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Abstract 

A review was undertaken of studies reporting increased DNA damage in circulating blood cells and increased organ 
doses, for X-ray exposures enhanced by iodinated contrast media (ICM), compared to unenhanced imaging. This effect 
may be due to ICM molecules acting as a source of secondary radiation (Auger/photoelectrons, fluorescence X-rays) 
following absorption of primary X-ray photons. It is unclear if the reported increase in DNA damage to blood cells 
necessarily implies an increased risk of developing cancer. Upon ICM-enhancement, the attenuation properties of blood 
differ substantially from surrounding tissues. Increased energy deposition is likely to occur within very close proximity 
to ICM molecules (within a few tens of micrometres). Consequently, in many situations, damage and dose enhance-
ment may be restricted to the blood and vessel wall only. Increased cancer risks may be possible, in cases where ICM 
molecules are given sufficient time to reach the capillary network and interstitial fluid at the time of exposure. In all 
situations, the extrapolation of blood cell damage to other tissues requires caution where contrast media are involved. 
Future research is needed to determine the impact of ICM on dose to cells outside the blood itself and vessel walls, and 
to determine the concentration of ICM in blood vessels and interstitial fluid at the time of exposure.
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Introduction
Intravenous iodinated contrast media (ICM) play a central 
role in X-ray imaging procedures, including CT and fluo-
roscopy. The chemotoxic effects of ICM, including allergic 
reactions, kidney damage and thyrotoxicosis, are well 
known, although serious adverse effects are extremely 
rare.1 There are also concerns, however, that contrast media 
may also increase the cancer risks from X-ray exposures, 
by increasing the DNA damage from a given radiation 
exposure.2,3 Since the late 1970s, studies have demonstrated 
increased damage, by up to several hundred percent, to 
blood cells following the administration of intravenous 
ICM during diagnostic X-ray and interventional fluoros-
copy exposures, compared with unenhanced exposures.4–18 
The results of other studies in which larger-than-expected 
levels of DNA damage were reported19,20 could, potentially, 
also be explained by the effect of ICM use. Other authors 
have reported increases in estimated organ doses of up to 
71%, for ICM-enhanced, compared with unenhanced CT 
scans.21,22 It remains unclear what the consequences of 

these findings are, however. Most notably, it is unclear if 
the reported increase in DNA damage to blood cells neces-
sarily implies an increased risk of cancer for ICM-enhanced 
exposures. This uncertainty adds to that already present 
regarding the risks from low dose medical radiation expo-
sures, including risks derived from ongoing epidemiolog-
ical studies.23–25

To address this issue, a review was undertaken of previ-
ously published research investigating the impact of 
contrast media on cell damage and radiation doses in 
diagnostic imaging. Relevant papers were identified 
through a search using PubMed. Studies investigating 
contrast enhanced radiotherapy and the dosimetric 
effects of high atomic number elements in general were 
also gathered. Summaries of study findings are presented 
in Tables  1 and 2. A meta-analysis of these data was not 
possible, as parameters such as iodine concentration, 
time-since-exposure and X-ray energy spectra varied  
between studies.

Received: 
6 January 2017

Accepted: 
7 August 2017

Revised: 
14 July 2017

© 2017 The Authors. Published by the British Institute of Radiology

https://doi.org/10.1259/bjr.20170028
mailto:richard.harbron@ncl.ac.uk


2 of 14 birpublications.org/bjr Br J Radiol;90:20170028

BJR  Harbron et al

Ta
b

le
 1

. S
um

m
ar

y 
o

f 
in

 v
it

ro
 s

tu
d

ie
s 

o
f 

D
N

A
 d

am
ag

e 
in

d
ic

at
o

rs
 f

o
r 

b
lo

o
d

 s
am

p
le

s 
ex

p
o

se
d

 w
it

h,
 o

r 
w

it
ho

ut
 io

d
in

at
ed

 c
o

nt
ra

st
 m

ed
ia

 (
IC

M
)

St
ud

y 
(y

ea
r o

f 
pu

bl
ic

at
io

n)
A

ss
ay

 ty
pe

D
os

e 
(m

G
y)

Ti
m

e 
si

nc
e 

ex
po

su
re

Eq
ui

pm
en

t
Q

uo
te

d 
tu

be
 

po
te

nt
ia

l/fi
ltr

at
io

n

Io
di

ne
 

co
nc

en
tr

at
io

n 
(m

g 
I m

l–1
)

Fo
ci

 p
er

 
ce

ll 
(n

o 
IC

M
)

Fo
ci

 p
er

 
ce

ll 
(w

ith
 

IC
M

)

IC
M

 
as

so
ci

at
ed

 
in

cr
ea

se
 in

 
ab

so
lu

te
 

fo
ci

 (%
)

IC
M

 
as

so
ci

at
ed

 
in

cr
ea

se
 

in
 ex

ce
ss

 
fo

ci
 (%

)

C
al

lis
en

 (1
97

9)
Ly

m
ph

oc
yt

e 
su

rv
iv

al
U

nc
le

ar

Fa
xi

tr
on

70
 k

V
/4

.2
 m

m
 A

l

3.
7c

30

7.
4c

70

18
.5

c
27

0

H
ad

ne
gy

 (1
98

2)
Ly

m
ph

oc
yt

e 
di

ce
nt

ric
s &

 
rin

gs

50
0

N
ot

 st
at

ed
25

0 
kV

/1
 m

m
 A

l, 
1 

m
m

 C
u

5.
6c  (U

ro
gr

afi
n)

0.
06

4

50
0

11
.1

c  (U
ro

gr
afi

n)
0.

07
3

50
0

22
.2

c  (U
ro

gr
afi

n)
0.

11
9

56
0

19
.2

c  (H
ex

ab
rix

)
0.

13
5

94
0

19
.2

c  (H
ex

ab
rix

)
0.

31
4

12
50

19
.2

c  (H
ex

ab
rix

)
0.

46
5

18
80

19
.2

c  (H
ex

ab
rix

)
1.

02
4

Jo
st

 (2
00

9)
Ly

m
ph

oc
yt

e 
di

ce
nt

ric
s

0

Si
em

en
s 

Se
ns

at
io

n 
64

 
(C

T)

n/
a

5.
0

0.
00

03
0

25
12

0 
kV

5.
0

0.
00

11
0.

