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Abstract: The process of interventional procedure can be associated with multilevel of radiation doses; the current study intends to 
measure patient dose and estimate the radiation dose received for patient during interventional cardiology (IC) procedures. In order to 
match the acceptable level, A 206 patients underwent IC procedure and the radiation dose were measured  in Khartoum state hospitals, 
Sudan; in  four types of (IC) procedures which are (CA, PCI, PTMC and pacemaker) the number patients for each procedure was 145, 
39, 4 and 18 respectively. The mean age of patients was 59.9±14.1 which ranged from 3 to 100 years. The mean value of tube parameter 
was 78.2±11.4KVp, (ranged from 50 to 109 Kvp), 7.1 ±0.72 mAs (ranged from 3 to 10.2 mAs). The mean time of fluoroscopy exposure 
that was used during these procedure was 6.9±7.1 mint. Dosimetric quantity, called KERMA Area Product (KAP), and fluoroscopy time 
were registered during four selected procedures. For CA, PCI, PTMC and pacemaker the mean and median KAP values demonstrated 
as higher and lower values were found to be (63.69, 52 Gy.cm2) (18.78, 15.5 Gy.cm2) for PCI and pacemaker respectively. The higher 
mean and median fluoroscopy time in minutes (11.43, 9.70) as registered for PCI procedure was reported in this study which may 
considered relatively higher value than reported in the literature. 
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1. Introduction 
 
Interventional cardiology are one of the subspecialty of 
interventional radiology, Interventional cardiology (IC) 
which involves coronary angiography (CA) diagnostic 
procedures and percutaneous coronary interventions (PCI) 
therapeutic procedures is becoming progressively more 
common, Patient dosimetry in IR and IC is extremely in 
which the highest patient doses are imparted with the use of 
fluoroscopy X-ray techniques in diagnostic or therapeutic 
procedures [1]. Clinical patient benefit usually compensates 
radiological risk; however, there is agreement among experts 
about the need for measuring patient doses routinely and the 
urgency of setting up optimization procedures [2]. The 
number of interventional procedures, dedicated radiological 
installations and centers applying those interventions 
increases continuously. Technical improvements in the 
design of dedicated digital procedures are progressing. 
Nowadays, medical specialists are able to choose the image 
quality level they wish for each procedure. Improving image 
quality is usually associated with higher patient and staff 
doses. Unfortunately, most IR equipment in use does not 
incorporate the dose measuring devices. The benefits from 
interventional cardiology (IC) procedures are well 
understood when compared with traditional surgery which is 
considered as more invasive procedure. In general, IC 
considered as less invasive, typically of less pain and risk to 
patients; in addition to that patient recovery time is much 
less. However, it is related with high patient and staff 
radiation doses. The values of dose-area product and 
effective dose for interventional radiology (IR) are typically 
larger than those used in common diagnostic X-ray 
examinations. According to UNSCEAR (3) from 1992 to 
1995 in the USA, there were 26 reports to the Food and Drug 

Administration (FDA) of radiation- induced skin injuries 
from fluoroscopy. In 1999, the FDA documented some 50 
cases of radiation-induced burns, many patient are underwent 
IC procedures. Reports from the FDA’s voluntary registry 
and other worldwide studies are continuing to detect more 
incidents of skin burn following IC (4, 5). Justification and 
optimization in IR are highly required by the international 
standards (6, 7). Special attention should be given to the 
quality assurance programs, including quality control 
measures and patient-dose assessment in IR (8).  Cardiac 
interventional procedures growing better now in Sudan where 
2 hospital where introduced IC in but rapidly increased to be 
more than 9 hospitals at the time of this study. Studies on 
patient and staff in interventional procedures in Sudan are 
very limited. Therefore the main objectives of this study was 
to measure the dose receive by the patient and to evaluate the 
level of radiation dose to patient during interventional 
cardiac catheterization procedure. 
 
