
Or
ig

in
al

 r
es

ea
rc

h 
n

 C
on

tr
as

t 
M

ed
ia

692 radiology.rsna.org n Radiology: Volume 275: Number 3—June 2015

intravenous iodinated contrast 
agents amplify Dna radiation 
Damage at cT1 

Eike I. Piechowiak, MD
Jan-Friedrich W. Peter, MD
Beate Kleb, RT
Klaus J. Klose, MD, PhD
Johannes T. Heverhagen, MD, PhD

Purpose: To determine the effect of the use of iodinated contrast 
agents on the formation of DNA double-strand breaks 
during chest computed tomography (CT).

Materials and 
Methods:

This study was approved by the institutional review board, 
and written informed consent was obtained from all pa-
tients. This single-center study was performed at a uni-
versity hospital. A total of 179 patients underwent con-
trast material–enhanced CT, and 66 patients underwent 
unenhanced CT. Blood samples were taken from these 
patients prior to and immediately after CT. In these blood 
samples, the average number of phosphorylated histone 
H2AX (gH2AX) foci per lymphocyte was determined with 
fluorescence microscopy. Significant differences between 
the number of foci that developed in both the presence 
and the absence of the contrast agent were tested by using 
an independent sample t test.

Results: gH2AX foci levels were increased in both groups after 
CT. Patients who underwent contrast-enhanced CT had 
an increased amount of DNA radiation damage (mean in-
crease 6 standard error of the mean, 0.056 foci per cell 6 
0.009). This increase was 107% 6 19 higher than that in 
patients who underwent unenhanced CT (mean increase, 
0.027 foci per cell 6 0.014).

Conclusion: The application of iodinated contrast agents during diag-
nostic x-ray procedures, such as chest CT, leads to a clear 
increase in the level of radiation-induced DNA damage as 
assessed with gH2AX foci formation.
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X-rays, discovered in 1895 by W.C. 
Roentgen, have enabled many 
important diagnostic and thera-

peutic inventions, including computed 
tomography (CT) and angiography (1). 
However, currently, approximately 
17% of the total annual exposure of 
humans to ionizing radiation is con-
tributed by diagnostic x-ray proce-
dures. Thus, these procedures are the 
largest man-made source of ionizing 
radiation exposure to humans (2–4). 
In addition, CT provides the larg-
est contribution to medical radiation 
doses (2,4,5). Because of x-ray expo-
sure, the risk of developing cancer is 
increased as a result of additional DNA 
damage, primarily in the form of DNA 
double-strand breaks (5).

In addition, investigations reg-
ularly require the application of io-
dinated contrast agents. While their 
nephrotoxic and cytotoxic effects are 
widely known, no effect on the DNA 
is considered in daily routine (6–11). 
However, it has been shown in small 
subject groups of five to 37 patients 
that these contrast agents also in-
crease the radiation-induced DNA 
damage after CT or angiographic 
treatment (12–14). To analyze this 
damage, measurement of the phos-
phorylated histone H2AX (gH2AX) 
foci is an easily applicable approach, 
enabling one to enumerate the induc-
tion of double-strand breaks due to 
irradiation (12,15,16).

The purpose of this study was to 
evaluate the effect of iodinated con-
trast agents on the development of 
DNA double-strand breaks in patients 
undergoing diagnostic chest CT exam-
inations in a larger population then in 
prior studies.

Implications for Patient Care

 n The potential biologic effect of 
radiation exposure is altered 
through additional contrast 
media in CT examinations.

 n Despite the unknown effect of 
gH2AX foci on cancer risk, the 
application of contrast agents 
should be carefully considered.

Advance in Knowledge

 n The use of iodinated contrast 
agents during chest CT signifi-
cantly increases the amount of 
DNA radiation damage by 107% 
6 19 (standard error of the mean) 
when compared with the unen-
hanced scans (mean increase, 
0.056 foci per cell 6 0.009 vs 
0.027 foci per cell 6 0.014).

