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Purpose: The aim of this study was to determine if lung perfusion blood volume (lung PBV) with non-
occlusive pulmonary embolism (PE) differs quantitatively and visually from that with occlusive PE and
to investigate if lung PBV with non-occlusive PE remains the same as that without PE.

Materials and methods: Totally, 108 patients suspected of having acute PE underwent pulmonary dual-
energy computed tomography angiography (DECTA) between April 2011 and January 2012. Presence of

Iégymwourggé tomogranhs PE on DECTA was evaluated by one radiologist. Two radiologists visually evaluated the PE distribution
Angiggraphy sraphy (segme.ntal or subsegmental) and it.s nature (occlusive or non-occlusive) on D].-ZCTA.and classified per-
Dual energy fusion in lung PBV as “decreased,” “slightly decreased,” and “preserved”. Two radiologists used a lung PBV
Perfusion application to set a region of interest (ROI) in the center of the lesion and measured HU values of an iodine

map. In the same slice as the ROI of the lesion and close to the lesion, another ROI was set in the normal
perfusion area without PE, and HUs were measured. The proportion of lesions was compared between
the occlusive and non-occlusive groups. HUs were compared among the occlusive, non-occlusive, and
corresponding normal groups.
Results: Twenty-five patients had 80 segmental or subsegmental lesions. There were 37 and 43 lesions
in the occlusive and non-occlusive groups, respectively. The proportion of decreased lesions was 73.0%
(27/37) in the occlusive group, while that of preserved lesions in the non-occlusive group was 76.7%
(33/43). There was a significant difference in the proportion of lesions (P< 0.001) between the two groups.
HUs of the iodine map were significantly higher in the non-occlusive group than in the occlusive group
(33.8+8.2HUvs.11.9+ 6.1 HU, P<0.001). There was no significant difference in HUs for the entire lesion
between the non-occlusive (33.8 + 8.2 HU) and corresponding normal group (34.5 +£6.8 HU; P=0.294).
Conclusion: lodine perfusion tended to be visually and quantitatively preserved in lungs with nonocclusive
PE. Lung PBV is required to evaluate pulmonary blood flow.

© 2014 Elsevier Ireland Ltd. All rights reserved.

Pulmonary embolism

1. Introduction

Acute pulmonary embolism (PE) is a common disease with a
high mortality rate [1]. The technical development of multidetec-
tor computed tomography (MDCT) has contributed to the detection
of small embolisms in subsegmental pulmonary arteries. Therefore,
MDCT has replaced scintigraphy and digital subtraction angiogra-
phy as the first-line imaging tool for PE because of its high spatial
resolution and short data acquisition time [2-4]. Lung perfusion
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blood volume (lung PBV) images are generated by dual-energy
imaging and are used for the diagnosis of PE. Dual-energy imaging
enables selective visualization of the iodine component in tissues
on the basis of attenuation differences at different energy levels
[5,6]. An image of lung PBV is a fusion of an iodine distribution
image (iodine map) and a pulmonary computed tomography (CT)
angiography (CTA) image. An iodine map is based on a three-
material decomposition technique using iodine, air, and soft tissue
[5]. Pulmonary dual-energy CTA (DECTA) does not expose patients
to any significant additional radiation exposure compared with
standard pulmonary CTA [7]. Perfusion defects in lung PBV are often
not obvious in patients with non-occlusive lesions despite obvious
PE observed on CTA [7,8]. One study on lung PBV reported that a
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Fig. 1. Representative case of a “decreased” lesion and a “slightly decreased” lesion. The lesion in Lt. S1+2 is classified as “slightly decreased” (left). The lesion in Lt. S10 is

classified as “decreased” (right).

corresponding perfusion defect was detected in 42 of 44 patients
(95.5%) with occlusive PE, whereas only two of the 33 patients
(6.1%) with non-occlusive PE were accompanied by a correspond-
ing perfusion defect [7]. This study aimed to determine if lung PBV
with non-occlusive PE differs quantitatively and visually from that
with occlusive PE and to investigate if lung PBV with non-occlusive
PE remains the same as that without PE.

2. Materials and methods
2.1. Patients

Our institutional review board approved this retrospective
study, and informed consent was waived. Patient confidential-
ity was protected. Totally, 108 (35 men, 73 women; mean age,
62.2 +15.8 years; range, 12-88 years) patients with clinically sus-
pected acute PE underwent DECTA between April 2011 and January
2012.The reasons for clinical diagnosis were acute chest pain, respi-
ratory discomfort, and perioperative increase in pD-dimer levels,
among others. Patients with clinically suspected chronic PE based
on clinical records were excluded.

