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Abstract

Objective—To objectively and subjectively compare nonionic iohexol and ionic diatrizoate 

iodinated oral contrast as part of a cathartic bowel regimen within the same CT colonography 

(CTC) cohort, with otherwise identical preparations.

Materials and Methods—In our IRB-approved retrospective study, 46 asymptomatic adults 

(mean age, 59.4 years; 26M/20F) returning for follow-up CTC over a 9-month interval underwent 

the same bowel preparation with the exception of 75 ml iohexol 350 (Omnipaque) in place of 60 

ml diatrizoate (Gastrografin). All other preparation components (bisacodyl, magnesium citrate, 

and 2% barium) remained constant. Objective volumetric analysis of residual colonic fluid volume 

and fluid attenuation was performed. Additionally, two radiologists experienced with CTC, 

blinded to the specific bowel preparation, scored each of 6 colonic segments for adherent residual 

solid stool using a previously validated 4-point scale (0 for no stool; 1–3 for increasing residual 

stool). Paired t-test was used for comparison of the cohorts.

Results—No clear clinically-meaningful difference was found between the two preparations on 

overall objective or subjective evaluation. Mean (±SD) residual fluid volume was 173±126 ml with 

the iohexol preparation and 130±79 ml with the diatrizoate prep (p=0.02). Mean total colonic stool 

score was 2.5 (0.42/segment) with iohexol and 2.3 (0.38/segment) with diatrizoate (p=0.69). Mean 

(±SD) fluid attenuation was higher with iohexol (849±270HU) compared with diatrizoate 

(732±168HU) (p=0.03).

Conclusions—Based on this direct intra-patient comparison, we found that oral iohexol is a 

suitable alternative to diatrizoate for fluid tagging as part of a cathartic bowel preparation at CTC. 

Because this nonionic tagging agent is more palatable, less expensive, and likely safer than ionic 

diatrizoate, our CTC program now utilizes iohexol as the standard recommended regimen.

Introduction

Colorectal cancer screening with CT colonography (CTC) has proven effective in terms of 

accurate detection of advanced neoplasia, safety, patient acceptance, and cost effectiveness 

[1–4]. One important feature of high quality CTC is adequate bowel preparation prior to the 
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examination to ensure both removal of bulk stool and contrast tagging of any residual 

material remaining in the colon [5–13]. Tagging of solid residual stool can be accomplished 

with dilute (2% w/v) barium sulfate, whereas uniform tagging of residual luminal fluid 

requires iodinated water-soluble agents [14]. Sodium diatrizoate/diatrizoate meglumine 

(Gastrografin, Bracco Diagnostics) has served in this role for many years. This ionic agent 

also has a cathartic effect that may further improve cleansing of any solid debris [9]. 

Nonionic iodinated contrast agents including iohexol (Omnipaque, GE Healthcare) are 

generally considered safer than ionic agents and are more palatable for oral consumption 

[15–17]. Furthermore, while nonionic agents were historically more expensive than ionic 

agents, iohexol now costs less than diatrizoate in our practice. For these reasons, our 

department recently switched from diatrizoate to iohexol for all routine CT examinations 

utilizing positive oral contrast. For CTC, a similar switch from ionic to nonionic iodinated 

contrast was slowly introduced. One potential issue for CTC is whether these benefits of the 

nonionic agent might be offset by undesirable effects on bowel preparation quality, including 

increased solid adherent stool and luminal fluid possibly associated with nonionic agents 

due to their presumed decreased cathartic-like action.

Kim et al. [15] recently reported their experience with diatrizoate versus iohexol for CTC by 

comparing two separate patient cohorts. Beyond a higher frequency of intraluminal bubbles 

in the iohexol cohort, examination quality was found to be similar. In our screening CTC 

program, we have asymptomatic adults who are returning for repeat screening after an initial 

negative screening CTC examination. This provided the opportunity to perform a head-to-

head intra-patient comparison of the efficacy of iohexol versus diatrizoate, with all other 

elements of the bowel preparation regimen remaining the same. This objective comparison 

included both automated assessment of the density and volume of residual luminal fluid, as 

well as scoring of residual adherent stool by interpreting radiologists. The specific purpose 

of our study, therefore, was to determine if nonionic iohexol contrast results in comparable 

bowel preparation as compared with the current standard utilizing ionic diatrizoate contrast, 

leaving all other preparation components constant.

