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Abstract
Background Many image-intensifier fluoroscopy systems
have been replaced by flat-panel detectors in recent years.
Objective To compare the level of contrast, image resolution
and radiation dose between an image-intensifier and a
newer-generation flat-panel detector system in a pediat-
ric radiology unit.
Materials and methods We compared two systems — a con-
ventional image intensifier and a newer-generation flat-panel
system. We measured image quality and radiation dose
using a technical phantom. Additionally, we retrospectively
compared age-matched fluoroscopic pediatric voiding
cystourethrography (n=15) and upper gastrointestinal investi-
gations (n=25).
Results In phantom studies image contrast was equal while
image resolution was higher and mean radiation dose lower
using the flat-panel system (P<0.0001). In pediatric investi-
gations, mean dose area product was significantly reduced on
the flat-panel system for upper gastrointestinal investigation
(45±38 μGy*m2 vs. 11±9 μGy*m2; P<0.0001) and for
voiding cystourethrography (18±20 μGy*m2 vs. 10±
12 μGy*m2; P=0.04).
Conclusion The newer flat-panel system performs at lower
dose levels with equal to better image quality and therefore
seems to be the more suitable technique for pediatric fluoros-
copy in comparison to image-intensifier systems.

Keywords Children . Digital fluoroscopy . Flat-panel
detector . Image intensifier . Pediatric fluoroscopy . Radiation
protection

Introduction

Flat-panel detector systems have increasingly replaced image-
intensifier systems in recent years in several areas such as
cardiac and angiographic procedures [1]. Some advantages
of flat-panel detectors are obvious, such as the absence of
geometric distortion and vignetting, the insensitivity to mag-
netic fields, the smaller size, the longer lifetime and the wider
dynamic range [2]. With regard to radiation dose, some au-
thors have demonstrated better image quality with lower doses
using flat-panel detectors. Although fluoroscopic devices per-
form at low-dose levels compared to CT, and although it has
been demonstrated that postnatal exposure to diagnostic radi-
ography does not increase the incidence of malignancies [3],
pediatric radiologists should try to perform diagnostic imaging
at the lowest achievable dose levels to reduce cumulative dose
[4]. Some children are exposed to many fluoroscopic investi-
gations, such as upper gastrointestinal or voiding
cystourethrography studies, for example, in the diagnosis
and care of reflux diseases [5–9].

Nevertheless, literature concerning dose-comparison of
image-intensifier with flat-panel systems is discordant. Some
studies conclude that flat-panel detectors are superior to
image-intensifier systems with regard to dose, and others con-
clude the superiority of image intensifiers. Hatakeyama et al.
[10] demonstrated dose reduction associated with a higher
image quality when using a flat-panel detector in a neuro-
angiographic phantom, whereas other authors found a dose
increase with equal image-quality in an angiographic phantom
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[11]. These studies were performed in adults at relatively high
exposure rates. Investigations in pediatric radiology are rare
because, first, table-side-controlled flat-panel detector
devices are relatively rare and, second, first-generation
flat-panel detector systems showed low performance in
low-dose fluoroscopy. Miraglia et al. [12] demonstrated
that in children with biliary interventions, a newer-
generation flat-panel detector system was superior to
an image-intensifier system in the question of dose
[12]. Recently, the same group confirmed its results in
a study in which authors compared both fluoroscopic
devices in the field of venous catheter placement [13].

The controversy in the literature and the lack of
pediatric-focused studies attest to the need for further
phantom-based studies that directly compare image
quality and dose between the two technologies at low
exposure levels. We therefore used a technical phantom
supplemented by an ion-chamber to compare two sys-
tems that are used for pediatric radiology in our depart-
ment, an image-intensifier and a newer-generation flat-
panel detector system. Additionally, we retrospectively
performed a matched-pair analysis of fluoroscopic inves-
tigations that have been performed at our institution to
test the hypothesis that the replacement of an older
image-intensifier system by a flat-panel detector system
leads to a dose reduction at equal to better image qual-
ity in pediatric fluoroscopy.

Materials and methods

Imaging systems and image parameters

We compared two radiographic and fluoroscopic imaging sys-
tems of our pediatric radiology department — one image in-
tensifier and one flat-panel detector. The image-intensifier sys-
tem was the EasyDiagnost Eleva (Philips Healthcare, Best,
The Netherlands). This system offers a maximum field of
view (FOV) of 36 cm with two magnification steps (FOV
23 cm and 17 cm). The flat-panel detector system was the
new Luminos Agile (Siemens Healthcare, Forchheim, Germa-
ny). This system has at maximum an FOVof 42 cmwith three
magnification modes of 30 cm, 22 cm and 15 cm. Both sys-
tems are under-couch systems.

