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Intravascular contrast agents provide vital diagnostic in-
formation for CT imaging; therefore, they are used in 

approximately half of the 85 million CT scans performed 
annually in the United States (1). Iodine is used as the re-
porter element in all current intravascular CT contrast ma-
terials. No substantively new CT contrast agent has been 
approved for clinical use in over 2 decades (1). Although 
iodine provides adequate contrast enhancement at the low 
x-ray tube potentials required for imaging small patients, 
the intensity of enhancement from iodinated contrast 
agents decreases by up to 50% at the high x-ray tube po-
tentials required for imaging overweight and obese patients 
(2). Consequently, iodine-enhanced CT image quality is 
particularly poor for imaging the abdomen in overweight 
and obese patients. The poor performance of iodinated 
contrast agents in overweight and obese patients is a key 
limitation for patient care in this high-risk population for 
whom imaging is particularly important due to myriad 
obesity-related comorbidities (3).

There is reduced contrast enhancement of iodine with 
high tube potential because iodine has a k-edge energy of 
33 keV. Above this threshold, x-ray attenuation decreases 

monotonically. The mean photon energies of 80-, 100-, 
120-, and 140-kVp x-ray spectra are approximately 60, 68, 
81, and 93 keV, respectively (2); thus, as tube potential 
is increased, the mean photon energy is further from the 
iodine k-edge, and the attenuation provided by iodine is 
reduced accordingly. At the high-tube-potential settings re-
quired to penetrate overweight patients, poor iodine con-
trast enhancement can severely impede diagnostic utility 
(2,4,5). This problem is compounded by hardening of the 
x-ray spectrum, which is a function of path length and is 
more severe in overweight and obese patients (6).

High-atomic-number elements, such as ytterbium  
(Z = 70), hafnium (Z = 72), tantalum (Z = 73), tung-
sten (Z = 74), gold (Z = 79), and bismuth (Z = 83), have 
been proposed as alternative reporter elements, as their 
high k-edges attenuate more x-rays in the diagnostic en-
ergy range (7–19). Among the candidate elements with 
a high atomic number, screening studies have identified 
nanoparticles of tantalum (k-edge = 67.4 keV) as a cost-
effective and biocompatible option capable of provid-
ing superior contrast levels over a wide range of patient 
sizes (2,20). An intravascular carboxybetaine zwitterionic 
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Purpose:  To compare the CT imaging performance of a carboxybetaine zwitterionic–coated tantalum oxide (TaCZ) nanoparticle 
CT contrast agent with that of a conventional iodinated contrast agent in a swine model meant to simulate overweight and obese 
patients.

Materials and Methods:  Four swine were evaluated inside three different-sized adipose-equivalent encasements emulating abdominal 
girths of 102, 119, and 137 cm. Imaging was performed with a 64–detector row CT scanner at six scan delays after intravenous 
injection of 240 mg element (Ta or I) per kilogram of body weight of TaCZ or iopromide. For each time point, contrast enhance-
ment of the aorta and liver were measured by using regions of interest. Two readers independently recorded the clarity of vascula-
ture using a five-point Likert scale. Findings were compared by using paired t tests and Wilcoxon signed-rank tests.

Results:  Mean peak enhancement was higher for TaCZ than for iopromide in the aorta (270 HU [s = 24.5] vs 199 HU [s = 10.2], 
P , .001) and liver (61.3 HU [s = 11.7] vs 45.2 HU [s = 8], P , .001). Vascular clarity was higher for TaCZ than for iopromide 
in 63% (132 of 208), 82% (170 of 208), and 86% (178 of 208) of the individual vessels at the 102-, 119-, and 137-cm girths, re-
spectively (P , .01). Arterial clarity scores were higher for TaCZ than for iopromide in 62% (208 of 336) of vessels. Venous clarity 
scores were higher for TaCZ than for iopromide in 89% (128 of 144) of the veins in the venous phase and in 100% (144 of 144) of 
veins in the delayed phase (P , .01). No vessel showed higher clarity score with iopromide than with TaCZ.

Conclusion:  An experimental tantalum nanoparticle–based contrast agent showed greater contrast enhancement compared with  
iopromide in swine models meant to simulate overweight and obese patients.

