www.jbpe.org

Comparison of Maximum Signal Intensity
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ABSTRACT

Background: Nowadays MRI examinations have been widely used in clinical
applications for many diagnoses. The use of contrast agent in MRI improves lesion
detection and characterization and causes more accurate diagnosis.

Objectives: The aim of this study was comparing to optimal dose of Magnev-
ist contrast agent in modified T, W SE (Spin Echo), T W FSE (Fast Spin Echo) and
T,W GRE (GRadient Echo) and effect of scan parameters of these sequences on the
maximum SI of Magnevist contrast agent.

Material and Method: This study was done on a phantom that was containing
test tubes. These test tubes were filled with 30ml saline mixed with different doses of
Magnevist contrast agent. In this study, some scan parameters of T W pulse sequenc-
es were changed to achieve optimal parameters for maximum SI of contrast agent. In
this study maximum signal intensity of each image was measured by ImagelJ soft-
ware.

Results: The results of this study show that there are differences in maximum SI
in different T W pulse sequences with changing scan parameters. This study shows
that 0.625 mmol/L of Magnevist has maximum SI in all of sequences. The maximum
SI can be seen at GRE, SE and FSE sequences, respectively.

Conclusion: Using routine and changed scan parameters, each pulse sequence
reaches different maximum SI in specific concentration , which is highest in 2D
SPGR (SPoiled GRadient) with flip angle = 75” and least in T, W SE with TE (Time
of Echo) = 40ms.

Keywords
Gadolinium DT-PA, Contrast media, Magnetic Resonance Imaging, T,
Weighted

Introduction
ontrast of MR images improves with contrast media. The alterna-
tion of signal intensity in diseased tissue forms the basis of MRI
[1]. Some routine examinations are required to inject the con-
trast medium to the lesion to increase the accuracy of diagnosis [2-13].
When paramagnetic contrast agent passes throughout the tissue of body,
it causes a local magnetic field inhomogeneity that leads to a decrease in
T, and T, relaxation times of the tissues. Decrease in T, relaxation time

J Biomed Phys Eng

‘Radiology Technology
Department, School of
Allied Medical Sciences,
Shahid Beheshti Univer-
sity of Medical Sciences,
Tehran, Iran

2lranian Society of
Radiology, JaameJam
Medical Imaging Center,
Tehran, Iran

SRadiology Technol-

ogy, JaamelJam Medical
Imaging Center, Tehran,
Iran

*Corresponding author:
F. Faeghi,

Radiology Technology
Department, School of
Allied Medical Sciences,
Shahid Beheshti Univer-
sity of Medical Sciences;
Tehran, Iran

E-mail: f.drfaeghi@
yahoo.com




Rajabi Zadeh Baraee Kh. et al

www.jbpe.org

causes a decrease in SI; while, any decrease in
T, relaxation time causes an increase in sig-
nal intensity. The signal intensity of tissue ob-
served in MR images is the result of a complex
interaction of several factors, which can be
classified as those reflecting inherent proper-
ties of biologic tissue, e.g. T, and T, relaxation
times and PD (Proton Density), and those that
are equipment related, e.g. field strength and
pulse sequences. Although, due to a wide bio-
logic variation, the relaxation times of normal
and abnormal tissues often overlap. This limits
the ability of plain MRI to detect and charac-
terize abnormal tissue. By using very special-
ized pulse sequences, some of these limita-
tions can be overcome, but not all. A solution
is provided by MR contrast media altering the
relaxation times of tissue into which they dif-
fuse and therefore change the intrinsic tissue
SI, enhancing contrast. The concentration of
contrast media in MRI is measured indirectly
from signal intensity [14-16]. It is important
to know how much contrast agent should be
injected to achieve a maximum SI in ROI (Re-
gion of Interest). The routinely used dose of
contrast agents suggested by the documents
only relies on the body weight of the patient
[17-18]. Many studies have accepted the use
of 0.1 mmol/kg of body weight injection in
different T,W pulse sequences with different
image parameters and MRI scanner strength
[19-25].

Objectives

The aim of this study was to evaluate the re-
lationship between optimal dose of Magnevist
contrast agent and maximum SI on different
T,W pulse sequences (T—1 SE, T, FSE, 2D
SPGR) with changing their parameters e.g. TE
(Time of Echo), TR (Time Repetition), ETL
(Echo Train Length) and Flip Angle (FA). Our
objective in this study was obtaining the best
parameters of T W sequences for achieving
the maximum SI of Magnevist contrast agent.

