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ORIGINAL ARTICLE

Influence of Contrast Material Temperature on Patient Comfort
and Image Quality in Computed Tomography of the Abdomen

A Randomized Controlled Trial

nolj/:dny woly papeojumoq

Background: International guideline recommendations on safe use of contrast
media (CM) are conflicting regarding the necessity to prewarm iodinated CM.
2 Purpose: Aim of the study was to evaluate the effects of room temperature CM
=compared with prewarmed CM on image quality, safety, and patient comfort in
abdominal computed tomography (CT).
Methods: CATCHY (Contrast Media Temperature and Patient Comfort in Com-
puted Tomography of the Abdomen) is a double-blinded, randomized noninferi-
rity trial. Between February and August 2020, 218 participants referred for
ortal venous abdominal CT were prospectively and randomly assigned to 1 of
groups. All patients received iopromide at 300 mg I/mL: group 1 at room tem-
erature (~23°C [~73°F]) and group 2 prewarmed to body temperature (37°C
[99°F)). A state-of-the-art individualized CM injection protocol was used, based
on body weight and adapted to tube voltage. Primary outcome was absolute dif-
ference in mean liver attenuation between groups, calculated with a 2-sided 95%
confidence interval. The noninferiority margin was set at —10 HU. Secondary
outcomes were objective (signal-to-noise ratio and contrast-to-noise ratio) and
subjective image quality; CM extravasations and other adverse events; and partic-
ipant comfort (5-point scale questionnaire) and pain (numeric rating scale). This
ial is registered with ClinicalTrials.gov (NCT04249479).
Results: The absolute difference in mean attenuation between groups was +
23 HU (95% confidence interval, +0.35 to +8.11; mean attenuation,
122.2 £ 13.1 HU in group 1, 118.0 + 15.9 HU in group 2; P = 0.03). Signal-
0-noise ratio, contrast-to-noise ratio, and subjective image quality were not sig-
nificantly different between groups (P = 0.53, 0.23, and 0.99 respectively). Con-
trast extravasation occurred in 1 patient (group 2), and no other adverse events
occurred. Comfort scores were significantly higher in group 1 than in group 2
(P = 0.03); pain did not significantly differ (perceived P > 0.99; intensity
P =0.20).
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Conclusions: Not prewarming iodinated CM was found noninferior in abdomi-
nal CT imaging. Prewarming conferred no beneficial effect on image quality,
safety, and comfort, and might therefore no longer be considered a prerequisite
in state-of-the art injection protocols for parenchymal imaging.
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C omputed tomography (CT) has rapidly evolved.' Both scan and
contrast media (CM) protocols have been individualized based
on patient characteristics as well as for clinical indications.*® The ef-
fects of various characteristics of CM have been thoroughly
investigated.® '® Among these, CM viscosity is key. In general, viscos-
ity of CM increases with higher CM concentration and is directly influ-
enced by temperature: prewarming CM leads to decreased viscosity,
which may reduce the risk of both CM extravasation and adverse events
in general, increasing participant comfort.'*!>17 However, the neces-
sity to prewarm CM for clinical CT applications is still under debate.® '
Indeed, European and American guidelines on the use of CM are not in
agreement on prewarming CM.'>"® The European Society of Urogeni-
tal Radiology recommends prewarming iodine-based CM in all cases. '
On the other hand, according to the American College of Radiology,
prewarming CM is only necessary for concentrations of 370 mg I/mL
or higher, injection rates above 5 mL/s, or if small-gauge catheters are
used.' 21312 The latter advice is primarily based on a large retrospective
study by Davenport et al'' comparing 12,682 injections with
prewarmed CM to 12,138 injections without prewarmed CM. Adverse
event rates were not different for iopamidol 300 injections of less than
6 mL/s but were significantly reduced by prewarming for iopamidol
370 injections.

Prewarming CM requires special equipment and more complex
planning and logistics. On the other hand, prewarming CM may yield
higher attenuation levels, image quality, and comfort.?° The question re-
mains whether prewarming CM is necessary when moderate flow rates
(<6 mL/s) are used, as is the case in abdominal imaging.

The aim of the study CATCHY (Contrast Media Temperature
and Patient Comfort in Computed Tomography of the Abdomen) was
to prospectively compare room temperature CM to prewarmed CM
with regard to image quality, safety, and participant comfort in portal
venous abdominal imaging.