© RSNA, 2018
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Abbreviations
ROI = region of interest, TaCZ = carboxybetaine zwitterionic tantalum 
oxide

Summary
An experimental tantalum oxide nanoparticle–based contrast agent pro-
vided improved vascular enhancement compared with a conventional 
iodinated agent in swine models meant to simulate overweight and 
obese patients.

Implications for Patient Care
nn The use of a tantalum-based contrast agent has potential to im-

prove CT vascular image quality in overweight and obese patients 
and thereby increase diagnostic confidence in this high-risk popu-
lation.

nn The superior contrast enhancement offered by tantalum could 
also enable use of lower injected contrast agent doses, radiation 
doses, or both because of the greater contrast-to-noise ratio of the 
tantalum-based contrast agent compared with that of iodine-based 
contrast agents.

tantalum oxide (TaCZ) nanoparticle agent has recently been 
described as showing promising physicochemical and biologic 
properties (12). In a pilot experiment using a rat model placed 
in the mediastinal insert of a thorax phantom that simulated 
the size of an overweight adult patient, TaCZ was shown to 
offer improved enhancement when compared with iopromide 
(12). No adverse effects were seen, and organ retention was 
similar to that of existing commercial iodine agents in rats 
(12). However, as with all other preclinical studies of high-
atomic-number contrast agents (7,8,10,11,21), the small-
animal model precluded anatomically relevant image quality 
analysis. As such, these key properties remained untested in 
large-animal models for all high-atomic-number contrast agent 
candidates.

The purpose of this study was to compare the CT imaging 
performance of TaCZ with that of iopromide in a porcine model 
encased within attenuators to simulate overweight and obese pa-
tients. We sought a comprehensive comparison using multiple 
simulated patient diameters, multiple scans per diameter, and 
multiple time points per scan; for evaluation, we used both ob-
jective and subjective image quality metrics.

Materials and Methods

Encasements
Three custom-made adipose-equivalent plastic encasements 
(Computerized Imaging Reference Systems, Norfolk, Va) 30 cm 
in length were used to increase abdominal girth of the porcine 
model (Table 1). Swine abdomens were scanned in the supine 
position and were centrally placed within the encasements, with 
polyethylene bladders containing canola oil used to fill in the air 
gaps with adipose-equivalent material (Fig 1). In addition to pro-
viding an additional cross-sectional area to emulate overweight 
and obese patients, these encasements provided consistent outer 
girths and shape to enable direct comparison between studies, 
independent of the encased pigs’ abdomen sizes, by using equal 

radiation dose and thereby obtaining equivalent image noise for 
all scans with each encasement size.

Animals
Care and maintenance of experimental animals was in accor-
dance with National Institutes of Health guidelines and with the 
rules of our committee on animal research. Four female York-
shire domestic swine (Pork Power Farms, Turlock, Calif ) with a 
mean weight of 51 kg (range, 29–68 kg) on the day of scanning 
underwent 12 separate scanning sessions. Individual swine were 
housed at our institution and grew over a period of several weeks 
to 3 months. Prior to each scanning session, animals were fasted 
from the prior afternoon. On the day of scanning, animals were 
sedated with intramuscular injection of tiletamine hydrochlo-
ride and zolazepam hydrochloride (2.0 mg per kilogram of body 
weight, Telazol; Zoetis, Kalamazoo, Mich). Endotracheal intuba-
tion was performed in the standard fashion, and anesthesia was 
maintained with isoflurane (Attane; Piramal Critical Care, Beth-
lehem, Pa) at 1%–5% to effect with oxygen at 2.0 L/min. An 
auricular vein catheter was placed for contrast material adminis-
tration, and atropine sulfate (0.04 mg/kg; Abbott Laboratories, 
North Chicago, Ill) was given intravenously to reduce oral secre-
tions. Ventilation was provided with a volume-controlled venti-
lator (2002 Pro; Hallowell Engineering & Manufacturing Cor-
poration, Pittsfield, Mass), and anesthesia was maintained with  
isoflurane. Animals were monitored with electrocardiography, 
end-tidal carbon dioxide monitoring, and pulse oximetery at 
all times. TaCZ, formulated as previously described (12), and 
iopromide (300 mg of iodine per milliliter, Ultravist; Bayer 
Healthcare, Wayne NJ) were diluted to a mass concentra-
tion of 240 mg active element per milliliter, and one of the 
two was injected via a CT power injector (Medrad Stellant, 
Bayer Healthcare) at a constant rate for a 30-second injection 
of 540 mg of the active element per kilogram of body weight. 
This was followed by a 10-second saline injection at the same  
rate. After scanning, buprenorphine hydrochloride (0.01 mg/kg, 
Buprenex; Hospira, Lake Forest, Ill) was administered intramus-
cularly as an analgesic, and cefazolin (22 mg/kg, Ancef; West-
Ward Pharmaceuticals, Eatontown, NJ) was administered intra-
venously. After imaging, animals were weaned off the ventilator 
and recovered. The following week, animals were scanned in 
the same adipose-equivalent encasement, and the other contrast 
agent was injected to enable same-animal comparisons of the 
two contrast materials. The order of iopromide and TaCZ was 
randomized, such that half the swine received each agent first.

