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 Rate of Contrast   Material 
Extravasations and Allergic-
like Reactions:   Effect of Extrinsic 
Warming of Low-Osmolality Iodinated 
CT Contrast Material to 37°C  1   

  Matthew S.   Davenport   ,  MD  
  Carolyn L.   Wang ,  MD  
  Mustafa R.   Bashir ,  MD  
  Amy M.   Neville ,  MD  
  Erik K.   Paulson ,  MD  

 Purpose: To retrospectively determine whether extrinsic warming 
of the low-osmolality contrast material iopamidol to 37°C 
prior to intravenous administration at computed tomog-
raphy (CT) affects extravasation and allergic-like reaction 
rates.

 Materials and 
Methods: 

The need to obtain informed patient consent was waived 
for this HIPAA-compliant and institutional review board–
approved analysis. All adverse   events related to the intra-
venous administration of iopamidol during CT examina-
tions occurring 200 days before (period 1) and 200 days 
after (period 2) the cessation of extrinsic contrast mate-
rial warming (37°C) for intravenous injections of less than 
6 mL/sec at Duke University Medical Center (Durham, NC) 
were retrospectively reviewed. Adverse event rates were 
compared by using  x  2  statistics.

 Results: There were 12 682 injections during period 1 (10 831 in-
jections of iopamidol 300 and 1851 injections of iopamidol 
370) and 12 138 injections (10 064 injections of iopamidol 
300 and 2074 injections of iopamidol 370) during period 
2. Adverse event   rates for iopamidol 300 were not affected 
by extrinsic warming (extravasation rates: 0.30% [32 of 
10 831] in period 1 vs 0.23% [23 of 10 064] in period 2, 
 P  = .64; allergic-like reaction rates: 0.39% [42 of 10 831] 
in period 1 vs 0.46% [46 of 10 064] in period 2,  P  = .74; 
overall adverse events: 0.68% [74 of 10 831] in period 1 vs 
0.69% [69 of 10 064] in period 2,  P  = .99). Discontinua-
tion of extrinsic warming was associated with signifi cantly 
increased extravasation and overall adverse event rates for 
iopamidol 370 (extravasation rates: 0.27% [fi ve of 1851] 
vs 0.87% [18 of 2074],  P  = .05; allergic-like reaction rates: 
0.16% [three of 1851] vs 0.39% [eight of 2074],  P  = .42; 
overall adverse events: 0.43% [eight of 1851] vs 1.25% 
[26 of 2074],  P  = .02).

 Conclusion: Extrinsic warming (to 37°C) does not appear to affect 
adverse event rates for intravenous injections of iopamidol 
300 of less than 6 mL/sec but is associated with a signifi -
cant reduction in extravasation and overall adverse event 
rates for the more viscous iopamidol 370.

 q  RSNA, 2011
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intravenous contrast–enhanced studies 
with power injection rates of less than 
6 mL/sec. This decision was unrelated 
to and made prior to the inception of 
this study. Contrast material warming 
for power injections at rates less than 
6 mL/sec was stopped at our institu-
tion on September 30, 2010, because 
of insuffi cient published evidence of its 
effi cacy and the increasing regulatory 
requirements governing the practice. 

 All adverse events ( n  = 229) in pa-
tients of all ages (children and adults) 
related to the administration of con-
trast material during a CT examination 
from March 14, 2010, to April 19, 2011, 
were identifi ed by means of a query 
of our institutional electronic adverse 
event reporting system. This system is 
used for the generalized reporting of 
all adverse events in the hospital sys-
tem, including adverse events related 
to radiologic studies. Adverse events 
related to oral contrast material ( n  = 
7), gadolinium-based contrast material 
( n  = 31), iodixanol ( n  = 1), and iodin-
ated contrast material administered for 
cardiac CT ( n  = 2), as well as adverse 
event reports fi led to document inaccu-
rate scanning protocols ( n  = 7; eg, con-
trast material administered when not 
indicated), physiologic adverse events 

documentation of tight temperature con-
trol for warmed contrast material. 

 The purpose of our study was to 
retrospectively determine whether ex-
trinsic warming of the LOCM iopamidol 
to 37°C prior to intravenous administra-
tion affects extravasation and allergic-
like reaction rates. 

