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Conventional ultrasonography and contrast-enhanced ultrasonography of normal
rabbit biliary ducts
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Yang Song-lin (Department of Ultrasound, the Third Affiliated Hospital of Sun Yat-sen University,
Guangzhou 510630, Guangdong Province, China)

Abstract

BACKGROUND: The experimental animal models can be used to in-depth investigate the effect of ultrasound
and contrast-enhanced ultrasound in the diagnosis and treatment of ischemic biliary lesions. But there is no report
on the phase timing standard of rabbit model contrast-enhanced ultrasound that used in various hepatobiliary
diseases.

OBJECTIVE: To investigate the ultrasonic appearance of normal rabbit biliary ducts with conventional
ultrasonography and contrast-enhanced ultrasonography, and the criterion of contrast-enhanced ultrasonography
phase timing of rabbit liver.

METHODS: The conventional ultrasonography of hepatobiliary system was performed on 10 healthy New
Zealand rabbits, and contrast-enhanced ultrasonography was performed on duct walls that displayed in
conventional ultrasonography, then the features were analyzed.
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RESULTS AND CONCLUSION: (1) The bile duct of normal New Zealand rabbits showed a portal to biliary caliber ratio of
3.59+0.54. (2) The detection rates of common and middle lobe bile ducts were significantly higher than that of lateral lobe
bile ducts on both conventional ultrasonography and contrast-enhanced ultrasonography. (3) The phases of
contrast-enhanced ultrasonography of normal rabbit liver were divided into arterial phase (10-20 seconds), portal phase
(21-30 seconds) and late phase (31-180 seconds). The normal duct wall presented hyper-enhancing at arterial phase and
persistent iso-enhancing at portal and late phases. The establishment of these parameters of normal New Zealand rabbits
not only lays a foundation for the application of contrast-enhanced ultrasonography on biliary ischemia but also expands to

other hepatobiliary models.

Subject headings: organ transplantation; ultrasonography; biliary tract; ischemia; cholangiography
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Figure 1 Sonogram of liver and gall bladder of normal New
Zealand rabbits
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Table 1 Ultrasonic visualization rates and calibers of biliary
ducts of normal New Zealand rabbits (n=10)

k=g TR B T RIS B RRE
(xxs)
FEANH IR 50%(5/10) 3.72+0.50 20%(1/5)
Zerpin R 100%(10/10)* 3.35:0.40 90%(9/10)*
A 100%(10/10)* 3.82+0.84 509(5/10)
Arhhut 30% (3/10) 3.820.26 33%(1/3)
JIH R 100%(10/10) 3.47+0.23 100%(10/10)

LiJe. ATHMET LR, P < 0.01.
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Figure 2 Sonogram of biliary ducts of right and left middle lobes
of normal New Zealand rabbits
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Figure 3 Sonogram of common bile duct of normal New
Zealand rabbits
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Figure 4 Arterial phase contrast-enhanced ultrasonography
of biliary duct wall of normal New Zealand rabbits
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Figure 5 Portal phase contrast-enhanced ultrasonography of
biliary duct wall of normal New Zealand rabbits

AT IR SR AT R, BORFE AN100%. 51
JEAEBE R SRORE], W3R, wh R BE R R (e it
90%, A H1H50%) \  fm T I RE (A 41 i20%,
A#140133%)(P=0.007). i DLUFIHAE 73 SO BER)ANRE

J ) Bk 16 oi 4f 38 15 R] 4 (8.94+2.84) s, PT A
(14.13+4.26) s; [ IIKIG SR I IS W] 24 (13.38+3.54) s,
PT 4 (22.44+6.63)s . i /it 5% I AHRI 23 A 30 ik 0
10-20's, []Hki21-30s, #EiRHI31-180s. {EAXTLEL
FJG, BT R RER A T S e o, 2 KO S an 2%
RIS R, 1K S e IR 2 S 1 5

3 iTit Discussion

T ST B L TR RESE R AR 13 B, T ARIE
WA I T 2R G0 0 7515 P 22 T % 4 iR e R T 5
M S AE e R PG AS S VA T TR & e T . A
WFFUAE [ P A0 05 O i) BREAT T 4R 1T

