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Figure 10 Maximum intensity projection (MIP) images reconstructed from contrast-enhanced MR angiography (MRA) data.

A: Pulmonary artery dominant phase.
B: Pulmonary vein dominant phase.

Contrast-enhanced MRA was acquired by using 3D gradient echo sequence (TR 4 ms, TE 1.2 ms, flip angle [FA] 30 degree, slice
thickness 3 mm, matrix 320x208, reconstruction matrix 512x512, FOV 420 mm) with administration of contrast-media (2 ml/sec).
MIP images reconstructed from contrast-enhanced MRA data clearly visualize pulmonary arteries in pulmonary artery dominant

phase and pulmonary veins in pulmonary vein dominant phase.
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Figure 20 Time-resolved contrast-enhanced MRA and signal-to-noise ratio (SNR)-time course curves.

A: Source images of time-resolved contrast-enhanced MRA.

B: SNR-time course curves of pulmonary artery, lung parenchyma, pulmonary vein and aorta.

Time-resolved contrast-enhanced MRA was acquired by using 3D gradient echo sequence (TR 4 ms, TE 1.2 ms, FA 30 degree, slice
thickness 3 mm, matrix 512x512, reconstruction matrix 512x512, SENSE reduction factor 4, FOV 420 mm) with administration of
contrast-media (5 ml/sec). Time-resolved contrast-enhanced MRA clearly visualizes pulmonary arterial, pulmonary parenchymal,
pulmonary venous and systemic circulation phases. SNR-time course curves also clearly show separation of the peak SNRs of
pulmonary artery (o ), lung parenchyma (e ), pulmonary vein (o ), and aorta (<>).
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Figure 30 Contrast-enhanced MR perfusion images and quantitatively analyzed pulmonary perfusion parameter maps.
A: Source images of contrast-enhanced MR perfusion imaging (L to R: t=4.4 sec, t=6.6 sec, t=9.9 sec and t=12.1 sec).

B: Quantitative pulmonary perfusion parameter maps (L to R: Pulmonary blood flow map [PBF map], pulmonary blood volume map
[PBV map] and mean transit time map [MTT map]).

Contrast-enhanced MR perfusion imaging was performed by using 3D gradient echo sequence (TR 2.7 ms, TE 0.6 ms, FA 20 degree,
slice thickness 10 mm, matrix 128x96, reconstruction matrix 256x192, FOV 450 mm) with administration of contrast-media (5 ml/
sec). Contrast-enhanced MR perfusion images clearly demonstrate pulmonary circulation. Quantitative analyzed pulmonary perfu-
sion parameter maps also clearly visualize regional differences of PBF, PBV and MTT. Mean values of regional PBF, PBV and
MTT are compatible with past reported values of them evaluated by nuclear medicine techniques such as perfusion SPECT and PET.

764 000 Vol. 44 No. 11



goooo

OPAVMODOOOOOOMRAOCTAUODODOOD
0000o0oo0oOoUoooOoUoUooooUooo
000000000000 O0000 MR perfusion imag-
ingD0000000000oOoOocTtA0ODOoonoog
oo0o0ooooO0ooooooooooooooooo
000ooOU0ooOooooOooooooooooo
000000000 bronchial artery-to-pulmonary artery
collateral flonD O OO0 00000000 M Fig 400
0000000000%00000MRIOOODOOO
00000ooO0oOoU0oooOoUoUoooooUooo
godobobooooboobooooboboooooog
ooooooooooo

021000 0000 pulmonary thromboembolismO O
0 PEO

OPEODOOOOOMRAODODOOODOOOOOOOO
0ooooooOoOooOOoU0oUOOoOoooooooceTo
0000o0O0oo0oooOooooooocTtooooo
0®¥0oo0o0o0oo0oo0oo00o0ooooooooo
multidetector-row CO MDCT O OO O 1mmO OO O
00000000oo0o0o0o0ooooOOooOooooo
0¥HNo0000000000000000000O000
ooctAlOO0OO0OO0O0oooOooooooogooo

November 25, 2004

OO00O0CTOOICT venography: CTVIOD O OO OO
0000o0oo0o0oUoooOoUoUooOoOoUooo
OCTAO0O0O0O0O00U0OOoDOO0oooooooooo
godoboboooooobooooboboooooog
air trappingd mosaic perfusion0 0 000000000
Oo0ooOoooooooo®*™m

O00oo0OMRAOOOOOOOOOOUOOOOOO
godobobooooboobooooboboooooog
oo0o0ooooO0ooooooOooooooooooo
00000000000 time-resolved MRAO OO OO
0000O0O00oOoDoCTADOOOODODOODOOPED
0000000000 0000 time-resolved MRAD O
O0ooUoOoooOoooooocToMPROOOOO
0000U0oo0o00o0ooo0ooUooooUooo
godoboobooooboobooooboboooooog
oo0o0ooooO0ooooooOooooooooooo
000000000000000M@™ Fig 53 #2000
0000000000000 Od time-resolved MRAO
CTAUO00ODO0O0O000O0ODbOODbOobOOobDoboooo
0000o0ooO0o0oU0oooOOoUoUooOoOoUooo
0000U0oo00oU0oooO0ooUooooUooo
goMDCTODOODOODODOODOODOOODOOD

Figure 40 A 55-year-old female with pulmonary
arteriovenous malformation (AVM).

