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Reliability of the roadmap technique with the respiratory motion compensation
using hemi-diaphragm position for hepatic arteries
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Abstract : Miss-placement of arteries while using the roadmap technique in endovascular interventions for abdominal
arteries occurs because of respiration. It has been reported that abdominal arteries move mainly in a superior-inferior
direction and that diaphragm position helps to compensate for the miss-placement. We investigated the reliability of a
roadmap technique with respiratory motion compensation that used diaphragm positions to cancel out any miss-placement
of the hepatic arteries. From three patients, we obtained five pairs of fluoroscopic sequences and digital subtraction
angiography (DSA) images. The coordinates of the right hemi-diaphragm and a micro guide-wire tip were noted for every
frame of the fluoroscopic sequence along with the coordinates of the right hemi-diaphragm on the DSA image. The micro
guide-wire tip coordinates were corrected using the difference of the Y coordinate values from both hemi-diaphragms. The
tip positions that were successfully placed on arteries in the DSA image were counted and the success rate calculated. Mean
success rates for two cases were over 90%, though that for the other was under 10%. The results indicate that reliability of
the roadmap technique with respiratory motion compensation depends on the particular case. However, this method could
stabilize the micro guide-wire tip position.
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(a)
Fig.1 Digital subtraction angiography image and fluoroscopic image with a micro guide-wire. (a) a DSA image, (b) a frame
of fluoroscopy, and (c) the magnified image of the image (b) which includes micro guide-wire tip (white arrow).
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Fig.2 Schematic image of diaphragm position measurement.
A selection line is moved to the boundary of right hemi-
diaphragm to obtain a Y coordinate value.
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Table 1 Success rates for sequences and cases
Success rate (%)
Case Age/gender Number of >
frames sequence case
A 68/F 296 92.6 92.6
150 90.7 94.7
B 68/F 150 98.7
130 5.4
C 80/M 57 70 5.9

Table 2 Success rates for respiration and diaphragm velocity

Case Respiration Diaphragm velocity
Expiration Inspiration =4 pixel/f <4 pixel/f
A 93.4% (197/211)  90.6% (77/85) 76.9% (20/26)  94.1% (253/269)
B 92.3% (108/117)  84.8% (28/33) 93.3% (42/45)  89.4% (93/104)
97.5% (119/122)  89.3% (25/28) 95.1% (39/41)  96.3% (104/108)
C 6.7% (17/105) 0.0% (0/25) 0.0% (0/18) 6.3% (7/111)
7.3% (3/41) 6.3% (1/16) 50.0% (1/2) 5.6% (3/51)
Mean 58.90% 59.40% 63.10% 58.30%
SD 479 46.7 39.6 47.9
alues in parentheses : correct frames/all frames
SD : standard deviation
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Fig.3 DSA images with uncorrected and corrected micro guide-wire tip positions
White dots in the images are micro guide-wire tip positions. Images on left side show
the micro guide-wire tip positions without respiratory motion compensation, and images
on right side show these with respiratory motion compensation. The top images are for
the first sequence (130 frames) of Case C and the bottom images are for the second
sequence (57 frames). The micro guide-wire positions in images on left side move
about because of respiration ; those in images on right are stable.

EWPNKRELBE L TVWELZOFNLDT L— 0% KFEW
2. FRUCHL, CaseB D2 ¥ —4 ¥ ATIE X Bi5IH 6-
7 pixel (1.75-20 mm) L 282 % . ZD7®, CaseC
TIEZOX HAOBE DI RICHE L 2L ER 5.

CaseCD2 ¥ —4/ Y AHTIE, X A0S S 13HRkK
17 pixel (149 mm) & 1 —7 v AH & E~HREKED E
TEOFHA/N S VG720 X B RO & 13/ & v
CaseBI DIZKEVEIS L oTWA, T8512,
Case CD2 v =47 Y AHIZBWI, w4704 FI7A

YA SN TV LME DRI > — 7 v R & Pk,

DOy =7 ATE~YA 27054 RIALAYHFFAEI LT
5 IMEDOEREL 8 pixel (23 mm) LEHB25, 20—
v AT 3 pixel BE (#5098 mm) TH Y L5 LUTT
5. TAOLFETOWIE TIRIEEIME 13 X #5123 2 mm
FEOEC EHELTHE V9], 2 mm IEEE DM Tl3iE
HMLABELZ. LrL, TDCaseC DX HICX WA
WCEBLHCHAICRS T, 1 mmEEOMEIECTI, vl
HIDOARGHIET D RKEORFCTH 5.

