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 Summary
 Background: The effects of the reduction of low-energy X-ray spectrum on lung perfusion images created by 

dual-energy CT have not been well evaluated. The aim of this study is to investigate the reliability 
of lung perfusion blood volume (PBV) images created by dual-energy CT (DECT) equipped with or 
without a tin filter, focusing on its accuracy adjacent to high-attenuation areas.

 Material/Methods: Among 176 patients who underwent DECT for suspicion of pulmonary embolism, 38 patients (mean 
age, 64; range, 16 to 83 years) without apparent evidence of pulmonary embolism were evaluated 
in this study. They underwent DECT at 100/140 kVp with a tin filter on 140 kVp tube (Group A; 
n=18) or at 80/140 kVp without the filter (Group B; n=20). On the lung PBV images, the degrees 
of artifacts – pulmonary enhancement defect (PED) and pseudo-enhancement in the trachea (PTE) 
adjacent to the vena cava were evaluated using a four-point scale (0=minimal to 3=prominent).

 Results: The mean degrees of artifact in Group A were significantly lower than those in Group B (0.8 vs. 
1.9; P<0.0001 for PED, respectively, and 1.1 vs. 2.2; P<0.0001 for TPE, respectively). The mean 
CTDIvols were 4.90±1.14 and 12.98±3.15 mGy (P<0.0001) for Group A and Group B, respectively.

 Conclusions: The quality and accuracy of dual-energy lung perfusion image will be improved by using the tin 
filter technique.
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Background

The dual-energy CT is one of the most interesting tech-
niques using the dual-source CT and enables it to create 
novel images not obtained using conventional CT scanners, 
such as virtual unenhanced image [1,2], bone-removed 
CT angiography [3,4], component analysis of urinary 
stones [5,6], and quantitative analysis in contrast enhance-
ment of pulmonary ground-glass attenuation lesions [7,8].

Lung PBV (pulmonary blood volume) is an application soft-
ware available on the workstation provided by the man-
ufacturer. By using this application, iodinated contrast 

material in the lung parenchyma can be overlaid on the 
post-contrast images obtained by the dual-energy (DE) 
technique based on the 3-material decomposition theory, 
consequently creating lung perfusion images [9]. A previ-
ous study showed that Lung PBV images might replace pul-
monary perfusion scintigraphy in particular clinical situa-
tions such as pulmonary arterial embolism, chronic throm-
boembolic pulmonary hypertension, etc. [10]. However, 
Kang et al. [11] reported that focal iodine defects not relat-
ed to pulmonary embolism (PE) were observed. They sug-
gested that a higher range of iodine concentration in the 
superior vena cava and a beam-hardening effect might con-
tribute to the inaccuracy.
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Although changes in radiation quality induced by the 
beam-hardening effect are considered to influence the 
accuracy [12], a new system equipped with a ‘selective 
photon shield’ using a tin filter was introduced in 2009 to 
reduce the effect by removing low-energy photons from the 
high-energy X-ray tube. This technique could also achieve 
better separation of the two different kVp images and is 
expected to improve the ability to distinguish different sub-
stances in the biological structures such as calcium, iodine 
and iron [13]. Kawai et al. [14] reported on the efficacy of a 
tin filter for improving the error of iodine removal on vir-
tual unenhanced images in a phantom study. We hypoth-
esized it could also be expected to produce more accurate 
and reliable lung perfusion images even in the area adja-
cent to structures with high-concentration contrast mate-
rial; however, the precise investigation of this technique 
using the tin filter has not been performed so far.

In this study, we conducted a clinical study to investigate 
the influence of high-attenuation materials and the efficacy 
of the tin filter on lung perfusion images, focusing on the 
effectiveness for artifact reduction.

Material and Methods

IRB approval

Approval for the clinical study was obtained from the local 
institutional review board.

Patients

Written informed consent was obtained from all patients. 
Between February 2012 and September 2013, 176 patients 
suspected to have PE from their present clinical history 
underwent dual-energy CT scans. Among them, 85 patients 
with apparent enhancement defects in the pulmonary 
artery at 2.0-mm thickness, past history of PE and/or deep 
venous thrombosis (DVT), past history of malignant tumor, 
or elevated plasma D-dimer (>250 ng/mL), 51 patients 
with parenchymal abnormalities (inflammatory change, 
tumor, post-operative change), a patient with a pacemak-
er on her left thoracic wall, and a patient who could not 
hold her arms extended during the scanning were exclud-
ed. Therefore, the rest, 38 patients (29 women and 9 men; 
median age, 67 years) without any evidence of PE were 
evaluated in the study (Figure 1).

