
ABSTRACT
Introduction: exposure to ionizing radiation is associated with

an increased risk of developing tumors. Patients with Crohn’s dis-
ease (CD) usually require multiple imaging tests using this type of
radiation.

Objectives: the objectives of this study were to estimate the
total dose of ionizing radiation received by patients with Crohn’s
disease during their course and to identify the factors associated
with higher radiation doses.

Methods: two hundred thirty-five CD patients diagnosed between
1972 and 2010 were included. The effective dose (ED) received by
each patient was calculated retrospectively based on the number of
gastrointestinal transit studies and computed tomography scans per-
formed. Considering recent epidemiological studies, an ED greater
than or equal to 50 mSv was used as the cut-off point for increased
risk of developing cancer.

Results: the mean ED received per patient was 33.4 mSv (95%
CI 29.3-37.5). A total of 49 (20.8%) patients received an ED ≥
50 mSv. The following factors were identified as independent pre-
dictors associated with an ED ≥ 50 mSv: Age older than 40 years,
need for surgery, age under 16 years at diagnosis and disease dura-
tion over 8 years.

Conclusions: a substantial proportion of patients with Crohn’s
disease receive high doses of potentially carcinogenic ionizing radi-
ation. Identification of the most susceptible patients to receive high
doses of radiation, monitoring of effective doses received and the
use of imaging techniques that do not require ionizing radiation (MR
enterography, abdominal ultrasound) could contribute in reducing
patients’ exposure to potentially carcinogenic ionizing radiation.
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ABBREVIATIONS

CD: Crohn’s disease.
GIT: gastrointestinal transit.
CT: computed tomography.
ED: effective dose.
mSv: miliSievert.

INTRODUCTION

Crohn’s disease (CD) is a condition characterized by
inflammation and ulceration of the gastrointestinal tract
and may be accompanied by multiple extraintestinal man-
ifestations. It has a chronic course with alternation of symp-
tomatic periods and clinical remission. It is usually diag-
nosed in the second or third decade of life but in 20% of
patients it is identified in childhood (1).

For initial diagnosis, assessment of disease extent and
activity, assessment of treatment response and follow-
up, as well as for endoscopic procedures, CD patients
undergo repeated imaging tests, some of which use ioniz-
ing radiation –gastrointestinal transit (GIT) and comput-
ed tomography (CT)–. Exposure to ionizing radiation, even
at diagnostic levels, is associated with an increased inci-
dence of cancer (2).

The aim of our study was to estimate the total dose
of ionizing radiation received by patients with Crohn’s
disease followed in a tertiary hospital and to identify the
factors associated with the exposure to higher radiation
doses.
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MATERIALS AND METHODS

Study design and patients

A retrospective study involving patients followed up in
our department, diagnosed with CD between 1972 and 2010.
Exclusion criteria included patients with a doubtful diagno-
sis of CD, mainly indeterminate colitis, and patients with CD
diagnosed at another site (incomplete medical history).

Data were obtained from the clinical records of each
patient. Different demographic and clinical variables were
collected: sex, age, Montreal classification, history of major
surgery as a consequence of CD, disease duration in years
and number of GIT studies and CT scans performed in each
patient since (their disease) diagnosis (studies performed for
reasons unrelated to control of CD were excluded ) (Table I).

Calculation of radiation doses

The effective dose (ED) of radiation was calculated ret-
rospectively for each patient. CT scans were performed
in a SIEMENS SOMATON EMOTION single slice scan-
ner until the year 2008 and a SIEMENS SENSATION 64
multislice scanner from 2008 onwards. GIT examinations
were performed on a remote-controlled GENERAL ELEC-
TRICAL MPS-64 table.

Considering the characteristics of the radiographic stud-
ies and equipment used in our center, an ED mean value of
10 mSv was calculated for each GIT, and 9 mSv for each
CT. These doses were calculated assuming a voltage of 80
kV, an imaging time of 180 s, a current of 5 mA and 3 shots
per examination for GITs, and a voltage of 130 kV and a
dose-length product of 600 mGy*cm for CT scans.

