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ABSTRACT
Objective: To study doses received by patients undergoing various interventional radiology (cardiac and
non-cardiac) procedures.
Patients and Methods: A total of 310 patients undergoing cardiac procedures in 6 selected hospitals in
Malaysia between July 2000 and May 2001 were studied retrospectively. Thermoluminescent dosimeters were
used to measure the entrance surface air kerma on the areas most likely to receive the highest dose, and a
kerma-area product meter was used to measure the integral dose for the whole procedure.
Results: Mean kerma-area products for coronary angiography, percutaneous transluminal coronary angioplasty
with stent implantation, and both these procedures were 48.6, 147.2, and 153.0 Gy·cm2, respectively.
Mean kerma-area products for nephrostomy, lower-limb angiography, chemoembolisation, and abdominal
angiography were 31.5, 109.4, 127.7, and 88.5 Gy·cm2, respectively. Entrance surface air kerma values for
these non-cardiac procedures were 100.4, 64.9, 107.0, and 135.3 mGy, respectively and the estimated effective
dose for whole procedures ranged from 5.0 to 28.0 mSv. These findings generally agreed with those from
international studies.
Conclusions: Doses were within the range prescribed in local guidelines. However, we need to create
awareness among interventionists about the potentially high radiation doses used and to educate them about
dose-reducing strategies.
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INTRODUCTION
Interventional radiology is an essential part of modern
patient treatment, and fluoroscopically guided interven-
tional radiological procedures have been increasingly
practised in the past 10 years. Radiation-induced skin
injury has also been increasingly reported in the
literature and has received growing attention among the
medical community.1-3

A collaborative national survey, initiated by the Uni-
versity of Malaya and the Ministry of Health, Malaysia,
was conducted from 1993 to 1995 to record baseline

radiation exposure data for patients for 7 common types
of X-ray examination.4 A survey on radiation dosage
for interventional radiological procedures was sub-
sequently initiated because of the increasing use of
radiation in angiography and cardiac catheterisation
laboratories. The number of cardiac diagnostic radiol-
ogy procedures was found to have increased by 190%
for 1990 to 1994 in Malaysia.5 In addition, the number
of angiographic machines has increased in Malaysia by
680% from 1990 to 2000.5

Because of these trends, it is important to estimate the
radiation doses that patients receive during certain
procedures and to ensure that the dose is within the
range deemed to be safe. In this study, we assessed ra-
diation doses received by patients in selected Malaysian
hospitals undergoing various interventional radiology
procedures.
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PATIENTS AND METHODS
Dose measurement was performed in 6 hospitals (a
total of 8 catheterisation laboratory units and 1 unit
performing digital subtraction angiography for both
cardiac and non-cardiac procedures). These 6 hospitals
are among the more established centres performing
interventional radiological procedures in Malaysia,
and represent 80% of hospitals performing such proce-
dures. Cardiac procedures that were assessed in this
survey were coronary angiography (CA), percutaneous
transluminal CA with or without stent implantation
(PTCA-SI), and CA followed by PTCA-SI. Non-
cardiac procedures were nephrostomy, lower-limb
angiography, chemoembolisation, and abdominal angi-
ography (including that of the aorta, mesenteric-
coeliac trunk, kidney, and liver).

Two approaches to measuring patient dose were
adopted: patients undergoing cardiac catheterisation
were monitored using a kerma-area product (KAP)
meter, and those undergoing non-cardiac procedures
were monitored using both a thermoluminescent
dosimeter (TLD) and a KAP meter. For each procedure,
patient demographic data were obtained along with
measures of exposure (peak kilovoltage [kVp] and cur-
rent [in mA] for both fluoroscopy mode and radiographic
mode), number of films recorded, and total time of
exposure. Measurements of the dose rate at the entrance
of the image intensifier and other quality assurance fac-
tors (e.g., kVp and high and low contrast resolution)
were obtained during the study to ensure proper and
stable performance of the equipment.

Patients’ entrance surface air kerma (ESAK) was
measured using lithium fluoride TLDs doped with
magnesium, copper, and phosphorus (TLD-100H;
Thermo Electron Corp, Wermelskirchen, Germany).

