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Abstract. The aim of the present study was to retrospectively 
analyse the multi‑slice spiral CT (MSCT) findings of radia-
tion colitis and rectitis (RC&R). A total of 23 cases of RC&R 
detected by helical CT were included. The CT findings and 
clinical and endoscopy data of the patients were reviewed. The 
primary tumours included cancers of the cervix (n=17), rectum 
(n=4), ovaries (n=1) and bladder (n=1). The total dose of radia-
tion per patient was 46-60 Gy (mean, 49.7 Gy) delivered over 
5 weeks. The CT manifestations included different degrees 
of increased thickness of the intestinal wall (n=20, 87.0%), 
with a maximum thickness of 16.6 mm. On enhanced CT, 
the target sign was observed (n=16, 69.9%), with an obviously 
enhanced mucosa and/or serosa and the following changes 
observed: Oedema and increased density of the mesentery 
(n=15, 65.2%); increased density of the subcutaneous fat, and 
blurred and oedematous pelvic wall muscles (n=4, 17.4%), 
with the obturator internus and levator ani muscles being 
most commonly affected; narrowed intestinal lumen (n=3, 
13.0%); and a small amount of ascitic fluid (n=2, 8.7%) located 
in the paracolic sulci and bladder or Douglas pouch. The 
23 patients underwent colonoscopy and were diagnosed with 
RC&R. The major manifestations included telangiectasia and 
mucosal hyperaemia (n=21, 91.3%). MSCT of chronic RC&R 
(CRC&R) was associated with certain characteristic findings, 
which, combined with a medical history of radiotherapy and 
the clinical manifestations, may prove to be of value in the 
diagnosis of CRC&R.

Introduction

Radiation therapy is a major component of the armamen-
tarium for the treatment of various malignancies. Regardless 

of the tumour cell type, radiation may have a central, adjuvant 
or neoadjuvant role. In several gynaecological, urological and 
rectal cancers, radiation treatment is limited to the pelvis, 
where a maximum dose may be delivered to the target tissue 
while minimizing inadvertent irradiation of other organs. 
Unfortunately, the radiation fields required to treat these pelvic 
and, occasionally, intra-abdominal or retroperitoneal tumours, 
frequently include the small bowel and colon (1).

With the increased incidence of malignant tumours, the 
higher long‑term survival rate of cancer patients and the 
increased popularity of radiotherapy for the treatment of 
pelvic malignant tumours, the incidence of radiation enteritis 
(RE), a common post-radiotherapy complication, has been 
continuously increasing (2,3). Based on its clinical onset, RE 
may be generally classified as acute or chronic (4). With regard 
to acute RE (ARE), most cases are self‑healing and require 
no special treatment. However, chronic RE (CRE) is associ-
ated with more severe latent and progressive manifestations, 
increased pain and reduced quality of life, requiring surgical 
treatment in >30% of patients (5). Therefore, the diagnosis of 
CRE has been attracting increasing clinical attention. As the 
most commonly involved organs are the colon and rectum, 
pelvic RE is also referred to as radiation colitis and rectitis 
(RC&R). Only few studies have investigated the diagnosis of 
RC&R (6). Therefore, in the present study, clinical, endoscopic 
and imaging data of 23 patients with CRC&R were retrospec-
tively analysed to explore the diagnostic value of multi‑slice 
spiral CT (MSCT).

Materials and methods

Patient selection and eligibility. The present study was 
a retrospective, observational study. From a database of 
the internal medical records system, a list of 151 patients 
with endoscopically proven RC&R who underwent pelvic 
CT examination at Chongqing University Cancer Hospital 
(Chongqing, China) over a 6‑year period (from May 2013 
to May 2019) was obtained. Among those, 23 patients were 
finally selected after reviewing their radiological as well as 
diagnostic pathological and medical records. The diagnosis of 
RC&R in these selected patients had been based on a history 
of radiotherapy for malignant pelvic tumours, as well as pelvic 
CT prior to radiotherapy displaying no abnormal changes in 
the pelvic intestinal tract and follow-up examination after 
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radiotherapy included an enhanced pelvic CT scan. There was 
a latent period (>3 months) with typical clinical manifestations 
of CRE after radiotherapy (7). All diagnoses were confirmed 
endoscopically. Patients without complete CT and endoscopic 
data were excluded as were patients diagnosed with primary 
and recurrent intestinal tumours, as well as primary inflamma-
tory and ischemic intestinal diseases. The patient population 
comprised 4 males and 19 females, ranging in age from 
41-74 years (mean, 53 years).