CT scanning

Each patient underwent a contrast enhanced CT scan with 
SOMATOM Definition Flash (Siemens Medical Solutions, 
Forchheim, Germany) in a dual energy (DE) mode with 
(n=18; Group A) or SOMATOM Definition (Siemens 
Medical Solutions) without (n=20; Group B) the tin fil-
ter 30 seconds after administration of iodinated contrast 
material (300 mgI/mL) at a rate of 3.0 mL/sec. The scan-
ning parameters were as follows: tube voltages/reference 
mAs, 100 kVp/89 mAs and 140 kVp/76 mAs with the filter 
or 80 kVp/525 mAs and 140 kVp/105 mAs without the fil-
ter for Group A or Group B, respectively; beam collima-
tion, 32×2×0.6 mm with z-flying focal spot; rotation time, 
0.5 second; tube current was variable and automatically 

regulated by body thickness and surrounding tissue using a 
built-in dose-modulating system CARE Dose 4D technique 
(Ref). The images were reconstructed at 2.0-mm thick-
ness and 2.0-mm intervals using a reconstruction kernel 
of D30f.

Calculation of lung perfusion images

The concept of material decomposition using DECT has 
already been reported [15]. For both patient groups, lung 
perfusion images were obtained from the datasets acquired 
by two different kilovolt scans using the ‘Lung PBV’ appli-
cation of Syngo Dual Energy originally installed on the 
workstation. The parameters required for material decom-
position followed the manufacturer’s default settings and 
lung perfusion images were displayed with a color-coded 
scale.

Image evaluation

We supposed two different indicators of artifacts; 1) pul-
monary enhancement defect (PED) as an artifact for poten-
tial pseudo-positivity and 2) tracheal pseudo-enhancement 
(TPE) as another artifact for potential pseudo-negativity. 
PED and TPE adjacent to the brachiocephalic vein ipsi-
lateral to the injection site were evaluated using a four-
point scale (0=minimal to 3=prominent) in consensus by 
two diagnostic radiologists (10 and 7 years of experience) 
not informed of their scanning conditions according to the 
following criteria: for PED, Score 0; no/very slight defect, 
Score 1; defect more than Score 0 but less than Score 2, 
Score 2; defect reaching the thoracic wall, Score 3; broad 
defect which might be judged as PE (Figure 2A). For TPE, 
Score 0; enhancement less than 5% area in the trachea 
on a transverse sectional image, Score 1; 5–24%, Score 2; 
25–49%, Score 3; 50% and more (Figure 2B). Concurrently, 
attenuations at the brachiocephalic vein of the injection 
side were measured at three regions on weighted averaged 
images, simulated 120 kVp images generated from the two 
different kilovolt image sets.

Statistical analysis

All calculations were performed using statistical software 
Prism 5 ver. 5.0 (GraphPad Software, La Jolla, USA). To 
assess the differences in the artifact scores between imag-
es with and without a tin filter, the Mann-Whitney U test 
was used. To assess the correlation between the artifact 

n=176
Patients who underwent DECT for suspicion of

pulmonary embolism (PE)

n=38
No evidence of PE

Excluded
Included

n=138
1. PE/possible PE (n=85)
– Enhancement defect in PA
– Past history of PE/DVT
–  Tumor-bearing
–  Plasma D-dimer >250 ng/mL
2. Parenchymal abnormalities (n=51)
3. Cardiac pacemaker (n=1)
4. Difficulty an arm extension (n=1)

Figure 1. Schema for patient selection.
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scores and the attenuation of the brachiocephalic vein, 
Spearman’s rank correlation was used.

Results

The mean PED scores were 0.8 and 1.9 (P<0.0001) for 
group A and B, respectively. The mean TPE scores were 1.1 
and 2.2 (P<0.0001), respectively. The mean CTDIvol were 
4.90±1.14 (SD) and 12.98±3.15 mGy (P<0.0001), respec-
tively. There were no significant differences in the age, 
gender, contrast injection side, and attenuation of the bra-
chiocephalic vein (BCV) between the two groups (Table 1). 
There was a positive correlation between the CT number of 
the BCV and PED in Group A (P=0.038) (Figure 3).

Discussion

In this study, we hypothesized the iodine distribution in the 
lung parenchyma was almost homogeneous as long as there 

was no evidence of pulmonary thromboembolism on con-
trast-enhanced CT pulmonary arteriography, parenchymal 
abnormalities, other clinical findings, nor past history of 
DVT. In many cases, however, the iodine concentration was 
displayed relatively low on the lung PBV images especially 
just around the intensively enhanced vessels (e.g. brachio-
cephalic vein, superior vena cava). We considered this arti-
fact as an indicator of the potential pseudo-positivity for 
thromboembolism; pulmonary enhancement defect (PED). 
The fact that PED was observed only on the side ipsilateral 
to the injection site of the contrast media might strongly 
support this hypothesis. On the other hand, the intra-tra-
cheal space was enhanced on some lung PBV images and 
was also dominantly observed adjacent to high-attenuation 
vessels. This type of artifact – namely, tracheal pseudo-
enhancement (TPE) – indicated a possibility of pseudo-
negativity in lung perfusion images. In the past literature 
dealing with virtual unenhanced images by using phan-
tom models, insufficient iodine removal occurred adjacent 

