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Abstract
Objective To investigate the role of perfusion defect (PD) size
on dual energy CT pulmonary blood volume assessment as
predictor of right heart strain and patient outcome and its
correlation with d-dimer levels in acute pulmonary embolism
(PE).
Methods 53 patients with acute PE who underwent DECT
pulmonary angiography were retrospectively analyzed. Pul-
monary PD size caused by PE was measured on DE iodine
maps and quantified absolutely (VolPD) and relatively to the
total lung volume (RelPD). Signs of right heart strain (RHS)
on CT were determined. Information on d-dimer levels and
readmission for recurrent onset of PE and death was collected.
Results D-dimer level was mildly (r=0.43–0.47) correlated
with PD size. Patients with RHS had significantly higher
VolPD (215 vs. 73 ml) and RelPD (9.9 vs. 2.9%) than

patients without RHS (p<0.003). There were 2 deaths and 1
readmission due of PE in 18 patients with >5% RelPD, while
no such events were found for patients with <5% RelPD.
Conclusion Pulmonary blood volume on DECT in acute
PE correlates with RHS and appears to be a predictor of
patient outcome in this pilot study.

Keywords Dual energy CT. Pulmonary embolism . Blood
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Introduction

Pulmonary embolism (PE) may cause pulmonary vascular
obstruction and consecutive perfusion defects (PD) of the lung
parenchyma. In severe cases, extensive vascular obstruction
leads to right heart strain (RHS) with dysfunction and finally
death [1]. Several studies on ventilation/perfusion scintigra-
phy reported that patients with RHS had larger perfusion
defects and a worse clinical outcome than patients with
normal right ventricular function after PE [2].

These days, pulmonary CTangiography (CTPA) with thin-
collimation multi-slice CT systems has been accepted as the
frontline imaging technique for the diagnosis of PE [3–6] by
visualizing the thrombus, measuring vascular obstruction
score and right ventricular–to–left ventricular (RV/LV)
diameter ratio as a CT marker of RHS. Correlation between
the severity of PE and the incidence of fatal outcome has
been demonstrated in several studies [7–11]. However, so far
only static, morphological parameters have been used for
determining PE severity on CT imaging, whereas the degree
of functional obstruction of lung perfusion has been
recognized [2, 12–14] as an important clinical predictor of
patient outcome.
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With the recent introduction of dual source dual energy CT
(DECT) in 2006, evaluation of PE with CT has entered a new
age. By making use of the unique spectral behaviour of iodine
at higher and lower photon energies [15, 16], DECT allows
both, the display of iodine distribution maps as a measure of
the pulmonary microcirculation for the assessment of
pulmonary blood volume, and the evaluation of standard
thin-section CTA images. Several studies have proven the
feasibility of this new technique to display areas of reduced
pulmonary blood volume referred to as “perfusion defects”
due to occlusive PE and have shown a good correlation
between DECT and scintigraphic findings [17–22], and
between CTA obstruction/perfusion defect score and RV/LV
diameter ratio [23, 24]. To our knowledge no data about the
clinical impact of absolute PD size as measured on dual
energy iodine distribution maps is available.

Thus, the purpose of this study was to retrospectively
investigate the role of perfusion defect size on dual energy
CT pulmonary blood volume assessment as predictor of
right heart strain and patient outcome and its correlation
with d-dimer levels in acute pulmonary embolism.

Materials & methods

Patient population

The data of this study was retrospectively acquired from
patients that underwent dual source dual energy pulmonary
CT angiography (CTPA) in our department (Somatom
Definition and Somatom Definition Flash, Siemens Health-
care, Forchheim, Germany), because of clinical suspicion of
acute PE between May 2008 and June 2010. Patients were
identified by a search in the RIS/PACS system of our
department. Acute PE was diagnosed in 53 of totally 353
referred patients (34 on the Definition and 19 on the Flash).
Information on CT signs of right heart strain, d-dimer levels
and patient outcome was collected in these patients as well as
in a control group of 53 patients who were randomly selected
from the cohort of 300 patients in whom PE was excluded by

CTPA. The ethics committee of our hospital approved this
study. Informed patient consent was not required.

