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Abstract  
 

The goal of this study was the comparative assessment of dose and image quality 
performance of a new flat-panel detector (FD) and an image intensifier (II)  charge coupled 
device (CCD) installed in a Catheterization laboratory (Cathlab). Polymethyl methacrylate 
(PMMA) plates were used to simulate different patient size (10,15,20,25,30 cm). Entrance 
dose to the phantom and image quality of a test object (Leeds TOR 18-FG) were measured. 
For analysis of image quality, two methods were used. Firstly, images were evaluated directly 
on the monitor (low contrast resolution and high spatial resolution). Secondly, a numerical 
method was used (noise and signal-to-noise ratio). Finally a preliminary patient dose survey 
for the two most common interventional cardiology procedures (coronary angiography – CA 
and percutaneous transluminal coronary angioplasty - PTCA) was performed. Dose area 
product (DAP), fluoroscopy time (FT) and total number of frames (No. frames) were 
collected. The results showed that both systems performed within international 
recommendations; the FD system seems superior to the II system, in terms of entrance doses 
of the phantom and image quality. Surprisingly, however, this potential dose reduction is not 
reflected in the patient data; DAP values of patient data were not significantly reduced with 
the new system.  This underlines the need for a careful set-up of the system and a more 
detailed analysis of the procedure.  
 
 
Introduction 
 

Coronarography remains the gold-standard technique for procedures such as 
diagnostic percutaneous coronary angiography, angioplasty, stent placement, pacemaker 
placement, and electrophysiology procedures. Continuous developments in digital imaging 
technology have a significant impact in the cardiac catheterization laboratory. The main 
evolution in the fluoroscopy systems lays in the change from image intensifier systems (II) to 
digital flat panel detectors (FD).  

There are several studies in the literature which investigate the use of flat-panel 
detectors in interventional cardiology. Holmes1 summarized the advantages and disadvantages 
for each type of detector. Vaño2 presented recently an evaluation of a recent digital cardiology 
system, initially equipped with II and later upgraded to FD. Three recent studies are reporting 
dose data for FD and II systems (Tsapaki 3, 4, Trianni 5).  

Modern systems have many setting options and operational modes. A comprehensive 
evaluation of these settings offers the staff of the catheterization laboratory a valuable support 
for further decision regarding which imaging mode best fits their needs. The purpose of this 
study was to evaluate the technical characteristics of a recently installed flat-panel system and 



to compare the results with those from an older image intensifier system. Patient dose data 
were also included. 
 
Material and methods 
 

The study was performed in the Cardiac catheterization laboratory (Cathlab) of the 
University Hospital of Leuven, Belgium. A Siemens Bicor Top (bi-plane) system with image 
intensifier was installed in 1996. From 2005 onwards, a new flat-panel detector system, 
Siemens Axiom Artis dBC (also bi-plane), was in use in the Cathlab. Both systems use pulsed 
fluoroscopy. The new digital system has three fluoroscopy dose modes (low, normal and 
high) in terms of dose rate, filtration and image processing.  Technical details of the two 
systems are presented in Table 1.  

The systems have an integrated ionization chamber to measure dose-area product 
(DAP) values. For the II system, the operator console displays only total DAP per procedure 
(recorded from both tubes), mean kV, mA and time (ms). For FD system a detailed dosimetric 
report is produced at the end of each procedure and archived. For each cine series following 
information is available: frame rate, kV, mA, pulse time, focus size, extra filter used, DAP per 
cine series, cumulative dose, tube angulations, number of frames.  In addition, total 
fluoroscopy time (minutes), total DAP (µGym²) and cumulative dose (mGy) are also reported. 
The display of the so called “cumulative dose” is a new feature of Siemens systems for 
cardiology.  The parameter is calculated with respect to a reference condition (IRP – the 
interventional reference point). The IRP is a point intended to be representative of the position 
of the patient’s skin at the entrance site of the beam. For C-arm–type fluoroscopic systems 
with an isocenter, the IRP is located along the central ray of the x-ray beam at a distance of 15 
cm from the isocenter in the direction of the focal spot. The IRP is defined by International 

Electrotechnical Commission (IEC) standard 60601-2-43. 
 
