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Liver Regeneration and Factors Influencing Liver Regeneration in Donors and Recipients
of Adult Living Donor Liver Transplantation Using Right Lobe Graft

Young Chul Yoon, M.D., Jung Hyun Park, M.D., Tae Ho Hong, M.D.,
Young Kyoung You, M.D. and Dong Goo Kim, M.D.

Department of Surgery, Seoul St. Mary's Hospital, The Catholic University of Korea, College of Medicine, Seoul, Korea

Background: To balance between the appropriate remnant liver volume in the donors and sufficient graft volume in the
recipients is very important in adult living donor liver transplantation (LDLT). The aim of this study is to evaluate the liver
regeneration rate and the factors associated with the regenerative process in the donors and recipients.

Methods: Between May 1999 and March 2010, 197 donors and 98 recipients out of the 450 patients who underwent adult
LDLT were evaluated retrospectively. We reviewed the clinical characteristics of the patients, liver regeneration using
computerized tomography (CT)-assisted volumetry technique and the factors associated with liver regeneration in the donors
and recipients.

Results: Using CT-assisted volumetry, the mean proportion of remnant right liver lobe was 62.4% +4.7%, ranging from 50.1%
to 77.4%. The ratio of the graft weight to volume by CT-assisted volumetry was 89.8%+12.9% and we created a formula
that graft volume (g)= [CT volume (mL)x0.933]+137.97. The liver regeneration rate in donors during the first postoperative
week was higher if the remnant liver volume was below 35% than if the remnant liver volume above 35% (P<0.001). After
6 months, the remnant liver grew up to 81.2% of the original liver volume. Liver regeneration in recipients during the first
postoperative week was faster if the graft-to-recipient body weight ratio (GRWR) was below 1% than if the GRWR was
above 1% (P<0.001). Also, GRWR (P<0.001), portal vein (PV) velocity (cm/sec) (£=0.007) and PV flow volume per 100 g of
graft tissue (mL/min) (P=0.002) were associated with liver regeneration in recipients during the early postoperative period
by univariate analysis.

Conclusions: The process of liver regeneration was most active during the first postoperative week in both the donors and
recipients. The proportion of remnant liver in donors, GRWR and portal blood flow in recipients appeared to be the significant
factors associated with liver regeneration.
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Fig. 1. Positive correlation between the estimated graft volume
(ml) and actural graft weight (g).
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Table 1. Partial liver regeneration of donor and recipient after
living donor LT

(A)
At the time 1 week 3 months 6 months
of LT later later later
37.6+4.9% 58.91+7.9% 74.1£10.2% 81.2+11.5%
100% 158,529 4% 200,1+42.1%"  244.3+48.4%

(B)

At the time 1 week 20 days 3 months
of LT later later later
100% 159.2+32,006' 178.4%50,3% 219.5%56.6%"

Abbreviation: LT, liver transplantation. (A) Volume of left lobe
by CT volumetry in donor (n=197), (B) Volume of graft liver by
CT volumetry in recipient (n=98). “P=0.851; "P=0,239.

vs, 227.70+140.78 TU/L, P=0.013), L&t} tho](P=0.682),
AE JE(P=0.165)= EH ALTo| JFS FA &t
ot & zkE 2 ROl dis] 4 el FHl, ALT BF
o8k zpo|7} AL, vole A WeFHle AfolE X
FANE A7E e dF el Fhl, ALT BF 9
ztolE HolA x3hg &RIt3itk(Table 2).

T F 74, i 2 ool 2o AAES AlLbet
o o], AzE 7§+ g FE 2 Furt Al mA=
FFS AP JE 7F Fo7) 35% oldtd ABg
35% 3L 75l HIEH 74 elE AAEC] 79.9134.6%
o} 50.3%£22.3% (£<0.001), 37HLoll= 33.4118.4%2}
25.5+15.5% (P=0.002)% &-2J3t 2}o]E& Hgor} 67)1Y

ol zol7} SISt T3k Yol= SsHE 7|FoR BE
71z 79(P=0.785), 3IME(P=0.751), OINL(r=
0.913) &<t AAEN oS HolA| Aourt A=
10%g 7|eoR2 39S W 7U(P=0.970), 37NL(r=
0.223), 6704(P=0.578)2 F2J3t Z}o]& Ho|A| gyttt
(Table 3).
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3) +8Xtel olAH XA IHgol 2 DIXl= AXL