 Materials and Methods 

 Approval of the institutional review 
board of Duke University Medical Cen-
ter (Durham, NC) was   obtained and in-
formed patient consent was waived for 
this Health Insurance Portability and 
Accountability Act–compliant retrospec-
tive analysis. 

 Subjects 
 All contrast material–enhanced com-
puted tomographic (CT) examinations 
performed in all patients (children 
and adults) at Duke University Medical 
Center from March 14, 2010, through 
September 30, 2010 ( n  = 12 684, 
period 1), and from October 1, 2010, 
through April 19, 2011 ( n  = 12 142, 
period 2), were identifi ed by means of 
an electronic query of our institutional 
billing records. Examinations enhanced 
by the intravenous administration of 
iodixanol were excluded because of the 
small number of injections for noncar-
diac CT applications during the study 
(period 1,  n  = 2; period 2,  n  = 4). The 
study was designed to include two study 
periods:  (a)  200 days immediately prior 
to the cessation of extrinsic iodinated 
contrast material warming (to 37°C) at 
our institution (period 1, from March 14, 
2010, through September 30, 2010) and 
 (b)  200 days immediately after the 
cessation of contrast material warming 
(period 2, from October 1, 2010, through 
April 19, 2011). The use of contrast ma-
terial warmers was discontinued at our 
institution on October 1, 2010, for all 

             Extrinsic warming of room-
temperature iodinated contrast 
material to human body tempera-

ture (37°C) is known to reduce contrast 
ma terial viscosity ( 1–4 ), and results 
of some studies ( 4,5 ) have shown that 
the practice can improve contrast ma-
terial delivery rates with both hand and 
power injections through intravenous 
catheters. However, to our knowledge, 
only one study ( 6 ) has shown that warm-
ing iodinated contrast material prior 
to intravenous administration actually 
confers a reduction in the risk of ad-
verse events (12% vs 10% for high-
osmolality contrast material [HOCM]). 
These results are contested by those 
of a well-controlled double-blind study 
by Turner et al ( 7 ), who found that 
warming HOCM prior to excretory 
urography provided no benefi t. To our 
knowledge, the relatively few studies 
investigating the relationship between 
adverse events and contrast material 
warming have focused on HOCM, which 
has been replaced by low-osmolality 
contrast material (LOCM) at most insti-
tutions for intravascular studies owing 
to its improved side-effect profi le ( 1 ). 

 Our review of the literature revealed 
no studies that evaluated the benefi t of 
contrast material warming on the ad-
verse event risk of LOCM. The benefi t 
of warming LOCM prior to intravenous 
use for the purpose of adverse event risk 
reduction remains uncertain. Addition-
ally, contrast material warming (if per-
formed) has logistic and fi nancial side 
effects. Contrast material is considered 
a medication and therefore is subject to 
review by the Joint Commission, which 
mandates daily temperature logs and 

 Implication for Patient Care 

 Extrinsic warming (to 37°C) of  n

iopamidol 300 may not be 
necessary for injection rates less 
than 6 mL/sec, but is recom-
mended for iopamidol 370. 

 Advance in Knowledge 

 Discontinuation of extrinsic  n

warming (to 37°C) did not 
appear to affect adverse event 
rates for intravenous injections 
of iopamidol 300 of less than 
6 mL/sec ( P  = .64–.99), but was 
associated with an approximate 
tripling of extravasation ( P  = .05) 
and overall adverse event rates 
( P  = .02) for the more viscous 
iopamidol 370. 

  Published online before print  
 10.1148/radiol.11111282 Content code:  

Radiology 2012; 262:475–484
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 HOCM = high-osmolality contrast material 
 LOCM = low-osmolality contrast material 
 PICC = peripherally inserted central venous catheter 
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applications other than cardiac CT angi-
ography, which instead employed rates 
of 6–8 mL/sec. Most power injections 
and some hand injections were accom-
panied by use of an extravasation detec-
tion accessory (E-Z-Em, Westbury, NY) 
to limit the volume of contrast material 
extravasation should an extravasation 
event occur. 

