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ABSTRACT
With the advancements in computed tomography, there is improved abdominal imaging, minimizing concerns about high-density oral contrast 
media (HD-OCM) causing artifacts. This study evaluates the effectiveness of HD-OCM in detecting perforations and post-operative leaks using 
both older and newer MDCT scanners. Phantom experiments were conducted on two CT scanners to assess image noise and streak artifacts 
at different contrast concentrations. A retrospective review of clinical cases using HD-OCM for suspected perforations or leaks was also 
performed. Results showed that low concentrations (≤12.5%) of HD-OCM caused minimal image degradation, and clinical cases demonstrated 
improved detection of anastomotic leaks and bowel perforations. The study concludes that HD-OCM can enhance diagnostic accuracy in 
MDCT without significantly affecting image quality, even in older scanners. Its use in clinical practice should be considered to improve 
detection and reduce the need for repeat scans.
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INTRODUCTION
Continuing advances in multidetector CT (MDCT) 
have vastly improved the ability of diagnostic abdominal 
imaging. The development of MDCT has allowed full 
coverage of the abdominopelvic region with a single 
breath hold and improved spatial and temporal resolution 
[1]. Shorter scan time reduces movement artefact from 
bowel peristalsis, allowing a more detailed assessment 
of bowel loops [2].

Abdominal MDCT generally involves the use of both 
intravenous contrast and positive oral contrast media 
(OCM), leading to improved delineation of individual 
bowel loops. In clinical practice, OCM is usually used 
in low concentration as traditionally high-density 
iodinated oral contrast media (HD-OCM) is thought to 
generate streak artefact and reduce the diagnostic 
quality of the study. Whilst this could have been true in 
early CT scanners, there is no definite evidence to 
preclude its use on modern MDCT scanners with 
advanced features such as CT Automatic Exposure 
Control (AEC) and iterative reconstruction (IR). This 
article aims to provide experimental as well as clinical 
proof-of-concept data to demonstrate that HD-OCM 
can be used without compromising image quality and 
can be beneficial in some clinical situations [3].

Oral Contrast Agents
Non-distended and non-opacified bowel loops can mask 
as well as mimic pathology. Oral contrast aids in bowel 

distention, gives the ability to exclude pathology, and 
often highlights existing pathology. OCM is available as 
either negative, neutral, or positive agents [2, 4].

Negative agents include air and carbon dioxide and are 
routinely used to aid bowel distension as part of CT- 
colonography [5].

Neutral OCM has characteristics similar to water (10-30 
HU), with water itself being the most common neutral 
OCM agent used [6]. These agents are limited from the 
distal small bowel onwards due to rapid absorption 
[7, 8]. Additives can be used to slow down absorption 
[9, 10].

Positive OCMs are the most frequently used OCMs, 
usually contain iodine, and can be categorised into ionic 
or non-ionic compounds. Ionic compounds are 
associated with more adverse effects, and thus, non- 
ionic compounds are most frequently used.

Water-soluble positive OCMs are absorbed rapidly from 
the peritoneal cavity and have no known complications 
[11]. This feature makes them the primary choice in 
examining patients with suspected gastrointestinal tract 
leaks.

MATERIALS AND METHODS
Proof of Concept Physics Experiments
For validation in clinical use, phantom experiments 
were performed to assess how image noise and streak 
artefacts manifested for different contrast concentrations 
on two different CT scanners i.e. an older Philips Big 
Bore 16 slice scanner, manufactured in 2007 with 
limited CT AEC functionality and filtered back 
projection (FBP) only, and a newer Siemens Biograph 

*Corresponding Author: Albertkeliang Ang, Department of Radiology, 
Hull University Teaching Hospitals NHS Trust, Hull, United Kingdom, 
E-mail: albertkeliang.ang@nhs.net
Received: April 05, 2025; Revised: August 05, 2025; Accepted: August 25, 2025
DOI: https://doi.org/10.37184/nrjp.3007-5181.2.2

All articles are published under the (https://creativecommons.org/licenses/by/4.0)


60 National Radiology Journal of Pakistan 2026; 2(1)

Albertkeliang Ang et al.

mCT Flow 128 slice scanner manufactured in 2014 with 
4D CT AEC and Sinogram Affirmed Iterative 
Reconstruction (SAFIRE) (alongside standard FBP). 
For the Siemens scanner, the choice of reconstruction 
algorithm (IR vs. FBP) was also assessed.