787 089S POR 5% F
CT 292 53] o] 2zbe
oW 100%2 3]
ko] A HAI 209

159.24+32.0%= °F
2ol 178.4+50.3%, 370L 4 219.5

Table 2, Peak liver enzymes difference according to risk factors
after right lobectomy in donor

Peak bilirubin Peak ALT P
(mg/dL) (U/L)
Age <55 292%+1.31 0.019 253.37£181.95 0.682
>55 5.14%2.37 200,50%30.41
Fatty <10% 2.89%1.33 0.166 248.071+181.42 0.165

change  >10% 3.34%1.49 308.50£200.75
Remained <35% 3,32+£1,70 0.036 317.73%£247.69 0.013
volume >35% 2.79%£1.13 227.70£140.78

Table 3. Remnant liver regeneration difference according to risk factors after right hepatectomy in donor

7 days P
>55 76.8+£74.1%
Fatty change <10% 57.6+28.8% 0.970
>10% 57.31+28 9%
Remained volume  <35% 79.9%34.6% <0.001
>35% 50.3£22.3%
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3 months P 6 months P
27.6116.8% 0.751 10.2£13.0% 0.913
31.4111.2% 9.6+7.8%
27.41+17.2% 0.223 10.0£12.8% 0.578
32.2+t12.9% 11.7%+14.2%
33.41+18.4% 0.002 851+11.8% 0.279

25.5£15.5% 10.8+13.4%
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Table 4. Correlation between graft regeneration and clinical var-
iables

(A) Graft regeneration on postoperative 7th day

Variables Coefficients P

Donor age 0.074 0.470
Recipient age —0.065 0.527
Fatty change (%) —0.108 0.290
GRWR (%) —0.371 <0.001
Spleen index (cm®)’ 0.055 0.587
Hematocrit (%) 0.027 0.793
Glucose (mg/dL) 0.019 0.857
Platelet (/1) 0.085 0.409
PT (INR) 0.102 0.324
BMI (kg/m’) 0.130 0.205
PV velocity (cm/sec) 0.271 0.007
PV volume (mL/min) 0.130 0.202
PV volume/Graft 100 g (mL/min) 0.313 0.002

(B) Graft regeneration on postoperative 20th day

Variables Coefticients P

Donor age —0.066 0.521
Recipient age —0.007 0.947
Fatty change (%) —0.183 0.073
GRWR (%) —0.223 0.027
Spleen index (em’)* 0.015 0.882
Hematocrit (%) —0.134 0.192
Glucose (mg/dL) 0.046 0.657
Platelet (/L) —0.134 0.193
PT (INR) 0.100 0.337
BMI (kg/m’) 0.071 0.490
PV velocity (cm/sec) 0.027 0.795
PV volume (mL/min) 0.033 0.747
PV volume/Graft 100 g (mL/min) 0.103 0.315

Abbreviations: GRWR, graft to recipient-body weight ratio; PT,
prothrombin time; BMI, body mass index; PV, portal vein, “spleen
index=height Xlength X width of spleen.

+56.6%= 37§l 2u) 7t STl dnh AlsAke] JE
2 AR wEAR o] 2l H ] A E AlZEe] AU A
AN Eo] sttt F8Ake] o2 AlEAle] Hof
AE ] AL BlaEdn e F 7L ATAR)
ZgApo] o] A1 A AYo] 158,529 4%, 159.2+32.0%0]

3(P=0.851) 370 Lol AlFAte] e h 8k o] 2
A Aol 200.1£42.1%, 219.5£56.6% (P=0.239)Z o]
21H A EC] o BAFHSE Fofdk abole gl
TH(Table 1),

o|2l o] ABH HHE AAER XH*X} A2F, 82k
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A AR T E &l & E(P<0.001),

el
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Table 5. Graft regeneration difference according to various risk
factors after living donor liver transplantation

