Radiation Exposure and Adverse Health Effects

of Interventional Cardiology Staff

Chandrasekharan Nair Kesavachandran, Frank Haamann,
and Albert Nienhaus

Contents

INETOAUCTION ...ttt sttt ettt e
Criteria Applied to This Systematic Review ....
Growth and Trends in Catheterization Laboratory.....
Radiation Doses for Interventional Cardiology Staff..............cccccoviiiiiiiiiniiiine
4.1 Hand and WISt EXPOSUIE.....cc.cetiriiriiiniiiinienieeieet ettt
4.2 Eye and Thyroid Gland Exposure
Cataracts As an Adverse Health Effect for Interventional Cardiology Staff...................
Other Adverse Health Effects.........cccoviiiniinieiniiiincncneccccnceeee e
Need for Radiation Safety Practices in Catheterization Laboratories...
Summary
RETEICICES ...ttt ettt bttt st eneen

EENEONEN S R

BRI V)]

C.N. Kesavachandran (<)
Centre for Epidemiology and Health Services Research in the Nursing Profession (CV care),
University Medical Centre Hamburg-Eppendorf, Martinistrae 52, Hamburg 20246, Germany

Epidemiology Division, CSIR-Indian Institute of Toxicology Research,
Lucknow, Uttar Pradesh 226001, India
e-mail: ckesavac@uke.uni-hamburg.de; ckesavachandran@gmail.com

F. Haamann

Department of Occupational Health Research, Institute for Statutory Accident Insurance
and Prevention in the Health and Welfare Services, Pappelallee 33/35/37,

Hamburg 22089, Germany

A. Nienhaus
Centre for Epidemiology and Health Services Research in the Nursing Profession (CV care),
University Medical Centre Hamburg-Eppendorf, Martinistrae 52, Hamburg 20246, Germany

Department of Occupational Health Research, Institute for Statutory Accident Insurance
and Prevention in the Health and Welfare Services, Pappelallee 33/35/37,
Hamburg 22089, Germany

D.M. Whitacre (ed.), Reviews of Environmental Contamination and Toxicology,
Reviews of Environmental Contamination and Toxicology 222,
DOI 10.1007/978-1-4614-4717-7_2, © Springer Science+Business Media New York 2013

74
75
76
78
80
82
83
85
85
86
88

73



74 C.N. Kesavachandran et al.

1 Introduction

Coronary angiography (CA), percutaneous coronary intervention (PCI), catheter-based
structural heart intervention, electrophysiological studies, and arrhythmia ablation
are procedures that help cardiologists ensure better clinical diagnosis and treatment
(Dawkins et al. 2005). During these procedures, catheters, guide wires, and other
devices are visualized and guided by using real-time fluoroscopy. Therefore, oper-
ators are inevitably exposed to radiation (Kim and Miller 2009). Compared to other
departments (radiology, urology, operating rooms, etc.), the cardiovascular or cath-
eterization laboratory is generally considered to be an area of high radiation expo-
sure (Raza 2011). Interventional cardiology (IC) staff is exposed more radiation
per year than are radiologists by a factor of two to three (Picano et al. 2007).
Invasive cardiology procedures have increased tenfold in the past decade, and
growth in the field has been accompanied by concern for the safety of such staff
(Picano et al. 2007).

Junior cardiologists are exposed to 60% more radiation than are their seniors
(Watson et al. 1997). This difference is largely a result of younger staff taking longer
duration to position fluoroscopic catheters, due to their lesser skill and shorter prac-
tice (Kottou et al. 2001). High workloads, the complexity of procedures and the lack
of IC specialists in hospitals are growing concerns in the health sector (ICRP 2000;
Vano et al. 1998a, b). The practices employed in catheterization laboratory facilities
have become routine not only in Western societies but also in the Asia Pacific region
(Rotter et al. 2003; Asian Network of cardiologists 2007; Tsapaki et al. 2011).

The staff who work in IC departments employs relatively high amounts of radia-
tion (Delichas et al. 2003), and face the risk of developing cataracts after several
years of work exposure, if radiation protection tools are not properly used (Sim
et al. 2010). Cumulative X-ray doses imposed on the lenses of IC staff’s eyes are
often high (Vano et al. 2010a). Radiation-induced cataracts are distinct from natu-
rally occurring ones, because they form in the posterior pole of the lens (Vano et al.
2010a). The increased incidence of lenticular changes that are occurring in IC staff,
and its association with radiation doses is an important finding that underlines the
need to address current concerns about the threshold dose for cataract formation
(Bjelac et al. 2010).