Materials and Methods

Study design

Our retrospective study complied with the Health Insurance and Portability and 

Accountability Act and was approved by our institutional review board; the need for 

informed consent was waived. As noted in the introduction, our department recently 

switched from diatrizoate to iohexol for oral contrast at routine CT based on emerging data 

regarding cost, safety, and patient preference. This clinical decision was also gradually 

introduced for CTC. A total of 46 consecutive asymptomatic adults were identified who 

underwent initial CTC for colorectal cancer screening using diatrizoate as a tagging agent 

for residual fluid, with follow-up CTC using iohexol (mean follow-up interval = 4.1 years; 

range 1.5–7.5 years). The other elements of the cathartic bowel preparation regimen 

remained constant, as described below. The bowel preparation utilizing diatrizoate was 

administered to all individuals undergoing the initial CTC between 2006 and 2012 and the 

iohexol regimen was used for their follow-up examination performed between February 
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2014 and November 2014. The supine series was used for all analyses unless fluid 

subtraction was inadequate, in which the case prone images were used. The mean patient 

age was 59.4 years (range 49–88 years) at the time of initial CTC and 63.5 years (range 52–

93 years) at the time of the follow-up CTC. There were 20 women and 26 men.

CTC Bowel Preparation Regimens

With the exception of the specific oral iodinated contrast agent being used (ionic versus 

nonionic), the bowel preparation regimen was otherwise identical between the two visits. 

Starting the day before the scheduled CTC examination, patients were restricted to a clear 

liquid diet and received two 5 mg bisacodyl tablets, which were taken before 11 am. The 

evening before CTC, one 296 mL bottle of magnesium citrate was ingested, followed in 2–3 

hours by a second bottle of magnesium citrate and 250 ml of 2% w/v barium sulfate to tag 

residual solid stool. Lastly, either 60 ml diatrizoate (diatrizoate meglumine and diatrizoate 

sodium solution; Gastrografin, Bracco Diagnostics) (initial CTC) or 75 ml iohexol 

(Omnipaque 350, GE Healthcare) (follow-up CTC) was given 2–3 hours later to tag residual 

fluid. The difference in volume of diatrizoate and iohexol provided for roughly equal iodine 

loads (22.0 vs. 26.3 g iodine, respectively). The slight volume increase and iodine load for 

the nonionic prep was chosen to potentially counteract the presumed decrease in cathartic-

like action of the ionic prep. In terms of hydration, patients were instructed to take one glass 

(8 oz.) of a clear liquid with the bisacodyl (step 1), four to six glasses during steps 2 and 3 

(cathartic and barium), and one glass with step 4 (diatrizoate or iohexol).

Colonic distention and CT acquisition protocol

Automated CO2 delivery (PROTOCO2L, Bracco) was used to achieve colonic distention. 

[18] Spasmolytics were not administered. Scanning commenced after equilibrium 

intraluminal pressure was achieved. Technologists immediately reviewed images to ensure 

adequate insufflation. CT image acquisition was performed on 16- or 64-section multi-

detector CT machines (GE Healthcare). Acquisition parameters consisted of 1.25 mm 

collimation, 1 mm reconstruction interval, 120 kVp, and tube current modulation (noise 

index set at 50, 30–300 mA range).

Analysis of Bowel Preparation Quality

Assessment of the fidelity of colonic preparation included volume and density measurement 

of residual tagged fluid, as well as scoring of residual adherent solid tagged stool. Based on 

our previous experience with volumetric analysis of residual colonic fluid at CTC, we prefer 

to have less than 200 ml of residual luminal fluid to allow for efficient and effective 3D fly-

through evaluation [5, 6]. In terms of fluid density for 2D evaluation, we prefer an 

attenuation value greater than 500 HU [5, 6]. Finally, adherent stool must be minimized to 

allow for a primary 3D polyp evaluation [14].