MATERIALS AND METHODS

Ethics

This double-blinded randomized controlled noninferiority trial
was approved by the local ethics committee and the institutional review
board, and is registered on ClinicalTrials.gov (NCT04249479). Written
informed consent was obtained before inclusion in the clinical trial. The
study did not receive any industry support.
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Study Design and Study Population

Using CM at room temperature (~23°C [~73°F]) might result in
lower attenuation than would be achieved using CM prewarmed to body
temperature.?® The hypothesis of the CATCHY trial is that using CM at
room temperature does not compromise diagnostic image quality, pa-
tient safety, or comfort in the setting of abdominal imaging. The sam-

2 §p1e size was calculated to enable detection of an absolute difference of
£ 210 HU in mean attenuation of the liver. This noninferiority margin
was chosen based on earlier studies where mean attenuation of
120 HU was found sufficient and a decrease in attenuation of 10%
was pronounced clinically significant.?! To be able to detect a differ-
ence greater than 10 HU with a power of 90% and 2-sided o of 5%, 98
articipants per group are required. We recruited an additional 10% to
-account for potential loss to follow-up.

Participants referred for an abdominal CT in portal venous phase
were prospectively included between February and August 2020 at our
center. Exclusion criteria were hemodynamic instability, pregnancy, re-
=nal insufficiency (estimated glomerular filtration rate <30 mL/min per
.73 m?), prior adverse reactions to iodinated CM, age g'ounger than
8 years, and inability to place an 18-gauge needle.”>*> Additional
scanning was no reason for exclusion unless it altered the underlying
CM injection protocol. Repeated inclusion was allowed, as it was not
xpected to influence outcome. Body weight (in kilograms) of the par-
icipant was measured before scanning on a calibrated scale. As the
maximum level of the dual head injector syringes is 200 mL, partici-
ants with a body weight greater than 115 kg were excluded from this
study. Participants' height (in meters) was checked, and body mass in-
dex was calculated. A 1:1 computer-generated randomization schedule
was used (TENALEA [Trans European Network for Clinical Trials Ser-
ices]). Stratification factors were age (<60 and 260 years) and weight
<75 and 275 kg). Participants were equally divided in 2 groups by var-
able block randomization.

All data were collected by 1 blinded researcher (B.M.) using
electronic case report forms and checked by an independent study mon-
itor. Patients were blinded as to the allocated treatment. A written
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questionnaire evaluating comfort was filled in by the participant directly
after each CT examination.

Scan and Contrast Media Injection Protocol

A third-generation dual-source CT scanner (Somatom Force;
Siemens Healthineers, Forchheim, Germany) with automated tube cur-
rent modulation (CareDose4D, Siemens) and automated tube voltage
selection (CarekV; Siemens) techniques was used: 120 kV, and
150 mAs; 192 x 0.6 mm slice collimation, gantry rotation time of
0.5 seconds.

Group 1 received CM at room temperature (~23°C [~73.4°F]),
and group 2 received prewarmed CM (37°C [99°F]). An 18-gauge cath-
eter (Vasofix Safety; B Braun, Melsungen, Germany) was placed by the
radiographer in the participants' arm (eg, antecubital vein, forearm, or
wrist) before scanning. For both groups, the CM injection protocol
(300 mg/mL of iopromide [Ultravist 300; Bayer Healthcare, Berlin,
Germany]) was adapted to the participants' body weight and the tube
voltage used (at a tube voltage of 120, 110, 100, and 90 kV, a respective
dosing factor of 0.521, 0.469, 0.417, and 0.365 g I/kg was used).8’2'
The scan was performed 70 seconds after start of the CM injection
using a dual head power injector (Stellant; Bayer Healthcare, Berlin,
Germany) followed by a saline flush with the same injection speed
and an overall volume of 40 mL.

Image reconstruction parameters were as follows: 3-mm slice thick-
ness, 2-mm increment, soft tissue kernel (Br40), and iterative reconstruction
(IR) strengths 2/3 (Siemens; Advanced Modeled Iterative Reconstruction).

A dedicated data acquisition program (Certegra Informatics So-
lution; Bayer) monitored the CM parameters. Radiation dose and recon-
struction settings were collected from the dose sheet at the PACS
workstation (IMPAX version 6.6.1.5003; AGFA HealthCare N.V,
Mortsel, Belgium).

Primary Outcome

Absolute difference in mean attenuation of the liver parenchyma
between groups was calculated with a 2-sided 95% confidence interval

| Patients referred for an abdominal CT in portal venous phase

Exclusion Criteria

¥

' Informed consent

Pregnancy
‘ Renal insufficiency (GFR <30 mL/min/1.73m’)

v

Hemodynamic instability
lodine allergy

' Randomization

Age <18 years
‘ Inability to place 18 gauge catheter

} , !