During procedures, IC staff members are directly exposed to radiation that is
reflected (scattered) from the patient (primary) and to a lesser extent from the walls
of the room (secondary) (Maeder et al. 2005). The imposition of radiation dose
limits for unprotected parts of the body, like eyes, hands, and the thyroid gland is
crucial among IC staff, if they are to avoid the development of cataracts, cancers of
the brain, skin, or thyroid (Raza 2011; Finkelstein 1998). The Ionising Radiation
Regulation, introduced in 1999, reduced the maximum whole body dose for exposed
personnel, but did not revise the maximum dose to the extremities (Hafez et al.
2005). The current annual dose limit is 20 mSv for the body, 150 mSv for the thyroid
or eyes, and 500 mSv for the hands (International guidelines, ICRP). The recom-
mended occupational dose of radiation for medical staff in Germany is 500 mSv for
hands, 150 mSv for eyes, and 300 mSv for the thyroid [German Guidelines 2003].
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In this systematic review, we address the following research questions:

1. Are radiation doses for IC staff within the prescribed limits?
2. Do current exposure levels produce adverse health effects for IC staft?
3. Are protective measures taken against radiation exposure adequate?

2 Criteria Applied to This Systematic Review

We performed a systematic literature search by using PubMed and EMBASE and
by inputting appropriate keywords into the Google search engine. The keywords
used were “radiation dose,” combined with “dose,” “interventional,” “cardiolo-
gists,” “technical,” “nurses,” “hands,” “fingers,” “neck,” “thyroid,” “eyes,” “fore-
head,” “health,” “effects,” “cataract,” and “cancer.” The search entailed the period
from January 1990 to October 2011. We also searched through reference lists of
selected prominent studies for relevant publications. However, no additional eligi-
ble publication was identified by searching through these reference lists. The litera-
ture search was conducted using the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. The process for identifying,
screening, determining eligibility, and inclusion of databases for this study is shown
in a flow chart (Fig. 1). The flow chart was developed from the PRISMA flow dia-
gram that is used for reporting databases in systematic reviews (Moher et al. 2009).
The review protocol for PRISMA was based on the information given at the follow-
ing website: http://www.prisma-statement.org/statement.htm.

In the present review, we included publications that addressed the types of
topical information showed below.

LR

Study design: Cohort or cross-sectional studies.

Study population: Interventional cardiology staff.

Exposure: Annual and per procedure radiation dose in the workplace for different
anatomical locations (hands/fingers, eyes/forehead, neck/thyroid).

Languages: German and English.

We assessed the methodological quality of the literature and classed studies as
being “moderate” or “good.” A study was deemed to be of “moderate” quality, if it
did not include dosimetric measurements of the eyes, thyroid gland and hands of IC
staff. A study was rated as “good,” if the radiation dose of IC staff for these anatomi-
cal locations (eyes, thyroid, and hands) was measured and/or adverse health con-
cerns related to these findings discussed. Each of the authors of this review carried
out literature screening and quality evaluation independently. Our individual
findings were then compared, and in the event of disagreement, a consensus was
reached by means of discussion.

In this review, we identified 42 records from the literature and 54 records from
other database sources that matched the appropriate keywords (Fig. 1). After elimi-
nating duplicates,73 records were analyzed for relevance against the topic and
inclusion criteria. Twenty-four records were found to be eligible and were included
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Fig. 1 Identification, screening, eligibility, and inclusion of data sources for the study

in the final analysis. Twenty-eight papers that were adjudged to be of moderate
quality were excluded from the study (Fig. 1).

