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Should the automatic exposure control system of CT be disabled
when scanning patients with endoaortic stents or mechanical
heart valves? A phantom study
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Abstract
Objectives To estimate the impact of endoaortic stents/
mechanical heart valves on the output of an automatic expo-
sure control (AEC) system and CT radiation dose.
Methods In this phantom study, seven stents and two valves
were scanned with varying tube voltage (80/100/120 kVp),
AEC activation (enabled/disabled) and prosthesis (present/ab-
sent), for a total of 540 scans. For each prosthesis, the dose-
length product (DLP) was compared between scans with the
AEC enabled and disabled. Percentage confidence levels for
differences due to the prosthesis were calculated.
Results Differences between results with the AEC enabled
and disabled were not statistically significant (p ≥ 0.059). In
the comparison with and without the prosthesis, DLP was
unchanged at 80 kVp and 100 kVp, while a slight increase
was observed at 120 kVp. The radiation dose varied from
1.8 mGy to 2.4 mGy without the prosthesis and from
1.8 mGy to 2.5 mGy with the prosthesis (confidence level
37–100%).

Conclusions The effect of the prosthesis on the AEC system
was negligible and not clinically relevant. Therefore, disabling
the AEC system when scanning these patients is not likely to
provide a benefit.
Key points
• CT-AEC system is not impaired in patients with endoaortic
prostheses/heart valves.

• Negligible differences may be observed only at 120 kVp.
• Disabling the AEC system in these patients is not
recommended.
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Introduction

Variousmethods have been used tominimize radiation dose to
patients, in keeping with the ALARA principle (As Low As
Reasonably Achievable) [1–3], including optimization tech-
niques used in computed tomography (CT), such as the auto-
matic exposure control (AEC) system. These systems are typ-
ically based on automatic adaptation of the x-ray tube current
according to the electron density of the scanned region, as
represented in localizer radiographs [4, 5]. In practice, tube
current varies to accommodate differences in x-ray attenuation
due to patient anatomy, shape, and size.

A substantial increase in tube load could thus be expected due
to the presence of a metal prosthesis in a patient’s body. Indeed,
Rizzo et al. [6] demonstrated a 34% increase in the mean tube
load for abdominal-pelvic CT in patients with an orthopedic
prosthesis. Therefore, as a preventive measure to reduce the risk
of radiation exposure, radiologists and technicians have reasons
to turn off the AEC system when scanning these patients.
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Endoaortic stent grafts such those used for endovascular
aortic aneurism repair (EVAR) are characterized by a certain
metal component that may cause the AEC system to increase
the tube load. This metal component also varies among stent
types (thoracic, abdominal, iliac, etc.) and manufacturers.
Although the metal content of endoaortic stents is lower than
that of orthopedic prostheses, we hypothesized that the pres-
ence of these stents would be associated with a non-negligible
increase in radiation dose.

Radioprotection is a peculiar dimension of evidence-based
radiology [7], and is even more relevant for patients treated
with EVAR. In fact, these patients typically undergo CT not
only before treatment (to optimize the selection of the proper
stent size and characteristics), but also many follow-up CT
scans, with a tight time schedule [6]. Considering the lifelong
surveillance required, patients treated with EVARmay absorb
a substantial cumulative radiation dose.

Mechanical heart valves implanted in patients with valve
disease are another type of prosthesis, with an overall metal
content comparable to that of endoaortic stents. Thus, the
above-mentioned radioprotection issues apply to them as well.

The aim of this phantom study was to estimate the impact
of endoaortic stents or heart valves on the output of an AEC
system and radiation dose using a multislice CT scanner.

Methods

Preparation of the phantoms

Ethics committee approval was not needed for this phantom
study. We used two different phantoms in combination with
nine different prostheses, which included endoaortic stent
grafts (n = 7) and mechanical heart valves (n = 2), whose char-
acteristics are detailed below.

The first phantom consisted of a 20-cm-long plastic con-
tainer filled with water, with the prosthesis completely im-
mersed (Fig. 1a). The second phantom was set up using a
plastic cylinder with an internal cavity into which one
endoaortic stent graft for iliac bifurcation was placed
(Fig. 2a). This phantom measured 30 cm in length, and it
was used only for radiation dose measurements, performed
using thermoluminescent dosimeters (TLDs), as further ex-
plained below.

Prosthesis characteristics

The seven endoaortic stents were Zenith Flex endovascular
grafts (Cook Medical, Bloomington, IN, USA), and each dif-
fered in terms of length, diameter, and metal composition. The
graft modules were constructed of full-thickness woven poly-
ester fabric sewn to self-expanding stainless steel stents (spe-
cific technical details are under copyright). These stents were

intended for use in thoracic and abdominal EVAR procedures.
They are all illustrated in Fig. 3.