Group 1 (N=109)
300 mg I/ml
Contrast material
at~23"C/~73°F

300 mg I/ml
Contrast material
at37° C/99°F

Group 2 (N=113)

v v
Excluded Excluded
No patients 2 Technical problems
1 Questionnaire missing
1 Patient already had a 20
gauge needle in place
v ,

N =109 ‘ N =109 ’
| Abdominal CT |
v
| QUESTIONAIRE |

I

‘ Data Analysis (blind)

FIGURE 1. Trial profile. GFR, glomerular filtration rate.
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TABLE 1. Key Demographic and Clinical Characteristics of
Randomized Groups

Group 1 (Room Group 2 (37°C

Characteristics Temperature) N = 109 [99°F]) N =113
9Excluded participants 0 4
SAge,y 66.3 +10.6 65.1+11.1
2Sex (% male) 56.0% 64.2%
“Body weight, kg 79.7 +£13.7 784 +12.8
SHeight, m 1.72 +0.09 1.72 4 0.08
ZBMI, kg/m? 268+3.7 265+ 4.0
‘SScan indication, %

Oncology 97.2% 92.7%
Infection 0.9% 2.8%
Other 1.8% 4.6%

BMI, body mass index.

—~

CI) of the difference. Mean attenuation in Hounsfield units (HU) was
based on 3 liver segments, preferably segments 2, 5, and 8 (Couinaud
classification®*). A region of interest was drawn in each segment (area:
=1 cmz), not containing vessels, bile ducts, or lesions.
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Secondary Outcomes

Objective image quality was rated using signal-to-noise ratio
SNR; mean attenuation divided by the mean standard deviation
SD]) and contrast-to-noise ratio (CNR; mean liver attenuation minus
HU of the left paraspinal muscle, divided by the SD of the attenuation
of the paraspinal muscle). Subjective image quality was rated in consen-
sus on a 5-point Likert scale by 2 readers, B.M. and C.M. (5 and 10 years'
experience in abdominal imaging, respectively). Readers were blinded to
the allocated protocol. Overall image quality was rated on a 5-point
ikert scale (1 = excellent, 2 = good, 3 = moderate, 4 =poor, and 5 = very
poor).>! Readers were allowed to level window settings individually.

All adverse events, including contrast extravasation, were re-
ported by the radiographer.

Comfort was rated by the patient on the questionnaire provided
by the radiographer directly after the scan was performed (1 = very
bad, 2 =bad, 3 =neutral, 4 = good, 5 = excellent). An 11-point numeric
rating scale was used to evaluate pain during injection (0 = no pain,
10 = very severe pain).'” Feelings of shivering, goosebumps, or cold
were evaluated, and an open field was provided for the patient to record
any other experiences. The questionnaire is given in the Supplemental
Digital Content, http:/links.lww.com/RLI/A638.
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Statistical Analysis

Dichotomous outcomes are reported as absolute numbers with
percentages; continuous outcome variables are reported as mean = SD.
Results are stratified by treatment allocation. To test for noninferiority, a
CI approach was used on an analysis of covariance model, with a
2-sided 5% level of significance. For the primary end point, noninferi-
ority of room temperature CM to prewarmed CM could be claimed if
the lower limit of the CI for the absolute difference in mean liver atten-
uation (room temperature CM group minus prewarmed CM group) falls
above —10 HU. This test for noninferiority was only performed for the
primary outcome.

Participant comfort and pain intensity were compared between
groups using the Mann-Whitney U test. The x> test, and in case of ex-
pected cell counts of less than 5, Fisher exact test, was used for dichot-
omized variables. Continuous normally distributed variables were
compared between groups using the independent samples ¢ test. The
Mann-Whitney U test was used for not normally distributed variables.

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

Data were analyzed using statistical software (SPSS, version 26.0;
IBM Corp, New York, NY). A 2-sided P value less than 0.05 is consid-
ered statistically significant. Both per-protocol and intention-to-treat
analyses were done.

RESULTS

Baseline Characteristics

Two-hundred twenty-two participants were enrolled. Four partic-
ipants were excluded: 2 due to technical problems—in 1 participant, the
questionnaire form was missing, and 1 participant already had a
20-gauge needle in place and therefore had to be excluded (Fig. 1).
All patients received their allocated treatment. Therefore, in this study,
the intention-to-treat population is the same as the per-protocol popula-
tion. Key demographic and clinical characteristics are detailed in Table 1.

