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ABSTRACT 

Background: Many cardiac procedures can deliver high radiation 

doses to the clinical staff.  This exposure may represent a significant 

health risk, resulting in deleterious clinical implications which can 

affect not only the personnel involved, but also their progeny. 

Radiation injuries have occurred as a result of prolonged interventional 

procedures with fluoroscopy times more than 30 minutes. Therefore 

safety of the patient and operator became utmost important. Methods: 

For a total of 200 patients undergoing different cardiac procedures, 

radiation exposure of cath lab professionals was recorded using the 

pocket dosimeters, calibrated from Atomic Energy Regulatory Board 

(AERB), accredited secondary standard dosimetry lab (SSDL). The 

radiation dose to the cath lab workers was obtained and recorded per 

procedure. Dosimeter readings in terms of exposure in milli  

Roentgens(mR) was converted to effective dose to the person as suggested by International 

Commission  on Radiological Protection (ICRP) i.e. milli Seivert (mSv). The results obtained 

were compared with the limits of effective dose, set by the commission using standard 

methods of statistics. Results: It was observed that the average fluoro time for PTMC was 

maximum of 40 minutes, for PVBD; 33 minutes, for CAG+PCI; 33 minutes, for PCI; 30 

minutes, for PPM 18; minutes and for CAG, it was about 8 minutes. It was reported that the 

interventionalist I.e. primary operator received the  whole body dose; maximum of 0.25 mSv 

and minimum of 0.08 mSv in PTMC, in CAG + PCI, maximum of 0.2 mSv & minimum of 
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0.08 mSv, in PCI, maximum of 0.18 mSv & minimum of 0.07 mSv, in PVBD, maximum  of 

0.1 mSv & minimum of 0.03 mSv, in PPM, maximum of 0.08 mSv & minimum of 0.03 mSv 

and in CAG, maximum of 0.05 mSv & minimum of <0.01 mSv. The secondary operator 

received the following whole body radiation dose; in PTMC maximum of 0.18 mSv and 

minimum of 0.06 mSv, in CAG + PCI, maximum of 0.1 mSv & minimum of 0.03 mSv, in 

PCI, maximum of 0.11 mSv & minimum of 0.025 mSv, in PVBD, maximum of 0.08 mSv & 

minimum of 0.02 mSv, in PPM, maximum of 0.05 mSv & minimum of 0.01 mSv and in 

CAG, maximum of 0.03 mSv & minimum of <0.005 mSv. The whole body radiation doses 

for the Technologist and the Nurse were approximately same; in PTMC, maximum of 0.06 

mSv & minimum of 0.03 mSv, in CAG + PCI, maximum of 0.07 mSv & minimum of 0.03 

mSv, in PCI, maximum of 0.05 mSv & minimum of  0.02 mSv, in PVBD, maximum of 0.03 

mSv  & minimum of <0.01 mSv, in PPM, maximum of 0.02 mSv & minimum of <0.01 mSv 

and in CAG, maximum of 0.015 mSv & minimum of <0.005 mSv respectively. Conclusion: 

that radiation dose is directly proportional to fluoro time and the primary operator, who is 

solely handling the procedure receives the maximum whole body radiation dose in all the 

cath lab procedures. In our study, we found an increased radiation exposure using radial 

technique compared to femoral technique. A protective device could help to decrease this. 

 

KEYWORDS: primary operator, Fluoro time, Radiation dose. 

 

INTRODUCTION 

Over the last 30 years, medical cardiology imaging has rapidly grown, becoming an essential 

part of the cardiology clinical practice. Imaging procedures including conventional imaging 

tests such as echocardiography, radionuclide imaging and angiography as well as newer 

Imaging techniques such as  computed tomography, magnetic resonance imaging and PET 

hold a promise to expand diagnostic capabilities.
[1] 

These techniques widely differ not only 

for what concerns costs, availability and technical information, but they also differ in 

environmental and health hazards. Many cardiac procedures can deliver high radiation doses 

to the clinical staff.
[2]

 This exposure may represent a significant health risk, resulting in 

deleterious clinical implications which can affect not only the personnel involved, but also 

their progeny.
[3-5] 

Unfortunately, many physicians are unfamiliar with radiation biology or the 

quantitative nature of the risks associated with ionizing radiation.
[6-9]

  

 