Materials and Methods

This study was conducted using a 1.5T MR
scanner (General Electric Health Care Cor-
poration, SIGNA, USA). The contrast agent
used in this study was Magnevist Gd-DTPA
(gadopentetate dimeglumine, Bayer Schering
Pharma AG, Berlin, Germany). In this study,
we used a phantom which was MR compatible
and the closest environment to the body tis-
sues. The phantom consisted of six Falcon test
tubes containing a mixture of saline and dif-
ferent contrast agent concentrations placed in
a standard head coil at the center of the mag-
netic field. Falcon test tubes are made of poly-
propylene with a length of 12cm and inner di-
ameter of 3cm. These tubes were filled with
30ml saline and different doses of contrast
agent (Ommol/L, 0.625mmol/L, 1.25mmol/L,
2.5mmol/L, Smmol/L and 10mmol/L). These
doses are equivalent to these volumes of con-
trast agent (Occ, 1.25¢cc, 2.5¢cc, Scc, 10cc and
20cc), respectively. Coronal image of this
phantom is shown in Figure 1.

T,W (SE, FSE, 2D SPGR) pulse sequences
with types of changed scan parameters were
used to achieve the correlation between op-
timal dose of Magnevist contrast agent and
scan parameters for each pulse sequences.
In this study, changed scan parameters were
TR, TE, ETL and FA. We changed one scan
parameter in each scan. Changed parameters
of each pulse sequence are listed in Table 1.
In this study, with changing TR (e.g. TR=500
in SE sequence), other scan parameters of
sequence were unchanged to evaluate the ef-
fect of TR on the maximum SI of Magnevist
contrast medium. The routine scan parameters
were TR = 400 ms, TE = 14 ms, matrix size =
256%256, slice thickness = 5 mm, flip angle
= 90°, FOV (Field Of View) = 140 mm for
SE sequence; TR = 500 ms, TE = 20 ms, ma-
trix size = 256%256, slice thickness = 5 mm,
flip angle = 90°, FOV (Field Of View) = 140
mm, ETL (Echo Train Length ) = 3 for FSE
sequence; TR = 100 ms, TE = 3.2 ms, matrix
size = 256256, slice thickness = 5 mm, flip
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1 = without contrast

2=0.625mmol

Figure 1: Coronal image of the phantom containing test tubes with different contrast concen-
trations. Positions of different doses of the contrast agent are determined in this image with
numbers and other images in this paper have the same position.

Table 1: Altered parameters in SE T W, FSE T W and 2D SPGR pulse sequences

T, W SE T, W FSE 2D SPGR
TR (ms) 500, 600 600, 700
TE (ms) 10, 25, 40 -
ETL 2,6 -
FA(q) 16", 30", 60", 75°

angle = 45°, FOV (Field Of View) = 140 mm
for 2D SPGR sequence; and TR =30 ms, TE =
8 ms, matrix size = 256x256, slice thickness =
5 mm, flip angle = 45°, FOV (Field Of View)
= 140 mm for 3D SPGR sequence. We only
use 3D SPGR sequence for comparing with
2D SPGR.

Different settings of scan parameters were
used for achieving the best parameters of each
pulse sequence to obtain the maximum SI

One sagittal image was used as localizer. The
scan plane was fixed throughout this study. Af-
terwards, the coronal images of phantom were
achieved for all four T W pulse sequences.
After transferring the images from MR scan-
ner to a personal computer, the Imagel soft-
ware (Image Processing and Analysis in Java,
www. http://imagej.nih.gov) was used for im-
age processing. This software has the ability
to display and process images. We drew ROI
on each of test tube images by ImageJ soft-

ware and achieved the maximum SI of each
test tube. The size of ROI was fixed (15*15
pixels) and placed on each test tube image for
the measurement of SI. SNR is calculated as
follows:

SNR (c)=signal (c)/standard deviation of noise (1)

Signal (c) is the signal for a test tube with
concentration c. The noise was obtained by the
measuring the ROI outside the test tubes (26).

The equations of SI at different sequences:

S =PD.(1_e_TR/T1).e_TE/T2 (2)

This is a formula for calculating the SI in SE
and FSE sequences (27).

