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Abstract

Objective: to determine the association between occupational ionizing radiation exposure in
the cardiovascular catheterization laboratories staff and development of lens changes.
Methods: a cross-sectional study was made. Participants were recruited at the Xlll Colombian
Conference of Interventional Cardiology and SOLACI conferences in Bogota - Colombia 2017.
Informed consent was obtained from all study participants. Demographics and clinical data
were collected. Associated lens changes were determined according to the ionizing radiation
exposure status.

Results: a total of 89 subjects (178 eyes) participated in the study. In general, the mean age
was 40 years old, ranging from 19 to 78 years old. Distribution according gender was 55.3% male
and 44.7% female. 31 subjects (62 eyes) were deemed to have not occupational exposure to
radiation and 58 subjects (116 eyes) with a history of occupational radiation exposure. Exposed
eyes had twice risk for present subcapsular posterior lens opacity compared to non-exposed
eyes. The subjects with older age and physician role were associated to the presence of lens
opacity, with a p value 0.001 in both cases. Likewise, exposed subjects with any lens opacity
had a high mean occupational lifetime, with a p 0.001.

Conclusions: this study confirms a statistically significant increase in radiation-associated sub-
capsular lens changes in the eyes of interventional cardiology staff compared to unexposed
controls.

© 2019 Sociedad Colombiana de Cardiologia y Cirugia Cardiovascular. Published by Else-
vier Espana, S.L.U. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Cambios en el cristalino en personal de laboratorio de cateterismo cardiovascular

Objetivo: determinar la asociacion entre la exposicion a radiacion ionizante en el personal de
las salas de cateterismo cardiovascular y el desarrollo de cambios en el cristalino.

Métodos: se hizo un estudio transversal. Los participantes fueron reclutados en el Xlll Congreso
Colombiano de Cardiologia Intervencionista y las Conferencias SOLACI en Bogota - Colombia
2017. Se obtuvo el consentimiento informado de todos los participantes. Se recolectaron datos
demograficos y clinicos. Se determind la asociacion entre los cambios en el cristalino y la

Resultados: un total de 89 sujetos (178 ojos) participaron en el estudio. En general, la edad
promedio fue de 40 afos, con edades comprendidas entre los 19 afios y 78 afios. La distribucion
segun el género fue del 55,3% en hombres y el 44,7% en mujeres. Se considerd que 31 sujetos
(62 ojos) no tenian exposicion ocupacional a la radiacion y 58 sujetos (116 ojos) presentaban
exposicion ocupacional a esta. Los ojos expuestos tenian dos veces el riesgo de presentar opaci-
dad subcapsular posterior del cristalino en comparacion con los 0jos no expuestos. Los sujetos
de mayor edad y con rol de médico se asociaron a la presencia de opacidad del cristalino, con un
valor p de 0.001 en ambos casos. Del mismo modo, los sujetos expuestos con cualquier opacidad

Conclusiones: este estudio confirma un aumento estadisticamente significativo en la presen-
cia de cambios en el cristalino en el personal de las salas de cateterismo cardiovascular en

© 2019 Sociedad Colombiana de Cardiologia y Cirugia Cardiovascular. Publicado por Else-
vier Espafa, S.L.U. Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://
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del cristalino tenian una vida laboral mas larga, con una p 0.001.
comparacion con los controles no expuestos.
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The lens is especially sensitive to ionization from radi-
ation that alters the protein in its organized collagen
fibers, making them opaque. The lens changes can range
from non-symptomatic mild opacities to visual impartment.'
The development of lens changes has been described
after some exposure to ionizing radiation,’ including after
clinical, therapeutic and diagnostic procedures.>* Profes-
sional and ancillary personnel are at risk for developing
radiation-induced cataracts since the radiation can have an
accumulative effect during life.® Cardiovascular Catheteri-
zation laboratories Staff (CCLS) are in particular danger of
developing radiation-induced cataracts because their work
necessitates their being close to the patient during catheter-
izations. Variability in the minimum radiation dosage that
causes cataracts is also based upon age, illnesses, medica-
tions, use of protective apparatus, and an otherwise normal
individual’s propensity to normally develop cataracts in the
absence of radiation exposure.®

Between 1980 and 2011 the International Commission on
Radiological Protection (ICRP) recommended a lifetime limi-
tation of dose to the lens of 2 Sv for acute exposure or 5 Sv for
protracted exposure.® But in 2012, because of accumulating
epidemiologic evidence that lower radiation doses were also
associated with lens opacity development, for occupational
exposure the ICRP recommended a lifetime equivalent lens
dose limit of 0.5Sv and an annual limit of 20 mSv averaged
over five years, with no year exceeding 50 mSv in planned
exposure situations.”

