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IntroductionAlthough excellent sensitivity 
has been reported for computed tomog-
raphy angiography (CTA) in the detection 
of significant coronary artery stenoses (1, 
2), a prerequisite for successful and ro-
bust coronary CTA is prominent vascular 
enhancement. The type and iodine con-
centration of the contrast agent used in 
coronary CTA have assumed increasing 
importance because the attenuation that 
can be achieved within the vessel lumen 
greatly affects the diagnostic yield (3, 4). 
These considerations are particularly im-
portant for imaging the coronary arteries 
because of the small caliber and tortuous 
anatomy of these vessels, and because of 
the decreased blood flow in the presence 
of stenosis or obstruction. 
 

Contrast 
enhancement in 
coronary CTA 
The pattern of enhancement in coro-
nary arteries can be described by plotting 
the attenuation values within the vessel 
against time after intravascular injection 
of contrast. This curve is also called ‘bolus 
geometry’. The ideal condition for the en-
hancement curve is a rectangular profile 
that overlaps the acquisition window ex-
actly. In practice, the enhancement curve 
has an upslope, a smooth peak resem-
bling a plateau and a wash-out portion 
(Figure 1). Being aware of the attenuation 
changes in a vascular territory (and how 
to modify them) is not trivial because CTA 
is based on the acquisition of data strictly 
synchronized with the arterial passage of 
contrast agent. 
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How to optimize 
contrast 
enhancement in 
coronary CTA
The minimum intracoronary attenuation 
to be achieved when performing coronary 
CTA is 250-300 HU at the lowest (5). Cor-
onary arteries have a small diameter (2-5 
mm) and blood flow can be decreased in 

the presence of a stenosis or obstruction. 
Roughly, good coronary enhancement 
requires iodine administration rates of 
1.6-2 g/s. An increase in contrast volume 
increases absolute intravascular attenu-
ation but delays the peak of maximum 
enhancement (Figure 1B). An increase 
in the iodine concentration yields propor-
tionally higher intravascular attenuation 
(6), and so does an increase in the injec-

tion rate. However, whereas an increase 
in injection rate decreases the time to the 
peak of maximum enhancement, the lat-
ter remains unaffected by concentration 
changes (Figure 1B). It can be argued 
that the iodine administration rate can be 
modified more easily by changing the in-
jection rate than by changing the contrast 
iodine concentration. However, the injec-
tion rates that are feasible in routine clini-

cal practice are 4–5 ml/sec. The use of 
higher injection rates would require larger 
needles, larger veins, more time for setting 
the intravenous line and could potentially 
increase the risk of contrast extravasation. 
Increasing the iodine concentration is al-
ways feasible in any condition. Thus the 
use of high-concentration (350-400 mgI/
ml) contrast agents is preferred over low-
concentration ones.

Figure 1. Attenuation-time curves after contrast injection. A: in ideal settings, the enhancement curve (dotted line, 1) has 
a rectangular shape and overlaps exactly the CT acquisition window (light grey rectangle). The real enhancement curve 
(continuous line, 2) has a steep upslope, a rounded peak and a wash-out downslope. In practice, portions of all the three 
enhancement phases are imaged. PME = peak of maximum enhancement. tPME = time to peak of maximum enhance-
ment. B: increasing the contrast volume (ml), injection rate (ml/s) and iodine concentration ([I]) increases the PME. The 
increase in contrast volume increases the tPME; the increase in injection rate decreases the tPME; the tPME is not affected 
by the iodine concentration.



The influx of contrast of very high concen-
tration may cause high-density artefacts. 
A saline bolus following the contrast bo-
lus may compensate for this. Moreover, 
contrast viscosity increases with iodine 
concentration and decreases with rising 
temperatures. Hence high concentration 
contrast agents should be administered 
after appropriate heating at 38°C.