This one is SI formula for GRE sequence
(28).

Results
The mean + SD (standard deviation), mini-

S =PDsina{l—-e(-TR /T,)}{e(-TE /T,*)}/{1—(cosa).(e(-TR /T)))} (3)
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mum and maximum SI of Magnevist for SE,
FSE and 2D SPGR pulse sequences by chang-
ing their parameters is listed in Tables 2, 3
and 4. The mean, minimum and maximum
SI with routine parameters in each of these
pulse sequences is placed in Figure 3. In ad-
dition, some images of routine and modified

pulse sequences are shown in Figures 2 and 3.
In routine sequences, 0.625mmol/L of Magn-
evist shows maximum SI (Table 5). As these
tables and figures show, there are differences
in maximum SI between routine pulse se-
quences and the same sequences with chang-
ing scan parameters. For all sequences, the

Table 2: Maximum, minimum and mean S| of SE pulse sequence with changing TR and TE. 0.625
mmol/L of Magnevist shows maximum Sl in TR = 500 ms, TR = 600 ms and TE = 10 ms. Test tube
without contrast agent (only saline) shows maximum Sl in TE = 25 ms and TE = 40 ms. Minimum

and mean Sl are listed too.

Altered parameters Maximum Sl Minimum SI Mean £SD
TR =500 ms 398 (0.625 mmol/L) 295 (0.625 mmol/L) 348.794 (0.625 mmol/L) £ 0.7
TR =600 ms 407 (0.625 mmol/L) 288 (0.625 mmol/L) 347.356 (0.625 mmol/L) 0.6
TE=10ms 884 (0.625 mmol/L) 765 (0.625 mmol/L) 820.24 (0.625 mmol/L) + 0.7
TE=25ms 266 (saline) 174 (saline) 223.955 (saline) £ 0.3
TE =40 ms 273 (saline) 176 (saline) 220.909 (saline) £ 0.4

Table 3: Maximum, minimum and mean Sl of FSE pulse sequence with changing TR and ETL.
0.625 mmol/L of Magnevist shows maximum Sl in the changed scan parameters.

Altered parameters Maximum Sl Minimum SI Mean £SD
TR =600 ms 590 (0.625 mmol/L) 504 (0.625 mmol/L) 548.043 £ 0.6

TR =700 ms 599 (0.625 mmol/L) 499 (0.625 mmol/L) 551.424 +0.9
ETL=2 608 (0.625 mmol/L) 492 (0.625 mmol/L) 559.284 + 0.5

ETL=6 632 (0.625 mmol/L) 489 (0.625 mmol/L) 563.436 + 0.8

Table 4: Maximum, minimum and mean Sl of 2D SPGR pulse sequence with changing FA. 0.625
mmol/L of Magnevist shows maximum Sl in all of FAs.

Altered parameter Maximum Sl Minimum SI Mean * SD
FA=16 582 (0.625 mmol/L) 297 (0.625 mmol/L) 434.371+0.8
FA=30° 901 (0.625 mmol/L) 570 (0.625 mmol/L) 759.189 + 0.4
FA=60° 1545 (0.625 mmol/L) 1234 (0.625 mmoliL) 1401.067 £ 0.5
FA=75 1710 (0.625 mmol/L) 1462 (0.625 mmol/L) 1576.045+ 0.3
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SE. TR=600ms SE, TR=600ms

FSE, TR=700ms

FSE.ETL=6 2D SPGR, FA=T5"

Figure 2: Some images of pulse sequences with changing parameters

T1SE=661 T.FSE=633

2D SPGR=1301 iDSPGR=731

Figure 3: Maximum S| of SE, FSE, 2D SPGR and 3D SPGR pulse sequence with routine param-
eters, (In these sequences, the best dose that shows maximum Sl was 0.625 mmol/L)

maximum SI was detected in test tube with
dose 0.625mmol/L. In modified SE T, W, TR=
600 ms and TE= 10 ms, in modified FSE T W,
TR=700 ms and ETL=3 and in modified 2D
SPGR pulse FA=75" were best parameters for
achieving maximum SI of 0.625mmol/L.