Interventional procedures constitute only 12% of all radiological procedures but contribute to 

about 48% of the total collective dose per head in the adult cardiological patient.
[10]

 This 
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value is steadily increasing. In Europe number of  arteriography and interventions performed 

annually were 350,000 in 1993 and > 1 million in 2001.
[11] 

On average, a left 

ventriculography and coronary angiography correspond to a radiation exposure of about 300 

chest X-rays; a coronary stent to 1,000; a peripheral artery intervention to 1,500-2,500; and a 

cardiac radiofrequency ablation to 900 up to several thousand.
[12-16] 

Although there is a 

general appreciation that radiation by itself is certainly not a good thing for the patient or the 

operator, radiation safety is rarely much of an overt concern to interventionalist.
[17] 

 

Occupational doses in interventional procedures guided by fluoroscopy are the highest doses 

registered among medical staff using X-rays.
[18] 

 

Radiation used in catheterization laboratory is x-rays. X-rays beam is a stream of particles; 

each contains defined amount of energy. Each X-ray photon contains thousands of times the 

energy of a photon of visible light. This quality of X-ray is due to its very short wavelength 

and very high frequency.
[19, 20, 21]

 Radiation injuries have occurred as a result of prolonged 

interventional procedures with fluoroscopy times more than 30 minutes. Therefore safety of 

the patient and operator became utmost important.
[22-24] 

 

There are two main biological effects of radiation (table 1):  tissue reactions (deterministic 

effects), which happen when the radiation dose exceeds a specific threshold and become 

evident days to months after exposure as they cause a predictable change in tissue and 

stochastic effects, which relate to the potential for future harm to the tissue and the body.
[25]

  

Tissue reactions of most concern for patients and operators include skin injuries (reported in 

patients undergoing long, repeated and complicated interventional procedures  and cataract 

(present in one-third to half of interventional cardiologists or radiologists.
[26,27]

 The stochastic 

effect of most concern is a carcinogenic effect. It occurs when the cell is modified by damage 

to its DNA but remains viable, the harm eventually being expressed through cell 

proliferation.
[28]

                                                                                                         

 

Fig. Pocket dosimeter. 
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In this study, we have assessed whole body radiation doses of cath lab professionals for 

different procedures based on different fluoro times for a period of six months using direct 

reading dosimeters (DRD) of ionization type i.e. pocket dosimeters. A pocket dosimeter is a 

direct reading device in which there are two quartz fibers, suspended within air filled 

chamber, on a wire frame (figure). It has a built in capacitance which can be charged by an 

external potential (charger). The positive charge is placed on the wire frame, by means of the 

charger. The quartz fiber is bent away from the frame due to columbic repulsion. This can be 

visible through an optical lens system upon which an exposure scale is superimposed. 

 

These dosimeters should be fully charged prior to their use so that the initial reading of the 

dosimeter is set at zero. When exposed to radiation, ion pairs are produced in the air. These 

ion pairs partially neutralize the positive charge, reducing the columbic repulsion and 

allowing the fiber to move. Hence, the quartz fiber moves closer to the wire frame that can be 

seen as down range excursion of the hair line fiber on the exposure scale (graticule). The 

movement of the quartz fiber is proportional to the radiation exposure, which is measured in 

Roentgen (R). The Roentgen is the unit of exposure = 2.58 × 10
-4

 C/Kg. The dose in air can 

be calculated from the exposure, where 1R exposure is equal to 8.76mGy (0.876 rad) of air 

dose. The dosimeter is available in different ranges varying from 0-200 mR, 0-500mR, 0-5R, 

0-20R, 0-200R and 0-500R for measurement of X and gamma rays. It can detect photon 

energies from 20 KeV-2 MeV. For personnel monitoring, smallest range (0-200 mR) should 

be employed. In this study, smallest range dosimeter i.e. 0-200 mR was used for personnel 

monitoring of whole body radiation exposure.       