Imaging
A 64–detector row CT scanner (Discovery CT750 HD; GE 
Healthcare, Chicago, Ill) was used in the helical mode (0.984:1 
pitch, 40-mm collimation, 0.5-second gantry rotation time, 
large-body bowtie filter, fixed tube current dependent on the 
adipose-equivalent encasement size) (Table 1). Scan lengths 
of 30 cm (the z-axis length of the adipose-equivalent encase-
ments) were used, resulting in a 4.4-second scan. The adipose-
equivalent encasements were aligned cranially to include the 
dome of the swine liver in each scan, and the canola oil bags 
were placed between the swine and the encasement. CT tech-
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Figure 1:  Supine swine on CT scanner table. Anesthetized 
swine is within an adipose-equivalent plastic encasement (ar-
row) that measures 30 cm in the z-axis. Polyethylene bladders 
containing canola oil (arrowheads) were used to fill the air 
gaps between the swine abdomen and the adipose-equivalent 
plastic encasement.

Table 1: Adipose-equivalent Plastic Encasement Sizes and Corresponding CT Protocols for the Three Simulated Pa-
tient Sizes

Encasement Girth

Inner  
Diameter (cm)

Outer  
Diameter (cm)

Plastic  
Encasement 
Thickness 
(cm)

Tube  
Potential 
(kVp)

Tube  
Current  
(mA)

CTDIvol 
(mGy) SSDE (mGy)AP LAT AP LAT

102 cm 25.0 32.5 28.5 36.5 3.25 100 595 14.6 15.6
119 cm 28.5 36.5 34.0 42.0 2.75 120 675 26.4 22.7
137 cm 28.5 36.5 40.0 48.0 5.75 140 575 32.0 23.0

Note.—AP = anterposterior, LAT = transverse, CTDIvol = volume CT dose index, SSDE = size-specific dose estimate.

erences. For each scan, the readers graded the subjective image 
noise and severity of image artifacts on five-point Likert scales. 
The subjective image noise was graded as follows: 0, unaccept-
ably high; 1, higher than average; 2, average; 3, lower than aver-
age; and 4, minimal. The severity of image artifacts was graded 
as follows: 0, major, preventing diagnosis; 1, pronounced, in-
terfering with diagnosis; 2, moderate; 3, mild, not interfering 
with diagnosis; and 4, absent. At each of the six time points 
for each scan, the overall vascular image quality was graded as 
follows: 0, nondiagnostic; 1, limited; 2, adequate; 3, good; and 
4, excellent. Seven specific arteries (the aorta and the celiac, 
common hepatic, gastroduodenal, branch hepatic, epigastric 
and splenic arteries) were graded at the first four time points 
(29, 39, 60, and 80 seconds) by using the following scale: 0, 
not seen; 1, faintly seen or visible but discontinuous; 2, con-
tinuous but neither origin nor branch are well seen; 3, continu-
ous but either origin or branch not well seen; and 4, clearly 
defined with origin and branches seen. Six specific veins (the 
infrahepatic inferior vena cava and the portal, right hepatic, 
midhepatic, left hepatic, and splenic veins) were graded at the 
later four time points (60, 80, 180, and 300 seconds) by us-
ing the same scale. These data were divided into portal venous 
phases (60 and 80 seconds) and delayed phases (180 and 300 