Figure 2.  Scoring criteria of pulmonary enhancement defect (PED) (A) and tracheal pseudo-enhancement (TPE) (B). For PED, score 0 was defined 
as no or very slight defect, score 3 was broad defect which might be judged as pulmonary embolism. TPE was classified into 4 grades 
dependent on its area in the cross-sectional trachea.
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Reaching the thoracic wall
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1 2 3

0

Score 0:
Score 1:
Score 2:
Score 3:

<5% of the cross section of the trachea
5–24%
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to high-concentration iodine, especially in areas with low 
iodine concentration on the images scanned without the 
tin filter [14]. This phenomenon was considered consistent 
with the appearance of PED in terms of ‘underestimation’ 
of iodine concentration. In contrast, TPE may lead to ‘over-
estimation’ of iodine concentration in the lung parenchy-
ma. Although these two types of artifacts seem inconsist-
ent with each other, we believe beam hardening and scat-
ter might contribute to this phenomenon. Beam hardening 
and scatter both produce not only dark but also bright 
streaks around high-attenuation objects and therefore 
may also cause ‘pseudo-enhancement’ as well as enhance-
ment defect [16,17]. Especially, low-energy components of 
the X ray spectra are more susceptible to irregular scat-
tering; they tend to cause uncertainty in measurement of 
attenuation [18]. Some reports have also shown that this 
is one of the most important factors affecting the accuracy 
of material decomposition [12,19]. In the present study, we 
applied a new technique using a tin filter to a 140 kVp tube 
in combination with a 100 kVp tube in place of 80 kVp and 
the radiation exposure was significantly lower in Group 
A. Without the filter, the overlap of X-ray spectra between 

the two tubes was larger when using the 100 kVp tube 
and, in general, the difference in attenuation of certain 
tissues between two different kilovolt images was larg-
er. Therefore, it is considered favorable to use two X-ray 
tubes with more different voltages for material decomposi-
tion in a conventional equipment [20]. However, the lower 
the energy of the low-kilovolt tube is, the more prominent 
the artifacts are. For the lung BPV images, the results of 
this study indicated the tin filter solved these problems by 
intercepting only the low-energy spectra of high-kilovolt 
X-rays and achieved better separation of the two X-ray 
spectra suppressing artifacts without increasing radiation 
exposure. Nevertheless, the extent was small compared to 
Group B, and relatively severe PED was also observed in 
Group A when the CT number of the brachiocephalic vein 
was high. This indicates pseudo-positivity for PE is like-
ly to occur when the concentration of iodinated contrast 
media is high even if using the filter. Conversely, it implies 
optimization of the contrast injection protocol and scan-
ning timing would diminish this artifact.

Group A (n=18) Group B (n=20) P value

Age (years, mean) 62 66 0.42*

Gender (F/M) 12/6 17/3 0.18**

Injection side (R/L) 15/3 19/1 0.24**

Attenuation of BCV on WAI* (HU, mean ±SD) 1165±357 1424±401 0.09***

PED score (mean) 0.8 1.9 <0.0001***

TPE score (mean) 1.1 2.2 <0.0001***

CTDI volume (mGy, mean ±SD) 4.90±1.14 12.98±3.15 <0.0001*

Table 1. Summary of the results.

WAI – weighted average image (a mixed two-kilovolt image equivalent to 120-kVp image). * Student’s t-test; ** Chi-square test; 
*** Mann-Whitney u test.

Figure 3.  Correlations between the artifact score and attenuation of the brachiocephalic vein ipsilateral to the injection site of the contrast medium. 
(A) Group A and (B) Group B. A positive correlation was observed for PED in Group A (P=0.038).

A B
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There are some limitations of our study. First, possible 
incomplete exclusion of PE patient: Although perfusion and 
ventilation lung scintigraphy is considered the gold stand-
ard examination for pulmonary embolism, we employed 
only clinical findings and contrast enhancement of the pul-
monary artery visible on 2.0-mm-slice CT to rule out PTE. 
This might have missed microembolism in the peripheral 
vessels. Second, limitation of evaluated areas: Only apexes 
and their periphery in the lung parenchyma were evaluated 
and other parts of the lung were not covered in this study. 
This was because enhancement defect on Lung PBV images 
was mainly observed in these areas and to make system-
atic classification of the artifacts easier for the two read-
ers. Third, there might be some effects other than the tin 
filter and tube voltages. In this study, two different CT scan-
ners were used. SOMATOM Definition Flash was the latest 
one equipped with some new reconstruction algorithms 
including a modern technique, Advanced Modeled Iterative 
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Conclusions

In conclusion, although further investigation to support 
the results is needed, this study demonstrated that tin fil-
ter might improve lung perfusion images generated using 
DECT by reducing the influence of adjacent high-attenua-
tion materials without increasing the radiation dose.
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