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Influence of a small field-of-view size
on the detection of coronary artery
calcifications with MSCT: in vitro
and in vivo study

Abstract The purpose of this study is
to asses the impact of small field-of-
view (FOV) sizes on the detection of
coronary artery calcifications using
multislice-spiral computed tomogra-
phy (MSCT). First, a static chest
phantom containing calcium inserts
was scanned 10 times using a stan-
dardized scan protocol. Secondly, 50
patients (28 male, 63.6±10.6 years)
underwent cardiac MSCT using the
same protocol. Images were recon-
structed with three different FOV sizes
(180×180, 220×220, 380×380 mm2).
Coronary calcium scoring and risk
stratification were performed for each
image series. In the phantom study, the
Agatston score calculated with a FOV
size of 180×180 mm2 was 657.80±
20.05. At a FOVof 220×220 mm2 and
380×380 mm2, the corresponding val-
ues were 657.04±21.36 and 655.04±

20.74, respectively. The corresponding
values in the patient study were 541.65±
869.87, 541.91±872.57 and 536.61±
867.81. No statistically significant
differences in the calcium score were
found comparing different FOV sizes.
Significantly more lesions (p=0.00149)
were detected in the patient study.
Comparing the different FOV sizes of
180×180 mm2 and 220×220 mm2

(380×380 mm2), four (six) patients had
to be assigned to different risk groups.
The use of small FOV sizes resulted in
an improved detection of coronary
calcifications influencing the risk
stratification for further cardiac events
in MSCT coronary calcium scoring.
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Introduction

Coronary calcifications are a constituent of arteriosclerosis.
Therefore, quantification of coronary calcifications has
become a widely accepted diagnostic tool for risk strati-
fication in suspected coronary artery disease. Moreover,
this technique is also used to monitor drug therapy [1, 2].
Electron beam computed tomography (EBCT) was estab-
lished as a gold standard for the evaluation of coronary
artery calcifications. In recent years, multislice-spiral com-
puted tomography (MSCT) has become widely accepted
for detection and quantification of coronary artery cal-
cifications [3–5]. However, coronary calcium scoring suf-
fers several limitations. One major drawback of this
technique, especially using EBCT, is the limited reproduc-

ibility of the coronary calcium score [6]. To improve
accuracy and reproducibility of coronary calcium scoring,
researchers have evaluated the influence of different
examination parameters and scoring algorithms regarding
the coronary calcium score. Points of image reconstruction,
tube current as well as slice thickness, reconstruction
interval and settings of the evaluation software were among
the examination parameters that were investigated [7–11].

It wasn’t until recently that the effect of spatial resolution
on the coronary calcium score was evaluated [12]. An in
vivo study showed an inverse relation between the cor-
onary calcium score and the field of view (FOV) and
indicated a higher sensitivity using a smaller FOV [13].
However, the possible range of FOV sizes, especially with
respect to small FOV sizes, was not investigated. There-
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fore, the aim of this study is to asses the impact of a small
FOV size on the detection of coronary artery calcifications
and the risk stratification in coronary calcium scoring.

Materials and methods

In vitro examination

For the in-vitro study, a non-moving CT-phantom (QRM,
Moehrendorf, Germany) was examined. The phantom con-
sists of an anthropomorphic chest phantom with lungs and
spine inserts surrounded by soft-tissue equivalent material
and a calibration insert [9]. The calibration insert at the po-
sition of the heart is a 100-mm-diameter cylinder containing
three series of calcified cylinders with equal diameters
and heights of 1, 3, and 5 mm. The calcium hydroxyapatite
(CaHA) of each series of cylinders equals 200, 400, and
800 mg/cm3, respectively. Moreover, the calibration insert
contains two homogeneous cylinders with water (0±3 HU)
and bone (CaHA density of 200 mg/cm3) equivalent
materials.

The phantom was positioned on the scanner table
(SOMATOM Sensation 16, Siemens, Forchheim, Germany)
and an ECG-signal with 60 beats per minute (bpm) was
simulated (Laerdal Cardiac Rhythm Simulator, Laerdal,
Stavanger, Norway). The phantom was scanned ten times
after manual repositioning prior to each scan. A standard-
ized examination protocol with 12×0.75 mm collimation,
2.8 mm table feed per rotation and a tube rotation time of
0.42 s was applied. Tube voltage was 120 kV with an
effective tube current-time product of 133 mAseff.