niques were designed to produce similar image noise between 
the three encasement sizes at clinically relevant x-ray tube po-
tentials and radiation doses (Table 1). Scans were performed 
during an end-expiration breath hold immediately prior to 
injection and at scan delays of 29, 39, 60, 80, 180, and 300 
seconds after the start of injection. These scan delay time points 
were informed by a prior investigation into intravascular con-
trast dynamics of swine (22) and were chosen to produce two 
each of arterial, portal venous, and delayed phase data sets. 
Axial images were reconstructed with a 50-cm field of view and 
a 2.5-mm section thickness and spacing by using filtered back 
projection and a standard kernel.

Objective Image Quality Assessment
One reader with 3 years of experience with small- and large-
animal imaging for contrast material development and an MS 
degree in biomedical imaging (Y.S.) placed regions of interest 
(ROIs) in homogeneous regions of the abdominal aorta and 
the liver parenchyma to measure CT numbers before contrast 
material administration and at the six delayed time points after 
contrast material administration among the 12 data sets (two 
contrast agents 3 three encasement sizes 3 two repetitions). 
In the liver, care was taken to avoid visible hepatic vasculature. 
Consequently, ROI size and shape varied but included at least 
five axial image ROIs with a total area of at least 500 mm2 at 
each time point and organ. Within each data set, unenhanced 
results were subtracted from contrast material–enhanced re-
sults to determine net contrast enhancement. Image noise was 
recorded as the standard deviation of CT number (in Houn-
sfield units) in ROIs placed in the canola oil bags. The percent-
age reduction from peak enhancement to enhancement during 
the final imaging time point was calculated.

Subjective Image Quality Assessment
Two radiologists with abdominal imaging subspecialty training 
(R.K., Z.L.; 5 and 4 years of experience reading abdominal 
CT images, respectively) viewed images from the six contrast-
enhanced time points in each of the 12 data sets. The order 
of the images was randomized and the readers were not aware 
of the type of contrast material used for each scan. Images 
were viewed by using a standard clinical picture archiving and 
communication system (Impax ES, version 6; Agfa Technical 
Imaging Systems, Ridgefield Park, NJ) with default soft-tissue 
window settings (window width, 400 HU; window level, 40 
HU); however, readers were free to change settings to suit pref-



Intravascular Tantalum Oxide–based CT Contrast Agent

106	 radiology.rsna.org  n  Radiology: Volume 289: Number 1—October 2018

Ta
b

le
 2

: 
B

a
ck

g
ro

u
n

d
 I

m
a

g
e
 N

o
is

e
 a

n
d

 N
e
t 

P
e
a

k
 A

o
rt

ic
 a

n
d

 H
e
p

a
ti

c 
C

T 
N

u
m

b
e
r 

En
h

a
n

ce
m

e
n

t 
fo

r 
th

e
 T

w
o

 C
o

n
tr

a
st

 A
g

e
n

ts

En
ca

se
m

en
t G

irt
h

Im
ag

e 
N

oi
se

 (H
U

)
Pe

ak
 A

or
tic

 E
nh

an
ce

m
en

t (
H

U
)

Pe
ak

 H
ep

at
ic

 E
nh

an
ce

m
en

t (
H

U
)

Io
pr

om
id

e
Ta

nt
al

um
 O

xi
de

In
cr

ea
se

 fo
r T

an
ta

lu
m

  
O

xi
de

 C
om

pa
re

d 
w

ith
  

Io
pr

om
id

e 
(%

)
Io

pr
om

id
e

Ta
nt

al
um

 O
xi

de

In
cr

ea
se

 fo
r T

an
ta

lu
m

  
O

xi
de

 C
om

pa
re

d 
w

ith
  

Io
pr

om
id

e 
(%

)
Io

pr
om

id
e

Ta
nt

al
um

 O
xi

de

In
cr

ea
se

 fo
r T

an
ta

lu
m

  
O

xi
de

 C
om

pa
re

d 
w

ith
  

Io
pr

om
id

e 
(%

)
10

2 
cm

17
.6

 6
 1

.5
17

.5
 6

 1
.4

2
0.

