid. It can also be 
easily confirmed by reviewing the mediastinal window settings 
on the CTPA study.

Pulmonary artery compression
External pulmonary arterial compression also yields perfusion 

defects on iodine maps. Conglomerate nodal or neoplastic mass 
centrally that compresses or invades the proximal pulmonary 
artery may result in peripheral wedge shaped perfusion defect 
on iodine map (Figure 6). Fibrosingmediastinitis causing 
pulmonary arterial compression has also been demonstrated to 
yield wedge shaped perfusion defects4.

Figure 6: Pulmonary artery compression on mediastinal window (6a) and associated iodine map defect (6b).

Vasculitis

Figure 7: Emphysema on lung window (7a) and associated non-segmental perfusion defect (7b).   

http://dx.doi.org/10.19080/ctcmi.2017.02.555577


How to cite this article: Shu Y T, Ken L, Adina B, Dana J, Dee N. Iodine Perfusion Maps in Computed Tomographic Pulmonary Angiography: What 
Radiologists Need to Know?. Curr Trends Clin Med Imaging. 2017; 2(1): 555577. DOI: 10.19080/CTCMI.2017.02.555577006

Current Trends in Clinical & Medical Imaging

Although there are no cases in our patient group. 
Hypothetically, vasculitis involving the pulmonary arteries will 

result in reduced pulmonary arterial caliber and subsequently 
reduced perfusion within the lungs (Figure 7).

Emphysema

Figure 8: Lung collapse on lung window (8a) and perfusion defect on iodine map (8b).

The emphysematous lung by virtue of lung destruction and 
paucity of pulmonary parenchyma and vasculature demonstrates 
deficient iodine content and as a result, perfusion defects on 
iodine map. These defects do not conform to the segmental 

anatomy, but correspond to the extent of emphysema on lung 
window settings of a CTPA. The degree of perfusion reduction 
generally correlates well with the degree of emphysema [8] 
(Figure 8). 

Pulmonary collapse

Figure 9: Pulmonary fibrosis in lung window (9a) with associated perfusion defect (9b).

Pulmonary collapse results in altered perfusion with defect 
on iodine map paralleling the distribution of the pulmonary 
collapse and is readily recognized on CT images. Material 
decomposition required in order to obtain perfusion maps need 

pulmonary parenchymal density between -960 to -600 HU2. 
As the density of the collapsed lung falls outside this range, 
perfusion defects result due to technical failure to produce a 
perfusion map2 (Figure 9). 

Interstitial lung disease

Figure 10: Air trapping in lung window (10a) with associated mosaic perfusion on iodine map (10b).

Interstitial lung disease results in non-segmental perfusion 
map defects conforming to the distribution of pulmonary fibrosis 
Ventilation perfusion mismatch is the commonest scintigraphic 
pattern seen on V/Q scans in patients with idiopathic pulmonary 

fibrosis. The cause is vascular destruction by the fibrotic 
process rather than vasculitis per se [9]. SPECT images have 
also demonstrated that the perfusion defects on scintigraphy 
were associated with regions of cystic air spaces shown on CT 
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scans, the “honeycomb” lung pattern. Hence, this also explains 
the perfusion defects evident on iodine maps in patients with 
pulmonary fibrosis. Density of the fibrotic lung falls outside the 

range required for material decomposition resulting in perfusion 
defects [2] (Figure 10).

Mosaic perfusion

Figure 11: McLeod syndrome with relative hypolucency of right lung (11a) with associated perfusion defect (11b). 

Mosaic pattern may result from small airways disease 
related air trapping or pulmonary vascular disease. Various 
vascular disease such as PE and vasculitis can result in mosaic 
attenuation. Regional hypoxia from small airways disease such 
as asthma produces patchy areas lung with differing attenuation. 
This can also further result in secondary vasoconstriction. Both 
phenomenon can produce defects on iodine maps (Figure 11).

MacLeod syndrome
Swyer-James-Macleod syndrome is a post-infective state 

resulting in destruction of the bronchiole. Radiographically, it is 
characterized by unilateral hyperlucent lung which may be normal 
or reduced in size with diminished lung and vascular markings 
and a mediastinal shift to the affected site on inspiration which 
swings to the contralateral side during expiration suggesting 
air trapping in the affected lung. The pulmonary artery in these 

patients is also markedly diminished in size with near complete 
absence of perfusion on ventilation/perfusion scintigraphy [10]. 
These changes are similarly reflected on the iodine perfusion 
map with extensive deficient perfusion on the affected side.

Lung Mass 
Chae et al. [11] demonstrated that DECT has the ability to 

generate virtual non contrast and contrast enhanced images 
from a single post contrast acquisition and measure the degree of 
contrast enhancement without additional radiation. Statistically 
significant difference was demonstrated in the absolute density 
and degree of enhancement using DECT between benign 
and malignant pulmonary nodules, with malignant nodules 
exhibiting higher density and degree of enhancement. This is 
demonstrated in the images (Figure 12).

Figure 12: Pulmonary mass on lung window (12a) and increased density peripherally and reduced perfusion centrally on iodine map 
(12b).

A strong correlation has also been demonstrated between the 
SUV max and maximum iodine-related attenuation in non–small 
cell than small cell lung cancer. Differences in tumour biology 
and different angiogenetic factors between the two different 
histologic subtypes are some of the proposed explanations for 
these differences [12].

Conclusion
Iodine maps generated using DECT scanners are increasingly 

used to aid image interpretation of CTPA studies. Whilst 

presence of perfusion defects on iodine map would suggest the 
presence of occlusive PE, these may also be encountered in a 
multitude of conditions. Absence of perfusion abnormality does 
not exclude a non-occlusive PE. The iodine maps themselves are 
also subject to multiple artifacts and are variably affected by 
many of the commonly encountered parenchymal pulmonary 
pathologies and pulmonary lesions which would require proper 
CT characterization. As the use of DECT increases, reporting 
radiologists would need to familiar with the manifestations of 
lung pathologies, apart from PE, on the iodine perfusion maps.

Figure 12: Pulmonary mass on lung window (12a) and increased density peripherally and reduced perfusion centrally on iodine map 
(12b).
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