Discussion

The concentration of Magnevist contrast
agent demonstrated no linear correlation with
the signal intensity [29]. Contrast agents have
been used in NMR since the earliest days
when Bloch added paramagnetic ferric ions in
solution to shorten the longitudinal relaxation

time (T)) of protons in water [30]. Contrast-
enhanced magnetic resonance imaging (MRI)
offers the opportunity to quantitatively assess
the physiologic properties of a tissue such as
perfusion, blood volume and capillary perme-
ability. Certain materials known as contrast
agents can enhance MR image contrast by al-
tering T , T, and T,* relaxation times. Contrast
agents are frequently used in diagnostic MRI
in order to achieve a better assessment of local
physiologic and anatomic conditions or to im-
prove the detection of malignancy. Changing
in MR image intensity after the administration
of gadolinium chelates occur due to the effects

Table 5: Maximum, minimum and mean S| of routine TIW pulse sequences without changing

scan parameters.

Routine sequences Maximum SI Minimum SI Mean SI
SE 645 (0.625 mmol/L) 547 (0.625 mmol/L) 602.197 (0.625 mmol/L)
FSE 633 (0.625 mmol/L) 527 (0.625 mmol/L) 579.074 (0.625 mmol/L)
2D SPGR 1245 (0.625 mmol/L) 993 (0.625 mmol/L) 1119.945 (0.625 mmol/L)

3D SPGR 718 (0.625 mmol/L) 683 (0.625 mmol/L)  700.869 (0.625 mmol/L)
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of T, and T, shortening. These two effects are
competing; T, shortening leads to increased
image intensity and T, shortening causes a de-
crease in intensity. The resulting image inten-
sity is a nonlinear function of contrast agent
concentration in tissue and is dependent on
other parameters such as intrinsic tissue re-
laxation times, TR, TE and flip angle [31].
Melhem et al. compared CNR ratios between
FSE and SE in T -weighted MR sequences
of 32 enhancing brain lesions. MR images
were obtained at 1.5T after administration
of 0.10mmol/kg gadopentetate dimeglumine
[21]. Hsiao C. et al. used various T W pulse
sequences (SE, SPGR, 2D TOF and 3D TOF)
and various coils (body coil and head coil) to
achieve the optimal dose of two contrast agents
(Magnevist and Omniscan). The results show
that there are significant differences in optimal
dose among various pulse sequences. How-
ever, there are no significant differences in op-
timal dose among various coils and these two
contrast agents. The optimal dose for SE T W,
SPGR, 2D Fast SPGR TOF and 3D Fast SPGR
TOF are 1.25mmol/L, 2.5mmol/L, 2.5mmol/L
and 20mmol/L, respectively. Images scanned
by SE T, W pulse sequence in this study had
the largest CNRs and least optimal doses (26).
Kakeda et al. compared SE (TR = 520 ms, TE
= 9 ms), IR-FSE (TR = 2500 ms, TE = 9.1
ms, TI = 1000 ms, ETL = 7), and 3D-gradient
echo sequences to detect brain metastases at
3T scanner. They administered 0.2mmol/kg
gadoteridol for all patients. They reported that
a 0.2mmol/L of contrast agent concentration
gave the maximum SI in SE and IR-FSE se-
quences in a phantom study using a 3T MRI
scanner [32].

As the results show, in our study 0.625mmol
of Magnevist contrast agent has the maximum
SI in types of T, W pulse sequences. The dif-
ference between the results of this study and
previous studies might be due to the difference
in field strength, used TR and TE. In our study,
we investigated the effects of scan parameters
such as ETL, TE, TR and FA in increasing

maximum SI of Magnevist contrast agent. Our
study shows that in SE T /W pulse sequence
with increasing TE (from 10 to 40), the maxi-
mum SI of 0.625mmol (1.25cc) decreased
and vice versa. For T W sequences, increas-
ing TE causes dephasing of signal so it would
increase T, weighting of image and when we
have a T, image, T, shortening effect would
happen in test tubes with contrast agent so the
saline tube which does not have any contrast
agent, would not be affected by T, shorten-
ing effect. Accordingly, it would present the
maximum signal intensity. As a result, we
should not increase TE in T W SE sequence
using the administration of contrast agent in
MRI and TE in this sequence should be the
least and in range of T—1 weighted. Therefore,
for maximum SI of contrast agent in T W SE
sequences, the possible shortest TE is suggest-
ed (Figure 4). Also in this sequence, with the
increase in TR (500 to 600) without altering
of other parameters, maximum SI of contrast
agent slightly increased. Although, it should
be noted that more increasing TR leads to a
decrease in T, weighting of image; it would
decrease the SI of contrast agent because of
T, shortening effect of gadolinium based con-
trast agents. Therefore, in order to increase the
maximum SI of contrast agent in SE sequence,
increasing TR is not a suitable option.