Published online before print
10.1148/radiol.14132478 Content code: 

Radiology 2015; 275:692–697

Abbreviations:
gH2AX = phosphorylated histone H2AX
PBS = phosphate-buffered saline
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Materials and Methods

This prospective study was approved by 
the institutional review board of Mar-
burg University, and written informed 
consent was obtained from all patients 
prior to the study procedures.

CT Examination
A total of 245 patients (96 women, 
149 men; mean age, 64 years 6 14 
[standard deviation]; age range, 19–89 
years) who were scheduled to undergo 
diagnostic chest CT were prospectively 
included in the study. The recruitment 
of patients ran from December 2009 
to October 2011. Scheduled patients 
were not considered for the study if 
they currently had leukemia or lym-
phoma or if they had had leukemia or 
lymphoma in the past, if they had un-
dergone radiation therapy within the 
past 6 months, if they had undergone 
diagnostic x-ray or nuclear medicine 
studies within 3 days, or if they were 
younger than 18 years. The patient 
group that received additional contrast 
media did not undergo unenhanced 
scanning prior to contrast material 
application. Each patient (Table 1) un-
derwent clinically indicated CT with a 
Sensation 64 dual-source 64-detector 
CT unit (Siemens Medical Solutions, 
Forchheim, Germany). Sixty-six pa-
tients (21 women, 45 men; mean age, 
64 years 6 17) underwent unenhanced 
CT, while 179 patients (75 women, 104 
men; mean age, 64 years 6 13) under-
went contrast material–enhanced CT 
after intravenous administration of an 
average of 18.651 mg iodine (62 mL, 
Ultravist 300; Bayer Vital, Leverkusen, 
Germany). The following imaging pa-
rameters were used: tube voltage, 120 
kVp; rotation time, 0.5 second, and 

matrix, 512 3 512. The dose-length 
product, which was calculated as the 
product of the volumetric CT dose in-
dex and the scan length, was recorded 
for every patient. In addition, to cor-
rect for differences in radiation doses, 
the number of foci was standardized to 
a reference dose of 312 mGy·cm for 
each patient, reflecting the reported 
linear relationship between foci per 
cell and irradiation dose (15,17).

Sample Processing and Lymphocyte 
Separation
Blood samples were taken from pa-
tients from the cubital or dorsum mani 
vein immediately before and immedi-
ately after CT examinations. At the pre-
viously mentioned time points, 5 mL of 
blood was collected in heparin-contain-
ing vials at 37°C, diluted at a 1:1 ratio 
with phosphate-buffered saline (PBS), 
and processed immediately.

Lymphocyte separation was per-
formed by using Ficoll density-gradient 
centrifugation with lymphocyte separa-
tion medium 1077 (PAA Laboratories, 
Pasching, Austria) (18). In addition, 3 
mL of lymphocyte separation medium in 
a 50-mL centrifuge tube (Sarstedt, Nüm-
brecht, Germany) was covered with 3–8 
mL of diluted blood and centrifuged at 
1000 g for 10 minutes at room temper-
ature. For deceleration, the centrifuge 
brake was not used. Lymphocytes from 
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Table 1

Patient Characteristics and Dose Parameters

Characteristic
Unenhanced  
CT (n = 66)

Contrast-enhanced 
CT (n = 179) P Value

No. of patients NA
 Male 21 (32) 75 (42)
 Female 45 (68) 104 (58)
Age (y) NA
 Male 68.9 6 15.5 63.7 6 14.2
 Female 61.2 6 17.2 64.8 6 12.2
Age range (y) NA
 Male 31–88 31–89
 Female 21–83 19–89
Age (y) 64 6 17 64 6 13 .78
Height (cm) 170 6 9 172 6 9 .10
Weight (kg) 84 6 16 79 6 18 .08
Volumetric CT dose index (mGy) 9.4 6 3.5 8.1 6 3.1 .007
Dose-length product (mGy·cm) 342 6 116 301 6 120 .02
Scan length (cm) 36.7 6 3.8 37.0 6 3.4 .26

Note.—Unless otherwise indicated, data are mean 6 standard error of the mean. Data in parentheses are percentages. 
NA = not applicable.

the interphase were washed three times 
in 10 mL of PBS at 250 g for 10 minutes, 
spotted onto slides, and left to dry for 
10 minutes.

