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PURPOSE: To evaluate the safety and efficacy of gadoteridol as an MR contrast agent in patients 

with suspected head and neck pathology. METHODS: One hundred thirty-three adult patients 

were studied with MR at 12 clinical trial sites before and after the intravenous administration of 

0.10 mmol/ kg gadoteridol. After enrollment, patients underwent a complete physical examination. 

Patient monitoring included vital signs , laboratory tests, and recording of the incidence and 

duration of adverse events. To evaluate efficacy, postcontrast T1-weighted images were compared 

with precontrast T1- and T2-weighted images. Investigators having clinical information evaluated 

129 studies for efficacy; two readers blinded to clinical information subsequently evaluated 122 

studies using the same criteria as the investigators. RESULTS: Eight patients (6.0 %) experienced 

mild adverse events possibly or probably related to contrast administration , all of which resolved 

without treatment. Two clinically significant laboratory abnormalities considered related or possibly 

related to the administration of gadoteridol were reported in two patients. Enhancement of 

pathology was seen in 82.9% of cases evaluated by investigators at the study site and in 78.7% 

of cases subsequently evaluated by the blinded readers. Postcontrast images were judged by 

investigators to provide additional diagnostic information over precontrast images in 68.9% of 

studies. The additional diagnostic information available on postcontrast studies most often 

consisted of improved visualization of pathology and better definition of lesion borders. The use 

of this information might have contributed to a change in patient diagnosis in 18.6 % of the cases 

evaluated by the investigators and in 16.4% of the cases reviewed by the blinded readers. 

CONCLUSIONS: Preliminary results show gadoteridol to be a safe and efficacious contrast agent 

for enhanced MR study of extracranial and extraspinal head and neck pathology. 
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Magnetic resonance (MR) imaging is useful for 
identifying and defining pathology of the head 

and neck region ( 1-3). MR has been indicated for 
imaging the oropharynx, the floor of the mouth 
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and tongue base (4), the larynx (5), the paraphar
yngeal space (2), and the nasopharynx (6). The 
use of gadolinium-based contrast agents in MR 
of the head and neck has further improved the 
sensitivity of MR in these regions (5-8). Previous 
studies have also demonstrated the clinical utility 
of contrast-enhanced MR in the evaluation of 
benign extraaxial tumors such as meningiomas, 
acoustic neuromas, and neurofibromas (9-13). 

Gadoteridol, a low osmolal, nonionic gadolin
ium chelate, is a new MR contrast agent currently 
undergoing clinical trials in the United States, 
Europe, and Japan. The safety and efficacy of 
gadoteridol for MR imaging of central nervous 
system pathology in adults have been demon
strated previously in phase II and phase Ill clinical 
trials (14-17). The phase IIIB open-label, multi
center study presented here was undertaken to 
evaluate the safety and efficacy of gadoteridol
enhanced MR in a select population of adult 
patients with suspected extracranial and/or ex
traspinal head and neck pathology. 

Materials and Methods 

One hundred forty adult patients (older than 18 years 
of age) with suspected extracranial and/or extraspinal head 
and neck pathology were enrolled in this study at 12 
participating institutions. Study protocol and consent forms 
were reviewed and approved by the Institutional Review 
Board at each site, and informed consent was obtained 
from each study participant. Pregnant or lactating women, 
patients with hemolytic anemia, and patients with known 
sensitivity to MR contrast media were excluded from the 
study. 

After enrollment in the study, a comprehensive medical 
history was obtained for each patient. Patients were given 
a thorough physical examination, including vital signs and 
laboratory tests before the administration of gadoteridol. 
Vital signs were monitored within 24 hours before contrast 
injection , immediately precontrast, immediately postcon
trast, and at 2 and 24 hours postcontrast. A complete 
physical examination including laboratory studies was also 
performed at 24 hours postcontrast. Laboratory tests in
cluded: a complete blood count with differential cell count; 
mean red blood cell volume and platelet count; serum 
assays for glucose, creatinine, urea nitrogen , calcium, phos
phorus, uric acid, total cholesterol, albumin, total protein , 
alkaline phosphatase, serum glutamic oxaloacetic trans
aminase, lactate dehydrogenase, serum glutamic pyruvic 
transaminase, 'Y-glutamyl transpeptidase, total bilirubin , 
sodium, potassium, and chloride; iron studies for transfer
rin , iron-binding capacity, serum iron , and serum ferritin; 
clotting function as determined by prothrombin time and 
partial thromboplastin time; and urinalysis for pH, specific 
gravity, protein, glucose, blood , ketones, casts, white blood 
cells , red blood cell s, crysta ls, bacteria , and epithelial cells. 
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The reporting of adverse events included the time of 
onset, duration , and severity of any adverse event, includ
ing significant changes in vital signs or laboratory values. 
The probable cause of each adverse event was determined 
by the investigator, and the event was classified as possibly , 
probably , or remotely related to contrast administration or 
as undetermined in its relationship to contrast administra
tion. Investigators were given guidelines to determine the 
significance of any abnormal postcontrast laboratory value. 
These values were repeated until they normalized or re
turned to baseline, unless the investigator determined them 
to be unrelated to contrast administration. 

