Extrinsic warming of low-osmolality iodinated contrast
media to 37°C reduced the rate of allergic-like reaction
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ABSTRACT

Background: Although there is good evidence that warming of contrast media changes the bolus kinetics and injection
pressure of iodinated contrast media, there has been little evidence that it affects clinical adverse event rates in a meaningful
way.

Objective: To determine whether the extrinsic warming of low-osmolality iodinated contrast media to 37°C reduced adverse
reactions.

Methods: Data on adverse reactions were collected from two cohorts, one of which used contrast media at room temperature
and the other in which contrast media were warmed to 37°C before administration. Adverse reactions, including allergic-like
and physiological reactions, were reviewed. We compared the incidence rates of adverse reactions between the two cohorts by
using the x2 test.

Results: A total of 70,446 injections in cohort 1 and 203,873 injections in cohort 2 were included. Extrinsic warming
reduced the rate of allergic-like reactions to iopromide 370, iopamidol 370, and iohexol 350 (0.32% in cohort 1 versus 0.21%
in cohort 2, p = 0.003; 0.14% versus 0.10%, p = 0.046; and 0.32% versus 0.13%, p = .003, respectively). However, the
physiological reaction rates could not be reduced (p = 0.057, p = 0.107, and p = 0.962, respectively). The extrinsic warming
of iopromide 300 could not reduce adverse reaction rates (allergic-like reaction rates: 0.21% versus 0.16%, p = 0.407;
physiological reaction rates: 0.17% versus 0.13%, p = 0.504).

Conclusion: Extrinsic warming to 37°C before intravenous administration was associated with a reduction in the rate of

allergic-like reactions to iopromide 370, iopamidol 370, and iohexol 350.
(Allergy Asthma Proc 39:e55-e63, 2018; doi: 10.2500/aap.2018.39.4160)

he extrinsic warming of iodinated contrast me-
dium from room temperature to human body
temperature (37°C) reduces its viscosity, particularly
for nonionic radiocontrast agents." In previous studies,
this approach has increased the viscosity-dependent
iodine delivery rate with both manual and high-pres-
sure injections when using intravenous (i.v.) catheters.”
The rate of anaphylactoid adverse events due to high-
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osmolality contrast media (HOCM) decreases when
these agents are warmed before i.v. administration.’?
Currently, HOCM has been replaced by low-osmolal-
ity contrast media (LOCM) at most institutions because
of its improved adverse effect profile.* Therefore, the
number of institutions that adopted this practice with
expectations to reduce the adverse reactions to LOCM
is increasing.

The extrinsic warming of iodine-based contrast me-
dia to 37°C before routine clinical i.v. administration
was suggested in the American College of Radiol-
ogy, version 10.1° and the European Society of Uro-
genital Radiology version 9.0° contrast medium guide-
lines to minimize complications and improve vascular
opacification. Extrinsic warming changes the bolus kinet-
ics and injection pressure of iodinated contrast media.
Therefore, iodinated contrast media are primarily
warmed to reduce extravasation events. However, un-
til now, only one previous study, with 24,830 injections
of iopamidol 370 during a 400-day study period,
showed that warming has a significant effect on extrav-
asation rates.” Analysis of data that are based on a large
population study shows that warming positively af-
fects extravasation rates are still limited.” Thus, we
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conducted a literature review of multiple data bases
and found that no previous studies reported that the
extrinsic warming of LOCM before i.v. injection
could reduce the rates of acute adverse reactions (i.e.,
allergic-like and physiological reactions). Therefore,
to date, no conclusive data can confirm the effects on
adverse reactions of warming LOCM before i.v. ad-
ministration.

Iodinated contrast media are considered medica-
tions. Therefore, the warming of iodinated contrast
media is regulated by the Joint Commission, which
mandates if contrast media are to be extrinsically
warmed.” It is important to provide conclusive evi-
dence that shows that the warming of contrast medium
is practical (e.g., a daily temperature log and regular
maintenance for each incubator) and cost effective.
Therefore, the present study aimed to determine
whether the extrinsic warming of LOCM to human
body temperature (37°C) before routine i.v. adminis-
tration during computed tomography (CT) reduces ad-
verse reaction rates.