Cardiovascular catheterization laboratories staff are
exposed to one of the highest doses of occupational

radiation in healthcare,®-'" and recent reports have shown
detectable lens changes in cardiovascular catheteriza-
tion laboratories staff, including those with estimated
cumulative occupational exposures lower than previously
considered dose thresholds. '

There are different concepts about the amount of
exposure that generates changes in the lens,>'"12,14-19
new studies are needed to determine this association
and the maximum exposure threshold. The aim of this
study was to determine the association between occupa-
tional ionizing radiation exposures in the cardiovascular
catheterization laboratories staff and development of lens
changes.

Methods

A cross-sectional study was made. Participants were
recruited at the XIIl Colombian Conference of Interventional
Cardiology and SOLACI conferences in Bogota-Colombia
2017. Informed consent was obtained from all study par-
ticipants.

According radiation exposed status the participants were
classified as exposed or non-exposed subjects. Selection cri-
teria for exposed subjects ware to be physician, nurse and
any ancillary personnel exposed to ionizing radiation in a
cardiovascular catheterization laboratory. Non-exposed sub-
jects had to meet with no previous exposition to ionizing
radiation. Subjects with prior intraocular surgery, ocular
trauma, history of uveitis, metabolic or congenital cataract,
conditions that did not allow visualization of the lens and
subjects with no capacity to understand and sign informed
consent were excluded.
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Table 1  Background and demographic characteristics according exposition.
Variable Exposed subjects Non-exposed subjects Total p
Number of subjects 58 31 89
Mean age (range) 40 (20-74) 39 (19-78) 40 (19-78) 0.001
Gender M-F 65.5%-34.5% 33.3%-66.7% 55.3%-44.7% 0.09
Role %
Physician 51.7 0 0.001
Nurse 8.6 3.7
Technician 31 11.1
Other 8.6 85.2
% Smoking 22.4 14.8 35.3 0.64
% SH 5.2 7.4 7.1 0.74
% DM 1.7 0 24.7 0.07
Dyslipidemia 13.8 7.4 32.9 0.31
SH: sistemic hypertension
M: male
F: female

DM: diabetes mellitus
* Association with lens opacity

Study subjects were asked to complete an assisted-
administered questionnaire collecting data regarding demo-
graphics, occupational history and practice in the cardiovas-
cular catheterization laboratory (years in practice, typical
monthly procedure volume, types of procedures performed,
and radiation protection), and past medical and ocular
history to identify potential confounders (e.g., history of
prolonged steroid used, diabetes mellitus, non-occupational
exposure to radiation and smoking). Using data from the
questionnaire, an estimation of the cumulative doses expo-
sure to radiation was performed according the years in
practice and the monthly procedures volume.

Subjects eligible for dilated eye examination underwent
slit lamp examination by a three certified ophthalmologist,
who ware blinded to subjects exposure status. Tropicamide
1% ophthalmic solution was administered to achieve mydri-
asis. Slit lamp examination was performed, and lens opacity
was scored in real-time. Lens findings in the posterior sub-
capsular region were graded in 0.5 point increments using a
modified Merriam-Focht Scale (MFS).%°

For univariable analysis, categorical variables were
expressed as percentages and compared between groups
(exposed versus control, within the exposed group according
to lens findings). For quantitative variables, central ten-
dency and dispersion measurement were calculated (mean
and standard deviation), according to the relevance. On
bivariate analysis association of qualitative polytomous
variables with quantitative variables of normal distribution
was made using ANOVA and Kruskal-Wallis test. Statistical
analyses were performed using SPSS ver 21 (ser. 572110343).
A P-value of <0.05 was considered statistically significant.
Approval for the study was obtained from the Ethics Com-
mittee at Fundacion Oftalmolodgica Nacional.

Results

A total of 89 subjects (178 eyes) consented to participate
in the study and underwent dilated eye examination. Using

questionnaire data, 31 subjects (62 eyes) were deemed to
have not occupational exposure to radiation and 58 subjects
(116 eyes) with a history of occupational radiation exposure.
In exposed subjects, 51.7% were physician, 31% were techni-
cians, 8.6% were nurses, and 8.6% with other roles (industry,
research staff, and others). In general, the mean age was 40
years old, ranging from 19 - 78 years old. Distribution accord-
ing gender was 55.3% male and 44.7% female. Complete
demographic characteristics, history and their association
with lens opacity are described in Table 1. The subjects
with older age and physician role were associated to the
presence of lens opacity, with a p value 0.001 in both cases.
Likewise, exposed subjects with any lens opacity had a high
mean occupational lifetime, with a p 0.001

Typical monthly number of procedures and types of pro-
cedures performed are described in Table 2. The proportion
of subjects with a history of chronic steroids use or non-
occupational exposure to radiation was insignificant.