The calibration of the TLDs was verified by the national
secondary standard dosimetry laboratory. The KAP
meter (Gammex RMI, Middleton, WI, United States)
was calibrated according to the method of Wall.6

RESULTS
A total of 310 patients were studied in the 6 selected
hospitals: 278 patients underwent cardiac procedures
and 32 underwent non-cardiac procedures between July
2000 and May 2001. Patients were relatively young
(range of means, 47-57 years). Patients’ ages and mean
kVp values and currents used to perform fluoroscopy
and radiography in each procedure are shown in Table
1. The tube current seemed to be higher for both
fluoroscopy and radiography when used in cardiac
procedures, compared with when these modalities were
used in non-cardiac procedures.

Contributions of Fluoroscopy and
Cinefluorography to Patient Dose
The proportion of the irradiation time corresponding to
fluoroscopy and cinefluorography was 90% and 10%,
respectively, for all the cardiac procedures studied.
The total proportion of KAP recorded during cardiac
procedures that corresponded to fluoroscopy and
cinefluorography KAP was 65% and 35%, respectively.
This is a very useful measure in assessing radiation
protection for the patient. It is clear that even small
changes in cinefluorography time, which contributes
to only 10% of the whole exposure time, will have a
significant effect on the patient KAP, whereas similar
changes in the fluoroscopy screening time will have a
smaller effect. Furthermore, contribution of fluoroscopy
and cinefluorography to the total KAP for different types
of examination were 51.7% and 48.3%, respectively,
for CA; 77.3% and 22.7% for PTCA-SI; and 75.5%
and 24.5% for CA-PTCA-SI.

Table 1. Characteristics of various radiological examinations and procedures.

Procedure No. of Mean age (range) Fluoroscopy Radiography No. of
patients [y] Peak Current Peak Current images

kilovoltage (kV) (mA) kilovoltage (kV) (mA)

Cardiac
CA 176 56 (35-79) 89.0 17.6 86 615 618
PTCA-SI 32 57 (29-76) 92.5 17.5 90 575 1008
CA-PTCA-SI 70 56 (23-77) 92.5 18.3 90 570 1180

Non-cardiac
Nephrostomy 12 47 (20-71) 82.5 3.3 82.5 360 22
Lower-limb angiography 7 48 (38-52) 81.5 2.5 81.5 360 272
Chemoembolisation 6 49 (44-64) 82.5 3.0 82.5 360 49
Abdominal angiography 7 52 (45-74) 82.5 3.0 82.5 360 105

Abbreviations: CA = coronary angiography; PTCA-SI = percutaneous transluminal coronary angioplasty and stent implantation; CA-PTCA-SI = coronary
angiography and percutaneous transluminal coronary angioplasty with or without stent implantation.
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The results of KAP measurement and fluoroscopy
screening time in this study are shown in Table 2. PTCA
and chemoembolisation procedures resulted in relatively
higher KAP values than did the other procedures.
However, high standard errors of the mean for each
procedure indicate the large variability in the measures
influencing the KAP values (Figure 1).

Estimated Effective Dose and Entrance
Surface Air Kerma
Because existing conversion factors do not cover car-
diac procedures, we adopted the approaches used by
other researchers to convert the KAP to the effective

dose (H
E
). The conversion factor for cardiac procedures

came from Betsou et al7 (0.183 mSv/Gy·cm2), whereas
the conversion factor for non-cardiac procedures
came from McParland8 (0.16 mSv/Gy·cm2). We need
to interpret these results with caution, however, because
the conversion factors were derived from studies
involving larger patient populations. In addition, the
mean H

E
 was estimated by assuming that the con-

version factor was similar for both male patients
and female patients. Finally, the ESAK was measured
by using the TLD during non-cardiac procedures.
ESAK results and estimated H

E
 values are presented in

Table 3.

Comparison of Measures of Patient Dose
We compared results from this study with those from
published studies on KAP, ESAK, and H

E 
for cardiac

and non-cardiac procedures (Tables 4 and 5). For
most procedures, our results were of a similar order of
magnitude as those of other studies.

DISCUSSION
Radiation risk evaluation in interventional radiology
poses some unresolved difficulties. There is no agree-
ment on dosimetric quantities appropriate for study,
which explains the lack of reference values indicative
of good practice in interventional radiology. The use of
easily measured indicators during patient procedures,
such as the surface dose or the KAP, may represent a
reasonable approach. These measures provide diagnos-
tic values that are useful in an optimisation programme.
Reference values in terms of fluoroscopy dose rates
could also help to optimise radiological practice. How-
ever, they are of limited usefulness because they do not
reflect procedural aspects, such as time, modes of fluor-
oscopy and fluorography, projections, and field sizes.9

KAP meters are a common, readily available method of
providing a patient dose index and acquiring data, which
can be used to derive median and quartile values. These
values can then be compared with equivalent local and
national values.