METHODS

The ethics review board of Guangdong General Hos-
pital approved this retrospective study and waived the
need to obtain informed consent from the patients. B.
Zhang, J. Liu, Y. Dong, and B. Guo contributed equally
to this work.

Patients

All LOCM-enhanced CTs were performed in all the
patients (including children and adults) in cohort 1
(n = 70,446) and cohort 2 (n = 203,873) from January 1,
2007, to December 31, 2015. The two cohorts were
derived from two separate hospitals: cohort 1 was from
a large tertiary hospital, and cohort 2 was from a
different large tertiary hospital. The use of contrast
material warmers for all iodinated contrast media con-
tinued in cohort 2 since 2007. The decision was not
associated with the present study. Cohort 1 did not use
contrast material warmers during the study period due
to the uncertain effect of warming on adverse reac-
tions. The patients in the present study did not receive
any premedication before enhanced CT because the
clinical evidence on the effectiveness of premedication
is limited and premedication may not prevent anaphy-
laxis.

All the patients in the two cohorts were thoroughly
screened before they underwent enhanced CT. Usu-
ally, patients with relative contraindications, such as
renal insufficiency, hyperthyroidism, unstable ast-
hma, and/or previous moderate or severe acute ad-
verse reactions, were not injected with iodine-based
contrast media unless necessary. No patient was per-
mitted to leave the CT waiting room within 30 min-
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utes after injection, and patients with adverse reac-
tions were followed up for =24 hours. Outpatients
were followed up via telephone, and inpatients were
followed up by their clinical nurses who provided
feedback to the nurses in the radiology department.
All CT operation rooms were equipped with suffi-
cient rescue drugs and devices. Once an adverse
reaction occurs, the emergency department physi-
cians, radiologists, and nurses could use the devices
and drugs to preliminarily treat the patients until
they are stable. These patients would then be sent to
the emergency department for further treatment and
observation if necessary.

Contrast Media and Their Administration

The following LOCM were used in cohorts 1 and 2
for i.v. contrast-enhanced CT examinations during the
study period®: iopromide 370 (trade name Ultravist,
370 mg I/mL; viscosity of 20.1 cP at 20°C and 9.5 cP at
37°C [Bayer Health Care, Guangzhou, CN]), iopromide
300 (trade name Ultravist, 300 mg I/mL, viscosity of
9.2 cP at 20°C and 4.9 cP at 37°C [Bayer Health Care,
Guangzhou, CN]), iopamidol 370 (trade name Isovue,
370 mg I/mL; viscosity of 20.9 cP at 20°C and 9.4 cP at
37°C [Bracco Imaging, Shanghai, CN]), and iohexol 350
(trade name Omnipaque, 350 mg I/mL, viscosity of
23.3 cP at 20°C and 10.6 cP at 37°C [GE Health Care,
Guangzhou, CN]). For details, see Online Supplemen-
tal Material.

Adverse Reactions

In the two cohorts, adverse reactions (i.e., allergic-
like and physiological reactions) were tracked by using
the picture archiving and communication system and
the self-designed case report form by the nurses in the
radiology department from January 1, 2007, to Decem-
ber 31, 2015. The case report form includes age, sex,
history of adverse reaction to iodinated contrast me-
dium, history of asthma, additional allergies (.., pen-
icillin anaphylaxis), signs and symptoms of the adverse
reaction, treatment, clinical outcome, type and dose of
contrast medium, and injection rate. Mild adverse re-
actions included nausea, mild vomiting, urticaria, and
itching, and moderate adverse reactions included se-
vere vomiting, marked urticaria, bronchospasm, facial
and/or laryngeal edema, and vasovagal attack. Mean-
while, severe adverse reactions included hypotensive
shock, respiratory arrest, cardiac arrest, and convul-
sion. All adverse manifestations were recorded for
each adverse reaction to the iodinated contrast mate-
rial. Allergy-like symptoms were caused by direct tox-
icity from the contrast media instead of type 1 immu-
noglobulin E (IgE) mediated reactions. The contrast
material-related adverse reactions were classified by
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Table 1 Comparison of acute adverse reaction rates in cohorts 1 and 2