Phantom Measurements
Objective measurements and subjective assessment of 
streaking artefacts were performed with the CT AEC 
phantom (Leeds Test Objects Ltd, Boroughbridge, UK), 
adapted to hold a central insert that was filled with 
varying concentrations of Omnipaque 300 mg I per ml 
contrast agent (GE Healthcare AS, Oslo, Norway). The 
elliptical uniform poly (methyl methacrylate) (PMMA) 
phantom was used to simulate patients of varying sizes. 
The central insert had an internal diameter of 49.5 mm 
and was initially filled with a 50% contrast/water mix. 
A typical adult abdomen/pelvis protocol was used to 
scan the phantom on both scanners, with scan parameters 
summarised in Table 1. The CT automatic exposure 
control (AEC) system on each scanner was used for 
setting exposure factors throughout the scan, based on 
normal clinical requirements (CAREDose4D on the 
Siemens, DoseRight ACS with Z-DOM on the Philips).

The scans were repeated with the contrast insert diluted 
to nominally 25%, 12.5% and 6.75% contrast. Scans 

were also acquired with the insert consisting only of 
water (0%).

Quantitative measurements of CT number and image 
noise (standard deviation) were made using an annular 
region of interest in the PMMA around the contrast 
insert (Fig. 1). CT number and image noise for the 
different concentrations and reconstruction techniques 
were plotted as a function of phantom width, and 
compared with the results for no contrast. Subjective 
image quality was assessed for artefacts by the senior 
authors.

Case Examples
We obtained 8 cases from our local institution where 
HD-OCM was used in clinical practice to better identify 
perforation or anastomotic leaks.

RESULTS AND DISCUSSION
Proof of Concept Physics Experiments
CT number as a function of phantom width is shown in 
Fig. (2) for the Siemens CT scanner; the results are 
shown for iterative reconstruction only, but no difference 
in the trend was noted for filtered back projection on 
either the Siemens or Philips scanner. Fig. (2) 
demonstrates that both scanners give elevated CT 
numbers in the area surrounding the insert when 
contrast is present, with this effect being small for 
smaller phantom sections (3-4 HU increase for 50% 
contrast mix), but getting worse for larger phantom 
sections (14-18 HU increase for 50% contrast mix). It is 
unlikely that such a small increase in CT number will 
have a significant impact on clinical interpretation.

Fig. (3) demonstrates the variation of image noise for 
the Siemens scanner with iterative reconstruction and 
varying contrast concentrations. The 50% contrast mix 
clearly demonstrates increased ‘noise’ due to the 

Fig. (1): Image of the CT AEC phantom with the contrast insert, and 
the region of interest (white circles) used in the objective analysis of 
image quality.

Table 1: Summary of exposure factors for the two systems used in 
this study.

Exposure Factors Siemens Biograph 
mCT Flow

Philips Big Bore

kVp 100 kV 120 kV
Collimation 128 x 0.6 mm 16 x 1.5 mm
Image slice thickness 2 mm 2 mm
Pitch 0.6 0.813
Field of view 500 mm 500 mm
Iterative recon. I30f, strength = 3 N/A
FBP recon. B30f Standard B
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Fig. (2): CT number plotted against phantom width for the Siemens  
scanner with iterative reconstruction (SAFIRE, strength 3). Similar 
trends were noted with filtered back projection on the Siemens and 
Philips systems.
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presence of significant streak artefacts across the image, 
as shown visually in Fig. (4a). At 25% contrast 
concentration, the artefact level is reduced but still 
appreciable (Fig. 4b). At 12.5% contrast concentration 
the artefacts are minimal and deemed acceptable 
(Fig. 4c). The results for filtered back projection 
demonstrated the same trends with phantom size, but 
with higher absolute noise levels when compared with 
iterative reconstruction (Fig. 4d). A visual comparison 
of images for 50% contrast on the Siemens and Philips 
scanners with filtered back projection is shown in 
Fig. (5a and b). The mean, maximum, and minimum 
increase in image noise across all phantom sizes are 

shown in Table 2. In contrast, at concentrations above 
25%, image noise will be at least double compared with 
the non-contrast scan, but at lower concentrations, the 
increase in image noise is less e.g., 12.5% contrast 
strength results in less than 50% increase in image noise 
on average. Subjective assessment by the senior authors 
found no significant artefacts at concentrations less 
than or equal to 12.5% and the degree of artefacts at 
25% was deemed to be acceptable.