00
14

27

50
12

0 
kV

5.
0

0.
00

21
0.

00
25

19

10
0

12
0 

kV
5.

0
0.

00
42

0.
00

59
40

10
00

12
0 

kV
5.

0
0.

09
20

0.
16

03
74

0
n/

a
50

.0
0.

00
03

0

25
12

0 
kV

50
.0

0.
00

11
0.

00
82

64
5

50
12

0 
kV

50
.0

0.
00

21
0.

02
13

91
4

10
0

12
0 

kV
50

.0
0.

00
42

0.
04

44
95

7

10
00

 
12

0 
kV

50
.0

0.
09

20
0.

90
94

88
8

(C
o

nt
in

ue
d

)

http://birpublications.org/bjr


3 of 14 birpublications.org/bjr Br J Radiol;90:20170028

BJRReview article: DNA damage with X-rays and contrast media

St
ud

y 
(y

ea
r o

f 
pu

bl
ic

at
io

n)
A

ss
ay

 ty
pe

D
os

e 
(m

G
y)

Ti
m

e 
si

nc
e 

ex
po

su
re

Eq
ui

pm
en

t
Q

uo
te

d 
tu

be
 

po
te

nt
ia

l/fi
ltr

at
io

n

Io
di

ne
 

co
nc

en
tr

at
io

n 
(m

g 
I m

l–1
)

Fo
ci

 p
er

 
ce

ll 
(n

o 
IC

M
)

Fo
ci

 p
er

 
ce

ll 
(w

ith
 

IC
M

)

IC
M

 
as

so
ci

at
ed

 
in

cr
ea

se
 in

 
ab

so
lu

te
 

fo
ci

 (%
)

IC
M

 
as

so
ci

at
ed

 
in

cr
ea

se
 

in
 ex

ce
ss

 
fo

ci
 (%

)

Jo
st

 (2
00

9)
Ly

m
ph

oc
yt

e 
γ-

H
2A

X
56

25

Si
em

en
s 

Se
ns

at
io

n 
64

 
(C

T)

12
0 

kV
5.

0
0.

58
0

0.
95

2
64

50
12

0 
kV

5.
0

0.
91

1
0.

72
6

−2
0

10
0

12
0 

kV
5.

0
1.

50
3

1.
54

7
3

10
00

12
0 

kV
5.

0
4.

69
7

6.
35

1
35

25
12

0 
kV

50
.0

0.
58

0
0.

89
2

54

50
12

0 
kV

50
.0

0.
91

1
2.

23
2

14
5

10
0

12
0 

kV
50

.0
1.

50
3

3.
98

3
16

5

10
00

12
0 

kV
50

.0
4.

69
7

11
.7

09
14

9

G
ru

dz
en

sk
i (

20
09

) 
Ly

m
ph

oc
yt

e 
γ-

H
2A

X
 

10

5 
m

in
Ph

ili
ps

 
PW

21
84

 
(r

ad
io

gr
ap

hy
 

tu
be

)

90
 k

V
/1

 m
m

 A
l

33
.0

 (I
op

ro
m

id
e)

0.
21

7ad
0.

35
9ad

66

30
 m

0.
13

3ad
0.

26
6ad

10
0

2.
5 

h
0.

08
0ad

0.
19

0ad
13

8

5 
h

0.
03

2ad
0.

10
9ad

24
1

50
0

5 
m

in
Ph

ili
ps

 
PW

21
84

 
(r

ad
io

gr
ap

hy
 

tu
be

)  
 

90
 k

V
/1

 m
m

 A
l

33
.0

 (I
op

ro
m

id
e)

9.
27

ad
 

15
.0

0ad
 

62

30
 m

in
5.

51
ad

 
9.

90
ad

 
80

2.
5 

h
3.

20
 ad

 
6.

58
ad

 
10

6

5 
h

1.
56

ad
 

3.
29

ad
 

11
1

50
0

5 
m

in
66

2 
ke

V
 γ

 
so

ur
ce

 (C
s-

13
7)

   
n/

a
33

.0
 (I

op
ro

m
id

e)

8.
34

 ad
 

7.
62

ad
 

10

30
 m

in
5.

77
ad

 
5.

51
ad

 
5

2.
5 

h
4.

08
ad

 
4.

52
ad

 
−1

0

5 
h

2.
00

ad
 

1.
92

ad
 

4

Ta
b

le
 1

. (
C

o
nt

in
ue

d
)

(C
o

nt
in

ue
d

)

http://birpublications.org/bjr


4 of 14 birpublications.org/bjr Br J Radiol;90:20170028

BJR  Harbron et al

St
ud

y 
(y

ea
r o

f 
pu

bl
ic

at
io

n)
A

ss
ay

 ty
pe

D
os

e 
(m

G
y)

Ti
m

e 
si

nc
e 

ex
po

su
re

Eq
ui

pm
en

t
Q

uo
te

d 
tu

be
 

po
te

nt
ia

l/fi
ltr

at
io

n

Io
di

ne
 

co
nc

en
tr

at
io

n 
(m

g 
I m

l–1
)

Fo
ci

 p
er

 
ce

ll 
(n

o 
IC

M
)

Fo
ci

 p
er

 
ce

ll 
(w

ith
 

IC
M

)

IC
M

 
as

so
ci

at
ed

 
in

cr
ea

se
 in

 
ab

so
lu

te
 

fo
ci

 (%
)

IC
M

 
as

so
ci

at
ed

 
in

cr
ea

se
 

in
 ex

ce
ss

 
fo

ci
 (%

)

G
ru

dz
en

sk
i (

20
09

)
Fi

br
ob

la
st

 
γ-

H
2A

X
15

00

30
 m

in
Ph

ili
ps

 
PW

21
84

 
(r

ad
io

gr
ap

hy
 

tu
be

)

90
 k

V
/1

 m
m

 A
l

33
.0

 (I
op

ro
m

id
e)

26
.7

ad
36

.5
ad

37

2.
5 

h
10

.6
ad

18
.6

ad
75

5 
h

5.
9ad

8.
4ad

42

Fi
br

ob
la

st
 

γ-
H

2A
X

15
00

30
 m

in

90
 k

V
/1

 m
m

 A
l

33
.0

 (I
om

ep
ro

l)