The total volume and mean attenuation of the residual luminal colonic fluid for each patient 

were derived using an automated quality assessment (QA) tool available on a beta version of 

our CTC software system (V3D Colon, Viatronix) that provides the luminal fluid and gas 

volumes [5, 6, 19]. This portion of the study was conducted by one of the co-authors (B.J.), 

who is a board-certified radiologist with CTC training and 5 years of experience. Proper 
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processing requires correct centerline generation and colonic segmentation. The colon 

segmentation algorithm detects the gas-filled luminal cavity by initial thresholding. After 

visual confirmation and approval of correct segmentation, the QA software uses a region 

growing technique to delineate all tagged fluid regions connected to the gas-filled lumen. 

This software algorithm has been validated by the manufacturer on two established 

phantoms used for their product validation. According to the manufacturer, the accuracy for 

volume and attenuation measurement is within the range of 98%. The luminal fluid volume 

and its average attenuation (CT attenuation number in HU) were recorded. The efficiency of 

the automated fluid detection was verified online on axial 2D CTC image review with and 

without digital subtraction of the tagged fluid (electronic cleansing). This step confirmed 

that all residual tagged colonic luminal fluid was captured by the automated volumetric tool. 

As stated above, in cases where the software did not properly subtract all tagged luminal 

fluid on supine views, analysis was attempted using prone views. Cases where subtraction 

was inadequate on both views were excluded.

For adherent stool assessment, a previously established 4-point scoring system was 

employed by segment, consisting of a score of zero for no adherent tagged stool, score of 

one for solid tagged stool ≤5 mm, score of two for 1–3 particles 6–9 mm, and score of three 

for >3 particles 6–9 or any ≥10 mm [7, 8]. Two experienced fellowship-trained abdominal 

radiologists with extensive CTC experience (J.L.H. and J.B.R., 9 and 6 years, respectively; 

case experience >1,000 CTC examinations) each separately scored all examinations in 

random order, blinded to the contrast type. The endoluminal 3D fly-through in concert with 

2D correlation was utilized for optimal detection of residual adherent stool. The supine 

series was used as the default view; the prone view was employed only for cases where the 

supine view was inadequate. The views were matched such that each iohexol/diatrizoate 

CTC pair utilized the same position.

Statistical analyses

Continuous data were expressed as means with standard deviations or 95% confidence 

intervals (CI). The paired t-test was used for intra-individual comparison of fluid volumes 

and fluid attenuations between the diatrizoate and iohexol regimens. A p-value of <0.05 

indicated a statistically significant difference.

Results

The intra-individual head-to-head comparison revealed that the diatrizoate regimen resulted 

in less residual fluid in 27 of the 46 patient examinations (58.7%, 95% CI 44.3–73.1%) 

examinations, whereas iohexol resulted in less residual fluid in the remaining 19 patients 

(41.3%, 95% CI: 26.9–55.7%). The overall mean residual fluid volume was higher for the 

iohexol regimen (173±126 ml) than for the diatrizoate regimen (130±79 ml; p=0.02). 

Residual fluid volumes ranged from 1–593 ml with iohexol and 4–398 ml with diatrizoate. 

However, the intra-patient differences tended to be small, with a residual fluid difference 

between the diatrizoate and iohexol studies of less than 70 ml in 30 of 46 patients (65.2%). 

That is, those with small fluid volumes with diatrizoate tended to have small volumes with 

iohexol, and the same for larger residuals. In general, both regimens resulted in excellent 

bowel preparation (Figure 1), with volumes<200 ml in 39 (84.7%) of diatrizoate cases and 

Johnson et al. Page 4

AJR Am J Roentgenol. Author manuscript; available in PMC 2017 July 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



33 (72.7%) of iohexol examinations. Figure 2 shows a bow-and-whisker plot for residual 

luminal fluid volumes for the two cohorts.