7 days P 20 days P

Donor age <55 58.9432.3% 0.492 11.2%17.1% 0.689
>55 74.714.2% 16.2+28.1%

Recipient <50 61.7+34.5% 0.447 11.8£16.9% 0.792
age >50 56.8+29.5% 10.9+17.5%

Fatty <10%  60.5%31.6% 0.074 11.7+17.2% 0.604
change >10%  38.1£31.3% 8.1£18.3%

GRWR <1% 82.6139.7% < 0.001 15.9%20.9% 0.233
=1% 54.4%£28.1% 10.4+16.2%

MHV Patent  60.5%£32.4% 0.196 11.0£17.3% 0.540
patency  Occluded 45.2425 2% 14.9£16.1%

Immune FK 56.8+£30.9% 0.326 11.0%16.2% 0.807
suppression CsA 63.3133.9% 11,9+18.8%

Abbreviations: GRWR, graft to recipient-body weight ratio; MHV,
middle hepatic vein,

%ﬂ% &% (em/sec)7} WHEFE(P=0.007), ©]2]4A 100 g

E2F(mL/min) (P=0.002)0] ZSZ A Bo| =gk}
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A5 A A 7IEo R oA 2AE T Al
2ke] vpol= 55A) 71, 82| vl 504 71E, A
kel Ax= 10% 715, o]A] A AFH= 1% 7=, T
7F Aol e H5%, HIGA A e EF(tacrolimus or
cyclosporine) ] W} LSt} %74]7%4 ogE= o)t o
TS A 8he FE F 7Y7A oA Ay B LA
Fago] 1% o]stellx ZF ol Hlaf ffatA A E o
=9htH(82.6539.7 vs. 54.4+28.1%, P<0.001). ZLg]aL
o] 2] 3 7o) o2l ] AFzko] 10% oltellA] 10% ©]
el vla] FAIHSR frofatAle FAN AEC] =
S ®WYUH60.5+29.5 vs. 38.1 +31.3%, P=0.074).
vt 2 o AlsAr B F8Ake] vrol, FxHA Mol ¥
FHE 75, 19 AR e FRE dFS TA sdr
T o] & 20ol= #HEE Y] AdAE BT o]2H
o] Al JFES FA FUTHTable 5).

i

ek

2] 3

<]l

A atelAl 7P Al A8 7hol4

glct. 22 A zhold thr] fhxtel] wish ApA|

June 2011 | Volume 25 | Issue 2



Young Chul Yoon, et al: Liver Regeration after Living Donor Liver Transplantation

i Zkol o] ARl FholAE thalstar it

>
=

o
Y
>
N
N

(0
=)
R
rir
2
o
2L
N
)
o
o
tlo
2

2
o
-

g
o

lole A9 wow

tlo
Jo
)
:?{:ll‘
O
o
ol
ol
(o
<
o
o,
2
2
N
)
4/
o

Bk A2
A Fe
3 3HA
7R D7EA] A o] A&EeH(1). AP =]
v 82k 1 Yellx= A8S fxst
e A RSl Bostar vk Z7)¢ll= Kuffer
M EANA] tumor necrosis factor @ ¢} interleukin-6 =0]
folste] HAA WHES FUIL 7o) hepatocyte
growth factor7} wi7iste] A4-g EFZgch2). Ly
o} 74A] 9dgk b Aol el Agsliof & Ao] Wk
o]-gsh=d| o] W