Considering recent epidemiological studies (2-4), an ED
greater than or equal to 50 mSv was used as the cut-off
point for increased risk of developing cancer.

Data analysis

Student’s t, Chi-square and Fisher’s exact tests were used
for the comparison of quantitative and categorical vari-
ables. For the identification of predictive factors associat-
ed with high radiation doses, a univariate analysis was per-
formed and a multivariate analysis with the binary logistic
regression test was also carried out. In the multivariate
analysis, only variables with predictive value identified
in the previous univariate analysis were included. A p-val-
ue < 0.05 was considered statistically significant. Statisti-
cal analysis was performed using SPSS version 17.0.

RESULTS

Out of the 248 patients initially evaluated, 13 (5.2%)
were excluded due to prior diagnosis of indeterminate col-

itis or incomplete medical history (6 and 7 patients,
respectively).

Two hundred thirty five patients diagnosed with CD
between 1972 and 2010 were included, of which 123
(52.3%) were male, with a median age of 39 (16-82) years
and with a median disease duration of 8 (0-38) years.

Forty percent of the patients required major surgery in
the course of their disease, which was more common in
patients with a stricturing or penetrating pattern than in
patients with an inflammatory pattern (93%, 57% vs. 11%,
respectively, p < 0.001).

Four (2%) patients developed a total of 5 tumors through-
out the follow-up period: breast cancer and vulvar cancer
20 and 24 years after CD diagnosis (1 patient, ED: 20 mSv),
breast cancer 14 years after CD diagnosis (ED: 87 mSv),
testicular seminoma 9 years from diagnosis (ED: 0 mSv)
and cutaneous lymphoma 29 years from CD diagnosis (ED:
129 mSv).

Effective dose received

A total of 817 radiographic studies (493 GITs and 324
CTs) were performed in 207 (88%) patients. GITs were
done in 182 patients (77.4%) (median: 2, range: 1-15) and

Table I. Baseline characteristics

Variable (n = 235)

Age* 39 (16-82)
≥ 40 years 116 (49.4%)
Sex
Male 123 (52.3%)
Disease duration* 8 (0-38)

≥ 8 years 128 (54.5%)
Montreal classification A
A1 20 (8.5%)
A2 153 (65.1%)
A3 62 (26.4%)
Montreal classification B
B1 115 (48.9%)
B2 73 (31.1%)
B3 47 (20%)
Montreal classification L
L1 111 (47.2%)
L2 38 (16.2%)
L3 86 (36.6%)
L4 23 (9.8%)
Perianal disease 67 (28.5%)
Major surgery 94 (40%)

*Median (range). Montreal classification: A. Age of onset; A1: onset until 16 years
of age inclusive. A2: onset between 17 and 40 years. A3: onset over 40 years. B.
Behavior; B1: neither stricturing nor penetrating behavior. B2: stricturing behavior.
B3: penetrating behavior (includes abdominal mass). L. Location; L1: affects distal
ileum, including cecum involvement by continuity. L2: affects colon. L3: affects dis-
tal ileum and colon. L4: description added to any of the characteristics listed above
if upper gastrointestinal tract is affected (mouth to proximal ileum).
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CTs were performed in 139 patients (59.1%) (median: 2,
range: 1-10). Both tests were done in 114 (48.5%) patients.

The mean ED received per patient was 33.4 mSv (95%
CI 29.3-37.5). Patients over 40 years of age, with disease
duration of longer than 8 years, diagnosis of CD at age
under 16 years, stricturing or penetrating pattern, ileal and
ileocolic location, involvement of the upper gastroin-
testinal tract, and patients who had been submitted to sur-
gical treatment received a higher dose of radiation (p <
0.05) (Table II).