26
.7

ad
37

.2
ad

39

2.
5 

h
10

.6
ad

16
.9

ad
59

5 
h

5.
9ad

8.
4ad

42

Fi
br

ob
la

st
 

53
bp

1
15

00

30
 m

in

90
 k

V
/1

 m
m

 A
l

33
.0

 (I
op

ro
m

id
e)

26
.5

ad
34

.8
ad

31

2.
5 

h
10

.9
ad

17
.2

ad
58

5 
h

5.
9ad

9.
5ad

61

Fi
br

ob
la

st
 

53
bp

1
15

00

30
 m

in

90
 k

V
/1

 m
m

 A
l

33
.0

 (I
om

ep
ro

l)

26
.5

ad
35

.9
ad

36

2.
5 

h
10

.9
ad

17
.2

ad
58

5 
h

5.
9ad

10
.2

ad
73

Ta
b

le
 1

. (
C

o
nt

in
ue

d
)

(C
o

nt
in

ue
d

)

http://birpublications.org/bjr


5 of 14 birpublications.org/bjr Br J Radiol;90:20170028

BJRReview article: DNA damage with X-rays and contrast media

St
ud

y 
(y

ea
r o

f 
pu

bl
ic

at
io

n)
A

ss
ay

 ty
pe

D
os

e 
(m

G
y)

Ti
m

e 
si

nc
e 

ex
po

su
re

Eq
ui

pm
en

t
Q

uo
te

d 
tu

be
 

po
te

nt
ia

l/fi
ltr

at
io

n

Io
di

ne
 

co
nc

en
tr

at
io

n 
(m

g 
I m

l–1
)

Fo
ci

 p
er

 
ce

ll 
(n

o 
IC

M
)

Fo
ci

 p
er

 
ce

ll 
(w

ith
 

IC
M

)

IC
M

 
as

so
ci

at
ed

 
in

cr
ea

se
 in

 
ab

so
lu

te
 

fo
ci

 (%
)

IC
M

 
as

so
ci

at
ed

 
in

cr
ea

se
 

in
 ex

ce
ss

 
fo

ci
 (%

)

Pa
th

e 
(2

01
1)

Ly
m

ph
oc

yt
e 

γ-
H

2A
X

0

Im
m

ed
ia

te

n/
a

n/
a

37
.0

c  (I
op

ro
m

id
e 

37
0)

0.
18

0.
12

−3
3

30
 m

in
0.

05
0.

10
10

0

1 
h

0.
04

0.
11

17
5

2 
h

0.
05

0.
10

10
0

24
 h

0.
08

0.
03

−6
3

20

Im
m

ed
ia

te

Si
em

en
s 

M
ul

tix
 M

 
(r

ad
io

gr
ap

hy
)

10
2 

kV

0.
55

1.
29

13
5

21
6

30
 m

in
0.

63
1.

23
95

95

1 
h

0.
51

0.
9

76
68

2 
h

0.
53

0.
81

53
48

24
 h

0.
28

0.
3

7
35

10
0

Im
m

ed
ia

te

10
2 

kV

1.
57

2.
98

90
10

6

30
 m

in
1.

92
3.

18
66

65

1 
h

1.
50

2.
39

59
56

2 
h

1.
05

2.
11

10
1

10
1

24
 h

0.
42

0.
36

−1
4

−3

20
0

Im
m

ed
ia

te

10
2 

kV

3.
73

4.
31

16
18

30
 m

in
3.

24
4.

79
48

47

1 
h

2.
38

3.
38

42
40

2 
h

2.
37

2.
59

9
7

24
 h

0.
52

0.
36

−3
1

−2
5

10
00

Im
m

ed
ia

te

10
2 

kV

6.
10

9.
09

49
52

30
 m

in
6.

32
8.

49
34

34

1 
h

4.
65

5.
94

28
26

2 
h

4.
56

5.
01

10
9

24
 h

1.
26

1.
99

58
66

Ta
b

le
 1

. (
C

o
nt

in
ue

d
)

(C
o

nt
in

ue
d

)

http://birpublications.org/bjr


6 of 14 birpublications.org/bjr Br J Radiol;90:20170028

BJR  Harbron et al

St
ud

y 
(y

ea
r o

f 
pu

bl
ic

at
io

n)
A

ss
ay

 ty
pe

D
os

e 
(m

G
y)

Ti
m

e 
si

nc
e 

ex
po

su
re

Eq
ui

pm
en

t
Q

uo
te

d 
tu

be
 

po
te

nt
ia

l/fi
ltr

at
io

n

Io
di

ne
 

co
nc

en
tr

at
io

n 
(m

g 
I m

l–1
)

Fo
ci

 p
er

 
ce

ll 
(n

o 
IC

M
)

Fo
ci

 p
er

 
ce

ll 
(w

ith
 

IC
M

)

IC
M

 
as

so
ci

at
ed

 
in

cr
ea

se
 in

 
ab

so
lu

te
 

fo
ci

 (%
)

IC
M

 
as

so
ci

at
ed

 
in

cr
ea

se
 

in
 ex

ce
ss

 
fo

ci
 (%

)

Be
el

s (
20

12
)

Ly
m

ph
oc

yt
e 

γ-
H

2A
X

5

Ph
ili

ps
 

M
G

42
0 

ge
ne

ra
to

r, 
M

C
N

42
0 

tu
be

10
0 

kV
/2

 m
m

 A
l

5.
0

0.
73

d
0.

71
d

−4
d

10
.0

0.
73

d
0.

80
d

9d

20
.0

0.
73

d
0.

70
d

−5
d

10
5.

0
0.

96
d

1.
13

d
16

d

10
.0

0.
96

d
0.

89
d  

−8
d

20
.0

0.
96

d
0.

89
d

−8
d

50
5.

0
1.

41
d

1.
51

d
6d

10
.0

1.
41

d
1.

55
d

9d

20
.0

1.
41

d
1.

51
d

6d

D
ei

nz
er

 (2
01

4)
Ly

m
ph

oc
yt

e 
γ-

H
2A

X

20
Si

em
en

s 
A

xi
om

 M
ul

tix
 

M
T

10
2 

kV

7.
5

0.
24

0
0.

