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To determine the lower limit of dose reduction with hybrid
and fully iterative reconstruction algorithms in detection of
endoleaks and in-stent thrombus of thoracic aorta with com-
puted tomographic (CT) angiography by applying protocols
with different tube energies and automated tube current
modulation.

The calcification insert of an anthropomorphic cardiac phan-
tom was replaced with an aortic aneurysm model containing
a stent, simulated endoleaks, and an intraluminal thrombus.
CT was performed at tube energies of 120, 100, and 80 kVp
with incrementally increasing noise indexes (NIs) of 16, 25,
34, 43, 52, 61, and 70 and a 2.5-mm section thickness. NI
directly controls radiation exposure; a higher NI allows for
greater image noise and decreases radiation. Images were
reconstructed with filtered back projection (FBP) and hybrid
and fully iterative algorithms. Five radiologists independently
analyzed lesion conspicuity to assess sensitivity and speci-
ficity. Mean attenuation (in Hounsfield units) and standard
deviation were measured in the aorta to calculate signal-to-
noise ratio (SNR). Attenuation and SNR of different proto-
cols and algorithms were analyzed with analysis of variance
or Welch test depending on data distribution.

Both sensitivity and specificity were 100% for simulated le-
sions on images with 2.5-mm section thickness and an NI
of 25 (3.45 mGy), 34 (1.83 mGy), or 43 (1.16 mGy) at 120
kVp; an NI of 34 (1.98 mGy), 43 (1.23 mGy), or 61 (0.61
mGy) at 100 kVp; and an NI of 43 (1.46 mGy) or 70 (0.54
mGy) at 80 kVp. SNR values showed similar results. With
the fully iterative algorithm, mean attenuation of the aorta
decreased significantly in reduced-dose protocols in compar-
ison with control protocols at 100 kVp (311 HU at 16 NI vs
290 HU at 70 NI, P = .0011) and 80 kVp (400 HU at 16 NI
vs 369 HU at 70 NI, P = .0007).

Endoleaks and in-stent thrombus of thoracic aorta were de-
tectable to 1.46 mGy (80 kVp) with FBP, 1.23 mGy (100
kVp) with the hybrid algorithm, and 0.54 mGy (80 kVp) with
the fully iterative algorithm.

©RSNA, 2014

Online supplemental material is available for this article.
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ndovascular aortic aneurysm re-

pair (EVAR) is an accepted al-

ternative to open surgical repair
in the treatment of thoracic aortic
aneurysms (1-3). There are, how-
ever, important complications—such
as endoleak formation, aneurysm ex-
pansion, or stent failure—that require
life-long imaging surveillance. Contrast
material-enhanced computed tomo-
graphic (CT) angiography is a rapid
and easily available imaging method
that depicts aortic aneurysms not only
in the preoperative planning phase but
also after EVAR. CT angiography can
be used to detect endoleaks with a high
degree of sensitivity. Furthermore, the

Advances in Knowledge

B Endoleaks and in-stent thrombus
of the thoracic aorta were de-
tectable in our phantom with
filtered back projection (FBP) at
a higher noise level (signal-to-
noise ratio [SNR], 5.5) than rec-
ommended by the manufacturer
(SNR, 9.5) at 120 kVp.

® At 80 kVp in our phantom,
medium endoleaks (>100 mm?)
were identified even at a highly
increased image noise level at
95% less radiation exposure
(CT dose index, 8.49 mGy at
120 kVp vs 0.54 mGy at 80
kVp) with FBP and the hybrid
algorithm; however, smaller
endoleaks (=100 mm?) were not
seen.

B In our phantom, radiation dose
was reduced by 66%, 69%, and
63% at 120, 100, and 80 kVp,
respectively, with the fully itera-
tive algorithm in comparison
with FBP, without loss of accu-
racy in endoleak and thrombus
detection.