In general, the contribution of fluoroscopy to KAP
was higher in cases in which it was difficult to place
the guide-wire at the stenotic lesion than in other cases.
On the other hand, cinefluorography contributed 48.3%
of the dose to KAP in CA cases. The contribution of
fluoroscopy to the dose of radiation received was hence
less than that for all other examinations, because there
were no substantial difficulties in leading the catheters
to the coronary vessel.

Table 2. Fluoroscopy screening times and kerma-area products
for various procedures.

Procedure Fluoroscopy Kerma-area
(No. of patients) screening product

time (min) (Gy·cm2)

Cardiac
CA (176)

Mean (SD) 5.4 (0.7) 48.6 (3.7)
Median 3.2 37.0
3rd quartile 5.6 59.6
Range 0.7-81.8 6.3-452.8

PTCA-SI (32)
Mean (SD) 26.6 (3.7) 147.2 (19.8)
Median 21.2 110.6
3rd quartile 37.5 180.1
Range 1.8-87.5 22.4-477.0

CA-PTCA-SI (70)
Mean (SD) 21.5 (2.3) 153.0 (17.2)
Median 16.0 103.0
3rd quartile 28.0 189.5
Range 1.9-81.4 18.8-655.0

Non-cardiac
Nephrostomy (11)

Mean (SD) 8.3 (1.5) 31.5 (5.1)
Median 6.4 25.9
3rd quartile 11.6 35.6
Range 3.1-19.3 12.1-70.6

Lower-limb angiography (7)
Mean (SD) 23.4 (12.8) 109.4 (32.4)
Median 12.4 86.6
3rd quartile 61.5 185.2
Range 7.2-61.5 4.1-209.2

Chemoembolisation (6)
Mean (SD) 29.7 (4.6) 127.7 (33.3)
Median 25.7 128.1
3rd quartile 39.45 182.1
Range 19.6-45.9 30.9-237.9

Abdominal angiography (7)
Mean (SD) 17.2 (12.0) 88.5 (15.6)
Median 5.6 89.5
3rd quartile 53.2 99.1
Range 4.3-53.2 49.3-125.5

Abbreviations: CA = coronary angiography; PTCA-SI = percutaneous
transluminal coronary angioplasty and stent implantation; CA-PTCA-SI =
coronary angiography and percutaneous transluminal coronary angioplasty
with or without stent implantation.
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In the cardiac procedures analysed, the KAP contribu-
tions from fluoroscopy and cinefluorography were com-
parable in some instances to those measured by other
researchers. Betsou et al7 reported that 58% of the KAP
was due to cinefluorography, whereas Karppinen
et al10 and Van de Putte et al11 stated that 60% and 63%,
respectively, of total KAP came from cinefluorography
(e.g., cardiac catheterisation, cardiac catheterisation
with left ventricle investigation, PTCA, and PTCA
with stenting). Our study indicates that the cinefluorog-
raphy KAP contributed 35% of total KAP on average;

the cinefluorography KAP from CA contributed the
highest KAP (48.3%). In general, radiologists or cardi-
ologists use high-dose radiation to obtain a better
image to diagnose a disease. For cine studies, the doses
given to a patient may become quite large because of
the large number of frames required (25 to 50 frames
per second for about 5-20 s for each view or projection)
in addition to the fluoroscopy required for the catheter
placement.

Differences in doses in comparison studies will arise
because the radiological procedures are not classified
in a similar manner before being recorded in the data-
base. A variety of factors, such as measurement method,
number of measurements collected, clinical technique,
and statistical method, will affect the final result. It is
thus important to establish some classification of the
procedures to be able to perform valid comparative
studies.

It is normal practice to perform a CA procedure to
locate a lesion and then to proceed with PTCA with or
without stent implantation. Because the goal of radio-
logical intervention is to treat the patient (rather than
just diagnose any problem which may be present), these
cases are often clinically open-ended and proceed until
the treatment is completed.

Table 3. Entrance surface air kermas and effective doses for
various procedures.