Technical phantom — data acquisition

Dose measurements were based on the DIN 6868-4 guideline
http://www.gaa.baden-wuerttemberg.de/servlet/is/16510/5_
09.pdf. We used the technical phantom Primus DL (IBA
Dosimetry GmbH, Schwarzenbruck, Germany) (Fig. 1).
With this phantom image contrast can be measured by
evaluating the visible gray range and the number of low-

contrast objects (circles). Additionally, image resolution can
be measured by comparing the number of line pairs per mm
(lp/mm). Radiation dose was recorded by the dose area prod-
uct (DAP) on the one hand and an ion chamber integrated in
the center of the technical phantom on the other hand.

For both systems a typical pediatric pulse rate of 3 pulses
per second was chosen in fluoroscopic mode. Both systems
were used in the fluoroscopic and radiographic mode (digital
fluoro-radiography) with all magnification steps. For dose
evaluation in fluoroscopy, a radiation time of 20 s was chosen
for each magnification step on both systems. Measurements
with the full field of view were repeated five times to check
inter-measurement dose variances. In fluoroscopy mode, the
tube voltage range for the flat-panel system was 70–73 kVp
and for the image intensifier it was 61–72 kVp. In the radio-
graphic mode, tube voltage of the flat-panel system was
70 kVp and for the image intensifier it was 70–77 kVp
(Table 1). For both systems focus-table distance was 60 cm,
focus-ionizing chamber distance 62 cm and focus-phantom
distance 100 cm. The phantom-detector distance for the flat-
panel system was 4 cm, and it was 13 cm for the image-
intensifier system. For both systems an additional filtering of
1 mm aluminum (Al) plus 0.2 mm copper (Cu) was applied.
The anti-scatter grid was not used for either system.

Pediatric study, matched-pair analysis

Twenty-five consecutive upper gastrointestinal passage inves-
tigations were performed on the flat-panel detector system.
For each investigation, we selected the best age-matched pa-
tient who had been investigated on the image-intensifier sys-
tem in the last 2 years. We retrospectively compared investi-
gations by the dose area product and the investigation time.

Fig. 1 Technical phantom. With the technical phantom several features
can be measured, including contrast detection with a maximum of 17
steps (A), detection of low-contrast objects with a maximum of eight
circles (B) and spatial resolution as line pairs/mm (C)
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Correspondingly, 15 consecutive voiding cystourethrography
investigations were analyzed by a matched-pair analysis
concerning dose and investigation time. These parame-
ters were available in the dose data protocol of our
picture archiving system. Magnification mode, anti-
scatter grid and radiographic mode were not used in
pediatric fluoroscopic investigations. For image storage,
last-image-hold was applied. All investigations were
performed by a single radiologist (T.D.) with 30 years
of experience in pediatric radiology. Range of tube
voltage was similar between both systems, namely
80–95 kVp in upper gastrointestinal series and 75–85 kVp
in voiding cystourethrography examinations. Focal spot
size was 0.6 mm for the flat-panel system and 0.4 mm
for the image-intensifier system. For both systems an
additional filtering of 1 mm Al and 0.2 mm Cu was
applied.

The retrospective analysis of patient parameters was ap-
proved by the institutional research ethics committee.

Statistical analysis

Image resolution was evaluated by two readers in consensus
(K.W.N.: >20 years of experience in radiology, M.W.: 3 years
of experience in radiology). Values of both systems were com-
pared using visual and graphical analysis. A Shapiro–Wilk
normality test confirmed normal distribution of data and a
two-sampled t-test was used to compare absolute dose value.

A Wilcoxon matched pair test was used to compare abso-
lute dose values of the retrospectivematched-pair patient anal-
ysis when data were not normally distributed. The Fisher ex-
act test was applied to evaluate the gender distribution of both
groups.

Results

Technical phantom

Contrast resolution was similar for both systems, especially in
the fluoroscopic mode. With both systems in the maximum
field of view 16 gray-scale values could be detected, and in the
magnification modes all 17 gray-scale values were visible. In
the radiographic mode it became obvious that the image-
intensifier system overexposed the image at a high magnifica-
tion mode, which resulted in the limited differentiation of only
seven gray-scale values. The detection of low-contrast objects
was comparable between systems.

Spatial resolution was better for the flat-panel system than
for the image-intensifier system, especially in the radiographic
mode (Fig. 2). In detail, spatial resolution for the flat-panel
system was in the mean 1.5 lp/mm in the fluoroscopic mode
vs. 1.3 lp/mm for the image-intensifier system. In the radio-
graphic mode, the spatial resolution of the flat-panel system
was in the mean 1.9 lp/mm in comparison to 1.3 lp/mm for the
image-intensifier system.