Images were reconstructed at 60% of the RR-interval
with an effective slice thickness of 3 mm and a recon-
struction increment of 2 mm using a 5122 matrix as de-
scribed elsewhere [8]. The FOV was varied, using three
different sizes. Two small FOV sizes adapted to the heart
size as they were found in the literature and a large FOV
size, covering the entire chest were used. This resulted in
image reconstruction at an FOVof 180×180 mm2, 220×220
mm2 and 380×380 mm2. The temporal resolution was fixed
at 210 ms.

In vivo examination

Fifty consecutive patients (28 males; 22 females; mean age
63.6±10.6 years; mean heart rate 71±11.1 (39–99) bpm),
who were referred for evaluation of coronary artery cal-
cifications due to the presence of cardiovascular risk factors
underwent retrospectively ECG-gated MSCT. Written in-
formed consent was obtained from all patients.

All examinations were performed during a single breath-
hold of 18.8±2.2-s duration with the same 16-slice CT
scanner (SOMATOM Sensation 16, Siemens) as the in
vitro examinations. A standardized examination protocol

identical to the in vitro study was applied. Scanning param-
eters were as follows: 120 kV tube voltage, 133 mAseff
effective tube current-time product, 12×0.75 mm collima-
tion, 2.8 mm table feed per rotation, 0.42 s tube rotation
time. Effective radiation dose according to ICRP 60 was
calculated (WinDose 2.1, Scanditronix Wellhöfer, Schwar-
zenbruck, Germany).

Image reconstruction was performed at 60% of the RR
interval with an effective slice thickness of 3 mm and a
reconstruction increment of 2 mm. Corresponding to the in
vitro examination, three axial image series with a heart-
size-adapted FOV of 180×180 mm2 and 220×220 mm2 as
well as a full-chest-size-adapted FOV of 380×380 mm2,
were reconstructed in every patient using a 5122 matrix.
Temporal resolution of the image reconstruction algorithm
was 105–210 ms, depending on the patient’s heart rate [14].

Image analysis

For quantification of coronary artery calcifications, image
data was transferred to an external workstation (Leonardo,
Siemens, Germany). For each image series, the number of
lesions, the coronary calcium score according to Agatston
[15], calcium mass [9] and calcium volume were calculated
applying a threshold of 130 Hounsfield Units (HU).

In the phantom study, the coronary calcium score,
calcium mass and calcium volume were calculated for each
of the three series of calcified cylinders. Results of the
repeated phantom measurements were averaged for further
analysis.

All patients underwent risk stratification according to
Rumberger et al. [16]. Based on the Agatston score for each
of the three image series, all patients were assigned to
different levels of risk stratification regarding risk of future
cardiac events. Depending on the Agatston score, cardio-
vascular risk was rated as follows: Agatston score 0=very
low risk, Agatston score 1–10=low risk, Agatston score
11–100=moderate risk, Agatston score 101–400=moder-
ately high risk, Agatston score>400=high risk. Patients
with an Agatston score between 0 and 1 were considered to
be at low risk.

To assess image noise, regions of interest (ROI; area: 2
cm2) were placed in the water isodense calibration insert (in
vitro) or the midsection of the left ventricle (in vivo).
Measurements were performed on four consecutive axial
slices. Mean and standard deviation (SD) were determined
for each ROI, with the SD of the attenuation measurements
ascribed to image noise. Results of the four measurements
were averaged.

Statistical analysis

Results are given as mean±SD. To find differences in the
above-mentioned parameters (Agatston Score, Calcium
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Mass, Calcium Score, number of lesions) between the three
image series, repeated measures ANOVAwas used for the
in vitro as well as the in vivo study. In case of statistically
significant differences between the three image series in the
global F-test of the repeated measures ANOVA, paired
post-hoc t tests were performed in order to evaluate dif-
ferences between each pair of image series. All statistical
tests were conducted on a pre-specified significance level
of 5%. Thus a p-value of p<0.05 was considered statis-
tically significant. As this is an explorative study, an alpha
adjustment was not performed. All statistical analyses were
performed using the SAS statistical analysis software
package, version 8.2 (SAS Institute, Cary, NC, USA).

Results

In vitro

At a FOV of 180×180 mm2, the mean Agatston score
measured in the phantom study was 657.80±20.05 (630.3–
688.9). At FOV sizes of 220×220 mm2 and 380×380 mm2,
the corresponding values were 657.04±21.36 (618.6–
681.2) and 655.04±20.74 (624.3–683.4), respectively.
With a FOV size of 180×180 mm2, the mean attenuation
value measured in the water isodense calibration insert was
3.5±0.9 HU. Detailed results are given in Table 1. Repeated
measures ANOVA did not reveal significant differences of
the coronary calcium score between the different image
series (Agatston score: p=0.77; calcium mass: p=0.70;
calcium volume: p=0.95).