6
24

4 
6

 1
2

29
1 

6
 2

2
19

*
56

.2
 6

 8
.8

70
.7

 6
 8

.7
26

*
11

9 
cm

17
.0

 6
 1

.1
17

.0
 6

 1
.2

0
19

8 
6

 1
1

28
9 

6
 3

4
46

*
43

.4
 6

 8
.4

60
.2

 6
 1

3
39

*
13

7 
cm

20
.2

 6
 1

.3
20

.2
 6

 1
.3

0
15

4 
6

 8
.4

22
9 

6
 1

7
49

*
36

.0
 6

 6
.7

53
.0

 6
 1

3
47

*

N
ot

e.
—

U
nl

es
s o

th
er

w
ise

 in
di

ca
te

d,
 d

at
a 

ar
e 

m
ea

n 
6

 st
an

da
rd

 d
ev

ia
tio

n 
am

on
g 

th
e 

re
gi

on
-o

f-i
nt

er
es

t m
ea

su
re

m
en

ts 
fo

r t
he

 tw
o 

sc
an

s p
er

 c
on

di
tio

n.
* 

D
en

ot
es

 a
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
 b

et
w

ee
n 

th
e 

tw
o 

co
nt

ra
st 

ag
en

ts,
 a

s d
et

er
m

in
ed

 w
ith

 a
 p

ai
re

d 
t t

es
t (

P 
,

 .0
5)

.

seconds). Since individual swine were imaged with each con-
trast agent on different days, this approach yielded 57 matched 
vessel pairs for comparison (three encasement sizes, seven ar-
teries, six veins in the venous phases, six veins in the delayed 
phases). Mean scores among the two readers were compared for 
the two contrast agents. Data were also grouped by vessel type 
and simulated patient size to assess trends.

Statistical Analyses
All statistical analyses were performed by using Excel software 
(2011 version; Microsoft, Redmond, Wash). ROI measure-
ments of image noise, aorta enhancement, and liver enhance-
ment were assessed by using paired t tests. Qualitative vascular 
scores between the two contrast agents were assessed by using 
the Wilcoxon signed rank test. Interobserver agreement was as-
sessed by using a weighted k test. For all analyses, statistical sig-
nificance was defined as P , .05 in two-tailed hypothesis tests.

Results

Objective Image Quality Assessment
No difference in image noise was observed between iopromide 
and TaCZ scans at any of the simulated patient sizes (P . .5) 
(Table 2). At all simulated patient sizes, peak enhancement of 
the aorta and liver was significantly higher for TaCZ than for 
iopromide (P , .005) (Table 2). At the 102-cm girth, peak 
aortic enhancement occurred at 39 seconds for both contrast 
agents, while for the 119- and 137-cm girths it occurred at 
29 seconds (Fig 2a). Peak hepatic enhancement occurred at 
60 seconds for both contrast agents in all simulated patient 
sizes (Fig 2b). After peak enhancement, TaCZ continued to 
display significantly higher contrast material retention in both 
the aorta and the liver (Fig 2a, 2b).

Subjective Image Quality Assessment
Interobserver agreement was moderate, with a weighted  
value of 0.60 (23). Subjective image noise and artifacts were 
not significantly different between scans with the two contrast 
agents (Fig 3). Overall vascular image quality was higher for 
TaCZ than for iopromide at all three encasement sizes, with 
TaCZ graded higher than iopromide in 75% (18 of 24), 88% 
(21 of 24), and 96% (23 of 24) of the data sets for the 102-, 
119-, and 137-cm girths, respectively (P , .01) (Fig 3). Con-
versely, vascular image quality was not graded higher for iopro-
mide than for TaCZ in any of the grading pairs. Among the 57 
individual vessel grading pairs, TaCZ was scored higher than 
iopromide in 54 instances (P , .05), with no significant dif-
ference observed between the three pairs. The three pairs were 
the aorta, epigastric artery, and splenic vein, all at the 102-
cm girth. When grouping the data by vessel type, TaCZ was 
graded higher than iopromide in 62% (208 of 336) of the ar-
teries (graded at 29–80 seconds) (Fig 4a), 89% (128 of 144) 
of the veins in the venous phase (60–80 seconds) (Fig 4b), and 
100% (144 of 144) of the veins in the delayed phase (180, 
300 seconds) (Fig 4c). When grouping the data by simulated 
patient size, TaCZ was graded higher than iopromide in 63% 
(132 of 208), 82% (170 of 208), and 86% (178 of 208) of ves-
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Figure 2:  Graphs show mean contrast enhancement for iopromide and tantalum oxide for the three simulated patient girths 
in the (a) abdominal aorta and (b) liver parenchyma. Error bars represent standard errors among the 12–24 region-of-interest 
measurements per data point.