The standard deviation of repeated entrance dose rate
(EDR) measurements in full field of view was less than
0.1%. EDR was reduced by the flat-panel system in fluoro-
scopic mode (2.8 mGy/min vs. 8.0 mGy/min, P<0.0001;
Fig. 3) and in radiographic mode (21.3 mGy/min vs.
112.4 mGy/min). Radiation dose reduction measured by the
dose area product (DAP) was equivalent (mean DAP
9.0 mGy*m2 vs. 20.2 mGy*m2; Table 1). As expected, dose
increased proportionally to a quadratic curve for the image-
intensifier system and linearly for the flat-panel system.
Therefore dose differences were biggest in the highest magni-
fication mode.

Table 1 Dose measurements with a technical phantom: comparison of flat-panel detector and image-intensifier systems in radiographic and
fluoroscopic modes

Tube voltage (kVp) Dose area product (mGy*m2) Entrance dose ratea (mGy/min)

Flat-panel detector Image intensifier Flat-panel detector Image intensifier Flat-panel detector Image intensifier

Fluoroscopy zoomb

0 70 61 7.0 22.3 1.8 6.2

1 70 8.7 2.4

2 70 67 11.6 21.2 3.1 7.5

3 73 72 8.8 17.2 3.8 10.3

Radiography zoomb

0 70 70 2.9 14.4 6.6 65.7

1 70 3.8 16.5

2 70 73 5.3 15.4 23.9 115.9

3 70 77 5.5 11.7 38.2 155.7

a Anti-scatter grid was not used. For both systems an additional filtering of 1 mm aluminum and 0.2 mm copper was used
b Zoom steps for the flat-panel detector were zoom 0=42-cm field of view (FOV), zoom 1=30-cm FOV, zoom 2=22-cm FOV, zoom 3=15-cm FOV. For
the image-intensifier system zoom factors were as follows: zoom 0=36-cm FOV, zoom 1 was not available, zoom 2=23-cm FOV, zoom 3=17-cm FOV
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Pediatric study, matched-pair analysis

For both investigation types — gastrointestinal and voiding
cystourethrography — patient age was similar between the
groups after matching (Table 2).

For the gastrointestinal passage the dose area product was
less for the flat-panel detector (10.9±8.7 μGy*m2) in compar-
ison to the image intensifier (44.6±37.8 μGy*m2; P<0.001).
Investigation time was similar between the systems (P=0.4;
Table 2).

In voiding cystourethrography investigations, radiation
dose was also statistically significantly reduced for the flat-
panel detector (10.0±12.2 μGy*m2) in comparison to the im-
age intensifier (17.7±19.7 μGy*m2; P=0.04). Examination
time was similar between the systems (P=0.9; Table 2). With

regard to age-dependency of dose, it became obvious that the
biggest dose differences between the systems were present in
older children (Fig. 4).

Discussion

The newer-generation flat-panel system generated better im-
age quality at a lower radiation dose in comparison to the
image-intensifier system, when using a technical phantom
and typical image parameters for the pediatric patient. Addi-
tionally, the retrospective evaluation of pediatric investiga-
tions showed that the flat-panel detector system performed at
a lower radiation dose.

Fig. 2 Spatial resolution: comparison of newer flat-panel detector with image intensifier. a, b For the flat-panel system a higher spatial resolution was
achieved for both the fluoroscopic mode (a) and the radiographic mode (b). FOV field of view, lp line pairs

Fig. 3 Entrance dose rate measured by ion chamber— comparison of newer flat-panel detector with image intensifier. a, b Radiation dose was higher
with the image-intensifier system in comparison to the flat-panel detector in both fluoroscopic (a) and radiographic (b) modes. FOV field of view
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Our results are supported by Hatakeyama et al. [10], who
investigated a neuroangiographic phantom with two systems.
They concluded that the flat-panel detector achieved a consid-
erable dose reduction without a loss of image quality. Tsapaki
and colleagues [14] came to a similar conclusion when they
compared a flat-panel detector system and an image-
intensifier system in cardiac procedures. They found that a
dose reduction is possible with the newer flat-panel device.

Nevertheless, literature is discordant. Other authors con-
clude that skin dose is not significantly reduced by the flat-
panel detector [15]. Bogaert et al. [16] showed that image
quality was increased with the use of a flat-panel device be-
cause of its intrinsic better performance but radiation dose was
the same in cardiac procedures. Some authors even measured
a dose increase at the same image quality when using the flat-
panel detector in comparison to the image intensifier [11, 17].
Such unfavorable results for the flat-panel system are in con-
trast to the better physical properties of flat-panel detectors,
such as lack of geometric distortion, excellent image unifor-
mity, and lack of veiling glare or vignetting. As with image-
intensifier systems, flat-panels have a rectangular FOV and
wide dynamic range response [2]. All of these studies were
performed in adults and at relatively high exposure rates. In
pediatric radiology, low frame-rates (3 pulses/s) are used and

therefore the comparison of studies here is difficult. Only very
few studies have investigated the performance of flat-panel-
based fluoroscopy in children, for a couple reasons: table-
side-controlled flat-panel detector devices have been rarely
used until recently, and first-generation flat-panel systems
have shown low performance in the low-dose area. The reason
for low performance in low-dose investigation was that signal
amplification, which is always necessary in low-dose images,
introduced image noise that decreased image quality [2]. The
manufacturers worked to overcome those problems and now
investigations at low exposure rates are possible and have to
be evaluated in children in future studies.