AE 3 SR U P 2 T 240 20 WA R (43 i
G e rpy AR B AT AN FEAT PR T R
o, A BN AR R TR JHBERT T3 X,
HEFERA A IR . ZEAhi L Ze i J A o A
FERFITRMIC A 5 1 RSB AT, SAT AN A A o HE R
PN+ 8PS, F S Mt AR T
) R 13 T < ) D) [ Sl W1 a2 VAN
AT 9%, T N BRI (0 T 0 F e o, sz 5
SR, EWARITI RGBS RIS AL, IH
T RERA TR AR R —RE, BRI R e, Ik
WIANE IR B By . RESE T OB
SR IH B 7 T DR A i L2 31 T 3 s e e g el b
A5 @IF Rl I RMBAE SR L N4 ¢ 1,
BNFKELAE(B - )R, ATFE R ISR IR T Tk (4
110004

P.O. Box 1200, Shenyang www.CRTER.org



AR, T I R R 5 A 7 R it i 7 B

% WWW.CRTER.Org

bz —. @A L AAE BRI R HAY, FLIHE A
T A EAE 1) S s R Y e T R T AN A, T
P REE R Hp e BEAE R R A JE 9 10 1 I T 5% H
- @2 W Ichikawa P LTk K2 1 I F I iR e s ]
S FE RNy AR R T35, T G T 7 3 R e R T &l
JENIKIA10-20 s, [IHKkiPI21-30 s K 4kl #A31-180 s, |
REERE, — 5T T A A 75 S P S AR Ak
HIEESH, PSSR RIS %, 55— Jrim
SXof I P G e i 75 A 5 AR A AR R N PR R R e
HERE . 5 RPHTIRTT T BUT 80U 7 i S AR X Ay T () 1
FHA AR5 E 1 L

P ) 54 5 1 28 20 BT JE AT 9 S 10 U R g A
TR 1 8 P I AR A 1 2 T B33, S A bkt
ELFA AR ) DGR {ELTRE | UG (R AR P Uk N TR) S5 S MU
W L 5 122 A4k, TSR IR R AR Y
WIRE T ATl SRS o 3P e R FUAE T
LA PR P AR BT R b s A R L 9 A A 78 (1
e B3O o A S P BB IR AR AT S, 43T
S PR A 1 I E R AT AR K (WA B, nl kg s kL
SR e K R L7 A0l 7 M o e 1 U ¥
I TR —5i 5 i 2, e 738 T G VX2 IR A5 AR
AR A bt SRR BBl KT Uf 1 ik 42 VX2
PR SRR U (AT, TTRKIVIA A ST S sk
(BAY), SEFMIABRUG . IXFh S5 IR A G 1) L e
B AR AR HE, AT RS F T A R AR
PR AR IR, N B AR I T 995 A S LAt FE T ey ek 9 A A
T E AL 7 K. AN i R v DU SR
SR U RE AL AR, 20 O J3 B ik 7 253 5% i N FH AL AT
I3 WPV FSCHT MIE SI2 J0 A J3E 1D e ) -5 3 il 2, DM 9 43
PTUAAEL I R) o DA 58 L WA )L R R BR AR
M S TR RN ST 2 A 1) 2 2 5. &5 SR A A 2K R
2 = 1 N 2 Y SN 6 B2 A N 2 e S S T2
] BAC T IE R (P < 0.01), WA k1 I 7] 557
SEPUE St TR U B BT (P < 0.01). SEER UL T
2238 5 I I SI 0 A Ti) =5 58 i 28 o] DA e FHE s £ e K B
JFF ARG 5 L 50 ) 22 0, &2 Wi R AR 19 45 25007
o