 

Cardiac catheterization protocol 

The catheterization team usually consists of a primary operator, performing the 

catheterization, one sterile secondary operator (assistant), one or two circulating assistants, an 

anesthesiologist for airway management if need arises, two technologists, a nurse and 

personnel behind lead glass walls. All personnel in the vicinity of the patient wear lead 

aprons (0.5 mm lead equivalent). Thyroid collars and lead eye glasses are also required. Most 

of the time a lead glass screen is used, positioned aside the patient table between the 

cardiologist and the patient. Hemi axial views are obtained with the rotations and angulations 

of the C-arm. The purpose of this study was to assess the whole body radiation exposure 

received by the professional cath lab staff during different cath lab procedures. 
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By Monitoring the whole body radiation exposure of all cath lab professionals in 

MilliRoentgens (mR)/person per procedure, Recording the data of whole body exposure 

levels, Converting the whole body exposure to whole body radiation dose in milli Seivert 

(mSv)/personm and analyzing the data and assessing the results. 

 

And to analyze the differences in radiation exposure from different cardiac cath lab 

procedures, focusing on impact to the operator and aimed at developing radio protective 

devices.   

 

MATERIAL AND METHODS 

This study was conducted in tertiary care hospital Sher-i-Kashmir Institute of Medical 

Sciences Srinagar (SKIMS) in the department of cardiology. It was an open prospective, non-

randomized, observational study carried out from March’2015 to August’ at SKIMS, Cardiac 

Catheterization Laboratory. The study included patients taken for elective CAG, elective 

CAG and PCI, elective PCI, rescue PCI, PPM, PTMC and PVBD. Data was collected for six 

different types of procedures: Coronary angiography (CAG); Coronary angiography + 

Percutaneous coronary intervention (CAG+PCI); Percutaneous coronary intervention (PCI); 

Permanent pacemaker (PPM); Percutaneous transluminal mitral commissurotomy (PTMC) 

and Pulmonary valve balloon dilatation (PVBD).   

 

Exclusion criterias 

Age less than 15 years old. 

Pregnant. 

Active bleeding or high risk of bleeding (severe hepatic insufficiency, active  

peptic ulcer disease, creatinine clearance <30mL/min, platelet count <100,000  

mm
3
). 

Uncontrolled hypertension (persistent systolic blood pressure >180 mm Hg). 

Cardiogenic shock. 

 

The study was performed using victorean pocket dosimeters, worn at chest level over the lead 

apron. For a total of 200 patients undergoing different cardiac procedures, radiation exposure 

of cath lab professionals was recorded using these pocket dosimeters, calibrated from Atomic 

Energy Regulatory Board (AERB), accredited secondary standard dosimetry lab (SSDL). The 

radiation dose to the cath lab workers was obtained and recorded per procedure. Dosimeter 

readings in terms of exposure in milli Roentgens(mR) was converted to effective dose to the 
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person as suggested by International Commission  on Radiological Protection (ICRP) i.e. 

milli Seivert (mSv). The results obtained were compared with the limits of effective dose, set 

by the commission using standard methods of statistics. 

 

RESULTS 

Fig 1:  Average Fluoroscopy time (in mins) for different CATH Lab procedure. 

Procedure 

Fluoroscopy 

time (min) 

Radiation dose (mSv/person) 

Primary 

operator 

Secondary 

operator 
Technologist Nurse 

Min Max Min Max Min Max Min Max Min Max 

CA 2 12 <0.01 0.05 <0.005 0.03 <0.005 0.015 <0.005 0.015 

CA + PCI 12 45 0.08 0.2 0.03 0.1 0.02 0.08 0.02 0.05 

PCI 14 46 0.07 0.18 0.025 0.11 0.02 0.06 0.02 0.05 

PPM 9 26 0.03 0.08 0.01 0.05 <0.01 0.02 <0.01 0.02 

PTMC 20 60 0.08 0.25 0.06 0.18 0.03 0.07 0.02 0.06 

PVBD 15 50 0.03 0.1 0.02 0.08 <0.01 0.03 <0.01 0.02 

 

 

Fig 2 Whole body dose (in mSv/person) to cardiac CATH lab professionalsl for different 

procedures 

 

 

Fig 3 Relation between radiation dose received by cath lab personnels and fluoroscopy 

time. 
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Fig 4 Radial route Vs Femoral route for coronary angiography and percutaneous 

coronary intervention. 