CM and Parameters Cohort 1 (no warming) Cohort 2 (warming) p
No. Rate, % No. Rate, %
Iopromide 370
Injections 18,628 82,989
Adverse reactions 78 0.42 227 0.27 0.001
Allergic-like reactions 60 0.32 172 0.21 0.003
Physiological reactions 35 0.19 108 0.13 0.057
Iopromide 300
Injections 4657 14,645
Adverse reactions 15 0.32 33 0.23 0.248
Allergic-like reactions 10 0.21 23 0.16 0.407
Physiological reactions 8 0.17 19 0.13 0.504
Iopamidol 370
Injections 28,570 97,633
Adverse reactions 61 0.21 152 0.16 0.036
Allergic-like reactions 40 0.14 94 0.10 0.046
Physiological reactions 33 0.12 81 0.08 0.107
Iohexol 350
Injections 18,591 8606
Adverse reactions 69 0.37 16 0.14 0.011
Allergic-like reactions 60 0.32 11 0.13 0.003
Physiological reactions 22 0.12 10 0.12 0.962

the American College of Radiology criteria (version
10.1).°

Statistical Analysis

The x* test or the Fisher-Yates test was applied to
compare adverse reactions between cohorts 1 and 2. A
two-tailed p < 0.05 was considered statistically signif-
icant. The Student’s t-test was used to compare the
mean age and injection rate between the patients with
acute adverse reactions in cohorts 1 and 2. Data were
analyzed by using the Statistical Package for Social
Sciences software version 23.0 (SPSS Inc., Chicago, IL).
A power analysis was not conducted because the pres-
ent study had a large sample size.

RESULTS

A total of 70,446 injections in cohort 1 and 203,873
injections in cohort 2 were included in this hospital-
based study. Adverse reactions after the i.v. adminis-
tration of iopromide 370, iopromide 300, iopamidol
370, and iohexol 350 occurred in 223 patients (112
women, with a mean age of 45 years [range, 10-78
years]; and 111 men, with a mean age of 47 years
[range, 4-77 years]) in cohort 1. Adverse reactions after
the iv. administration of iopromide 370, iopromide
300, iopamidol 370, and iohexol 350 occurred in 428
patients (215 women, with a mean age of 53 years
[range, 4-88 years]; and 213 men, with a mean age of
51 years [range, 4-91 years]) in cohort 2.
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Effects of the Extrinsic Warming of LOCM on
Adverse Reactions

The number of contrast-enhanced CTs and adverse
reactions to each contrast medium (iopromide 370, io-
promide 300, iopamidol 370, and iohexol 350) in co-
horts 1 and 2 during the study period are depicted in
Table 1. The rates of adverse reactions and allergic-like
reactions to these LOCM in cohort 1 were significantly
higher than those in cohort 2 (adverse reaction rates:
0.32% [223/70,446] in cohort 1 versus 0.21% [428/
203,873] in cohort 2, p < 0.001; allergic-like reaction
rates: 0.22% [158/70,446] versus 0.14% [291/203,873],
p < 0.001). However, the physiological reaction rates
(0.12% [85/70,446] versus 0.10% [208/203,873], p =
0.192) were not reduced by extrinsic warming.

As shown in Table 2, the extrinsic warming of iopro-
mide 370, iopamidol 370, and iohexol 350 was associ-
ated with a reduction in adverse reactions (p = 0.001,
p = 0.036, and p = 0.011, respectively) and allergic-like
reactions (p = 0.003, p = 0.046, and p = 0.003, respec-
tively) but not physiological reactions (p = 0.057, p =
0.107, and p = 0.962, respectively). The extrinsic warm-
ing of iopromide 300 did not reduce the allergic-like
reactions (p = 0.407) and physiological reactions (p =
0.504).