526 2 W Ichikawa 25 BT LI 3 Ik K% 1] i ik 184 5
WA 1) Ay 1 a5 R0 43 B AR 9%, 4R T 3 SR T R 7 3
SEIO AR 20 o I FHAZE IS AR 20 bR G A B (1) 1 5
UBEATAEE, A2 DU OO 0 — 5 i R Sl o4
I 25 88 22 1) EL Al T L2 95 SR B 784 1) R 7 3 S 10T 9 4 3
5%, [HN ¥ B SERR T 2 R A i A
JEF I3 IH A S Bismuth 2y B4 o (R MR PE R R, 0T
306128 F AL IF TR R 9 0 5B 3 40 e 32 — 4
TR P U S N P E A I 5 R S AR G 2 R 4 X
IERIREE R, AR = T A A e 347 Bismuth

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

oy B AERA 1, 45 AL s T A B R R R R
23.3%(7/30), 7 i 4ELE B 7 JIH T I 5 R X 2 I i
SO T (R UERR 34 h 73.3%(22/30), T 38 i 5 40 TR v
RE YR S X R IR I R 2 ) 2 S
I F R P JIH A R B v T B R DA D IR A 1 R
71 HATEE AR O 12 N - I I AR AH S (112
WibR U o

SR [ P A0 1 U SRR (108 7R A A v S R
AR RIHATHICRZR, IFHR H IE SR fr e 7 i
SRR britE . BB IEESEN @S, — T HHA
R S RIS LA, b DU 5 i e i
TEHMLS I 7T AE R R4 Sy — oyt o H &
B8 2 () FEAR TR AR SRS 2 [ 7 1 e LRI 5 %

TEZ T AL RIS FR it F A AL,
P, G4 S AT RIS KA TAPKEA AR K
Eitfedpiomk; LFRE A AERABAMH, FXF
# .

F a8 SRR BARAT ] REA K R ERFMLZF4
27 F 4R A B 4G 225 RA) B AR B

EEEELK. SR FsheiL B LTS 2009 F
(Ethical issues in animal experimentation) #8 % sh 44632 5
ARG F

FRAGE B 1) 3% KT AT R AT AR B 8 7
THA R F RN AR T EZ TR, BT Arad to A 4638
BFIE) . AR AR L A 5% BB 1) S A SR R f R A R
1, EE2R T RATIEIRG R TARA, defB AT FFE b
FRARACS . AP F A5 AR T AL ik 3o AT I By f b
R BRIE R AR 64 dn ik

TEZFHY 3% A RAMESR, SRR, NETT BRE,
AP, RAVE, RAREG, AEHELE, a1k
ARAABEFBERGEH, ARAEE, XTaR.

4 HENHE References

[1]  Sherlock S. Overview of chronic cholestatic conditions in
adults: terminology and definitions. Clin Liver Dis. 1998;2(2):
217-233.

[2] Deltenre P, Valla DC. Ischemic cholangiopathy. Semin Liver
Dis. 2008;28(3):235-246.

[3] Skaro Al, Jay CL. The impact of ischemic cholangiopathy in
liver transplantation using donors after cardiac death: The
untold story. Surgery. 2009;146(4):543-553.

[4] Sanchez-Urdazpal L, Gores GJ, Ward EM, et al. Diagnostic
features and clinical outcome of ischemic-type biliary
complications after liver transplantation. Hepatology. 1993;
17(4):605-609.

[5] Hintze RE, Abou-Rebyeh H, Adler A, et al. Endoscopic therapy
of ischemia-type biliary lesions in patients following orthotopic
liver transplantation. Z Gastroenterol. 1999;37(1):13-20.

7775



AR, T I R R 5 A 7 R it i 7 B

% WWW.CRTER.0rg

(6]

(7]

(8]

(9]

(20]

(11]

(12]

(23]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

Thethy S, Thomson B, Pleass H, et al. Management of biliary
tract complications after orthotopic liver transplantation. Clin
Transplant. 2004;18(6):647-653.

Nakamura N, Nishida S, Neff GR, et al. Intrahepatic biliary
strictures without hepatic artery thrombosis after liver
transplantation: an analysis of 1,113 liver transplantations at a
single center. Transplantation. 2005;79(4):427-432.

SN, TR IE, E G, S5 RS AR A 5 0 2 H TE 5 2 1 T A
BT[] R 22 7R ,2006,86(18): 1236-1239.