 Adverse Events 
 Allergic-like reactions were graded by 
severity   (by M.S.D., an abdominal im-
aging fellow) according to a previously 
published algorithm ( 8 ). All allergic-
like manifestations were recorded for 
each allergic-like reaction to iodinated 
contrast material. The following data 
were recorded: type and presence of 
corticosteroid premedication, history of 
allergic-like reaction to iodinated con-
trast material, number of additional 
allergies, number of severe allergies, 
history of asthma, contrast material 
reaction treatment, clinical outcome 
(within 2 weeks to 8 months from the 
event), whether the patient’s allergy 
record was updated in the electronic 
medical record system within 7 days, 
type and dose of contrast material, 
and contrast material injection rate. 
Symptoms of hoarseness, throat itch-
ing and/or tingling, and diffi culty swal-
lowing were scored as laryngeal symp-
toms, regardless of severity. 

 The following data were recorded 
for each iodinated contrast material 
extravasation event: contrast material 
dose and type, contrast material injec-
tion rate, use of an extravasation de-
tection accessory, vascular access loca-
tion and gauge, extravasation volume, 
extravasation treatment, and clinical 
outcome (within 2 weeks to 8 months 
from the event). 

 Power Calculation 
 A power analysis was conducted to de-
termine sample size adequacy for this 
noninferiority study (to answer the 
question “Are adverse event rates due 
to nonextrinsically warmed iodinated 
contrast material noninferior to those 
due to extrinsically warmed iodi nated 
contrast material?”). The following as-
sumptions were used: noninferiority 

either a previously placed indwelling 
intravenous catheter or an intravenous 
catheter placed by the Department of 
Radiology nursing staff. Peripheral in-
travenous catheters from 16 to 20 gauge 
are standard for the referring services, 
and 20-gauge peripheral intravenous 
catheters are preferentially placed by 
Department of Radiology nursing staff 
members when no access is available. 
Twenty-two–gauge intravenous cathe-
ters are placed in patients with diffi cult-
to-access or small veins, and 14-gauge 
intravenous catheters are placed by the 
referring services for clinical infusions 
requiring a high fl ow rate. Peripheral 
intravenous catheters placed by the 
Department of Radiology nursing staff 
are preferentially placed in the antecu-
bital fossa; if this site is not accessible, 
an alternative site in one of the arms is 
chosen at the nurse’s discretion. Intra-
venous catheters are not placed in sites 
of marked edema, cellulitis, known deep 
venous thrombosis, or an open wound 
or if there has been a history of ipsilat-
eral lymph node dissection. 

 Alternative catheters for injection 
include power peripherally inserted cen-
tral venous catheters (PICCs) suitable 
for power injection of contrast mate-
rial, standard PICCs (PICCs suitable 
only for hand injection of contrast ma-
terial), indwelling central venous cath-
eters (only for hand injection of con-
trast material), and tunneled catheters 
suitable for power injection of contrast 
material (access was obtained by the 
referring service). 

 Intravenous contrast material is 
power injected unless there is a con-
traindication (ie, inadequate or inap-
propriate venous access). In cases of 
venous access that was not suitable for 
power injection (eg, central line, non-
power PICC, tenuous intravenous cath-
eter) the contrast material was instead 
hand injected by a resident, fellow, or 
attending radiologist. Rates of power 
injection ranged from 2 to 8 mL/sec. 
Most contrast-enhanced CT applications 
in the head, neck, chest, abdomen, pel-
vis, and extremities used intravenous 
injection rates of 3–4 mL/sec. CT an-
giography employed intravenous in-
jection rates of 4–5 mL/sec for most 

( n  = 3), and preinjection intravenous 
catheter malfunction ( n  = 1) were ex-
cluded. Adverse events related to io-
dixanol were excluded because of the 
relatively small number of injections of 
iodixanol administered for noncardiac 
CT during the study period. Injections 
related to cardiac CT were excluded be-
cause this contrast material was warmed 
during both study periods. Physiologic 
adverse events were excluded because 
these events are in general not reported 
in our institution’s electronic adverse 
event tracking system. The resulting ad-
verse events ( n  = 177) were subdivided 
by occurrence date (period 1,  n  = 82; 
period 2,  n  = 95) and were categorized 
by type (allergic-like reaction and con-
trast material extravasation) according 
to previously published guidelines ( 8 ). 

 Contrast Media 
 The following iodinated contrast media 
were in use at our institution for intrave-
nous contrast-enhanced CT applications 
during the study period: iopamidol 300 
(Isovue, 300 mg iodine per milliliter, 
viscosity = 8.8 cP at   20°C and 4.7 cP at 
37°C; Bracco Diagnostics, Princeton, NJ) 
and iopamidol 370 (Isovue, 370 mg I/mL, 
viscosity = 20.9 cP at 20°C and 9.4 cP 
at 37°C; Bracco Diagnostics). 