3 Growth and Trends in Catheterization Laboratory

The number of catheterization laboratories varies according to country, with 460
labs in India, 30 in Bangladesh, 44 in Thailand, and 50 in Malaysia (Tsapaki et al.
2011). Unfortunately, no literature on dosimetric information was available from
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these countries (Tsapaki et al. 2011). Approximately 3,100 operations and 725
interventional cardiac catheterizations are performed annually in the UK on babies
and children who are afflicted with congenital heart disease (Petersen et al. 2003).
It was documented in an earlier report that the personnel of three cardiac catheter-
ization laboratories had performed more than 15,000 cardiac procedures over a
period of 5 years in Canada (Renaud 1992). The differences in X-ray systems (old
film-based systems vs. digital units) and their particular settings, levels of staff
training in radiation protection, frequency of use of radiation protection facilities
and personal dosimeters, and workloads of specialists all affect radiation doses
received by IC staff (Vano et al. 2006a). If specialists do not regularly wear their
personal dosimeters, the mean values for their occupational exposure in catheteriza-
tion laboratories could provide an incorrect estimate of the real radiological risk
(Vano et al. 2006; Balter 1993).

Our radiation exposure assessment shows that the badges that exceed the level 1
ALARA (as low as reasonably achievable) limits (<6 mSv/year) are indeed worn by
invasive cardiologists (Andreassi et al. 2005). Even if IC staff members are involved
in 1,000 angiographies per year, the annual threshold exposure level of 20 mSv is
unlikely to be exceeded. An operator with a comparative 1,000 procedures per year
may reach the recommended occupational limits of 150 mSv for the lens of the eye
and 500 mSv for the hands (Maeder et al. 2005). In this context, we presume that IC
staff is at risk in the Asian Pacific region. This is because IC staff members in the
Asia Pacific region may regularly conduct 1,000 procedures annually as a result of
the huge demand for these procedures in treating patients, and the high workloads
of these specialists.

When laboratories possess modern radioimaging equipment, use experienced
operators, and adhere to standard safety precautions, coronary intervention is consid-
ered to be quite safe for both patients and operator personnel (Efstathopoulos et al.
2003). If they are to optimally protect patients and staff, operators of X-ray instru-
ments during catheterization procedures must know the typical dose rates for each
X-ray system they use (Vano et al. 2006). The dose area product (DAP) levels for CAs
and PCI in six European countries was measured as 39.1 Gycm? (CA) and 54.4 Gycm?
(PCI), respectively. Based on these data, the European Research Cardiology Group
for Measures for Optimising Radiological Information and Dose in Digital Imaging
and Interventional Radiology has proposed temporary reference DAP levels (viz.,
45 Gycm? for CA and 75 Gycm? for PCI). Several authors (Maeder et al. 2005; Kuon
et al. 2003, 2004) have observed that DAP levels exceed the proposed reference lev-
els. However, finding a correlation between the Kerama Area Product (KAP) values
and the eye lens doses has been difficult (Domienik et al. 2011).

Different occupational radiation doses result from using different catheter
insertion sites. The most common insertion sites for PCI utilize the femoral and
radial/brachial approaches. The reason for insertion-site differential dosing during
cardiac procedures is that the physician’s position relative to the patient changes
as the insertion site changes. The radial approach requires that the cardiologist work
in closer proximity to the X-ray beam (Whitby and Martin 2005). The radial
approach increased operator radiation exposure by 100% during diagnostic coronary
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catheterization procedures and by 50% during coronary interventions (Lange and
von Boetticher 2006). No special devices or provisions were made to protect IC
staff against such increased exposure. The primary reasons for the higher doses
included the physician being in closer proximity to the X-ray field and longer
fluoroscopy times (Kim and Miller 2009). The subclavian approach, used for
implanting pacemakers and similar devices resulted in higher exposure rates than
did the femoral and radial approaches, due to the operator’s proximity to the X-ray
beam (Limacher et al. 1988; Lindsay et al. 1992). The operator’s external whole
body dose was significantly higher when percutaneous transluminal coronary angio-
plasty (PTCA) was performed from the radial artery (13.5+2.1 mrem/case), when
compared to the femoral artery (8.8 + 1.3 mrem/case) approach. By moving the floor
shield to increase protection from the X-rays (3.3+2.3 mrem/case vs. femoral),
exposure from this procedure was reduced to levels less than that experienced from
using the femoral artery approach. Thus, if proper procedures are followed, PTCA
can be performed from the radial artery approach without producing increased oper-
ator radiation exposure (Mann et al. 1996).

Both physicians-in-training and staff physicians in cardiac catheterization labo-
ratories are the groups who receive radiation doses that exceed the recommended
limit. One other important factor that affects exposure level to radiation is the work-
ing attitude and techniques used by staff (Renaud 1992). In this regard, Watson et al.
(1997) emphasized the importance of closely supervising cardiology fellows early
in their training to limit radiation doses to patients and to staff personnel.