Vil e S AR i L 6 7 1) SR XA 97 [3]. I S AR 2
#%,2006,26(3):169-171.

Williams ED, Draganov PV. Endoscopic management of
biliary strictures after liver transplantation. World J
Gastroenterol. 2009;15(30): 3725-3733.

Catalano G, Urbani L, Biancofiore G, et al. Hepatresection
after liver transplantation as a graft-saving procedure:
indication criteria, timing and outcome. Transplant Proc. 2004;
36(3):545-546.

Schlitt HJ, Meier PN, Nashan B, et al. Reconstructive surgery
for ischemic-type lesions at the bile duct bifurcation after liver
transplantation. Ann Surg. 1999;229 (1):137-145.

Takasaki S, Hano H. Three-dimensional observations of the
human hepatic artery (arterial system in the liver). J Hepatol.
2001;34(3):455-466.

FEAS FBEREE, B WA A8 SRS RPLAl AL 1 L3895 28 TR 7 3 s T
[J]. R AR 75 15 2 A4 75,2008, 17(7):587-589.

Ren J, Lu MD, Zheng RQ, et al. Evaluation of the
microcirculatory disturbance of biliary ischemia after liver
transplantation with contrast-enhanced ultrasound:
preliminary experience. Liver Transpl. 2009;15(12):1703-
1708.

Sheng QS, Chen DZ. Establishment of an animal model of
ischemic type intrahepatic biliary lesion in rabbits. World J
Gastroenterol. 2009;15(6):732-736.

Yamamoto K, Sherman |. Three-dimensional observations of
the hepatic arterial terminations in rat, hamster and human
liver by scanning electron microscopy of microvascular casts.
Hepatology. 1985;5(3):452-456.

A0, R4, JET, A ARV X 2R i P I S I A 2 2 R
JECTH st 14000 HE SEAG T[], b Al 7 5% 5 7 2K, 2010,
19(1):65-69.

FORHESE T4, 2 AN, S A TV X - 2 e R PR v I P i e
T R S SRR 2 IS AR 4050 LRI [I]. v [ B 2 AR 22 24K,
2011,19(12): 942-945.

Ui A AL 55 P R AR S5 AN [ S T S 7 T S I A AR [
SEEGRIFFT[I]. Hr i 7 PR 2 2%k, 2009,25(1):8-11.
RGP JHH A 7 3 5 I AR R A PR SE SR PRI F T[] A RS 2%
K5 #%,2011,9(4):407-408,417.

7776

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

Wk 2, 213, RV, A% TR £ A A 3 0 S i B 75 3 5% DA [
] 7 12 24 74 75,2008, 24(6): 495-498.

AN IR D, TR A5 ARH U E BOR I 1 520 VX208 s 230
AAVEAR AL HIRITFE ], h AR 75 15 2 23K, 2005,14(9):702-705.
ZEAN LD, TGRS A% R B 7 36 50T SR AT VX 288 i JH S 5
ML AV AR BT ST [J]. Hh Al P 5848 2 278, 2005,14(2):
144-146.

ZATHE, T 27, WK IR 9. 28 1 M 78 36 S P AR/
D B SR B[] B 27 AR 50K, 2011, 27(7):
1348-1350.

rrAe N RIS E R BRI T
2006-09-30.

Ichikawa T, Erturk SM, Araki T. Multiphasic contrast-enhanced
multidetector-row CT of liver: contrast-enhancement theory
and practical scan protocol with a combination of fixed
injection duration and patients' body-weight-tailored dose of
contrast material. Eur J Radiol. 2006;58(2):165-176.

HG M, BB, FA S, A A 18 B0 A E R e R R £
L[] AR = BRI, 1996,18(1):52-55.

T TT RSB ZN IR 27 O 5 2L S B s A~ M. v 4
U HihE,1983:14-15.

TR 7 K g SE IR SR T R [M]. L T B2 B R,
2000:283-284.

AL, B, B, Al P S S AGT I I 3 B IE W RS AR ]
ERAGER DR ORI FE[3]. L 75 P 2 4k, 2012,28(7):
633-635.