Case C D L ) IR E L RITT X @i Mo
DO RIZHETIE V. Case A, B & CaseC DEWE L
TIX, MR EERDPEIT SN BDS, W X B IHRERO
EVR D L IIFERCERSEICI YV RL 2D H 5.
COBFKEZHWT 5124, ARERZ R L CEHId %40
EhH5b.

IR IR DIV T K B G R A R IE O R B BE D& 12
L DRERD S IIEERENE S N o 72, IR R
IV Case C A Uil LTHREDPSIZTLAZELTD
FRETHY, EBICINSICEBPEBRIZVEEZ 5.

Case C TIXEWRIIR L 72 o 7255, #IEH & fliEH D
A7 0hA FIAYMELMERT S L, DSA WO
BRSSO SEMIC TR TIZV S, #iFR & VELEIN
Tw2 (Fig.3(b), Fig.3(d)). B3\ i & 7 o 72
B3, MR & AR E TN R FORTE, MEEE
DFEr—varyt LTIFHEMEFETHLLER 5.

4, ¥R

Roadmap #HE (2 9 % A B B A 18 2 i v 72 WP 1 72 )
DFFIEHFZ, 3IEBMD D B 2EHNITTI0% %2 5K
Ee R L, 2o, R OECRLHEREOD) & DR &
B ENT 2B BV TIREWEREELZ R L2, lIh®
DERVIEFIZBWT D, 270k A KT A Y OLHAED
MIERTE D BEHLTBY, BIEIME T D roadmap #
RIS LARTH A Z LATRBENnz, £/, ZORY=E
PEL Lo 72 FRO X iAo 21l L T, 20%R%E
S 22T 2 IS RIERN 2 e LIRS T 2 LB D 5.



A

ZOWFZEIE, T EFA R FEEE G5 Bk ®)
19700417) DB % 24T 72,

[ 1] Soderman M, Babic D, Homan R, et al.: 3D roadmap in
neuroangiography : technique and clinical interest, Neuro-
radiology, 47, 735-740, 2005.

[ 2] Clifford MA, Banovac F, Levy E: Assessment of hepatic
motion secondary to respiration for computer assisted
interventions, Comput Aided Surg., 7, 291-299, 2002.

[3] Korin HW, Ehman RL, Riederer SJ, et al: Respiratory
kinematics of the upper abdominal organs : A quantitative
study, Magn Reson Med, 23, 172-178,1992.

[4] Davies SC, Hill AL, Holmes RB, et al:
quantitation of respiratory organ motion in the upper
abdomen, Br J Radiol, 67,1096-1102, 1994.

[5] Shimizu S, Shirato H, Aoyama H, et al: Highspeed

Ultrasound

Vol.27 No.l (2010)

magnetic resonance imaging for four-dimensional treatment
planning of conformal radiotherapy of moving body tumors,
Int J Radiat Oncol Biol Phys, 48, 471-474, 2000.

[ 6] Rohlfing T, Maurer CR, O’Dell WG, Zhng J: Modeling
liver motion and intensity-based free-formregistration of
gated MR images, Proceedings of SPIE, 4319, 337-348,
2001.

[7] Gierga DP, Chen GTY, Kung JH : Quantification of
respiration-induced abdominal tumor motion and its
impact on IMRT dose distributions, Int J Radiat Oncol
Biol Phys, 58, 1584-1595, 2004.

[ 8] Draney MT, Zarins CK, Taylor CA : Three-dimensional
analysis of renal artery bending motion during respiration,
J Endovasc Ther, 12, 380-386, 2005.

[9] Takemura A, Suzuki M, Sakamoto K, et al : Analysis of
respiration-related movement of upper abdominal arteries
—preliminary measurement for the development of a
respiratory motion compensation technique of roadmap
navigation—, Radiol Phys Technol, 1(2), 178-182, 2008.



