
ISSSD 2016 
September 24 to 28

th
, 2016.  Tuxtla Gutiérrez, Chiapas. México. 

_______________________________________________________________________________________________ 

92 
Proccedings of the ISSSD 2016                                                                                                                                 Vol. 1 

 

Patients' Exposure from Fluoroscopic Guided 

Pacemaker Implantation Procedures 
 

Mohamed Alkhorayef
*1,5

, Abdelmoneim  Sulieman
2
, Esameldeen Babikir

1
 

Eman Daar
3,5

, Mashari Alnaaimi
4
, Mousa Alduaij

4
, David Bradley

5
 

 
1
Radiological Sciences Department, College of Applied Sciences, King Saud University, P.O.Box 

10219, Riyadh 11433, Saudi Arabia  

(malkhorayef@ksu.edu.sa) 
 

2
Prince Sattam bin Abdulaziz University, College of Applied Medical Sciences, Radiology and 

Medical Imaging Department.Alkharj 11942, P.O.Box 422,  Saudi Arabia 

(Abdelmoneim_a@yahoo.com) 
 

3
Department of Physics, Faculty of Science, The University of Jordan, Amman 11942, Jordan 

(e.daar@surrey.sc.uk) 

 
4
Department of Nuclear Medicine, Kuwait Cancer Control Centre, Shwiekh, Kuwait 

(m.alnaaimi@gmail.com) (mousa.alduaij@yahoo.com.au)
 

5
Centre for Nuclear and Radiation Physics, Department of Physics, University of Surrey, Guildford, 

Surrey, GU2 7XH, UK  

d.a.bradley@surrey.ac.uk 

 

Abstract 

A pacemaker, which is used for heart resynchronization with electrical impulses, is used to manage 

many clinical conditions.  Recently, the frequency of the pacemaker implantation procedures 

increased 50% worldwide. During this procedure, patients and staff can be exposed to excessive 

radiation exposure. Wide range of doses was reported in previous studies, suggesting that 

optimization of this procedure is not fulfilled yet. This study aims to evaluate the patient and staff 

radiation doses during cardiac pacemaker procedure and quantify the patient effective dose. A total 

of 145 procedures were performed for five pacemakers' procedures (VVI, VVIR, VVD, VVDR and 

DDDR) two hospitals were evaluated. Patients' doses were measured using the kerma-area product 

(KAP) meter. Effective doses were estimated using software based on Monte Carlo simulation from 

National Radiological Protection Board (NRPB). The effective dose values were used to estimate the 

cancer risk from pacemaker procedure. Patient's demographic data, exposure parameters for both 

fluoroscopy and radiography were quantified. The mean patients doses (Gy.cm
2
) for VVI, VVIR, 

VVD, VVDR and DDDR was 1.52±0.13 (1.43-1.61), 3.28±2.34 (0.29-8.73), 3.04±1.67 (1.57-4.86), 

6.04±2.326 and 19.2±3.6 ((5.43-30.2), respectively, per procedure. The overall patient's effective 

dose is 1.1 mSv per procedure. 
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1. INTRODUCTION 

 

A pacemaker, which is surgically imbedded device to regulate the irregular heartbeat, is 

becoming the treatment of choice for cardiac synchronization disorders since its advent and 

used on a human in 1960s. Pacemaker implantation have drastically increased and improved 

patients' life [Baddour et al., 2010].  It has been estimated that the overall prevalence of 

pacemaker implementation for population was estimated at 0.3% to 2.5% [Bradshaw et al., 

2014] and the number of procedures is increasing annually. Permanent pacemakers, which 

has a half-life up to 15 years, are implemented certain clinical indications and are classified 

into three type's single chamber, dual chamber and biventricular pacemakers. The 

international code of the procedure type, which was developed in 1974, compose of five 

letter coding system initiates with the letter of the cardiac chamber being paced (A=atria, 

V=ventricle, D=dual or both, O=none, R= responsive), the second letter for the cardiac 

chamber being sensed, the third for the cardiac chamber that is repressed [Bernstein et al., 

2002]. 

