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Optimal scan parameters of readout segmented multi shot EPI DWI for reducing skull
base distortion in magnetic resonance imaging
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[Abstract]

The purpose of this study was to determine the optimal imaging parameters (segment number, echo spacing (ES),
parallel imaging factor (PIF), and matrix size (MS)) to reduce image distortion of the skull base using readout segmented
multi shot EPI DWI (readout segmentation of long variable echo-trains: RESOLVE). First, optimal imaging parameters
were estimated by a phantom experiment. Based on the results, 20 healthy adult volunteers were imaged using a 3T MRI
scanner. Secondly, as a quantitative evaluation, the maximum diameter of the eyeball was measured on an axial transverse
section which depicted the optic nerve. Subsequently, the eyeball distortion rate was calculated as follows: eyeball dis-
tortion rate (%) = (maximum ocular diameter on RESOLVE/maximum ocular diameter on T-WI) X 100. Statistical analysis
was performed using a t-test (p<0.05). Furthermore, as a qualitative evaluation, for six evaluation sites, image distortion
of the skull base was visually evaluated using a 4-point scale. Statistical analysis was performed using the Friedman’s-test
(p<0.017). The eyeball distortion rate was 111.2% in PIF2, 107.2% in PIF3, and 104.6% in PIF4; the difference between
each PIF was significant (p<0.05). On visual evaluation, a significant difference was observed between PIF2 and 3, and
between PIF2 and 4, except for one evaluation site (p<0.017). In conclusion, a combination of the shortest ES and a PIF
of 3 was the most effective for reducing image distortion of the skull base in RESOLVE.
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Fig.1 The skull base simulation model

a. Acrylic container for fixation to the coil
b. The brain parenchyma part model

c. The skull base air part model

d. The brain ventricle part model
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Table 1 Imaging parameters of the phantom study

(a) Imaging parameters of RESOLVE at various seg (c) Imaging parameters of RESOLVE at various PIF
Seg 3 5 7 11 13 15 19 31 PIF 2 3 4
TR(ms) 4200 TR(ms) 4200
TE(ms) 86 86 86 86 86 86 86 86 TE(ms) 86 70 63
ES(ms) 0.58 Seg 7
Band width(Hz/pixel) 766 482 372 260 233 210 189 146 Band width(Hz/pixel) 372 383 407
FOV(mm) 220X220 FOV(mm) 220
Slice gap(%) g0 Slice gap(%) 20
MS 192192 MS 192x192
Slice thichness(mm) 5 Slice thichness(mm) 5
Slices 15 .
e . Slices 15
PIF GRAPPA 2 NEX !
Scan time(min.)  1:03 1:28 1:58 301 330 3:59 458 8:03 ES(ms) L
Fat suppression CHESS S time(mi.n.) I
b-factor(s /mmz) 1000 Fat suppression CHESS
Reacquistion mode on b-factor(s/mm?) 1000
Reacquistion mode on
(b) Imaging parameters of RESOLVE at various ES (d) Imaging parameters of RESOLVE at various MS
ES(ms) 0.36 0.4 0.5 0.6 0.7 0.78 0.94 1 MS 192X192 256X256 320X320
TR(ms) 4200 TR(ms) 4200
TE(ms) 68 71 80 88 96 103 118 123 TE(ms) 86 103 120
Seg 7 Seg 7
Band width(Hz/pixel) 651 592 434 352 296 260 213 200 Band width(Hz/pixel) 372 349 340
FOV(mm) 220 FOV(mm) 220
Slice gap(*) 2y Slice gap(%) 20
Lt e ES(ms) 0.58
Slice thichness(mm) S Slice thichness(mm) 5
— - Slices 15
e : NEX 1
PIF GRAPPA 2
Scan time(min.) 1:58 X I_DH: GRAPPA 2
Fat suppression CHESS Sean tune(lm‘n.) 1538
b-factor(s/mm?) 1000 Fat suppression CHESS
Reacquistion mode on b-factor(s/mm?) LY
Reacquistion mode on 08
©
T2WI
TR(ms) 4200
TE(ms) 100
Band width(Hz/pixel) 193
FOV(mm) 220
Slice gap(%) 20
MS 192X192
Slice thichness(mm) 5
Slices 15
NEX 1
a PIF not in use
ES(ms) 9.8
Fig.2 Slice position & image for distortion rate calculation Scan time(min.) 1:37

Slice postion for distortion rate calculation
Slice image for distortion rate calculation

oo

ToWI RESOLVE
Fig.3 Base width measuring method of the skull base simulation model

As shown of Fig.3, drew a tangent line on the phantom side, and measured base
width (W) on T2-weighted image and base width (Wr) on RESOLVE.
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Table 2 Imaging parameters of the volunteer study
@ (®)
RESOLVE T2WI
TR(ms) 4700 TR(ms) 4700
TR(ms) 68 59 55 TR(ms) 88
Band width(Hz/pixel) 651 723 651 Band width(Hz/pixel) 192
FOV(mm) 220 FOV(mm) 220
Slice gap(%) 20 Slice gap(%) 20
MS 192x192 MS 192 X192
Slice thichness(mm) 5 Slice thichness(mm) 5
Slices 23 Slices 23
NEX 1 2 5 NEX 1
PIF 2 3 4 PIF not in use
ES(ms)  0.36 0.36 0.38 ES(ms) 9.8
Scan time(min.)  2:54 4:51 10:44 Scan time(min.) 1:48
Fat suppression CHESS
b-factor(s/mm?) 0 & 1000
Seg 7
Reacquistion mode on
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Fig.4 Measuring method of maximum ocular diameter

As shown of Fig.4, on extension line of the optic nerve, maximum ocular diameter (L1) on Tz-
weighted image and maximum ocular diameter (Lr) on RESOLVE were measured.

Fig.5 Evaluation sites of image distortion on the volunteers head MRIs

D border of frontal sinus and frontal lobe
@- i border of ethmoid - sphenoid and frontal lobe

@-ii border of ethmoid + sphenoid and temporal lobe

@ border of petrosal and temporal lobe
@ border of petrosal and cerebellum
® border of petrosal and temporal lobe - cerebellum

The image distortion assumed it a part within the circle
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Fig.6 comparison of distortion rate in each seg

Fig.8 comparison of distortion rate in each PIF
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Fig.7 comparison of distortion rate in each ES
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Fig.9 comparison of distortion rate in each MS
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Fig.10 comparison of SNR in each seg, ES, PIF and MS
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Fig.11 The average eyeball distortion rate in each PIF
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Fig.12 The average score of the skull base distortion in each evaluation sites
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