Two mechanical heart valves were also used for compari-
son (Fig. 3): the Bicarbon Overline aortic 24 LOV and the

Fig. 1 Example of an endoaortic stent graft placed in the water phantom
(a) with the corresponding CT topogram (b)

Fig. 2 Cylindrical phantom with the stent positioned in the internal
cavity (a) and experimental setup for radiation dose measurements (b):
cylindrical phantom and 10 thermoluminescent dosimeters positioned
close to the sections with higher metal content. Each dosimeter position
is labeled with numbers from 1 to 10. The dashed line represents the
profile of the prosthesis
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Carbomedics Reduced aortic R5-025 (Sorin, Saluggia, Italy).
These valves consist of two semicircular leaflets made of py-
rolytic carbon that can rotate about struts attached to the valve
housing (titanium alloy Ti6A14V). This design is mounted
within a suture ring made of polyester.

Computed tomography measurements

Measurements were performed using a CT scanner
(SOMATOM Sensation 64, Siemens Medical Solutions,
Erlangen, Germany) equipped with a CARE Dose 4D AEC
system.

The scan configurations performed for each of the nine
prostheses are presented in Table 1, including all possible
combinations obtainable by varying the tube voltage (80
kVp, 100 kVp, or 120 kVp), activation of CARE Dose 4D
(enabled or disabled), and the presence of the prosthesis (pres-
ent or absent), for a total of 12 (configurations) × 9 (prosthe-
ses) × 5 (scans per configuration) = 540 scans. To compare
measurements obtained with CARE Dose 4D enabled and
disabled, the mean tube load (automatically calculated by
the scanner when using CARE Dose 4D) was entered as a
fixed value when CARE Dose 4D was disabled.

To simulate clinical practice, prostheses intended for tho-
racic procedures (nos. 1, 8, and 9 in Fig. 3) were studied using
the imaging protocol typically employed for this segment, and
a similar process was conducted for prostheses intended for
abdominal procedures (nos. 2 through 7 in Fig. 3).

CT scan parameters were as follows: collimation 64 ×
0.6 mm, slice thickness 5 mm, slice increment 5 mm, for a
pitch of 1.0; the scan length was adapted to the phantom. To
increase precision, five scans were performed for each config-
uration in Table 1, and the mean was calculated.

Radiation dose measurements

Radiation dose local measurements were carried out using
TLDs. Upon heating, the TLD re-emits the energy previously
absorbed from ionizing radiation in the form of light. The
TLDs were chips of 3.2 × 3.2 × 0.9 mm3 made of LiF:Mg,Ti
(TLD-100). They were supplied and read by an accredited
calibration laboratory (Nuclear Engineering Department,
Politecnico di Milano, Milan, Italy).

Table 1 Scan protocol adopted for each of the nine studied prostheses

Scan Peak voltage (kVp) CARE Dose 4D Prosthesis

1 80 Enabled Absent

2 80 Disabled Absent

3 100 Enabled Absent

4 100 Disabled Absent

5 120 Enabled Absent

6 120 Disabled Absent

7 80 Enabled Present

8 80 Disabled Present

9 100 Enabled Present

10 100 Disabled Present

11 120 Enabled Present

12 120 Disabled Present

Note: To increase precision, five scans were performed for each
configuration

Fig. 3 The seven stents used in this study were Zenith Flex endovascular
grafts (Cook Medical, Bloomington, IN, USA), constructed of full-
thickness woven polyester fabric sewn to self-expanding stainless steel

stents. The two mechanical cardiac valves were Bicarbon Overline aortic
24 LOVand Carbomedics Reduced aortic R5-025 (Sorin, Saluggia, Italy)
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Measurements were carried out using only one stent graft
(no. 7 in Fig. 3). Twenty TLDs were positioned around the
cylindrical phantom, with two TLDs for each of the ten posi-
tions depicted in Fig. 2b. These positions were close to the
stent components with higher metal content.

Five scans were acquired first without the stent, and subse-
quent scans were obtained with the stent placed in the phan-
tom. The x-ray tube voltage was 120 kVp and CAREDose 4D
was active.

Data analysis

Data from the five scans for each configuration were
averaged.

With the CARE Dose 4D enabled, the x-ray tube load of
each single slice was recorded for only one stent at different

voltages, in order to obtain a profile along the phantom length
and to correlate it with the various stent components.

