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SUMMARY

OBJECTIVE: Our aim is to determine whether radiation dffects the endothelial function of hospital staff working in the radiation unit for
diagnostic and therapeutic purposes. We have evaluated endothelial function with vascular imaging parameters such as flow-mediated
dilatation (FMD) and aortic stiffness index (ASI).

METHODS: A total of 75 employees, 35 of whom are exposed to radiation due to their profession and 40 as the control group, were included
in our single-centered study. Demographic data, FMD, aortic stiffness, and echocardiographic findings of the two groups were compared.

RESULTS: There were no significant differences in demographic data. Median FMD values tended to be lower in the radiation exposure
group [7.89 (2.17-21.88) vs. 11.69 (5.13-27.27) p=0.09]. The FMD value was significantly lower in the catheter laboratory group than in
the radiation-exposed (p=0.034) and control (p=0.012) groups. However, there was no statistically significant difference between the
non-catheter lab radiation exposed group and the control group (p=0.804). In addition, there was no statistically significant difference
in the ASI value between the groups (p=0.201).

CONCLUSION: We have found that FMD is decreased among hospital staff working in radiation-associated areas. This may be an early
marker for radiation-induced endothelial dysfunction.
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INTRODUCTION

Radiation is an important part of both diagnostic
tests and treatment management of many diseases.
When the literature was reviewed, increased car-
diovascular events were noted in the follow-up of
radiotherapy patients*3. While many studies about
radiotherapy patients have attracted attention, car-
diovascular events in the employees who are exposed
to ionizing radiation at work were not well defined.

It has been shown that thoracic radiotherapy in
particular has accelerated the atherosclerotic process,
increased frequencies of left-sided valve deterioration
(most frequently aortic regurgitation), acute or chronic
pericardial diseases and effusions, cardiomyopathies
and conduction diseases even in patients with no car-
diac risk factor?.

There are several methods for evaluating
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endothelial dysfunction. Nowadays, ultrasonographic
evaluation from the forearm of the flow-dependent
vasodilatation is commonly used due to its simplicity,
low cost, and lack of intervention. This method has
proven to be quite reliable when compared to invasive
methods®. Many blood vessels respond to shear stress
by vasodilatation. This event is called flow-mediated
dilatation. Radiotherapy has been shown to generate
reactive oxygen species and activate the inflammatory
process. Moreover, this event resulted in endothelial
dysfunction in patients with Hodgkin lymphoma
who received radiotherapy?. In addition, endothelial
dysfunction is believed to be the earliest factor of
many diseases®.

Aortic elasticity is closely related to cardiovascular
mortality”. Aortic distensibility (AD) and aortic strain
(AS) are the elasticity indices of the aorta and reflect
aortic stiffness’. It has been shown that non-invasive
methods such as echocardiography and magnetic res-
onance were found to be as reliable as the invasive
measurement with the use of a catheter with a micro
manometer for the demonstration of the elastic prop-
erties of the aorta®. Many studies have shown that
inflammation has a role in arterial stiffness probably
due to endothelial dysfunction®.

Here, we aimed to study FMD and aortic elastic-
ity indices among radiation-exposed and unexposed
hospital staff.

METHODS

This is a single-centered cross-sectional study
conducted between August and November 2018 at
the Bolu University Hospital. The study included 35
employees who have occupational radiation exposure
(20 of them are interventional cardiologists and cath-
eterization lab staff, 4 of them are orthopedists, 5 are
interventional radiologists, and 6 urologists) and 40
employees who are away from radiation areas. The
cath. lab. interventional cardiologist and lab. staff use
Siemens Axiom Artis Cath/Anjio System and Siemens
Axiom Artis Zee Floor Cath/Anjio System,; interven-
tional radiologists use Siemens Axiom Artis Cath/Anjio
System and Siemens Artis Q Floor Cath/Anjio System;
urologists and orthopedists use Siemens PowerMobile
C-arms and GE OEC Brivo Prime C-arm 785 in the
operating room.