4 Radiation Doses for Interventional Cardiology Staff

No recommended limits for per procedure radiation doses were found in the litera-
ture. Therefore, exposure doses could not be analyzed against such threshold limits.
In Fig. 2, we show the radiation dose incurred per procedure for hands/fingers/wrists
by IC staff. These results show that, in ten cases, the doses received were >100 puSv.
The annual radiation doses for hands/fingers/wrists among IC staff are well below
the recommended dose (Fig. 3). Three observations for the radiation dose to hands
exceeded the recommended ALARA 1 level (Fig. 3). The radiation dose received
per procedure for the eyes and forehead of IC staff is presented in Fig. 4. Only four
doses were >100 mSv. With one exception, the annual radiation exposure to eyes
and forehead of IC staff were below the recommended dose (Fig 5). The recom-
mended ALARA (level 1) of 6 mSv (Andreassi et al. 2005) for the radiation dose to
eyes was exceeded in six observations (Fig. 5). Data were available for two cases
that gave per-procedure doses (i.e., >100 puSv) for the thyroid/neck region of IC
staff (Fig. 6). No literature was available for the annual dose received to the thyroid/
neck region of IC staff.

The exceeded limits of ALARA 1 for eyes and hands were observed only among
IC surgeons. The locations from which these data were gathered included a univer-
sity hospital in Athens (Attikon), 34 European hospitals, and hospitals in Spain,
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Fig. 2 Radiation dose per procedure for hands/fingers/wrists for interventional cardiology staff.
Sources: Efstathopoulos et al. 2011;Tsapaki et al. 2008; Short et al. 2007; Damilakis et al. 1995;
Wau et al 1991; Vano et al 1998. For each study, data points may represent combined observations
from different anatomical positions (e.g., left and right wrists, fingers, and hands) and measure-
ments with or without personal protective equipment (PPEs)
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Fig. 3 Annual radiation dose for hands/fingers/wrists for interventional cardiology staff. Sources:
Pyo et al. 2008; Kim et al. 2008; Efstathopoulos et al. 2011; Whitby and Martin 2005; Domienik
et al. 2011. For each study, data points may represent combined observations from different ana-
tomical positions (e.g., left and right wrists, fingers, and hands) during procedures such as
Percutaneous Transluminal Coronary Angioplasty (PTCA), femoral angioplasty, stents, embolism,
angiograms

Norway, Bogota (Columbia), and Montevideo (Uruguay). In the present review, we
show that 12.5% (3/24) of IC surgeons experienced a risk of radiation exposure for
hands and 66.7% (6/9) for eyes. This risk was based on the radiation dose observed
to occur between the recommended levels and ALARA 1 level (i.e., between 6 and
500 mSv for hands and 6 and 150 mSv for eyes in different studies) (Figs. 3 and 5).
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Fig. 4 Radiation dose per procedure for eyes/forehead for interventional staff. Sources:
Efstathopoulos et al. 2011; Pratt and Shaw 1993; Calkins et al. 1991; Karppinen et al. 1995;
Marshall et al. 1995; Short et al. 2007; Lie et al 2008; Wu et al 1991; Vano et al. 1998. For each
study, data points may represent combined observations from different anatomical positions (e.g.,
left and right eyes, between the eyes) and measurements with or without PPEs
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Fig. 5 Annual radiation dose for eyes/forehead for interventional cardiology staff. Sources: Vano
et al. 1998, 2010; Pyo et al. 2008; Kim et al. 2008; Lie et al. 2008; Efstathopoulos et al. 2011;
Domienik et al. 2011. For each study, data points may represent combined observations from dif-
ferent anatomical positions (e.g., left and right eyes, between the eyes) and measurements with or
without PPEs