CT technique. CT was performed using a Philips 64‑slice 
spiral CT machine (Philips Medical Systems, Inc.). The 
scanning range was from the inferior margin of the pubic 
symphysis to the superior umbilicus or lower diaphragm. All 
patients were examined by plain and enhanced CT. For the 
latter, 80‑100 ml of a non‑ionic iodinated contrast agent was 
injected via the elbow vein with a high‑pressure injector at the 
flow rate of 2.5‑3.0 ml/sec. Scanning was initiated 50‑60 sec 
after the injection. The reformation slice thickness and slice 
gap of the transverse section and sagittal section were 3 and 
5 mm, respectively.

Statistical analysis. The CT findings were retrospectively 
reviewed by the consensus of two experienced radiologists. The 
CT scans were evaluated with an emphasis on the following: 
Site of involvement, thickness of the intestinal wall, length 
of the lesion, presence or absence of a layering pattern in the 
involved segment of the bowel wall [known as the target sign, 
the target sign comprises three rings of alternating attenua-
tion. Two high attenuation value rings, the mucosa (inner ring) 
and the muscularis propria (outer ring) are separated by the 
low attenuation value submucosa (middle ring)], resolution of 
the pericolic fat tissue, density of subcutaneous fat and pres-
ence of pelvic abscesses or intestinal fistulas. The clinical, 
colonoscopic and pathological findings were evaluated 
simultaneously. All analyses were conducted using SPSS 16.0 
(SPSS Inc.). In order to determine whether the thickness of the 
intestinal wall was associated with the presence of the target 
sign, the cases were divided into ≤6.5 and >6.5‑mm groups, 
and the χ2 test or Fisher's exact probability method was used. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Patient characteristics. The characteristics of the 23 patients 
are summarized in Tables I and SI.

The primary tumours included cancer of the cervix (n=17), 
rectum (n=4), ovaries (n=1) and bladder (n=1). The total 
dose of radiation per patient was 46-60 Gy (mean, 49.7 Gy) 
delivered over 5 weeks. Among the patients, those with 
cervical cancer (n=17) and bladder cancer (n=1) were treated 
using after‑loading intracavitary therapy with a total dose 
of 30-54 Gy (mean, 32.7 Gy). The major clinical symptoms 
included increased frequency of defecation (n=16), abdominal 
pain (n=12) and constipation and tenesmus (n=5), while 
there was a lack of obvious symptoms in 3 cases (Table II). 
Endoscopy and CT examination were performed from 5 to 
29 months after radiotherapy. Of the 23 patients, 22 exhibited 
involvement of the rectum (96.7%), 7 of the sigmoid colon 

(30.5%) and 6 exhibited both (26.1%). The length of the 
affected intestinal segment varied from 3.1 to 14.0 cm.

CT manifestations. The patients exhibited different degrees of 
increased thickness of the intestinal wall (n=20, 87.0%), with 
a maximum of 16.6 mm, as exemplified in the representative 
case in Fig. 1. The intestinal wall was indicated to be thickened, 
with smooth contours and no obvious protrusions or masses. 
The target sign (n=16, 69.9%) on enhanced CT was observed 
as a significant enhancement of the mucosal and/or serosal 
layers, presenting a stratified change. The target sign was more 
commonly observed when the thickness of the intestinal wall 
was >6.5 mm and the difference was statistically significant 
(χ2=4.72, P<0.05; Table III). Other findings included oedema 
and increased density of the mesentery (n=15, 65.2%); 
increased density of subcutaneous fat and blurred and swollen 
pelvic wall muscles (n=4, 17.4%), with the obturator internus 
and levator ani muscles being most commonly affected; 
narrowed intestinal lumen (n=3, 13.0%); and a small amount 
of ascitic fluid (n=2, 8.7%) located in the paracolic sulci and 
bladder or Douglas pouch. The thickness of the bladder wall 
was increased evenly (n=5, 21.7%); patients with urocystitis 
(n=2) were diagnosed using a cystoscope (Fig. 2). One patient 
underwent CT and colonoscopic examination prior to and 
after radiotherapy (Fig. 3). Through comparing the findings, 
the CT manifestations and colonoscopic changes of CRC&R 
were evaluated. A rectovaginal fistula was found in 1 patient 
and pelvic abscess was identified in 1 patient by CT.

