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Introduction

Inflammatory bowel disease (IBD) is a complex disease 
that is characterized by chronic relapsing, remitting and 
progressive inflammation of the gastrointestinal tract. 
Patients with IBD can be classified as having Crohn’s 
Disease (CD) or Ulcerative Colitis (UC). These two major 
IBD subtypes show both similar and distinct clinical and 
pathological phenotypes (Assche et al., 2010; Dignass et 
al., 2012). The main difference between CD and UC is that 
CD can affect both the large and small intestine whereas 
UC usually causes inflammation that involves the rectum 
and extends proximally in a continuous manner (Assche 
et al., 2010; Dignass et al., 2012). Data reported in 2013 
from the USA revealed that a higher proportion of CD 
patients (57.8 per 100,000 population) develop the disease 
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at a younger age (less than 20 years old) when compared 
to UC (33.9 per 100,000 population) (Kappelman et al., 
2013, Loftus et al., 2002).

Patients with IBD have a high likelihood of being 
exposed to ionizing radiation during the course of their 
illness (Butcher et al., 2012; Chatu et al., 2012; Desmond 
et al., 2012; Levy et al., 2012; Sauer 2012; Domina et 
al., 2013; Estay et al., 2014). This has been documented 
extensively in the Western world and increasingly so 
in Asia (Jung et al., 2013; Hou et al., 2014). A large 
proportion of radiation exposure is due to Computerized 
Tomography (CT) scans which have been increasing 
steadily as a diagnostic imaging modality (Chatu et al., 
2013; Domina et al., 2013; Patel et al., 2013; Swanson 
et al., 2013). Reasons for the high usage of CT include 
detailed images, increasing availability and out of hours 
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accessibility, short duration per scan, short waiting times, 
lack of awareness of radiation risk or lack of accessibility 
to low radiation alternatives (Low et al., 2000; Lee et al., 
2004; Sailer et al., 2005; Newnham et al., 2007; Siddiki 
et al., 2009; Schreyer et al., 2010).

The radiation exposure associated with CT is generally 
much higher than with X-ray imaging (Mettler et al., 2009; 
Hayton et al., 2013). Furthermore, the effective dose (ED) 
of radiation that a patient is exposed to varies according 
to the region being scanned. For example, abdominal CT 
(8 mSv) exposes a patient to a much higher ED than head 
CT (2 mSv). Whenever IBD patients suffer a relapse of 
quiescent disease or develop complications such as fistulas 
and abscesses, they are frequently subjected to abdominal 
or pelvic CT scans (Israeli E et al., 2013).

Diagnostic imaging of IBD patients may also be done 
using Magnetic Resonance Imaging (MRI). MRI offers 
very detailed images that include the detection of small 
bowel thickening, terminal ileum thickening and strictures 
without exposing patients to ionizing radiation (Sanka et 
al., 2012). However, MRI is a more expensive imaging 
modality and requires more time to perform. Since CD 
patients often present at a younger age than UC patients, 
they are at increased risk for high cumulative radiation 
exposure throughout the course of their illness (Sauer et 
al., 2011; Sauer 2012). This contributes to their risk for 
malignancy which is already increased due to the disease 
itself (Zhiqin et al., 2014). Previous data suggest that a 
lifetime CED of greater than 75 mSv increase mortality 
to all cancers by 7.3% (Vrijheid et al., 2007). Another 
study suggested that 1 in 270 women versus 1 in 600 
men who underwent CT coronary angiography at age 40 
would develop cancer attributable to that scan. There was 
a suggested age related cumulative effect with patients 
aged 20 having a higher risk of malignancy than those 
aged 60 when comparing radiation exposure at their 
respective ages.

