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CT and MR Angiography 
of the Brain and Carotid Arteries

Cesur Samanci

18.1  CT Angiography of the Brain 
and Carotid Arteries

The brain CTA is from C1 to vertex and the neck 
CTA is from the aortic arch to C1. In stroke imag-
ing, head and neck CTA is performed from aortic 
arch to vertex, including Willis. For reducing the 
volume of contrast material (CM) and to prevent 
venous opacification, CT scannings are caudo-
cranial [1–5]. CTA is a must in acute cerebrovas-
cular disease. It is important to demonstrate the 
patency of intracranial vascular structures and the 
stenosis in the carotid artery in transient ischemic 
attack or stroke patients. The stenosis-forming 
plaque in the carotid artery may be the source of 
emboli. Besides, CTA shows exactly which seg-
ment of the vessel is occluded in patients under-
going mechanical thrombectomy [6–8]. CTA is 
more preferred than MRA in acute cases because 
of its speed. Evaluation of CTA in the evaluation 
of carotid artery stenosis (more than 70%) has 
a high specificity and sensitivity [9–17]. Single 
section CTA is not widely used in patients with 
CAS (Fig. 18.1). This may be due to the use of 
more than 100 mL of CM and a slice thickness 
of more than 2 mm. MDCT has eliminated most 
of these limitations. In addition to the use of less 
dose of CA, it allows obtaining less than 1 mm 

slice thickness and high resolution (HR) images 
[18–20]. In addition, MDCTA can show carotid 
arteries from the aortic arch to Willis in <15 sec-
onds (s), with 1 mm slice thickness, HR, and most 
importantly low-dose CA [19, 20]. As the tech-
nology progresses in radiology, it has become 
important to reduce the dose of the CA, along 
with the radiation dose, in such a way as not to 
affect the image quality. Another way to reduce 
the amount of contrast agent (CA) is to give saline 
bolus immediately after administration [21–25]. 
de Monyé et al. [18] compared different volumes 
of CM at 16 detector row computed tomographic 
CTA of the carotid arteries. Patients included in 
the study were divided into three groups: Group 
1 80 mL CA, Group 2 80 mL CA followed by 
40 mL saline, and Group 3 60 mL CA followed 
by 40 mL saline. The Hounsfield unit was mea-
sured from the ascending aorta and arteries from 
the aorta at 1-s intervals. The attenuation was 
measured more than the other groups in patients 
who received 40 mL of the saline bolus in 80 mL 
of contrast. In the group with 60 mL CA, attenu-
ation was lower than the other groups. Kim and 
colleagues [26] developed a contrast dose proto-
col for CTA at 64 detector CT for the diagnosis 
of acute cerebrovascular disease. A 70  mL CA 
(iohexol, Omnipaque 350  mgI/mL) and 25  mL 
saline bolus were given at a rate of 5 mL/s for 
CTA. About 1 min after CTA, CE brain CT was 
performed. The purpose of this brain CT after 
CTA is to demonstrate incidental lesions, sub-
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acute infarctions, hematoma, or contrast extrava-
sation in aneurysm rupture. 150 mL of contrast 
medium (CM) is used (2 × 40 mL for CT perfu-
sion and 70 mL for CTA). The total time of the 
procedure is approximately 8  min and the tim-
ing of contrast injection is very important for the 
best filling of the arteries. CA can be given with 
a delay of approximately 25 s. Since blood flow 
dynamics will change from patient to patient, it 
is useful to use the bolus tracking method espe-
cially in 64 section CT [26–29]. In a study by 
Kayan et al. [30], image resolution of carotid and 

cerebral CTA with a low voltage and low dose 
of CA was evaluated. Subjects were divided into 
two groups. CTA was performed with high-dose 
CA (1 mL/kg) and high-voltage (100 kv) in the 
first group and with low-dose CA (0.5  mL/kg) 
and low voltage (80  kv) in the second group. 
CA (iopromide, Ultravist 370, Bayer Schering 
Pharma, Berlin, Germany) with 370  mg iodine 
was used in both groups. The attenuation val-
ues were measured as HU from the lumen of the 
arteries and 300 HU and above were accepted 
as good image quality. The attenuation values 