In this study, there is no significant change in
SI with increasing ETL in FSE sequence (from
2 to 6). But the image was blurred due to the
participation of other ETL in contrast of the
image (Figures 2, 3 and 5). In FSE sequence,
with increasing TR, SNR and maximum SI of
1.25cc (0.625mmol) slightly increased (equa-
tionl). Increasing TR leads to decreasing
weight of T, and losing signal of Magnevist in
T,W sequences. As a result, for MRI studies
with administration contrast agent, the short-
est ETL and suitable TR for minimizing the
blur and maximizing the SI are suggested.

In our study, in 2D gradient echo sequences
such as 2D SPGR, with increasing FA (from
16° to 75°) maximum SI increased significant-
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Figure 4: Sl vs. Dose of Magnevist Gd-DTPA in SE pulse sequence with altering TE
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Figure 5: Sl vs. Dose of Magnevist Gd-DTPA in FSE pulse sequence with altering ETL

ly (Figure 6). In these sequences with increas-
ing FA, a larger longitudinal component would
be placed in x-y plane and T, weighting of im-
age and the Sl increase. As a result, for achiev-
ing the maximum SI of contrast agent in 2D
SPGR sequences, the possible maximum FA
is suggested. But in 3D SPGR sequence to 2D
SPGR sequence, the maximum SI of contrast
agent decreased (Figure 3). In 3D sequences,
imaging volume to contrast agent ratio (VOI/
CM) is more than 2D sequences; therefore,
3D sequences compared with 2D sequences
require more doses of contrast agent to create
SI equal to SI of 2D sequences.

This study shows that the optimal dose of
contrast agent is 0.625mmol/L in SE, FSE,
2D SPGR and 3D SPGR sequences which is
different from previous studies. In previous
studies, optimal dose for SE T w, FSE T w
and 2D SPGR without any changed scan pa-
rameters were 1.25mmol/L, 4.96mmol/L and
2.5mmol/L, respectively [26, 29]. The differ-
ence between the results of this study and pre-
vious studies may be due to the difference in
field strength and used TR and TE in routine
T, w sequences. The novelty of our study is the
assessment of scan parameters on SI of Magn-
evist contrast agent which was not already
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Figure 6: Sl vs. Dose of Magnevist in 2D SPGR pulse sequence with altering FA. As the curve
shows, with increasing FA, the larger longitudinal component would be placed in x-y plane and

the maximum Sl increases.

done. Our study showed that the maximum SI
of optimal dose of Magnevist contrast agent
depends on image sequence and its parameters.
At higher doses of Magnevist contrast agent as
mentioned in the results, there was not an in-
creased SI, but a decreased SI (Figures 2 and
3). Changing scan parameters shows we can
change scan parameters of routine sequences
to achieve higher SI of contrast agent and de-
crease the received dose by patients. The high-
est maximum SI of 0.625mmol/L achieved in
2D SPGR with FA = 75°. In FSE sequence,
using shorter TR and optimal ETL in range of
T, weighted result in higher SI. In addition,
in SE sequence using shorter TE and TR than
routine SE sequence causes higher maximum
SI. For the comparison between conventional
and modified T W pulse sequences, we find
that SE sequence with the possible shortest
TE, conventional FSE sequence and 2D SPGR
with the possible maximum FA have maxi-
mum SI of Magmevist in ROI.

Conclusion

In this study, we have concluded that the
maximum SI of Magnevist contrast agent is
achieved by 2D SPGR sequence with routine
and changed FA parameter. Maximum SI in

2D SPGR with increased FA (75) is higher
than routine 2D SPGR sequence (FA=45),
so we can use T W GRE sequence with opti-
mized FA after the administration of Magnev-
ist for achieving maximum SI in ROI. These
can be suggested for clinical use in the future.
This study was limited to phantom because
we cannot administrate high doses of contrast
agent to patients.

Conflict of Interest
None

References
1. Graves MJ. Pulse sequences for contrast-
enhanced magnetic resonance imaging. Radi-
ography. 2007;13:620-e30. doi.org/10.1016/j.
radi.2006.10.002.