Whilst there is data available for radiation exposure 
in Caucasian IBD patients (Desmond AN et al. 2012; 
Kroeker et al., 2011; Grand et al., 2016), there is less 
published data on the scale of the issue in Asia. Therefore, 
we sought (1) to quantify the CED of IBD patients; (2) 
to correlate factors that contribute to increased radiation 
exposure in IBD patients; (3) to compare the differences in 
radiation exposure between CD and UC patients; and (4) 
to observe time trends in imaging over the last 14 years.

Materials and Methods

This retrospective review was undertaken at the 
Universiti Kebangsaan Malaysia Medical Centre. All 
patients were classified into major ethnic groups (Malay, 
Chinese and Indian in descending order of frequency). 
Clinical data were obtained from our patients’ medical 
records and cross referenced via the online radiology 
archives and the IBD patient database. IBD was diagnosed 
in accordance with ECCO guidelines with a combination 
of clinical, endoscopic and histopathological correlation 
(Assche et al., 2010; Dignass et al., 2012). All imaging 
performed at our centre from January 2000 to November 
2014 including imaging performed up to one month prior 

to diagnosis were included.
We were not required to seek IRB approval as per the 

ethical guidelines of our hospital committee (University 
Kebangsaan Malaysia Research Ethics Committee). 
This was a retrospective study and the data preserved the 
privacy of the patients involved.

In order to obtain an accurate analysis of total radiation 
exposure, all modalities of imaging performed at our 
centre for patients with IBD were included. This was 
further separated into abdominal related CT scans and 
Barium studies in order to attribute radiation exposure 
directly to the disease. Patients who were diagnosed at, 
or referred to our centre were both included. However, 
imaging performed at peripheral hospitals was not 
included in the final analysis due to inconsistency in 
patient records.

Patients who were newly diagnosed in the 2 months 
prior to data collection were excluded from the study. 
Radiation exposure was estimated using millisieverts 
(mSv) according to the American College of Radiology 
Guidelines (Amis et al., 2007). The total CED and CED 
per year were recorded for each patient. For sub-analysis, 
a cutoff of 0.2 mSv was used to classify patients with low 
and high exposure to ionizing radiation.

Statistical analysis
Data was analysed using Statistical Package for 

Social Science (SPSS) Version 22 (SPSS Inc., Chicago 
IL). The differences in mean radiation exposure between 
groups were calculated using the t test. To determine an 
association between patient groups, disease phenotypes 
and amount of radiation exposure, we used Fischer’s 
Exact Test. A p-value <0.05 was considered as statistically 
significant.

Results

We examined a cohort of 112 IBD patients (36 CD 
and 76 UC). From the patients’ demographic profiles, 
CD patients were diagnosed at a younger age (p=0.0001) 
and had a shorter duration of follow up compared to UC 
patients (p=0.0001). However, there were no significant 
differences between gender and ethnicity between CD 
and UC patients (p=0.378 and p=0.138 respectively). CD 
patients were more likely to be on immuno-modulators or 
biologic therapy as compared to UC patients (p=0.0001). 
A greater number of CD patients with fistulating disease 
had a CED greater than 0.2 mSv compared to CD with 
non-fistulating disease. However, the p value was 0.345 
for this disease phenotype and thus was not significant.

Radiation exposure due to imaging modalities such as 
CT and Barium Studies were calculated. When comparing 
the total radiation exposure between CD and UC patients 
(Table 3), CD patients had a significantly higher exposure 
to radiation than UC patients (18.58 vs 3.65 mSv, p=0.01). 
This finding remained significant when the CED was 
annualized (6.15 vs 1.07 mSv, p=0.005). With regards 
to abdominal CT, CD patients were exposed to a greater 
amount of radiation than UC patients (11.33 vs 1.58 mSv, 
p=0.007). This finding held true for barium studies as well, 
with CD patients being exposed to more radiation than UC 
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exposure (>0.2mSv) and the data was correlated 
with variables in the demographic profile (Table 2). 
Patients on immuno-modulators had significantly higher 
radiation exposure when compared to those not on 
immuno-modulators (p=0.03). However, CD patients 
were more likely to be prescribed immuno-modulators 

patients (3.42 vs 0.45 mSv, p=0.038). The mean CED of 
our IBD patients was predominantly attributable to CT.