The average noise reduction of IR against FBP for the 
five different contrast agent concentrations used in this 
study was also assessed. It is interesting to note that IR 
does not have a significant impact on image noise for 
higher concentrations, as would normally be expected 
when compared with FBP, with noise reductions 
typically around 10-16% for 50% contrast and 25% 
contrast, respectively. For lower contrast agent 
concentrations, the same exposure factors gave typical 
noise reductions of around 30%, which is more in line 
with vendor specifications for IR techniques. This is 
due to the prevalence of streaking artefacts for high 
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Fig. (3): Image noise plotted as a function of phantom size for 
the 5 different concentrations of contrast agent assessed in this 
study. Results are shown for the Siemens scanner with iterative 
reconstruction only.

Fig. (4): Example images from the CT AEC phantom for (a) 50%, 
(b) 25%, (c) 12.5% and (d) 0% contrast mix on the Siemens CT 
scanner with iterative reconstruction. All images have the same 
window/level settings.

(a)

(c)

(b)

(d)

Fig. (5): Example images from the CT AEC phantom for 50% 
contrast acquired on (a) the Siemens and (b) Philips scanners with 
filtered back projection. All images have the same window/level 
settings.

(a) (b)

Table 2: Mean, maximum, and minimum percentage increases in 
image noise for the three scanners for the difference contrast agent 
concentrations.

Scanner Contrast 
Conc.

Percentage Increase in Image Noise 
Compared with 0% Contrast (%)

Mean Max Min

Siemens IR

50% 360 552 191
25% 157 228 97

12.5% 53 65 36
6.75% 22 25 14

Siemens 
FBP

50% 233 347 152
25% 100 142 74

12.5% 36 44 31
6.75% 17 18 14

Philips FBP

50% 203 229 174
25% 93 131 70

12.5% 48 81 34
6.75% 21 40 12
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contrast agent concentrations, which the IR techniques 
cannot resolve due to photon starvation.

Case Examples
Water-soluble contrast agents are preferred to barium- 
containing agents in the setting of hollow visceral 
perforation or post-operative leak due to reduced 
complications [12]. In our institution, we routinely use 
Omnipaque 300, 50mls diluted in 250mls water at least 
an hour before the CT. The presence of free air has 
traditionally been used to assess for leaks; however, this 
is fraught with difficulties in interpretation. Artefacts 
from radio-opaque surgical material can also hamper 
assessment.

Case 1 is of a patient who became unwell a few days 
after undergoing Roux-en-Y bypass surgery, and an 
anastomotic leak was clinically suspected. Initial CT 
was performed with water-soluble conventional OCM. 
Free fluid is seen in the sub-hepatic region; however, it 
is difficult to appreciate whether there is an anastomotic 
leak (Fig. 6a). A repeat CT scan with HD-OCM was 
performed. The dense oral contrast is seen leaking 
(Fig. 6b) out of the Roux loop into the sub-hepatic 
space and through the corrugated drain. There is a 
significant streak artefact observed in Fig. (6a) which is 
predominantly due to surgical material. This hinders 
the assessment of the origin of the leak with conventional 
OCM but is clearly identified with HD-OCM.

Case 2 is of a 23-year-old lady who underwent a gastric 
bypass procedure for obesity. The initial post-procedure 
fluoroscopic study appeared normal. The patient 
deteriorated with increasing abdominal pain and raised 
inflammatory markers. An initial CT was performed, 
which identified only free fluid within the abdomen. 
Her condition worsened, and a repeat CT with HD-
OCM was performed, which demonstrated a leak at the 
gastro-jejunal anastomosis as shown in Fig. (7).

Case 3 is of a 76-year-old gentleman with a known 
oesophageal tumour who became acutely unwell. Initial 
CT demonstrated a left pleural effusion (Fig. 8a). The 
patient remained unwell, and a repeat CT with HD-
OCM was performed 48 hours later. This clearly 
demonstrated an oesophageal perforation into the left 
pleural cavity (Fig. 8b and 8c).