Figure 3:  Mean general image quality scores for iopromide 
and tantalum oxide at the three simulated patient sizes. Dif-
ferences between contrast agents in overall vascular image 
quality were significant at all three sizes (P , .01). Error bars 
represent standard errors among the 24 reader scores per data 
point. IQ = image quality.

sels for the 102-, 119-, and 137-cm girths, respectively. Con-
versely, iopromide was not graded higher than TaCZ in any of 
the individual vessel grading pairs. Portal venous phase images 
of the two contrast agents at the level of the liver showed supe-
rior vascular and liver contrast enhancement from TaCZ at all 
encasement sizes (Fig 5).

Discussion
Our study explored the potential value of high-atomic-num-
ber elements for CT imaging of overweight and obese body 
habitus by using a large-animal model. We found that TaCZ 
provides superior vascular and hepatic enhancement in vivo in 
a swine model meant to simulate overweight or obese patients 
(range, 102–137-cm abdominal girth) when compared with 
the same mass dose of an iodinated small-molecule contrast 
agent (iopromide) imaged with identical scanning parameters. 
Since the atomic mass of tantalum is 43% greater than that of 
iodine (181 vs 127), the molar dose of iodine was 43% larger 
than that of tantalum.

We found that TaCZ provided higher peak enhancement 
than did iopromide in both the aorta and the liver. Also,  
TaCZ-enhanced scans yielded higher qualitative vessel image 
quality scores than did iopromide-enhanced scans in the abdom-
inal arteries and veins at all simulated patient sizes. The higher 
contrast enhancement for TaCZ-enhanced scans was likely due 
to the higher k-edge energy of tantalum compared with that of 
iodine. The enhancement increases for TaCZ-enhanced scans 
compared with iopromide-enhanced scans were 19%, 46%, and 
48% at 100, 120, and 140 kVp, respectively, in the aorta and 
26%, 39%, and 47% at the same tube potentials in the liver; 
these correlated reasonably well with previously reported results 
in phantoms, which showed enhancement increases of 24%, 
46%, and 60% for tantalum compared with iodine at 100 kVp,  
120 kVp, and 140 kVp, respectively (2).

A relatively low operating voltage of 100 kVp has been 
proposed as a more dose-efficient alternative to the con-
ventional 120-kVp setting for iodine-enhanced scanning of 
adult abdomens, as the increased iodine enhancement yields 

a higher contrast-to-noise ratio, and thus greater dose effi-
ciency, at an equal dose (24–26). Thus, to provide optimal 
imaging conditions for iodine, we chose 100 kVp for imaging 
the 102-cm encasement size in our study. The significantly 
better performance of TaCZ over that of iopromide that was 
observed when scanning under these conditions suggests that 
the benefits of the TaCZ agent might be observed in a large 
majority of adult patient sizes, with the likely exception of 
those that can be successfully scanned with a lower tube po-
tential, such as 80 or 70 kVp.
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We also observed sustained contrast enhancement shown by 
TaCZ over the 5-minute scanning period. Whereas iopromide 
exhibited a peak-to-300-second contrast reduction of 77.1% in 
the aorta, only a 59.4% reduction was seen for TaCZ. This corre-
sponded to pronounced improvements in subjective venous image 
quality scores at the later time points. Similar to findings in aortic 
enhancement, the decline in peak-to-300-second enhancement 
was lower with TaCZ than with iopromide. However, the overall 
clearance rate of TaCZ was previously shown to be similar to those 
of iodine-based agents (12). This sustained enhancement dur-
ing the typical scan delays used for clinical imaging suggests that 
TaCZ may have promising implications for liver imaging, where 
excellent enhancement during multiphasic contrast-enhanced ex-
aminations, including the delayed phase, are critical to tumor de-
tection, characterization, and presurgical planning (27,28).