 

The whole body dose analysis of different cardiac catheterization laboratory professionals of 

SKIMS was done using pocket dosimeters of ionization type, calibrated from Atomic Energy 

Regulatory Board (AERB) accredited secondary standard dosimetry lab (SSDL). The whole 

body radiation dose in mSv was recorded for cardiac interventionalist (primary operator), 

assistant interventionalist (secondary operator), technologist and nurse for about 200 

procedures (n=200), over a period of six months. During the study, usually transfemoral route 

was used for coronary angiography, percutaneous coronary intervention, percutaneous 

transluminal mitral commissurotomy and pulmonary valve balloon dilatation. Transradial 

access was performed only when modified Allen’s test is normal (positive), suggesting the 

presence of adequate collateral circulation from the ulnar artery. The average cases for the 

transradial route were between 6 and 10 per month and transradial approach was used only 

for coronary angiography and percutaneous coronary intervention. The permanent pacemaker 

implantation procedures were usually done through subclavian route. It was found that the 

whole body radiation dose in mSv/person depends mainly on the fluoro time, which further 

depends on the complexity of the cath lab procedure.  Figure 1 depicts the relation between 

the average fluoro time and the procedure type. It was observed that the average fluoro time 

for PTMC was maximum of 40 minutes, for PVBD; 33 minutes, for CAG+PCI; 33 minutes, 

for PCI; 30 minutes, for PPM 18; minutes and for CAG, it was about 8 minutes. The whole 

body dose profile of cardiac cath lab professionals for different procedures is shown in figure 

1 and 2. It was reported that the interventionalist I.e. primary operator received the whole 

body dose; maximum of 0.25 mSv and minimum of 0.08 mSv in PTMC, in CAG + PCI, 

maximum of 0.2 mSv & minimum of 0.08 mSv, in PCI, maximum of 0.18 mSv & minimum 
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of 0.07 mSv, in PVBD, maximum of 0.1 mSv & minimum of 0.03 mSv, in PPM, maximum 

of 0.08 mSv & minimum of 0.03 mSv and in CAG, maximum of 0.05 mSv & minimum of 

<0.01 mSv. The secondary operator received the following whole body radiation dose; in 

PTMC maximum of 0.18 mSv and minimum of 0.06 mSv, in CAG + PCI, maximum of 0.1 

mSv & minimum of 0.03 mSv, in PCI, maximum of 0.11 mSv & minimum of 0.025 mSv, in 

PVBD, maximum of 0.08 mSv & minimum of 0.02 mSv, in PPM, maximum of 0.05 mSv & 

minimum of 0.01 mSv and in CAG, maximum of 0.03 mSv & minimum of <0.005 mSv. The 

whole body radiation doses for the Technologist and the Nurse were approximately same; in 

PTMC, maximum of 0.06 mSv & minimum of 0.03 mSv, in CAG + PCI, maximum of 0.07 

mSv & minimum of 0.03 mSv, in PCI, maximum of 0.05 mSv & minimum of  0.02 mSv, in 

PVBD, maximum of 0.03 mSv  & minimum of <0.01 mSv, in PPM, maximum of 0.02 mSv 

& minimum of <0.01 mSv and in CAG, maximum of 0.015 mSv & minimum of <0.005 mSv 

respectively.   

 

It was observed that the primary operator (interventionalist) receives the maximum dose in all 

the procedures and followed by the secondary operator (assistant). Technologist and nurse 

being distant from the C-arm receives the lower radiation dose as compared to primary and 

secondary operator.  Figure 3 shows a relationship between the dose received by cath lab 

personnels and the fluoroscopy time. It illustrates that the dose increases with the fluoro time 

and the primary operator receives the maximum whole body radiation dose among all the 

cath lab professionals. The maximum whole body radiation dose to primary operator was 

0.25mSv and it was recorded in PTMC.  Figure 4 gives us the relation between fluoro time 

and whole body radiation dose in mSv/person in radial Vs femoral route for coronary 

angiography and percutaneous coronary intervention. The average fluorotime for diagnostic 

coronary angiography through radial route was 22 minutes and through femoral route it was 

14 minutes & the average fluorotime for percutaneous coronary intervention   through radial 

route  was 50 minutes and through femoral approach it was 45 minutes. It was observed that 

fluoroscopy time was higher for transradial route than transfemoral route. Our results suggest 

that there is increased operator whole body radiation exposure with the radial technique 

compared to the femoral technique. 