CT protocol

Dual energy CTPA was performed according to the
protocols shown in Table 1. By technical restrictions, the
field of view of the B detector was limited to 26 cm with
the Definition and to 32 cm with the Flash with a field of
view of 50 cm on the A detector. Contrast enhancement
was achieved with 60 ml of contrast material (Imeron
400 mg/ml, Bracco, Konstanz, Germany) followed by a
100 ml saline chaser bolus injected at 4 ml/s. Bolus
tracking was used for automated examination start with
a delay of 7 s when a trigger threshold of 100 HU in the
pulmonary trunk was reached. Three CTPA images series
are routinely reconstructed from the dual energy data:
One series each for 80 kV, 140 kV, and one weighted
average series combining data from the high and low kV
series in a way to create the image impression of a
regular 120 kV CT examination (Definition: 70% of the
140 kV and 30% of the 80 kV data; Flash: 60% of the
140 kV + SN filter and 40% of the 80 kV data).
Diagnosis of PE was made on the virtual 120 kV images
during clinical routine read out on a PACS workstation.
Re-assessment of CTPA data for this study did not reveal
one single case of missed PE.

Perfusion analysis and data collection

Both, the high and low kV data set were loaded simulta-
neously into dedicated postprocessing software (LungPBV,
Syngo Dual Energy, Siemens Healthcare). Pulmonary blood
volume was evaluated with the help of colour-coded iodine
distribution maps of the lung parenchyma as previously
described [17–22, 24]. Perfusion defects caused by PE
typically appear as wedge-shaped marginal areas with
reduced iodine content compared to surrounding lung tissue
[22] (Fig. 1). To exclude other causes for PD related to
pathologies of the lung parenchyma, e.g. infiltration or

Table 1 Overview on dual energy CT pulmonary angiography protocols

Definition Flash

kV tube A/B 140/80 80/140Sn

mAs tube A/B 70/350 202/86

Rotation time 0.33 s 0.28 s

Collimation 14×1.2 mm 64×0.6 mm

Slice thickness/increment 1.5/1 mm 1.0/0.5 mm

Reconstruction kernel D30f D30f

Data acquisition caudocranial normal expiration caudocranial normal expiration
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emphysema, blood volume maps were not only compared to
CTPA findings but also to the lung anatomy as assessed in
lung window (width: 1,200 HU, centre: −500 HU). PD size
was quantified absolutely (VolPD in ml) and relatively to the
total lung volume (RelPD in%). The total lung volume was
calculated automatically with dedicated software (Lung
Parenchyma Analysis, Syngo InSpace, Siemens Healthcare).
PD volume was measured by manual slice segmentation by
one radiologist with 4 years of experience in chest CT and
3 years of experience in DECT imaging (Fig. 1). Further, the
diameter ratio of the right and left ventricle (RV/LV) was
determined in multiplanar reformations (MPR) in cardiac 4-
chamber view (Syngo 3D, Siemens) by a second indepen-
dent radiologist with 5 years of experience in chest and
cardiac CT who was unaware of the pulmonary blood
volume status. A ratio of RV:LV >1 indicated the presence of
right heart strain. Electronic patient files of our hospital were
searched for echocardiography reports, d-dimer levels taken
at the time of admission for acute PE and information on
readmission for recurrent onset of PE, death and underlying
diseases. Further, patients or their family practitioners,

respectively, were contacted by telephone to see if the
patients were still alive, to ask if another event of PE had
occurred after initial diagnosis and treatment of PE in our
hospital, and to ask for the cause of death if the patient had
deceased. All data was collected in September 2010 to
ensure at least a follow-up period of 3 months since
inclusion of the last patient in June 2010.

Statistical analysis

Statistical analysis was performed using dedicated software
(BiAS 9.06 for Windows, Epsilon Verlag, Frankfurt,
Germany). Correlations between perfusion defect size (VolPD
and RelPD) and d-dimer levels was evaluated using Pearson’s
correlation. TheWilcoxon-Mann-Whitney-U-test was used to
analyse difference in perfusion defect size between patients
with and without right heart strain. Survival time in months
was calculated using the Kaplan-Meier method, and relative
hazard ratios for death with 95% confidence intervals were
determined. Comparisons between patient cohorts were made
using the log-rank test. Survival data from patients who were

Fig. 1 Pulmonary blood volume
assessment. (a) displays a regular
grey scale CT pulmonary angio-
graphic image fused with the
dual energy pulmonary iodine
distribution map. The white
arrows are pointing to extensive
bilateral pulmonary emboli lead-
ing to a reduced blood volume
(also referred to as perfusion
defects) further distally in their
supply territory marked with
white stars. Lung window
assessment (b) does not show
any segmental parenchymal
pathology that may mimic a
wedge-shaped perfusion defect.
(c) Perfusion defect size was
measured by manual slice
segmentation using a free-hand
region of interest tool
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alive at the time of follow-up (i.e. September 2010) were
censored. In all tests a p-value of less than 0.05 was
considered to indicate statistically significant differences.