For the synchronization of the CT scan 
with the peak of maximum enhancement 

within the coronary arteries (Figure 1), 
protocols such as bolus tracking (smart 
prep) or test bolus are routinely used.

Contrast 
concentration 
Several studies have discussed the role 
of contrast with high iodine concentra-
tion for coronary CTA (5, 7-9). In a study 
comparing several contrast agents with 
differing iodine concentrations (iohexol 
300 mgI/ml, iodixanol 320 mgI/ml, io-
hexol 350 mgI/ml, iomeprol 350 mgI/ml, 
and iomeprol 400 mgI/ml), it was shown 
that significantly higher vascular attenua-
tion was achieved with the highest iodine 

concentration, and significantly lower at-
tenuation was achieved with the lowest 
iodine concentration (8) (Figure 2). An-
other study (7) aimed at further defining 
the benefits of contrast agent with high 
iodine concentration by comparing the at-
tenuation achieved in the coronary arter-

Figure 2. Comparison of blood attenuation after injection of contrast agents with different iodine concentration, both 
injected at 4ml/sec. A: attenuation obtained with an iodine concentration of 400 mgI/ml, and B: attenuation obtained with 
an iodine concentration of 320 mgI/ml. Notice the differences in attenuation at the level of the aorta, left main and left 
anterior descending arteries. 



ies and great vessels of the thorax after 
administration of 2 contrast agents with 
high iodine concentration (iopromide 370 
and iomeprol 400). With all other injec-
tion variables (volume, injection rate) and 
scan parameters (kV, mA) kept constant, 
significantly higher attenuation was found 
in all vessels with the contrast agent with 
the highest iodine concentration (400 
mgI/ml). 

Contrast induced 
nephropathy (CIN) 
and contrast agent 
safety
Contrast induced nephropathy (CIN) is 
generally defined as an increase in se-
rum creatinine of more than 25%, or 44 
μmol/l [0.5 mg/dl] within 3 days after the 
intravascular administration of a contrast 
agent (10) . The highest risk for CIN is 
seen in patients with preexisting kidney 
disease (serum creatinine >132 μmol/l 
[1.5 mg/dl], glomerular filtration rate 
<60 ml/min), particularly when due to 
diabetic nephropathy (10, 11). Diabetes 
mellitus without renal impairment is not 
considered a risk factor (10). The route of 
contrast administration is also important. 
Contrast agents seem less nephrotoxic 
when administered intravenously than 
when given intraarterially into the renal 
arteries or the aorta proximal to the origin 
of the renal arteries (12).  

A meta-analysis of comparative trials (17) 
showed that high-osmolar contrast agents 
should be avoided in patients at increased 
risk of CIN. The question remains as to 
whether the other available contrast 
agents, several low-osmolar and one iso-
osmolar, differ in terms of nephrotoxic-
ity. Several nonionic monomers (iohexol, 
iomeprol, iopamidol, iopromide, ioversol, 
iobiditrol), one ionic dimer (ioxaglate), 
and one nonionic dimer (iodixanol) (Table 
1) are available for intravascular use. In 
2003, the results of  a randomized trial 
by Aspelin et al. (11) (NEPHRIC study) 
suggested less CIN with use of the iso-
osmolar nonionic dimer (iodixanol) than 
with nonionic monomers in 129 patients 
with moderate chronic kidney disease and 
diabetes mellitus receiving an intraarterial 
contrast injection during coronary or aor-
to-femoral angiography. However other 
studies (18-21) have not confirmed the 
results of the NEPHRIC study.  