Colonoscopy. The 23 patients underwent colonoscopy and 
were diagnosed with RC&R. The diagnoses included telangi-
ectasia and mucosal hyperaemia (n=21, 91.3%), rectal ulcers 
(n=3, 13.0%) and narrowed intestinal lumen, which made it 
difficult for the colonoscope to pass through (n=3, 13.0%). 
A total of 2 patients were subjected to biopsy and chronic 
mucosal inflammation was confirmed.

Discussion

RE is a common complication of radiotherapy for pelvic 
malignant tumours and is reported in 5‑15% of such cases (8). 
It is generally thought that the occurrence of RE is more likely 
when the pelvic external radiation dose exceeds 50 Gy deliv-
ered within 5 weeks (9).

According to the clinical onset time and symptoms, RE may 
be classified as ARE or CRE. The symptoms of ARE mostly 
occur within 1-2 weeks after radiotherapy and last for several 
weeks, and usually subside with conservative treatment. By 
contrast, CRE is a slow process and may occur 3 months or as 
long as 30 years after the completion of treatment. In addition 

Table II. Major clinical symptoms.

Clinical symptoms N (%)

Increased frequency of defecation 16 (69.6)
Abdominal pain 12 (52.2)
Constipation and tenesmus 5 (21.7)
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to acute cytotoxicity, radiation can cause progressive occlusive 
arteritis and submucosal fibrosis. Transmucosal damage to the 
intestinal wall may lead to progressive vasculitis, thrombosis, 
and eventually to varying degrees of ischemia and necrosis. 
This process may lead to narrowing of the intestinal lumen 
and eventual blockage. The chronic effects of radiation are 
mainly related to the total dose of radiation received and the 
total volume of the irradiated tissue (4).

CRC&R is a common complication of radiotherapy for pelvic 
malignant tumours and is associated with a variable latency 
period. The time interval from the beginning of radiotherapy 
to diagnosis and CT and endoscopy examination in the present 
study varied between 4 and 28 months, and all patients exhib-
ited late RE. Previously reported evidence suggests that chronic 
radiation proctitis is more likely to occur in those initially expe-
riencing severe acute proctitis (10), which is referred to as ‘the 
consequential late effect’ (11). However, not all CRC&R cases 
develop following an acute phase. Additional factors that may 
increase the incidence of CRC&R were also identified. Mounting 
evidence has demonstrated that previous surgeries may increase 

the incidence rate of CRC&R, which may be attributed to partly 
fixed intestinal loops by postoperative adhesions with excessive 
radiation exposure (12,13). A correlation also exists between the 
selection of various surgical methods for different diseases and 
RE caused by postoperative adhesions (12). In addition, pelvic 
inflammatory disease, radiation dose, diabetes, cardiovascular 
diseases and smoking may serve as facilitators of CRC&R (14).

Various symptoms and signs may occur in patients 
with CRC&R, including chronic abdominal pain, constipa-
tion, ileus and haematochezia (15). In the present study, the 
majority of the patients suffered from abdominal pain (n=15, 
52.2%) with increased frequency of defecation and haema-
tochezia (n=16, 69.6%). For any patient with a history of 
abdominal or pelvic irradiation, if gastrointestinal discomfort 
occurs, radiation damage should be considered, unless there 
is a diagnosis of other gastrointestinal diseases. For those 
patients with CRC&R, preoperative imaging may help the 
surgeons plan the surgical strategy (16). At present, the radio-
logical assessment of CRC&R mostly involves barium enema. 
A series of studies have verified that the major radiological 

Figure 1. A 42‑year‑old female patient with cervical cancer and chronic radiation rectitis. The intestinal wall exhibited an evenly increased thickness to 
16.6 mm. (A) The ‘target sign’ (n=16, 69.9%) was observed on transverse sections as an obviously enhanced mucosa and/or serosa and appears as three rings 
of alternating attenuation (thin arrows) and thickened rectal fascia (bold arrowMultiplanar reconstruction (B) coronal and (C) sagittal scans demonstrated the 
lesions in more detail (thin arrows). (D) Colonoscopy revealed obvious oedema and hyperaemia of the rectal mucosa.
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findings varied from normal (15% of the initial examinations) 
to decreased distensibility of the bowel wall, intestinal fixa-
tion, mucosal and contour abnormalities, ulceration, stenoses 
and fistula formation (17‑19). The ‘omega sign’, caused by 
bilateral retraction at the base of a narrowed sigmoid loop 
was detected in ~60% of patients with radiation colitis. In 
addition, due to the more accurate assessment of mucosal 
abnormalities and ulcers, colonoscopy is frequently applied in 
the evaluation of CRC&R. The symptoms of CRC&R include 
a thickened and hardened mucosa, as well as the expansion, 
ulceration, stenosis and necrosis of capillaries, among which 
expansion is the most common finding. Colonoscopy is able 
to readily identify intestinal mucosal lesions or may be used 
for biopsy and pathological evaluation in cases with suspected 
malignancy. Without colonoscopy and biopsy, it is difficult 