B In the images reconstructed with
the fully iterative algorithm,
mean attenuation of the aorta
significantly decreased in the
reduced-dose protocols at 100
kVp and 80 kVp by up to
21 HU and 31 HU, respectively
(P = .001).

volumetric data sets of isotropic vox-
els offer thin-section multiplanar re-
formatted images and enable accurate
and reproducible volume and diameter
measurement of the aneurysm sac (4-
7). However, because patients require
multiple follow-up studies after EVAR,
the high cumulative dose of ionizing
radiation is of concern (8). Software
developments, including advanced im-
age reconstruction algorithms, permit
a substantial decrease in CT radiation
dose when compared with examina-
tions performed a decade ago (8). Par-
tially iterative hybrid algorithms have
been used since 2009 and have been
reported to significantly decrease pa-
tient radiation dose in comparison with
filtered back projection (FBP), which
had been known as a well-established
standard reconstruction algorithm (9-
13). Model-based iterative reconstruc-
tion (MBIR), a fully iterative algorithm
that models noise statistics and the pa-
rameters of the machine itself, shows
considerable dose reduction potential
in CT imaging of the chest, abdomen,
and coronary arteries (9,14-19). The
use of reduced tube energy for CT an-
giography is an attractive method with
which to improve vessel attenuation
and reduce patient exposure to radia-
tion; however, the associated increase
in image noise represents a potential
problem, impairing the detection of
small objects like endoleaks (20,21).
Iterative algorithms could potentially
compensate for the increased
age noise, allowing for endoleak and

Implications for Patient Care

B [n comparison to FBP, the fully
iterative reconstruction algorithm
appears to be a reliable method
with which to detect endoleaks
and in-stent thrombus at sub-
stantially reduced radiation expo-
sure, especially with the aid of
low-kilovoltage CT angiographic
protocols.

im-

B Prolonged reconstruction time of
the fully iterative algorithm limits
its use to nonemergency cases in
everyday radiology practice.

in-stent thrombus detection without
loss of diagnostic confidence.

The purpose of this phantom study
was to assess the lower limit of dose
reduction with hybrid and fully iterative
reconstruction algorithms for detect-
ability of endoleak and in-stent throm-
bus of the thoracic aorta by applying CT
angiography protocols of different tube
energies and automated tube current
modulation.

Materials and Methods

Phantom Design

The original cylindrical calcification
insert (diameter, 100 mm) of an an-
thropomorphic  cardiac  phantom
(QRM-Cardio-Phantom; QRM, Moeh-
rendorf, Germany) 200 mm in ante-
rior-posterior diameter and 300 mm
in lateral diameter was replaced with
a cylindrical plastic case (diameter,
85 mm) containing a self-expanding
aortic stent graft (Vanguard; Boston
Scientific, Natick, Mass). The phan-
tom had an artificial spine insert and
a shell made of soft-tissue-equiva-
lent material mimicking the human
thorax with respect to attenuation
characteristics.
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ASIR = adaptive statistical iterative reconstruction
EVAR = endovascular aortic aneurysms repair
FBP = filtered back projection

MBIR = model-based iterative reconstruction

NI = noise index

SNR = signal-to-noise ratio
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Figure 1

Figure 1:

Phantom design. Top: Anteroposterior scout view of the phantom. A, B, and C indicate the level

at which axial images were obtained and correspond to A, B, and Cin the companion image. Bottom: Sample
axial images. White arrows in, A, and, B, indicate endoleaks. C, Black arrow indicates the in-stent thrombus.
The lumen of the aorta (black *) and the aneurysm (white *) can be seen.

The flacon modeling the aortic an-
eurysm was placed directly next to
the artificial spine and filled with a gel
composed of ferrous (Il) glycine sulfate
complex, sucrose, and ultrasonograhy
(US) gel (Sonosid; Asid Bonz, Herren-
berg, Germany) to mimic thrombus
material.