Summary of Adverse Reactions in Cohorts 1 and 2

The patient characteristics, injection characteristics,
adverse reaction manifestations, severity of adverse
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Table 2 Effects of extrinsic warming of LOCM on allergic-like reactions and physiological reactions

Contrast Medium

Allergic-Like Reactions, % (no./total)

Physiological Reactions, % (no./total)

Cohort 1 (no Cohort 2 p Cohort 1 (no Cohort 2 p
warming) (warming) warming) (warming)
Iopromide 370 0.32(60/18,628)  0.21(172/82,989) 0.003  0.19(35/18,628)  0.13 (108/82,989)  0.057
Iopromide 300 0.21 (10/4657) 0.16 (23/14,645) 0.407  0.17 (8/4657) 0.13 (19/14,645) 0.504
Iopamidol 370 0.14 (40/28,570)  0.10 (94/97,633) 0.046 0.12(33/28,570)  0.08 (81/97,633) 0.107
Iohexol 350 0.32(60/18,591)  0.13 (11/8606) 0.003 0.12(22/18,591)  0.12(10/8606) 0.962

LOCM = Low-osmolality iodinated contrast media.

reaction, treatment, and clinical outcome of the adverse
reactions from the i.v. injection of LOCM in the two
cohorts during the study period are shown in Tables 3
and 4. All adverse reactions in the two cohorts even-
tually resolved after proper treatment, with the pa-
tients returning to their usual state of health.

Discussion

Based on the two cohorts with a large population, we
further analyzed the effects of the extrinsic warming of
LOCM to 37°C on adverse reaction rates. For the first
time, we found that the extrinsic warming of iopro-
mide 370, iopamidol 370, and iohexol 350 resulted in a
significant reduction in allergic-like reactions but not in
physiological reactions. In 1996, Vergara and Seguel’
performed a nonrandomized prospective study in
which each group of patients was injected via i.v. with
a specific contrast medium and temperature combina-
tion without overlap. Analysis of the results showed a
minimal but significant reduction in adverse events
(except for extravasations) after the extrinsic warming
of HOCM to 37°C. The warmed HOCM had a reduced
adverse reaction rate of 10% compared with the rate of
12% for the same nonwarmed (22°C) HOCM (p < 0.05).

The results of the present study were challenged by
earlier double-blind research,® which showed no sig-
nificant difference in the rate of adverse events caused
by warmed HOCM and HOCM at room temperature.
However, this finding might be underpowered due to
the absence of extravasation events.® Currently, the use
of HOCM has been replaced by LOCM at most insti-
tutions because of its improved adverse effect profile.
Based on the limited studies about HOCM warming
and the package inserts for iodinated contrast media,
several institutions warm their contrast media to 37°C
before i.v. administration. However, when considering
that the contrast media are considered to be medica-
tions, their warming is subjected to the regulation of
the Joint Commission, with a daily temperature log
and regular maintenance required for each warming
device. As a result, some institutions began to recon-
sider the use of warming devices and to reevaluate
whether the extrinsic warming of LOCM is signifi-
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cantly beneficial, particularly low-rate (<5 mL/s) ap-
plications.

One study on the effect of extrinsic warming of
LOCM to 37°C on adverse events was published in
2012.7 In this retrospective study of 24,830 injections
(<6 mL/s), the investigators compared the rates of
extravasations and allergic-like reactions to iopamidol
370 and iopamidol 300 at 200 days before (period 1)
and 200 days after (period 2) the cessation of extrinsic
warming at an institution.” The cessation of extrinsic
warming did not affect the rate of adverse reactions to
i.v. injections of iopamidol 300; however, it nearly tri-
pled the adverse event rates (0.43% [8/1851] versus
1.25% [26/2074]; p = 0.02) for iopamidol 370.” The
effect of warming may be significant for iopamidol 370
but not for iopamidol 300; however, warming of iop-
amidol 370 did not reduce allergic-like reaction rates
(0.16% [3/1851] versus 0.39% [8/2074]; p = 0.42),
which may be due to few allergic-like reaction events
and small sample sizes during the two periods; there-
fore, a statistically significant difference was difficult to
obtain.”

In our study, all iodinated contrast media in cohort 2
were extrinsically warmed to 37°C by using incubators
before i.v. administration since 2007. Thus, our study
aimed to reveal the significance of this unvalidated
practice. As expected, the extrinsic warming of iopro-
mide 370, iopamidol 370, and iohexol 350 to 37°C was
associated with a significant reduction in adverse re-
action rates, which was likely associated with the rel-
atively high dynamic viscosity of these contrast media
at 20°C (20.1 cP, 20.9 cP, and 23.3 cP, respectively).
When these contrast media are warmed to human
body temperature (37°C), their viscosities could be re-
duced by =50%.° It is accepted that contrast media
increase blood viscosity at a high shear rate and reduce
erythrocyte velocity, platelet aggregation, capillary
perfusion, and oxygen supply.'® The decrease in con-
trast medium viscosity may improve these adverse
effects. In addition, compared with the warmed media,
media at room temperature are cold irritants to the
body, which elevate heart rate and blood pressure, and
increase the release of mast cell mediators.'"'* There-
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fore, the warming of contrast media reduces these ad-
verse events. However, this was not true for iopromide
300 because its extrinsic warming did not reduce the
adverse reaction rates, which may be due to its already
relatively low viscosity even at room temperature (9.2
cP at 20°C). Another reason for its insignificance could
be the small amount of iopromide 300 that was used in
the two cohorts.