Patients were evaluated by MR imaging before and 
within 1 hour after the intravenous administration of 0.10 
mmol of gadoteridol per kilogram of body weight. Gado
teridol (ProHance; Squibb Diagnostics, Princeton , NJ) was 
supplied in 20-ml vials as a sterile , aqueous solution for 
intravenous injection. Each vial contained a formulation of 
(per milliliter) 0.5 mmol of gadoteridol , 0 .01 mmol of Tris , 
and 0.00025 mmol of calteridol calcium. The Tris buffer 
was added to maintain pH at 7 .4; the calcium salt of the 
ligand was added to act as a scavenging agent for the 
uncomplexed gadolinium ion, Gd3+. 

Before contrast administration, T1- and T2-weighted 
spin-echo images of the region of interest were obtained. 
Postcontrast T1-weighted scans were obtained in the same 
plane as precontrast scans, with identical section thickness, 
spacing, and matrix size. Images were evaluated for efficacy 
by an unblinded reader at the institution where they were 
acquired. Evaluation criteria included the diagnostic quality 
of the images, the presence or absence of enhancement of 
pathology on postcontrast sequences, the degree of en
hancement of pathology , and an assessment of whether 
additional diagnostic information was available on postcon
trast images. Readers also specified the nature of any 
additional information provided by contrast administration. 
The studies were subsequently evaluated by one of two 
neuroradiologists who were blinded to patient history and 
identity, physical examination, laboratory data, and pre
sumptive and final diagnosis. These blinded readers used 
the same image evaluation criteria as the unblinded readers . 

Recommended methods of confirming the postcontrast 
MR diagnosis included the following: computed tomogra
phy, biopsy, surgery, endoscopy, or a second unenhanced 
and enhanced MR study . 

Results 

Of 140 patients initially enrolled in the study, 
6 were later excluded because of claustrophobia 
or a clinical condition. An MR system malfunction 
prevented the completion of another study. The 
final study population of 133 patients included 
7 4 men and 59 women, ranging in age from 19 
to 76 years, with a mean age of 53 ± 15 years. 
A variety of MR imaging instruments ranging in 
field strength from 0.3 to 1.5 Twas used through
out the 12 participating institutions. The volume 
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Fig. 1. Nasopharyngeal and nasal cavity mass in a patient with acquired immunodefic iency syndrome suspected of having sinusitis. 
A biopsy revealed immunoblastic lymphoma. 

A , Axial Tl-weighted image reveals a large nasal and nasopharyngeal mass (asterisk) ; however , the relationship of the mass to the 
adjacent pterygoid muscles (curved arrow) is unclear. 

B, Axial Tl-weighted image after gadoteridol injection shows enhancement of the mass with invasion of the pterygoid muscles on 
the right (arrow). 

C, Axial proton density-weighted image without contrast confirms findings. 
D, Sagittal Tl-weighted precontrast image suggests possible intracranial involvement of the tumor in the region of the cribiform 

plate (arrows). 
E, Intracranial extension of the tumor is confirmed by the marked enhancement on the sagittal Tl -weighted image after gadoteridol 

injec tion . 

of contrast administered at a dose of 0. 10 mmol/ 
kg ranged from 6.4 to 27.0 mL with a mean 
volume of 13.9 mL; the rate of contrast admin
istration varied from 1 mL/min to bolus (at the 
discretion of the investigator) . 