 

During implantation of permanent cardiac pacemakers, patients and staff are exposure to 

fluoroscopic and radiographic exposure, which imposed the patients and staff to a risk of 

ionizing radiation. In addition to that, during pacemaker procedure, cine -fluorography is 

used during cardiovascular procedures in order to document heart functions. Even though it 

is a valuable diagnostic tool, a cine radiography technique exposure the patient to high 

radiation exposure due to acquisition of high quality images. Recent report showed that 

present cardiac pacemakers can exhibit functional changes from radiation damage at doses at 

2.0 Gys and can fail at 10 Gys [Marbach et al., 1994]. 

 

Currently, 90% of the human-made radiation is due to the medical usage of ionizing 

radiation for medical purposes and interventional cardiology procedures contribute up to 

50% of total collective doses from medical imaging in developed countries [Regulla &  

Eder, 2005]. Pacemaker generally implemented under fluoroscopic guidance which used to 

define the pacemaker placement, monitor and document the implantation procedure.  

Therefore, patients are being exposed to extremely to significant radiation dose which may 

http://rpd.oxfordjournals.org/search?author1=Dieter+F.+Regulla&sortspec=date&submit=Submit
http://rpd.oxfordjournals.org/search?author1=Heinrich+Eder&sortspec=date&submit=Submit
http://rpd.oxfordjournals.org/search?author1=Heinrich+Eder&sortspec=date&submit=Submit
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cause deterministic effects (at certain thresholds) or increase the probability of cancer 

effects, which depends upon the age and sex of the patient at exposure [ICRP 2012]. 

Furthermore, some patients may subjected to additional radiographic imaging procedures, 

such as cardiac computed tomography (CCT) which increase the radiation risk for the 

patients. Significant patients' effective doses variation have been reported by a factor of 12 

during pacemaker procedures [Sulieman et al., 2014; Picano et al., 2014; Einstein & 

Knuuti,2012; Gerber et al., 2009; Efstathopoulos et al., 2009]. 

 

The mean reported effective dose range from 1.4 mSv  to 17.0 mSv per procedure. In 

addition, few studies have been published regarding patient doses in pacemaker radiation 

dose procedures compared to the frequency and radiation burden of the procedure as far as 

we know. Therefore, measurement of radiation dose and radiation risk is justified for further 

dose optimization. This study aims to evaluate the patient and staff radiation doses during 

cardiac pacemaker procedure and quantify the patient effective dose. 
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2. MATERIALS AND METHODS 

 

2.1. Patient population 

A total of 145 procedures were performed for five pacemakers' procedures based on the 

clinical indication (VVI, VVIR, VVD, VVDR and DDDR) two hospitals were evaluated. 

All procedures were performed by two experienced cardiologist. Institutional review board 

approved the study and informed consents were obtained from all the patients' prior data 

collection.  40% of patients' population are females while the rest are males. 54% of the 

procedures (78 patients) performed at hospital A while the 46% (67 patients) were 

undergone the procedure at hospital B. 

 

The number of procedure types are presented in Table 1. Cardiac pacemaker implantation is 

performed by invasive intra-cardiac catheter recordings of spontaneous activity and cardiac 

responses to induced electrical stimulus under fluoroscopic guidance. Fluoroscopic and 

radiographic images are acquired to guide the pacemaker leads to the heart chamber of 

interest during and after placing the pacemaker in its place, which is usually in chest.  

 

Patient characteristics (gender, age, weight and BMI) and exposure parameters (tube 

voltage, tube current, time and source to image distance (SID,(cm)), total KAP reading, 

fluoroscopy and cine-radiography time were recorded for all patients groups. 

 

Table 1. number of patient depend on the pacemaker type. 

Pacemaker type Hospital A Hospital B 

VVI 23 12 

VVIR 9 10 

VVD 14 8 

VVDR 20 17 

DDDR 12 20 

Total 78 67 

 

 

2.2. Patient dose measurements and X ray machines 
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A Toshiba X ray Machine, model: CAS with filtration of the X-ray beam was 2.6 mm Al 

was used in hospital A. in hospital B, a C-arm (Philips- Integris) was used. Both machines 

have last image hold capabilities, automatic exposure control (AEC).  Both X ray machines 

were calibrated prior data collection. A Kerma area-product meter ((KAP), transmission 

ionization chamber) attached to the X ray housing was used for determining patient's doses 

(Diamentor M4 (PTW, Germany)) for both Hospitals.  KAP can be used with a conversion 

factor for estimating cancer effects probability while peak skin dose is the unit of choice for 

tissue reaction effects. 