All participants were informed about the study
and were older than 18 years old. In the radiation-ex-
posed group, the total working time with radiation

ranged between 6 months and 26 years (6.3 + 5.9
years). Demographic data and laboratory parameters
of all employees were recorded. Presence of coronary
artery disease, left ventricular heart failure (EF <50%),
moderate and severe mitral and/or aortic valve dis-
ease, congenital heart disease, atrioventricular con-
duction abnormality, presence of pericardial effusion,
moderate and severe kidney or liver disease, thyroid
diseases, anemia, diabetes mellitus, dyslipidemia,
hypertension, electrolyte imbalance, systemic inflam-
matory or infectious diseases or poor transthoracic
echocardiography window were determined as the
exclusion criteria. We received informed consent from
each participant after approval of the study protocol
by the Local Ethics Committee.

Echocardiographic evaluation

Echocardiographic procedures were performed
with the 4-Mhz transducer of Vivid S6 (GE Vingmed,
N-3191 Horten-Norway). All echocardiographic images
were taken by a single-blind cardiologist within the
left lateral position in the presence of continuous elec-
trocardiography. And the mean of three consecutive
cardiac cycles was used.

Left ventricular end-diastolic and end-systolic
diameter, left ventricular septum thickness, left
ventricular posterior wall thickness, and left atrium
diameter were measured. Left ventricular ejection
fraction was measured by modified Simpson’s rule™.
Two-dimensional and pulsed doppler measurements
were taken according to the Criteria of the American
Society of Echocardiography™.

Aortic stiffness evaluation

Internal dimensions of the ascending aorta were
measured in at least three consecutive cardiac cycles,
at 3 cm from the origin of the aorta. The aortic systolic
diameters (AoSD) and the diastolic diameters (AoDD)
were taken, and then aortic strain, aortic distensibility,
and aortic stiffness index were calculated according
to the formulas™. While the systolic diameter was
measured from the peak of the aorta, the diastolic
diameter was measured from the R peak of the ECG.

1. Aortic diameter change (ADC): AoSD — AoDD

2. Aortic strain (AS) (%): ADC/AoDD

3. Aortic distensibility: 2x AS/PP

4. Aortic stiffness index: (SBP/DBP)/ [(ADC)/AoDD].

(SBP: systolic blood pressure, DBP: diastolic blood
pressure, PP, pulse pressure: systolic blood pressure—
diastolic blood pressure)

993

REV ASSOC MED BRAS 2020; 66(7):992-997



EFFECT OF RADIATION ON ENDOTHELIAL FUNCTION

S IN WORKERS EXPOSED TO RADIATION

Ultrasonographic evaluation

After resting for at least 15 minutes in a quiet, dark,
air-conditioned room (22-25 °C), the parameters were
measured. Also, subjects were advised about going
fasting for at least 8 hours and exercising, smoking,
consuming alcohol or caffeine before taking the FMD
measurements. The brachial artery diameter was
measured in the antecubital fossa with a 7.5 MHz lin-
ear array transducer (GE Healthcare, M4S-RS, Tokyo,
Hino-Shi, Japan).

The skin was marked with a pencil, so all evalua-
tions were obtained from the same line.

TABLE 1. GENERAL CHARACTERISTICS OF THE STUDY

GROUPS
Baseline charac- Radiation exposed Control P
teristics group (n=35) group
(n=40)

MEDIAN (Min-Max.)
Age (years) 32 (22-51) 29 (20-52) | 012

MEAN
Body massindex | 26 +4 255 033
(kg/m2)
Male/female 20/15 16/24 0.14
Hypertension (%) | 3 (8%) 2 (5%) 0.54
Smoking (%) 12 (34%) 10 (25%) 0.38
Family history (%) | 2 (6%) 7(17%) 0.12

TABLE 2. ECHOCARDIOGRAPHIC DATA OF WORKING

GROUPS

Radiation exposed Control group P

group (n=35) (n=40)