4.1 Hand and Wrist Exposure

Figures 2 and 3, respectively, show single procedure (uSv) and annual radiation
(mSv) doses received for hands and wrists by IC staff. When IC surgeons protect
their right hands by a lead screen, the radiation dose received was 147 uSv per
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Fig. 6 Radiation dose per procedure for thyroid/neck region for interventional cardiology staff.
Sources: Steffenino et al. 1996; Williams 1997; Calkins et al. 1991; Wu et al. 1991; Vano et al.
1998. For each study, data points may represent a combination of observations made with or with-
out the use of PPE

procedure; without such protection the right hand received 242 uSv per procedure
(Vano et al. 1998). Without a lead screen the left hand received 514 uSv, compared
to 235 uSv per procedure when a lead screen was used (Vano et al. 1998). The left
finger and left wrist of cardiology surgeons working in IC departments received
radiation doses of 7.3 and 1.3 mSyv, respectively; these doses compared to 3.6 and
1.3 mSv for the left and right wrists, respectively (Domienik et al. 2011). The right
and left wrists received almost the same level of radiation per procedure in nursing/
assistant staff working in IC departments (26 uSv). However, fingers of the left
hand received more radiation exposure (4 uSv) than did the fingers of the right hand
(2 pSv) (Efstathopoulos et al. 2011). The annual radiation exposure level sustained
by the nursing staff in IC departments was 1.3 m (Kim et al. 2008).

The left wrists of cardiology surgeons working in IC departments received a
mean radiation dose of 493 uSv per procedure, whereas right wrists received a dose
of 108 uSv (Efstathopoulos et al. 2011). In three earlier studies, the radiation doses
to the hands of surgeons were 27, 482, and 710 uSv, respectively (Tsapaki et al. 2008;
Short et al. 2007; Damilakis et al. 1995). The left fingers received more radiation
than did the right fingers (324 vs. 88 uSv per procedure) (Efstathopoulos et al. 2011).
Among 605 individuals performing coronary angiographies, the annual radiation
dose for the left and right wrists of cardiology surgeons was 19.2 and 12.5 mSy,
respectively (Efstathopoulos et al. 2011). Staff radiation doses varied between 34
and 235 pGy per procedure at the left wrist and 28 and 172 pGy at the right wrist
(Goni et al. 2005). For different IC procedures performed by the same IC surgeons,
the radiation dose to the hand nearer the procedure was different than that of the
hand that was further away (Fig. 7; Whitby and Martin 2005).
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Fig. 7 Radiation dose received to the hand nearest and farthest during different IC procedures for
IC surgeons (Whitby and Martin 2005)

4.2 Eye and Thyroid Gland Exposure

Figures 4 and 5 show per procedure (LSv) and annual radiation doses (mSv) for IC
staff that was received to eyes and forehead, respectively. The eyes received an
annual radiation dose of 1.5 mSv (Vano and Faulkner 2005), and 0.9 and 0.9 mSv
(Kim et al. 2008) among IC Department nursing staff. The per-procedure radiation
dose was 64 uSv (for eyes), 4 uSv (between the eyes), and 1 pSv (left eyes)
(Efstathopoulos et al. 2011). A 3-year follow-up study showed the annual radiation
dose received by cardiology surgeons in IC departments to be 450 mSv in 1993 and
900 mSv in 1996 (Vano et al. 1998). The per-procedure radiation dose levels for
cardiology surgeons were variable: between 0.008 and 0.113 uSv (Pratt and Shaw
1993), 0.28 uSv (Calkins et al. 1991), 0.43 uSv (Karppinen et al. 1995), and
0.014 pSv (Marshall et al. 1995). The annual radiation doses recorded in various
studies were as follows: 6 mSv (Vano et al. 2010), 8.2 mSv (Efstathopoulos et al.
2011), 4.1 mSy in the left eye (Domienik et al. 2011), and 3.2 mSv between the eyes
(Domienik et al. 2011).

The annual radiation dose range received for 900 procedures to the eyes of car-
diology surgeons was 1-11 mSv (protected eyes) and 9-210 mSv (unprotected
eyes) (Lie et al. 2008). The per-procedure dose for eyes was 64 uSv between the
eyes, 37 uSv in the left eye, 12 uSv between the eyes (Efstathopoulos et al. 2011),
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and 44 nSv for the eyes (Lie et al. 2008). For IC surgeons, the observed radiation
dose for the right eye, when protected by a lead screen, was 136 uSv, whereas for
the right eye, without such protection, the dose was 205 uSv; for the left eye pro-
tected by a lead screen the dose was 170 pSv, and for the unprotected left eye, the
dose was 439 uSv (Vano et al. 1998). Figure 6 shows the IC staff radiation doses
(uSv) received per procedure by the thyroid/neck region. The radiation dose per
procedure for thyroid glands among cardiology surgeons varied across studies
0.215-0.37 pSv (Steffenino et al. 1996), 0.05-0.14 uSv (Williams 1997), 0.20 uSv
(Calkins et al. 1991), 163 puSv with a lead screen (Vano et al. 1998), and 392 uSv
per procedure without a lead screen (Vano et al. 1998).