a b

c d

Fig. 18.1 CTA and digital subtraction angiography 
(DSA) of the carotid arteries before and after stenting. 
CTA MIP image (a) and DSA (b) of the left carotid artery 

stenosis before stenting. CTA MIP image (c) and DSA (d) 
of the left carotid artery after stenting
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were over 300 in both groups. In other words, it 
is possible to perform carotid and cerebral CTA 
with low voltage and low CA with 128-detec-
tor CT. Thus, possible nephropathy and possible 
damaging effects of radiation are reduced. In 
another study about the reduction of the dose of 
CA, in one group cerebral CTA was performed 
with a moderate concentration of CA and 80 kV 
protocol, while the other group received a high 
concentration of CA with 120 kV [31]. Moderate 
concentration of CA with 80  kV protocol has 
better arterial opacification, has better signal 
to noise and contrast to noise ratios than a high 
concentration of CA with 120 kV protocol. Also, 
the iodine used in the low contrast group is about 
18.9% less than the other group. Besides, subjec-
tive image quality is better, although less iodine 
is used. So giving less CA can reduce the risk of 
CIN, because it has less osmolality and less vis-
cosity [31]. Similar to these studies, Nagayama 
et  al. [32] demonstrate that under the 80  kVp 
(296  mgI/kg) with sinogram affirmed iterative 
reconstruction protocol, both the radiation and 
the CM dose were substantially reduced at cere-
bral bone subtraction CTA and that the image 
quality was better than on scans obtained with 
the standard 120 kVp (CA was 370 mgI/kg) with 
FBP protocol. In another study [33], the authors 
investigated results of low concentration CAs in 
craniocervical dual-energy CTA using a monoen-
ergetic reconstruction method. In the first group, 
high concentration CA was used (iopromide 370) 
and in the second group low concentration CA 
was used (iopromide 270). Image qualities were 
comparable. So contrast dose could be reduced 
by the monoenergetic reconstruction method in 
craniocervical dual-energy CTA. Hinkmann et al. 
[34] evaluated the efficacy of low-dose contrast 
in carotid CTA using 128 slice ultra-fast (with a 
gantry rotation time of 300 ms) spiral CT. One 
group was studied with 80 mL contrast at a rate 
of 5 mL/s, while another group was studied with 
a 30 mL contrast, at a rate of 4 mL/s, followed by 
saline flushes in two groups. They used the test- 
bolus technique to calculate transit time in both 
groups. They showed that 30 mL of CM was suf-
ficient to show arterial stenosis, vascular contrast 
density, and image quality.

In MDCTA volume of CA is related to the 
time of the procedure which is dependent on 
detector numbers [35].