Results

CT examinations and calculation of perfusion images were
performed successfully for all 53 subjects with PE. Forty
patients had 100% coverage of the lung volume within the
dual energy FOV. While no coverage loss was observed in
the Flash group, in 12 patients who underwent CTPA on the
SomatomDefinition small peripheral lung areas were not fully
covered within the dual energy FOV (n=8 with <5% and n=5
with 5–10% of the total lung volume). No volume
corrections were applied in these cases. Absolute PD size
(VolPD) ranged between 5.8 and 748.4 ml (median:
97.2 ml), relative PD size (RelPD) between 0.2 and 22.9%
(median: 3.1%).

D-dimer levels were weakly correlated with VolPD (r=0.47,
p=0.001) and RelPD (r=0.43, p=0.003). Patients with RHS
(n=17) had significantly greater VolPD (median 215.4 ml vs.
73.3 ml; p=0.003) and RelPD (median 9.9% vs. 2.9%; p<
0.001) than patients without RHS (n=36) (Table 2). CT
findings of RHS were consistent with echocardiographic
findings in 100% of the cases. In the following, patients were
further divided according to their relative perfusion defect size
in three subgroups (Table 3):

a) Eighteen patients showed a RelPD of more than 5%. The
following risk factors for PE were found: malignant
neoplasm (n=9 patients), surgery (n=3), coagulopathy
(n=2), oral contraception with long distance flight
(n=2), no identifiable risk factors (n=2). One patient
was readmitted to our hospital because of recurrent PE
due to surgery 10 months after diagnosis of the first PE
with a RelPD size of 8.9%. The patient was still alive
4 months after this second event. Seven patients died of

this group, of whom four showed RHS. Two patients
died because of PE: one patient 4 days after diagnosis of
PE with a RelPD size of 11.1% and signs of RHS. The
other patient died two 2 months after the first PE event
with a RelPD size of 14.3% and no signs of RHS due to
recurrent PE in another hospital. Both patients suffered
from cancer as their underlying disease (neuroendocrine
carcinoma and NSCLC). Six patients were lost to
follow-up at the time of data collection for this study.
Based on information from our electronic patient file
system, survival could be assured until 1, 1, 2.5, 3, 4,
and 7 months after initial diagnosis of PE and was
censored at these time points.

b) Sixteen patients showed a RelPD between 2.5 and 5%.
The following risk factors for PE were found: malignant
neoplasm (n=5 patients), surgery (n=2), oral contracep-
tion combined with long distance flight (n=4), no
identifiable risk factors (n=5). None of these patients
was readmitted or died due to recurrent PE. However,
one patient died due to his underlying end-stage cancer
disease. Two patients were lost to follow-up. Survival
could be assured until 4 and 8.5 months after initial
diagnosis of PE and was censored at that time point.

c) Nineteen patients showed a RelPD of less than 2.5%. The
following risk factors for PE were found: surgery (n=4
patients), coagulopathy (n=2), long distance flight (n=1),
malignant neoplasm (n=1), no identifiable risk factors
(n=11). Four patients died from this group, one showed
RHS. However, no patient was readmitted or died due to
recurrent PE. Patients died because of their underlying
diseases (n = end-stage cancer, n=1 multi-organ failure
after coronary bypass surgery, n=1 end-stage COPD).
For one patient, no follow-up data could be generated
after discharge from our hospital, thus survival time was
censored at 1 month after initial diagnosis of PE.

Log-rank testing revealed a significantly shorter survival
time for group 1 compared to group 2 (p=0.008) while no

Table 2 Clinical outcome findings compared between patients with
pulmonary embolism and with (RHS +) and without (RHS -) CT signs
of right heart strain. Survival time since initial diagnosis of PE is

given as median and range in months. Log-rank testing did not reveal
a statistically significant difference between both groups (p=0.15)

RHS + RHS - p

Patients 17 36

VolPD 215.4 ml 73.3 ml 0.003

RelPD 9.9% 2.9% <0.001

Recurrent PE 0 1

Death of PE 1 1

Death of other reason 2 8

Median survival time (mean; range) >3.0 months (15; 0–24) >7 months (18.6; 1.5–23.5) 0.15

PE pulmonary embolism; RHS right heart strain, VolPD absolute perfusion defect size in ml; RelPD perfusion defect size relative to total lung
volume
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such difference was observed comparing group 1 and 3 (p=
0.17) and group 2 and 3 (p=0.18) (Table 3). The relative
hazard ratio for death was increased by factor 10.0 (95% CI:
1.8–54.5) between group 1 and 2 and by factor 2.3 (95% CI:
0.7–7.6) between group 1 and 3. If data from group 2 and 3
is pooled, a relative hazard ratio of 3.7 (95% CI: 1.3–10.9)
for group 1 is calculated. Comparing patients with right heart
strain to those without, there was no significant difference in
survival (p=0.15) (Table 2). The relative hazard ratio for
death was increased by the factor 2.3 (95% CI: 0.7–6.8) in
patients with RHS. In a Cox regression model, RelPD size
was the strongest predictor of survival time followed by
RHS, VolPD size and d-dimer level.