5 Cataracts As an Adverse Health Effect for Interventional
Cardiology Staff

A study presented at the European Society of Cardiology congress in 2009 (Duran
etal. 2009) disclosed a significant difference in the frequency of lens opacity (37.9%
vs. 12%, p<0.005) between exposed IC staff and the control group. Therefore, the
eyes may be regarded as a limiting organ for CA and PCI procedures (Lie et al.
2008). Bjelac et al. (2010) studied the prevalence of radiation-associated posterior
lens opacity in Malaysia and reported an incidence of 52% (29/56, 95%CI 35-73)
for interventional cardiologists, 45% (5/11, 95%CI 15-100) for nurses, and 9%
(2122, 95%CI 1-33) for control subjects. The risk of lens opacity was 5.7% (95%CI
1.5-22) for interventional cardiologists and 5.0% (95%CI 1.2-21) for nurses.
Ophthalmological examinations of IC staff exposed to radiation revealed that 38%
of surgeons and 21% of nurses had radiation-associated lens changes, in a study
conducted in Bogota (Columbia) and Montevideo (Uruguay) from 2008 to 2009
(Vano et al. 2010). In 2004, a lens opacity of 37.3% and cataract case of 8% were
observed among IC surgeons in North America (Junk et al. 2004). Yuan et al. (2010)
observed that cardiologists who performed cardiac catheterization (CC) had more
cataracts (1.2%) than doctors not performing CC (0.8%), in a study from all con-
tracted hospitals of the Bureau of National Health insurance in Taiwan. However,
this difference was not significant and there were several limitations to the study
(Yuan et al. 2010).

If protection tools or procedures are not used, radiation doses to the lens of the
eye may exceed the threshold for deterministic effects (lens opacity or cataracts)
after several years of occupational exposure in this environment; this is true even
when exposed staff perform as few as three to five procedures per day (Vano et al.
2008). The consequences to health of low dose occupational exposure of IC staff
over long periods are still not clear. However, the role of personal protection equip-
ment (PPE) is quite clear and is important in reducing radiation exposure (Vano
et al. 1998; Lie et al. 2008).

Radiation-related cataracts tend to occur at an earlier age than senile cataracts do.
Although radiation-induced cataracts may remain asymptomatic for several years,
they still may impair visual function as lens opacity occurs and may produce severe
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and irreversible eye damage (Jacob etal. 2011). The O’CLOC (Occupational Cataracts
and Lens Opacities in Interventional Cardiology) study provides further evidence
about the potential risk of low-dose radiation-induced cataracts and has contributed to
awareness of the importance of radiation protection among cardiologists (Jacob et al.
2011). In view of foregoing, there are concerns for the risk of radiation exposure to
the lens of IC staff. Therefore, the current occupational guideline values of the
International Commission on Radiation Protection (ICRP) for radiation exposure to
eyes (150 my/year) may be considered as too high (Klein et al. 2009). The ICRP has
reviewed recent epidemiological evidence for the lens of the eye and has issued a
statement on sensitivity of eye lens tissue (ICRP 2011; Rehani et al. 2011). For occu-
pational exposures that are planned, the commission now recommends an equivalent
annual dose limit for the lens of 20 mSv, averaged over defined periods of 5 years,
with no single annual exposure exceeding 50 mSv (ICRP 2011; Rehani et al. 2011).

Interventional radiologists need 20/20 vision in both eyes to maintain excellent
stereopsis and to perform the delicate procedures demanded by their job. Treatment
and surgery for cataracts is a frequent and successful surgical procedure. But, risks
are associated with cataract surgery that can negatively affect outcomes and may
affect visual rehabilitation prospects for interventional radiologists (Haskal 2004).
The use of a mechanical injector pump for coronary arteriography has reduced the
radiation exposure of cardiologists (Grant et al. 1993). This technique is safe, con-
venient, produces angiograms of comparable quality to hand injection and should
be recommended as standard practice to reduce radiation (Grant et al. 1993). Earlier
studies have confirmed that by using this pump, radiation exposure during cervical
irradiation was reduced by a factor of 15; in addition, radiation exposure to the left
wrist was reduced by a factor of 8 by using the protection afforded by a suspended
lead screen during irradiation (Wyart et al. 1997).