Procedure Mean KAP Mean ESAK H
E

(Gy·cm2) (mGy) (mSv)

Cardiac
CA 48.6 na 8.9
PTCA-SI 147.2 na 26.9
CA-PTCA- SI 153.0 na 28.0

Non-cardiac
Nephrostomy 31.5 100.4 5.0
Lower-limb angiography 109.4 64.9 17.5
Chemoembolisation 127.7 107.0 20.4
Abdominal angiography 88.5 135.3 14.2

Abbreviations: KAP = kerma-area product; ESAK = entrance surface air
kerma; H

E
 = effective dose; CA = coronary angiography; PTCA-SI =

percutaneous transluminal coronary angioplasty and stent implantation; CA-
PTCA-SI = coronary angiography and percutaneous transluminal coronary
angioplasty with or without stent implantation; na = not available.

Figure 1. Box plots of kerma-area products for cardiac and non-cardiac procedures.
Abbreviations: KAP = kerma-area product; CA = coronary angiography; PTCA-SI = percutaneous transluminal coronary angioplasty and stent implantation;
CA-PTCA-SI = coronary angiography and percutaneous transluminal coronary angioplasty with or without stent implantation.
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In our study, the KAP during simple CA (mean,
48.6 Gy·cm2; median, 37.0 Gy·cm2) was less than one-
third of that in the other cardiac procedures. The high-
est KAP values were found for CA-PTCA-SI (mean,
153.0 Gy·cm2; median, 103.0 Gy·cm2). In non-cardiac
procedures, nephrostomy (mean, 31.5 Gy·cm2; median,
25.9 Gy·cm2) had the lowest KAP, whereas chemo-
embolisation had the highest (mean, 127.7 Gy·cm2;
median, 128.1 Gy·cm2). Graphical distributions for
almost all procedures were far from symmetrical.
These skewed distributions had long high-dose tails and
comparatively large interquartile ranges. As a conse-
quence of this skew, the means were greater than the
medians. This finding was consistent with results from
some other similar studies.7-11

The KAP values in this study for cardiac and non-
cardiac procedures were comparable to those obtained
by other authors, except for PTCA-SI procedures.
KAP values for CA were in good agreement with
those reported by Van de Putte et al,11 Betsou et al7 and
Vano et al.12 These authors reported mean KAP values
in CA of 60.64, 30.4, and 66.51 Gy·cm2, respectively.

Our mean value for CA procedures was 48.6 Gy·cm2.
In CA-PTCA-SI studies, the mean KAP value obtained
was 153.0 Gy·cm2, which was comparable to the value
obtained by Van de Putte et al.11

In non-cardiac studies consisting of 4 procedures —
nephrostomy, lower limb angiography, chemoemboli-
sation, and abdominal angiography — mean KAP
values were 32.4, 80.3, 124.5, and 91.1 Gy·cm2,
respectively; median values were 26.6, 50.8, 97.8,
and 92.2 Gy·cm2. These values were similar to those of
other studies. Data published by Cruces et al13 for a
sample of 105 patients, comprising 54 undergoing
nephrostomy, 35 lower-limb angiography, and 16
abdominal angiography, showed mean values of 75,
30, and 61 Gy·cm2, respectively. Williams14 also pub-
lished values measured in lower-limb angiography,
chemoembolisation, and abdominal angiography; mean
KAPs were 77.9, 105.0, and 97.9 Gy·cm2, respectively.
A study conducted by McParlan8 yielded a mean
value of 43.0 Gy·cm2 and a median of 24.2 Gy·cm2 for
nephrostomy; for abdominal angiography, these values
were 118 and 102 Gy·cm2, respectively.

Table 4. Comparison of kerma-area products from different studies for various procedures.

Procedure Study No. of patients KAP (Gy·cm2)

Mean (SD) Median 3rd quartile Range or
upper limit

Cardiac
CA This study, 2004 176 48.6 37.0 59.6 6.3-452.8

Van de Putte et al,11 2000 62 60.64 56.82 80.58 144.23
Betsou et al,7 1998 29 30.4 na na na
Vano et al,12 1998 288 66.51 45.75 69.28 11.6-482.33

PTCA-SI This study, 2004 32 110.6 110.6 180.1 22.4-477.0
Van de Putte et al,11 2000 13 108.80 108.80 140.93 235.19
Vano et al,12 1998 45 66.75 66.75 122.26 12.75-345.35

CA-PTCA-SI This study, 2004 70 153.0 103.0 189.5 18.8-655.0
Van de Putte et al,11 2000 10 165.95 131.61 185.83 2.00-345.72
Betsou et al,7 1998 7 70.7 na na na