Immunofluorescence and Fluorescence 
Microscopy
The lymphocytes were fixed for 20 mi-
nutes in 100% methanol at 220°C and 
for 1 minute in acetone. The cells were 
washed in PBS three times for 10 mi-
nutes each. The samples were made 
permeable with 1% occtoxinol (Triton 
X-100; Merck Chemicals, Darmstadt, 
Germany) in PBS for 30 minutes at 
room temperature and blocked with 
10% fetal bovine serum in PBS for 
60 minutes at room temperature. The 
cells were washed in PBS three times 
for 10 minutes each, incubated with 
anti-phospho-histone H2A.X (Ser139) 
antibody (clone JBW301; Millipore, 
Schwalbach am Taunus, Germany) at 
a 1:400 dilution in PBS with 1% fetal 
bovine serum overnight at 4°C, washed 
in PBS three times for 10 minutes each, 
and incubated with antimouse immu-
noglobulin G (H + L) antibody (F[ab’]2 
fragment, Alexa Fluor 488 conjugate; 
Cell Signaling Technology, Danvers, 
Mass) at a 1:400 dilution for 1 hour at 

room temperature. The cells were then 
washed in PBS three times for 10 mi-
nutes each and mounted by using Roti-
Mount FuorCare with 4',6-Diamidin-
2-phenylindol mounting medium (Carl 
Roth, Karlsruhe, Germany) (16,19).

Fluorescence images were obtained 
by using an AxioObserver Z1 fluores-
cence microscope (Carl Zeiss, Jena, 
Germany) equipped with a charge-
coupled device camera and AxioVision 
software. For the quantitative analysis, 
foci were counted by eye with original 
magnification (3630). Monocytes and 
granulocytes were identified by using 
morphologic criteria and were excluded 
from the analysis. For each in vivo data 
point, cell counting was performed in-
dependently in two different areas on 
duplicate slides until at least 200 cells 
and 200 foci were counted each time 
(16,19).

Statistical Analysis
Data are displayed as mean 6 stan-
dard error of the mean. The baseline 
numbers of gH2AX foci were subtract-
ed from the postirradiation values to 
correct for intraindividual variances in 
the baseline foci numbers between pa-
tients. The statistical difference between 

the number of foci in patients (with 
and without administration of contrast 
agents) was tested by using an indepen-
dent sample t test. These differences 
were considered significant when the P 
value was less than .05. All calculations 
were performed by using SPSS software 
(version 14.0; SPSS, Chicago, Ill).

Results

The patient group exhibited no signif-
icant differences (P . .05) in patient 
characteristics (Table 1).

The radiation dose parameters 
(Table 1) were significantly different be-
tween patient groups (dose-length prod-
uct for unenhanced CT, 342 mGy·cm6 
116; dose-length product for contrast-
enhanced CT, 301 mGy·cm 6 120; P 
= .02). The mean dose-length product 
was 312 mGy·cm 6 120 for the entire 
patient cohort.

Prior to CT scanning, both groups 
showed similar levels of gH2AX foci 
per cell (Fig 1). The group undergoing 
unenhanced CT had 0.073 foci per cell 
6 0.002 compared with 0.071 foci per 
cell 6 0.001 in the contrast-enhanced 
group (Table 2, Fig 2). No significant 
difference was detected between the 
two groups (P = .94).

Immediately after CT scanning, the 
number of gH2AX foci increased signifi-
cantly for both groups (P , .03). The pa-
tients who underwent contrast-enhanced 
CT showed an additional 0.056 foci per 
cell 6 0.009 (Table 2; Fig 2). This in-
crease was 107% higher than that in the 
patients who underwent unenhanced 
CT and showed an additional 0.027 
foci per cell 6 0.014 (Table 2, Fig 2).  
This difference was not significant (P = 
.44).