The impact of a prosthesis on the output of CAREDose 4D
was determined by comparing the dose-length product (DLP)
obtained with CARE Dose 4D enabled and disabled
(Wilcoxon signed-rank test for paired data). To evaluate the
impact of the prosthesis on radiation dose with the CARE
Dose 4D enabled, DLP and TLDmeasurements obtained with
and without the prosthesis were compared. The difference was
tested using the confidence level, which represents the proba-
bility that the observed difference was by chance.

Results

Table 2 shows the influence of the presence of a prosthesis on
the output of the CARE Dose 4D. As expected, the DLP
increased with increasing tube voltage, from 19 mGy*cm to
73mGy*cm for the abdominal protocol and from 12mGy*cm
to 48 mGy*cm for the thoracic protocol at 80 kVp and 120
kVp, respectively. However, the difference in the DLP obtain-
ed with CARE Dose 4D enabled vs. disabled was not statisti-
cally significant (p ≥ 0.059).

Table 3 presents the DLP obtained with CARE Dose 4D
enabled for scans with and without the prosthesis and for each
of the three different tube voltages. As the table shows, in all
but one case, there was no change in DLP between scans
without the prosthesis (BNo^ in Table 3) and those with the
prosthesis at 80 kVp or 100 kVp. A slight DLP increase due to
the presence of the prosthesis was observed only at 120 kVp,
with increases in percentage ranging from 0.0 to 2.1% com-
pared to scans without the prosthesis.

Examples of the tube load profile are shown in Figs. 4 and
5. Notably, the absolute difference in terms of mAs was within

Table 2 Comparison of dose-length product obtained in the presence
of a prosthesis with the automatic exposure control system (CARE Dose
4D) enabled or disabled

Tube voltage CARE Dose
4D disabled

CARE Dose
4D enabled

P value

Abdominal protocol

80 kVp 19.0 19.0 1.000

100 kVp 42.0 42.0 1.000

120 kVp 73.0 73.0 0.141

Thoracic protocol

80 kVp 13.0 12.0 0.059

100 kVp 27.0 27.0 1.000

120 kVp 48.0 48.0 0.317

Data represent the median dose-length product (measured in mGy*cm) as
calculated in prostheses nos. 2 through 7 in Fig. 3 (abdominal) or pros-
theses nos. 1, 8, and 9 in Figs. 3 and 4 (thoracic)

Table 3 Dose-length product
obtained with CARE Dose 4D
enabled, with and without
prosthesis

Abdominal protocol Thoracic protocol

No. 2 3 4 5 6 7 No. 1 8 9

80 kVp 19.0 19.0 19.0 19.0 19.0 19.0 19.0 80 kVp 12.0 12.0 12.0 12.3

100 kVp 42.0 42.0 42.0 42.0 42.0 42.0 42.0 100 kVp 27.0 27.0 27.0 27.0

120 kVp 72.0 73.3 73.0 73.0 72.0 72.3 73.0 120 kVp 47.0 48.0 48.0 48.0

Changea

at 120
kVp
(%)

- 1.8 1.4 1.4 0.0 0.4 1.4 Changea

at 120
kVp
(%)

- 2.1 2.1 2.1

Values are dose-length products measured in mGy*cm

Prostheses nos. 1 through 7 are vascular stents (Fig. 3), while prostheses 8 and 9 are cardiac valves (see text for
details). Prostheses nos. 2 through 7 were studied using a typical abdominal protocol, while prostheses nos. 1, 8,
and 9 were studied using a typical thoracic protocol
a Percentage variation in the last row was calculated (only at 120 kVp) with respect to the value obtained without
the prosthesis
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1 mAs for the stent shown in Fig. 4 and within 2.5 mAs for the
heart valve shown in Fig. 5.

Table 4 shows the results of radiation dose measurements
obtained using TLDs with and without a prosthesis in ten
different positions of the phantom. The confidence level is
shown as a measurement of the likelihood that the two values
are statistically equivalent. The radiation dose ranged from
1.8 mGy to 2.4 mGy without the prosthesis, and from
1.8 mGy to 2.5 mGy with the prosthesis. Confidence levels
ranged from 37% to 100%.

Discussion

The CARE Dose 4D system evaluated in this study employs
the automatic tube current modulation technique along the z-

axis using data from localizer radiographs to estimate the den-
sity, size, and shape of the anatomic region that will be
scanned. We hypothesized that the presence of a prosthesis
would have a non-negligible impact on the output of the
CARE Dose 4D. In fact, previous research has shown that
high metal content, such as that in orthopedic prostheses,
causes a substantial increase in tube load, with a consequent
increase in the radiation dose to the patient [6].