A thin plastic sheath containing a
dilution of contrast material (Solutrast
300; Bracco Imaging, Konstanz, Ger-
many) and physiologic saline solution
inserted into the aortic stent repre-
sented the aortic lumen after EVAR.
A second thin and amorphous sheath
of a dilution of contrast material and
physiologic saline solution placed next
to the stent graft simulated the en-
doleaks. The mean (* standard de-
viation) attenuation of the endoleak
and graft lumen were adjusted to the
attenuation measured in 15 patients
with follow-up CT angiography after
EVAR; these were 144 HU =+ 2.7 and
246.5 HU = 2.5, respectively. The
three highest attenuation values mea-
sured in the thrombus of the aneurysm
were selected to determine thrombus

attenuation; the mean attenuation was
55.4 HU = 1.4.

In general, the sheath lay tight
against the stent graft; however, there
remained a thin space between the
graft and sheath in some places. The
gel mimicking the thrombus material
of the aneurysm also was located in
this space, and it formed a parietal in-
stent thrombus inside the stent graft.
The width of this pseudothrombus was
2-3 mm (Fig 1).

Before the phantom was built, the
filling materials mimicking the throm-
bus, aorta, and endoleaks were ti-
trated for attenuation level.

CT System Parameters

Imaging was performed with a 64-row
multidetector CT scanner (HD 7350
Discovery; GE Healthcare, Waukesha,
Wis). The tube current in modern CT
scanners is controlled by an automated
tube current modulation program to
reduce the overall patient dose and
maintain a predefined quantum noise
level in the image data. The system
also allows the operator to define the

range within which the tube current
can be modulated by selecting the
minimum and maximum amperage.
The upper limit can prevent an exces-
sive radiation dose at the cost of image
quality in obese patients. This means
that the tube current does not exceed
the threshold, even if the quantum
noise level in the image data is higher
than desired (22).

The multidetector CT scanner
controls image noise level via the
operator-selected noise index (NI),
which refers to the operator-selected
primary reconstruction section thick-
ness (0.625, 1.25, 2.5, 3.75, and
5 mm) and FBP algorithm. The NI
optimizes the tube current to adapt
radiation exposure to the patient’s
geometry along the z-axis and in the
x-y plane. This issue is discussed in
Appendix E1 (online) and in articles
by Kanal et al (23) and S6derberg and
Gunnarsson (24).

In general, image noise is inversely
proportional to the square root of the
section thickness. For example, an NI
of 70 with a section thickness of 0.625
mm corresponds to an NI of 35 with
a section thickness of 2.5 mm. Con-
sequently, operator-selected section
thickness has to be increased to re-
alize the NI-guided tube current mod-
ulation desired at higher image noise
levels (14,23,24).

In this study, a primary recon-
struction section thickness of 2.5
mm was chosen, and images with a
section thickness of 0.625 mm were
retrospectively reconstructed with (a)
FBP, (b) the hybrid adaptive statistical
iterative reconstruction (ASIR) algo-
rithm with a 50% blending factor and
section mode (ASiR; GE Healthcare),
and (c¢) the MBIR technique, which is
a fully iterative algorithm (Veo; GE
Healthcare). All the images were re-
constructed with a soft-tissue kernel
and reformatted with intervals of 1.25
mm and 2.5 mm for evaluation. Re-
construction time was recorded for
each algorithm.

The phantom was scanned with
tube energies of 80, 100, and 120
kVp. The lower and upper thresholds
of the tube current were 4 and 750
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mAs, respectively. Additional scanning
parameters were 2.5-mm primary
reconstruction section thickness, 64
X 0.625-mm detector collimation,
0.4-second rotation time, and 0.984:1
pitch. The NI of 16 at a section thick-
ness of 2.5 mm is equal to an NI of 32
at a section thickness of 0.625 mm,
which is consistent with the manufac-
turer recommendations for CT angi-
ography for images acquired at 120
kVp and reconstructed with FBP. At
each tube energy, data sets were ac-
quired with seven protocols by using
incrementally increasing Nls of 16, 23,
34, 43, 52, 61, and 70. The manufac-
turer’s specification recommends the
application of an NI of 16 in combi-
nation with a primary reconstruc-
tion section thickness of 2.5 mm for
CT angiography of the thorax. In our
study, the protocol in which an NI of
16 was used served as a common con-
trol regarding endoleak and thrombus
identification, as well as noise and
CT attenuation measurements. Axial
images with a 1.25-mm interval and
those with a 2.5-mm section thickness
were evaluated.