The standardization to a mean ra-
diation dose of 312 mGy·cm resulted 
in an even greater difference in foci per 
cell after CT scanning (Table 3). The 
group that underwent unenhanced CT 
showed 0.093 foci per cell 6 0.015, 
while the contrast-enhanced group ex-
hibited 0.149 foci per cell 6 0.015. This 
difference resulted in an increase of 
0.021 foci per cell 6 0.013 in the group 
that underwent unenhanced CT and an 
increase of 0.077 foci per cell 6 0.012 
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Table 2

Mean Foci per Cell in Patients before and after CT Scanning

Patient Group Unenhanced CT Contrast-enhanced CT P Value

Before CT 0.073 6 0.015 0.071 6 0.009 .94
After CT 0.100 6 0.016* 0.128 6 0.012* .09
Difference 0.027 6 0.014 0.056 6 0.009 .44

Note.—Data are mean 6 standard error of the mean.

* Significant increase compared to values before CT (unenhanced CT, P = .03; contrast-enhanced CT, P = .00).

Figure 1

Figure 1: Peripheral blood lymphocytes exhibit increased gH2AX foci formation after CT in the presence 
of contrast agent. The significantly higher increase in gH2AX foci (arrows) when an iodinated contrast agent 
is present is shown. (a, b) Before CT scanning, the baseline foci levels are low. (c, d) After CT scanning, the 
number of foci increases in the absence (c) and presence (d) of iodinated contrast agents. Foci levels in the 
same individuals before and after CT scanning are shown without (a, c) and with (b, d) the application of an 
iodinated contrast agent. The increase is significantly higher (P , .05) when the contrast agent is present.

in the group that underwent contrast-
enhanced CT. This increase was 267% 
higher for the contrast-enhanced group. 
The difference was significant (P = .001).

Discussion

Recent reports about the influence of io-
dinated contrast agents on DNA damage 

during CT scanning (12,15,20) led us 
to study this influence in vivo in a large 
cohort of patients undergoing chest CT.

It is estimated that in the United 
States, approximately 6000 new can-
cer cases per year can be ascribed to 
the radiation applied during diagnostic 
procedures, such as CT, angiography, 
and conventional x-ray radiography 

(2–5,10,21). In addition, the direct 
cytotoxic effects of the iodinated con-
trast agents that are used in these 
procedures are well known (6,8,9,11). 
Some reports have shown that the 
presence of iodinated contrast agents 
can enhance the number of x-ray–in-
duced DNA double-strand breaks in 
blood lymphocytes (12–14). However, 
the only investigations performed have 
been in vitro or in small patient cohorts 
(25–37 subjects) (12–14). Our goal was 
to investigate the effects of the appli-
cation of iodinated contrast agents on 
the DNA damage caused by diagnostic 
x-ray procedures in a large patient co-
hort by using a standardized irradiation 
procedure (chest CT).

Our findings show that the pres-
ence of iodinated contrast agents dur-
ing irradiation increases the number of 
induced gH2AX foci by approximately 
107%. This increase is most likely 
caused by the generation of additional 
secondary electrons when x-rays are 
absorbed by the contrast agent. Be-
cause of their high density, iodinated 
contrast agents absorb more x-rays 
than do human soft tissues (10,22,23). 
In addition, the generation of second-
ary electrons is strongly dependent on 
the density of the absorbing material. 
Thus, these effects are synergistic, and 
the generation of secondary electrons 
is even more pronounced. These sec-
ondary electrons could potentially be 
the major cause of x-ray–induced DNA 
damage (24,25).