2. Morana G, Salviato E, Guarise A. Contrast agents
for hepatic MRI. Cancer Imaging. 2007;7:S24-
7. PubMed PMID: 17921081. PubMed PMCID:
2727962.

3. Calamante F, Gadian DG, Connelly A. Quantifica-
tion of perfusion using bolus tracking magnetic
resonance imaging in stroke: assumptions, limita-
tions, and potential implications for clinical use.
Stroke. 2002;33:1146-51. doi.org/10.1161/01.
STR.0000014208.05597.33. PubMed PMID:
11935075.

4. Knopp MV, Giesel FL, Marcos H, von Tengg-

VIII \

J Biomed Phys Eng



www.jbpe.ory
N S

Maximum S| of Magnevist in T,W Sequences

10.

11.

12.

13.

14.

15.

16.

Kobligk H, Choyke P. Dynamic contrast-enhanced
magnetic resonance imaging in oncology. Top
Magn Reson Imaging. 2001;12:301-8. doi.
0rg/10.1097/00002142-200108000-00006.
PubMed PMID: 11687716.

. Helbich TH. Contrast-enhanced magnetic reso-

nance imaging of the breast. European journal
of radiology. 2000;34:208-19. doi.org/10.1016/
S0720-048X(00)00200-X.

. Kuriashkin 1V, Losonsky JM. Contrast enhance-

ment in magnetic resonance imaging using
intravenous paramagnetic contrast media: a
review. Vet Radiol Ulfrasound. 2000;41:4-7.
doi.org/10.1111/j.1740-8261.2000.tb00419.x.
PubMed PMID: 10695873.

. Bydder GM. Clinical use of contrast media in

magnetic resonance imaging. Br J Hosp Med.
1990;43:149-52. PubMed PMID: 2178714,

. Carr JJ. Magnetic resonance contrast agents for

neuroimaging. Safety issues. Neuroimaging Clin N
Am. 1994;4:43-54. PubMed PMID: 8130951.

. Cohan RH, Leder RA, Herzberg AJ, Hedlund LW,

Wheeler CT, Beam CA, et al. Extravascular toxic-
ity of two magnetic resonance contrast agents.
Preliminary experience in the rat. /nvest Radiol.
1991;26:224-6. doi.org/10.1097/00004424-
199103000-00005. PubMed PMID: 2055727.

Goyen M, Ruehm SG, Debatin JF. MR-angi-
ography: the role of contrast agents. Eur J
Radiol. 2000;34:247-56. doi.org/10.1016/S0720-
048X(00)00203-5. PubMed PMID: 10927165.

Kouwenhoven M. Contrast-enhanced MR angiog-
raphy. Methods, limitations and possibilities. Acta
Radiol Suppl. 1997;412:57-67. PubMed PMID:
9240082.

Prince MR. Contrast-enhanced MR angiography:
theory and optimization. Magn Reson Imag-
ing Clin N Am. 1998;6:257-67. PubMed PMID:
9560485.

Saloner D. Determinants of image appearance in
contrast-enhanced magnetic resonance angiog-
raphy. A review. /nvest Radiol. 1998;33:488-95.
doi.org/10.1097/00004424-199809000-00003.
PubMed PMID: 9766032.

Chrysikopoulos HS. Clinical MR imaging and
physics. Verlag Berlin Heidelberg: Springer; 2009.
Mendonca-Dias MH, Gaggelli E, Lauterbur PC.
Paramagnetic contrast agents in nuclear mag-
netic resonance medical imaging. Semin Nucl
Med. 1983;13:364-76. doi.org/10.1016/S0001-
2998(83)80048-8. PubMed PMID: 6359418.

Edelman R, Hesselink J, Zlatkin M, Crues J. Clini-

17.

18.

19.

20.

21.

22.

23.

24.

25.

cal Magnetic Resonance Imaging e-edition. Amer-
ican Journal of Neuroradiology. 2007;28:597.

Lackner K, Krahe T, Gotz R, Haustein J. The
dialysability of Gd-DTPA. Contrast media in MRI.
Bussum, The Netherlands: Medicom Europe.
1990:311-26.

Nazarpoor M. Effects of inversion and satura-
tion times on relationships between contrast
agent concentrations and signal intensities of
T1-weighted magnetic resonance images. Radio/
Phys Technol. 2010;3:120-6. doi.org/10.1007/
$12194-010-0087-9. PubMed PMID: 20821085.