Miraglia et al. [12] performed biliary procedures in pediat-
ric patients after liver-transplantation on two different imaging
systems — one an image intensifier and one a flat-panel de-
tector. They demonstrated that for all subgroups of proce-
dures, the dose area product was significantly reduced using
the flat-panel system [12]. These results are in good accor-
dance to the results of the present study; we also demonstrated
a significantly decreased radiation dose for the flat-panel de-
tector device in pediatric gastrointestinal and voiding
cystourethrography investigations. Those differences were
evenmore obvious for older children. Older children are most-
ly heavier and therefore one explanation for the age-

Table 2 Patient characteristics for upper gastrointestinal and voiding cystourethrography investigations

Upper gastrointestinal investigation (n=25)* Voiding cystourethrography (n=15)*

Flat-panel detector Image intensifier P-value Flat-panel detector Image intensifier P-value

Age (years) 5.9±4.3 5.9±4.4 0.7 5.6±3.5 5.5±3.3 0.4

Time (seconds) 90±44 100±46 0.4 65±41 63±38 0.9

DAP (μGy*m2) 10.9±8.7 44.6±37.8 <0.0001 10.0±12.2 17.7±19.7 0.04

Number of males 11 (44%) 14 (56%) 0.6 6 (40%) 5 (33%) 0.9

Number of females 14 (56%) 11 (44%) 0.6 9 (60%) 10 (67%) 0.9

*Radiographic mode was not used in pediatric examinations

DAP dose area product

Fig. 4 Dose dependency on age in fluoroscopic investigations. a, b For
both investigation types — gastrointestinal passage (a) and voiding
cystourethrography (b) — the radiation dose increased with increasing

patient age. The biggest difference in dose between the image intensifier
and the flat-panel detector system (FPD) is seen in older children
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dependency of dose might be that the image-intensifier sys-
tems had to increase dose to a higher degree than the flat-panel
detector devices to maintain the same image quality. More
studies are needed to evaluate the use of newer flat-panel
detector systems in pediatric radiology.

In pediatric radiology the question of dose has gained pub-
lic awareness [18]. Campaigns such as “Image Gently, Step
Lightly” have increased the awareness of dose in pediatric
interventional radiology [19, 20]. This is of special importance
because there are still many indications for pediatric fluoro-
scopic exams [21]. For example, recurring bladder infection in
infants is a well-known and a widely accepted indication for
voiding cystourethrography [22, 23]. Additionally, upper gas-
trointestinal passage investigations are often needed to evalu-
ate gastrointestinal symptoms to exclude, for example, reflux
disease [8, 24, 25]. A big intra- and inter-institution variance
has been demonstrated in pediatric fluoroscopic dose values,
which underlines the need for more standardized investigation
protocols [26]. This becomes even more important against the
background that diagnostic dose reference values are a poor
guide for inexperienced radiologists because much lower
doses can be achieved [27]. To exclude variances in investi-
gation protocols in our study, a single investigator with about
30 years of experience in pediatric radiology performed all
pediatric examinations.

The main limitation of the present study is that a technical
phantom, which does not fully reflect the physiological prop-
erties of a real patient, was used for objective image-quality
comparison. The clinical translation to pediatric radiology is
therefore difficult. Nevertheless we could compare objective
image parameters by means of this technical phantom. Addi-
tionally, dose measurements with the technical phantom are
clearly supported by the results of the retrospective matched-
pair analysis of pediatric investigations. Because of device-
specific properties, absolute kVp was slightly different be-
tween image-intensifier and flat-panel systems in the technical
phantom part, which could have influenced results. But be-
cause tube voltage was in similar ranges and the differences
are caused by intrinsic properties of image-intensifiers and
flat-panel detectors themselves, in our opinion a comparison
is suitable. Another limitation of our study is that the matched-
pair analysis is based on patient age. Of course patient diam-
eter or patient body weight would have been more appropriate
parameters. But as neither diameter nor weight was available,
and because body weight and age are strongly correlated in
children, age seemed to be a suitable approach.

Conclusion

When using a technical phantom and typical image parame-
ters for children the newer flat-panel detector-based system
reaches a better image quality with lower radiation dose when

compared to a conventional image-intensifier system. Clinical
fluoroscopic examinations were performed with less radiation
dose on the flat-panel detector device. The flat-panel system
therefore seems better suited for pediatric radiology, but fur-
ther investigation is needed.
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