Mean CM volume was 103.6 + 21.7 mL in group 1 and
100.8 =21.4 mL in group 2 (P = 0.33). Mean flow rate was 3.4 £ 0.7
in group 1 and 3.3 £ 0.7 mL/s in group 2 (P = 0.31). Other CM and ra-
diation dose parameters are shown in Table 2. There were no significant
differences between groups, except peak pressure (in psi), which was
significantly higher in group 1: 63.1 + 19.7 psi (room temperature
CM) versus 54.9 + 18.4 psi (prewarmed CM) (P = 0.001).

Primary Outcome

The percentage difference in mean attenuation (group 1 minus
group 2) was +4.23 HU with 95% CI + 0.35 to + 8.11. The lower limit
of'the Cl of the difference falls within the noninferiority margin, indicat-
ing noninferiority of room temperature CM with respect to attenuation

(Fig. 2).

Secondary Outcomes

Objective and subjective image quality results are shown in Table 3.
Mean attenuation was 122.2 4+ 13.1 in group 1 and 118.0 £ 15.9 in group 2

TABLE 2. Contrast Media and Radiation Dose Parameters

CM and Radiation
Dose Parameters

Group 1 (Room Group 2
Temperature) N=109 (37°C) N =109 P

CM volume, mL 103.6 £21.7 100.8 £21.4 0.33
TIL, g 31.1+6.5 302+64 0.34
Flow rate, mL/s 34+0.7 33+0.7 0.31
Peak flow rate, mL/s 38+0.9 3.8+£0.8 0.89
Peak pressure, psi 63.1 £19.7 549+ 184 0.001
IDR, g I/s 1.0£02 1.0+0.2 0.33
Tube voltage, kV 0.84

90 kV, % 64.2% 67.9%

100 kV, % 33.9% 30.3%

110 kV, % 1.8% 1.8%

120 kV, % 0% 0%
Mean mAS,.¢ 293.4 +559 300.7 +£57.2 0.29
Mean mAS.g 217.1 £51.6 208.4 £ 47.0 0.20
CTDl,,), mGy 72+23 69+20 031
DLP, mGy-cm 386.5+133.6 390.4 +136.8 0.83
IR2 (%)/IR3 (%) 60.6%/39.4% 54.1%/45.9%  0.34

CM volume, TIL, mAs.g and DLP, mean liver attenuation (HU), SNR, and
CNR were normally distributed and compared using the independent samples ¢
test. Flow rate, peak flow rate, peak pressure, mAs,., and CTDI,,, were not nor-
mally distributed and the Mann-Whitney U test was used.

CM, contrast media; TIL, total iodine load; IDR, iodine delivery rate; mAs .,
quality reference mAs; mAs.g;, effective mAs; CTDI,,,;, CT dose index; DLP, dose
length product; IR, iterative reconstruction.

www.investigativeradiology.com | 87

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.


http://links.lww.com/RLI/A638
www.investigativeradiology.com

Martens et al

Investigative Radiology e Volume 57, Number 2, February 2022

Absolute
difference %%l
Attenuation (HU) e 3.5% (0.35t0 8.11)

Non-inferiority limit 10%
I

-10 0

10

Favours room temperature

»
»

-

inoly/:dny woly papeojumoqg

sfeu
>

juny

ounsfield units.

/OO MM

(P=0.03). Signal-to-noise ratio, CNR, and subjective image quality did not
significantly differ between groups (P = 0.53, 0.23, and 0.99 respectively).

There was 1 person with a contrast extravasation in group 2. No
other adverse events were reported.

Patient comfort and pain results are shown in Table 4. Comfort
scores were higher in group 1 than in group 2 (P = 0.03). Comfort
was graded excellent or good by 91.7% of the participants in group 1
and by 86.2% of the participants in group 2. Comfort was rated bad
r very bad by 1 participant (0.9%) in each group. In group 1, 3 patients
3.3%) and in group 2, 4 patients (4.4%) perceived pain (P> 0.99). Pain
ntensity scores were not significantly different between groups
P = 0.20). Four participants had a feeling of being cold, of which 3
were randomized in group 1 (Table 4).
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DISCUSSION