The sensitivity of lens tissue to radiation damage makes eye protection essential
for medical personnel (Pratt and Shaw 1993). Cardiologists often fail to routinely
use protective leaded eyewear; it raises the crucial need of staff to wear radiation
monitoring devices to prevent cataracts and protect the eyes (Vano and Faulkner
2005). It was observed that under high workload conditions, where inadequate
protective measures were used, it is possible for the operator eye dose to exceed the
recommended level (set at 3/10 of the 150 mSv dose limit) (Jeans et al. 1985).
Reducing radiation-related cataract risks among interventional medical personnel
can be achieved by the effective use of protective devices (Rehani et al. 2011).
A systematic radiological protection training program (installing a radiation badge
policy for staff) can improve compliance by 36-77% (McCormick et al. 2002).
A strict policy to regularly use personal dosimeters should be part of any safety or
quality program in cardiology laboratories (McCormick et al. 2002).

The relationship between the radiation eye dose received by cardiologist’s, and
factors such as the dose efficiency of the X-ray equipment, effects of scattered dose
rates, examination protocols, and workload are complex and may vary from center
to center (Pratt and Shaw 1993). The procedure or techniques used, the catheter
or catheter insertion site chosen, operator positioning and the appropriate use of
personal protective devices also play an important role in the levels of radiation
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exposure sustained (Kim and Miller 2009). The dose rate at eye level decreases by
a factor of 2 when the physician’s eye level above the floor increases from 1.6 to
1.8 m (Pratt and Shaw 1993). When a physician stands at the patient’s groin on the
right-hand side and uses a femoral approach, the left anterior oblique (LAO) cranial
projection results in the highest operator dose rate for scattered radiation (Pratt and
Shaw 1993; Kuon et al. 2004; Camm et al. 1993). Awareness among cardiologists
about the radiation risk of the LAO projection may produce a radiation dose that is
two to three times lower (Pitney et al. 1994).

6 Other Adverse Health Effects

Concerns exist about the low-dose radiation (LDR) health effects among IC staff.
Chronic exposure to the effects of LDR is known to increase hydrogen peroxide
levels in IC staff and to alter redox balance (Russo et al. 2011). Russo et al. (2011)
described two adaptive cellular responses to the effects of irradiation: (1) enhanced
antioxidant defense (increases in glutathione, counteracting increased oxyradical
stress) and (2) increased susceptibility to apoptotic induction, which might efficiently
remove genetically damaged cells. Venneri et al. (2009) suggested that cumulative
professional radiological exposure is associated with a non-negligible lifetime
attributable risk of cancer for those cardiac catheterization laboratory staff that have
the most exposure (Venneri et al. 2009). Such exposure was also associated with an
increased micronuclei frequency for interventional cardiologists, but not for clinical
cardiologists, which risk correlates with years of professional activity (Andreassi
et al. 2005).

Interventional cardiologists, who have an average exposure of 4 mSv/year, show
a twofold increase in certain biomarkers like circulating lymphocytes, chromosome
aberrations, and/or micronuclei. The appearance of these biomarkers in IC staff are
surrogates of cancer risk and could represent intermediate carcinogenesis end points
(Andreassi et al. 2005; Zakeri and Assaei 2004; Maffei et al. 2004). Hence, inter-
ventional cardiology is recognized as being a practice that has high radiation risk
(Finkelstein 1998; Kim et al. 2008; Vano 2003). We again underscore that monitor-
ing for levels of occupational exposure should become an important part of any and
all quality assurance (QA) programs that are established for such practices (Vano
et al. 20006).