Non-cardiac
Nephrostomy

This study, 2004 11 31.5 (5.1) 25.9 44.0 12.2-70.6
Cruces et al,13 1998 54 75 62 106 7-260
McParland,15 1998 35 43.0 24.2 62.7 0.6-165.0
Cruces et al,17 1997 59 22.73 (13.31) 21.12 32.64 7.05-51.36

Lower-limb angiography This study, 2004 7 109.4 (32.4) 86.6 207.1 4.1-209.2
Cruces et al,13 1998 35 30 (13) 27 36 na
Williams,14 1997 323 77.9 68.6 97.5 na
Cruces et al,16 1997 31 58.17 (18.30) 51.84 71.14 190.6
Vano et al,12 1998 40 66.63 51.75 87.89 na

Chemoembolisation This study, 2004 6 127.7 (33.3) 128.1 213.5 30.9-237.9
Williams,14 1997  27 105.0 89.0 136.0  na

Abdominal angiography This study, 2004 7 88.5 (15.6) 89.5 na 49.3-125.5
McParland,15 1998 21 118 102 133 21.6-301.0
Cruces et al,13 1998 16 61 33 92 8-192
Williams,14 1997 41 97.9 77.3 131.8 297.4

Abbreviations: KAP = kerma-area product; CA = coronary angiography; PTCA-SI = percutaneous transluminal coronary angioplasty and stent implantation; CA-
PTCA-SI = coronary angiography and percutaneous transluminal coronary angioplasty with or without stent implantation; na = not available.
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The values of ESAK and H
E
 obtained were also compa-

rable to those obtained by other authors. However, our
values of H

E
 for PTCA-SI and CA-PTCA-SI (26.9

and 28.0 mSv, respectively) were higher than those
obtained by Betsou et al7 and Karppinen et al10 for
PTCA-SI, and Betsou et al7 for CA-PTCA-SI. Their
values of H

E
 were 5.6, 10.6, and 13.0 mSv, respectively.

The differences can be attributed to uncertainty in
whether the examination was appropriately classified
before being recorded in the database.

Good agreement was found for all the values of ESAK
and H

E
 in non-cardiac procedures when compared with

those from other studies, except for chemoembolisation,
for which there are no data for comparison. However,
ESAK measurements from different studies are diffi-
cult to compare because of strong non-uniformity of
the dose, and because the dose is often measured at
other skin locations. Furthermore, estimation methods
of ESAK measurement vary across studies. For example,
TLD measurement, which includes full backscatter,
was used to estimate ESAK in 1 study.9 A ‘surface dose
indicator’ was synthesised from the sum of 4 surface
dose measurements at points anterior, posterior, right,
and left of the anatomy considered a priori likely to be
the most heavily irradiated during a procedure. Some
other authors have used azimuthal arrays of TLDs
about the head for cerebral procedures and have

Table 5. Comparison of entrance surface air kermas and effective doses from different studies for various procedures.

Procedure  Study  No. of patients ESAK (mGy) H
E
  (mSv)

Cardiac
CA This study, 2004 176 na 8.9

Van de Putte et al,11 2000 62 300 na
Betsou et al,7 1998 29 na 5.6
Karppinen et al,10 1995 na 660 10.6

PTCA-SI This study, 2004 32 na 26.9
Betsou et al,7 1998 12 na 6.9
Karppinen et al,10 1995 na 660 10.6

CA-PTCA-SI This study, 2004 70 na 28.0
Betsou et al,7 1998 7 na 13.0

Non-cardiac
Nephrostomy This study, 2004 12 100.4 5.0

McParland,15 1998 35 110.0 6.9
Cruces et al,13 1998 54 na 13.6
Cruces et al,16 1997 51 40.8 5.49

Lower-limb angiography This study, 2004 7 64.9 17.5
McParland,8 1998 9 na 7.5
Cruces et al,13 1998 35 na 6.2
Cruces et al,16 1997 12 190.6 12.58

Chemoembolisation This study, 2004 6 107.0 20.4
Abdominal angiography This study, 2004 7 135.3 14.2

McParland,15 1998 21 100 18.9
Cruces et al,13 1998 16 na 8.2
Cruces et al,16 1997 34 158.1 10.29

Abbreviations: ESAK = entrance surface air kerma ; H
E
 = effective dose; CA = coronary angiography; PTCA-SI = percutaneous transluminal coronary angioplasty and

stent implantation; CA-PTCA-SI = coronary angiography and percutaneous transluminal coronary angioplasty with or without stent implantation; na = not available.

identified the maximum recorded dose as the ESAK.15

Correctly positioned TLD chips could provide ESAK
values, but the location of the most heavily irradiated
areas cannot be predicted, and many chips would be
required, thereby making their routine use impractical.
Cruces et al16 estimated the ESAK by dividing the total
KAP measured for the procedure with a transmission
ionisation chamber by the area irradiated at the entrance
plane. However, their discussion did not indicate
whether or not the backscatter factor had been taken
into account.