 

DISCUSSION  

Radiological examinations have an indispensable role in the diagnosis and treatment of 

disease, although radiation has been proven to have adverse biological effects on living 
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organisms. These adverse effects vary according to the dose of radiation and duration of 

exposure.
[29-32]

 Annually, 100-150 people die as a result of cancer secondary to medical 

radiation exposure. Relatively high values of radiation exposure have been considered a 

necessary consequence of cardiac cath lab procedures. With increasing complexity of the 

procedures, there has been growing concern regarding the magnitude of the exposure to 

operators and patients.   It should be the goal of all users of fluoroscopic equipment to adhere 

to the ALARA principle: use of a dose level “As Low As Reasonably Achievable” for 

obtaining satisfactory imaging.
[33-37] 

 

In prior studies, a complete assessment has been hampered by the fact that litt le direct data 

available on the magnitude of the range of exposures in currently accepted cardiac cath lab 

procedures. The main source of scatter radiation received by cardiac cath lab staff is the 

patient. Several factors can modify the radiation risk to the staff, but if patient doses are high, 

the level of scatter doses will also be high. The staff radiation dose measurement and 

evaluation in this study illustrate that, the highest dose values were obtained from the main 

operator for all the procedures. 

 

In this study we directly measured the whole body dose of the cardiac cath lab professionals 

using direct reading devices; pocket dosimeters of ionization type (weared over the lead 

apron at the neck level). The dose was recorded in relation to different cath lab procedures 

and fluoroscopic times. In terms of quantity, the maximum radiation dose utilized was in 

PTMC and the minimum dose was in CAG.  In all the cases it was found that the highest dose 

received by the professionals is approximately equal to an abdomen-pelvis X-ray, which is 

well within the dose limits prescribed by the ICRP (International Commission on 

Radiological Protection) and the AERB (Atomic Energy Regulatory Board).  In this study, 

The average radiation doses received by the cath lab occupational workers in different 

cardiac cath lab procedures agrees with that reported in previous studies, by Kim Kwang Pyo 

et al.
[38]

 The cath lab staff doses were comparable with the previous literature. 

 

Interventional procedures via transradial technique have progressively increased due to 

improved patient comfort, lower complication rates and reduced mortality in some scenarios.  

Increased radiation exposure time using the radial route is related to increase in fluoroscopy 

time, which reflects technical difficulties and the slightly closer operator position relative to 

the X-ray source and patient during the radial procedures when compared with the femoral 

route. In Our study the radial route was occasionally used to perform coronary angiography 
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and percutaneous coronary interventions in order to reduce vascular peripheral arterial 

complications, to improve patient comfort and lower costs. It was reported that operator 

radiation exposure was higher during coronary angiography and PCI by the radial approach 

when compared with the femoral approach and, “Lang” has recently reported the same.  

 

SUMMARY AND CONCLUSION 

The potential adverse effects of radiation exposure may not be well appreciated by physicians 

because they are not immediate. Even cutaneous manifestations may take weeks to appear. 

Radiation itself is neither felt nor seen and the dosage delivered is dependent on a number of 

factors of which fluoroscopy time is the only one. Proper instructions in the principles of 

radiation physics and safety should be part of every cardiologist’s education.  Unfortunately, 

this aspect of fellowship training often receives a low priority even among physicians 

intending to base their careers in the catheterization laboratory. Furthermore, knowledge 

gained in this area is not assessed by the specialty board certification examination. Most 

physicians are dramatically unaware of the radiation dose, long –term risks and population 

health impact caused by the use of medical ionizing radiation. Thus physicians should be 

aware of the negative health effects of ionizing radiation. In selecting a treatment plan the 

benefits and risks to the individual should be considered. Thus, reducing of the exposure dose 

to the patient naturally reduces the dose absorbed by the operator during the procedure. It was 

reported that during LAO-views (rotating the X- ray tube towards the investigator), radiation 

exposure to the investigator is much higher (10 times or more) than during RAO-views. So, 

LAO-views should be replaced as much as possible by RAO-views. This study demonstrates 

that radiation dose varies significantly among different cathlab professionals and also 

depends on the procedure type and technique.  

 

From this study, it can be concluded that radiation dose is directly proportional to fluorotime 

and the primary operator, who is solely handling the procedure receives the maximum whole 

body radiation dose in all the cath lab procedures. In our study, we found an increased 

radiation exposure using radial technique compared to femoral technique. A protective device 

could help to decrease this. There are some limitations to the study. This is a single centre 

stimulated study, conducted for six months and requires external validation before further 

conclusions may be drawn. Hence it can be concluded that the practice of cardiac 

catheterization needs intensive radiation protection management.     
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