to distinguish CRC&R from intestinal tumours or other 
inflammatory lesions. Due to the risk of fistula formation, the 
decision to perform a biopsy should be made with caution. If 
possible, the anterior rectal wall, which is usually exposed to 
high radiation doses, should be avoided (20). In the present 
study, following the diagnosis of RE via colonoscopy, the risk 
of fistulas was also considered; only 2 patients, in whom large 
ulcers were identified on colonoscopy, underwent biopsy to 
eliminate malignant tumours, and were ultimately diagnosed 
with chronic mucosal inflammation. As an invasive examina-
tion, in addition to not being suitable for high‑risk patients, 
colonoscopy is also associated with pain and the risk of perfo-
ration; by contrast, CT is a non‑invasive, safe and efficient 
method for almost all patients, including those considered as 
high‑risk (21).

Table III. Association between intestinal wall thickness and ’target signs’.

Intestinal wall thickness (mm) ‘Target sign’ No ‘target sign’ Total Statistics

≤6.5 1 4 5 χ2=4.72 (P<0.05)
>6.5 15 3 18 
Total 16 7 23 

Figure 2. A 50‑year‑old female patient with cervical cancer and chronic radiation rectitis. The intestinal wall displayed an evenly increased thickness to 
8.5 mm. (A) The ‘target sign’ (n=16, 69.9%) was observed on transverse sections as an obviously enhanced mucosa and/or serosa, stratified changes (thin 
arrows) and thickened rectal fascia (bold arrow). (B) The bladder wall was thickened (thin arrow). (C) Colonoscopy revealed oedema and hyperaemia of the 
rectal mucosa with scattered malformed blood vessels. (D) On cystoscopy, oedema and hyperaemia of the bladder mucosa were observed.
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At present, only few MSCT studies on CRC&R are 
available (21,22). In the present study, based on the above-
mentioned data, the MSCT characteristics of CRC&R may be 
summarized as follows: i) The highest incidence (96.7%) was 
in patients with rectal lesions, followed by 30.5% in those 
with sigmoid colon lesions and 26.1% in those with both rectal 
and sigmoid colon lesions. It has been demonstrated that 
the intestinal sensitivity to radiation varies among different 
sites, and the order from highest to lowest is as follows: 
Rectum, sigmoid colon, transverse colon, ileum, jejunum 
and duodenum, consistently with data reported by relevant 
studies (23,24). ii) Intestinal changes included thickening 
of the involved intestinal walls and most cases exhibited a 
thickening of no more than 10 mm, and even thickening of 
the smooth muscle layer and entire intestinal wall. When an 
obvious submucosal oedema occurred, the ‘target sign’ was 
observed on the enhanced scans (6), In the present study, the 
majority of patients (87%) exhibited even thickening of the 
intestinal walls, among whom 69.6% displayed the target 
sign. In addition, when the thickness of the intestinal wall 
was >6.5 mm, the target sign was more commonly observed 
(P<0.05), but further confirmation in a larger sample is 
required. Ileal ulcers, mostly of the incomplete type, were 

occasionally observed, which was likely the result of the 
narrowed intestinal lumen caused by fibrosis and chronic 
inflammation‑associated adhesions to the surrounding 
tissues. iii) Changes in the mesentery, peritoneum and pelvic 
wall: Following radiotherapy, widespread oedema occurred in 
the subcutaneous fat, mesentery and pelvic wall soft tissues, 
with interstitial and fibrous tissue proliferation in the late 
stages. On CT, an increased density but blurred appearance 
of the subcutaneous fat was observed, with common cords, 
mesh intervals, thickened mesenteric vessels, blurred edges, 
swollen pelvic wall muscles and blurred muscle intervals; the 
obturator internus and externus and levator ani muscles were 
the ones most commonly affected. The peritoneum and pelvic 
fascia were observed to be thickened, particularly the rectal 
fascia. iv) Abdominal cavity changes: When the intestinal 
wall ischemia progresses further, the ulcers may perforate 
the intestinal wall and cause peritonitis and formation of a 
pelvic abscess or an intestinal fistula. The pelvic abscess may 
be confined to the vicinity of the lesions and the low‑lying 
area of the pelvic cavity away from the crevasse. The abscess 
borders may be better displayed on enhanced CT scans. Sinus 
tracts may be frequently difficult to image directly using CT, 
but their presence may be indicated by luminal fluid and 