On the other hand, Karppinen et al10 used Perspex phan-
toms to simulate CA and PTCA procedures with a field
size of 15 x 15 cm2 to obtain ESAK. McParland15 de-
scribed a method to calculate ESAK from KAP using
an experimentally determined conversion factor,
(ESAK/KAP

R
)

Nom
. The sum of posteroanterior and lat-

eral projections would be a ‘worst-case’ ESAK estima-
tion for which the entire dose is allocated to a single
projection. In addition, it is well known that the skin
dose is not easy to measure, particularly in cardiology
procedures in which the X-ray beam enters the patient
through several sites and field size varies widely.
Estimations based on the output rate of the X-ray
tube, using kVp and tube current settings, usually give
unrealistic results because the irradiated area and the
focus-to-skin distance are often changed.17
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Achieving a patient dose ‘as low as reasonably achiev-
able’ in interventional radiology procedures depends on
the basic principles of dose limitation, exposure time,
source-to-skin distance, and shielding. The actual use
of these principles will depend on how effectively this
information is communicated to staff members and on
their education, awareness, training, and expertise in
performing low-dose fluoroscopy. Regular measurement
of patient dose is an essential step to optimising
exposure. It makes the operator aware of his or her own
performance and allows comparisons to be made with
generally accepted practice. These checks are needed
because fluoroscopy is operator-dependent, and consid-
erable variation has been reported between exposures
delivered by different interventionalists.18

Evidence shows that dose reduction can be achieved by
increasing staff awareness of radiation dose. Reduction
of the dose received by staff could be achieved by the
wearing of audible radiation monitors during fluoro-
scopic procedures.19 A shortening of fluoroscopic
screening time has also been attributed to the Hawthorne
effect — a phenomenon of altered performance behav-
iour resulting from the knowledge of being part of an
experimental study.20 Both methods work under the
same principle — that is, to increase staff awareness
of radiation. Patient doses may be further reduced by
ensuring that the interventionalist is aware that his or
her fluoroscopic practice is continuously under surveil-
lance, known as the ‘audit effect’. Yu et al19 reported
that continuous dose-monitoring increases intervention-
alists’ awareness of radiation, which in turn reduces
fluoroscopic times and radiation doses. Another impor-
tant area for interventionalists is continuing medical
education about radiation protection.

If reductions in radiation dose to the patient are to be
achieved, all interventional radiologists and cardio-
logists must be capable of estimating patient dose. KAP
meters provide a continuous guide to the performance
of both equipment and operator and may be used in
interventional radiology quality-assurance programmes.
However, more work is necessary to publicise the use
of KAP monitoring, because some interventionalists
may still not be fully aware of the existence and func-
tion of the device.

CONCLUSION
The results presented in this pilot study provide use-
ful insight into the patient-protection programme in
interventional radiology. Further research is needed to

confirm the validity of the results, especially because
the procedures used small radiation fields, as well as
variable beam incidences around the region of interest.
Our sample also was not large enough to yield conclu-
sive findings, which may explain why results for some
procedures disagreed with those from international
studies. In addition, procedures that were not covered
in this study should be included in future studies to pro-
vide comprehensive data on interventional radiology and
cardiology in Malaysia. Still, none of our ESAK values
approached the dose thresholds for erythema or
epilation, and there was no evidence of these complica-
tions in the patients included in the survey.

Our findings may guide judgement about the quality of
individual medical practices. Such guidance, however,
should not be regarded as restrictive or prescriptive, and
it is intended to encourage radiology staff to become
more aware of the radiation exposures involved in the
examinations they administer. Comparison with exist-
ing guidelines for ‘generally acceptable’ exposure lev-
els may encourage practitioners to review individual
performance and take corrective action if patient expo-
sure consistently exceeds guidance levels.
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