Table 1. Technical details of the evaluated x-ray systems 
 
 Siemens Bicor Top  Siemens Axiom Artis dBC 
X-ray tube (generator type) 
Focal spot sizes (mm) 
Detector type 
Array size (pixel) 
Configuration in fluoroscopy mode 
Configuration in cine mode 
Field size formats 
Additional filters 

Megalix Cat 125/30/80 
0.4/0.8 
Image Intensifier / CsI 
 
25/12.5/6.25/3.12 pulses/s 
25 or 12.5 frames/s 
23/17/13 cm 
0.1 or 0.2 mm Cu 

Megalix Cat 125/30/80 
0.4/0.8 
Flat-panel /a-Si photodiode & TFT array 
1024x1024 
low/normal/high dose (30/15/10 pulses/s) 
low or normal dose (30/15/10 frames/s) 
25/20/16 cm 
0.1/0.2/0.3/0.6 or 0.9 mm Cu 

 
To evaluate the overall performances of the systems, the protocol for constancy 

checking of LUCMFR (Leuven University Center for Medical Physics in Radiology) group 
was used. The protocol is based on the recommendations of American Association of 
Physicists in Medicine 6, the RP91 protocol and the proposal by the DIMOND III working 
group 7.  

PMMA plates of dimensions 30x30x1 cm are employed to simulate the patient.  It was 
assumed that thicknesses of 10, 15, 20, 25 and 30 cm simulate from small to large patients. 
Entrance surface air kerma, without backscatter and entrance dose to the detector (II or FD) 
were measured using a solid state detector R100 connected to an electrometer (Barracuda, 
RTI Electronics, Sweden). The energy dependence in the radiation quality range (tube voltage 
50 to 150 kV) is specified by the manufacturer to be within ± 5%. For all measurements of 
entrance dose to the patient, the clinical working conditions were used (the image detector 
was always kept 5 cm from the top side of PMMA slab, the tabletop-to isocentre distance was 



15cm, and the focus-to-radiation detector changed from 68 to 64 cm (function  of the PMMA 
thickness) . 

For assessment of image quality, a Leeds TOR 18-FG 8 test object was sandwiched 
between PMMA plates. The object allows evaluation of low contrast resolution (18 circles of 
11 mm diameter) and of high contrast spatial resolution (set of 14 line pairs groups).  

In this study two methods were used to assess image quality. Firstly, the reader 
performed a subjective evaluation, simply by counting the number of circles and the number 
of line pair group. To minimize the subjectivity, we used one reader for all images on both 
systems. The same evaluation conditions were used (room illumination, distance from the 
observer to the monitor, live image or last-image hold mode, monitors used in operation 
room). In fact, the acquisition, the recording of the images and the visualization (monitor or 
viewing software) have a strong influence on the results of the image quality evaluation.  

A second method, using numerical analysis of the image quality of individual 
fluoroscopy frames was used. The original images (DICOM images in 1024x1024 pixels and 
12 bits) are burned on CD-ROMs at the workstation of the x-ray system. The images are 
automatically compressed to 512x512 and 8 bits. Consequently, all evaluations were done on 
this reduced matrix size format. Osiris software, version 4.18 9 was used to evaluate cine and 
fluoroscopy frames with a standard Dell PC Pentium IV. Special default post-processing of 
the systems (for instance, in FD system the program DDO – Dynamic Density Optimisation) 
was avoided during the study. 

Figure 1 shown an example of the capture from the monitor of an image acquired with 
flat panel detector. The evaluation of the image quality was always done on the frame number 
25 of the series, in order to attend the stabilization of the automatic exposure control of the 
generator. The signal-to-noise ratio (SNR) was calculated relative to two regions of interest 
(ROI). One ROI was inside the first circle of the phantom (in order of reducing contrast) and 
the other ROI near the circle. The computation of SNR was done using the following 
equation:  
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where 
mean ROICIRCLE – mean value of pixels in the ROI inside the circle 
mean ROIBCKG – mean value of pixels in the ROI near the circle 
SDCIRCLE or BCKG – standard deviation for the pixels in the selected ROI . 

The problem of the selection of the background ROI is posed for the II systems, 
because of the non-uniformity in the image field from the centre to the periphery. In this study 
the same position of the background was selected in all images. The figure of merit (FOM) 
was calculated with the formula: 
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where ED is the entrance dose measured at the point where the x-ray beam axis enters the 
PMMA. This parameter is a simple FOM used previously by other authors for the 
optimization of signal detectability in digital imaging 2,10,11. 
 
 
 
 



Figure 1.  Example of the TOR 18-FG test object imaged with the FD system. On the right, a detail of 
the ROIs used to evaluate the signal-to-noise ratio. 
 

   
 
 
Results 
 

1) System performances 
 
The entrance dose rates for 10, 15, 20, 25 and 30 cm PMMA, and for all field formats are 
presented in Figure 2 for the operation modes currently used in clinical practice: fluoroscopy 
in “normal dose mode 15 pulses/s (fluoro ND)” for the FD system and “12.5 pulses/s” for the 
II system.  The measurements indicate an increase of dose rate of about ten times within 10cm 
of PMMA. Also, using magnification views, the increase of dose ranged from 70% to 110% 
for FD system and from 45% to 120% for II system. 
 