 Iopamidol 300 was the primary io-
dinated contrast material used for gen-
eral intravenous contrast-enhanced CT 
applications. Iopamidol 370 was used 
for CT angiographic studies. The choice 
of iodinated contrast material depended 
on the protocol and the physician. 
Relative contraindications to the use 
of iodinated contrast material included 
prior severe allergic-like reaction to io-
dinated contrast material, acute kid-
ney injury, and severe chronic kidney 
disease. All iodinated contrast mate-
rial was extrinsically warmed to a tar-
get of 37°C during period 1; all contrast 
material was kept at room temperature 
during period 2. The range of recorded 
temperatures for warmed iodinated 
contrast material during period 1 was 
36.1–40.0°C (measured daily). 

 Contrast Medium Administration 
 Intravenous contrast material adminis-
tered during CT was injected through 
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370 (mean, 4.1 mL/sec; range, 3.0–
5.0 mL/sec). The mean injection rates 
for extravasated warmed versus non-
warmed iopamidol 300 were not signif-
icantly different ( P  = .39). 

  Tables 2 and 3   describe the relevant 
patient characteristics, injection char-
acteristics, adverse event manifesta-
tions, treatment, and clinical outcome 
of the allergic-like reactions and con-
trast material extravasations (respec-
tively) for intravenous iopamidol 300 
and 370 during periods 1 and 2. No 
patient required placement of an ad-
vanced airway for laryngeal symp-
toms (eg, hoarseness, throat itching 
and/or tingling, diffi culty swallowing), 
and all laryngeal symptoms resolved af-
ter medical therapy (with one or more of 
the following: intravenous diphenhydra-
mine, intravenous corticosteroids, intra-
venous famotidine, inhaled albuterol, 
inhaled oxygen) or observation. No pa-
tient with laryngeal symptoms received 
epinephrine. 

 One 63-year-old male patient in 
period 1 developed pulseless electrical 
activity after the intravenous adminis-
tration of 150 mL of warmed iopami-
dol 300, necessitating cardiopulmonary 
resuscitation (CPR). He had underlying 
cardiac disease, an infected sternotomy 
wound, multiple medical comorbidities, 
and one allergy to a substance other 
than contrast material. CPR returned 
the patient to normal sinus rhythm, 
but reopened the infected sternotomy 

34 male patients [mean age, 53 years; 
range, 19–85 years]) during period 1 
( n  = 74 for iopamidol 300,  n  = 8 for 
iopamidol 370), and 95 adverse events 
after intravenous iopamidol administra-
tion occurred in 92 patients (66 female 
patients [mean age, 52 years; range, 
4–90 years] and 26 male patients [mean 
age, 55 years; range, 14–90 years]) dur-
ing period 2 ( n  = 69 for iopamidol 300, 
 n  = 26 for iopamidol 370). 

  Table 1   indicates the number of 
contrast-enhanced CT examinations and 
adverse event rates by type (extravasa-
tions, allergic-like reactions) in periods 1 
and 2 for each contrast material 
(iopamidol 300 and iopamidol 370). The 
adverse event rates for iopamidol 300 
according to type and in aggregate for 
period 1 and period 2 were not signifi -
cantly different ( P  = .64–.99). However, 
there were signifi cantly more extravasa-
tion events ( P  = .05) and overall adverse 
events ( P  = .02) related to iopamidol 
370 in period 2 than in period 1. This 
demonstrates that although extrinsic 
warming of iopamidol 300 to 37°C does 
not affect extravasation and allergic-like 
reaction rates, extrinsic warming of the 
more viscous iopamidol 370 to 37°C is 
associated with a reduction in adverse 
events. Interestingly, the mean injection 
rate of extravasated warmed iopamidol 
370 (mean, 4.6 mL/sec; range, 4.0–
5.0 mL/sec) was signifi cantly greater 
( P  = .04) than the mean injection rate of 
the extravasated nonwarmed iopamidol 

margin, 0.004 (0.4%); reference popu-
lation (extrinsically warmed iopamidol 
300 or 370) adverse event rate, 0.004 
(0.4%, used for both extravasations and 
allergic-like reactions); power, 80%; 
and signifi cance level, .05. This yielded 
a target sample size of 3079 for each 
of the arms of our study (eg, warmed 
iopamidol 300, warmed iopamidol 370, 
nonwarmed iopamidol 300, nonwarmed 
iopamidol 370). Reference population   
adverse event rates were determined 
by using published data ( 1,8–10 ) and 
historic internal quality assurance ad-
verse event data. 