Effective dose ≥ 50 mSv

Forty nine (20.8%) patients received an ED ≥ 50 mSv.
The factors associated with an ED ≥ 50 mSv were disease
duration greater than or equal to 8 years, diagnosis of CD
at age younger than 16 years, a stricturing or penetrating
pattern, ileocecal or ileocolic location, involvement of the

upper gastrointestinal tract, and history of major surgery
due to CD (Table III). However, in the multivariate analy-
sis, the variables identified as independent predictive fac-
tors related to a greater potential risk for tumor develop-
ment (ED ≥ 50 mSv) were patient’s age over 40 years, the
need for surgery, diagnosis age under 16 years and disease
duration over 8 years (Table IV).

DISCUSSION

Standard management of patients with Crohn’s disease
includes performing repeated imaging tests such as gas-
trointestinal transit (GIT) and computed tomography (CT)
that may use ionizing radiation which has a cumulative
effect in the patient. Any dose of ionizing radiation is able
to induce malignancy in the long term. Studies which inves-
tigate the association between cancer risk and ionizing radi-
ation have been conducted on two large cohorts (atomic

Table II. Mean ED

Variable Mean ED (95% CI) Difference of means (95% CI) p

Age
< 40 years 28.8 (23.3-34.2) 9.3 (1.2-17.5) 0.02
≥ 40 years 38 (32-44.3)
Sex
Male 34.6 (28.1-48.2) 2.6 (5.6-11) 0.5
Female 32 (27-37)
Disease duration
< 8 years 17 (14-20) 30.1 (22.8-37.4) <0.0001
≥ 8 years 47.1 (41-53.4)
Classification A
A1 56.2 (3.3-78) A1 vs. A2: 25.3 (7.3-43.3) 0.02
A2 31 (26-36) A1 vs. A3: 24 (4.5-43.5) 0.01
A3 32 (25-39)
Classification B
B1 18.4 (14.8-22) B2 vs. B1: 30 (19.7-40) < 0.01
B2 48.4 (40-56.8) B3 vs. B1: 28.1 (16-41) < 0.01
B3 46.5 (36.4-56.7)
Classification L
L1 36.6 (31-42) L1 vs. L2: 22.7 (8.8-36.8) < 0.01
L2 14 (8.5-19) L3 vs. L2: 23.8 (9.3-38.4) < 0.01
L3 38 (30-45.7)
Upper gastrointestinal tract involvement
No 31.5 (27.4-35.6) 19.1 (5.5-32.8) < 0.01
Yes 50.6 (33.3-68)
Perianal disease
No 30.8 (26.5-35.2) 8.9 (1.4-19.3) 0.09
Yes 39.8 (30.3-49.2)
Surgery
No 21.4 (18-24.8) 30 (22.5-37.5) < 0.0001
Yes 51.4 (43.6-59.1)

Montreal classification: A. Age of onset; A1: onset until 16 years of age inclusive. A2: onset between 17 and 40 years. A3: onset over 40 years. B. Behavior; B1: neither stric-
turing nor penetrating behavior. B2: stricturing behavior. B3: penetrating behavior (includes abdominal mass). L. Location; L1: affects distal ileum, including cecum involve-
ment by continuity. L2: affects colon. L3: affects distal ileum and colon. L4: description added to any of the characteristics listed above if upper gastrointestinal tract is affect-
ed (mouth to proximal ileum).
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bomb survivors and nuclear industry workers). These pub-
lications demonstrate that there is statistically significant
increase in the risk of tumour development with an ED
exposure above 35-40 mSv (2-4). Furthermore, recently
published epidemiological studies suggest that this risk
increases progressively with an ED from 50 mSv onwards
(5,6). For this reason, an ED greater than or equal to 50
mSv was used as the cut-off point for increased risk of
developing cancer. It is estimated that up to 1 in 10 patients
with inflammatory bowel disease is exposed to potential-
ly harmful radiation doses (7,8).