31
3b

30

15
.0

0.
24

0
0.

37
9b

58

50
0

7.
5

3.
58

1
3.

95
6b

10

15
.0

3.
58

1
4.

92
6b

38

G
ou

ld
 (2

01
5)

Ly
m

ph
oc

yt
e 

γ-
H

2A
X

70

C
ar

es
tr

ea
m

 
D

RX
-

Ev
ol

ut
io

n 
(r

ad
io

gr
ap

hy
)

12
0 

kV

15
.0

44

17
.5

82

30
.0

89

35
.0

11
1

45
.0

89

52
.5

99

Ta
b

le
 1

. (
C

o
nt

in
ue

d
)

(C
o

nt
in

ue
d

)

http://birpublications.org/bjr


7 of 14 birpublications.org/bjr Br J Radiol;90:20170028

BJRReview article: DNA damage with X-rays and contrast media

St
ud

y 
(y

ea
r o

f 
pu

bl
ic

at
io

n)
A

ss
ay

 ty
pe

D
os

e 
(m

G
y)

Ti
m

e 
si

nc
e 

ex
po

su
re

Eq
ui

pm
en

t
Q

uo
te

d 
tu

be
 

po
te

nt
ia

l/fi
ltr

at
io

n

Io
di

ne
 

co
nc

en
tr

at
io

n 
(m

g 
I m

l–1
)

Fo
ci

 p
er

 
ce

ll 
(n

o 
IC

M
)

Fo
ci

 p
er

 
ce

ll 
(w

ith
 

IC
M

)

IC
M

 
as

so
ci

at
ed

 
in

cr
ea

se
 in

 
ab

so
lu

te
 

fo
ci

 (%
)

IC
M

 
as

so
ci

at
ed

 
in

cr
ea

se
 

in
 ex

ce
ss

 
fo

ci
 (%

)

G
ou

ld
 (2

01
5)

Ly
m

ph
oc

yt
e 

γ-
H

2A
X

14
0

C
ar

es
tr

ea
m

 
D

RX
-

Ev
ol

ut
io

n 
(r

ad
io

gr
ap

hy
)

12
0 

kV

15
.0

42

17
.5

50

30
.0

75

35
.0

64

45
.0

86

52
.5

76

25
0

12
0 

kV

15
.0

14

17
.5

31

30
.0

35

35
.0

35

45
.0

49

52
.5

49

45
0

12
0 

kV

15
.0

11

17
.5

36

30
.0

25

35
.0

48

45
.0

33

52
.5

59
a
F

o
ci

 n
um

b
er

s 
in

 e
xc

es
s 

o
f 

b
as

el
in

e 
le

ve
ls

.
b
M

ea
n 

o
f 

7 
co

nt
ra

st
 m

ed
ia

 p
ro

d
uc

ts
.

c
C

al
cu

la
te

d
 b

y 
cu

rr
en

t 
au

th
o

rs
 b

as
ed

 o
n 

d
at

a 
q

uo
te

d
 in

 o
ri

g
in

al
 p

ap
er

.
d
D

at
a 

no
t 

q
uo

te
d

 n
um

er
ic

al
ly

. R
ea

d
 f

ro
m

 fi
g

ur
e(

s)
.

Ta
b

le
 1

. (
C

o
nt

in
ue

d
)

http://birpublications.org/bjr


8 of 14 birpublications.org/bjr Br J Radiol;90:20170028

BJR  Harbron et al

Ta
b

le
 2

. S
um

m
ar

y 
o

f 
in

 v
iv

o
 s

tu
d

ie
s 

as
se

ss
in

g
 D

N
A

 d
am

ag
e 

fo
ci

 a
ft

er
 c

lin
ic

al
 X

-r
ay

 e
xp

o
su

re
s 

en
ha

nc
ed

 o
r 

un
en

ha
nc

ed
 b

y 
io

d
in

at
ed

 c
o

nt
ra

st
 m

ed
ia

St
ud

y 
(y

ea
r o

f 
pu

bl
ic

at
io

n)

Sa
m

pl
e 

si
ze

—
en

ha
nc

ed
/

un
en

ha
nc

ed
A

ss
ay

 ty
pe

D
os

ee
nh

an
ce

d/
un

en
ha

nc
ed

D
os

e 
ty

pe
Ti

m
e 

si
nc

e 
ex

po
su

re
Eq

ui
pm

en
t

Tu
be

 
po

te
nt

ia
l

Io
di

ne
 

ad
m

in
is

te
re

d

Fo
ci

 p
er

 
ce

ll 
(n

o 
IC

M
)

Fo
ci

 
pe

r c
el

l 
(w

ith
 

IC
M

)

IC
M

 
as

so
ci

at
ed

 
in

cr
ea

se
 in

 
ab

so
lu

te
 

fo
ci

 (%
)

IC
M

 
as

so
ci

at
ed

 
in

cr
ea

se
 

in
 e

xc
es

s 
fo

ci
 (%

)

G
ru

dz
en

sk
i 

(2
00

9)
14

/1
3

Ly
m

ph
oc

yt
e 

γ-
H

2A
X

48
0/

47
0 

m
G

y*
cm

D
LP

Ph
ili

ps
 M

X
80

00
 

(C
T)

12
0 

kV
34

.9
 g

≈3
0b

5/
5

37
1/

28
7 

m
G

y*
cm

D
LP

Si
em

en
s S

om
at

om
 

Se
ns

at
io

n 
10

 o
r 6

4 
(C

T)

12
0 

kV
28

.8
 g

≈3
0

Pa
th

e 
(2

01
1)

15
/1

5
Ly

m
ph

oc
yt

e 
γ-

H
2A

X
39

2/
33

6 
m

G
y*

cm
D

LP
Im

m
ed

ia
te

Si
em

en
s S

en
sa

tio
n 

64
 (C

T)
12

0 
kV

37
–4

4.
4 

g 
Io

pr
om

id
 3

70
0.

12
a

0.
19

a
58

1 
h

0.
07

a
0.

11
a

57

2 
h

0.
04

a
0.

06
a

50

24
 h

0.
01

a
0.