 Statistical Analysis 
 Nominal data (contrast material type, 
extravasation detection accessory use, 
vascular access characteristics, type of 
premedication, history of asthma, treat-
ment methods, clinical outcome, elec-
tronic update of the patient’s medical 
record after an allergic-like reaction) 
and ordinal data (allergic-like reaction 
severity) were summarized by counts 
and percentages. Interval data (con-
trast material dose, injection rate, ex-
travasation volume, number of allergies, 
number of severe allergies) were sum-
marized by means and ranges.  x  2  Sta-
tistic analyses were performed to com-
pare the adverse event rates (by type 
and aggregate) of period 1 and period 2. 
A two-tailed  t  test was used to compare 
the contrast material extravasation vol-
umes (in period 1 vs period 2). Two-
tailed  t  tests were also used to compare 
the mean contrast material injection 
rates for warmed versus nonwarmed 
iopamidol 300 and 370. The Fisher 
exact test was used to compare the 
allergic-like reaction severity ratios (mild 
vs moderate or severe) in period 1 and 
period 2.  P   ,  .05 was considered to 
indicate statistical signifi cance for all 
statistical tests. Calculations were made 
by using software (Excel; Microsoft, 
Redmond, Wash). 

 Results 

 Eighty-two adverse events after intrave-
nous iopamidol administration occurred 
in 81 patients (47 female patients [mean 
age, 51 years; range, 1–79 years] and 

 Table 1 

 Comparison of   Adverse Event Rates in Period 1 with Those in Period 2 

Contrast Material and Parameter

Period 1 (Warming) Period 2 (No Warming)

 P  Value * No. Rate (%) No. Rate (%)

Iopamidol 300
 Injections 10 831 10 064
 Extravasations 32 0.30 23 0.23 .64
 Allergic-like reactions 42 0.39 46 0.46 .74
 Overall adverse events 74 0.68 69 0.69 .99
Iopamidol 370
 Injections 1851 2074
 Extravasations 5 0.27 18 0.87 .05
 Allergic-like reactions 3 0.16 8 0.39 .42
 Overall adverse events 8 0.43 26 1.25 .02

* Calculated with  x  2  test.
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wound, necessitating a return to the 
surgical suite for débridement. The pa-
tient died approximately 2 months later 
of complications related to the infected 
sternotomy site and other medical 
comorbidities. 

 The allergic-like reaction severity 
ratios in period 1 (33 mild, eight mod-
erate, one severe) and period 2 (41 mild, 
fi ve moderate, none severe) for iop-
amidol 300 were similar ( P  = .4). The 
allergic-like reaction severity ratios were 
also similar for iopamidol 370 (period 1: 
three mild, none moderate, none se-
vere; period 2: six mild, two moderate, 
none severe [ P  = .63]), but the number 
of reactions was low. There was   no sig-
nifi cant difference in the volume of ex-
travasated contrast material between 
period 1 and period 2 for either iop-
amidol 300 (mean: 49 vs 56 mL, re-
spectively;  P  = .59) or iopamidol 370 
(mean: 47 vs 43 mL, respectively;  P  = 
.76). With only one exception (one se-
vere allergic-like reaction to iopamidol 
300 in period 1), all adverse events in 
all study arms eventually resolved, with 
the patient returning to his or her usual 
state of health. 

 Discussion 

 Extrinsic warming of iodinated contrast 
material to 37°C reduces contrast ma-
terial viscosity and has been advocated 
to decrease the frequency of adverse 
events related to intravenous adminis-
tration ( 1–3,6,11,12 ) and to improve 
iodinated contrast material delivery 
( 4,5 ). However, studies demonstrating 
effi cacy of a reduction in adverse risk 
from contrast material warming are 
scant, and the magnitude of demon-
strable effect (when able to be shown 
at all [ 7 ]) has been small ( 6 ). To our 
knowledge, there are no published data 
that demonstrate an adverse event risk 
reduction conferred by extrinsic warm-
ing of LOCM; all studies to date have 
involved HOCM. In addition, extrinsi-
cally warming contrast material can be 
resource intensive. Institutions that do 
warm contrast material are subject to 
regulation of this practice by the Joint 
Commission, with daily quality control 
required for each warming device. It is 
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of nonwarmed iopamidol 370 occurred 
with greater frequency and at lower in-
jection rates. 

