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AIM: To prospectively assess whether bolus shaping to exponentially decrease the contrast
medium injection rate leads to alteration in image validity or renal function.
MATERIALS AND METHODS: In this prospective study, patients alternatively received 100 ml

contrast medium versus 75 ml via bolus shaping. Image quality was assessed via measurement
of attenuation values in the aorta, liver, and spleen and also blinded subjective assessment of
image sharpness, low contrast detectability, image noise, and overall quality. Renal function
was assessed by change in creatinine levels up to 72 hours post-contrast medium
administration.
RESULTS: Of 190 abdominal computed tomography (CT) studies performed in the 3-month

period, 98 received the 75 ml dose. There was no significant difference in renal function or
objective image quality with a significant improvement in image sharpness in the 100 ml
group.
CONCLUSIONS: By using bolus-shaping software, it is possible to maintain objective image

quality while reducing the contrast medium load to the patient. This has significant implica-
tions regarding clinical practice in decreasing cost and risks associated with iodinated contrast
media.

� 2016 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
Introduction

The use of computed tomography (CT) as a diagnostic aid
has increased significantly in recent years. Its use in the
National Health Service (NHS) has increased 160% in the 10
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years from March 2004 to March 2014.1 CT is invaluable,
particularly in diagnosing intra-abdominal disease, and this
is reflected in the fact that abdominal CT now accounts for
31.7% of all CT examinations performed in the US in 2006.2

This dominant role, however, does carry some risk, with
abdominopelvic CT now accounting for 48.6% of the col-
lective radiation dose from CT.2 As a result, certain methods
are utilised to ensure optimal diagnostic images from
minimal radiation dose. One suchmethod is the tailored use
of iodinated contrast media. Optimal iodinated contrast
ts reserved.
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medium concentration, volume, rate of injection, and
duration of injection are widely debated. With the constant
advancement of CT technology, contrast medium injection
regimens are forced to evolve.3 Intravenous iodinated
contrast medium is associated with increased cost and
contrast-induced nephropathy.4,5 Due to the high atomic
number and K-shell binding energy value of iodine, there is
increased X-ray absorption in tissues containing iodine than
tissues without. With this increase in absorbed X-rays, ra-
diation dose also increases. This theory has been utilised in
contrast-enhanced radiotherapy.5,6 Optimising intravenous
contrast medium protocols should, therefore, lead to
greater enhancement of tissues while reducing contrast
medium load and theoretically radiation dose.

The protocol for the injection of iodinated contrastmedia
in Mayo General Hospital for an abdominal study with
standard portovenous stage enhancement, involves 100 ml
of 300 mg iodine/ml iodinated contrast medium injected at
2.5 ml/s at a constant rate. New software was introduced to
Mayo General Hospital with the aim of optimising the
contrast medium dose via an exponentially decreasing
contrast medium injection rate. The effectiveness of this
method has been demonstrated in aortic and pulmonary
angiography.7e9

The aim of the present study was to prospectively assess
whether this alteration in contrast medium dose led to any
alteration in image validity using subjective and objective
criteria or if there was any significant alteration in renal
function.
Materials and methods

This study was approved by the local ethics committee
and individual patient consent was waivered. Consecutive,
CT studies performed over a 3-month period were included
in the study. All studies were performed on a Siemens
Definition AS 40 CT system using 300 mg iodine/ml ioversol
(Optiray 300, Mallinckrodt Pharmaceuticals, St. Louis, MO,
USA). Intravenous access was attained via an 18e22-G
cannula in the antecubital fossae. A single portal venous
phase scan at 70-seconds delay was performed for all pa-
tients. Standard tube potential of 120 kVp with variable
dose modulated tube current was utilised for all patients.

Patients were alternatively assigned to receive a 100 ml
dose via a constant rate of 2.5ml/s over 40 seconds or a 75ml
contrast medium dose via bolus-shaping software over 36
seconds (OptiBolus, bolus-shaping software from Covidien,
Minneapolis, MN, USA). Bolus shaping is achieved by expo-
nentially decreasing the rate of injection from2.5ml to 1.7ml
per second (2.5exp[0.01t]; Fig 1). No other imaging parame-
ters were altered. Patients were excluded if they weighed
>100 kg or if they demonstrated impaired renal function or
previous contrast medium reaction as per local protocol. No
on-call emergency examinations were included.

Image quality was assessed both subjectively and
objectively. Average attenuation was assessed in the
descending aorta just proximal to the bifurcation, in
segment 6 of the liver and in the spleen. A 0.5 cm2 region of
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interest (ROI) marker was placed by a radiology fellow in
the respective areas, avoiding any vessels.