Figure 2. Entrance dose rate in fluoroscopy mode as a function of PMMA thickness and field-of-view 
(15 pulses/s ND for Flat panel system and 12,5 pulses/s for Image intensifier system).  

 
  
 
 
A comparison of dose per image for two acquisition modes is presented in Figure 3. For 
diagnostic purposes, cine modes of 30 f/s (for FD) and 25 f/s (for II) are used for imaging of 
the left ventricle. The FD system has two available cine modes, LD (low dose) and ND 
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(normal dose). Doses in LD are around 20% less than ND mode for the complete range of 
PMMA thicknesses.  
   
Figure 3. Dose/image in acquisition mode. Values correspond to 20 cm PMMA and field of view 25cm 
(for FD), respectively 23 cm (for II) 

 
 
Tables 2 and 3 present the results of high contrast resolution and low contrast resolution 
measurements (direct reading of the images in the operation room). The values are beyond the 
RP91 recommendations 12 of high contrast resolution of 1.0 and 1.4 lp/mm for field sizes of  
23-25cm and 15-18cm,  respectively less than 4% for low contrast resolution. The test object 
was not evaluated for low contrast resolution in magnification views.  
 

Table 2. High contrast resolution and low contrast resolution results for fluoroscopy mode(20cm 
PMMA) 

FLUOROSCOPY  High contrast resolution (lp/mm) Low contrast resolution (%) 
IMAGE INTENSIFIER 

FoV � 23cm 17cm 13cm 23cm 17cm 13cm 
25 pulses/sec 1,6 1,8 2 2.4 - - 

12,5 pulses/sec 1,4 1,4 1,8 2.4 - - 
FLAT PANEL DETECTOR 

FoV � 25cm 20cm 15cm 25cm 20cm 15cm 
Low 15 pulses/sec 1.6 1.8 2 2 - - 

Normal 15 pulses/sec 1,6 2,24 2,8 2 - - 
High 15 pulses/sec 1,8 2,24 2,8 2 - - 

Normal 30 pulses/sec 1.8 2,24 2,8 2 - - 
 
Table 3. High contrast resolution and low contrast resolution results for cine mode (20cm PMMA) 

CINE ACQUISITION High contrast resolution (lp/mm) Low contrast resolution (%) 
IMAGE INTENSIFIER 

FoV � 23cm 17cm 13cm 23cm 17cm 13cm 
 Cine 25 frames/sec 1.8 2 2.24 2.8 - - 
Cine 12,5 frames/sec 1.8 1.8 2 2.4 - - 

FLAT PANEL DETECTOR 
FoV � 25cm 20cm 15cm 25cm 20cm 15cm 

CoroLD 15 frames/sec 2 2,24 2,8 2.4 - - 
CoroND 15 frames/sec 2.24 2.8 3,15 2.4 - - 

LV 30 frames/sec 2.24 2,8 3,15 2 - - 
 

For both modes (fluoroscopy and cine), the flat panel system presents an improvement 
of high contrast and low contrast resolution when compared with the image intensifier system. 
For low contrast resolution, the inferiority of the II system could be partially explained by the 
deteriorated visualisation of peripheral structures in the phantom. In general, an improvement 
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in image quality was not apparent for the systems operating at higher dose levels. However, 
the evaluation results are dependent of the individual performing this reading.  

The results of the automated method to evaluate image quality are presented in table 4. 
Images have been obtained on normal field-of-view and using 20 cm of PMMA. Image 
quality is improved when changing from fluoroscopy mode (option “store fluoroscopy”) to 
cine mode. The image quality is slightly degraded when the thickness of PMMA is increased, 
despite the increase of entrance dose. The FOM of the II is inferior when compared to the FD 
(similar trends were observed using subjective evaluation of image quality).  
 
