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Abstract 

 
 

Interventional Radiology (IR) is a relatively new subspecialty of radiology. It is subspecialty where minimally invasive 
procedures are performed under radiological guidance using X-ray. This procedure can deliver high radiation doses compared 
with other radiological method due to long screening time. Because of this it is important to determine radiation doses received 
by patients undergoing IR procedures. It is to ensure that the dose is within the range deemed to be saved. A total of 128 patients 
undergoing IR procedures in PPUKM between 2012 and 2013 have been retrospectively. Dose area product (DAP) meter were 
used to measure the integral dose for the whole procedures. It was found that the mean kerma-area products (KAP) for abdomen, 
head, pelvis, and thorax are 243.1, 107.3, 39.05 and 45.7 Gycm2 respectively. This study may provide useful information which 
can later be used to establish baseline patient dose data for dose optimizing study and carried out a recommendation on effective 
method of patient dose reduction during IR procedures. A more detail results of this study are presented in this paper. 

 
Abstrak 

 
 

Radiologi Intervensional  adalah sub-kepakaran yang agak baru dalam bidang radiologi. Ia adalah sub-kepakaran di mana 
prosedur minimum sesuatu pembedahan dilakukan menggunakan bantuan X-ray. Prosedur ini boleh memberikan dos radiasi 
yang tinggi berbanding dengan kaedah radiologi yang lain disebabkan masa dedahan yang panjang. Oleh yang demikian adalah 
penting untuk menentukan dos radiasi yang diterima oleh pesakit yang menjalani prosedur IR ini. Ia adalah untuk memastikan 
bahawa dos adalah dalam lingkungan yang selamat. Sebanyak 128 pesakit yang menjalani prosedur IR di PPUKM antara tahun 
2012 dan 2013 dikaji secara retrospektif. DAP meter telah digunakan untuk mengukur dos yang penting bagi seluruh prosedur. 
Bacaan purata DAP untuk abdomen, kepala, pelvis dan toraks adalah 243.1, 107.3, 39.05 dan 45.7 Gycm2 masing-masing. 
Kajian ini boleh memberikan maklumat yang berguna yang boleh digunakan untuk mewujudkan data asas dos pesakit untuk 
kajian pengoptimuman dos. Seterusya kajian ini dapat mengesyorkan kaedah yang berkesan untuk mengurangan dos kepada 
pesakit. Satu keputusan yang lebih terperinci mengenai kajian ini dibentangkan dalam kertas ini. 
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Introduction 
 

Interventional Radiology (IR) is a relatively new subspecialty of radiology. It is subspecialty where minimally 
invasive procedures are performed under radiological guidance by using x-ray. The number of procedures in IR has 
risen owing to their cost-effectiveness in comparison with surgical procedures requiring hospitalization [1]. The 
radiation exposure to patients and staff in such procedures is much higher than in simple radiographic examination 
like X-ray of chest or abdomen such that radiation induced skin injuries to patients and eye lens opacities among 
workers that have been reported in the 1990’s and after [11]. In IR, both deterministic and stochastic radiation risk 
are presented to the patient. Potentially high skin doses can result in deterministic effect such as erythema or 
temporary epilation especially in complex procedures [1]. Therefore, diagnostic reference levels (DRL) become 
importance in the management of radiation doses delivered to the patients in diagnostic and interventional radiology. 
There is a legal requirement on person conducting medical radiation exposure to monitor radiation dose to the 
patients and to establish local diagnostic reference levels for such exposure.  

Assessment study on radiation dosage monitoring for interventional procedures is conducted due to increasing usage 
of radiation in angiography and cardiac catheterization laboratories. The Ministry of Health (MOH) recorded that 
the number of angiography machines has increased in Malaysia [2]. As results, it is important to determine radiation 
doses received by patients in selected Malaysian hospitals undergoing various IR procedures. It is to ensure that the 
dose is within the range deemed to be safe. Other objective of this study is to identify potential high-dose 
interventional procedures performed in PPUKM and to improve radiation dose reduction technique for dose 
optimization while maintaining diagnostic accuracy and treatment efficacy. This study may provide the useful 
information which can be use to establish baseline patient dose data for dose optimizing study. Studies will be 
carried out to reduce the radiation dose of patients and to make a recommendation on effective methods of patient 
dose reduction. A subsidiary objective of this project is to initiate a dose monitoring services during interventional 
radiology at the hospitals. 