Primary patient diagnoses (postcontrast) in
cluded a benign or malignant neoplasm in 97 
patients, an inflammatory or infectious process 
in 11 patients , and a normal study or postopera
tive changes in 23 patients. The postcontrast MR 
diagnosis was confirmed within eight weeks be-

fore or after participation in the study for 86 (86 
of 133, 64.7 %) of the patients completing the 
study. 

Eight adverse events considered by the inves
tigator to be possibly or probably related to con
trast administration were reported in eight pa
tients (eight of 133, 6 .0%) (Table 1). All of these 
events were considered to be mild in severity , 
and all resolved spontaneously without residual 
effects. The most common adverse event was 
nausea, which occurred in three patients (three 
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TABLE 1: Adverse events possibly or probably related to contrast 

administration 

Adverse Event 
No. of Patients 

Intensity Relation 
(%) 

Nausea 3/133 (2.3%) Mild Probably 

Itching, watery eyes 2/133 (1.5%) Mild Probably 

Small , solitary hive 1/ 133 (0.8%) Mild Probably 

Diarrhea 1/ 133 (0.8%) Mild Possibly 

Metallic taste 1/133 (0.8%) Mild Possibly 

Note.-ln the judgment of the investigator. 

of 133, 2.3% ). There were no clinically significant 
changes in vital signs recorded in this study. 

At 24 hours after contrast administration, in
vestigators reported a (otal of 41 abnormal labo
ratory values in 19 patients. Two of these abnor
mal values in two patients were judged by the 
investigator at the site involved to be related or 
to have a possible relationship to the injection of 
gadoteridol (two of 133, 1.5% ). One patient 
showed an elevation in }'-glutamyl transpeptidase 
from 56 to 7 4 IU/L (normal range, 0 to 65 IU/L), 
which was thought possibly to be related to 
contrast administration. A second patient expe
rienced a decrease in iron levels in serum from 
151 to 22 JLg/ dL (normal range, 50 to 180 JLg/ 
dL), which the investigator judged probably to be 
related to the gadoteridol injection. All 41 labo
ratory values returned to baseline or normalized 
on follow-up except for the decreased iron level 
in serum in one patient. (Values at 6 , 13, and 22 
days were 28, 42, and 22 JLg/dL, respectively .) 
This patient received iron supplements for a pre
viously undetected iron-deficiency anemia. 

Four studies were excluded from image eval
uation because they did not entirely conform to 
the imaging protocol. The remaining 129 cases 
were evaluated by an unblinded reader at the 
institution of origin. Enhancement of pathology 
after contrast administration was noted in 1 07 of 
these cases (107 of 129, 82.9 %). The enhance
ment was judged as "slight" in 28 patients (26.2 %) 
and "marked" in 79 patients (73.8 %). In 89 pa
tients (68. 9% ), the postcontrast MR examination 
was judged to provide additional diagnostic infor
mation when compared with the precontrast 
study (Table 2). Additional information available 
in those 89 cases was most often classified by 
investigators as improved lesion visualization (in 
67 patients, 75.3%) and better definition of lesion 
borders (in 66 patients, 74.2%) (Fig. 1). In 24 
cases (18.6 %), additional information available 
postcontrast contributed to a change in patient 
diagnosis. 
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Of the 129 studies evaluated by unblinded 
readers, an additional seven cases were excluded 
from the blinded evaluation because of imaging 
protocol violations or poor diagnostic quality. The 
remaining 122 cases were randomly assigned to 
one of two blinded readers for further evaluation. 
Enhancement of pathology was noted by the 
blinded readers in 96 of these cases (96 of 122, 
78.7%) and provided additional diagnostic infor
mation in 57 cases (46.7%). In 20 of these cases 
(20 of 57,35.1 %), the blinded readers determined 
that this additional information would have re
sulted in a change in patient diagnosis ( 16.4% of 
the 122 cases evaluated). In four cases (four of 
122, 3.3% ), postcontrast T 1-weighted images re
vealed one or more lesions not seen on precon
trast Tl- or T2-weighted images. In three cases, 
these additional lesions were discovered in the 
intracranial region. 