Table 4.  Single-to-noise ratio (SNR) and figure of merit (FOM) for different programs. (II = image 
intensifier; FD = flat-panel detector, ED = entrance dose)  

System Program ED SNR FOM 
  µGy/frame for circle 1 for circle 1  

II Cine 12.5 f/s 40 2,3 0,13 
II Cine 25 f/s 63 2,6 0,11 
II Fluoro stored 12.5 p/s 13 1,4 0,14 

FD Coro ND 15 f/s 37 4,7 0,60 
FD Coro LD 15 f/s 31 3,4 0,38 
FD LV 30 f/s 37 4,9 0,64 

FD Fluoro ND stored 15 f/s 7 1,8 0,48 

  
2) Patient dose 

 
To investigate the performance of the systems in terms of patient exposure, a sample 

of patient data has been examined. The procedures included in the sample are coronary 
angiography (CA) and percutaneous transluminal coronary angioplasty (PTCA). The number 
of patients is relatively small, 50 patients for CA procedures and  25 for PTCA procedures. 
Because of the small number of sample data, we did not perform a statistical analysis of the 
results. Table 5 reports the results for CA and PTCA procedures in terms of median and range 
values of dose-area product (DAP), fluoroscopy time (FT) and number of images in 
acquisition mode (No. frames).   The clinical settings during CA and PTCA for fluoroscopy 
are 12.5 pulses/s (II system) and 15 pulses/s (FD system, normal dose). For cine mode, 12.5 
frames/s for II system and 15 frames/s (normal dose) for FD system. When imaging the left 
ventricle a frame rate of 25 for II and 30 for FD is used.  

 
Table 5 Patient exposure parameters (DAP, FT and No. frames)  for both systems (II and FD) 
X-ray 
system 

DAP (Gycm²) FT (min) No. frames  

 Median Range Median Range Median Range 
CA 

FD  63.5 15.7-123 4.1 1.1-21.1 1145 670-2429 
II  43.3 10.3-122 3.2 1.0-23.1 1290 935-2180 

PTCA 
FD  76.7 54.3-195 9.6 5.2-17.3 1250 611-2643 
II  54.7 28.8-180 7.1 2.2-23.8 1647 684-2899 

 
 
 
 
 
 
 



Discussion  
 

There are different results in this report. The evaluation of the system’s performance in 
terms of dose and image quality using PMMA and test objects showed that the flat panel 
detector performed over the whole better than the image intensifier. The high and low contrast 
resolution is slightly increased for FD system (usually at least one circle or more than one 
group of line pairs was detected for new system). Notwithstanding this effect, the test object 
used and the subjective evaluation of the images on the monitor do not allow to find clear 
differences in contrast. Numerical evaluation using pixel information gives more objective 
results. Unfortunately this method is only straightforward for the FD images and special 
attention is required when it is used with the II images.  These images are less uniform and a 
certain image compression algorithm is applied. Present results indicate that the SNR is better 
in the FD images than in the II (both in cine and fluoroscopy mode), even if the dose/frame 
was slightly lower for the FD.  A straight comparison of FOMs for cine and fluoroscopy 
acquisitions is not possible, due to the large differences in noise between the two kinds of 
images. The FOM can be used to compare images acquired in different cine modes or 
fluoroscopy modes 2. It must be stressed also that it is difficult to select the same exposure 
modes. We have started from clinical settings and we compared acquisition modes with very 
similar FOVs. 

The entrance doses increase with patient size and using magnification. The problem is 
that with new systems, the selected mode is not prominently displayed to the operator 
although the difference in dose delivered from one mode to another may be quite substantial.  
Knowledge of the exact dose ratios could help cardiologists in optimizing the protocols 
(mainly to avoid skin injuries to large patients undergoing complex procedures). A parallel 
assessment of image quality was judged strictly necessary. 
 
 Despite of comparable or higher image quality with lower entrance dose rate, the 
clinical performances in term of patient dose showed an inverted result. For CA and PTCA, 
median values for DAP and FT are higher for FD system but the range of values is of the 
same order of magnitude for both systems. A relatively small number of patients is so far 
included in the survey.  We should investigate whether the higher DAP values are caused by 
another working procedure (the number of frames was in a first evaluation similar, but other 
parameters might have been different: magnification, collimation, source to detector 
difference,…), by more difficult procedures or other technical settings and their effect on real 
patients (like characteristic curve, the use of Cu, different image sizes),…  This requires the 
registration of more parameters than what is usually performed during dose audits before.  In 
a next stage, it should be calculated whether the same conversion factors towards effective 
dose could be used.  Ultimately a comparison in terms of effect on the patient should include 
both an estimate of skin dose and effective dose using appropriate conversion coefficients.  
 Patient doses in this study are comparable with those found in the literature 13.  
 
Conclusions 
 

It is evident that many conventional cardiac systems offer a wide range of selectable 
dose rates to the operator. A FD system offers even more possibilities, different pulse rates 
and dose levels. The FD system has the potential to be set to lower doses with no significant 
degradation of image quality. The results of this study are particular for the equipment in our 
center only. Surprisingly, we did not observe a significant reduction of patient dose in terms 
of DAP value.  More detailed investigations are therefore needed.  
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