Factors that potentially influenced the radiation 
exposure among our patients were then assessed. 
All IBD patients were divided into those with low 
radiation exposure (<0.2mSv) vs. high radiation 

Figure 1. Ulcerative Colitis Extent and Variation with 
Radiation Exposure

Figure 2. Crohn’s Disease Behavior and Variation with 
Radiation Exposure

Imaging study Effective dose of radiation (mSv) Equivalent years of background radiation (n)
Chest radiograph 0.02 0
Abdominal radiograph 0.7 0.2
Barium Swallow 6 2.1
Barium follow-through 5 1.7
Barium enema 8 2.8
CT Head 2 0.7
CT Abdomen 8 2.8
CT Pelvis 6 2.1
CT Pulmonary Angiogram 15 5.2
CT Angiography 10 3.5
ERCP 4 1.4
Mammogram 0.7 0.2

Table 1. Radiation Dose for Common Imaging Studies (Mettler et al., 2009)

Demographic profiles Crohn’s Disease (n=36) Ulcerative Colitis (n=76) p value
Gender , n (%)
     Male 20 (55.5) 50 (65.8)
     Female 16 (44.5) 26 (34.2) 0.378
Age (years)
     Mean age at diagnosis 26.1 (21.3-30.9) 45.7 (42.1-49.2) 0.0001*
     Mean duration of follow up 2.86 (2.17-3.55) 6.27 (5.22-7.31) 0.0001*
Race
     Malay 18 40
     Chinese 5 22
     Indian 12 13
     Other 1 1 0.138
Drugs
     On mesalazine 8 54
     On immune-modulators/biologics 28 22 0.0001#

Table 2. Baseline Characteristics of the Study Population

Independent t test; P<0.05 significant at 95% CI.
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than UC patients thus potentially confounding any direct 
association between immunomodulators and radiation 
exposure. Variation in age, gender, ethnicity and duration 
of follow up were not contributory factors in determining 
radiation exposure. 

UC patients were also sub-divided according to their 
disease extent; proctitis and pancolitis. A total of 19.7% of 
patients with pancolitis (15/76 UC patients) were exposed 
to radiation levels greater than 0.2mSv compared to the 
proctitis group in which only 7.9% (6/76) were exposed to 
high radiation levels (Figure 1). This was not statistically 
significant with a p value of 0.23.

For CD, the patients were sub-divided into 
structuring/penetrating (complicated) and non-stricturing/
non-penetrating (non-complicated) disease phenotypes. 
The patients with phenotypically complicated disease 

were found to have greater radiation exposure of more 
than 0.2mSv (39%, 14/36 CD patients). A total of ten 
CD patients (28%, 10/36) with non- complicated disease 
were subjected to high radiation exposure (Figure 2). 
The p value was 0.35 thus not establishing statistical 
significance.

Apart from identifying the factors that contributed 
to high radiation exposure, we also monitored the usage 
frequency of diagnostic imaging modalities that involved 
ionizing and non-ionizing scans. Over a 9 year period, 
there was a steady increase for both ionizing and non 
ionizing scans ordered (Figure 3). However, the increase 
in non-ionizing scans was greater than the increase in 
ionizing scans.

Two patients developed a colonic malignancy in our 
population (both patients had longstanding UC and were 
elderly). The first was a 53 year old lady who had left 
sided colitis on diagnosis in 1995. She had a pancolectomy 
with an ileorectal anastomosis in 1996 due to structuring 
disease refractory to medical management. She presented 
again to our unit with diarrhea in 2016 and was noted to 
have a rectal stricture with high grade dysplasia. Surgical 
resection was done in 2016 and unfortunately metastases 
to the liver were found. Total radiation exposure was 
minimal in her case during the years of and amounted 
to 1.76 mSv.