Discussion 

Gadopentetate dimeglumine (Gd-DTPA) was 
approved for enhanced MR imaging of the central 
nervous system in adults in June 1988 ( 18-20) 
and later for use in imaging of the spine and in 
pediatric patients (21 ). Several other gadolinium
based MR contrast agents have subsequently 
undergone clinical trials in the United States, 
Europe, and Japan. These include gadoterate 
meglumine (22), gadodiamide (23, 24), and ga
doteridol (14-17). Each of these agents is a par
amagnetic Gd3

+ chelate possessing imaging prop
erties similar to those of Gd-DTP A; however, the 
various agents have different chemical structures 
and physical properties that may affect their 
safety profiles. 

Osmolality, ionicity, and chemical stability are 
features of contrast agents that may compromise 
patient safety and limit clinical usefulness. In a 
recent study of radiographic contrast agents in
volving over 300,000 patients, Katayama et al 
(25) concluded that "nonionic contrast media sig
nificantly reduce life-threatening adverse drug re
actions to contrast media at all levels of risk . . . " 
Nonionic MR contrast media such as gadoteridol 
may provide an additional margin of safety over 
the currently used ionic formulation , especially in 
debilitated patients or in patients with cardiovas
cular compromise. A 0.5 mmol/L solution of 
gadoteridol possesses approximately one third 
the osmolality of a similar solution of Gd-DTPA 
(640 versus 1940 mOsmol/kg). Available expe
rience suggests that a lower osmolal MR agent 
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TABLE 2: Additional diagnostic information gained after contrast administration 

% of Cases with Additiona l 
% of A ll Evaluable Cases in 

Diagnostic Information" 
Study Population• (n = 129) T ype of Additional Diagnostic (n = 89) 

Information 
Unblinded Blinded Unblinded Blinded 
% (n = 89) % (n =57) % (n = 129) % (n- 122) 

Additional information postcon- 100 (89) 100 (57) 68.9 (89) 46.7 (57) 
trast 

Improved visualization of lesions 75.3 (67) 64.9 (37) 5 1.9 (67) 30.3 (37) 
Improved defin ition of lesion bar- 74 .2 (66) 59.6 (34) 51.2 (66) 27.9 (34) 

ders 

Improved lesion detection 44 .9 (40) 14.0 (8) 31.0 (40) 6.6 (8) 
Improved disease classification 25.8 (23) 24.6 (14) 17.8 (23) 11.5 ( 14) 
Increased number of lesions visual- 11.2 (10) 1.8 (1) 7.8 ( 10) < 1 (1) 

ized 

Improved detec tion of tumor re- 4.5 (4) 5.3 (3) 3. 1 (4) 2.5 (31 
currence 

" More than one category was selected for some patients. 

may be safely administered at doses two to three 
times greater than the currently approved dose 
for Gd-DTPA (0. 10 mmol/kg) without compro
mising patient safe~ (26-28). Because the free 
gadolinium ion (Gd +) and free ligand are both 
poorly tolerated in vivo, the safety of gadolinium 
chelates also depends on the kinetic stability of 
the ligand-metal ion complex. In vitro tests have 
shown gadoteridol to be more stable than Gd
DPT A in the presence of endogenously available 
ions (29), and recent research with liposomal 
gadolinium complexes has shown macrocyclic 
gadolinium complexes, such as gadoteridol and 
gadoterate meglumine, to be more stable in vivo 
than linear complexes, such as Gd-DTPA (30, 
31). 

These factors may be responsible for the ap
parent improvement in the safety profile of the 
newer agents as compared with Gd-DTP A. The 
overall incidence of adverse effects in this study 
(6.0%) compares favorably with the reported in
cidence of adverse events with Gd-DTPA (19.9%) 
in 1068 patients enrolled in US clinical trials (32). 
A recent postmarketing survey on the safety 
profile of Gd-DTPA in a worldwide patient popu
lation (33) showed a lower percentage of adverse 
events than that reported in US clinical trials; 
however, adverse events are less rigorously mon
itored in such trials than in controlled clinical 
trials. Although there have been no reports of 
severe adverse reactions with gadoteridol to date, 
investigators have reported several such reactions 
with Gd-DTPA (32, 34). Three patients in our 
series (2.3%) experienced mild nausea after the 
injection of gadoteridol , a figure higher than that 
reported (1.2%) in a previous trial involving 411 

patients ( 16), but similar to that reported in clin
ical trial with Gd-DTPA (1.5 to 1.9%) (32) . All 
adverse events in this study were graded as mild 
and resolved completely without intervention. 