MEDIAN (Min-Max.)
EF (%) 6215 63+4 0.23
LvDD 4.49+0.30 4.36+0.39 0.108
LVSD 2.68+0.27 2.75+x0.29 0.361
LA 314+£0.32 3.04+0.37 0.199
FMD 7.89 (217-21.88) 11.69 (5.13-27.27) 0.09
AS| 1164 (3.70-76.57) 10.25 (5.63-54.06) | 0.81
PW 0.92 (0.72-1.29) 0.90 (0.70-1.30) 0
IVS 0.89 (0.72-1.30) 0.90 (0.70-1.30) 017

EF: ejection fraction, LVDD: left ventricular end diastolic diameter, LVSD: left ventric-
ular end systolic diameter, LA: left atrium, FMD: flow mediated dilatation, ASI: aortic
stiffness index, PW: posterior wall, IVS: interventricular septum

TABLE 3. FMD VALUE OF WORKING GROUPS

Radiation Non-cathe- | Control P
exposed-cath- | ter lab radia- | group
eter lab group | tion exposed | (n=40)
(n=22) group(n=13)

FMD % | 5.96 (217- 11.90 (5.77- 11.69 (5.13- 0.025
20.51) 21.88) 27.27)

ASI 139 (60-751) | 9.8(3.7-765) |10.2 (5.6~ 0.201

54.0)

FMD: flow mediated dilatation, ASI: aortic stiffness index

First, the basal diameter and flow rate of the
brachial artery were taken. Then, the pressure was
inflated up to 50 mmHg above the systolic blood pres-
sure and waited for 5 minutes so the arm remained
ischemic. The diameter and flow rate of the brachial
artery were measured again 1 minute after the cuff
pressure was lowered. FMD was calculated with the
formula: FMD=100 x (maximum diameter after hyper-
emia-baseline diameter/baseline diameter)".

Statistical analysis

Quantitative variables were stated as mean+ stan-
dard deviation (SD) and qualitative variables were
expressed in numbers and percentages. The differ-
ences among independent groups were analyzed by
the Student t-test in the case of normal distribution.
The Mann-Whitney U test was used to compare vari-
ables without normal distribution. The Chi-Square
test was used for the qualitative variables. To com-
pare high-radiation exposed catheter lab medical staff
with other medical staff and the control group, the
Kruskal-Wallis test was used. A p-value < 0.05 was
considered significant. Statistical analysis was carried
out using SPSS v.18.0 software (IBM).

RESULTS

No significant difference was observed between
the two groups in terms of demographic data (Table 1).
Transthoracic echocardiography, FMD, and ASI param-
eters of the participants are shown in Table 2. Albeit
not significant, the FMD of the radiation-exposed group
tended to be lower than that of the control group [7.89
(2.17-21.88) vs. 11.69 (5.13-27.27], p=0.09 (Figure 1).

FIGURE 1. FMD COMPARISON OF CONTROL AND
RADIATION GROUPS
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The Kruskal-Wallis test revealed that the FMD
value was significantly lower in the catheter labora-
tory group than in other radiation-exposed (p=0.034)
and control (p=0.012) groups. However, there was
no statistically significant difference between the
non-catheter lab radiation exposed group and the
control group (p=0.804). Also, there was no statisti-
cally significant difference in the ASI value between
the three groups (p=0.201) (Table 3).

In Pearson’s Correlation Test, the FMD value
(-r=0.36, p=0.015) was significantly and negatively
correlated with the presence of mean exposure time.

DISCUSSION

In our study, we found that the median FMD value
tended to be lower in radiation-exposed workers.