The dose values were recorded as
CT dose index, and the values of size-
specific dose estimate referring to the
effective diameter of the phantom
(24.49 cm) were calculated according
to the American Association of Phys-
icists in Medicine report number 204
(25). The corresponding conversion
factor was 1.53.

Assessment of Detectibility of
Simulated Endoleaks and In-Stent
Thrombus

The simulated endoleaks showed var-
iable configurations due to the ran-
dom form of the liquid-filled sheath
placed in the gel. The larger diameter
of the endoleaks varied from 5 to 26
mm, and the smaller diameter var-
ied from 3 to 20 mm, as measured
on the control FBP images. Endoleaks
were divided in two groups according
to axial dimension: small endoleaks
were those smaller than 50 mm?2, and
medium endoleaks were those larger
than 100 mm?. Altogether, 21 images
with small endoleaks of different

configurations and 135 images of me-
dium endoleaks were identified. The
thickness of the in-stent thrombus
varied from 2 to 3 mm.

At each tube energy (n = 3) for
each reduced-dose scan (n = 6) and
each reconstruction algorithm (n = 3),
four images were selected—one with
a small endoleak, one with a medium
endoleak, one with a thrombus, and
one without an endoleak or a throm-
bus—that correspond to 72 images for
a single reconstruction algorithm (ie,
3 X 6 X 4 = 72). Endoleaks of vari-
able configuration but similar size were
chosen to decrease the number of re-
peated images. Images without lesions
served as negative control images. The
images were independently present-
ed one at a time to five radiologists
(F.M., M.T., S.W., and two other ra-
diologists; 1-10 years of experience)
who were blinded to reconstruction
and scanning parameters.

The presentation of images start-
ed with the protocols with NIs of 52,
61, and 70 and finished with the pro-
tocols with NIs of 25, 34, and 43. The
images from two dose ranges from
0.41 mGy (NI = 70) to 1.02 mGy (NI
= 52) and from 1.16 mGy (NI = 43)
to 4.4 mGy (NI = 25) were presented
in random order. Radiologists had to
answer two questions with a response
of yes, no or maybe. The questions
were as follows: Is there any in-stent
thrombus in the image? Are there any
endoleaks in the image? In case of a
positive answer, the observers had
to communicate the location of the
lesions. The study conductor (Z.D.),
who was aware of the exact location
of the lesions, recorded the answers
and classified them as true-positive,
false-positive, true-negative, or false-
negative. Unsure answers (a response
of maybe) were automatically inter-
preted as false for the calculation of
both sensitivity and specificity. Sensi-
tivity was 5 of 5 if all five radiologists
accurately identified the lesion. Spec-
ificity was 5 of 5 if all five radiologists
properly excluded the lesion.

Readers evaluated single images
to decrease the effect of reading adja-
cent sections, which usually ease the

interpretation of image findings in a
clinical situation (26). Window cen-
ter and width were 200 and 600 HU,
respectively.

Measurements of Signal-To-Noise Ratio
of the Aorta

Circular 10-mm-diameter regions of
interest were drawn in the aorta on
the 0.625-mm images to avoid par-
tial volume averaging. Measurements
were performed at an advanced work-
station (Advantage Workstation; GE
Healthcare). Mean attenuation value
(in Hounsfield units) and standard
deviation were recorded, and signal-
to-noise ratio (SNR) was calculated.
The size and position of regions of
interest were kept constant in each
study; measurements were repeated
10 times for each exposure and recon-
struction combination by using differ-
ent section positions. Image noise was
defined as the standard deviation of
the CT numbers.