The other patient was a 74 year old man who had 
pancolitis diagnosed in 1990. He was referred to our centre 
in 2016 and underwent routine surveillance colonoscopy. 
Despite being in clinical and biochemical remission, 

Radiation exposure (mSv) Crohn’s Disease Ulcerative Colitis P value
Mean (95% CI) Mean (95% CI)

Mean CED 18.58 (7.30-29.87) 3.65 (1.74-5.56) 0.012*
Mean CED/year 6.15 (2.71-9.58) 1.07 (0.38-1.74) 0.005*
Mean CED due to GI related CT scans 11.33 (4.43-18.24) 1.58 (0.60-2.55) 0.007*
Mean CED due to Barium Studies 3.42 (0.67-6.17) 0.45 (0.07-0.97) 0.038*

Table 3. Comparison of Total Radiation Exposure between CD and UC Patients

Independent t test; P<0.05 significant at 95% CI

Factors Low radiation exposure 
(<0.2mSv)

High radiation exposure 
(>0.2mSv)

p-value

Follow up duration <5 years follow up 41 30 0.69
>5 years follow up 26 15

Gender Male 40 29 0.69
Female 27 16

Ethnic Malay 33 25 0.64
Chinese 19 8
Indian 14 11

Immuno-modulator Yes 24 26 0.03
No 43 19

Disease Extent UC left sided/proctitis 24 6 0.23
UC extensive/pancolitis 15 31

CD non stricturing/non penetrating 7 10 0.35
CD stricturing/penetrating 5 14

Table 4. Factors Influencing Radiation Exposure for All IBD Patients

Figure 3. Time Trends in IBD Imaging
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there was Mayo 2 pancolitis seen along with two lesions. 
An elevated caecal lesion measuring approximately 2cm 
(labelled as a dysplasia associated lesion or mass) was seen 
along with a rectal stricture. Biopsies revealed high grade 
dysplasia and he was scheduled for a panproctocolectomy 
with ileoanal anastomosis. Unfortunately, he was deemed 
to be high risk during a pre operative assessment due to 
a prior history of ischaemic heart disease. He underwent 
coronary artery bypass grafting successfully but had 
a stormy postoperative period and passed away. Total 
radiation exposure was approximately 10mSv due to 
coronary angiography performed in the 1990s.

Discussion

Both CD and UC patients are vulnerable to high 
radiation exposure due to diagnostic imaging as part of 
their disease management. Our data affirmed that CD 
patients are at risk of greater radiation exposure when 
compared to UC patients. Along with presenting at a 
younger age (CD; mean = 26.1 years old vs. UC; mean 
= 45.7 years old), CD patients were exposed to a greater 
CED over a shorter period of time (mean annual CED for 
CD 6.15 mSv/year vs. 1.07 mSv/year for UC, p=0.005). 
In concordance with other studies (Desmond et al., 2008; 
Desmond et al., 2012; Hou et al., 2014), CD patients with 
phenotypically complicated disease had a greater CED 
compared to CD with non-complicated disease. Other 
factors attributable to increased risk of radiation was IBD 
related surgery, prednisolone use and advanced age (Levi 
et al., 2009).

The largest contribution to radiation exposure was 
from abdominal CT followed by barium studies. Our 
findings were in keeping with another study that stated 
that three-quarters of the radiation exposure in both CD 
and UC was from CT (Kroeker et al., 2011). Abdominal 
CT can be substituted with lower radiation CT protocols 
or MRI. Unfortunately, there is limited availability of 
MRI and gastrointestinal radiologists out of hours, hence 
patients are still at risk of being subjected to abdominal 
CT if deemed urgent.