Subjective assessment of image quality was assessed by
viewing DICOM (digital imaging and communications in
medicine) images on a diagnostic workstation. Studies
were reviewed using standard soft-tissue windows (W350
HU; L40 HU). This windowing was identical for all pa-
tients. Images were assessed in terms of low contrast
detectability, noise, sharpness, and overall quality by a
blinded radiology fellow with 3 years of CT experience. All
parameters were marked on a scale from 1e4. Image
contrast and overall image quality were assessed on
general appreciation (1, unacceptable; 2, acceptable; 3,
good; 4, excellent). Image noise was graded on its pres-
ence and resultant impaction on image quality (1, image
noise present and unacceptable; 2, image noise present
and interfering with depiction of adjacent structures; 3,
image noise present but not interfering with depiction of
adjacent structures; 4, minimal or no noise). Image
sharpness was assessed by evaluating aortic wall sharp-
ness (1, blurry; 2, poorer than average; 3, better than
average; 4, sharpest). This qualitative assessment has been
performed in other studies.10

Renal function was assessed by evaluating the change in
serum creatinine levels from samples takenwithin 24 hours
before the administration of contrast medium to 72 hours
post-contrast medium administration. Criteria to diagnose
post contrast acute kidney injury (PC-AKI) were taken from
the American Collage of Radiologists (ACR) guidelines on
contrast media.11 This is defined as a sudden deterioration
in renal function that occurs within 48 hours of intravas-
cular administration of an iodinated contrast medium.
There may be many causes for this deterioration, including
contrast induced nephropathy (CIN). We did not attempt to
identify specific causes for the acute kidney injury. Acute
kidney injury was defined based on the Acute Kidney Injury
Network (AKIN) criteria for AKI: absolute serum creatinine
increase >26.4 mmol/l; percentage increase in serum
creatinine >50%; urine output reduced to <0.5 ml/kg/h for
at least 6 hours.12

Statistical analysis was performed using SPSS (version
21; IBM Corporation, Armonk, NY, USA). Comparison of the
change in renal function and signal-to-noise ratio of the
abdominal aorta, spleen, and liver between the two groups
was performed using Student’s t-test. Subjective assess-
ment of the images was evaluated using the Man-
neWhitney U-test. These factors were also assessed in
groupings based on weight. Significance was attained at
p<0.05. Any correlation between these factors was analysed
with Pearson’s correlation coefficient.
Results

There were 190 abdominal CT studies performed in the
3-month period. The average age was 63 years (range
17e96 years) with 112 studies performed on female pa-
tients. Ninety-eight patients (51.5%) received the 75 ml
dose.
educes contrast medium volume in abdominal CT while maintaining
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Figure 1 Graph comparing uniphasic contrast medium injection rate to exponentially decreasing contrast medium injection rate with a decay
coefficient of 0.01.

Table 3
Comparison of attenuation values (HU).

75 ml 100 ml p-Value

40e60 kg Aorta 111.38 121.85 0.144
Liver 77.15 81.66 0.562
Spleen 75.69 82.89 0.221

60e80 kg Aorta 109.97 115.90 0.914
Liver 78.59 80.91 0.482
Spleen 77.97 81.99 0.327

80e100 kg Aorta 112.28 116 0.358
Liver 79.07 76.46 0.762
Spleen 80.24 78.82 0.425

Overall Aorta 110.82 116.44 0.332
Liver 78.59 79.86 0.444
Spleen 78.43 81.28 0.517
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In comparison of the two groups, there was an average
age of 64 years in the 75 ml group and 63 years in the
100 ml group (p¼0.537). Average weight was insignificant
between the two groups with an average of 73 kg in the
75 ml group and 73 kg in the 100 ml group (p¼0.985;
Table 1).

There was no significant change in creatinine levels be-
tween the two groups. There was a mean decrease of
creatinine in the 75 ml group of 0.8 mmol/l with a mean
increase in the 100 ml group of 2.7 mmol/l (p¼0.4324;
Table 2). Seven (3.6%) patients experienced a decrease in
renal function classified as PC-AKI. Of these, five (5.4%) were
in the 100 ml group with two (2%) in the 75 ml group. There
was no associated significance (p¼0.263).

Attenuation values in the aorta, liver, or spleen were also
not significantly different between the two groups (Table 3).
Average attenuation in the aorta was 110 HU in the 75 ml
group and 116 HU in the 100 ml group (p¼0.332); liver was
Table 1
Demographics of patients involved.

Characteristic 75 ml 100 ml p-Value

No. of patients 98 92
Male to female ratio 41:57 37:55
Age (years) 64.13 62.71 0.537
Body weight (kg) 73.2 73.1 0.985

Table 2
Comparison of renal function between the two groups.

75 ml 100 ml p-Value

Creatinine pre-contrast CT (mmol/l) 80.7 92.3 > 0.05
Creatinine post-contrast CT (mmol/l) 81.5 89.6 0.77
Average change �0.8 þ2.7 0.324
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79 HU in the 75 ml group and 80 HU in the 100 ml group
(p¼0.444); spleen was 78 HU in the 75 ml group and 81 HU
in the 100 ml group (p¼0.517).

The subjective assessment of image quality, using the
ManneWhitney U-test, demonstrated a significant
improvement in image sharpness when using the 100 ml
contrast medium bolus (Table 4). There was also improved
subjective low contrast detectability, noise, and overall
image quality; however, this was not significant. Pearson’s
correlation coefficient demonstrated no significant corre-
lation between age, weight, and the subjective or objective
measures of image quality.
Table 4
Comparison of subjective image analysis using the ManneWhitney test.

