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2. MR perfusion imaging
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2) JE#E MR perfusion imaging
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DIMEANO T k% b L=t — & L THW,
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MEhns.

» ’APd:po‘ﬁ;
Fig. 1. Dynamic contrast-enhanced MR imaging of pulmonary perfusion in a normal volunteer
using 3D-turbo gradient echo sequence (TR/TE/flip angle=2.7 ms/0.6 ms/20 degree, 100 mm
slab thickness, 10 partition, 128 X 96 matrix, 450 mm filed of view).
Five ml of GAd-DTPA was administered over 1 s. The image at 0 s was a baseline image. The pul-

monary arterial tree was visualized beyond the segmental branches, followed by a gradual diffuse
increase in signal intensity of the lung parenchyma.
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]

Fig. 2. A 29-year-old patient with pulmonary
embolism

a: On 9mTc-MAA perfusion scintigraphy, per-
fusion defects were shown in middle lobe,
bilateral posterior superior segments, and lin-
gula

b : 3D-dynamic contrast-enhanced MR imaging
(TR/TE/flip angle =2.7 ms/0.6 ms/20 degree,
100 mm slab thickness, 10 partition, 128 x 96
matrix, 450 mm filed of view) demonstrated the
perfusion defects corresponding to 9mTc-MAA
perfusion scintigraphy in pulmonary circulation
phase. Note is made of late enhancement in
these area in systemic circulation phase (para-
doxical enhancement).
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3. MR ventilation imaging
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Oxygen-enhanced MR ventilation imaging 73
5 T IROEEFIC X 455\ paramagnetic agent
L LT T BAERY R 2 Nl O PR 25 C a5 il
Rt A FI R L Tl RIRIC 5| & H 9 & {5 1k
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1) Oxygen-enhanced MR ventilation imaging
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Fig. 3. Coronal HASTE images (TR/TE/inter echo spacing=2000-3000 ms {2 R-R)>/25 ms/
4.2 ms, 20 mm slice thickness, 128 x 256 matrix, 450 mm filed of view) of the chest in a healthy
volunteer without (a) and with an RF inversion pulse applied to the right ventricle and pulmo-
nary artery with a inflow time (TI time) of 600 ms (b), as well as a subtraction image between

A and B for pulmonary perfusion (c).

Note the adiabatic RF inversion pulse to tag the proton spins (arrow).

Fig. 4. Series of perfusion images (TR/TE/inter echo spacing=2-3
R-R (2000-3000 ms) /25 ms/4.2 ms, 20 mm slice thickness, 128 x 256
matrix, 450 mm filed of view) with increasing inflow times ranging from
200 ms to 1400 ms.
Incrementally more distal portions of the pulmonary arteries are seen,
with enhancement of the lung parenchyma at a TT of 600. The bright ver-
tical stripe represents the adiabatic RF inversion pulse.

REMRFIREZEOMEOREXFIFT 5 &
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Fig. 5. Assessment of regional ventilation in a
normal healthy volunteer

(a) Ti-weighted, coronal, inversion-recovery
single-shot turbo spin echo image (TR/TEcx=
2-3 R-R(2000-3000 ms) /4.2 ms, 10 mm slice
thickness, 256 x 128 matrix, 450 mm filed of
view) shows lung morphology.

(b) Signal intensity of lung parenchyma versus
time in a healthy subject (see ROI in during al-
ternating inhalation of room air and 100% oxy-
gen).

Signal intensity of lung parenchyma was in-
creased by 100% oxygen inhalation.