Statistical Analysis

The data of the attenuation values
and the SNR measurements
compared by using one-way analysis
of variance. Attenuation of the aorta
measured in low-dose protocols was
compared with the corresponding
attenuation measured in the control
protocol with the same reconstruc-
tion algorithm and tube energy. SNR
values measured on ASIR and MBIR
images obtained with the low-dose
protocols were compared with SNR
values on FBP images of the control
protocol within the same tube energy
level. First, the data were tested with
the Levene test for homogeneity of
distribution. In the case of inhomo-
geneous data distribution, analysis of
variance was replaced with the Welch
test.

The Tukey honestly significant dif-
ference test and the Games-Howell
test were used as post hoc tests in the
case of homogeneous or inhomoge-
neous data distribution, respectively
(27). The level of significance was set
at P < .05. With the aid of Bonferroni
correction, the confidence interval
was adjusted for the Games-Howell

were

Radiology: \olume 271: Number 2—May 2014 = radiology.rsna.org

577



Radiology

TECHNICAL DEVELOPMENTS: Endoleak and In-Stent Thrombus

Dedk et al

Table 1

Dose Values
Tube Energy and CT Dose Size-specific Dose Tube Current Time Product (mAs)
Noise Index Index (mGy) Estimate (mGy) Effective Value Range
120 kVp
16* 8.49 12.99 110 100-112
25 3.45 5.28 44 40-45
34 1.83 2.80 24 22-25
43 1.16 1.77 15 13-15
52 0.78 1.19 10 9-10
61 0.56 0.86 8 7-8
70 0.41 0.63 6 5-6
100 kVp
16* 9.11 13.94 186 166-189
25 3.68 5.63 75 69-77
34 1.98 3.03 40 38-42
43 1.23 1.88 24 23-26
52 0.84 1.29 17 16-18
61 0.61 0.93 12 11-13
70 0.46 0.70 8 8-9
80 kVp
16* 10.53 16.11 405 377-410
25 4.40 6.73 169 149-174
34 2.32 3.55 88 84-90
43 1.46 2.23 54 50-56
52 1.02 1.56 40 34-42
61 0.74 1.13 28 2629
70 0.54 0.83 20 18-21

* Control protocol.

and Welch test, and the significance
level was set at 0.0083 (0.05/6 =
0.0083).

For all three reconstruction al-
gorithms, the threshold of the SNR
values was determined by using binary
logistic regression analysis.

With respect to the five readers’
answers, the outcome was coded as
1 in case of true-positive (5/5) and
true-negative (5/5) answers and as 0
if the answers were inconsistent. Sep-
arately for both thrombus and small
endoleak detection, threshold values
maximizing sensitivity and specificity
were identified with receiver oper-
ating characteristic analysis and the
Youden index.

Statistical software (SPSS, version
19.0.0; IBM, Armonk, NY) was used
for all calculations.

Dose values of the protocols and the
corresponding tube current parameters
are shown in Table 1.

The mean image reconstruction
time was 135.5 seconds (range, 10.5-
24.6 seconds) for FBP, 16.8 seconds
(range, 12.6-25.4 seconds) for ASIR,
and 14.7 minutes (range, 10.8-28.5 mi-
nutes) for MBIR.

Detectability of Simulated Endoleak and
In-Stent Thrombus

The data on lesion conspicuity are de-
tailed in Tables 2 and 3. Increased sec-
tion thickness improved lesion conspicu-
ity, especially for simulated endoleaks.
With the aid of sensitivity and specificity
values for both endoleak and in-stent
thrombus detectability, sufficient noise

and corresponding dose levels were
identified for each algorithm at each
tube energy. Figure 2 shows a summary
of the sufficient dose levels for the 2.5-
mm images.