When we look at the control group, we did not observe
significant differences in age (median: 58, range: 26–88 years
vs. median: 66, range 21–97 years; p=0.3) and gender
distribution compared to the study group (29 vs. 23 male;
p=0.33 with Fisher’s test). The following risk factors for PE
were found: immobilisation (n=13), cancer (n=12 patients),
acute infections (n=7), deep vein thrombosis of the lower leg
(n=3), surgery (n=2), no identifiable risk factors (n=16).
Four patients were lost to follow-up; survival could be
ensured up to 0.5, 0.5, 1 and 2.5 months and was censored at
that time. Another four patients died due to their underlying
disease (n=3 due to cancer, n=1 after heart transplantation).
No patient died of PE or had a recurrent event of suspected
PE. Two patients had CT signs of RHS which were
confirmed on echocardiography. D-dimer levels were signif-
icantly lower in the control group compared to patients with
PE (median: 1.5, range: 0.22–10 μg/ml vs. median: 6.5,
range: 0.28–20 μg/ml; p<0.001). The median survival time
was >3 months (mean: 22.9, range: 0.5–25 months) and

therewith significantly longer (p=0.037) than pooled
data of all patients with PE (median: >7 months, mean:
17.8 months, range: 0–24 months) (Fig. 2). It was further
significantly longer than the survival time of patients
with >5% RelPD (p=0.0006) but with no difference
compared to patients with <5% RelPD (median: >4, mean:
20.3, range: 1–24 months, p=0.77) (Fig. 2). The relative
hazard ratio for death was increased by factor 6.5 (95% CI:
2.3–18.2) in patients with >5% RelPD and by factor 3.1
(95% CI: 1.1–9.1) in patients with PE regardless of PD size
compared to the control group.

Discussion

The feasibility of DECT to display perfusion defects in the
pulmonary blood volume caused by PE has been proven in
several studies [17–22]. With DECT information on
intravascular thrombi, right heart strain and pulmonary
blood volume is available from one single CT acquisition
with superior spatial resolution compared to planar or
SPECT ventilation/perfusion scintigraphy. From studies on
ventilation/perfusion scintigraphy in acute PE a certain
impact of PD size on restoration of pulmonary flow [12,
14], early death [13] and right heart strain [2] is known.
However, in all nuclear medicine studies known to the
authors PD was quantified by a reference chart only and the
exact volume of PD was not actually measured objectively
and absolutely.

We found a wide range of absolute (VolPD) and relative
PD size (RelPD) ranging between 5.8 and 748.4 ml and
0.2–22.9%, respectively. There was a weak but significant

Table 3 Clinical outcome findings compared with perfusion defect
(PD) size displayed as relative volume of total lung volume (RelPD).
Survival time since initial diagnosis of PE is given as median and
range in months. Log-rank testing revealed a statistically significant
difference between groups 1 and 2 (p=0.008) with a tenfold increased

relative hazard ratio for death for group 1, while no such difference
was found comparing groups 1 and 3. Comparing pooled data from
group 2 and 3 to group 1, the relative hazard ratio for death was still
increased 3.7-fold in group 1

PD>5% 5%>PD>2.5% PD<2.5%

Patients 18 16 19

VolPD 290.7 83.7 44.5

median/range (ml) 113.6–748.4 48.3–245.7 5.8–148.3

RelPD 10.0 3.1 1.5

median/range (%) 5.0–22.9 2.5–4.9 0.2–2.4

RHS + 12 2 3

Recurrent PE 1 0 0

Death of PE 2 0 0

Death of other reason 5 1 4

Median survival time (mean; range) 4.6 months (11.7; 0–23.5) >4 months (22.3; 1.5–24) >3 months (17.5; 1–22.5)

No follow-up data available 6 2 1

PE pulmonary embolism; RHS + positive CT finding of right heart strain; PD perfusion defect

1918 Eur Radiol (2011) 21:1914–1921



positive correlation between d-dimer levels and PD size,
revealing an increase in PD size with an increase in d-dimers
as a surrogate parameter of PE severity. The level of d-dimers
has been shown to correlate with right heart dysfunction and
clot burden as well as to be a negative outcome predictor,
since short and long term survival after acute PE is limited
with increasing d-dimer levels [25–30]. However, keeping in
mind the low specificity of this test, the mean d-dimer level
was also slightly elevated in the control group without PE,
but it was significantly lower than in patients with PE.