The patients in this study did not demonstrate 
the pattern of transient increases in levels of iron 
or bilirubin in serum seen in 23% of the patients 
at 2 to 4 hours after the injection of 0.10 mmol 
of Gd-DTPA per kilogram (32). The tendency of 
Gd-DTPA to cause transient increases in iron 
levels in serum has been described by Niendorf 
and Seifert (35) , who propose that temporary 
elevations in iron and bilirubin levels in serum 
that occur after the administration of Gd-DTPA 
may be due to a slight hemolysis "of no recogniz
able clinical significance. " Three patients in this 
study exhibited a decrease in iron levels in serum 
at 24 hours after contrast administration (three 
of 133, <1 % ). In two of these cases, the decrease 
was considered to be unrelated to contrast ad
ministration , and iron levels in serum normalized 
or returned to baseline on follow-up. In the third 
case, the investigator initiall y determined that the 
decrease in iron levels in serum was probably 
related to contrast administration . However, this 
patient (who underwent a surgical resection 
within 24 hours after contrast administration) 
subsequently received iron supplements for a 
previously undetected iron-deficiency anemia. 

Overall , a strong correlation can be seen be
tween the unblinded and the blinded readers for 
the presence of enhancement: postcontrast en
hancement was seen in 82.9% of cases evaluated 
by investigators and in 78.7% of cases reviewed 
by the blinded readers. Unbl inded and blinded 
readers also concurred on the percentage of cases 
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in which additional information would have con
tributed to a change in patient diagnosis (18.6 
and 16.4% , respectively) . A discrepancy can be 
seen, however, between the two readings regard
ing the presence of additional diagnostic infor
mation . Postcontrast studies were felt to yield 
more diagnostic information than precontrast 
studies in 68.9% of cases evaluated by unblinded 
investigators, but in only 46.7% of cases evalu
ated by the two blinded readers. Investigators 
with full access to clinical data may have been in 
a better position to interpret the significance of 
the presence or absence of postcontrast enhance
ment of pathology. For both unblinded and 
blinded readers, the nature of the additional di
agnostic information most often noted was "im
proved visualization" of pathology (unblinded, 
67/89, 75.2% ; blinded, 37/57, 64.9%) or better 
"definition of lesion borders" (unblinded , 66/89, 
74.2% ; blinded, 34/57, 59.6%) (Table 2). These 
results compare favorably with those reported in 
a summary of US clinical trial experience with 
Gd-DTPA, in which improved visualization of 
extracranial lesions of the head and neck was 
seen in 41 % of patients studied (7). 

In three of the four cases in which postcontrast 
T 1-weighted images demonstrated additional le
sions not seen on precontrast T1 - or T2-weighted 
images, the additional lesions were discovered in 
the intracranial region . These cases included mul
tiple cerebral m etastases in one patient and post
operative changes surrounding the optic nerve in 
another. In the third patient, gadoteridol admin
istration demonstrated the extension of a muco
epidermoid carcinoma to the petroclival fissure 
and petrous apex . The fourth case involved post
contrast detection of an intradural extension from 
a bone neoplasm in the upper cervical region. 
These cases highlight another important role of 
contrast injection in patients with suspected head 
and neck pathology: to demonstrate pathology 
that is separate from, or has extended from, the 
primary region of interest. In appropriate cases, 
such as those with an expected perineural spread 
of malignancy, the use of a contrast agent may 
be routinely indicated. 

Conclusions 

In this phase Ill cl inical trial , gadoteridol , at a 
dose of 0.10 mmol/kg body weight, was found 
to be a safe and efficacious MR contrast agent 
for use in the evaluation of ex tracranial and/ or 
extraspinal head and neck pathology. The low 
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rate of adverse events (6 % ) and the demonstrated 
diagnostic utility of gadoteridol (enhancement of 
pathology noted in 78.7% of cases evaluated by 
blinded readers) confirm the safety and clinical 
utility of this agent. The degree to which the 
favorable physicochemical properties of gadoter
idol will result in a demonstrable safety advantage 
over higher osmolal or ionic agents or those using 
linear ligands will need to be evaluated in a larger 
patient population. Complementary advances in 
MR imaging techniques and magnetopharma
ceutical development will likely result in more 
sensitive and specific protocols for MR imaging 
of head and neck pathologies. 
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