50–100  mL CA containing about 350–
370 mg iodine are used in carotid and cerebral 
CTAs depending on the patient size and speed 
of the scanner [36]. To achieve CTA attenu-
ation of 250–350 HU for a 70 kg patient, 35 g 
iodine was administered at 1.4  g of iodine/s 
(100 mL of 350 mg of iodine/mL concentration 
at 4 mL/s) over 25 s is suggested for 16 detec-
tor CT, while 25 g of iodine injected at 1.6 g of 
iodine/s (75  mL of 350  mg of iodine/mL con-
centration at 4.5–5.0  mL/s) over 15  s is sug-
gested for 64 detector CT, followed by a saline 
flush. When administration rates are decreased 
for a given CM volume to prolong the injection 
time for slower CT scanners, the magnitude of 
contrast enhancement will decline, if a higher 
iodine concentration CA is not given. Injection 
time appropriate to scan time may be estimated 
by using an approach, 15  s  +  (1/2) scan time. 
Speed of 4 mL/s is suggested for a 70 kg adult 
(slower injection for a smaller subject but faster 
for a larger subject), with a saline flush. In 
MDCT, a fixed delay time of 18–20 s is used for 
the cerebral CTA, 15 s for the carotid CTA [5]. 
Although the values are not certain, the duration 
of the injection is 15–20 s and the screening time 
can be 5–15  s. However, these values may not 
be appropriate even in an individual with normal 
circulation parameters. Therefore, it is important 
to use variable scan delays that allow variations 
to the patient while shooting. If it was assumed 
that the time to the peak contrast enhancement 
at the carotid artery is similar to the ascending 
aorta, the variable scan delay for carotid CTA 
may be determined as injection time + 5 − (1/2) 
scan time for an injection time more than 15 s or 
as 15 + (1/2) injection time − (1/2) scan time for 
an injection time 15 s or less (for a short injec-
tion, the CM transit time is governed more by 
intrinsic physiological circulation time of CM 
bolus than the injection time). Scan delay for 
cerebral CTA only is obtained by adding 3–5 s to 
carotid CTA. According to the patient’s circula-
tion, we use region of interest (ROI) to determine 
the scan delay. If we are going to perform carotid 
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and cerebral CTA, we put the ROI in ascending 
aorta, if we want to perform a cerebral only CTA, 
we place ROI over the aortic arch or mid carotid 
artery. When 12 s is used as the normal default 
value for CM arrival time in aortic arch, the 
time to peak aortic enhancement corresponds to 
injection time + (CM arrival time − 12) + (5 s) 
or injection time + CM arrival time − (7 s). So, 
at CM arrival time equals 12, the circulation 
adjusted and variable delay approaches become 
equivalent. CM arrival time would increase in 
subjects with slow circulation. From the equa-
tion, scan delay can be computed as injection 
time  +  CM arrival time  −  (7  s)  −  (1/2) scan 
time. For example, for a 10-s scan with a 20-s 
injection, scan delay would be 20 + CM arrival 
time − 7 −  (10/2) or CM arrival time + 8. So, 
scan delay is determined by adding 8  s to CM 
arrival time measured from a test-bolus tech-
nique. On the other hand, when a bolus track-
ing technique is used, CM arrival time is not 
estimated prior to the injection of a full bolus of 
CM. CT scan will start at CM arrival time + 8, 
that is, 8  s of additional diagnostic delay after 
a time of reaching 50 HU enhancement thresh-
old [36, 37]. A longer diagnostic delay will be 
required for a faster scan, a longer injection, and 
the brain-only CTA triggered at aorta but the 
scan started more distally at C1 level. MDCTA 

is a widely used method for brain imaging, 
especially in stroke (Fig. 18.2). However, in the 
64-detector CT, the z-axis coverage is 3.2 cm and 
only allows for perfusion in small brain tissue 
around Willis and does not permit the evaluation 
of whole-brain circulation by dynamic angiog-
raphy. Ruiz et al. [38] performed a whole head 
dynamic CTA using a 16  cm z-axis coverage 
with 320 detector MDCT in a patient with ste-
nosis in the carotid. In addition to perfusion of 
the whole brain, all the vascular structures in 
the brain were demonstrated with dynamic sub-
tracted angiography. CT with 320 detectors has 
uniquely increased z-axis coverage and is a very 
important innovation for all brain perfusion and 
subtracted dynamic angiography. It has a very 
important place in the first intention imaging of 
neurovascular diseases, especially in stroke [38].

When talking about CAs, it is even impor-
tant that the CA is delivered from the right arm 
or the left arm. The purpose of the authors in a 
paper was to demonstrate the results of right and 
left- sided CA injection and mutual effects on the 
subject’s age, gender, body weight, and arterial 
opacification in carotid and cerebral angiogra-
phy. Their findings support preferential right- 
sided injection in subjects older than 40  years 
who have higher body mass index and weight in 
CTA procedures [39].

a b

Fig. 18.2 CTA MIP image (a) and DSA (b) showing occlusion of left MCA M1segment
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CE cone-beam CT plays an important role 
in stent imaging especially in patients with 
stent implantation due to intracranial aneurysm. 
Currently applied CE cone-beam CT images 
require a quantitative dilution of the CA to 
improve image quality. In a study, it was shown 
that this technique could be performed without 
quantitative contrast dilution. CM dilution for 
high image quality can be achieved from quan-
titative contrast infusion (0.2 cm3/s) with saline 
flushes through a guiding catheter and using nor-
mal blood flow. Saline flush with a 300 mmHg 
pressure bag is suggested to show the relation-
ship between stent strut and the parent artery and 
stent architecture [40].