Endoleak conspicuity.—At 80 kVp,
medium endoleaks were detectable at
minimal radiation dose (0.54 mGy) with
all three algorithms on the 2.5-mm im-
ages (Fig 3). The use of higher tube en-
ergies required increased radiation dose
to depict medium endoleaks. However,
at 80 kVp, the small endoleaks were
poorly visualized on FBP and ASIR im-
ages. On the 2.5-mm images, small en-
doleaks were reliably identified by all five
readers on FBP, ASIR, and MBIR images
by using NIs of 25, 34, and 52, respec-
tively, at 120 kVp; NIs of 34, 43, and 70,
respectively, at 100 kVp; and Nls of 43,
43, and 70, respectively, at 80 kVp.

Detection of in-stent thrombus.—
With FBP or ASIR, the simulated in-stent
thrombus was detectable in most cases
at a lower dose level than that required
for endoleaks. At 120, 100, and 80 kVp,
thrombus detection was sufficient with
noise indexes of 34, 43, and 52, respec-
tively, for FBP and 34, 52, and 61, re-
spectively, for ASIR on 2.5-mm images.
However, on MBIR images, thrombus de-
tection required Nls of 43, 61, and 70 at
120, 100, and 80 kVp, respectively, that
corresponded to higher dose levels at 120
and 100 kVp than for endoleak detection.
For example, with NIs of 52 at 120 kV
and 70 at 100 kV, endoleaks were identi-
fied with high sensitivity (5/5) and spec-
ificity (5/5); however, some observers
interpreted the hypodense areas of the
blotchy image appearance as thrombus,
resulting in false-positive answers and
low specificity (3/5) even if real in-stent
thrombus was detected with high sensi-
tivity (5/35) (Fig 4).

Signal and Noise Measurements
The signal and noise measurements are
summarized in Table 4.
Attenuation.—The mean CT atten-
uation measured in the aorta showed
no significant difference for the re-
duced-dose protocols on FBP and ASIR
images obtained with different tube en-
ergies. The mean attenuation measured
in the aorta significantly decreased at
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Table 3

Thrombus Sensitivity and Specificity for Each Protocol

Sensitivity Specificity
Tube Energy 1.25 mm 2.5 mm 1.25 mm 2.5 mm
and NI FBP ASIR MBIR FBP ASIR MBIR FBP ASIR MBIR FBP ASIR MBIR

120 kVp
16 NA NA NA NA NA NA NA NA NA NA NA NA
25 5/5* 5/5* 5/5* 5/5* 5/5* 5/5* 5/5 5/5 5/5 5/5 5/5 5/5
34 5/5* 5/5* 5/5* 5/5* 5/5* 5/5* 5/5 5/5 5/5 5/5 5/5 5/5
43 3/5 4/5* 5/5* 4/5 5/5* 5/5* 2/5 2/5 5/5 2/5 5/5 5/5
52 2/5 1/5 5/5* 3/5 3/5 5/5* 2/5 2/5 3/5 2/5 3/5 3/5
61 2/5 1/5 4/5 2/5 2/5 4/5 2/5 2/5 3/5 2/5 2/5 3/5
70 2/5 1/5 3/5 2/5 2/5 3/5 1/5 1/5 2/5 1/5 1/5 3/5

100 kVp
16 NA NA NA NA NA NA NA NA NA NA NA NA
25 5/5* 5/5* 5/5* 5/5* 5/5* 5/5* 5/5 5/5 5/5 5/5 5/5 5/5
34 5/5* 5/5* 5/5* 5/5* 5/5* 5/5* 5/5 5/5 5/5 5/5 5/5 5/5
43 5/5* 5/5* 5/5* 5/5* 5/5* 5/5* 5/5 5/5 5/5 5/5 5/5 5/5
52 3/5 4/5 5/5* 4/5 5/5* 5/5* 4/5 5/5 5/5 4/5 5/5 5/5
61 3/5 3/5 5/5* 3/5 3/5 5/5* 3/5 3/5 5/5 3/5 3/5 5/5
70 1/5 1/5 5/5* 1/5 2/5 5/5* 3/5 3/5 3/5 3/5 3/5 3/5