Case 4 is of a 78-year-old gentleman who underwent 
anterior resection for bowel cancer. He had a difficult 
post-operative period with ongoing abdominal pain and 
a slow clinical recovery. A CT scan with routine oral 
contrast was performed, which demonstrated free fluid 
within the abdomen. A further CT study with HD-
OCM was used. This demonstrated the site of bowel 
leak with contrast extravasation into the peri-hepatic 
space (Fig. 9).

Fig. (6): Case 1: Post Roux-en-Y surgery. Images taken (a) before 
HD-OCM and (b) after HD-OCM. Dense oral contrast is seen along 
he drain in (b), in keeping with an anastomotic leak.

(a) (b)

Fig. (7): Case 2: Post gastric bypass surgery. High-density oral 
contrast (arrow) leaking from the gastro-jejunal anastomosis into the 
peri-splenic space.

Fig. (8): Case 3: Known oesophageal tumour. (a) Initial imaging 
with left pleural effusion. (b, c) Subsequent imaging with axial and 
coronal views demonstrating high-density oral contrast leaking into 
the left pleural space, in keeping with an oesophageal perforation.

(a) (b)

(c)
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Case 5 is of a patient with a high sigmoid cancer who 
developed adhesional small bowel obstruction after 
multiple bowel surgeries. This was treated by 
laparoscopic adhesiolysis. An initial CT study was 
performed, which demonstrated a small amount of free 
gas and free fluid, which could be post-operative. She 
was managed conservatively, and a repeat CT study 
with HD-OCM was performed. This clearly 
demonstrated the site of the leak in the right iliac fossa 
(Fig. 10) and was treated surgically.

Case 6 is of a 26-year-old male driver who was involved 
in a motor vehicle accident. The initial trauma study 
that was performed did not identify any abnormality. 
His abdominal pain worsened, and a repeat CT was 
performed, this time with conventional OCM, which 
failed to demonstrate an abnormality (Fig. 11a). As his 
symptoms progressed, a repeat CT study was performed 
using HD-OCM, which demonstrated a duodenal 
intimal tear (Fig. 11b), which was not visible initially.

Case 7 is of a 77-year-old gentleman who presented 
with severe upper abdominal pain and melaena and was 
found to be hypotensive. A CT study was performed 
with HD-OCM, which clearly demonstrated a defect in 
the posterior duodenal wall with enteric contrast 
extravasation (Fig. 12a and 12b).

Case 8 is of a 46-year-old male who presented to the 
Emergency department with sudden onset abdominal 
pain and right shoulder tip pain. He underwent 
abdominal CT with HD-OCM, which clearly showed a 
defect in the first part of the duodenum and contrast 
extravasation into the peritoneal cavity (Fig. 13a and 
13b).

CONCLUSION
Water-soluble HD-OCM can aid in accurately 
demonstrating acute perforations and anastomotic leaks 

Fig. (9): Case 4: Post anterior resection. Extraluminal high-density 
oral contrast in the peri-hepatic region in keeping with anastomotic 
leak.

Fig. (10): Case 5: Post-reversal of ileostomy and adhesiolysis. 
Extraluminal high-density oral contrast in the right iliac fossa in 
keeping with bowel perforation.

Fig. (11): Case 6: Post motor vehicle accident. (a) The study 
performed without HD-OCM does not clearly demonstrate an 
anastomotic leak; and (b) after HD-OCM, it clearly demonstrates a 
duodenal intimal tear.

(a) (b)

Fig. (12): Case 7: Hypotensive patient with severe abdominal pain. 
(a) Axial and (b) sagittal views of extraluminal high-density contrast 
material in keeping with a duodenal perforation.

(a) (b)

Fig. (13): Case 8: Patient with sudden onset abdominal pain. 
(a) Demonstrates a duodenal mural defect, and (b) shows high 
density contrast in the peritoneal cavity.

(a) (b)
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without significant image degradation, even with older 
generation CT scanners and FBP reconstruction. We 
recommend that, in such patients, consideration should 
be given to use HD-OCM in the first instance, to 
increase diagnostic yield, which could obviate the need 
for repeat examinations and aid in timely management.
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