Doerfler et al. [41] wanted to clarify whether 
iopromide, a nonionic CA, is safe in stroke. In 
their study rats underwent endovascular occlu-
sion of the middle cerebral artery. Four hours 
later, they received iothalamate sodium and 
iopromide. Iopromide (Ultravist 370; Schering, 
Berlin, Germany) is available as a stable, clean, 
and colorless aqueous solution for parenteral 
injection; it has an iodine content of 370  mg/
mL. The osmolality of the nonionic, monomeric 
solution was 770 mOsm per kilogram of water. 
Iothalamate sodium (Conray 70; Mallinckrodt, 
Hennef, Germany) is an ionic, iodinated CA that 
is available as an aqueous solution for parenteral 
injection; it has 420 mg/mL iodine. Lothalamate 
sodium contains sodium salt of iothalamic acid. 
The adequate dose is 588 mg of iodine per kilo-
gram body weight. The osmolality of the solu-
tion was 2520  mOsm per kilogram of water. 
Bolus injection of the nonionic iopromide does 
not statistically significantly affect infarction vol-
ume or cerebral ischemia symptoms. The ionic 
CA iothalamate sodium caused higher mortality 
and morbidity and increased infarction volume in 
rats. Nonionic rather than ionic CAs should be 
preferred during acute cerebral ischemia.

While the carotid CTA is performed, the CA 
from the arm is not yet diluent, so it causes peri-
venous artifacts especially at the level of the sub-
clavian vein, brachiocephalic vein, and superior 
vena cava [42, 43]. These artifacts cause a pos-
sible pathology to be missed in the main arter-
ies originating from the aortic arch. In one study, 

the authors tested how these perivenous artifacts 
were affected by the craniocaudal scan direction 
and the caudocranial scan direction. In CTAs with 
16-detector MDCT, low attenuation in the carotid 
artery and low attenuation in superior vena cava 
were obtained in the craniocaudal direction. 
Streak artifacts were significantly decreased and 
a better evaluation was obtained in the arteries 
originating from the arch [44].

Since the autopsy is highly traumatic for the 
family of the deceased person, it is particularly 
undesirable for the relatives of the deceased. 
Postmortem imaging may be a good alternative to 
autopsy and is now becoming increasingly popu-
lar. There is a lot of research on this subject, for 
example, Ross et al. [45] have tried to establish 
a contrast protocol for whole body CTA.  They 
evaluated the results by comparing lipophilic and 
hydrophilic CAs. In the first group, paraffin oil and 
iodized oil (Lipiodol Ultra Fluide, Guerbet) were 
used in a ratio of 15/1. In the other group, the PEG 
solution (PEG 200, Schaerer-Schlaepfer AG) and 
iopentol (Imagopaque 300, GE-Healthcare) were 
perfused to be 10/1 (average density 600 HU). In 
these images, end portions of vascular structures 
and small extravasations were shown better than 
those in alive patients.

An inguinal incision was made before imag-
ing and retrograde cannulation in femoral artery 
and antegrade cannulation in femoral vein was 
performed. 2000  mL was perfusion volume, 
80 mmHg was perfusion pressure, 800 mL/min 
was flow rate for head and neck CTA. Postmortem 
angiography using PEG is successful in visual-
izing tissues showing good vascularization and 
prevents unintended gastrointestinal extravasa-
tion [45].