Further, acute cor pulmonale is known as a negative
outcome predictor for PE, as right ventricular dysfunction
may progress to its failure and circulatory collapse. Patients
who died of PE had a significant higher RV/LV diameter ratio
[11, 31, 32], which is an accurate CT sign for the presence of
RHS. Chae et al. [23] and Zhang et al. [24] reported good
correlation between RV/LV diameter ratio with a novel self-
defined dual energy perfusion score or the number of
pulmonary segments with perfusion defects, respectively.

Our results acknowledge their findings, as RHS in our cohort
went along with a significantly greater PD size. In
contradiction to Kjaergard et al. [33], who reported a
correlation between right heart strain and a minimum of
25% loss of lung perfusion on perfusion scintigraphy, we
assessed RHS at an average loss of 215.4 ml VolPD and
9.9% RelPD, thus indicating that even relatively small
reductions of pulmonary blood volume may lead to RHS
and put the patient at risk.

Chae et al. suggested DECT perfusion maps to be a
possible surrogate marker for RHS. Together with the
results of our study we can confirm that PD size can be
seen as marker for RHS and it might even be an additional
instrument for prognostic evaluation in PE itself. When we
look at the incidence of readmission and death due to PE,
we found these major hard endpoints only in patients with a
relative PD size of >5% of the total lung volume, whereas
no such event was recorded for patients with <5% RelPD.
Only one of these patients who died showed signs of RHS,
and we did not observe a significant difference in overall
survival time between patients with and without RHS.
Median survival time, however, was significantly lower for
patients with >5% RelPD at an increased relative hazard
ratio for death compared to patients with less than 5%
RelPD or the control group without PE. Further, after Cox
regression analysis RelPD was the most important predictor
of survival time followed by RHS. These findings may
underline the importance of the integrity of pulmonary
microvasculature on patient outcome, factors that have been
described as outcome predictors years ago for ventilation/
perfusion scintigraphy [12–14]. However, meanwhile they
have been largely forgotten, as morphologic imaging with
MDCT has taken over the leading role in the diagnosis of PE
from functional imaging with scintigraphy. By displaying the
morphologic proof of PE and RHS combined with functional
information on pulmonary blood volume status, DECT may
be able to close the gap between these two philosophies and
provide the best of both modalities.

We acknowledge the following study limitations, which
may limit the generalization of our results: First, because of
the smaller B detector and therefore limitation of the dual
energy FOV to 26 cm, the very peripheral areas of some
patients’ lungs were not fully covered. Therefore, absolute and
relative PD measurements may not reflect the whole extent of
PD. Second, we did not compare our results to scintigraphy
which is currently referred as the gold standard method for
lung perfusion analysis. Third, and most important, the data
collection was retrospective in nature. The patient population
was small, very heterogeneous in terms of underlying risk
factors and diseases, and there was the very small number of
only one case of readmission and two cases of death due to
PE. As for totally nine patients no long-term follow-up data
after discharge from our hospital could be completed, patients

Fig. 2 Survival analysis. (a) displays a Kaplan-Meier curve comparing
survival data from patients with pulmonary embolism (PE) and >5%
RelPD size (1), <5% RelPD size (2) and patients from the control group
without PE (3). Median survival was significantly (p=0.0006) longer in
group 2 (>4 months) and 3 (>3 months) compared to group 1
(4.6 months), but without such a difference between group 2 and 3 (p=
0.77). (b) compares survival data of patients without (2) and patients with
(1) PE. Survival in group 2 (>3 months) was significantly (p=0.037)
longer than in group 1 (>7 months)
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with recurrent PE or PE-related death may have been missed.
Especially the very small number of PE-related deaths with a
relatively large number of deaths due to other reasons may cut
down the clinical significance of our observations.

Acknowledging the above mentioned limitations, our
initial data suggest that pulmonary blood volume as assessed
on DECT may be considered as a negative outcome predictor
in acute PE. Prospective trials are mandatory to further
elucidate the role of that finding and to show, if it has even
incremental value over right heart strain.
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