Bivariate analysis was made with the number of eyes.
Both eyes of each subject were included for statistical anal-
ysis. A multivariate analysis was performed with variables
that showed statistically significant association in bivariate
analysis. The variables age and years of practice presented
multicollinearity, so age was eliminated from the model. The
prevalence of lens opacity was low in both exposed and non-
exposed groups, 30.3% of exposed eyes had some kind of
subcapsular posterior opacity and only 21% of non-exposed
eyes had it, with a p 0.008. Exposed eyes had twice risk
for present subcapsular posterior lens opacity compared to
non-exposed eyes (OR 2.49, IC 1.14-5.23). The interobserver
variability for subcapsular lens opacity diagnosis was evalu-
ated (according to Merriam-Focht Scale), Kappa index was
0.47 between Ophthalmologist #1 and Ophthalmologist #2,
and 0.55 between Ophthalmologist #1 and Ophthalmologist
#3, it was considered as a moderate concordance.

Most subjects used some kind of radiation protection,
being lead apron as the most frequent used in 96.6% of sub-
jects, followed by thyroid collar in 81% of subjects, lead
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Table 2 Years in practice, number and types of procedures per month (n = 116 eyes).

Years in Total Diagnostic Angioplasty Structural Peripheral
practice procedures procedures procedures interventions
Median 8,0 100,0 51,0 25,5 3,3 3,8
Standard deviation 9,43 53,00 40,81 16,33 7,12 7,97
Minimum 1 4 0 0 0 0
Maximum 50 250 200 80 40 30
Percentiles
25 4 50 25 15 0 0
50 8,0 100,0 51,0 25,5 3,3 3,8
75 15 120 70 36 7 10
5
(p) 0,001 0,32 0,54 0,13 0,81 0,22
n: number of eyes
* for associated lens opacity
100
90
80
70
60
50 mYes (%)
40 No (%)
30
20
10
0 —
Lead apron Thyroid collar Lead glasses  Ceiling-suspended

Figure 1

glasses in 69% of subjects, otherwise only 2% of subjects
reported a ceiling-suspended screens use (fig. 1). The use
of the dosimeter is mandatory, however 87.9% of subjects
declared to use it. Within subjects who used dosimeter, less
than 20% knew the last dosimeter report.

Discussion

Radiation-induced lens opacity has been observed in dif-
ferent exposed populations at lower doses than expected.
Instead, several epidemiological studies suggest a non-
threshold effect for lens opacity development.' This study
confirms a statistically significant increase in radiation-
associated subcapsular lens changes in the eyes of
interventional cardiology staff compared to unexposed con-
trols.

From the exposed patients, physician role was associated
to the presence of lens opacity, this can be explained by
the position of physician during the interventions, differ-
ent from the rest of the staff. This finding reflects much
more attention and the need to provide and guarantee the
correct use of all protective measures, even more if the
role is physician. Contrary to Matsubaraa findings,?' in our

screens

Radiation protection use.

exposed subjects with roles different from physician there
was not associated with lens opacity.

The posterior lens changes found in the present study
may not result in significantly decreased in visual acuity.
However, regular ophthalmological examination and follow-
up could elucide such changes progress.

Different from other studies,?? ceiling-suspended screens
is rare as a protection method in our subjects. Instead, the
use of lead apron was the most frequent radiation protec-
tion reported. This may be due to the fact that in our country
the ceiling-suspended screens are not well distributed and
in most catheterization laboratories are limited. In general,
most of study subjects reported irregular use of screens,
eyeglasses or both in their daily practice. According to
the results obtained, the use of these measures should be
encouraged.

These results reinforce those of  previous
studies,”'31421-23 however future randomized and con-
trolled studies are needed to determine the amount and
effect of radiation on this staff.

This study had some limitations, the power to establish
causality is limited due to the type of study and its design.
However, this is the first report conducted in Colombia,
which describes the characteristics of radiation exposure of
this population and compares it with a similar population
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not exposed. These findings are the first step to support
adjustments in the regulations within the catheterization
laboratories. 10.
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