The intra-individual head-to-head comparison revealed that the diatrizoate regimen resulted 

in higher fluid attenuation in 15 of the 46 patients (32.6%, 95% CI: 18.2–46.4%), whereas 

iohexol resulted in higher fluid attenuation in the remaining 31 patients (67.4%, 95% CI: 

53.0–81.8%). The overall mean fluid attenuation was significantly higher for the iohexol 

regimen (849±270HU) than the diatrizoate regimen (732±168HU; p=0.03). Mean fluid 

attenuation ranged from 353–1546 HU with iohexol and 314–1088 with diatrizoate. The 

distribution of mean fluid density is shown on Figure 3.The intra-patient difference in mean 

attenuation was >100 HU between the diatrizoate and iohexol studies in all but 11 cases 

(23.9%). The iohexol regimen resulted in five examinations (10.9%) with residual colonic 

fluid attenuation of less than 500 HU, whereas the diatrizoate regimen resulted in four 

examinations (8.7%) with attenuation less than 500 HU. The remaining examinations (n = 

41 for iohexol and n = 42 for diatrizoate) resulted in attenuation values >500 HU.

The intra-individual head-to-head comparison revealed an equal distribution of diatrizoate 

and iohexol regimens resulting in less residual adherent stool, with 23 of the 46 patients for 

each (50.0%, 95% CI 35.6–64.4%).The average total colonic residual stool score was not 

statistically significantly different between the iohexol group and the diatrizoate group 

(2.5±2.8 vs. 2.3±2.5; p=0.69). Mean total colonic stool scores ranged from 0–13.0 with 

iohexol and 0–10.5 with diatrizoate. The intra-patient differences in total stool scores 

between the diatrizoate and iohexol studies was 3.5 or less in 37 of 46 cases (80.4%) and 0.5 

or less in 16 of 46 cases (34.8%). More detailed data on segmental adherent stool scores 

according to each radiologist are provided in Table 1.

Discussion

In our retrospective study, both the iohexol- and diatrizoate-based CTC regimens resulted in 

excellent bowel preparation quality in terms of residual fluid volume, residual fluid 

attenuation, and residual solid adherent stool. The small differences observed in both the 

direct intra-patient and overall average comparisons are not felt to be of clinical relevance in 

terms of lesion detection. The strength of our study design was that all cases of the 

diatrizoate and iohexol versions of the CTC prep had a direct intra-patient comparison. 

Interestingly, residual fluid volumes and amount of adherent stool tended to closely match 

according to individual patients, such that patients with an excellent initial prep quality with 

diatrizoate tended to have an equally good result with iohexol (and the same for poor prep 

quality). The results of our study suggest that iohexol produces nearly equivalent and 

consistently excellent bowel preparation as compared with diatrizoate when utilized as part 

of a proven CTC bowel preparation regimen.

There was no statistically significant difference in residual adherent solid stool score 

between diatrizoate and iohexol groups, with each demonstrating very little residue. The 

acceptable equivalence of diatrizoate and iohexol by this metric is of utmost importance as 

abundant residual adherent stool precludes a primary 3D evaluation due to the pseudopolyp 

appearance of adherent stool, whether tagged or not. There was a statistically significant 
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difference in residual colonic fluid volume between diatrizoate and iohexol groups, with 

iohexol resulting in slightly more fluid on average. Despite this difference, both regimens 

resulted in residual fluid volumes predominantly in the optimal range of less than 200 mL 

and therefore our group did not consider this difference to be clinically meaningful [5, 6].

There was a statistically significant difference in residual colonic fluid attenuation between 

the diatrizoate and iohexol examinations, with iohexol resulting in higher attenuation. In our 

experience, residual colonic fluid with attenuation less than 500 HU leads to suboptimal 

examinations and the risk of missing submerged polyps [5, 6, 14]. When this criterion is 

used, the majority of examinations in both groups resulted in optimal attenuation of residual 

colonic fluid and the difference was not felt to be clinically meaningful. One might argue 

that there should be an upper limit to the optimal attenuation range, but in our experience, 

higher attenuation values are more easily adjusted for by setting appropriate window width 

and level during interpretation. There is a “blooming effect” with higher attenuation fluid 

which could lead to error in size measurements of submerged polyps, but polyp 

measurement should generally utilize series where the lesion is outlined by air – not fluid. In 

our experience, polyps are rarely submerged on all views, given the relatively low volume of 

residual fluid associated with our preparations. The higher attenuation of residual colonic 

fluid on iohexol exams may be due in part from the slightly higher iodine load and contrast 

volume in the iohexol prep. In our study, the iohexol preparation consisted of 75 mL of 

iohexol 350 which provides a total of 26.3 g iodine (75 mL × 350 mg iodine/mL). The 

diatrizoate preparation consisted of 60 mL diatrizoate which provides a total 22.0 g iodine 