Figure 3. A 62‑year‑old female patient with cervical cancer. The findings on CT and colonoscopy prior to and after radiotherapy were compared. (A) Prior 
to radiotherapy, pelvic CT demonstrated no increase in the thickness of the intestinal wall (thin arrow). (B) Prior to radiotherapy, colonoscopy revealed no 
abnormalities. (C) At 1 year post-radiotherapy, the CT examination revealed an evenly increased thickness of the intestinal wall to 7.8 mm. (D) At 1 year 
post‑radiotherapy, colonoscopy demonstrated oedema and hyperaemia of the mucosa of the sigmoid colon and rectum. The diagnosis of chronic radiation 
colitis and rectitis was considered.
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gases. Due to the weakened tissue repair capacity caused by 
radiotherapy and constant leakage of intestinal contents, it is 
difficult for the sinus tract to close spontaneously and surgical 
treatment is frequently required (25). A small amount of 
ascitic fluid is rarely observed. v) Other changes: Radiation 
may also damage other organs in the pelvic cavity, particu-
larly the urinary system, manifesting as radiation‑induced 
urocystitis and inflammatory stenosis of the lower ureter. In 
the present study, 21.7% of patients had a thickened bladder 
wall and 2 patients had confirmed radiation‑induced cystitis. 
In addition, MSCT has a variety of image post‑processing 
modes, and the multiplanar reconstruction (MPR) is able to 
display the characteristics of thickened intestinal walls and 
surrounding tissues, allowing for a comprehensive evaluation 
of the intestinal walls.

The appearance of CRE on imaging lacks specificity and 
it must be clinically distinguished from intestinal tumours, 
inflammatory bowel disease and ischemic bowel disease. 
Intestinal tumours frequently invade the intestinal wall and 
form a mass, which may be easily distinguished from the 
intestinal wall thickening observed in CRE. Inflammatory 
lesions are more common in ulcerative colitis and Crohn's 
disease, both of which have characteristic predominantly 
affected sites. Crohn's disease is characterized by multiple 
segment involvement. Both may display irregular thickening 
of the intestinal wall, stenosis, intestinal ulcers, even forma-
tion of fistulas or pelvic abscesses. However, the changes in the 
mesentery and pelvic wall are minor and consideration of the 
patient's history may help distinguish it from CRE (26). Acute 
ischemic bowel disease frequently manifests as oedema and 
thickening of the intestinal wall, oedema and blurred appear-
ance of the mesentery, and it is difficult to distinguish from 
CRE. Ischemic bowel disease is mostly caused by vasculitis, 
trauma, intestinal obstruction, intestinal torsion or vascular 
sclerosis. There is no evidence suggesting that the development 
of chemic bowel disease is related to radiotherapy. Intestinal 
wall gas is a characteristic manifestation of intestinal ischemic 
necrosis (27).

In summary, the CT manifestations of CRC&R are vari-
able and non‑specific but are easily diagnosed when combined 
with a history of radiotherapy and clinical manifestations. The 
MSCT of CRC&R exhibits certain distinct characteristics, 
including an evenly thickened intestinal wall, particularly in 
the rectum, mostly increase to <10 mm. When submucosal 
oedema develops, particularly in cases with wall thickening to 
>6.5 mm, the ‘target sign’ may be observed through enhanced 
CT scans. An increased density but blurred appearance of the 
subcutaneous fat may be observed, with common cords, mesh 
intervals, thickened mesenteric vessels, blurred edges, swollen 
pelvic wall muscles and blurred muscle borders. In addition to 
demonstrating the intestinal lesions, CT also reveals changes 
outside the intestine, particularly mesenteric oedema and 
pelvic abscesses, which may prompt early clinical treatment 
measures. MPR is able to display the characteristics of a thick-
ened intestinal wall and surrounding tissues, allowing for a 
comprehensive evaluation of the intestinal walls.
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