 Although cessation of extrinsic con-
trast material warming for iopamidol 
370 resulted in a signifi cant increase 
in the number of adverse events, there 
was no signifi cant difference in adverse 
event severity for any temperature and 
contrast material combination. We 
found no signifi cant difference in the 
mean volume of extravasated contrast 
material or in allergic-like reaction se-
verity. Additionally, patients experi-
encing adverse events in period 1 had 
outcomes similar to those of patients in 
period 2. This reinforces the fact that 
LOCMs are extraordinarily safe. In our 
series, only one adverse event after 
24 820 intravenous injections of iopami-
dol (300 and 370) resulted in perma-
nent morbidity. 

 The iopamidol adverse event rates 
in our series (range of rate of allergic-
like events: 0.16% [three of 1851] to 
0.46% [46 of 10 064]; range of rate of 
extravasations: 0.23% [23 of 10 064] 
to 0.87% [18 of 2074]) are similar to 
those in other published series. Pub-
lished   rates of allergic-like reaction to 
LOCM are 0.18%–0.93% ( 9,13,14 ), 
while published extravasation rates for 
LOCM are 0.25%–0.7% (9, 10,12 ). This 
suggests that our adverse event report-
ing system for contrast material extrav-
asations and allergic-like reactions is 
fairly robust and similar to that of other 
large published trials. 

 There were several limitations to 
these data. First, Department of Ra-
diology staff members at our institu-
tion are directed to report all contrast 
material extravasation and allergic-like 
reaction events but do not routinely 
report physiologic adverse events 
(eg, nausea, vomiting, tingling sensa-
tions, sensations of warmth, vasovagal 
reactions). This is because the occur-
rence of a physiologic adverse event 
would not necessarily result in a future 
treatment change (ie, would not require 
future corticosteroid premedication or 
contraindicate future contrast material 
administration). Therefore, we cannot 
comment on the effect of extrinsic con-
trast material warming on physiologic 

in the adverse event rates between 
the warmed and room temperature 
HOCMs. However, the study was likely 
underpowered. The authors did not re-
port extravasation events. 

 Our study analyzed the effect of 
iopamidol warming (to 37°C) on the 
rates of allergic-like reactions, contrast 
material extravasations, and overall ad-
verse events. We found no signifi cant 
change in any of these adverse event 
rates for iopamidol 300 when our in-
stitution discontinued extrinsic warm-
ing of iodinated contrast material for 
contrast material injection rates of less 
than 6 mL/sec. Warming of iodinated 
contrast material to body temperature 
for intravenous injections at these rates 
appeared to play no role in reducing ad-
verse event rates. 

 This was not true for iopamidol 
370. Discontinuation   of extrinsic con-
trast material warming was associated 
with an approximate tripling in the 
extravasation (0.27% [fi ve of 1851] vs 
0.87% [18 of 2074],  P  = .05) and over-
all adverse event (0.43% [eight of 1851] 
vs 1.25% [26 of 2074],  P  = .02) rates 
for iopamidol 370. This likely relates 
to the higher dynamic viscosity of io-
pamidol 370 (20.9 cP at 20°C and 9.4 
cP at 37°C) relative to that of iopami-
dol 300 (8.8 cP at 20°C and 4.7 cP at 
37°C). When iopamidol 370 is warmed 
to body temperature (37°C), its dy-
namic viscosity becomes similar to that 
of nonwarmed iopamidol 300 (9.4 cP 
vs 8.8 cP, respectively). As an appar-
ent result of this, the extravasation and 
overall adverse event rates of iopamidol 
370 are reduced signifi cantly with ex-
trinsic warming and approximate that 
of nonwarmed iopamidol 300 (extrav-
asation rate: 0.27% [fi ve of 1851] for 
warmed iopamidol 370 vs 0.23% [23 of 
10 064] for nonwarmed iopamidol 300; 
overall adverse event rate: 0.43% [eight 
of 1851] for warmed iopamidol 370 vs 
0.69% [69 of 10 064] for nonwarmed 
iopamidol 300). This conclusion is sup-
ported by the signifi cantly lower ( P  = 
.04) mean intravenous injection rate of 
extravasated nonwarmed iopamidol 370 
when compared with the mean intra-
venous injection rate of extravasated 
warmed iopamidol 300. Extravasations 

important to determine what effect (if 
any) the warming of LOCM has on ad-
verse event rates. 