Although endoaortic stents and heart valves such as those
used in this phantom study have much lower metal content
than orthopedic prostheses, we posited that they were still
capable of producing an increase in radiation. This hypothesis
was assessed by comparing the DLP distributions obtained
with CARE Dose 4D enabled vs. disabled by scanning a
phantom containing one of the prostheses analysed in the
study. As shown in Table 2, the difference between the two
data sets was not statistically significant, with the DLP obtain-
edwith CAREDose 4D enabled equal to that obtainedwhen it
was disabled, the only exception being a negligible difference
for the thoracic protocol at 80 kVp, where a borderline p value
was observed. Thus, our prostheses had such low metal con-
tent that they did not affect the output of the CARE Dose 4D.
These data suggest that enabling CARE Dose 4D can be rec-
ommended for patients with these prostheses implanted. This
conclusion differs from that reached by Rizzo et al., who stud-
ied patients with orthopedic implants with much higher metal
content. Moreover, the Rizzo et al. study was performed with
another equipment. CARE Dose 4D algorithmically mini-
mizes the impact of orthopedic metallic implants. We there-
fore expect that also the influence of larger orthopedic im-
plants on CARE Dose4D is much less pronounced.

Once we had demonstrated a non-detrimental impact of our
prostheses on the output of CARE Dose 4D, we estimated the
impact of the prosthesis itself on the DLP. Scanning in the

Fig. 5 Graphical representation of tube load modulation with respect to
the slice location at 120 kVp for mechanical heart valves. The black line
refers to the scan without the prosthesis, the gray lines to the scan with the
two mechanical heart valves

Fig. 4 Graphical representation of tube load modulation with respect to
the slice location at 120 kVp. The black line refers to the reference scan
without the prosthesis, and the gray line to the scan with endoaortic stent
graft number 7 in Fig. 3

Table 4 Radiation dose measured using thermoluminescent dosimeters
in ten different positions over the phantom

Position Without
prosthesis (mGy)

With
prosthesis (mGy)

Confidence level

1 2.4 ± 0.3 2.5 ± 0.3 76%

2 2.3 ± 0.2 2.2 ± 0.2 76%

3 1.8 ± 0.2 1.8 ± 0.2 100%

4 1.9 ± 0.2 2.1 ± 0.2 48%

5 2.4 ± 0.3 2.4 ± 0.3 100%

6 2.1 ± 0.2 2.2 ± 0.2 76%

7 1.9 ± 0.2 1.8 ± 0.2 69%

8 2.1 ± 0.2 2.0 ± 0.2 76%

9 2.1 ± 0.2 2.0 ± 0.2 76%

10 2.3 ± 0.2 2.0 ± 0.2 37%

Data represent radiation dose measured in mGy without and with stent
graft no. 7 in Fig. 3. The position of TLD is labeled with numbers from 1
through 10 in Fig. 2b
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presence of prostheses resulted in negligible to no differences
in DLP compared to that measured without prostheses. As
shown in Table 3, the increase (calculated only at 120 kVp)
was within 1.8% for the abdominal protocol (including
endoaortic stents) and within 2.1% for the thoracic protocol
(including the two heart valves). Notably, the latter results
were obtained with CARE Dose 4D enabled.

Although we did not have an estimate of the prosthesis
metal content, the minimum DLP increase was registered for
the smallest stent graft (no. 6), while the highest increase was
associated with the longest stent graft (no. 1) and with the two
mechanical heart valves (nos. 8 and 9), which allowed us to
speculate on a proportional relationship between these two
variables.

A negligible increase in radiation dose due to the prosthesis
is in line with the results obtained from the analysis of the tube
load profile. In fact, inspection of these profiles revealed a
substantial overlap, with absolute differences within 1 mAs
for the stent shown in Fig. 4 and within 2.5 mAs for the heart
valve shown in Fig. 5. The slice location is matched to the
shape of the prosthesis in order to determine the connection
between the tube load and the metal content of the prosthesis.

A limitation of this study was that only one prosthesis
manufacturer was considered and only one CT unit.
However, we expect little variation among prostheses of the
same type from different manufacturers.

In conclusion, the presence of an aortic stent or heart valve
had a negligible effect on the output of the AEC system of the
SOMATOM Sensation 64 CT scanner, with subtle differences
that were not clinically relevant. Thus, our in vitro data sug-
gest that disabling the AEC when scanning these patients

provides no benefit. Increases in radiation dose due to such
prostheses are within 2%, and are observable only at 120 kVp.
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