Interestingly, after separating allergic-like reac-
tions and physiological reactions, only allergic-like
reactions could be reduced by warming the contrast
media. This finding was not reported in previous
| studies, and this may be explained by some under-
lying reasons. First, the assessment of physiological
reactions is somewhat subjective compared with that
of allergic-like reactions, and it may not be associated
with iodinated contrast media. Second, physiological
reactions to iodinated contrast media differ in terms of
mechanism from allergic-like reactions, and they are
caused by direct toxicity from the use of contrast me-
dia. Allergic-like reactions are often idiosyncratic, and
they may differ immunologically from true allergies
mediated by IgE despite their similar clinical presen-
tations.'® In allergic-like reactions, mast cells and ba-
sophils degranulate owing to direct stimulation rather
than the release of IgE by the immune system.'*'*
However, the exact pathogenesis of allergic-like reac-
tions remains unclear.'>'®

Some investigators found that allergic-like reactions
are likely associated with the route of injection and
injection rate.'” However, Jacobs et al.'® reported that
the injection rate was not correlated with the allergic-
like reaction rate. In our study, all iodinated contrast
media were injected by i.v. under high pressure via
20-gauge catheters, and no significant difference was
observed in the mean injection rate. Therefore, we
could not discuss the influence of the injection rate and
route of injection on adverse reaction rates.

The present study had some limitations. First, the
dose of iopromide 300 that was used in the present
study (n = 4657 in cohort 1 and n = 14,645 in cohort 2)
was relatively small, which accounted for only 10-15%
of the total iopromide consumption. Second, we did
not include a control group of subjects who were free
of any of the adverse reactions after i.v. LOCM. The
presence of a control group would have allowed the
identification of additional risk factors that are not
associated with extrinsic warming and those that con-
tribute to the incidence of adverse reactions. However,
this was not the purpose of our study. Our primary
concern was whether the extrinsic warming of LOCM
reduced adverse reaction rates. Also, the two cohorts
had different staffs and locations. Different personnel
assessed the adverse reactions, and this could have
influenced the results and led to bias.

Mean
(range)

100

Cohort 2 (warming)
Rate,
Yo

No.

Iopromide 300}

Mean
(range)

100

Cohort 1 (no warming)
Rate,
Yo

No.

0
0
15
0
0

Mean
(range)

Cohort 2 (warming)
Rate,
%
100

No.

Iohexol 3509
16
0
0

Mean
(range)

100

Cohort 1 (no warming)
Rate,
%

No.

69

Parameters
Emergency department transfer

CPR

Outcome
Return to baseline

Cardiac arrest

Death
LOCM = Low-osmolality iodinated contrast media; CM = contrast media; CPR = cardiopulmonary resuscitation.

*There were 18,628 lopromide 370 injections in cohort 1 and 82,989 injections in cohort 2.

1There were 4657 iopromide 300 injections in cohort 1 and 14,645 injections in cohort 2.

#There was 28,570 Iopamidol 370 injections in cohort and 97,633 injections in cohort 2.
There were 18,591 iohexol 350 injections in cohort 1 and 8606 injections in cohort 2.

§Patients had more than one symptom after a single injection of CM.

Table 3 (Continued)
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CONCLUSION

Extrinsic warming to 37°C reduced allergic-like reac-

tion rates to iopromide 370, iopamidol 370, and iohexol
350, which are LOCM. The results of the present study
were clinically significant and were in accordance to
the latest contrast media guidelines. Moreover, con-
trast media guideline promote a practical way of ad-
ministering medications to help alleviate patient bur-
den.
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