In vivo

MSCT examinations were successfully completed in all
patients. The mean temporal resolution was 143±48 ms.
The calculated effective radiation dose according to ICRP
60 was 2.17±0.78 mSv for male patients and 3.14±0.93
mSv for female patients.

For one patient, no calcifications were detected in any of
the three image series. In 49 patients, calcifications were
present in at least one of the image series. Among these
patients, two subjects presented with a single calcified
lesion that was only seen in the image series reconstructed
with a FOVof 180×180 mm2 (Fig. 1). The Agatston score
of each of these lesions was below 2. Repeated measures
ANOVA did not reveal statistically significant differences
between the different FOV sizes (Fig. 2) for the Agatston
score (p=0.33, global F-test), the calcium mass (p=0.29,
global F-test) and the calcium volume (p=0.33, global F-test),
but did, however, for the number of lesions (p=0.0149, global
F-test). Post-hoc t tests using a FOV size of 180×180 mm2

when compared to 380×380 mm2 (p=0.0015) showed a
significant increase in the number of lesions, while the
difference was not statistically significant comparing FOV T
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sizes of 180×180 mm2 and 220×220 mm2 (p=0.1501) or
comparing FOV sizes of 220×220 mm2 and 380×380 mm2

(p=0.1848). Detailed results are summarized in Table 2.
In the comparison of FOV sizes of 180×180 mm2 and

220×220 mm2, four of the patients (8%) had to be assigned
to different risk groups according to the risk stratification

by Rumberger et al. [16]. In the comparison of FOV sizes
of 180×180 mm2 and 380×380 mm2, six patients (12%)
had to be assigned to different risk groups, while two
patients (4%) had to be transferred to a different risk group
when comparing FOV sizes of 220×220 mm2 and 380×380
mm2 (Table 3).

Fig. 1 Retrospectively ECG-
gated MSCT for coronary artery
calcium scoring. Image recon-
struction with small FOV sizes
shows an improved sensitivity
for the detection of small calci-
fications. A calcified lesion of
the right coronary artery (arrow)
detected at a FOV of 180×180
mm2 (a) does not reach the
threshold of 130 HU applying
FOV sizes of 220×220 mm2

(b) or 380×380 mm2 (c). Note
that there is only a minor
difference in the FOV size
between image (a) and image
(b), but a clinically relevant
difference of the coronary
calcium score

Fig. 2 The dot-and-line diagram shows a negligible effect of the
FOV size on the total coronary calcium burden as measured with the
Agatston score

Table 2 Coronary calcifications and image noise for the different
FOV sizes

FOV [mm2]

180×180 220×220 380×380

Lesions [n] 11.20±9.17
(1–32)

10.78±8.76
(0–32)

10.42±8.98
(0–33)

Volume score
[mm3]

363.3±612.27
(0–2442.50)

362.80±611.23
(0–2443.20)

360.94±609.75
(0–2446.10)

Calcium mass
[mg]

169.97±289.32
(0.06–1305.87)

169.10±287.87
(0–1274.47)

168.51±286.45
(0–1276.24)

Agatston score 541.65±869.87
(0.20–3585.70)

541.91±872.57
(0–3647.20)

536.61±867.81
(0–3608.40)

Mean attenua-
tion [HU]

46.2±6.5 46.0±7.1 46.0±6.9

Noise [HU] 19.9±2.4 19.3±2.2 19.6±1.8

Minimum and maximum values are given in brackets
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Discussion

Spatial resolution is known to influence the coronary
calcium score in cardiac CT [12]. This effect is explained
by the partial volume effect. A change in the FOV size and,
as a consequence in the voxel size, affects the degree of
partial volume averaging within voxels. As the detection of
coronary calcifications is based on a fixed threshold, partial
volume effect due to different voxel size will affect the
detected lesion size and therefore the coronary calcium
score. The Agatston score in particular can be expected to
be prone to this type of artefact since it depends on a step
function of a weighting factor [15]. In clinical routine, a
wide range of examination protocols with varying spatial
resolution are used for coronary calcium scoring. While
most studies use a slice thickness of 3 mm (z-axis res-
olution), the FOV size varies from 180×180 mm2 to
430×430 mm2 [8, 17–21], resulting in a broad bandwidth
of spatial resolution in the x/y-plane. Some studies even
used different FOV sizes in the same patient group [20, 22].
This problem was first investigated in a patient study by
Hong et al. [13], and showed a negligible effect of the FOV
size on the total calcium score. Risk stratification none-
theless was affected by FOV size. However, this study
group investigated the application of a limited range of
relatively large FOV sizes and failed to show an influence
of small heart-size-adapted FOV sizes on the risk stratifi-
cation as well as on the coronary calcium score.