2.2. CT imaging protocol

A dual-source CT scanner (Somatom Definition Flash; Siemens
Medical Solutions, Forchheim, Germany) using the dual-energy
mode was used to examine all patients. The following CT param-
eters were used: detector collimation, 2 mm x 64 mm x 0.6 mm;
330-ms rotation time; pitch, 0.55; and tube voltage, 140kV and
100 kV. The tube current-time product varied for each patient. The
slice thickness was set to 1.0mm and the increment to 1.0 mm.
For all images, a medium-soft convolution kernel (D30) was used.
The mixed DECTA images equivalent to 120-kV images were recon-
structed and obtained by deriving 40% of the image density from
the 140-kV images and 60% from the 100-kV images.

On the basis of three-material decomposition of soft tissue, air,
and iodine, iodine distribution images (iodine map) of the lung and
lung PBV images were generated on a workstation (Syngo Acquisi-
tion Workplace; Siemens Medical Solutions, Forchheim, Germany).
An image of lung PBV is a fusion of an iodine map and a pulmonary
CTA image. The normalization of the window in the iodine map was
performed by setting a region of interest (ROI) in the pulmonary
artery trunk. The minimum CT value on the iodine map was —960,
while the maximum CT value was —600. The range was set to 4 on
a scale of 1-10.

A nonionic contrast medium (lopamiron, 370 mgl/mL; Bayer
Healthcare, Berlin, Germany) was administered at a flow rate of
0.06 x BWmL/s for 20s. Then, a mixture of contrast medium and
saline (1:1 ratio) was administered at the same rate. The scan was
initiated using a bolus-tracking technique with an ROI placed over

the pulmonary trunk, which triggered the scanner enhancement
level of 250 HU. The trigger delay time was 10s.

2.3. Analysis of DECTA images

The mixed DECTA images equivalent to 120-kV images were
evaluated. We used a PACS system (Synapse; Fujifilm, Tokyo,
Japan). The window level and window width were appropriately
adjusted. At first, the presence of PE in DECTA was evaluated
by one radiologist with 9 years of experience in cardiovascular
imaging. Among all PE lesions, segmental or subsegmental lesions
that did not extend to the proximal level were identified. Lesions
that involved a shadow, such as pneumonia and atelectasis, were
excluded.

Two radiologists with 9 (same as above) and 18 years of
experience in cardiovascular imaging, respectively, independently
evaluated segmental and subsegmental PE lesions. The PE dis-
tribution (segmental or subsegmental) and nature (occlusive or
non-occlusive) were visually determined. When their original diag-
nosis did not concur, the radiologists discussed their decisions and
reached a consensus diagnosis.

A non-occlusive lesion was defined when the lumen in the
lesion (even if only slightly) and peripheral vessel exhibited con-
trast enhancement. An occlusive lesion was defined when both
the lumen in the lesion and the peripheral vessel were not con-
trast enhanced. If the lesion extended over both the segmental and
subsegmental branches, it was regarded as the segmental lesion.

2.4. Analysis of lung PBV images

Two radiologists (same as above) independently evaluated lung
PBV. This analysis was performed 5 months after the analysis of
DECTA to minimize the memory effect. The list of PE lesions without
identifying their nature (occlusive or non-occlusive) in the DECTA
images was used. The observers visually assessed only the lung PBV
images without examining the DECTA images. The perfusion of the
lesion was classified as “decreased,” “slightly decreased,” and “pre-
served” (Fig. 1). Classification was based on visual comparison with
the normal perfusion area without PE in the same patient. If there
were different interpretations of the lung PBV images, a final deci-
sion was determined by discussion, as conducted for analysis of the
DECTA images.

Two radiologists with 9 (same as above) and 12 years of
experience in cardiovascular imaging, respectively, independently
measured the Hounsfield units (HUs). An ROI was set in the center
of each lesion’s perfusion area by using the lung PBV application of
the workstation software (Syngo Acquisition Workplace; Siemens
Healthcare), and HUs of the iodine map were measured. Further-
more, in the same slice as the ROI of the lesion and close to the
lesion, another ROI was set in the normal perfusion area without PE,
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Fig. 2. Representative case for the measurement of HUs. An ROl was set in the center
of the lesion’s perfusion area using a lung PBV application, and HUs of the iodine
map were measured. Furthermore, in the same slice and close to the lesion, an ROI
was set in the normal perfusion area without PE, and HUs were measured.

and HUs were measured (Fig. 2). The ROI sizes were 50-100 mm?
so as to not overlap the visible blood vessels. The measurements
were performed once for each area. The mean HUs measured by
the two radiologists was used for data analysis.