18.2  MR Angiography of the Brain 
and Carotid Arteries

CE MRI can show many pathologies that are 
not seen in non-CE imaging [46–52]. In 1988, 
Gd-DTPA (Magnevist), the first specific CA that 
is compatible with MRI, was released [53]. These 
MR-compatible CAs showed considerable varia-
tion over time. These extracellular, gadolinium- 
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based CAs show kidney excretion and are 
increasingly used in routine clinical practice over 
the years. Gadoterate was introduced in 1989, 
gadoteridol in 1992, gadodiamide (Omniscan) in 
1993, gadobutrol in 1998, and gadoversetamide 
(Optimark) in 1999. In addition to these CAs, 
gadobenate which was received by hepatocytes 
in the liver was released in 1998 and gadoxetic 
acid was introduced in 2005. CAs that contain 
gadofosveset and very small super-paramag-
netic iron oxide (USPIO) particles can be used 
in MRA because they can remain in the vessel 
for a long time [54]. Gadolinium-based CAs are 
divided according to their ability to shorten relax-
ation time and their level of accumulation in tis-
sue. Gadobutrol is the only gadolinium-based CA 
formulated as 1.0  m, which accumulates more 
in tissue and is twice the concentration of other 
agents. Due to its high relaxation, it is the maxi-
mum T1 shortening CA per volume [55–57].

When using the CA in MRA, the SNR 
increases, the flow and motion artifacts are 
reduced, because the paramagnetic Gd reduces 
the T1 relaxation time [58]. Evaluating the ves-
sel lumen using the T1 sequence which is not 
affected by flow artifacts removes many problems 
in TOF or flow-based MR sequences. Turbulence 
decreases, resolution increases, high- speed MRA 
images with high SNR are obtained. If Gd is 
given at a high injection rate, the concentration 
increases, SNR increases, but if the concentra-
tion increases too much, it can reduce the signal 
with T2* effect. The T2* effects start if the injec-
tion is faster than 5 mL/s. It is necessary not to 
change the Gd concentration during the process 
because this may cause a ringing artifact. Also, if 
we make an injection with high speed for a long 
time, this causes too much Gd usage and high 
cost. It should also not exceed the FDA limit. For 
this reason, it would be correct to make an injec-
tion at a rate of 2–3 mL/s in less than the scan 
time to maximize the injection rate while keeping 
the dose minimum.

Although DSA is the gold standard in CS 
evaluation [59], it is an invasive method and non-
invasive methods such as Doppler US, MRA, and 
CTA have come to the fore. Although there is no 
clear consensus about exactly what is the best 

option, MRA, CTA, and Doppler US is widely 
used in the diagnosis of CS.  Since the 1990s, 
TOF MR has been used to detect CS with a speci-
ficity and sensitivity of more than 70% [60–62]. 
CE MRA can cover more of the carotid artery 
distribution in a fraction of time that TOF MRA 
is needed. Although there are plenty of papers, 
the optimal protocol for carotid CE MRA is still 
controversial.

Willinek et  al. [63] compared CE MRA and 
DSA in the evaluation of lesions in supra-aortic 
arteries. They found the specificity, sensitivity, 
positive predictive value, and negative predictive 
value of CE MRA in detecting 70–90% stenosis 
was 99.3%, 100%, 93.6%, 100%, respectively. 
The same parameters were calculated as 100%, 
100%, 100%, and 100% in the same order when 
evaluating the CE MRA occlusion. In this study, 
0.2 mmol/kg Gd was used with an infusion rate 
of 3 mL/s, followed by 30 mL saline bolus. CE 
MRA, which is a noninvasive method in supra- 
aortic strictures, seems to be a good alternative 
to replace DSA.

Because of the complications such as nephro-
genic systemic fibrosis which may develop after 
the use of CA, CAs should be used at the low-
est dose or as low as possible. For this reason, 
methods such as TOF, which is an MRA protocol 
without CA become popular.