Our study had several limitations. First, a concentration 
of 240 mg element per milliliter was used for both agents, rep-
resenting the lower end of the range used in clinical practice. 
This was required to accommodate the osmolality and viscos-
ity properties of TaCZ, which is still in development (12). For 
both agents, the same contrast agent volume (2.25 mL/kg) and  
the same mass dose of tantalum as for iodine (540 mg element/
kg) was delivered. We are currently optimizing TaCZ to enable 
administration at higher concentrations. Despite this limitation, 
it is unlikely that the maximum concentration of iopromide (370 
mg/mL) would offset the dramatic enhancement reduction that 
occurs in overweight and obese patient sizes, particularly at ve-
nous and delayed scan phases. Second, although we assessed 
vascular image quality in healthy animals, we did not image ani-
mals with disease, and the sample size is small. Our promising 
data justify future in vivo studies to assess the ability of TaCZ to 
improve contrast enhancement and lesion detection and charac-
terization. Third, it is likely that the tantalum oxide nanoparticle 
agent, which is physically larger than the iopromide molecule, has 
a slower rate and extent of distribution into the extravascular ex-
tracellular space than does iopromide, which is known to quickly 
equilibrate between intravascular and interstitial fluid. A higher 
intravascular concentration of tantalum oxide may contribute to 
the improved vascular delineation seen with the tantalum oxide 
agent compared with that seen with iopromide, particularly at 
longer scan delays (non–arterial-phase scans). Fourth, we only 
investigated imaging performance in models meant to simulate 
overweight and obese patients. Nevertheless, these represent ap-
proximately half of the population in the United States (29), and 
obese patients are a particularly challenging population, for whom 
satisfactory abdominal CT image quality is currently unobtainable 
and in whom disease prevalence is high. Fifth, our study evalu-
ated a single set of injection protocols and scan delays in healthy 
swine. Future exploration of doses and injection protocols will be 

Figure 4:  Bar graphs show individual vessel image quality scores for 
the two readers for iopromide and tantalum oxide at the three simulated 
patient sizes. (a) Mean artery scores from 29-, 39-, 60-, and 80-second 
time points. (b) Mean vein scores from 60- and 80-second portal venous 
phase time points. (c) Mean vein scores from 180- and 300-second 
delayed-phase time points. Brackets over matched pairs indicate differences 
that were not significant (P . .05). Error bars represent the standard error 
among the eight to 16 individual scores per data point.
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Figure 5:  Axial CT images in the porcine model within three different-sized adipose-equivalent encasements show iopromide (left) 
and tantalum oxide (right) contrast agents at the level of the liver 80 seconds after the start of injection at simulated patient girths of (a, 
b) 102, (c, d) 119, and (e, f) 137 cm. Each image pair corresponds to the same swine scanned on different days. All images are 
shown at the same magnification and were obtained with a window width of 400 HU and a window level of 40 HU.

needed to optimize evaluation of specific disease states. Finally, al-
though outer adipose-equivalent encasement diameters simulated 
overweight and obese adults, the anatomy of interest in the en-
cased swine resembled that in small- to medium-size adults. The 
increased separation of abdominal organs by visceral fat that oc-
curs in overweight patients was therefore not accurately modeled. 

However, the combination of solid plastic adipose-equivalent 
encasements and interstitial oil bags allowed for scan-to-scan con-
formity in overall abdomen shape and size, which is not otherwise 
possible. Although human studies are currently not possible due 
to lack of Food and Drug Administration approval, our findings 
provide data to justify future human studies.
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In conclusion, an experimental tantalum oxide nanoparticle–
based contrast agent provided improved vascular enhancement 
compared with a conventional iodinated contrast agent in swine 
models intended to simulate overweight and obese patients; this 
enhancement was measured by using both qualitative and quan-
titative metrics, including a comprehensive subjective reader 
grading study.
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