Whereas controversy may exist about dif-
ferences in nephrotoxicity between iso-
osmolar and low-osmolar contrast agents 
following their intraarterial administration 
(22), there is no clear advantage of using 
the nonionic dimer for intravenous injec-
tion. Thomsen et al. (20) reported 7% CIN 
after intravenous injection of 40 gI of the 
iso-osmolar iodixanol and 0% CIN after 
the low-osmolar iomeron in patients with 
reduced kidney function (P<0.05). Bar-
rett et al. (23) showed a 2.6% CIN rate 
after intravenous injection of iodixanol 



generic 
name

Type, 
ionicity

Trade 
name

Manufacturer iodine 
Concentration 
(mg/ml)

Osmolality 
(mOsm/kg H2O)

Ioxaglate Low-osmol. 
Ionic (dimer)

Hexabrix Guerbet (licensed to Tyco 
Healthcare/Mallinckrodt)

160
200
320
350

295
370
600
680

Iohexol Low-osmol. 
Nonionic 
(monomer)

Omni-
paque

GE Healthcare Biosci-
ences/Amersham Health

180
200
240

410

Omnitrast Schering 250 520

Omnigraf Juste 300
350

640
780

Iopamidol Low-osmol. 
Nonionic 
(monomer)

Isovue Bracco Diagnostics 150
200

300-340
412-438

Iopamiro
Jopamiro
Niopam
Solutrast

Bracco Intl
Bracco Intl
Bracco UK
Bracco Altana-Pharma

240
300
350
370

480
616-680
730
796-832

Ioversol Low-osmol. 
Nonionic 
(monomer)

Optiray Tyco Healthcare/
Mallinckrodt

160
240
300
320
350

355–380
502–550
630
695–720
790

Iopromide Low-osmol. 
Nonionic 
(monomer)

Ultravist Schering
Berlex

150
180
200
240
300
350
370
400

340
390
420
480-500
610-620
730
774-780
880

Iobitridol Low-osmol. 
Nonionic 
(monomer)

Xenetix Guerbet 250
300
350

585
695
915

Iomeprol Low-osmol. 
Nonionic 
(monomer)

Iomeron Bracco Intl 150
200
250
300
350
400

301
362
440
521-609
620
730

Iodixanol Iso-osmol. 
Nonionic 
(dimer)

Visipaque GE Healthcare Biosci-
ences/Amersham Health

150
270
320

290
290
290

Table 1. Properties of low- and iso-osmolar contrast agents [modified from (26)]



and 0% after injection of iopamidol in a 
randomized, multicenter trial (IMPACT). 
These results were similar to those of a 
previous study  by Carraro et al. (24) in 
which no difference was found between 
the iso-osmolar iodixanol and the low-os-
molar iopromide in patients with chronic 
kidney disease. A recent study by Nguyen 
et al. (25) randomized 117 patients with 
decreased renal function undergoing 
contrast-enhanced CT to receive either 
iodixanol (61 patients) or iopromide (56 
patients). Serum creatinine levels were 
measured one, two, and three days after 
the exam, and then again after 30 and 90 
days. This study found that after one day 
serum creatinine levels were lower with io-
dixanol than with iopromide. However, no 
patients in either group showed  contrast-
related adverse events at the 30- or 90-
day follow-up. 

Conclusion
Good coronary enhancement is manda-
tory in order to perform successful coro-
nary CTA. The minimum intracoronary 
attenuation to be achieved is 250-300 
HU at the lowest. Coronary arteries are 
small vessels with a tortuous anatomy. 
Moreover, coronary blood flow can be 
decreased in the presence of stenosis or 
obstruction. In order to optimize coronary 
enhancement, iodine administration rates 
of 1.6-2 g/s should be used. Contrast in-
jection rate and concentration must be 
chosen accordingly. The injection rates 
that are feasible in clinical routine are 4–5 
ml/sec. The use of higher injection rates 
would require larger needles, larger veins 
and could potentially increase the risk of 
contrast extravasation. Conversely, the 
use of high-concentration (350-400 mgI/
ml) contrast agents is always feasible and 
increases coronary enhancement pro-
portionally. High-concentration contrast 
agents are low-osmolar nonionic mono-
mers. For intravenous injection, these 
contrast agents can be considered as safe 
as iso-osmolar nonionic dimers.
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