80 kVp
16 NA NA NA NA NA NA NA NA NA NA NA NA
25 5/5* 5/5* 5/5* 5/5* 5/5* 5/5* 5/5 5/5 5/5 5/5 5/5 5/5
34 5/5* 5/5* 5/5* 5/5* 5/5* 5/5* 5/5 5/5 5/5 5/5 5/5 5/5
43 5/5* 5/5* 5/5* 5/5* 5/5* 5/5* 5/5 5/5 5/5 5/5 5/5 5/5
52 5/5* 5/5* 5/5* 5/5* 5/5* 5/5* 5/5 5/5 5/5 5/5 5/5 5/5
61 3/5 5/5* 5/5* 3/5 5/5* 5/5* 5/5 5/5 5/5 5/5 5/5 5/5
70 1/5 2/5 5/5* 2/5 2/5 5/5* 3/5 3/5 5/5 4/5 4/5 5/5

Note.—An NI of 16 was used as the control. NA = not applicable.
* Images of high sensitivity or specificity for thrombus detection.

4 Figure 2:  Graph shows summary of sug-
FBP gested dose levels to optimize performance. The
y-axis represents radiation dose (CT dose index,
3 in milligrays). The columns show the necessary
radiation dose to detect simulated endoleak and
Fep in-stent thrombus with high sensitivity (5/5) and
2 ASIR specificity (5/5) applying different tube energies
B FEP ASR and algorithms.
= MBIR ASIR
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lower dose levels both at 100 kVp and
at 80 kVp on MBIR images. The corre-
sponding P values are listed in Table 4.

SNR.—Image noise increased grad-
ually in the reduced-dose protocols,
leading to gradually decreasing SNR of
the aorta at each tube energy for all al-
gorithms. However, SNR for the MBIR
images in the reduced-dose protocols
did not decrease below SNR for the
control FBP images.

Accurate detection of endoleaks and
in-stent thrombus was possible in only
those images obtained with reduced-
dose protocols in which SNR values of
the aorta reached a certain threshold.
For FBP and ASIR images, the thresh-
old SNR values were 5.5 (sensitivity,
0.989; specificity, 0.992; area under the
receiver operating characteristic curve
[AUC], 0.999; P < .0001) and 6.6 (sen-
sitivity, 0.973; specificity, 0.950; AUC,
0.994; P < .0001), respectively, for en-
doleak detection and 5.1 (sensitivity,
0.953; specificity, 0.920; AUC, 0.989;
P < .0001) and 4.7 (sensitivity, 0947;
specificity, 0.950; AUC, 0.992; P <
.0001), respectively, for thrombus de-
tection. For MBIR images, these values
were 14.3 (sensitivity, 0.916; specificity,
0.900; AUC, 0.976; P < .0001) for en-
doleak detection and 16.1 (sensitivity,
0.959; specificity, 0.925; AUC, 0.986;
P < .0001) for thrombus detection.

In our study, we systematically ana-
lyzed the effect of reduced-dose CT an-
giographic protocols with varying tube
energies in conjunction with automated
tube current modulation and different
reconstruction algorithms on endoleak
and in-stent thrombus conspicuity for
the thoracic aorta. The advantages of
using low tube energy in CT angiogra-
phy have been thoroughly discussed in
the literature; iterative algorithms in
combination with reduced tube energy
are able to offer a further decrease
in CT-associated patient exposure to
radiation.

Early detection and anatomic local-
ization of small contrast media extrav-
asations and recognition of an increase
in the size of these extravasations are

Figure 4

MBIR

._'q’:-*. -
120 kV 100 kVp
NI =70 NI =70

h'd
n
I
O
)
Z
Ll

IN-STENT THROMBUS

Figure 4:  CT angiographic images show simulated endoleak and in-stent thrombus with the fully iterative
algorithm. On MBIR images acquired with an NI of 70 at 100 and 80 kVp, the readers reliably identified
small endoleaks; at 120 kVp, the readers deemed the presence of endoleaks questionable. With an NI of 70,
thrombus detection was sufficient only at 80 kVp; the answers of two of five readers were unsure at 120
kVp, and two of five answers were false-positive at 100 kVp.