01
a

0

G
ou

ld
 

(2
01

5)
57

/1
2

Ly
m

ph
oc

yt
e 

γ-
H

2A
X

11
6 

m
G

y
A

K
Ph

ili
ps

 A
llu

ra
 X

pe
r 

(fl
uo

ro
sc

op
y)

19
 m

g 
I m

l–1
 

(I
om

er
on

 
35

0)

0.
48

0.
9

88
d

0.
7

0.
86

23
d,

e

Pi
ec

ho
w

ia
k 

(2
01

5)
17

9/
66

Ly
m

ph
oc

yt
e 

γ-
H

2A
X

30
1/

34
2 

m
G

y*
cm

D
LP

Si
em

en
s S

en
sa

tio
n 

64
 (C

T)
12

0 
kV

18
.6

 g
 

U
ltr

av
ist

 3
00

0.
10

0
0.

12
8

28
10

7

0.
10

0
0.

12
8

60
26

7c

W
an

g
48

/2
2

Ly
m

ph
oc

yt
e 

γ-
H

2A
X

29
4/

27
6

D
LP

Si
em

en
s S

en
sa

tio
n 

64
 (C

T)
10

0–
12

0 
kV

33
 g

 (U
ltr

av
ist

 
37

0)
0.

70
0

0.
94

5
35

38

A
K

, a
ir

 k
er

m
a;

 D
LP

, d
o

se
 le

ng
th

 p
ro

d
uc

t.
a
F

o
ci

 n
um

b
er

s 
in

 e
xc

es
s 

o
f 

b
as

el
in

e 
le

ve
ls

.
b
N

o
rm

al
iz

ed
 u

si
ng

 in
 v

it
ro

 r
es

p
o

ns
e.

c
F

o
ci

 n
um

b
er

s 
no

rm
al

iz
ed

 b
y 

d
o

se
.

d
W

it
h 

A
N

C
O

V
A

 t
es

t 
to

 a
d

ju
st

 f
o

r 
d

o
se

.
e C

al
cu

la
te

d
 b

y 
cu

rr
en

t 
au

th
o

rs
 b

as
ed

 o
n 

d
at

a 
q

uo
te

d
 in

 o
ri

g
in

al
 p

ap
er

.

http://birpublications.org/bjr


9 of 14 birpublications.org/bjr Br J Radiol;90:20170028

BJRReview article: DNA damage with X-rays and contrast media

Impact of ICM on radiation doses
Most dosimetric evaluations of ICM in diagnostic imaging have 
focused on absorbed dose to the blood. Blood doses, where esti-
mated,14,26 appear to be in the range 1–10 mGy, although could 
potentially be much higher for interventional fluoroscopy proce-
dures. The blood dose enhancement factor (DEF) following 
contrast administration, at a particular photon energy (E), can 
be calculated from the ratio of the mass energy absorption coef-
ficients of iodine (μen/ρ)I and blood (μen/ρ)blood:6

	 DEF
(
E
)
=
r
(
µen
ρ

)E
I

(
1− r

) (µen
ρ

)E
blood(

µen
ρ

)E
blood

	

The variable r is the mass fraction of iodine in the 
blood.6 The overall DEF for a spectrum of photon 
energies, each with a relative intensity N(E), is 
given by11 

	 DEF =
∫ Emax
Emin




r
(
µen
ρ

)E
I

(
1− r

) (µen
ρ

)E
blood(

µen
ρ

)E
blood

N
(
E
)

 dE	

The upper and lower limits of integration in the 
above equation are principally defined by the tube 
potential and filtration, respectively.

Callisen et al6 used the above methodology to estimate the DEF 
to blood for eight paediatric cardiac catheterization procedures, 
utilizing a Siemens biplane fluoroscopy unit (half value layer, 
HVL, ~2.8 mm Al). These enhancement factors ranged from 1.7 
to 3.0 (mean = 2.3) depending on exposure factors. DEF esti-
mates were also compared to lymphocyte survival following 
in vitro exposures of blood samples combined with varying 
concentrations of Renografin® contrast media. Good agreement 
was reported between the two methodologies for Renografin® 
concentrations of 1% and 2%, while at 5%, the “empirical” DEF 
(i.e. based on lymphocyte survival) was higher, at 3.7, than the 
equivalent “physical” DEF based on the methodology outlined 
above, of 2.9. A similar approach was taken by Hadnegy 
et  al9 who calculated physical DEFs of 1.25, 1.50 and 2.00 for 
Urografin® concentrations of 1%, 3% and 6%, respectively, based 
on a mono-energetic 100 keV X-ray beam. More recently, Jost 
et al11 calculated the DEF for two concentrations of ICM, using 
the beam spectrum of a Siemens Sensation 64 CT scanner (120 
kV, HVL = 9.1 mm Al equivalent).27 These were then compared to 
observed levels of ICM-related damage determined from dicen-
trics and γ-H2AX foci. The agreement between the physical DEF 
(1.56), dicentric yield (increased by a factor of 1.74) and γH2AX 
yield (increased by a factor of 1.35) was reasonable for 5 mg ml−1 
iodine concentrations, at 1 Gy. At 50 mg I ml–1, the physical DEF 
of 6.3 was much higher than the increase in γH2AX foci (2.3) but 
50% lower than the increase in dicentrics (9.5).

Little research investigating the overall impact of ICM on patient 
tissues other than the blood has been published. Amato et al28 
developed a methodology for estimating the increase in organ 
dose based on differences in mean Hounsfield unit (HU) between 
enhanced and non-enhanced CT scans. Using this methodology, 
they reported an increase in dose to the liver, kidneys, spleen/

pancreas and thyroid of 19%, 71%, 33% and 41%, respectively.21 
In a further study, He et al29 constructed a simple computational 
phantom model consisting of a 28 cm diameter sphere of water 
within which were placed several "contrast spheres" of various 
diameters (0.5, 4 and 16 cm) containing varying concentra-
tions of iodine (1, 10 and 100 mg ml−1). X-ray exposures were 
simulated using the Monte Carlo code MCNP530 for mono- 
energetic beams. While absorbed doses to the contrast spheres 
were increased by a factor of 1.63 to 2.38 (60 keV photon energy, 
10 mg ml−1 iodine concentration) depending on sphere size, the 
overall impact on mean dose to the whole phantom was less than 
1%. This appears to be due to the increase in dose to the contrast 
spheres being balanced out by a corresponding reduction in 
energy imparted to unenhanced structures located downstream. 
The increase in dose to the contrast spheres was reasonably 
similar to the DEFs for blood dose described above. In a more 
recent study, Sahbaee et al22,31 used a patient-specific pharma-
cokinetic modelling approach to estimate iodine concentrations 
within abdominal organs as a function of time since ICM injec-
tion. These figures were incorporated into Monte Carlo simula-
tions to derive estimates of ICM-associated increases in organ 
doses of 53, 30, 35, 54, 27, 18, 17 and 24%, respectively, for the 
heart, spleen, liver, kidneys, stomach, colon, small intestine and 
pancreas.