From our experience, even differences between small
FOV sizes influence the detection of small calcifications
and therefore the patients risk stratification. Thus, regard-
ing the detection and quantification of coronary calcifica-
tions, we investigated the use of small FOV sizes in
comparison to full chest-size-adapted FOV. The small FOV
sizes were chosen to analyze the influence of minor
changes in the voxel size in the x/y-plane regarding the
detection of coronary artery calcifications. The single large
FOV size was selected to investigate the complete range of
FOV sizes on the calcium score while keeping the amount

of data in acceptable ranges. A phantom study was per-
formed prior to the patient study in order to limit param-
eters that potentially influence the coronary calcium score,
especially motion artefacts.

The results of the phantom study did not show a
statistically significant influence of the three investigated
FOV sizes on the coronary calcium score. However, al-
though a non-moving cardiac phantom was used, repeated
phantom measurements with the same FOV presented
variability in the coronary calcium score of approximately
9% (Table 1). The low-density insert (200 mg CaHA/cm3)
showed the highest variability in repeated measurements.
Variation of repeated measurements exceeded the expected
influence of the FOV size on the coronary calcium score. As
a consequence, the lack of statistical significance was to be
expected, leaving room for a potentially relevant influence
of the FOV size on the individual patients coronary calcium
score.

In the patient study, the coronary calcium score did not
show significant differences when applying the same three
different FOV sizes as in the phantom study. Risk strat-
ification however was affected by varying FOV sizes.
Estimated risk for further cardiac events changed in 8% of
patients when comparing a FOV of 180×180 mm2 and
220×220 mm2 and in 12% of patients when comparing a
FOV of 180×180 mm2 and 380×380 mm2. These differ-
ences only occurred in small lesions, however, small lesions
are known to be of particular prognostic significance [23].
In two patients, some coronary calcifications were only
detected by use of the smallest FOV size of 180×180 mm2

(Fig. 1). Moreover, images with the smallest FOV size
revealed significantly more calcified lesions than images
reconstructed with the largest FOV size. Thus, the use of
small FOV sizes results in an improved sensitivity for the
detection of coronary calcifications. While these lesions do
not substantially contribute to the total calcium burden, this
finding is of interest in regards to risk stratification. Besides
the total amount of calcium, the presence or absence of
calcified lesions is known to be important. Improved
sensitivity in the detection of coronary artery calcifications
will be of special interest in patients with small calcifica-
tions, as the absence of coronary artery calcifications is
considered a key indicator for the absence of obstructive
coronary artery disease [24]. As a consequence, a standard-
ized, small as possible heart-size-adapted FOV should be
used for coronary calcium scoring. From our experience, all
patients undergoing coronary calcium scoring for coronary
risk assessment can be examined with a FOV of 180×180
mm2. A larger FOV might only be needed in those patients
with an enlarged heart due to several cardiac disorders.
Moreover, the FOV has to be kept constant during follow-
up to achieve the best interscan comparability.

There are some limitations to this study. First, only a
limited number of patients were included in this study.
Second, only three different FOV sizes were analysed.

Table 3 Results of the risk stratification for future cardiac events
according to Rumberger et al. [16]

Risk level FOV (mm2)

180×180 220×220 380×380

Very low (n) 1 3 4
Low (n) 7 6 6
Moderate (n) 15 14 13
Moderately high (n) 9 9 9
High (n) 18 18 18

The FOV size affects risk stratification in patients with very low to
moderate risk of future cardiac events, whereas the FOV size does
not affect the risk level in patients considered as moderately high or
high risk (n=number of patients)
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Lastly, a rigid risk stratification system was used instead of
an age and sex adjusted score [25]. Moreover, it has to be
kept in mind that the risk stratification schema used in this
study was established for EBCT, because there is a known
difference between MSCT and EBCT for coronary calcium
scoring [4]. Therefore, the actual risk of further cardiac
events may differ from the estimated risk calculated from
MSCT data. Nevertheless, in all risk stratification systems,
the differentiation between coronary artery calcifications

being present or not is considered to be of major
importance.

In conclusion, the results of our study show a negligible
effect of the FOV size on the coronary calcium score,
whereas the number of lesions detected by CT differs.
From our results, the use of the smallest possible FOV size
can be recommended. A constant FOV size for each patient
is needed to ensure data comparability particularly for
follow-up examinations.
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