75 ml 100 ml p-Value

Image contrast (/4) 3.47 3.56 0.278
Image noise (/4) 3.44 3.59 0.204
Image sharpness (/4) 3.25 3.59 <0.05
Overall quality (/4) 3.56 3.62 0.525
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Discussion

There have been significant attempts to augment the
administrationofan intravenous contrastmediumtoproduce
an optimal image with an acceptable cost and complication
rate.3,8 Bolus shaping is one such approach. A constant rate of
2e5ml/s ismost commonly utilised in the vastmajority of CT
studies. This method has its drawbacks, however, with a
steady rise invascular enhancement followedbya short-lived
peak. With an exponentially decreasing contrast medium
load, there is evidence that a plateau of enhancement can be
achieved. Although leading to a smaller peak enhancement,
adequate uniform vascular enhancement can be achieved
using less iodinated contrast medium.8 This was previously
demonstrated for pulmonary and aortic angiography.7e9

Portal venous phase imaging occurs 70 seconds after
contrast medium administration, allowing mixing and dilu-
tion. It may be still postulated, however, that the optimal
bolus characteristics as seen in angiography studies with
bolus shaping, would be maintained in portal venous phase
imaging in comparison to the uniphasic dose. Previous
studies assessing lower contrast medium loads with the
uniphasic injection rate demonstrated significantly
decreased attenuation values in the aorta and liver with a
decrease in contrast medium volume.3 This decreased
attenuation was not visualised to a significant level in the
present studywhile using bolus-shaping software. This study
appears to reaffirm bolus shaping in allowing adequate
enhancement while decreasing the contrast medium load in
the assessment of abdominal organs.

Contrast enhancement of abdominal organs improves
with increased volume and injection rate of an iodinated
contrast medium.3,13,14 With this increase, however, hurdles
are encountered in the form of increasing cost, increase in
radiation dose, and an increase in CIN.4,5,11,15

PC-AKI is described as a sudden deterioration in renal
function that occurs within 48 hours following the intra-
vascular administration of iodinated contrast medium.11

PC-AKI does not indicate causality. CIN is where the acute
kidney can be directly related to the administration of
contrast media. CIN has been implicated as a significant
factor leading to an increase hospital stay, in hospital car-
diovascular events, and short- and long-termmortality.16e19

There is a lack of evidence, however, to define whether
these findings were indeed due to CIN or PC-AKI from other
nephrotoxic factors.11 In the present study, it is evident that
any deterioration in renal function cannot be solely blamed
on contrast medium administration as other factors may be
at play. The volume of contrast medium administered is
seen as a major contributing factor to CIN.20 The present
study demonstrated no significant difference in renal
function despite the decreased contrast medium volume in
the 75ml group. Interestingly, the rate of PC-AKI was higher
in the 100 ml group, although this was not significant.

The danger of radiation dose attributable to CT exami-
nations has been extensively examined.21e24 As a result,
there have been numerous innovations to decrease the ra-
diation dose from CT while maintaining the information
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yield. Iodinated contrast media leads to an increase in organ
dose. This has been extensively studied and forms the basis
for contrast-enhanced radiotherapy.5,25e28 By decreasing
the iodine load, it can be postulated that this leads to a
decrease in radiation dose to the patient.

Savings due to reduced utilisation of iodinated contrast
medium have been highlighted in other studies related to
the use of a saline flush.29 In Mayo General Hospital, 100 ml
pre-filled syringes cost V17.50 with the 75 ml syringes at
V16.50. The software alteration to allow bolus shaping was
performed at no cost. Based on the present cohort of 190 CT
examinations in 3 months, this would lead to an annual
saving of V760. This has obvious implications in financing a
radiology department in the current environment.

The benefits of the factors highlighted above all depend
on the assumption that the image is valid and no further
imaging is required. Previous studies have recommended a
minimum threshold of 50 HU in the liver is required in or-
der to allow adequate assessment.30,31 The present study
demonstrated that the attenuation values of the liver were
almost uniformly >50 HU. Interestingly, this threshold was
only breached with one patient in the 100 ml group.
Although there were decreased average attenuation values
in the aorta, liver, and spleen in the 75 ml group versus the
100 ml group, there was no significant difference. In the
subjective assessment, there was a significant decrease in
appreciation of sharpness of the abdominal aortic wall.
There was no significant difference in the assessment of
contrast, noise, or overall appreciation of image quality. No
study, however, was deemed unacceptable in either group.
This appears to indicate that there is slightly decreased
image quality in the 75 ml group, but nothing that would
compromise image validity.

A limitation of this study is the lack of assessment of
larger patients. No correlation was found between weight
and image validity. Therefore, future research may investi-
gate assessing patients who are >100 kg using 75 ml
contrast medium and the bolus-shaping software. Another
limitation is the use of only one assessor when subjectively
analysing image quality. This precludes assessment of inter-
rater correlation between assessors.

In conclusion, the present study demonstrated that by
using bolus-shaping software, it is possible to maintain
objective and subjective image quality while reducing the
contrast medium load to the patient. This has significant
implications to clinical practice in decreasing the cost and
risks associated with iodinated contrast media.
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