The above dose estimations are essentially macroscopic in nature, 
i.e. calculating the mean doses to whole organs or phantoms. The 
microscopic pattern of absorbed dose distribution within organs 
was not explicitly assessed. Yet this is a critical issue in deter-
mining the potential for increased damage to cells outside of 
blood vessels, and thus the potential for increased cancer risks.32 
Due to the inhomogeneous distribution of cells prone to malig-
nant transformation on a microscopic scale, an increase in the 
mean dose to an organ does not necessarily imply an increased 
number of traversals, nor dose to, these vulnerable cells. In an 
attempt to address this issue, the above mentioned study by 
Sahbaee et al22 utilized a simplified microdosimetric model 
to estimate the proportion of dose deposited outside of blood 
vessels. This figure, calculated to be 51%, was used to estimate a 
“biologically relevant”  ICM-associated dose increase of 0–18% 
for the liver and 27% for the kidneys.

Impact on exposures
As contrast media increase beam attenuation, the possibility of 
compensatory increases in X-ray output must also be consid-
ered. For CT, in which exposure is typically set from the unen-
hanced “scout” image prior to the scan, there is mixed evidence 
of variation in dose length product (DLP) or CT dose index 
(CTDI) between ICM-enhanced and unenhanced scans. Piech-
owiak et al17 reported a significantly lower mean DLP and volu-
metric CTDI figures for 179 ICM-enhanced CT chest scans 
(301 mGy*cm and 8.1 mGy, respectively) compared to 66 unen-
hanced equivalent scans (342 mGy*cm and 9.4 mGy) (p = 0.02). 
Pathe et al reported slightly higher mean DLP for 15 enhanced 
(392 mGy*cm) vs 15 non-enhanced (336 mGy*cm) abdominal 
scans (p > 0.05). Grudzenski et al12 reported a mean DLP of 
480 mGy*cm for 12 ICM-enhanced chest scans and one chest/
abdomen scan, vs 470 mGy*cm for 14 unenhanced chest scans. 
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The same authors reported a larger difference using a different 
scanner, of 371 mGy*cm vs 287 mGy*cm for 5 enhanced and 
5 unenhanced scans, respectively, despite patients in each 
group being matched for age. The small sample sizes of these 
studies (particularly the latter two) prevent the drawing of firm 
conclusions.

As real-time automatic exposure control is always used in fluoro-
scopic imaging, an increase in patient attenuation due to contrast 
media would be expected to result in a compensatory increase in 
output. No studies investigating this were found in our search, 
however.

Impact of ICM on cell damage
Findings of increased cell damage following X-ray exposures 
in the presence of iodine, compared to unenhanced exposures, 
began to appear in the late 1970s and early 1980s.4–10 There has 
been a resurgence in interest in recent years,11–18 partly owing 
to improved techniques for detecting cell damage, such as 
γH2AX assays. Readers are directed to previous reviews33 for a 
description of these techniques. Both in vitro and in vivo meth-
odologies have been used. In the former, blood samples from 
one or more volunteers are mixed with various concentrations 
of contrast media and exposed to an estimated dose of radi-
ation. These concentrations are typically in the range 0–50 mg 
of iodine per ml of blood and designed to represent “clinically 
relevant” concentrations. While it is possible that the upper limit 
of this range may be reachable in trans-catheter bolus injec-
tions, in most cases clinical concentrations are less than 10 mg 
I ml–1.22 This issue is addressed further in the Discussion section 
of this paper. In vivo studies involve obtaining blood samples 
from patients, before, and at one or more times after contrast- 
enhanced clinical examinations (CT or fluoroscopy). Cell damage 
indicators (including micronuclei, dicentrics, and γH2AX foci) 
are then compared with those of patients undergoing non-en-
hanced exposures, or expected levels based on dose estimates.

In vitro studies
The majority of in vitro studies show increased damage to cells 
irradiated in the presence of ICM, compared to those irradiated 
without ICM or in the presence of Mannitol only (Table 1). The 
methodology for calculating sample dose was rarely described in 
detail. In all reviewed studies, the “dose” to the sample appeared 
to refer to the estimated dose in the absence of ICM based on 
X-ray output or ionization chamber measurements, i.e. no DEF 
adjustment was made. Thus "higher-than-expected" refers to 
increased DNA damage for a given X-ray output, i.e. the number 
of X-rays the sample is exposed to. It was also noted that some 
studies reported the absolute number of damage foci, while 
others reported excess foci, based on comparison between pre- 
and post-exposure levels. These are shown as separate columns 
in Tables 1 and 2.

All studies, except one,12 assayed blood lymphocytes only. 
Grudzenski et al12 assessed both lymphocytes and fibroblasts, 
finding a slightly higher level of ICM-related damage increase in 
the former. Most recent studies were based on γH2AX assays (an 
indicator of DNA double strand breaks) only. Increased damage 

in fibroblasts was reasonably similar for γH2AX and 53BP1 foci 
in the above mentioned study by Grudzenski et al.12 Another 
study reported a greater ICM-related increase in lymphocyte 
dicentric yields, compared to γH2AX, at 50 mg of iodine per ml 
of blood, while the effect was more comparable between assay 
types at 5 mg ml−1.11 Increased damage does not appear to occur 
when ICM are added in the absence of irradiation,9,13 added after 
irradiation,12 or if ICM are pre-irradiated before mixing with 
blood.12,16

In two studies, DNA damage was assessed at various time inter-
vals following in vitro exposure, for the same cell population.12,13 
In both cases, excess γH2AX foci were observed for ICM- 
enhanced exposures at the earliest time interval, compared to 
unenhanced exposures. Both groups also reported decreasing 
γH2AX yields with increasing time since exposure, for both 
enhanced and unenhanced exposures. This suggests that contrast 
media increase the initial yield of DNA damage, without affecting 
damage repair,12 although measures to assess cell viability 
throughout the experiment in the above studies are unclear.