Contrast media at room temperature was found to be noninferior

o prewarmed CM in mean attenuation of the liver. Furthermore, the
5 gpresent study found no evidence or benefits from prewarming iodinated
& ECM with regard to image quality, safety, and patient comfort in portal
venous abdominal CT imaging. Mean attenuation was significantly
higher in the room temperature CM group. Differences in SNR,
CNR, and subjective image quality between groups were small and
nonsignificant. Injecting CM at room temperature did not result in
CM extravasations or other adverse events at the given IDR of 1.0 g I's,
which is in line with the results of the study by Davenport et al.''"!?
Contrast media at room temperature yielded significantly higher

=
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TABLE 3. Objective and Subjective Image Quality

Group 1 (Room Group 2 (37°C
Temperature) N =109 [99°F)) N=109 P

Objective image quality

Mean attenuation, HU 1222 +13.1 1180159  0.03
SNR 9.8+2.1 9.6+21 0.53
CNR 62+24 58+22 0.23
Subjective image quality
Excellent (%) 26.6% 25.7% 0.99
Good (%) 66.1% 66.1%
Moderate (%) 6.4% 7.3%
Poor (%) 0.9% 0.9%
Very poor (%) 0% 0%

HU, Hounsfield units; SNR, signal-to-noise ratio; CNR, contrast-to-noise
ratio.

IGURE 2. Absolute difference in mean attenuation of the liver (room temperature CM group minus prewarmed CM group). The dashed line shows the
oninferiority margin, set at —10 HU. Error bars indicate the 95% confidence interval (Cl) of the difference; the bullet shows the point estimate. HU,

participant comfort scores, although absolute differences are small
and may not be clinically relevant.

This is the first prospective randomized trial providing high level
evidence that participant comfort and image quality are not increased by
prewarming CM in this setting. The European and American guidelines
have a conflicting opinion on this subject.'®!'® Based on the results of
the current study, it seems that the American College of Radiology
guidelines is the one to follow. Contrast media extravasation, other ad-
verse events, and participant comfort are not adversely affected by ad-
ministering CM at room temperature. As a consequence, one may
forego prewarming for CM injections with low iodine concentration
of 300 mg/mL, at moderate flow rates and an 18-gauge catheter.

Peak pressure was significantly higher for CM at room tempera-
ture compared with prewarmed CM. Mean flow rate in present study
was quite low (mean flow rate of 3.4 mL/s ranging from 2.0 mL/s up
to a maximum of 5.3 mL/s). A higher flow rate is expected to further
increase peak pressure and therefore might negatively influence partic-
ipant comfort. However, at our center, more than 90% of the scans per-
formed between 2013 and 2019 had a flow rate below 6 mL/s with
rather low psi and IDR values, and the results of the current trial will ap-
ply. Accordingly, future research could focus on participant comfort
when CM is injected at room temperature with higher flow rates, for ex-
ample, in cardiovascular imaging. As shown by Davenport et al,'! in-
creasing flow rates increases incidences of CM extravasation and

TABLE 4. Participant Comfort

Group 1 (Room Group 2 (37°C

Comfort Temperature) N =109 [99°F)N=109 P
Contrast extravasation 0 1
Comfort (median, IQR) 4 (4-5) 4 (4-5) 0.03
Excellent (N) 54 39
Good (N) 46 55
Neutral (N) 8 14
Bad (N) 1 0
Very bad (N) 0 1
Pain intensity (median, 0 (0-0) 0 (0-0) 0.20
IQR)
Pain (yes/no) 3/106 4/105 >0.99
Feeling cold
Shivering (N) 0 0
Goosebumps (N) 0 0
Cold (N) 3 1

IQR, interquartile range.
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other adverse events in specific settings, most likely also decreasing
participant comfort.

The study has some limitations. First, it is a single-center ran-
domized controlled trial. Generalizability to other centers might be lim-
ited. Intraindividual comparison may have been preferable but is not
readily feasible in clinical setting. Second, the sample size was based
on a noninferiority margin for objective image quality, because not
much is known about patient comfort margins, which was the main
study outcome. In addition, CM temperature was measured in the bot-
le. Prewarmed CM might cool down when traveling through the tubing
from the bottle to the patient. Therefore, injected CM temperature may
have been overestimated. Lastly, the mean flow rate was quite low and
=results might have been different if CM injection protocols with higher
flow rate were used.

Prewarming CM is not beneficial in terms of image quality,
safety, and participant comfort in portal venous phase abdominal CT
imaging. Prewarming CM should therefore not be a prerequisite in
state-of-the art injection protocols for parenchymal imaging for CM in-
jections with low iodine concentrations, at moderate flow rates, and a
easonable catheter size.
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