2.5. Data analysis

The chi-square test was performed to compare PE distribution
between the occlusive and non-occlusive groups. Fisher’s exact test
was used to compare the proportion of lesions in the lung PBV
images between the occlusive and non-occlusive groups. Student’s
t-test was used to compare HUs of the iodine map between the
occlusive and non-occlusive groups. A paired t-test was used to
compare HUs of the iodine map between the occlusive and non-
occlusive groups and the corresponding normal group (normal
perfusion area without PE). The proportion of lesions and HUs of the
iodine map were separately compared in the entire lesion, the seg-
mental lesion, and the subsegmental lesion. HUs were expressed
as means =+ standard deviation (SD). The interobserver variability
in the interpretations of DECTA and lung PBV images was assessed
using Cohen’s kappa statistics. A « value of >0.80 was defined as
excellent agreement, 0.61-0.80 as good, 0.41-0.60 as moderate,
0.21-0.40 as fair, and <0.20 as poor. A P-value of <0.05 was consid-
ered statistically significant. A windows software (SPSS II; Nankodo,
Tokyo, Japan) was used.

Table 1
PE distribution.
Segmental Subsegmental
Occlusive 18 19
37
Non-occlusive 27 16
43
Total 45 35
80

With regard to PE distribution, there was no significant difference between the
occlusive and non-occlusive groups (P=0.204).

3. Results
3.1. Analysis of DECTA images

3.1.1. Patients and PE distribution

PE was observed in 38 of 108 (35%) patients, and all 38 patients
were diagnosed with acute PE and treated with anticoagulant ther-
apy, following which a clinical improvement was observed. Of these
38 patients, 13 were excluded; 11 patients had only PE lesions
that extended to the proximal site and two had only peripheral
PE lesions. The remaining 25 patients had 80 segmental or subseg-
mental lesions, which were evaluated for distribution and nature.

There were 37 lesions in the occlusive group and 43 lesions in
the non-occlusive group (Table 1). With regard to PE distribution,
there was no significant difference between the occlusive and non-
occlusive groups (P=0.204). There was excellent agreement on the
PE distribution between the two reviewers (k =0.85; Table 2).

3.2. Analysis of lung PBV images

In the occlusive group, the proportion of decreased, slightly
decreased, and preserved lesions was 73.0% (27/37), 27.0% (10/37),
and 0%, respectively. In the non-occlusive group, the proportion
of these lesions was 0%, 23.3% (10/43), and 76.7% (33/43), respec-
tively (Table 3). There was a significant difference between the two
groups in the proportion of lesions (P<0.001). When compared
separately, the proportion of decreased, slightly decreased, and pre-
served segmental lesions was 66.7% (12/18), 33.3% (6/18), and 0%,
respectively, in the occlusive group and 0%, 29.6% (8/27), and 70.4%
(19/27), respectively, in the non-occlusive group (Table 3). All these
differences were significant between the two groups (P<0.001).
When compared separately, the proportion of decreased, slightly
decreased, and preserved subsegmental lesions was 79.0% (15/19),
21.1% (4/19), and 0%, respectively, in the occlusive group and 0%,
12.5% (2/16), and 87.5% (14/16), respectively, in the non-occlusive
group (Table 3). All these differences were significant between the
two groups (P<0.001). There was good agreement on the presence
of perfusion decrease between the two reviewers (k =0.73; Table 4).