Fellner et  al. [64] compared 3D TOF MRI 
with HR CE MRI and time-resolved CE MRA 
in the evaluation of carotid stenosis. When eval-
uating these three methods, they used DSA and 
endarterectomy specimens as the gold standard. 
The sensitivity of all MR methods in severe 
stenosis was 100%, while the specificity of 3D 
TOF MRI, HR CE MRI, and time-resolved CE 
MRA were 96.7%, 80.6%, and 83.9%, respec-
tively. While 3D TOF MRI is better than others 
in grading stenosis at carotid bifurcation level, 
the best option should be to combine these 
methods. However, according to this study, TOF 
MRI seems to be adequate when evaluating the 
carotid arteries if the contrast administration is 
risky. If we evaluate how CA is used in contrast-
enhanced MRA sequences in this study: In 
HR CE MRA, 25  mL of Gd-DTPA was given 
with a speed of 2 mL/s. Timing for the HR CE 
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sequence was performed with fluoroscopic trig-
gering at one image/s. 3D MRA sequence was 
started manually when CA was seen in the com-
mon carotid arteries on the fluoroscopy. In time-
resolved CE MRA four data sets were acquired 
consecutively, resulting in a timing interval of 
10 s between successive data sets; no data shar-
ing or temporal interpolation was employed. 
Instead of a dedicated timing procedure, mea-
surement of the sequence and the injection 
of 15  mL of Gd-DTPA (2  mL/s) were started 
simultaneously. The data set showing the opti-
mal arterial phase was selected afterward.

For the more widespread use of MRI in 
patients with stroke, the speed of MRI acqui-
sition should be increased. In a study [65] 
conducted on the feasibility of low-dose CE 
MRA and dynamic contrast perfusion without 
extra CM, a total of 0.1  mmol/kg of Gd was 
given to patients (0.05  mmol/kg for CE MRA, 
0.05  mmol/kg for dynamic contrast perfusion). 
This 0.1 mmol/kg CM was diluted with saline to 
a total of 50 mL. Transit time to the carotid artery 
was calculated with 3 mL of this 50 mL CM by 
flashing 20 mL of saline, and then 22 mL of con-
trast was flushed with 20 mL saline and CE MRA 
was performed. In this process, the contrast rate 
is set to 1.5 mL/s. The remaining 25 mL contrast 
was flushed with 20 mL saline and MR perfusion 
was performed. Here, the speed of contrast is set 
to 5 mL/s. In the full-dose group, the same pro-
cedure was performed without dilution. The half- 
dose CM group and full-dose CM group were 
compared with the DSA results and there was no 
significant difference between the two groups in 
terms of SNR, maximum T2 * effect, and detect-
ing the degree of arterial stenosis.

In a study comparing 2D TOF MRA and CE 
MRA in patients with hemodynamically signifi-
cant carotid stenosis [66], no significant differ-
ence was found between these two methods. In 
CE MRA, they gave 0.01 mmol/kg (or 0.2 mg/
kg) CM as a single dose of 20 mL at a rate of 
3 mL/s. Although CE MRA showed neurovascu-
lar structures better than 2D TOF MRA in this 
study, Gd administration did not provide any 
advantage in carotid stenosis requiring surgical 
treatment. Therefore, 2D TOF MRI may be suf-

ficient to evaluate carotid stenosis patients with 
renal problems.

In a study [67], 3D HR MRA of supra-aortic 
arteries was performed with 3 T MRI scanner with 
three different contrast regimens, and patients 
were divided into three groups: high dose (group 
A), moderate dose (group B), and low dose (group 
C). Group A received 0.154  mmol/kg, group B 
received 0.097  mmol/kg, and group C received 
0.047  mmol/kg Gd-DTPA.  Incrementally, CA 
dose decreased from an initial dose of 12.5 mmol 
Gd-DTPA (0.5 mmol/mL in 25 mL) to 7.5 mmol 
and then to 3.875 mmol, based on clinical observa-
tion of the stability of image quality. In all dose lev-
els, infusion time was fixed at 15 s, corresponding 
to 0.8 mmol/s for group A, 0.5 mmol/s for group 
B, and 0.25  mmol/s for group C.  For the group 
B and C, CM was diluted with normal saline by 
factors of two and three, respectively, to maintain 
equivalent injected volumes and rates. According 
to the results of the study, it is possible to dem-
onstrate the supra-aortic arteries at 3 T MRI with 
3D CE MRA at a low CM dose of 0.047 mmol/kg 
without reducing the image quality.

