6

Value-

HEALTHMANAGEMENT.ORG
WELCOMES NEW IT EDITOR-
IN-CHIEF IT, CHRISTIAN LOVIS

HOW TWITTER IS
CHANGING THE
CONGRESS EXPERIENCE,
M. CHRISTODOULIDOU

DEVELOPING THE ROLE OF
CIO IN HEALTHCARE
MANAGEMENT, M. KEARNS

WHITE COATS IN
THE BOARDROOM, D. CRAIG

Based

Healthcare

« VBHC IN 2017, M. PORTER & R. KAPLAN

« FOUR STEPS WITHIN YOUR STRIDE, E. TEISBERG & S. WALLACE

» FIVE REASONS VBHC IS BENEFICIAL, M. FAKKERT ET AL.

« INTERNATIONAL VALUE-BASED HEALTHCARE, N. KAMPSTRA ET AL.

« DOES MORE VALUE NATURALLY LEAD TO BETTER CARE? P. KAPITEIN

» VALUE-BASED RADIOLOGY: VIEW FROM EUROPE, H-U. KAUCZOR

» VALUE-BASED RADIOLOGY: VIEW FROM THE U.S., I. WEISSMAN

» VALUE-BASED HEALTHCARE FOR HEART PATIENTS, D. VAN VEGHEL ET AL.
» VALUE IN CARDIOLOGY, P. CASALE

ROBOTIC ULTRASOUND
IMAGING, S. ADAMS ET AL.

3D PRINTING,
P. BRANTNER ET AL.

NEOADJUVANT
CHEMOTHERAPY FOR
BREAST CANCER,

S. DELALOGE ET AL.

SCATTER RADIATION
EXPOSURE DURING MOBILE
X-RAY EXAMINATIONS,

A. ABRANTES ET AL.

CT AND MRI MARKET IN
CYPRUS, M. KANTARIS ET AL.

APPS FOR CARDIOVASCULAR
DISEASE, L. NEUBECK ET AL.

DOES TECHNOLOGY GAP
CAUSE MEDICAL ERRORS?
D. VOLTZ

U.S. HEALTHCARE TO
BE TRUMPED UP,
JW. SALMON

Z0OOM ON PROFILES




©For personal and private use only. Reproduction must be permitted by the copyright holder. Email to copyright@mindbyte.eu.

(Y BEST PRACTICE

¥
'

- Ny
4 - N
Antonio

Abrantes

Professor

Medical Imaging and
Radiotherapy
Department

Health School
University of Algarve
Faro, Portugal

!

Researcher

CICS.NOVA

Nova University of Lisbon
Pdlo de Evora

Lisbon, Portugal

aabrantes@ualg.pt

Carina Rebelo

Radiographer
Medical Imaging and
Radiotherapy
Department

Health School
University of Algarve
Faro, Portugal

Patrick Sousa

Professor

Medical Imaging and
Radiotherapy
Department

Health School
University of Algarve
Faro, Portugal

Sonia
Rodrigues
Professor

Medical Imaging and
Radiotherapy
Department

Health School
University of Algarve

Radiographer
Centro Hospitalar do Algarve
Faro, Portugal

Scatter Radiation Exposure
During Mobile X-Ray

Examinations

o~ !f“
jb

he main goal of this research was to quantify

scatter radiation exposure from mobile x-ray

examinations. The simulation consisted of repro-
ducing the technical conditions for the chest anter-
oposterior (AP) examination in supine and semi-supine
positions as well as for the abdomen tangential projec-
tion, using a full body anthropomorphic phantom and
an x-ray detector. For distances above 1m, the national
dose limits for exposed workers is not exceeded (12
mSv/year), but for members of the public it is exceeded
(2 mSv/year). Therefore, exposed workers should use a
personal dosimeter, employ protective measures and
stand behind the mobile equipment.

The use of ionising radiation for diagnostic and
treatment purposes has increased due to the devel-
opment of new equipment and easier access to radi-
ologic examinations.

It is also a useful tool to evaluate devices for clinical
support, such as catheters, tracheal tubes and other life
support systems (American College of Radiology 2011).

The radiograms are acquired using ionising radia-
tion and they rely on the differences in the coefficients
of attenuation of human tissues. Several effects result
from interaction of the radiation with the human body.
However, the best known are the photoelectric and
Compton effects, the transition between these two
phenomena being approximately at 80 kVp in the soft
tissues (Lima 2009; Bushong 1999).

The interaction of radiation with tissues may produce
scattered radiation, which is prejudicial for image quality
and contributes to patient and professional/staff expo-
sure (Lima 2009).