HUs of the iodine map were significantly higher in the
non-occlusive group (33.8 +£8.2HU) than in the occlusive group
(11.9+6.1HU; P<0.001; Fig. 3). Similarly, even when the seg-
mental and subsegmental lesions were separately compared, HUs

Table 2
Interobserver variability in interpretations of PE distribution.
Observer 2
Occlusive segmental Occlusive subsegmental Non-occlusive segmental Non-occlusive subsegmental Total
Observer 1
Occlusive segmental 15 2 2 0 19
Occlusive subsegmental 0 18 0 1 19
Non-occlusive segmental 0 0 27 3 30
Non-occlusive subsegmental 0 0 11 12
Total 15 21 29 15 80

Kk =0.85 excellent.
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Fig. 3. Comparison between occlusive lesions and non-occlusive lesions on the basis of Hounsfield units (HUs) of the iodine map.

in the non-occlusive group were significantly higher (segmen-
tal lesions: 35.1 £9.6 HU vs. 11.7 & 6.2 HU, respectively, P<0.001;
subsegmental lesions: 31.6+4.7HU vs. 12.2+6.2HU, P<0.001;
Fig. 3). HUs in the normal group were significantly higher
than those in the occlusive group (entire lesion: 35.6 +6.3 HU
vs. 11.9+6.1HU, respectively, P<0.001; segmental lesions:

33.4+5.7HUvs. 11.7 £ 6.2 HU, respectively, P<0.001; subsegmen-
tal lesions: 37.7 £ 6.3 HU vs. 12.2 + 6.2 HU, respectively, P<0.001;
Fig. 4). There was no significant difference in HUs between the non-
occlusive group and the corresponding normal group (entire lesion:
33.8+8.2HU vs. 345+ 6.8HU, respectively, P=0.294; segmen-
tal lesions: 35.1 +9.6 HU vs. 35.9+ 7.9 HU, respectively, P=0.389;
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Fig. 4. Comparison between occlusive lesions and normal areas without PE lesions on the basis of Hounsfield units (HUs) of the iodine map.

subsegmental lesions: 31.6 +4.7 HU vs. 32.2 + 3.5 HU, respectively, 4. Discussion
P=0.570; Fig. 5).

Fig. 6 is a representative case with an occlusive lesion and a This study showed that iodine perfusion tended to be preserved
non-occlusive lesion. in lungs with non-occlusive PE lesions. Previously, Thieme et al.
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Fig. 5. Comparison between non-occlusive lesions and normal areas without PE lesions on the basis of Hounsfield units (HUs) of the iodine map.

[7] reported similar results that were visually verified. In addition
to the visual evaluation, our study quantitatively confirmed pre-
served perfusion in lungs with non-occlusive PE by measuring HUs
of the iodine map (Figs. 3-5). Hoey et al. [8] reported decreased
attenuation values in partially occluded lobes in chronic PE. The
novel approach taken in the present study was to measure the

attenuation values (HUs) in acute PE and to evaluate the lesions in
each segment or subsegment.

Our paper clarified that the degree of peripheral pulmonary
blood flow could not be predicted by assessing only the presence
or absence of PE on pulmonary CTA. Clark et al. [9] indicated that
pulmonary artery patency assessments should be included in clot
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Fig. 6. Representative case with an occlusive lesion and a non-occlusive lesion. Lung PBV shows a wedge-shaped perfusion decrease in rt. S9. However, it is not seen in rt.
$10. HUs of the iodine map are clearly different between rt. S9 and S10 (2.2 and 39.4, respectively).

load scores to improve their usefulness as predictors of PE sever-
ity. Our results with the lung PBV suggest that pulmonary artery
patency is associated with the pulmonary vascular bed. If the pul-
monary artery is small, a decision about patency may be difficult.
Therefore, the lung PBV, which is likely associated with PE severity,
is required to evaluate the pulmonary vascular bed.

Table 3
Analysis of lung PBV images.
Decreased Slightly Preserved
decreased
Entire lesion
Occlusive 27(73.0%) 10(27.0%) 0
37
Non-occlusive 0 10(23.3%) 33(76.7%)
43
Total 27 20 33
80
Segmental lesion
Occlusive 12(66.7%) 6(33.3%) 0
18
Non-occlusive 0 8(29.6%) 19(70.4%)
27
Total 12 14 19
45
Subsegmental lesion
Occlusive 15(79.0%) 4(21.1%) 0
19
Non-occlusive 0 2(12.5%) 14(87.5%)
16
Total 15 6 14
35

In ‘Entire lesion,” there was a significant difference between the occlusive and non-
occlusive groups in the proportion of lesions (P<0.001).

In ‘Segmental lesion,” there was a significant difference between the occlusive and
non-occlusive groups in the proportion of lesions (P<0.001).

In ‘Subsegmental lesion,’ there was a significant difference between the occlusive
and non-occlusive groups in the proportion of lesions (P<0.001).