Figure 3:  CT angiographic images show simulated endoleaks
at 80 kvp. Medium endoleaks were identifiable with both FBP
and ASIR by using an NI of 70 corresponding to a CT dose
index value of 0.54 mGy.
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important when differentiating be-
tween endoleaks that are dangerous or
progressive and those that are stable.
Because of the well-known limitations
of magnetic resonance angiography
and US, CT angiography remains the
preferred modality in the follow-up of
patients after EVAR. It has been shown
that type Il endoleaks with a diame-
ter larger than 15 mm are associated
with aneurysm expansion (28). In our
phantom, the smallest endoleak was
2 X 6 mm.

In our study, detectability of the
simulated vascular disease was ensured
with FBP at 120 kVp with an NI of 25
instead of 16 corresponding to a noise
level higher than that suggested by the
manufacturer. When the tube energy
was lowered to 100 or 80 kVp, the toler-
able noise level increased, and radiation
dose was reduced by 43% and 58%, re-
spectively. The hybrid algorithm allowed
for moderately higher SNR values in the
aorta and better detection of the simu-
lated lesions than did FBP. Its noise re-
duction effect seemed to be weaker at
80 kVp than at 100 or 120 kVp. The fully
iterative algorithm increased SNR and
improved lesion conspicuity more pow-
erfully than did the hybrid algorithm.
In comparison to FBP, it decreased ra-
diation dose by 66% at 120 kVp, 69%
at 100 kVp, and 63% at 80 kVp. The
extended reconstruction time still repre-
sents an important drawback of the fully
iterative algorithm.

In our phantom study, we observed
certain threshold values for SNR of the
aorta relating to endoleak or in-stent
thrombus conspicuity. In comparison
with the hybrid algorithm or FBP, the
threshold value for endoleak detection
was higher for the images obtained
with the fully iterative algorithm (14.3
for MBIR vs 5.5 for FBP and 6.6 for
ASIR). Furthermore, this algorithm
required a higher threshold to depict
in-stent thrombus with high specificity
than to identify endoleaks (16.1 for
MBIR vs 5.1 for FBP and 4.7 for ASIR).
These results indicate the limited reli-
ability of image noise in the evaluation
and comparison of the fully iterative al-
gorithm with other algorithms concern-
ing image quality analysis.

An important finding of our study is
the significant decrease in CT attenua-
tion measured in the aorta (up to 20 HU
at 100 kVp, up to 31 HU at 80 kVp) that
we detected on images obtained with
the fully iterative algorithm and use of
decreased dose and tube energies. This
shift might be associated with the al-
tered noise spectral density, which is
a special feature of the algorithm that
seems to affect CT attenuation if low
tube energy is used and intensified
quantum noise is present (16).

Our study had limitations. Because
this was a phantom study, we noted
only moderate variation in endoleak
and thrombus morphology in compar-
ison with the large variety of vascular
diseases in patients. We used only one
CT system; therefore, results might not
be applicable to systems from different
vendors. We used only one phantom
size that was not representative of all
patients. Finally, the evaluation was
based on the subjective impression of
the five radiologists and the reference
standard of a full-dose diagnostic CT
scan interpreted by one investigator.

In conclusion, the results of our ex-
perimental phantom suggest that use of
low tube energy in combination with a
fully iterative reconstruction algorithm
enables definitive, more pronounced
dose reduction with the three algo-
rithms. This technique seems suitable
for imaging surveillance of endoleak
and in-stent thrombus at considerably
reduced radiation exposure, without the
impairment of lesion conspicuity in the
thoracic aorta. Our phantom data of-
fer preliminary parameters with which
to introduce CT angiography protocols
applying a relatively low radiation ex-
posure with the aid of low-tube-voltage
and Nl-guided tube current modulation
using either filtered back projection or
partially or fully iterative algorithms in
clinical routine.
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