The acute effects of radiation on the cardiovascular
system may be undetected since this phase is usually
asymptomatic. Therefore the rate of involvement is
not clear. Endothelial damage, lipid, and inflamma-
tory cell infiltration and lysosomal activation have been
defined in this silent acute phase®™. The use of FMD
as an indirect marker of inflammation to determine
this asymptomatic period is therefore important and
constitutes the main purpose of our study. Reactive
oxygen radicals and pro-inflammatory cytokines have
been accused of radiation-mediated endothelial dys-
function. This is demonstrated by the rise of IL-6, CRP,
TNF-a, and INF-Y-like pro-inflammatory cytokine in
survivors of atomic bombs. It was also shown that the
dose-dependent increase of markers that reflect system-
atic inflammation such as erythrocyte sedimentation
rate (ESR) and IgG, IgA, and total immunoglobulins
were increased®™. Leukocyte aggregation is observed
as a result of ICAM-1 and PECAM-1 activation in radi-
ation-exposed endothelial cells™. With the release of
thrombomodulin and PAI-1-like cytokines, endothelial
cells become pre-thrombotic and atherogenic, and the
pro-fibrotic process begins™. Increased levels of TGF-f3
through radiation result in collagen synthesis and fibro-
sis, leading to changes in the extracellular matrix™.

In a study performed in patients with breast can-
cer, the endothelium-dependent vasodilatation of the
axillary artery on the irradiated side was significantly
reduced compared to the opposite side™. In another
study, impaired NO-mediated relaxation in irradiated
cervical arteries was related to a lack of expression
of endothelial NO synthetase™. While carotid inti-
ma-media thickness of Hodgkin lymphoma patients

increased compared with the control group in a 3-year
follow-up, flow-mediated dilatation decreased in a per-
sistent manner™.

The known long latent period of radiation requires
the follow-up of the patients after radiation exposure
in a wide period of 10-15 years™. Radiation has effects
on the pericardium, myocardium, valves, coronary
arteries, and conduction system in the heart; pathol-
ogy in the epicardial and endocardial coronary arteries
may result from coronary obstruction; semilunar and
atrioventricular valve pathology, stenosis or regurgi-
tation are caused by valvular fibrosis; and pathology
in the myocardium may result in cardiomyopathy™.
Pericardial construction and inflammation, as well
as pathologies in the transmission system and peri-
cardium, may occur™. The most common cardiac
effects are pericardial, while the lesser effects are in
the conduction system? The long latent period and the
absence of specific symptoms in patients suggest that
the number of patients known to be affected is very
low. However, in these patient groups, the primary
mechanism for death, 10 years after radiation expo-
sure, was cardiac mortality’. Myocardial infarction
was the most common cause of cardiac mortality?.
Compared to the general population, 2.2-2.7 times
more cardiac disease was observed in these patients?.

Since patients with breast cancer and Hodgkin
lymphoma have a relatively long cancer-specific
survival and can be followed up for 10-15 years after
receiving radiotherapy at a young age, cardiac effects
of radiation have been examined in this patient group
treated with thoracic radiotherapy (RT)". Cardiac dam-
age has been less reported in lung cancer patients
treated with radiotherapy; the late-term effects of
radiation could not be detected in these patients due
to insufficient survival of this patient group?. In our
study, the mean radiation exposure time is 6,3 years,
and the amount of irradiation is quite lower than in
patients treated by radiotherapy. Total radiation dose
can reach >30-35 Gy in radiotherapy and this dose
is a risk factor for radiation-induced cardio toxicity?.
However, interventional cardiologists in high-volume
centers have a radiation exposure of about 5 mSv/per
year?'. This exposure dose is higher than that of the
medical staff that works at the catheter laboratory.
Although we couldn’t observe chronic effects that may
be associated with radiation exposure, it is noteworthy
that FMD value began to deteriorate even in the short
term and with the low exposure dose among catheter
laboratory medical staff that are relatively exposed to
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higher radiation dose than other radiation-exposed
medical staff and control group.