There is insufficient in vitro evidence to determine the impact 
of X-ray energy on the impact of ICM on DNA damage. The 
majority of samples were irradiated using general radiog-
raphy equipment with aluminium filtration, at around 100 kV. 
Grudzenski et al12  found a substantial ICM-related damage 
increase following exposure of lymphocytes to X-rays generated 
at 90 kV, but almost no effect for caesium-137 gamma rays (661.7 
keV). Studies of CERT suggest photon energies exceeding the 
iodine k-shell electron binding energy (33.4 keV) by 0 to 30 keV 
yield the greatest enhancement effect.34,35

In several studies, DNA damage was found to increase with 
increasing iodine concentration, at a given radiation dose, 
ranging from 5.0 to 52.5 mg ml−1.11,15,16 There appears to be little 
variation between different contrast media products (i.e.man-
ufacturers, brands), providing the concentration of iodine is 
taken into account.15,36 No pattern of ICM-related increase in 
γH2AX foci was found by Beels et al14 for iodine concentra-
tions of 5, 10 and 20 mg ml−1, each exposed to doses of 5, 10 
and 50  mGy. No clear pattern of γH2AX yield enhancement 
was found by Jost et al11 for lymphocytes at 5 mg ml−1 iodine 
concentrations, compared to 0 mg ml−1. Yields were significantly 
higher for the former at 25 mGy (64%) but significantly lower at 
50 mGy (−20%). At iodine concentrations of 50 mg ml−1, yields 
of γH2AX were raised at all doses (25, 50, 100, 1000 mGy), by 
an average factor of 2.3, compared to 0 mg ml−1 concentrations. 
These findings, along with those of Beels et al14 were interpreted 
as suggesting the impact of contrast media, at “clinically rele-
vant” concentrations, is limited. The lack of an ICM-associated 
increase in DNA damage foci in spite of the increased dose to 
blood is unusual, although could be explained by uncertainties 
in γH2AX assays.33

In vivo studies
A number of in vivo studies have also suggested increased DNA 
damage following ICM-enhanced clinical X-ray exposures, 
compared to unenhanced imaging. The largest effect was reported 
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by Piechowiak et al17 who reported a 107% greater excess  of 
γH2AX foci in lymphocytes following contrast enhanced adult 
chest CT scans (0.056 per cell), compared to non-enhanced 
equivalent scans (0.027). Surprisingly, given the large sample size 
(179 and 66 in respective groups), this effect was not significant 
(p = 0.44). When yields were normalized by dose length product, 
the enhancement effect was increased to 267% (p = 0.001). 
Despite using the same Siemens Sensation 64 CT scanner model, 
more modest ICM-associated increases in excess lymphocyte 
γH2AX foci of 58% (p = 0.04) and 38% (p = < 0.01) were found 
by Pathe et al13 and Wang et al18 respectively, for abdominal CT 
scans. An even smaller dose-adjusted damage enhancement of 
19%, based on absolute, rather than excess foci numbers, was 
reported by Gould et al16 for paediatric cardiac catheterizations 
(we calculated a figure of 23% using the same data). Grudzenski 
et al12 determined inter-individual damage response (in terms of 
foci per mGy, based on linear regression analysis) using in vitro 
exposures for 27 patients, then used these findings to normalize 
each patient’s lymphocyte γH2AX foci yield obtained following 
enhanced (mean iodine administration of 34.9 g) or unen-
hanced CT scans. Following this normalization, excess numbers 
of γH2AX foci were approximately 30% higher in the patients 
undergoing ICM-enhanced scans (without the normalization, 
there was no difference). A second phase of the same study in 
which DNA damage for patients matched for age and health 
status also suggested a 30% higher yield of excess γH2AX foci 
among individuals undergoing ICM-enhanced imaging. These 
in vivo findings suggest significant ICM-enhanced DNA damage 
does occur at clinically relevant iodine concentrations, despite 
some contrary in vitro findings.

With the exception of the one in vitro study in which damage to 
fibroblasts was also assessed,12 all findings have been based on 
assays of peripheral lymphocytes in the blood itself. Although 
lymphocytes are not thought to be prone to radiation-induced 
malignant transformation themselves, they are considered a good 
surrogate for overall DNA damage throughout the exposed region, 
along with associated cancer risk.2,37 While this may be true under 
non-ICM-enhanced conditions, in which the attenuation proper-
ties of blood may reasonably approximate those of surrounding 
tissues, contrast media, by design, modify the attenuation prop-
erties of blood. Consequently, DNA damage to blood cells in the 
presence of ICM may no longer adequately represent damage to 
cells outside of blood vessels. As such, it is unclear if ICM admin-
istration increases damage to cells prone to malignant transforma-
tion, for example, bone marrow stem cells, breast glandular cells, 
or thyroid follicular cells, thus increasing the risk of cancer.

Discussion
The implication of the studies described above; that both 
the radiation doses and, potentially, the cancer risks from 
contrast-enhanced X-ray exposures are underestimated, needs 
to be interpreted with considerable caution. The main point of 
contrast-enhanced imaging is to increase the attenuation prop-
erties of blood, relative to surrounding tissues. Consequently, the 
absorbed dose to blood and damage to blood cells, should not 
be considered representative of dose and damage to surrounding 
tissues under contrast-enhanced conditions.

The genoclastic effect of ICM is almost certainly dosimetric in 
nature, rather than chemical.36 This is suggested by the lack of 
excess DNA damage foci where ICM are added in the absence of 
irradiation or if ICM are pre-irradiated before mixing with blood 
samples.9,12,13,16 Furthermore, the increase in DNA damage 
is approximately similar to the estimated increase in blood 
dose, albeit using the crude methodology based on attenuation 
coefficients.