2. Material and Method 
 
Patient radiation dose measurement during cardiac 
catheterization were made using KERMA area product 
(KAP) meter which attached to the C-arm machine. This 
study was conducted at Khartoum state hospitals in period 
from 2014 to December 2015 for 206 patients. All the 
patients were adults with age>15years except three patients 
their age< 5 years, 145 underwent coronary angiography 
(CA), 39 with percutaneous coronary interventions (PCI) 4 
percutaneous Trans venous mitral Commissurotomy (PTMC) 
and 18 to pacemaker. The following parameter was recorded 
such as patient body characteristic (age, weight, height 
(BMI), clinical indication, sex and type of procedures). In all 
procedures dosimetric quantity, namely KERMA area 

Paper ID: NOV152392 2110



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2013): 6.14 | Impact Factor (2014): 5.611 

Volume 4 Issue 12, December 2015 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

product was evaluated using KAP meter from the C- arm 
machine. The patient dose categorized according to the types 
of procedures, patient body characteristic. 
 

X-ray system that used to perform this types of intervention 
was conducted using C-arm ((Philips- Integris (Philips 
Medical System Cooperation, Hamburg, Germany)) serial 
number is 236781, normal voltage 125 KV and permanent 
filtration 2.5 AL/75, the system was Manufacturing and 
installed in 2012. Selected procedures: The most common 
performed cardiac procedures in the hospital were selected, 
namely CA, for the examination of blood vessels or chambers 
of the heart, PTCA; for treating the stenotic coronary arteries 
of the heart, Percutaneous Trans venous Mitral 
Commissurotomy (PTMC) which is carried out when a mitral 
valve becomes narrowed. It is a long-term complication of 
rheumatic fever. While rheumatic fever is becoming rare in 
the developed western world, in developing countries it is 
still a major health issue. The last procedure was the 
implantation of an artificial pacemaker by physicians to 
correct a slow heart. 
 
3. Result 
 
Table 1: Statistical summary of Patient body characteristics 
and Tube parameters in radiologic procedure (Mean± SD) 

Variable Mean± SD 
CA PCI Pacemaker PTMC 

Age 59.9±2.8 58.6±17 62.7±19.8 49.5±15.7 
Weight 76.5±27 73.9±16 69.7±22.9 66.0±16.1 
Height 159±11 167.3±14 161.8±20 167.5±12 
BMI 20.5±3.3 26.3±5.3 25.8±6.6 23.3±4.3 
Kvp 92.0±5.7 80.7±15 80.5±18.5 73.5±11.7 
mAs 8.5 ±0.7 7.2 ±1.2 6.9 ±0.7 6.5 ±0.6 
SSD 110±0.7 105.3±7 105.8±6.1 108.5±4.4 

Gycm2 29.5±40 63.7±49 18.8±16.3 25.3±31.7 
Time(m) 3.15±1.6 11.4±6.7 5.7±3.2 9.6±11.5 

 

y = 2.6408x + 11.771
R² = 0.9301
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Figure 1: Demonstrate the linear correlation between the 

Kvp and the BMI. 
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Figure 2: showed linear relationship between the Gy.cm2 and 
fluoroscopic time with R2= 0.9737 during PTMC 

procedures. 
 
Table 2:  Correlation coefficients for KAP with T (time) and 

BMI. 
Procedure DAP 

                  T                         BMI 
CA 
PCI 
PTMC 
Pacemaker 

                0.023                    0.022 
                0.483                    0.094 
                0.974                    0.414 
                0.097                    0.012 

 
4. Discussion 
 
The patients with their demographic data including, mean, 
standard deviation, for (age, height, weight and body mass) 
and tube parameters (Kvp, mAs, SSD, DAP and fluoroscopy 
time) listed in Table (1) for each procedure. 
 
Correlation of these parameters with radiation dose where 
evaluated the majority were significant but the radiation dose 
are strongly associated with fluoroscopic time in which the 
dose increased by 2.7051Gy.cm2 for every one mint 
increment in exposure time, R=0.9737, Y=2.7051X-0.51.  
 
The highest KAP related to PCI possibly due to longer time 
associated with this procedure which having a mean of  
(11.4±6.7 min). The lowest KAP related to Pacemaker 
because in this procedure used the fluoroscopy more than 
cine graphic. 
 
KAP values for CA and PTMC procedures were found to be 
(29.50±40.31) and (25.25±31.65) respectively. The total 
Mean fluoroscopy time in minutes for the three procedures 
was 9.6, 6.6 and 3.15 for PTMC, pacemaker and CA, 
respectively. A linear correlation between the Kvp and BMI 
in direct relationship noted with significant association which 
increased by 0.280 kg/m2 for every one Kvp increment in 
tube voltage when the mean value of Kvp where equal to 
92.00±5.66 with R2=0.026, and the linear regression 
equation that can describe this correlation was y=0.2798x + 
69.834 during CA procedures. This was compared with the 
relation in PCI, Pacemaker and PTMC procedures when the 
mean value of BMI and Kvp was 26.26±5.26 and 
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80.67±15.11, 23.38±4.26 and 73.50±11.68, 25.80±6.64 and 
80.50±18.51, respectively. In more strong correlation that 
PTMC where the R2= 0.9301, as showed in figure (1). 
 