It has been shown that there is a correlation
between the presence of coronary artery disease
(CAD) and the elastic parameters of the aorta®. In this
hypothesis, it is suggested that vasa vasorum originat-
ing from the coronary arteries and feeding abnormal-
ities in the arterial wall disrupt the elastic properties
of the aorta in the presence of CAD?. It is also known
that radiation-induced fibrosis may result in increased
arterial stiffness and, consequently, may be a poten-
tial biomarker of radiation-induced atherosclerosis®.
In our study, ASI parameters were not significant
between the two groups. This may be explained by the
process that requires 10-15 years for CAD in radiation
exposure, and our study is insufficient to assess the
process currently.

The most obvious effects of ionizing radiation
among medical staff are on the skin and eye, especially
due to direct unprotected exposure®’. While erythema
in the skin can be observed within a few hours, cata-
ract may occur about 6 months after exposure®*. In a
meta-analysis in which cardiologists performing car-
diac catheterization were compared with the control
group, cataract cases were found to be significantly
higher among cardiologists; the underlying biologi-
cal mechanism has been interpreted as the acceler-
ated proliferation of the endothelium and blood cells
by radiation®.

Our study is single-centered. Because there is
a small number of employees in the catheter lab-
oratory, in order to obtain the sufficient number of
employees, those who received radiation as per their

occupation such as orthopedy, interventional radiol-
ogy, and urology, but whose exposure dose is not
as high as those working in the catheter laboratory
were also included. The statistical insignificance of
FMD and ASI values may be due to that. Because
of this, we compared three groups and showed that
the FMD value was significantly lower in the cath-
eter laboratory group. We aimed to overcome this
limitation by planning a future multi-center study,
with only catheter laboratory staff. In addition, the
inclusion of employees from the different depart-
ments brought about the use of different brands and
models of devices. Due to the irregular use of dosim-
eters, the exposed dose values were not included in
our study. We designed our study with employees
in units exposed to radiation for at least 6 months.
This is one of the limitations of our study.

CONCLUSIONS

We have found that FMD may decrease among hos-
pital staff that are exposed to radiation due to their
profession. This may be an early marker for radia-
tion-induced endothelial dysfunction and routine
cardiovascular monitoring of radiation workers may
prevent future cardiovascular events. Long-term fol-
low-up and larger-scale studies should be considered
for a better definition of possible cardiovascular effects
among radiation-exposed medical staff.
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OBJETIVO: O nosso objetivo é determinar se a radiagdo afeta a funcdo endotelial de funciondrios do hospital que trabalham em unidades
com exposicdo a radiacdo para fins diagnésticos e terapéuticos. Avaliamos a fungdo endotelial com pardmetros de imagens vasculares,
tais como dilatagdo fluxo-mediada (FMD) e o indice de rigidez aértica (ASI).

METODOLOGIA: Um total de 75 funciondrios, 35 expostos d radiagdo devido d sua ocupagdo e 40 como grupo de controle, foram incluidos
em nosso estudo monocéntrico. Os dados demogrdficos, de FMD, rigidez adrtica e ecocardiogrdficos dos dois grupos foram comparados.

RESULTADOS: Ndo houve diferengas significativas nos dados demogrdficos. Os valores médios de FMD, em geral, foram mais baixos
no grupo de exposicdo a radiagdo [7,89 (2,17-21,88) e 11,69 (5,13-27,27) p=0,09]. O valor de FMD foi significativamente menor no grupo
laboratorial com cateter do que no exposto d radiagdo (p=0,034) e no de controle (p=0,012). No entanto, ndo houve diferenga estatis-
ticamente significativa entre o grupo laboratorial sem cateter e exposto a radiacdo e o grupo de controle (p=0,804). Além disso, ndo
houve diferenca estatisticamente significativa quanto ao valor de ASI entre os grupos (p=0,2017).

CONCLUSAO: Observamos que a FMD é menor entre funciondrios que trabalham em setores hospitalares associados a radiagdo. Isso
pode ser um marcador inicial de disfungdo endotelial induzida por radiagéo.

PALAVRAS CHAVE: Radiagdo. Endotélio vascular. Exposicdo ocupacional. Exposi¢do a radiagdo.
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