ICM molecules have a high X-ray absorption efficiency because 
the binding energy of inner (K-shell) electrons of iodine 
(33.4  keV) is close to the peak photon energies in diagnostic 
medical imaging (40–50 keV). Upon absorption, the interacting 
electron is ejected (ionized) with a kinetic energy equal to the 
incident photon energy (hν), minus the electron’s binding energy. 
These so-called photoelectrons typically have sufficient energy 
to cause hundreds or thousands of further ionizations and exci-
tations by direct Coulombic interaction. The vacancy left by the 
ejected electron is filled by an electron from another shell (typi-
cally L or M). This transition results in the emission of either a 
photon or Auger electron. For iodine, L→K Auger electrons have 
kinetic energies of ∼28 keV and also capable of many ionizations. 
Thus, ICM molecules can be considered a source of secondary 
radiation, i.e. photoelectrons, Auger electrons and fluorescence 
photons. Any cells within range of these particles may be subject 
to increased damage. Theoretically, Auger/photoelectrons may 
escape blood vessels and reach the cell nuclei of surrounding 
tissues (Figure  1). However, at diagnostic X-ray energy levels, 
these electrons have relatively low kinetic energies ranging from 
just over zero to around 85 keV, with the majority being below 50 
keV. The range of these electrons in soft tissue is correspondingly 
low, i.e. less than 100 µm (Figure 2) - meaning dose enhancement 
is highly localized.

The ability of contrast media to increase the risk of developing 
cancer may therefore depend upon the ability of ICM molecules 
to get within a few tens of micrometres to cells prone to malig-
nant transformation at the time of X-ray exposure. This is only 
likely to occur if they have reached the capillary network of an 

Figure 1. Contrast media molecules (black circles) absorb 
X-rays (not shown) resulting in release of secondary elec-
trons (dotted lines). Four scenarios are shown: (1) electron 
restricted to blood only, (2) electron reaches vessel wall, (3) 
electron reaches nucleus of cell outside blood vessel, (4) 
electron released from contrast agent molecule in interstitial 
medium reaches nucleus of cell outside blood vessel.
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organ, or the interstitial fluid outside these vessels. While such 
situations can undoubtedly occur in clinical practice, deter-
mining the concentration of iodine in capillaries and interstitial 
fluid is challenging. The upper limit is the concentration of the 
contrast media solution itself (i.e. the patient’s blood is entirely 
replaced by contrast media), typically around 270–400 mg 
I ml–1. A further estimate can be obtained by assuming the ICM 
is distributed uniformly throughout the patient’s blood volume. 
Based on the above solution concentrations, quoted injected 
volumes of 60–120 ml and average adult blood volume of 5000 
ml, this gives iodine concentrations of 3.2 to 9.6 mg I ml–1.

The mean difference in HU between unenhanced and venous 
phase ICM-enhanced CT scans calculated by Amato et al21 was 
87 (range: 46–205) for the thyroid, 49 (28-80) for the liver, and 
71 (39-135) for the spleen. Using the conversion factor of Bae38 
of 26.18 HU per ml I ml–1 of blood at 120 kV, this suggests iodine 
concentrations of 3.3 mg ml−1 (range: 1.8–7.8) for the thyroid, 
1.9 mg ml−1(1.1–3.1) for the liver and 2.7 mg ml−1(1.5–5.2) for 
the spleen. The pharmacokinetic modelling approach developed 
by Sahbaee et al31 suggests peak iodine concentrations of 2–6 mg 
ml−1 for most organs and up to 10 mg ml−1 for the heart. These 
estimates are for the average concentration across the whole 
organ, however. The concentration is likely to be higher in blood 
vessels and lower outside blood vessels. Furthermore, venous 
phase scans are acquired with a relatively long delay between 
ICM injection and scanning, meaning ICM has more time to 
reach capillaries and interstitial fluids than would be the case for 
arterial phase exposures. More research is required investigating 
the concentration of ICM in the blood and interstitial medium of 
organs, for different methods of delivery (i.e. catheter, peripheral 
vein) and different phases (i.e. venous or arterial).

If contrast media are restricted to large/medium blood vessels 
(wall thicknesses > 50 µm) at the time of exposure, released elec-
trons are unlikely to reach cells other than those of the vessel wall 

and the blood itself. Assays of circulating blood cells in such situ-
ations may give the impression of substantial "damage increase", 
despite little or no increase in traversals of cells known to be 
prone to malignant transformation. Likewise, due to the poten-
tially highly uneven energy deposition in contrast enhanced 
tissues, it is possible that macroscopic organ doses (i.e. calcu-
lated from average HU of the organ) would be increased with 
minimal increase in energy imparted to cells outside of blood 
vessels. There may indeed be situations in which contrast media 
do increase cancer risks, compared to non-enhanced exposures. 
However, this is only likely to be for certain organs and partic-
ular timings between ICM administration and X-ray exposure. 
It appears unlikely that contrast media would increase overall 
cancer risks by a similar extent to that suggested by assays of 
circulating blood cells.36

Aside from dosimetric considerations, the uncertainties inherent 
in radiobiological assays must be taken into account, and could 
explain some of the effect variation between studies, including 
the negative findings of Beels et al14 or the lack of a clear rela-
tionship between damage foci and ICM concentration reported 
by Jost et al.11 While the γ-H2AX assay has been shown to 
give good dosimetric estimates in well characterized exposure 
scenarios,39 a very large number of associated uncertainties are 
recognized, including those due to the delay between exposure 
and foci appearance, possible coalescence of foci33 and different 
scoring methods. As such, additional effort on standardization 
and regular performance testing will be required to fully estab-
lish DNA damage foci assays as routine biodosimetric tools.33

Epidemiological analysis of the potential modification of radi-
ation-induced cancer risks by contrast media is (theoretically) 
possible, given that ICM administration is often recorded in 
radiology information system (RIS) records of CT scans. Such a 
study is likely to be exceptionally challenging, due to the different 
clinical indications for enhanced and unenhanced imaging. An 

Figure 2. Mean linear range of electrons in water as a function of initial kinetic energy. Data obtained from National Institute of 
Standards and Technology ESTAR database, available from http://physics.nist.gov/PhysRefData/Star/Text/ESTAR.html.
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