HUs in lung areas with non-occlusive PE did not significantly
differ from those in lung areas without PE. This result indicates that
peripheral blood flow from non-occlusive PE lesions is maintained
as well as it is maintained in normal lungs. Therefore, it is clinically
possible that lungs with non-occlusive PE lesions appear similar
to normal lungs. This possibility, if true, can affect the therapeutic
strategy.

Lung PBV images of normal patients in the supine position tend
to show a posture-dependent gradient of iodine content [10]. HUs
on normal lung PBV images vary depending on the location of the
ROL Furthermore, there may be a difference in the degree of con-
trast in the craniocaudal direction because there is a difference in
the time phase of imaging. Therefore, in the present study, in the
same slice as the ROI of the lesion and close to the lesion, another
ROI was set in the normal perfusion area without PE (Fig. 2).

The proportions of slightly decreased lesions were 27% in the
occlusive group and 23.3% in the non-occlusive group (Table 3).
The reason for this difference is unclear, but the positions and sizes
of the thrombi may have had an effect. Moreover, for the non-
occlusive lesions, there appeared to be a greater influence from
thrombus occlusions in the peripheral artery than from those in
the subsegmental branch.

Table 4
Interobserver variability in interpretation of the lung PBV images.
Observer 2
Decreased Slightly decreased Preserved Total
Observer 1
Decreased 26 5 0 31
Slightly decreased 3 10 1 14
Preserved 1 4 30 35
Total 30 19 31 80
k=0.73 good.
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Previously, a study found that the sensitivity for peripheral PE
detection was increased when lung PBV was used in addition to
pulmonary CTA [5]. However, in that study, a distinction between
the nature of PE lesions (occlusive or non-occlusive) was not per-
formed. If limited to non-occlusive PE lesions, detection sensitivity
should not increase in light of our results.

If appropriate treatment is not administered, acute PE can
progress to chronic PE. Recently, pulmonary endarterectomy and
percutaneous transluminal angioplasty (PTA) for chronic PE have
been performed with improved outcomes [11-14]. Surgical treat-
ment is performed for central PE. PTA is used to treat not only
central PE but also peripheral PE. The effectiveness of pulmonary
endarterectomy and PTA has been primarily evaluated using hemo-
dynamic parameters (pulmonary arterial pressure and pulmonary
vascular resistance) [11-14]. In addition, lung PBV may be a useful
adjunct. Further investigation is needed.

Systemic collateral supply must be considered. In pulmonary
CTA, chronic PE is more frequently associated with systemic collat-
eral supply, such as that in the bronchial artery, than acute PE [15].
Because our study was intended to assess acute PE, it was not nec-
essary to emphasize the impact of systemic collateral circulation.
Our study results showed that there was a clear perfusion decrease
in the occlusive lesions, but not in the non-occlusive lesions. There-
fore, systemic collateral supply did not affect the differences in
perfusion in the occlusive and non-occlusive lesions. However, it
is possible that the perfusion decrease in both lesion types was
underestimated by the systemic collateral supply.

Lung perfusion scintigraphy is another form of perfusion imag-
ing. In our study, comparison with lung perfusion scintigraphy
was not performed. Two studies have shown that dual-energy
CT perfusion imaging was able to display pulmonary blood flow
impairment with good agreement with scintigraphy findings
[16,17]. It is possible that non-occlusive PE has been overlooked
on scintigraphy when considering the results of this study. Unlike
scintigraphy, lung PBV can simultaneously evaluate both thrombus
and perfusion; therefore, pulmonary blood flow can be evaluated
without anatomical mismatch.

This study had several limitations. First, it was a retrospec-
tive study. Second, it lacked an external reference standard for
the correlation of results. We did not compare lung PBV with
pulmonary perfusion magnetic resonance imaging and digital sub-
traction angiography. Third, we did not evaluate the relationship
with the clinical severity of PE. Correlation between patency of the
pulmonary artery and prognosis was also not evaluated. No clin-
ical relevance for curative treatment of patients also was a major
limitation in this study.

In conclusion, we used lung PBV to visually and quantitatively
confirm that non-occlusive PEs are not associated with a decrease
in blood flow compared with occlusive PEs and demonstrated a
dissociation between pulmonary blood flow and thrombus distri-
bution. In PE diagnosis, detection of a thrombus by CTA is essential.
However, evaluation of pulmonary blood flow should be performed

using lung PBV. The clinical relevance of the relationships among
patency of the pulmonary artery, lung PBV, and patient outcomes
needs to be further investigated.
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