A: MIP images of time-resolved contrast-enhanced
MRA.

B: Digital subtraction angiography.
Time-resolved contrast-enhanced MRA was
acquired by using 3D gradient echo sequence (TR
4 ms, TE 1.2 ms, FA 30 degree, slice thickness 3
mm, matrix 512x512, reconstruction matrix
512x512, SENSE reduction factor 4, FOV 420 mm)
with administration of contrast-media (5 ml/sec).
MIP images of time-resolved contrast-enhanced
MRA clearly demonstrate simple type pulmonary
AVM and its angioarchitecture. On these images,
right A4 was determined as feeding artery (arrow)
and V4 as drainage vein (arrowhead). DSA of
pulmonary angiography also demonstrates simple
type nidus, feeding artery (rt. A4) and drainage vein
(rt. V4), and well-matched with time-resolved
contrast-enhanced MRA.
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Figure 500 A 45-year-old female with acute pulmonary embolism.

A: Contrast-enhanced MDCT.
B: Source images of time-resolved contrast-enhanced MRA.

Contrast-enhanced MDCT demonstrates the thrombi (arrows) in
trunks anterior, right interlobar artery, middle and lower lobe
pulmonary arteries, left pulmonary artery, left upper lobe trunk

and descending trunk on the left. Source images of time-resolved contrast-enhanced MRA demonstrate the thrombi
(arrows) in trunks anterior, right interlobar artery, left pulmonary artery, left upper lobe trunk and descending trunk on A ‘ B
the left, and perfusion defect (arrowhead) in left superior segment of lower lobe. Reduced pulmonary blood flow (large
arrowhead) in right middle and lower lobes indicates a high probability of PE in the right middle and lower lobe pulmo-
nary arteries. Time-resolved contrast-enhanced MRA was acquired by using 3D gradient echo sequence (TR 4 ms, TE
1.2 ms, FA 30 degree, slice thickness 3 mm, matrix 512x512, reconstruction matrix 512x512, SENSE reduction factor

4, FOV 420 mm) with administration of contrast-media (5 ml/sec).
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Figure 60] A 23-year-old male with pulmonary

sequestration. A|B
A: Contrast-enhanced MDCT.
B: MIP images of time-resolved contrast- c

enhanced MRA.

C: Digital subtraction angiography (DSA) of aortography.
Contrast-enhanced MDCT demonstrates anomalous systemic
supply from abdominal aorta (arrow). MIP images of time-
resolved contrast-enhanced MRA also clearly show anoma-
lous systemic supply from abdominal aorta (arrow), and
drainage to pulmonary vein and azygous vein (arrow heads).
DSA of aortography visualizes anomalous systemic arterial
supply from abdominal aorta and drainage to pulmonary vein
and azygous vein.
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MR Angiography and Perfusion Imaging for Pulmonary Vascular Diseases
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Although magnetic resonance (MR) imaging provides higher spatial and temporal resolution, MR imaging of lung
parenchymayet to be comprehensively explored for several reasons such as extremely heterogeneous magnetic suscepti-
bility in the lung, intrinsic low proton density, respiratory and cardiac motion, pulmonary perfusion, and molecular
diffusion. While MR imaging of the lung has been limited, utilization of contrast-media and recent advances of MR
sequence make it possible to assess pulmonary vascular disease by using contrast-enhanced MR angiography and perfu-
sion imaging. Thisreview addresses (1) problematic factors faced with pulmonary MR imaging, (2) technical points of
contrast-enhanced MR angiography and perfusion imaging and (3) preliminary clinical studies for pulmonary vascular
diseases. Contrast-enhanced MR angiography and MR perfusion imaging of the lung is benefical in management of
pulmonary vascular diseaseas, and is currently available in clinical situation. Quantitatively and qualitative assessment
of pulmonary vascular disaese can be possible by using MR imaging without radiation. In addition, dynamic contrast-
enhanced MR perfusion imaging of the lung has the potential for assessing physiology and pathophysiology of the lung,
and may also hold the significant potential for substituting nuclear medicine examinations.

(J Jpn Coll Angiol, 2004, 44: 761-769)
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