0, fxOEMB G R TE 5% AYHF L
TWw5 300, THEDFFEIZEWTL, ME
B O HL 5, Fix O artifact NEET 5 2
LIZED, BEICKk- T, EERICKAELD
b RGO BRI S 22 HTTNIC HE T K A TTBE
W2y, HESTREmERL LICE Y
F o T, BRRICHZRES N TLA18~20,

—77, HRE SR LRI X 2Rk
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2) Hyperpolarized noble gas MR ventilation
imaging

Hyperpolarized noble gas MR ventilation
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% B4t L C spin exchange % C hyperpolari-
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ble gas MR ventilation imaging {35k % D & D
»6MREBZZEALIENTE A0, %l
BRUMROE AT 2 ENnTELEED
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fi) % 7% ¥ % dynamic study IZ & - CTEIZE e
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polarization % C 9 Fh e 7 &I 9 A 5%
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Fig. 6. A 30-year-old normal healthy male
volunteer

Relative enhancement map obtained after oxy-
gen inhalation shows homogeneous and high
oxygen enhancement (yellow to red).

i % & <° B F @ transmitter-receiver coil 2 7}
DETHD, 10470 OfEEAPEHTH
% Z &, hyperpolarization ## = L 4 < 5
FHRE O\ He-3 1I3BLRIC IS W T AFREE T
H, Xe- 129 GAF X HHBRETELHLHD
O, WMEHMEHRD S5 EWVORIERA DS &,
hyperpolarization %2 Z L IZ < < F 5 A5\
T EEEND, BRI B TCIERIGH 2t
WEETH D, SHOMEREFEINS.

EHVY IS

fpkBEE 5k & L TORE MRI 12D\ Cfig
LS, SHBREEBAOWRERR FIC X0 22H
SR GRS HlcdEEIN TV EA
5. WEOBRUSNOHE L LT, MR perfu-
sion imaging (2 5\ T EBMRHTICIAITF TO %
HONT ALY v 7 OICHB RO ZD< v
7 RREOEBRIE, T ALY v VR
W OHEROMFBEPLIE L5 THHD. &
7=, MR ventilation imaging 1235\ it &k 0 &
S fREE 7R IS & 2 AT OFH & & H1Z,
TR EATDO CEBPRETHS. Fi,

Fig. 7. A 65-year-old male with lung cancer
a: Relative enhancement map obtained after
oxygen inhalation shows little enhancement of
the atelectatic lung as well as the tumor. The
area of decreased oxygen-enhancement in the
lateral peripheral portion of the anterior seg-
ment of the right upper lobe was also observed
(arrow). This may be due to restricted physical
motion.

b : Krypton-81m ventilation scintigraphy shows
the defect in the right middle and lower lung
fields and was matched with relative enhance-
ment map.

Z 115 D MR perfusion imaging & MR venti-
lation imaging O~ v F /712 k A - 1Lk
TEHRIC & 0 PR AR O 0R BB FR O iR 75
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Fig. 8. A 27-year-old normal healthy female volunteer

Three contiguous slices of hyperpolarized He-3 MR imaging (TR/TE/flip angle=6.3 ms/ 4.0
ms/25 degree, 100 mm slab thickness, 10 partition, 256 x 128 matrix, 450 mm filed of view)
clearly demonstrated the airway and pulmonary airspaces.
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Yoshiharu OHNO!2,

Kazuro SUGIMURA!,

Hiroto HATABU?

LDepartment of Radiology, Kobe University Graduate School of Medicine
7-6—2 Kusunoki-cho, Chuo-ku, Kobe 650-0017
2Pulmonary Functional Imaging Research, Department of Radiology,
University of Pennsylvania Medical Center

Recent advances in magnetic resonance (MR) imaging of the lungs are shown, with a focus on

three types of this kind of imaging. First, the problem of pulmonary MR imaging. Next, MR perfu-

sion imaging using gadolinium contrast agents or spin labeling of blood using naturally following

spins as the source of the intravascular signal. Finally, MR ventilation imaging using 100% oxygen or

hyperpolarized noble gas.

These recent developments in MR imaging have made it possible to analyze data more quantita-

tively. This holds the potential for clinical imaging of pulmonary perfusion and ventilation. It also

opens a window to functional MR imaging of the lung, even though the clinical application of pulmo-

nary MR perfusion and ventilation imaging to patients has thus far been limited. We believe that fur-

ther basic studies and clinical applications of these new techniques will show the real significance of

this type of imaging in the future of pulmonary functional imaging. We also believe that it will play an

important role in the assessment of pulmonary function and pathophysiology.
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