Materials and Methods 

Dose measurement has been performed at Pusat Perubatan University Kebangsaan Malaysia (PPUKM). This 
medical centre is among the more established centers performing interventional radiological procedures in Malaysia. 
The X-ray systems and Physicians (Interventional radiological procedures) in PPUKM are involved in this study. 
The information about the system (model, age etc) the patients (sex, age, weight etc), total DAP reading, 
fluoroscopy time and the physician are detail out during the dose assessment. All procedures were performed using 
Bi plane digital angiography model Philips Allura Xper FD20/10 which was installed in 2008. This unit provides a 
read-out of the cumulative KAP values using an internal factory- calibrated KAP meter. This angiographic unit can 
also store information on fluoro time, number of frames and entrance skin dose (ESD) which equal to air kerma at 
entrance to the patient of the primary beam including backscattered radiation. The x-ray system used undergoes 
regular quality control checks to ensure acceptable performance in term of imaging and radiation dose. 

For the measurement of patient doses, kerma-area product (KAP), also called dose-area product (DAP) is selected as 
the main dosimetric quantities. KAP is a measurement of the total x-ray energy absorbed by the patients. It is the 
radiation dose (air kerma) at appoint in space along the central ray of the x-ray beam, multiplied by the area of the x-
ray beam at that point. It is measured in Gycm2 [8]. DAP meter is the most commonly used dosimeter. DAP is 
typically measured with transmission chamber fitted in the angiographic unit system to the collimator assembly. 
Cumulative DAP values for each examination is recorded. For DAP calibration, the National protocol for Patients 
Dose Measurement in Diagnostic radiology was followed.  

 

 



Result and Discussion 

The principle problem in measuring patient dose during IR procedures is that dose is not administered uniformly 
throughout the patient’s body. Typically, the radiation field is moved over the patient’s body during a procedure and 
change in size and shape as the beam collimated. As the result, the distribution of radiation throughout the patient’s 
body is heterogeneous [8]. KAP measurement is a useful method for approximating the total X-ray energy absorbed 
by a patient. It was also a good metric for estimating stochastic risk from interventional procedures.  

During the study, the physicians performed 128 interventional radiology procedures, of which 43 patients (33.6%) 
underwent abdomen cases, 34 patients (26.6%) heads, 42 patients (32.8%) thorax and 9 patients (7.0%) pelvis. The 
results of fluoroscopy time and kerma-area products (KAP) for various procedures are shown in Table 1 and 2. 
Result shows that mean kerma-area products for abdomen, head, pelvis, and thorax were 243.1, 107.3, 39.05 and 
45.7 Gycm2 respectively. Abdomen and head procedures resulted in relatively higher KAP values than did the other 
procedures due to higher fluoroscopy screening time as shown in Table 1. Figure 1 shows the correlation between 
KAP and fluoroscopy time in every procedures. This result indicated that although fluoroscopy time screening is 
poor measurements indicator for dose, but it still have a good correlative with dose metrics (KAP). 

Table 1. Fluoroscopy screening time for various procedures 

Procedures No of Patients Fluoroscopy screening time (min) 

    Mean (SD)  1st Quartile Median 3rd quartile Range 

Abdomen 43 25.5 (23.0) 12.9 19 26.9 0.1-100.4 

Head 34 21.5 (20.4) 3.1 15.8 142.9 0.1-86.4 

Pelvis 9 11.2 (12.8) 1.1 9.3 59.9 0.2-40.6 

Thorax 42 11.3 (14.3) 1.5 7.1 60.4 0.1-66.4 
 

Table 2. Fluoroscopy kerma-area products (KAP) for various procedures 

Procedures KAP (Gycm2) 