In our study, one out of every 5 patients with CD was
exposed to doses of ionizing radiation which are consid-
ered to be potentially carcinogenic (ED ≥ 50 mSv). The
effective radiation dose was calculated taking in account
only GIT studies and abdominal CT scans indicated for this
condition, without considering other sources of ionizing
radiation such as plain X-rays of the abdomen or additional
tests requested for other conditions. Thus, it is likely that
the actual total doses received per patient were underesti-
mated.

A GIT study is a radiological test used for the assess-
ment of the small bowel, which has progressively fallen

into disuse since the mid 1980s, and has been replaced by
CT (9). Because our sample included patients diagnosed
from 1972 onwards, we found many studies of this type
in it. The ED from a GIT study depends on the number of
images taken and on the time needed for the imaging. The
common method for calculating ED is to consult stan-
dardized tables. For a more precise estimate of the radi-
ation dose received, radio-physics specialists of our cen-
ter have estimated the ED attributed to each GIT study by
using mean values. For CTs, universally accepted DLP
(dose-length product) to effective dose conversion fac-
tors are employed. To calculate the DLP, the mean values
obtained in a sample of patients undergoing abdominal
CT within the annual program of patients’ dose estima-
tion have been taken.

Children, women, and subjects under 40 years of age are
more radiosensitive (2,8). In our sample, the ED received
was similar in both sexes. Elderly patients (≥ 40 years)
received higher doses of radiation, which is probably relat-
ed to a longer time since disease onset (Table II). Our
patients diagnosed with CD at an age under 16 years, pos-
sibly due to the chronic course and more aggressive nature
of the disease, were exposed to higher doses of radiation
than patients diagnosed later on in life (Table II).

The multivariate analysis shows that the need for surgery
is one of the independent predictive factors related to more
carcinogenic EDs (ED ≥ 50 mSv). This finding is proba-
bly influenced by the fact that many of these patients have
had a more aggressive disease course, and therefore a
greater need for radiological examinations for complica-
tion diagnosis and monitoring. In our series, 93% of patients
with a penetrating pattern and 51% with a stricturing pat-
tern were operated on in contrast to 11% of patients with
an inflammatory pattern (p < 0.001).

Disease duration is one of the most important factors
associated with higher doses of radiation (10). In our study,
patients aged 40 years or older, with an early diagnosis of
the disease (before 16 years), and with a disease duration
over 8 years received potentially harmful radiation doses
(ED ≥ 50 mSv) (p < 0.05).

Involvement of the upper gastrointestinal tract could be
another feature related to high EDs (11). These patients
require a greater number of imaging tests for the evalua-
tion of gastrointestinal tract portions which are poorly acces-
sible by endoscopy. Additionally, surgical procedures are
more frequently performed on them. In our case, the lim-

Table III. Factors associated with ED ≥ 50 mSv.
Univariate analysis

Variable ED ≥ 50 mSv n (%) p

Disease duration
< 8 years 4 (3.7) < 0.001
≥ 8 years 45 (35.2)
Classification A
A1 10 (50)
A2 27 (17.6) 0.003
A3 12 (19.4)
Classification B
B1 8 (7)
B2 22 (30.1) < 0.001
B3 19 (40.4)
Classification L
L1 26 (23.4)
L2 2 (5.3) 0.035
L3 21 (24.4)
Upper gastrointestinal tract
involvement
No 40 (18.9) 0.03
Yes 9 (39.1)
Surgery
No 10 (7.1) < 0.01
Yes 39 (41.5)

Montreal classification: A. Age of onset; A1: onset until 16 years of age inclusive.
A2: onset between 17 and 40 years. A3: onset over 40 years. B. Behavior; B1:
neither stricturing nor penetrating behavior. B2: stricturing behavior. B3: pene-
trating behavior (includes abdominal mass). L. Location; L1: affects distal ileum,
including cecum involvement by continuity. L2: affects colon. L3: affects distal ileum
and colon. L4: description added to any of the characteristics listed above if upper
gastrointestinal tract is affected (mouth to proximal ileum).

