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|. INTRODUCTION

Fluoroscopically guided interventional
procedures can deliver substantial patient doses.
Optimizing patient care includes balancing
radiation and other risks of a procedure against the
expected benefits. Optimization includes the
decision to perform the procedure, ongoing
benefit-risk analysis during the procedure, and
post-procedure patient management.

New digital radiology X-ray systems working
under  DICOM (Digital Imaging  and
Communications in Medicine) standards produce
images with relevant technical and dosimetric
information contained in their DICOM header file.
This information allows the audit of clinical
protocols and the improvement of patient dose
management especially during fluoroscopically
guided procedures in radiology and cardiology.

Interventional fluoroscopes complying with the
International Electrotechnical Commission IEC
60601-2-43 [1] provide means for monitoring the
Dose Area Product (DAP) and the cumulative dose
at a reference point (could be considered as the
point on the skin where the X-ray beam enters into
the patient). This information is displayed
continuously on the monitor for operator’s
information during the procedure. The Food and
Drug Administration (FDA) in USA has proposed
that similar displays be available on all
fluoroscopes [2]. No standards exist so far for
estimating or displaying radiation dose distribution
on patient’s skin produced by a moving X-ray
beam [3]. Skin dose mapping means have been
investigated [4], [5].
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Modern fluoroscopes produce digital images,
which are archived in DICOM format. A great
deal of technical information describing the
acquisition of the images and other details of the
clinical protocol can be found in the DICOM
headers that accompany the images. Some
information is stored as “public’ data elements thus
any appropriate DICOM reader can have access to
them. However, some other information is stored
in ‘private fields’ and in this case manufacturer’s
cooperation is needed to retrieve them if the full
information is not included in the DICOM
conformance statement document. Moreover, the
format and data elements may vary from
manufacturer to manufacturer.

The present DICOM public header may provide
dose information related to individual images or
series and may or may not include the fluoroscopy
runs. This dose information associated with an
image/series can be lost if the image/series is not
archived.

A cooperative programme between IEC and the
DICOM Committee is currently defining the
dosimetric elements that need to be stored for
every examination performed using X-rays as well
as the organization of the storage format within
public fields in DICOM.

The DICOM header of archived images (or
fluoroscopy runs) contains very useful information
for patient dosimetry and quality control.

It is a priority for the radiology industry to enrich
and standardise this information and to make it
easily available to the users. The capability to
transfer this information to a database for further
utilisation should also be part of the goal.

The evaluation carried out during the European
Coordination Action SENTINEL (Safety and
Efficacy for New Techniques and Imaging using
New Equipment to Support European Legislation)
is described and benefits for the computerized
patient record and healthcare networks are
highlighted.

Il. METHODS AND MATERIALS

Several radiology and cardiology images
produced by modern X-ray systems from different
manufacturers have been analysed looking the
contents of the DICOM header in the individual
images, cine series, DSA (digital subtraction
angiography) series and fluoroscopy runs.



Computed radiography (CR), flat panel detectors
(FD) for radiography and fluoroscopy systems
equipped with image intensifier and dynamic FD
have been also included in the survey (figures 1
and 2).

(0008,0020) : Study Date : 04/12/2003
(0008,0022) : Acquisition Date : 04/12/2003
(0008,0060) : Modality :CR
(0008,0070) : Manufacturer 1 AGFA
(0008,0080) : Institution Name :HCSC
(0008,1010) : Station Name : ADCC2
(0008,103E) : Series Description : lumbar AP
(0010,1010) : Patient's Age : 020Y
(0018,0015) : Body Part Examined : LSPINE
(0018,1004) : Plate ID : U13-35

(0018,1401) : Acquisition Device Processing : 60025la712Ra

(0018,1403) : Cassette Size : 35CMX43CM
(0018,1404) : Exposures on Plate 342
(0018,5101) : View Position T AP
(0018,6000) : Sensitivity : 4.00000000E+02