Alibek S, Adamietz B, Cavallaro A, Stemmer A,
Anders K, Kramer M, et al. Contrast-enhanced
T1-weighted fluid-attenuated inversion-recovery
BLADE magnetic resonance imaging of the brain:
an alternative to spin-echo technique for detec-
tion of brain lesions in the unsedated pediatric
patient? Acad Radiol. 2008;15:986-95. doi.
org/10.1016/j.acra.2008.03.009. PubMed PMID:
18620119.

Kizildag B, Dusunceli E, Fitoz S, Erden I. The role
of classic spin echo and FLAIR sequences for the
gvaluation of myelination in MR imaging. Diagn
Interv Radiol. 2005;11:130-6. PubMed PMID:
16206052.

Melhem ER, Guidone PL, Jara H, Yucel EK. Im-
proved contrast of enhancing brain lesions using
contrast-enhanced T1-weighted fast spin-echo MR
imaging. AJR Am J Roentgenol. 1997,168:1091-
5. doi.org/10.2214/ajr.168.4.9124121. PubMed
PMID: 9124121.

Qian YF, Yu CL, Zhang C, Yu YQ. MR T1-weighted
inversion recovery imaging in detecting brain me-
tastases: could it replace T1-weighted spin-echo
imaging? AJNR Am J Neuroradiol. 2008;29:701-
4. doi.org/10.3174/ajnr.A0907. PubMed PMID:
18184839.

Sugahara T, Korogi Y, Ge Y, Shigematsu Y,
Liang L, Yoshizumi K, et al. Contrast enhance-
ment of intracranial lesions: conventional T1-
weighted spin-echo versus fast spin-echo MR
imaging techniques. AJNR Am J Neuroradiol.
1999;20:1554-9. PubMed PMID: 10512245.

Tomura N, Kato K, Takahashi S, Sashi R, lzumi J,
Narita K, et al. Multi-shot echo-planar Flair imag-
ing of brain tumors: comparison of spin-echo
T1-weighted, fast spin-echo T2-weighted, and fast
spin-echo Flair imaging. Comput Med Imaging
Graph. 2002;26:65-72. doi.org/10.1016/S0895-
6111(01)00039-8. PubMed PMID: 11818186.

Zhou ZR, Shen TZ, Chen XR, Peng WJ. Diagnos-
tic value of contrast-enhanced fluid-attenuated

J Biomed Phys Eng



Rajabi Zadeh Baraee Kh. et al

www.jbpe.org

inversion-recovery MRI for intracranial tumors
in comparison with post-contrast T1W spin-

echo MRI. Chin Med J (Engl). 2006;119:467-73.

PubMed PMID: 16584644.

26. Hsiao C, Jao J, Ting Y, Pan H, Chen P. Opti-
mal dose of MR contrast agent in T1-weighted
MRI. Biomedical Engineering: Applications,

Basis and Communications. 2004;16:331-6. doi.

0rg/10.4015/51016237204000451.

27. Hashemi RH, Bradley WG, Lisanti CJ. MRI: the
basics: Lippincott Williams & Wilkins; 2012.
28. Lee VS. Cardiovascular MRI: physical principles
to practical protocols: Lippincott Williams &

Wilkins; 2006.
29. Nazarpoor M, Poureisa M, Daghighi MH. Com-
parison of maximum signal intensity of contrast

30.

31.

32.

agent on t1-weighted images using spin echo,
fast spin echo and inversion recovery sequences.
Iran J Radiol. 2012;10:27-32. doi.org/10.5812/
iranjradiol.5452. PubMed PMID: 23599710.
PubMed PMCID: 3618902.

Bloch F. Nuclear induction. Physical review.
1946;70:460. doi.org/10.1103/PhysRev.70.460.

Kuperman V. Magnetic resonance imaging:
physical principles and applications. San Diego:
Academic Press; 2000. p. 57-75.

Kakeda S, Korogi Y, Hiai Y, Ohnari N, Moriya J,
Kamada K, et al. Detection of brain metastasis at
3T: comparison among SE, IR-FSE and 3D-GRE
sequences. Eur Radiol. 2007;17:2345-51. doi.
0rg/10.1007/s00330-007-0599-9. PubMed PMID:
17318603.

J Biomed Phys Eng