Time, distance and shielding considered the three main ways 
to protect the worker and the staff during and radiological 
procedure and investing action also the patient (minimum 
time, far distance and maximum shielding with minimum 
radiation dose) here because we using the fluoroscopic 
operation the catheterization procedure so more time and 
more radiation used. 
 
In order to optimize the procedures in this catheterization 
laboratory it is important to understand the relation between 
the different factors and dose indicators in each case, and 
which factors have significant influence on patient dose. For 
that purpose, the correlation between KAP and T (time) as 
well as KAP with BMI was derived as listed in Table 2. 
Good correlation was found between T and DAP in PTMC 
with linear correlation factor of 0.974 , poor correlation was 
observed in CA,  PCI and Pacemaker which meant that time 
was not necessarily a good indicator of higher DAP. 
Procedures could be performed in shorter time but with an 
increased number of frames and vice versa. It is suggested 
that the difference in the number of cine- graphic frames used 
is the explanation for that. Betsou et al. (8) have shown that 
radiation dose from cine graphic mode frames contribute 
60% of the total dose in diagnostic procedures. Table 2 also 
includes the correlation factors values for KAP with BMI. As 
can be seen there was weak correlation for CA, PCI, PTMC 
and pacemaker, which means that BMI is not an indicator for 
dose in the procedures. It is possible that differences in 
diseased vessels’ location and type and complexity of disease 
from patient to patient have more influence on KAP than 
BMI. However, overweight will most likely lead to a higher 
dose when a complex procedure is performed. The increase 
of KAP with BMI in PTMC might be attributed to the use of 
mainly the right anterior oblique projection in PTMC, as 
changing in beam angulations will considerably change 
exposure factors owing to the increased or decreased volume 
exposed. The outcome of this study was compared with some 
published surveys for CA, PCI and pacemaker our mean 
KAP results for CA and PCI were lower than all other 
presented studies (9–12). It were found to be only higher than 
the values presented for Nada A. Ahmed et al. (21) and gar-
elnabi et al (22). 
 
The comparison of the present study with the suggested DRL 
guidelines has shown that doses for CA and PCI procedures 
in this hospital were in good agreement with the 
recommended levels with exception to PCI fluoroscopy time. 
However, and as the ALARA (as low as reasonably 
achievable) principle necessitates optimization of radiation 
protection, it is recommended to reduce patient doses while 
maintaining image quality and ensuring that optimized levels 
are consistent. The PCI procedure in this hospital is mostly 
required to be optimized as it is in general associated with 
higher radiation dose and it was linked with higher 
fluoroscopy time at the present study than in the other 
studies. And as it is well known that patient dose will build 
up with time; the potential for dose saving could be obtained 
by reducing the procedure time. 

To optimize radiation protection, every effort should be 
made to reduce the KAP of a procedure and thus the effective 
dose to the patients. This goal can be primarily achieved in 
this hospital by: (1) intensive training of the operators, nurses 
and  technologists (2) shift to lower cine-graphic modes and 
use less cine-graphic runs, (3) ) Use low-level fluoroscopy 
mode whenever possible, (4) position to the region of interest 
only and (5) reduce the fluoroscopy time as possible, (6) 
Avoid unnecessary magnification, (7) Apply the “as low as 
reasonably achievable” (ALARA) principle in emergency 
cases after gaining sufficient reperfusion. 
 
5. Conclusion 
 
In this study, patient doses were measured for IC procedures 
in a major cardiology hospital in Sudan and results were 
compared with other studies worldwide.  No safe dose exists 
and we must assume that there is a need for improvement in 
the practice of radiation protection.  Practical 
recommendations for potential optimization had been pointed 
out. It is recommended to expand this survey to include other 
hospitals and to use the results to raise the awareness of 
interventional cardiologists and radiographers on factors 
affecting patient dose and encourage them to undertake 
maximal efforts to reduce radiation exposure to the patients 
and themselves 
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