 

2.3. Effective dose estimation 

Effective dose (E,mSv) is a quantity that has been introduced to give an indication of risk 

from partial or non-uniform exposure in terms of the equivalent whole body exposure which 

gives the same risk (ICRP 103, 2007). This quantity is enable comparison between different 

practical radiographic quantities: 

 

.
TT

T

E w H
    

 

Where HT is the organ equivalent dose to tissue T and wT is the weighting factor for organ or 

a tissue. 

 

In this study, effective dose was estimated using KAP values and tube voltage and tube 

filtration from software provided by the National Radiological Protection Board [Hart 

et al., 1998]. The software based on Monte Carlo calculations modeling the conditions 

of radiographic and interventional procedures. Effective doses were achieved from 

radiographic views similar to the pacemaker procedures (chest, posterior anterior, left 

lateral, and right lateral views).  
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3. RESULTS 

The mean age and range of the patients group is 68.1± 12.7(27.0-86.0), the mean age for 

females and males' patients were 66.6±6.0 (56-75) and 86.5±15.9 (27.0-86.0), respectively. 

A total of 145 procedures were performed for five pacemakers' procedures (VVI, VVIR, 

VVD, VVDR and DDDR) two hospitals as presented in Table 1. All patients undergone 

permanent pacemaker implantation procedure and the main clinical indication was complete 

heart block. Tables 2 & 3 show the exposure factors during fluoroscopic and cine 

radiography acquisition for both hospitals. Exposures parameters for hospital B is slightly 

higher (from 7% up to 30%) compared to hospital A. The mean patients doses (Gy.cm2) for 

VVI, VVIR, VVD, VVDR and DDDR was 1.52±0.13 (1.43-1.61), 3.28±2.34 (0.29-8.73), 

3.04±1.67 (1.57-4.86), 6.04±2.326 and 8.8±3.6 ((4.5-26.2), respectively, per procedure 

(Figure 1). Table 4 shows the cumulative and effective doses per procedure. The overall 

patient's effective dose is 1.1 mSv per procedure. Wide variation in patient doses were 

noticed between patients doses even for the same procedure. 

 

Table 2. Exposure factors during fluoroscopic acquisition. 

Hospital Tube voltage 

(kVp) 

Tube current  

(mA) 

Fluoroscopy 

time 

(min) 

 source-to-

image distance (SID) 

(cm) 

        A 74.2±5 

(60.1-82.2) 

10.5±2 

(8.4-16.1) 

12.5±9 

(4.5- 45.0) 

104.1±3 

(100-109) 

B 79.6± 6 

(65.4-90.0) 

14.5±1 

(9.7-18.8) 

16.6±8 

(2.1-27.1) 

105.0±4 

(100-112) 

Total 77.6±6 

(60.1-90.0) 

12.5±2 

(8.4-18.8) 

14.8±8 

(2.1-45.0) 

104.0±3 

(100-112) 

 

Table 3. Image acquisition parameters in cine radiography mode. 

Hospital Tube voltage 

(kVp) 
Tube current 

(mA) 

Time (ms) Distance 

(SID/cm) 

Cine 

time/sec 

No of Cine 

frame 

A 75.2±6 
(60.0-90.0) 

765.1±64 

(583.3-780) 

7.45±0.61 

(4.5-8.0) 

109.2±5 

(104-116) 

60.4±60 
(25.0-170) 

880±830 

(390-2550) 

B 74.5±8.1 

(66.0-95.0) 

676.1±95 

(510-860) 

7.40±0.85 

(5.0-9.0) 

110±6 

(102-116) 

25±15 

(10-42) 

362±220 

170.0-610 

Total 74.7±7.1 

(60.0-95.0) 

629.0±79 
(510.0-860.0) 

740±.75 

(4.5-9.0) 

109.7±5 

(102-116) 

42.5±49 

(10-170) 
621±682 

(170-2550) 
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Table 4. Patient doses during pacemaker procedure 

Hospital Cumulative dose 

(Cd) 

KAP 

(Gy.cm
2
) 

Effective dose 

(mSv) 

A 393.79±322.35 

(66.7-1205.2) 

4.81 ±4.89 

(1.57 -19.02) 

1.1±1 

(0.36-4.4) 

B 346.41±248.38 

(30.5-808) 

4.15±3.10 

(0.29-8.73) 

1.0±0.8 

(0.1-2.0) 

Total 356.84±288.04 

(30.5-1205.2) 

4.54±4.18 

(1.5-19.02) 

1.1±9 

(0.1-4.4) 

 

 

 

Figure 1. Patient Radiation doses during certain pacemaker procedures 
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4. DISCUSSION 

 

Pacemaker implantation or cardiac electrophysiology is the gold standard method for 

management the cardiac electrical disorders. Therefore, pacemaker implantation intended to 

regulate cardiac arrhythmia. This study is conducted to assess patient radiation doses during 

cardiac catheterization. Strong Linear relation was found between radiation dose from 

radiographic exposure and fluoroscopic time (R
2
 =1) as illustrated in Figure 2.  