Another manner in which radiation can be reduced is 
via low radiation CT protocols that have been attempted 
in several studies (Low et al., 2000; Kambadakone et al., 
2010; O’Neill et al., 2011; Craig et al., 2012; McLaughlin 
et al., 2012; O’Neill et al., 2013). Remarkably, the median 
dose reduction was reported to be as low as 72% when 
compared to regular CT protocols. Furthermore, image 
quality does not appear to be compromised by using oral 
and IV contrast for better visualization of extra luminal 
complications (Craig et al., 2012).

Another new area that has been explored is point of 
care ultrasound for patients presenting to clinics or the 
emergency department (Novak et al., 2016; Deepak et 
al., 2016). This modality has substantial benefit in the 
rapidity that it can be performed along with PPV and 
NPV of 88.9% and 95.7% from a study by Novak (2016). 
However, limitations include inter-observer variability and 
the practical implementation of bedside transabdominal 
ultrasound in a busy outpatient setting.

Over the last 20 years, the incidence and prevalence 

of IBD have both been increasing in Asia (Ng, 2013). 
Hence it is pertinent that awareness on the radiation risk 
of abdominal CT among doctors in this region also be 
increased. In concordance with our study, other reports 
have also recommended lowering diagnostic radiation 
exposure to the lowest level possible (Jung et al., 2013; Ng 
et al., 2013; Hou et al., 2014; Ng et al., 2014). Education 
programs for medical professionals and patient forums 
are amongst the methods that could be applied to increase 
awareness in this subspecialized field.

Some variability in actual CED has been noted in 
recent studies with upper limits ranging from 50 mSv to 
75 mSv (Jung et al., 2013; Hou et al., 2014). In our study, 
the mean CED for CD and UC patients were found to be 
far lower (18.58 and 3.65 respectively) than a report by 
Jung (2013) who reported the mean CED of their patients 
were as high as 53.6 mSv in CD and 16.4 mSv in UC. An 
even higher mean CED was reported by Israeli (2013), to 
be as high as 77.4 mSv in CD and 67.2 mSv in UC (Israeli 
et al., 2013). However, Peloquin (2008) reported a median 
CED for CD as 26.6 mSv and 10.5 mSv for UC with CT 
accounting for 51% and 41% of the CED (Peloquin et 
al., 2009). A meta analysis studied 1,706 patients and 
calculated a pooled prevalence of 8.8% for IBD patients 
with 11.1% CD and 2% UC patients subject to >50 mSv 
of radiation exposure. Again, IBD-related surgery and 
corticosteroid use significantly increased the odds of being 
subjected to high radiation (pooled adjusted OR 5.4 and 
2.4 respectively) (Chatu et al., 2012).

The low mean CED level among our IBD patients 
when compared to the studies above may be attributed 
to the increase in use of MRI. Since 2005, MRI has been 
used more frequently at our centre such that they are now 
used preferentially to CT for diagnostic purposes in IBD. 
However, to reduce the CED further, especially among CD 
patients, multi-disciplinary team awareness of radiation 
risk is essential as these patients often present directly to 
physicians at the emergency department.

Two of our patients were diagnosed to have a 
malignancy at ages 53 and 74 years. Both patients had 
disease for over 20 years and disease activity was present 
during recent surveillance colonoscopy. Cumulative 
radiation exposure in both patients amounted to less than 
10mSv. As such it is more likely that their progression to 
malignancy was due to their underlying disease rather than 
radiation exposure highlighting the need for surveillance 
colonoscopy in IBD patients irrespective of symptoms or 
biochemically inactive disease.

There were no haematological malignancies detected 
in our cohort.

There has been an increasing awareness of radiation 
exposure in IBD patients over the last decade. While 
guidelines are difficult to establish in light of non-universal 
access to MRI, this awareness has helped reduce CED 
in our IBD patients. In light of our data, the Asian 
IBD population is not exempt from increased radiation 
exposure. This is particularly pertinent in our region as 
the incidence of IBD is increasing. National and regional 
collaborative efforts need to be coordinated in order to 
educate all healthcare professionals on the multifaceted 
aspects of this complex and challenging disease.
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