7 Need for Radiation Safety Practices in Catheterization
Laboratories

As interventional procedures have increased in numbers, radiation exposure to per-
sonnel working in cardiac catheterization laboratories has increased. The current
radiation precautions appear to be adequate, because the radiation dose reported for
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IC staff is low. However, in view of the rather high incidence of cataracts reported
among IC staff, there is a need for strict implementation of radiation safety practices
in the medical workplace. Programs should be implemented to initiate safety aware-
ness and to provide for radiation protection training among IC staff (Vano 2003;
Tsapaki et al. 2011). Another important undertaking is to institute the routine use of
dosimeters among staff during IC procedures and to regularly perform surveillance
of occupational doses for the whole body and for eyes, thyroid glands, and hands
(Whitby and Martin 2005). Only instruments that comply with radiation safety stan-
dards and practices should be used during IC procedures, so that radiation expo-
sures are optimized (Yuan et al. 2010). Of most importance in radiation safety is the
regular use of personal protective equipment or shielding for staff in the workplace
(Tsapaki et al. 2011; Kim et al. 2008; Pratt and Shaw 1993). Working at a safe dis-
tance from instruments, and assuring that such instruments are properly positioned
can reduce the radiation dose received by IC staff (Maeder et al. 2005; Vano
et al.1998; Jeans et al. 1985).

This review further underscore the importance of each catheterization laboratory
undertaking routine measurement of the dose received by each IC staff member.
Our review revealed that, in most of the available literature, data were given as
radiation dose per procedure, and, unfortunately, no recommended dose rate has
been established for individual procedures. Depending on the type of procedure and
the technique used, the operator dose per procedure may range from 3 to 450 uSv at
the neck, from less than 0.1 to 32 uSv at the waist or chest, and from 48 to 1,280 uSv
at the hands (Miller et al. 2010). Translating such exposure values into monthly or
annual worker dose limits is difficult (Miller et al. 2010). More and better monitor-
ing of radiation doses among catheterization laboratory IC staff is needed for hands,
eyes, and thyroid glands. This can be accomplished by using personal dosimeters
and by developing recommended limits for IC staff per-procedure doses. Finally,
we suggest that the national and international agencies (e.g., ICRP) that are respon-
sible for medical and radiation safety do work to establish such radiation exposure
limits for all relevant IC protocols.

8 Summary

To the best of our knowledge, this chapter constitutes the first systematic review of
radiation exposure to eyes, thyroid, and hands for Interventional Cardiology (IC)
staff. We have concluded from our review that these anatomical locations are likely
to be exposed to radiation as a result of the limited use of personal protective equip-
ment (PPE) among IC staff as shown in Fig. 8. Our review also reveals that, with the
exception of three eye exposure cases, the annual radiation dose to eyes, thyroid,
and hands among IC staff was within recommended levels and limits. The As Low
As Reasonably Achievable (ALARA) limit was not achieved in three cases for
fingers/hands and four cases for eyes. However, an increased incidence of cataracts
were reported for IC staff, and this gives rise to the concern that low-dose or
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Fig. 8 Cardiac Catheterization laboratory or cath labs and the possible radiation exposure routes
for IC staff. IJABP Intraaortic balloon pump. Source: Cardiac catheterization laboratory 2011

unnoticed exposures may increase the risk of developing cataracts among cardiology
staff. Clearly, the formation of cataracts among IC staff may be an issue and should
be studied in more depth.

Our review also disclosed that the two groups who receive excessive radiation
doses (i.e., exceed the recommended limit) are physicians-in-training and junior
staff physicians who work in cardiac catheterization laboratories. In particular,
more attention should be given to assessing the effects of radiation exposure
among IC staff who work in the Asia Pacific countries, because our review indi-
cates that the number of IC procedures performed by IC staff in these countries is
higher than for other continents. There is a huge demand for procedures conducted
by IC staff in the Asia-Pacific area, for both treating patients and consulting with
specialists.

Our review also disclosed that recommended limits for per-procedure radiation
doses are needed for IC staff. We recommend that such limits be established by the
appropriate national and international agencies that are responsible for occupational
radiation exposure. Although our review indicates that the current precautions
against LDR exposure for IC staff are adequate in most cases, we are concerned
about the relatively high incidence of cataracts reported to exist among IC staff.
Therefore, we believe that there is a need for a strict implementation of radiation
safety practices in cardiology laboratories and associated workplaces that utilize
radiation.

The action that is most important for protecting staff in the workplace against
radiation exposure is the regular use of personal protective equipment or shielding.
Working at a safe distance from instruments and assuring that such instruments are
in the proper position are other techniques that can reduce the radiation dose received
by IC staff.
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