  Mean (SD)  1st Quartile Median 3rd quartile Range 

Abdomen 243.1 (267.6) 50.1 178 334.3 0.1-1374.2 

Head 107.3 (95.8) 23 90.9 142.9 0.1-373.3 

Pelvis 39.1 (43.6) 1.2 36.7 59.9 0.5-117.4 

Thorax 45.7 (87.7) 5.8 11.4 60.4 0.1-510.6 
 

Fluoroscopy screening time is the length of time that fluoroscopy is in use during a fluoroscopically guided 
intervention. The screening times for various procedures are summarized in table 1. For the entire procedure, the 
range of time required is between 0.1 minutes to 100.4 minutes. Compared with other radiological procedures IR 
procedures will produces high radiation exposure to the patient and staff. This is because the procedures involve a 
long exposure time and the operator closer to the radiation. The experience or training level of the radiologist and 
the complexity of the procedure are the main factors why this procedure took a long time to complete. As example 
for inexperience radiologist the possibility to repeat the procedures is too high.  For a fluoroscopy procedure, the 
rate of radiation exposure to the patient's skin is usually between 0.02 Gy/min to 0.05 Gy/min. Therefore, it is 
imperative for radiologists and staff involved adopting radiation protection during IR procedures so that the effects 
of radiation can be reduced as much as possible. This technique is known as dose optimization techniques [2]. 
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 radiation protection clothing and fully utilized the 



protective radiation equipment. Use of audible radiation monitor and encouragement of the staff rotation during IR 
procedures also can reduce the dose received by staff. 

Table 3 shows that the effective dose (ED) for the abdomen, head, pelvis, and thorax were 46.2, 9.7, 7.4 and 10.1 
mSv respectively. The ED is estimated from measured dose-area product (DAP) data and Monte Carlo derived 
conversion factors [11]. The obtained values of the conversion coefficients are generally in good agreement with 
data published in the scientific literature.  One can see that the level of exposure from IR examination is higher than 
that from routine radiological procedures. The mean ED values reaches 46.2 for abdomen procedure. This is the 
evidence that IR procedure will give higher dose to patients and can cause skin radiation injuries. 

Kerma area products (KAP) from this study were compared with results from different studies (Table 4 and Table 
5). There is evidence that there can be a wide variation in patient radiation dose due to clinical technique differences, 
statistical sampling and the type of x-ray equipment used. Hence any establishment of series of reference dose in 
interventional radiology must account for the intrinsic variances due to these effects [8]. 

 

 

Figure 1. Correlation between KAP and fluoroscopy time in various procedures 

 

Table 3. Fluoroscopy kerma-area products (KAP) and effective dose for various procedures.  

Procedures Mean KAP (Gycm2) Effective Dose (mSv) 

          

Abdomen 243.1 46.2   

Head 107.3 9.7 

Pelvis 39.1 7.4 

Thorax   45.7     10.1   

 



Table 4 . Comparison of kerma area products (KAP) from different studies 

    No. of Patients KAP (Gycm2) 

Mean Median 3rd Quartile Range 

Abdominal study 
This study, 2013 43 243.1  178.0  334.3  0.03-1374.2 

B Sapiin, 2004 7 88.5 89.5 na 49.3-125.5 

Mc Parland, 1998 21 118 102 133 21.6-301.0 

Cruces, 1998 16 61 33 92 8-192 

William, 1997 41 97.9 77.3 131.8 297.4 

 

Table 5. Comparison of kerma area products (KAP) from different studies 

    No. of Patients KAP (Gycm2) 

Mean Median 3rd Quartile SD 

Thorax This study, 2013 42 45.7  11.4  60.4  87.74 

V. Tsapaki, 2003 195 47.3 39.1 60.4 27.9 

Vano, 1995 288 66.5 45.7 69.3 

Padovani, 1998 13 39.3 18 

Broadhead,1997 2174 57.8 45.5 69.9 

Zorzetto, 1997 79 55.9 52.5 65.6 

 

Conclusion 

The results thus presented in this study provide useful insight into the dose optimization programmed in 
interventional radiology. This study indicated that abdomen and head procedures resulted in relatively higher KAP 
values than did the other procedures. The increasing number of IR procedures, as well as the increasing complexity 
of cases which may be treated by interventional radiologist has resulted in the potential for deterministic injuries 
during IR procedures. A regular QA programme and continuous patients dose measurements during IR procedures is 
needed to reduce dose not only for patient safety, but also for the staff involved. It also may encourage practitioners 
to review individual performance and to take corrective action if patient exposure consistently exceeds guidance 
levels. This study may provide the useful information which can be use to establish baseline patient dose data for 
dose optimizing study. 
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