Table IV. Factors associated with ED ≥ 50 mSv.
Multivariate analysis

Variable OR (95% CI) p

Age ≥ 40 years 3 (1.01-9.33) 0.049
Classification A1 6.5 (1.12-37.7) 0.03
Surgery 5 (1.77-14) 0.002
Disease duration ≥ 8 years 7.2 (2.17-23.81) 0.001
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ited number of patients included in our sample meeting
these characteristics may have underestimated the true
effect that the involvement of the upper gastrointestinal
tract has on the dose of radiation received (p > 0.05).

Chronic inflammation of the gastrointestinal tract in
patients with CD entails a greater risk of developing col-
orectal cancer, small bowel cancer and lymphoma (11).
In addition, the use of immunosuppressive drugs such as
azathioprine and mercaptopurine, and monoclonal anti-
bodies such as infliximab, could increase the risk of malig-
nancy (8,11,12). On the other hand, thiopurines cause an
increase in this risk by enhancing radiosensitivity (13).
Thus, patients with a more severe disease which received
higher doses of radiation (10,11) and required a more fre-
quent use of immunosuppressive and/or biological drugs,
would have an increased risk for tumor development (8).

In our study, four patients developed some type of can-
cer, and there was one patient with two tumors. Two sub-
jects were exposed to potentially carcinogenic radiation
doses (87 mSv and 129 mSv respectively). The patient with
the highest ED (129 mSv) developed a cutaneous lym-
phoma. These results should be interpreted with caution
because this is a descriptive study. Furthermore, the main
aim of our paper is to estimate the total dose of ionizing
radiation received by patients with Crohn’s disease, and to
identify the factors associated with an exposure to higher
radiation doses. We do not to intend to assess patients’ can-
cer risk based on the radiation doses received.

In the recent decades, technological advances have made
CT a commonly used procedure in CD patients due to its
wide availability, high resolution, and promptness and con-
venience for the patient (2,9). It also permits the assess-
ment of associated extraluminal disease. All these factors
have contributed to an extended use of CT as part of the
routine clinical practice in patients with CD, resulting in
a greater exposure to ionizing radiation and possibly an
increased risk of developing tumors (2,7). Therefore, ion-
izing radiation should be a factor to be taken into account
so as to limit the use of CT in patients with CD, particu-
larly in those groups with the greatest radiosensitivity
(infants, women) or higher requirements of imaging tests
(14).

The implementation of a record of the cumulative dose
of radiation in the medical history of patients with CD
would be convenient. The use of alternative imaging tests
that do not require ionizing radiation (MR enterography,
abdominal ultrasound), should also be considered so that
the harmful effect of radiation in these patients is reduced.

MR enterography is a valid alternative with a compa-
rable diagnostic accuracy to CT (15,16), as it is able to
identify intestinal inflammatory activity and even differ-
entiate it from fibrosis. It also assesses the degree of
extraintestinal involvement, with an even higher resolu-
tion than CT for the study of fistulas and perianal disease
(17,18). MR enterography indications include the diag-
nosis and assessment of CD extent, planning of medical-
surgical treatments and the detection of complications (18).

However, the availability of this technique is lower and
its cost is greater (19).

Abdominal ultrasound is a dynamic and low-cost imag-
ing procedure with a good diagnostic performance in the
evaluation of the small bowel in CD. In spite of the oper-
ator dependence it entails, its sensitivity and specificity
have improved due to the development of new techniques
such as ultrasound using oral contrast and echo-Doppler.
Therefore, it might be a very useful technique for the diag-
nosis and monitoring of patients with CD, as well as for
cases in which surgery is proposed (15,17,20).

In conclusion, in our study, a significant number of CD
patients receive high doses of ionizing radiation, which is
potentially associated with an increased risk of tumor devel-
opment. In these patients, it would be advisable to moni-
tor the effective dose of radiation, to limit the use of exam-
inations which require ionizing radiation, and to evaluate
the use of alternative imaging tests with a high diagnostic
accuracy such as ultrasonography and MR enterography,
particularly in those subjects which may be more predis-
posed to receive higher doses of radiation.
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