Jung et  al. [68] performed a study to deter-
mine the optimal dose of Gd-DTPA for CE MRA 
of intracranial vascular diseases. In this study, 
subjects suspected of having intracranial vas-
cular diseases had cerebral MR angiograms on 
a 1.5  T unit. Patients were randomly assigned 
to receive one of four doses of Gd-DTPA 
(Magnevist; Schering, Berlin, Germany): 36 
subjects received no injection, 37 received 5 mL 
(0.04 0.06 mmoVkg), 38 received 10 mL (0.08 
0.12  mmoVkg), and 11 received 20  mL (0.15 
0.25 mmol/kg). The other 30 subjects had unen-
hanced and CE MR angiography (10 subjects 
each for the 5 mI, 10 mI, and 20 mI groups). CE 
MR angiograms were obtained immediately after 
IV injection of a bolus of gadopentetate dimeglu-
mine. 5–10 mL of Gd-DTPA appears to be suffi-
cient for CE cerebral MR angiography. Injection 
of 20  mL of the CM frequently limited visual-
ization of the major arteries because of venous 
overlap. 5–10 mL of Gd-DTPA appears to be an 
optimal dose range for CE cerebral MRA. Use of 
this dose can help in differentiating true stenosis 
of large arteries from artifactual narrowing and in 
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depicting small arteriovenous malformation with 
a slow flow.

TOF MRI is a very popular method since it 
does not require contrast and is used in the diag-
nosis of cerebral aneurysms. In a study [69], 
authors compared TOF MRA and CE MRA using 
the elliptical centric method with the 3  T MR 
scanner for the diagnosis of cerebral aneurysms. 
Using 2 mL of gadoteridol and 20 mL of saline 
flush, the time between injection and reaching of 
CM to the skull base level was calculated. 25 mL 
of gadoteridol followed by 25 mL of saline flush 
was given at 2 mL/s. In terms of image quality, 
TOF MRA was shown to be superior (Fig. 18.3).

In another similar study, 3D TOF MRA and 
CE MRA were used to evaluate cerebral aneu-
rysms treated with flow diverter stents [70]. In the 
CE MRA process, 20 mL bolus CM followed by 
30 mL saline flush was used. This time, CE MRA 
was found to be superior to TOF MRI in subjects 
such as the presence of residual filling in the 
aneurysm and parent artery patency (Fig. 18.4). If 
we look at how the contrast should be used in the 
MRA when grading cerebral AVMs [71], in 3 T 
MRI, with a two-cylinder injector, the Gd-DTPA 

in one cylinder and saline in the other cylinder is 
prepared then 20 mL Gd is given at 5 mL/s, fol-
lowed by 40 mL of saline flush. With this proto-
col, in the CE MRA, the feeders, draining veins, 
and nidus of the AVM can be shown clearly.

There is a manganese-based alternative to Gd. 
Gale et  al. [72] compared iv contrast enhance-
ment produced by the manganese-based MRI CA 
manganese N picolyl N,N′,N′ trans 1,2 cyclohex-
enediaminetriacetate (Mn PyC3A) to Gd-DTPA 
and evaluated the excretion, pharmacokinetics, 
and metabolism of Mn PyC3A in baboons. Mn 
PyC3A was eliminated via renal and hepatobi-
liary excretion with similar pharmacokinetics 
to Gd-DTPA. High-performance liquid chroma-
tography revealed no evidence of Mn PyC3A 
biotransformation. Mn PyC3A enables CE 
MRA with comparable contrast enhancement to 
Gd-based agents and may overcome concerns 
regarding Gd-associated toxicity and retention. 
Mn PyC3A may enable CE MRA in subjects 
with renal insufficiency who are currently con-
traindicated for Gd-based CAs.

New MR protocols and new CAs that are 
constantly evolving provide the opportunity to 

Fig. 18.3 2D TOF 
MRA showing stenosis 
in left ICA (arrow)
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receive radio anatomic or physiopathological 
additional information. It is extremely wrong to 
think that the positive acceleration progress in 
radiology especially in recent years has come to 
an end. We believe that new developments will 
cause a revision of some information in this sec-
tion in the near future.
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