(60 mL × 367 mg iodine/mL). Going forward, we have since adjusted the total volume of 

iohexol in the preparation to 50 mL (to further reduce residual fluid volumes) with good 

results. This amount of iohexol matches that used by Kim et al [15]. Future investigation 

after we have a much larger clinical experience with iohexol at CTC will help determine 

whether this change results in a slight reduction in residual colonic fluid attenuation.

A major attribute in favor of oral iohexol is that it is generally found to be more palatable 

than diatrizoate by patients [16, 17]. This is especially true for our CTC preparation as both 

iodinated agents are given in an undiluted form, with the option to dilute only if desired. One 

study showed that 39% of patients would refuse to take diatrizoate for CTC, compared with 

only 9% for iohexol [17]. Historically, diatrizoate has been less expensive than iohexol, but 

the price of iohexol has recently dropped below that of diatrizoate in our pharmacy system, 

which removes the previous cost barrier to its use. Finally, although diatrizoate has been 

very safe in our experience with over 10,000 CTC examinations, there are at least potential 

risks related to aspiration, hypovolemia, and anaphylactic reaction. In all respects, iohexol is 

presumably even safer.

The main limitation of our study is the relatively small patient cohort (n=46), but we believe 

this is more than compensated for by the fact that intra-patient comparison was available for 

all 46 patients. This direct one-to-one comparison of diatrizoate and iohexol by patient 

allowed for more critical assessment, and removes many potential biases. Going forward, we 

plan to reassess our larger experience with iohexol after more patients have been evaluated. 

Another group of investigators have compared oral iohexol and diatrizoate as part of a CTC 

bowel preparation utilizing polyethylene glycol (PEG) [15]. In this study, Kim et al. reported 
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that the iohexol preparation resulted in a higher rate of frothy colonic bubble formation 

compared with the diatrizoate preparation. A key difference between this study and our 

current study is the use of polyethylene glycol PEG as a lavage agent and lack of intra-

patient comparison in their study. In our study, all patients received magnesium citrate as a 

cathartic agent and we did not note significant bubble formation in any of our examinations, 

regardless of the contrast agent used. Although unproven, this leads us to believe that this 

bubble formation is most likely associated with the PEG component of the preparation. 

Another limitation of our study was the unavoidable delay between the two CTC studies for 

each individual patient, as well as the necessarily fixed order of the ionic and nonionic 

agents, which could conceivably lead to a systematic bias.

In conclusion, our initial experience with iohexol at CTC shows that it represents a suitable 

alternative to diatrizoate for fluid tagging as part of a cathartic bowel preparation. Based on 

the results of our study, in conjunction with iohexol being more palatable, less expensive, 

and presumably safer than diatrizoate, we believe that iohexol can replace diatrizoate in 

routine clinical practice, and have implemented this change in our program.
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Figure 1. 
Initial and follow-up CTC in 61-year-old (at time of index study) man.

Top row (initial CTC with diatrizoate preparation): 2D transverse, 2D sagittal, and 3D 

endoluminal CTC images show excellent preparation quality with minimal tagged fluid (90 

ml; mean attenuation, 589 HU) and almost no adherent tagged stool (pooled total colonic 

stool score = 0.5).

Bottom row (follow-up CTC with iohexol preparation): Matching CTC images show very 

similar preparation results (63 ml; 852 HU; pooled total colonic stool score = 0.5).

In general, intra-patient preparation results at follow-up CTC tended to mirror initial results 

with diatrizoate (see text).
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Figure 2. 
Standard box-and-whisker plots of residual colonic fluid volumes. Results are clinically 

comparable. Boxes include all measurements in the 2nd and 3rd quartiles with the line inside 

the box denoting the median value. Whiskers indicate 1.5 × the inter-quartile range (portions 

of the lower whiskers are cropped because they extend below 0).
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Figure 3. 
Distribution of mean attenuation of luminal fluid.
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