Physical interactions of radiation with matter consti-
tute the first stage of a set of phenomena that cause
biological changes of two types: the acute or chronic
effect and the immediate or late manifestations. To
reduce these effects and to ensure the best working
conditions for the professionals, diagnostic reference
levels were developed to standardise the doses applied
by radiographers (Evans et al. 1999; Siemens Medical
Solutions 2004).

Since the rooms where mobile x-rays are performed
aren’t prepared for radiation exposure, special radiation
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protection measures have to be considered to protect
patients and healthcare professionals. This includes
lead aprons and other personal protective equipment
(Decree-law 180/2002; Soares et al. 2011).

In keeping with the ALARA principle (as low as
reasonably achievable), all exposures have to be justi-
fied and be as low as possible, respecting the national
dose limits established for exposed workers (20 mSv/
year) and members of the public (1 mSv/year) (Decree-
law 222/2008).

“ PORTABLE GENERAL
RADIOLOGY IS A FUNDAMENTAL
MODALITY FOR THE DIAGNOSIS OF

SEVERAL PATHOLOGIES ”

During the procedure, radiographers must use
personal protective equipment and/or other protec-
tive imaging measures that minimise the exposure and
absorbed radiation (Soares et al. 2011).

In a hospital environment, the radiographer may need
to access the ward to acquire x-rays from non-trans-
portable patients. During this procedure, there is a need
for some individuals to remain in the room, such as
bedridden patients, the radiographer and other staff.

The basis of this study and the main concern is the
increasing number of examinations required for non-
transportable patients in environments where many
individuals are present and unprotected as well as to
verify whether radiation exposures are within the limits
established by national law considering the frequency
of this type of examination (Santos 2010; Santos and
Maia 2009; Medeiros et al. 2002).

Materials and Methods

The first stage of this study was conducted through
an observational grid where technical parameters
were recorded (examination type, mAs, kV, distance
between the patient and the x-ray tube and the
requesting department) from 194 chest AP mobile
X-ray examinations.



©For personal and private use only. Reproduction must be permitted by the copyright holder. Email to copyright@mindbyte.eu.

BEST PRACTICE

2.5 mAs, gross focus, 35 * 43 cm?, dosimeter at 1 m from the center of the IP

=f— AP incide nce of the thorax in supine position

@ = APincidence of the thorax in semi-sitting position

6,00E-01
5,00E-01
4,00E-01
3,00E-01

2,00E-01

Scattered radiation (pSv)

1,00E-01

0,00E+00
55 65 75 85

¢ P %.}* 5 3-

85 105 115 125 135

Voltage (kVp)

Figure 1. Variation of scattered radiation in relation to tube voltage for configuration 1 and 2

77 kVp, gross focus, 35 43 cm?, dosimeter at 1 m from the center of the IP

—8— AP incidence of the thorax in supine position

8,00E-01

7,00E-01

6,00E-01

5,00E-01

4.00E-01

3,00E-01

2,00E-01

Scattered radiation [pu5v)

1,00E-01

0,00E+00
0 1 2]

® = AP incidence of the thorax in semi-sitting position

3 4 5 6

Current-time product (mAs)

Figure 2. Variation of the scattered radiation in relation to current-time product for configuration 1 and 2.

Then the simulation consisted of reproducing the
conditions of a mobile x-ray examination in three different
configurations:

. configuration 1 for chest AP examination in supine
position;

. configuration 2 to semi-supine position; and

. configuration 3 for abdomen tangential projec-

tion, using a full body anthropomorphic phantom
and an ATOMTEX x-ray detector.

The background dose rate was measured with a
maximum intrinsic uncertainty of + 15% in continuous
mode. The mobile x-ray equipment used was a Siemens
Mobilett XP Hybrid. Quality control of mobile equipment
was performed with an Unfors Xi detector. The table was

placed at a height of 0.96m above the room floor, the
distance between the x-ray tube and image plate was
1.27m (maximum allowed by the equipment), and the
detector was placed at 1m distance from the centre of
the region under study. The technical parameters for
voltage and current were in accordance with the results
obtained in the first stage for every configuration (77kVp
and 2.5mAs).
Finally, various measurements were conducted:
A. Dose rate variation depending on the voltage
(between 60-133kV).
B. Dose rate variation depending on the current-time
product (between 1.25- 5mAs).
C. Dose rate variation depending on the distance (to
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Figure 3. Variation of scattered radiation in relation to distance to the centre of the patient for configuration 1
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Figure 4. Variation of scattered radiation in relation to the height of the exposed worker for configuration 1

study the scattered radiation dose rate depending on
the distance, the equipment and the phantom were
maintained in their original positions, and the radia-
tion monitor was placed at a fixed height of 0.96m,
corresponding to the middle coronal plane of the
phantom for configuration 1. As technical condi-
tions 2.5mAs and 77kVp were used, only the distance
between the phantom and the detector varied in both
configurations. Measures were taken for both config-
urations at a 90° angle to the median sagittal line of
the phantom, between 0.25 m and 1.5 m, with the
detector being repositioned in increments of 0.1m.

| HealthManagement.org

D.