In medical practice, thousands of 
diagnostic x-ray procedures are per-
formed each day by using iodinated 
contrast agents. Until now, precautions 
for the use of contrast agents have 
mostly been related to preventing aller-
gic reactions and kidney damage caused 
by nephrotoxicity (26–28). Our study 
showed that applying iodinated contrast 
agents also increased DNA damage in 
peripheral blood lymphocytes because 
secondary electrons were generated 
when x-ray radiation interacted with 
the contrast agent. This result has two 
primary future implications: First, the 
potential risks of x-ray radiation can-
not simply be assessed with dosime-
try or by measuring the dose-length 
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Table 3

Mean Foci per Cell in Patients after Standardization to a Reference Dose of 312 mGy/
cm

Patient Group Unenhanced CT Contrast-enhanced CT P Value

Before CT 0.073 6 0.015 0.071 6 0.009 .94
After CT 0.093 6 0.015* 0.149 6 0.015* .005
Difference 0.021 6 0.013 0.077 6 0.012 .001

Note.—Data are mean 6 standard error of the mean.

* Significant increase compared to values before CT (unenhanced CT, P = .03; contrast-enhanced CT, P = .00).

Figure 2

Figure 2: Differences in gH2AX foci numbers between patient groups. The differences in 
the mean numbers of gH2AX foci in patients undergoing unenhanced and contrast-enhanced 
CT are displayed. Error bars represent the standard error of the mean. The mean number of 
foci before and after CT and the differences between the groups are outlined. In addition, the 
standardized values were corrected to a dose-length product of 312 mGy·cm, and the baseline 
difference is shown. In the presence of the iodinated contrast agent, more gH2AX foci are 
generated during CT scanning. The standardization enhances this effect. ∗ = a significant difference 
between groups.

product with CT. In addition, the ef-
fect of administered iodinated contrast 
material should be considered. This 
may be assessed through evaluation of 

postexamination gH2AX foci. Second, 
the application of iodinated contrast 
agents in x-ray examinations should 
be considered even more carefully, for 

example, in repeated investigations, in-
cluding follow-up examinations.

The strengths of the present study 
lie in the large patient cohort, which al-
lowed us to show significant differences 
exist between groups. In addition, we 
investigated two clinically relevant pa-
tient groups undergoing chest CT with 
or without the application of contrast 
agents. Both groups are relevant in rou-
tine clinical practice and are represen-
tative of patients undergoing CT scan-
ning. The only difference between the 
groups was the application of contrast 
agents. The radiation dose, age, weight, 
body mass index, and sex were not sig-
nificantly different between the groups.

Our study did, however, have some 
limitations. First, there was potential 
bias from the underlying disease of the 
patients on the number of measured 
double-strand breaks. This topic is 
the focus of ongoing investigations in 
our department. Second, we investi-
gated the DNA damage that occurred 
in peripheral blood lymphocytes. Lym-
phocytes were chosen because they 
are easily accessible through a blood 
draw and are present throughout the 
body. Similar damage should be ex-
pected in other white blood cells. The 
presence of this type of damage does 
not mean that similar damage also 
occurs in solid organ tissues because 
the concentration of contrast agent is 
lower in solid organs. DNA damage in 
solid organs should be addressed in 
appropriate animal models (29). Fur-
thermore, the relationship between 
the measured DNA breaks and cancer 
risk is unknown and would require 
large-scale studies to reach a definitive 
conclusion on the issue. Finally, it all 
comes down to counterbalance of rel-
ative risks. The theoretical risk that a 
double-strand break–induced cancer 
would result from the application of 
additional contrast medium for diag-
nosis can be considered much small-
er than the potential, and often very 
real, threat caused by the underlying 
disease. Thus, in most cases a greater 
adverse effect may originate from the 
failure to provide a proper diagnostic 
screening than from the diagnostic 
procedure itself. The involved risks 
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have to be estimated on a case-by-case 
basis (30,31).

In conclusion, our study showed 
that the application of iodinated con-
trast agents during chest CT scanning 
clearly increases the amount of periph-
eral lymphocyte DNA radiation damage. 
We know that DNA radiation damage 
causes cancer; therefore, if this damage 
is enhanced, the likelihood of cancer gen-
eration is theoretically increased. Con-
sequently, the potential cellular effect in 
contrast-enhanced examinations is not ex-
clusively dependent on the radiation dose 
and therefore cannot be assessed solely 
with conventional dosimetry. Individual 
patient characteristics and biologic do-
simetry applications, such as the analysis 
of gH2AX foci, must be considered.
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