 In 1996, Vergara et al ( 6 ) published 
the only series, to our knowledge, that 
documents a reduction in adverse events 
after the extrinsic warming of intrave-
nous contrast material. They conducted 
a nonrandomized longitudinal obser-
vation study in which patients were in-
travenously injected with one of four 
contrast material and temperature com-
binations as part of routine clinical 
practice. The contrast material and 
temperature combinations were intro-
duced sequentially and without overlap. 
The authors demonstrated a reduced 
rate of adverse events in extrinsically 
warmed (37°C) HOCM (sodium meglu-
mine  , Angiovist; Schering, Berlin, Ger-
many) compared with the same HOCM 
at room temperature. The warmed con-
trast material had an overall adverse 
event rate of 10%, compared with 12% 
for the room temperature contrast ma-
terial ( P   ,  .05). However, Vergara et al 
did not include a comparison of room 
temperature LOCM with warmed LOCM. 
Additionally, the adverse event profi le 
of the nonwarmed contrast medium 
was weighted toward mild allergic-like 
and physiologic events (32% of adverse 
events were graded as moderate or se-
vere for the room temperature cohort 
vs 45% for the warmed cohort). This 
implies that the minor (albeit statisti-
cally signifi cant) increase in the com-
bined allergic-like and physiologic event 
rate was dominated by an increased 
number of mild severity events. Extrav-
asation events were not reported, and 
the authors did not separate allergic-
like and physiologic events. 

 The nonrandomized clinical obser-
vations of Vergara et al ( 6 ) are chal-
lenged by the earlier double-blind work 
of Turner et al ( 7 ), who compared data 
in 50 patients randomized to receive 
warmed (37°C) intravenous HOCM 
(iothalamate meglumine, Conray-30; 
Mallinckrodt, St Louis, Mo) with data 
in 50 patients randomized to receive 
the same intravenous HOCM at room 
temperature. This study also evaluated 
only allergic-like and physiologic ad-
verse events and found no difference 
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adverse event rates nor on subjective 
feelings of patient discomfort during 
the injection. However, we can provide 
good evidence that warming has no ef-
fect on the occurrence or severity of 
contrast material extravasations or al-
lergic-like reactions for iopamidol 300. 

 Second, the iopamidol 370 arms of 
our study ( n  = 1851 in period 1,  n  = 
2074 in period 2; target size = 3079) 
were underpowered for noninferior-
ity analysis. Therefore, although we 
did not fi nd a signifi cant difference in 
the allergic-like reaction rates between 
warmed and nonwarmed iopamidol 370, 
it is possible that our study was not 
adequately powered to detect such an 
effect. However, we did detect signif-
icant increases in extravasation and 
overall adverse event rates for non-
warmed iopamidol 370 compared with 
its warmed counterpart. On the basis of 
this signifi cant fi nding, extrinsic warm-
ing for iopamidol 370 and other agents 
with a similarly high dynamic viscosity 
(eg, iodixanol [viscosity, 26.6 cP at 25°C 
and 11.8 cP at 37°C]) will be reinstated 
at our institution to maintain patient 
safety. Therefore, it is unlikely that we 
will ever have suffi cient noninferiority 
data to adequately test the allergic-like 
reaction rates of nonwarmed iopamidol 
370 against its warmed counterpart. 

 Finally, we did not include a control 
group of patients exposed to intrave-
nous iopamidol who did not experience 
an adverse event. Such a control group 
would have allowed identifi cation of 
additional risk factors unrelated to ex-
trinsic warming that contribute to the 
development of allergic-like reactions 
and contrast material extravasations; 
however, this was not the aim of this 
study. We were primarily interested in 

determining whether extrinsic warm-
ing of iopamidol had an effect on the 
adverse event rate for intravenous 
injections. 

 In summary, extrinsic warming (to 
37°C) does not appear to affect adverse 
event rates for intravenous injections of 
iopamidol 300 of less than 6 mL/sec 
but is associated with a signifi cant re-
duction in extravasation and overall ad-
verse event rates for the more viscous 
iopamidol 370. 
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