E.

After 1.5m, the detector was repositioned in incre-
ments of 0.5m up to 2.5m).

Dose rate variation depending on the height (once
again, the equipment and the phantom were main-
tained in their original positions, and the radiation
monitor was placed at a fixed distance of 1m from
the centre of the region under study. Readings were
taken at a 90° angle to the median sagittal line of
the phantom, between 0.1m and 1.80m, changing
the position of the detector in increments of 0.1m).
Dose rate variation around the phantom (radiation
monitor was placed at 1m from the centre of the
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exposure field, at a height of 1.25m in the plane of
incidence of the radiation beam in configuration 1.
The position of the detector was changed in 15°
increments; the 0° angle corresponds to the median
sagittal line in the direction of the head).

Results

The hospital department that requires the highest
percentage of mobile x-ray examinations (36.7%) is the
intensive care unit (ICU). In accordance with the measures
mentioned above the following results were obtained:

A. Dose rate variation depending on the voltage
For 60kVp corresponding scattered radiation was
0.258uSv, and for 125kVp it was 0.455uSv for chest
AP x-rays in the supine position (Figure 1). The change
between 77 and 81kVp may be due to the transition
between the Compton effect and photoelectric effect.
Voltage and exposure were correlated and linear regres-
sion analysis confirmed that the scattered radiation is
directly proportional to the voltage (R=0.9994). The
values are similar for both configurations (1 and 2) due
to the same technical conditions.
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B. Dose rate variation depending on the current-
time product

We observed an increase of scattered radiation with
the increase of current-time product. For 2mAs corre-
sponding scattered radiation was 0.264uSv, and for 4mAs
it was 0.523uSv for the chest AP in the supine posi-
tion (Figure 2). These results are consistent with the
literature and the scattered radiation is proportional to
current-time product. The correlation between the scat-
tered radiation and the current-time product showed that
the secondary radiation is directly proportional to the
current-time product (R=0.9995).

C. Dose rate variation depending on the distance

According to the general rule of irradiance, an extended
source may be considered a point source if the distance
from the source is greater than five times its diameter
(Santos 2010). Therefore, to calculate the theoretical
values, the value measured at the greatest distance was
used, allowing the application of the inverse square law.
We observed differences between the measured values
and the theoretical values for distances less than 1m
(Figure 3). Comparing the measured values with the
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theoretical framework, both results overlap from 1m due
to the inverse square law. Up to this distance, the meas-
ured values are different because the patient simulates
a set of multiple sources.

345 i5

D. Dose rate variation depending on the height
The lowest dose rate was measured under the table
at 0.1 and 0.2m (0.131uSv and 0.133uSv respectively).
The intensity of the scattered radiation is higher above
1m. At 1.2 m and 1.3m the scattered radiation reaches
its maximum (Figure 4). Between 0.2 m to 0.4 m and
between 0.6 to 0.8 m there were variations in scattered

75 radiation which may be explained by metallic structures
of the litter.

% E. Dose rate variation around the phantom
Considering the scattered radiation dose rate readings
around the phantom we used the inverse square law
formula to estimate, for each angle, the distance at
which the detector should be to receive the maximum
scattered radiation dose rate registered (0.175uSv/s)
(Figure 5). Lower doses of scattered radiation were
observed at chest AP x-ray incidence in the supine
position.
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Conclusion

Radiation protection is necessary in order to reduce the
levels of radiation exposure in medical imaging activi-
ties such as mobile x-ray examinations, which subject
patients and healthcare professionals to radiation
exposure.

) Mobile x-rays on patients do not reach dose limits
established by the national law and by international
standards for protection against radiation (Directive
96/29/Euratom), provided that the individuals stay more
than 1m away from the centre of the exposure field and
measures of radiological protection are applied. B

195 165

180 0.5m
e

Figure 5. Isodose curves in two dimensions to the height of the
entry of the skin for the three configurations

KEY POINTS

Patients and staff require radiation protection
during mobile x-ray examinations

National and international (Directive 96/29/
Euratom) dose limits for exposed workers are
not exceeded

Radiographers should use personal dosimeters,
employ protective measures and stand behind
the mobile equipment
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