HIRRK, QR e AT, S, 2 5 oA IO e B AR B 75 /N kL 11
P IS A R F S R R C TS W i LU T3], v R e s o A
#%,2009,25(3):290-293.

TV IR SC T R S5 P R G S B I RSB Rk
PR AZ P IRIZ WO B[], BB 2R PR 2R, 2012,33(2):
224-227.

Imanieh MH, Dehghani SM, Bagheri MH, et al. Triangular
cord sign in detection of biliary atresia: is it a valuable sign?
Dig Dis Sci. 2010;55(1):172-175.

Sugimoto K, Moriyasu F, Negishi Y, et al. Quantification in
molecular ultrasound imaging: a comparative study in mice
between healthy liver and a human hepatocellular carcinoma
xenograft. J Ultrasound Med. 2012;31(12):1909-1916.

HEDL 20, SN, S 28 DK P A3 5 S U S 5 1) - 52

L 43 W VB T ARG [0]. 55 = % 1 k24,2004, 26 (16):
1463-1465.

JE R T T IR S R A, 2 20 B IH AR P 3 R X S T
FOAR A AT > B I L AR S [J]. Hh e 75 152 2%, 2010,
18(12):1047-1050.

BRI R S IR

P.O. Box 1200, Shenyang 110004 www.CRTER.org



	 
	文章亮点： 
	1 实验在国内外首次对正常兔肝胆系统进行超声及超声造影的检查方法、正常声像学表现及适合正常兔肝脏的超声造影时相划分进行探讨。一方面，前期临床研究提出的缺血性胆道病变患者的胆管壁超声造影表现是否反映其胆管血供受损的基本病理学基础的问题，因临床上无法取得胆管病理标本，需要借助动物实验来获取答案。 
	2 兔作为研究缺血型胆道病变的常用实验动物，正常肝胆系统超声及超声造影表现将为探讨其在胆道缺血模型研究中的价值奠定正常参照。另一方面，实验提出以肝脏双重供血这一特点为基础的正常兔肝脏超声造影时相划分标准，较既往文献提出的以肝脏富血供恶性肿瘤的血流灌注特点为基础的时相划分标准，能更好地体现胆道病变或其他肝脏局灶性病变模型的各自的强化方式，对研究超声及超声造影在兔的多种肝胆疾病模型的应用价值亦具有重要意义。 
	关键词： 
	器官移植；器官移植基础实验；胆道系统；超声；超声造影；动物模型；缺血型胆道病变；兔；肝脏；胆管；对比剂；国家自然科学基金 
	主题词： 
	器官移植；超声检查；胆道；缺血；胆管造影术 
	基金资助： 
	国家自然科学基金资助(30901465)*；中央高校基本科研业务费专项资金资助*；广东省大学生创新实验项目(201002267)* 
	摘要 
	背景：应用实验动物模型可深入探讨超声及超声造影在缺血型胆道病变诊治方面的作用。但尚未见适用于各种肝胆疾病兔模型的超声造影研究的时相划分标准。 
	目的：探讨正常兔胆道系统常规超声、超声造影表现及兔肝脏超声造影时相划分标准。  
	方法：对10只正常新西兰兔行肝胆系统常规超声检查，并对常规超声可显示的胆管壁行超声造影检查，总结其特点。 
	结果与结论：①门脉管径/胆管管径为3.59±0.54。②常规超声及超声造影上胆总管及中叶胆管的显示率显著高于外叶胆管，胆总管-中叶胆管是兔首选的超声观察目标。③正常兔肝脏超声造影时相兔肝脏增强时相划分与人类不同，可划分为动脉期(10-20 s)、门脉期(21-30 s)及延迟期(31-180 s)。正常胆管壁动脉期呈高增强，门脉期及延迟期呈等增强。上述正常参数的建立，为进一步研究超声造影在兔胆道缺血诊治方面的作用奠定基础，亦可推广应用至兔的其他肝胆疾病模型。 
	Conventional ultrasonography and contrast-enhanced ultrasonography of normal rabbit biliary ducts 
	Abstract 