 

 

Figure 2. Fluoroscopic time per procedure type 

 

Also a correlation was found between cine radiography dose and time (R
2
=0.94) of the cine 

mode and cine dose and number of frames (R
2
=0.94). Patients exposure parameters are 

within the previous reported values [Sulieman et al., 2014] and consistent with patient 

weight (Table 2 & 3). Wide variation was reported in this study between different 

pacemaker procedures, illustrating that patient doses mainly influenced by the type of 

procedures and its clinical indication. In this study was found that patient dose from 

fluoroscopic exposure contribute up to 95% of total ESAK compared to cine-radiography 

dose, which  contribute only  5%, in agreement with Heidbuchel et al., 2014 study. While 

cine radiography contributes 5% of the total X-ray tube operation time, it represents 60% of 

the total patient and staff radiation exposure [Heidbuchel et al., 2014].  Thus, reduction of 

fluoroscopic time and cine acquisition mode, would be an effective method for patient dose 
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reduction. In general, fluoroscopic time depends on X ray machine features (pulsed 

fluoroscopy), complexity of the procedure and operator skills. The highest radiation dose in 

this study is from DDDR procedure (4.5 Gy.cm
2
) while the lowest dose is from VVI 

procedure (Figure 2). DDDR procedure contribute 59% of cardiac pacemaker's procedures 

and require prolonged fluoroscopic radiation exposure in order to insert two leads 

[Tsalafoutas et al., 2005]. In agreement with Tsalafoutas et al., 2005, the VVI procedure 

exposed the patients to lowest radiation doses because it performed to place only one lead is 

used for pacing the right ventricle. In general, patient's radiation doses differences is based 

on the type of the procedures. Some procedures require long fluoroscopic exposure with 

contrast medium during patient management. Therefore, procedures with longer 

fluoroscopic time produced the highest radiation doses. 

 

In literature, Trianni et al., 2005 patient skin doses were 30 mGy for pacemaker procedures, 

Ector et al., 2007 reported that patients doses also depend on patient weight. The dose values 

increased by 50% for overweight patients.   The overall mean and range of CD (mGy) per 

procedure is 356.8±288 (30.5-1205.2). The maximum value from single procedure is 1205.2 

mGy, which is high but the skin injuries (2.0 Gys) [ICRP, 2007]. Therefore, implementation 

of patient dose reduction techniques are necessary to reduce the dose to its lowest possible 

value to prevent the probability of tissue reaction effects. In this context, Broadhead et al 

.,1998 reported the mean CD  and KAP  values during pacemaker procedures of 52 mGy  

and 4.84 Gy.cm
2
 and, respectively, which is also higher than the current study. Stecker et al., 

2009, reported CD value of 3.0 Gy. This can be attributed to the modern equipment with last 

image hold and pulsed fluoroscopy used in this study compared with other studies, which 

performed before two decades. Furthermore, the cardiologist considered pacemaker 

procedure simple and can be managed without complications. Patient effective dose in this is 

study is 1.1 mSv per procedure. Broadhead et al., 1998 study achieved 0.7 mSv per 

procedure, which is lower compared to this study. Variation in effective dose values for the 

same patient values attributed to different conversion factors used to estimate the effective 

dose  and due to change in tissue weighting factors values for the studies published before 

ICRP recommendation no 103 in 2007 [ICRP 2007]. 
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5. CONCLUSIONS 

The results of the study show that the level of radiation dose is below to threshold of tissue 

reactions. It is obvious that DDDR procedure exposure patients. Patient's dose variation can 

be attributed to procedure type, exposure parameters setting, and fluoroscopy cine 

radiography time. The results of this study showed that patient doses during different 

pacemaker's procedures are lower compared to previous reported values. A comparable 

patient doses were obtained from the two hospitals. Patients risk from pacemaker procedure 

is low. Establishment of DRL is required to keep the patients radiation doses as low as 

reasonably achievable (ALARA).  
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