(0019,1010) : Image processing parameters :
MENU=60025 CC=0 MC=3.00 EC=0.00 LR=2.00 NR=4.00
(0019,1013) : Sensitometry name - NK5
(0019,1015) : Dose monitoring list 1 1.54
(0020,0013) : Image Number 01
(0020,1002) : Images in Acquisition 01
(0028,0010) : Rows 1 3730
(0028,0011) : Columns : 3062
(0028,0100) : Bits Allocated .16
(0028,0101) : Bits Stored 112
(0028,0102) : High Bit (11

Fig. 1. Example of some of the DICOM tags in
the header of AGFA CR

Relevant DICOM tags GE Chest flat panel

(0008,0020) : Study Date : 27/01/03
(0008,0030) : Study Time :10:31:12
(0008,0033) : Image Time : 10:32:43
(0010,0020) : Patient ID : 795607
(0010,0040) : Patient's Sex I F

(0010,1010) : Patient's Age : 085Y
(0018,0015) : Body Part Examined

(0018,0060) : KVP : 125

(0018,1150) : Exposure Time :5

(0018,1151) : X-ray Tube Current : 250
(0018,115E) : Image Area Dose Product : 0.83557
(0018,1190) : Focal Spot(s) : 0.6

(0018,1405) : Relative X-ray Exposure 161
(0018,7060) : Exposure Control Mode : AUTOMATIC
(0018,7062) : Exposure Control Mode Descript: AEC_left_and_right_cells
(0028,0010) : Rows : 2022

(0028,0011) : Columns : 2022

(0028,0100) : Bits Allocated 1 16

(0028,0101) : Bits Stored 114

Fig. 2. Example of some of the DICOM tags in
the header of GE flat panel

There is data currently available in the DICOM
headers of the cine-angiographic series that
describes the imaging geometry (e.g. source-
image-receptor distance, beam angulation, image-
receptor field-of-view, collimation, etc) and
radiographic factors (e.g. kVp, mAs, number of
frames, etc) associated with that series. These
factors can be combined with the X-ray tube

output calibration data to calculate patient’s skin-
dose distribution.

Bespoke software produced by the SENTINEL
consortium [6] allows the extraction of the
information contained in the DICOM header of the
images and transfers it to a database. Identification
of the different DICOM tags and evaluation of
their accuracy permit the use of this information
for the audit of clinical protocols and patient
doses.

Il. RESULTS

It has been discovered that the full DICOM
header information is not easily obtained from all
the software packages available to visualize
clinical images.

Important information (useful for dosimetric
purposes) is still contained in private tags. The
format and meaning of these fields is not easily
available and not well defined in the DICOM
conformance statement documents.

There are at present, important differences
between the producers of the X-ray systems
regarding the content of dosimetric information in
the DICOM header. Moreover, the units of some
of the dosimetric quantities vary between different
X-ray manufacturers.

The calibration factors for some of these
quantities must be verified and taken into account
by the local medical physicists.

Hopefully, the work in progress between IEC and
DICOM to produce a standard in this area will
improve the situation in the future.

The DICOM “MPPS” (Modality Performed
Procedure Step) [7] is an interesting option now
available in some systems. The transmitted MPPS
files contain basic dosimetric information but
many Radiological Information Systems (RIS) still
do not accept these files.

The dose reports produced by most of the
interventional X-ray systems are useful documents
to help in the audit of patient doses and
procedures. Their information content and format
should be standardized. These reports should be
available in an appropriate electronic format.

Preliminary experiences already exist in some
European hospitals (some of them involved in the
SENTINEL consortium) on the use of DICOM
header to audit patient doses and procedures
protocols.

I11l. CONCLUSION

The efforts of the radiology industry in
standardisation of the DICOM header and the
cooperation between the DICOM and IEC
committees should soon allow the complete audit



of x-ray procedures and patient dose. Automatic
records and comparison with reference values
could be used to trigger alarms if one of the
parameters monitored was out of tolerances. It is
anticipated that this approach will improve clinical
practice.
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