3 AAs
B

Lo ¢
2
ol
X
T

%i&o}&
L.
R )
pl‘lrlﬁﬁ
R
n\ly
T
oy
£

N

et
4
2
>
2

(O off 12 o & [ N ol & o) M
o ok off
i
o}

Aol Huj(mL)et HA FEdA SAEE FA(9)9
ABAgolA aEslol & Ao g, 7he] Wxrt Jfdnfct
2t A, CTiM 2718 23S v 28R 714
st o ghdldl SHshe Algrel wheh g4
oF7ke] a7t QthE A, FEAl TUAE FE A
sle] AZW3slol wiel dad-e Al o] Huhwo
CTollM AR 7|EX%E= gdavs &, 28 dd
< metA s T o AT 58 ARSI F
2 2ol 7+ Ao 48 3y dof vt A
ojct, 2¥EE E AFoME CToA ZAH F 39}
A FAZE A3 AFEHAE 9ok
g9l 7 7eE TR AR 21 oAl ZA
g 5 dE HYE o 7owEtn 2EA UdU3). B AT
MM & k& 7F 30%0)°4] 7A-9-ut AlFAE HAgsta 3l
CTE o]&3F 739 E o #o] H
T 528.6+109.9 mLZ i<
. a8y o]E FollE 30%0l
]

W ot do

Fa A olH A Folsfor &

ABA] FANE DA AST 5 Ak W
2 5% F 315 A e A 5 5 54
5 odeh, AREe] Aol 54 F A 8% An

J Korean Soc Transplant | www ksot.org

92

ALTRI9} H3 2|3l $35 odF QA
74, 3L Lol CTE#YS 3t = A
15 7woz 747t AAES SHIIATH
@2 o8 7 1+ HA &= =
ES 2ABFYET Hol i e o] He Aol B
ot whe] ZQAyshy ¢9e A e W
Ao ol 171l 68.9%0]aL 67HHl 89.8%=
ANt shek, wato g Bl HAlgd 2
ANBEL 7o H3itaL skt AxbEe] AFelA=
1710l 58.9%, 671 Lol 81.2%= Haga S(4)F o= A
T H|%E AAES AESET
HAAHoR b A & AFA ¢ ZAE F &
A2 AFAke] o], A 7F e} k& 7he]
A7) Fol vk, 4 AFA holi= Ax}el| wheba] Aol
7} o], Tkegami 5(5)& FL Lholo] oA AlFA} 7t
ANYEC] oL SFJAARE, Jin 5(6)2 1 A el volut
ol 2ol gitkal &tk B AF% Yol 554
2 JFoR 39S w BE #FUIE B¢ o9 Qe
ABE ZFol= §IAL 175 AAF T ALTS] FHILX| =
zho|l7F GIAAIRE, & W FHlo] 554 2FolA & &
HA A7} 554 olstHTE 2] A =gkr] wiFel 554
7F de AT B F o Fort 29 Bes A
Zreth, Kim 5(7)2 A3Ake] <t Adol tigh A7-ollA
TS 10% 7|2 3k9e o ko] A sHe
20|17 AAARE TF 715 FARIA ALTS]7F A W{bo]
10% ©]%Foldg w7} 10% olatd wf vjafA] <jef A
=t sk 2y AR #EeME A T
g g9l 3t 7l AAF BFellA o] e Abolrt gidlet
ZkE Zto] Ao Afos k& ko] Z AlFA v

7ke] AAEe] 7] ol A Algko] Auhw 984

o]
AL
7
[e]

O:

o] ZAHtta 3H3,7). AAESY Afd= #HE e
3NE 7IFo R 39S uf AAE & Tho] HE
wjo] AAEe] o A YA T Foll= ALY H|S
3t 37|12 A ER, Aol & wjzhr] & ko] Ho
W g3 ALTY WegE 2% =2 £XE By},

2 AN 9L oA BY e A oXHs
100%2 319 o] 79 165.8%, 170l 184, 7%= Al
e, gk A|Fxlol vlE) AR zfol= AR
o|2lH o] Aol whE AL FRISHAEH thE ARER
o|2lH ] Aol AlFAte] k& F AYET T w=ch
I B 3FATHS8,9).

Park 5(10)& ¢

g olgd Al 7kold F wu) Y

Foh 7 Aol sl AFR DsholM 2k Aol A
o) g% Sm) 2o GRFe Bl gAY 5% F

June 2011 | Volume 25 | Issue 2



Young Chul Yoon, et al: Liver Regeration after Living Donor Liver Transplantation

(

N,

} o

0.
)
>
ol

o) T v
A g frola w
EOe 5% ¥ 19 A %

7 2 ARl <l

AN

of
rlo

—_

e
R
~N W
o du

TS/
=2
R 1A
~
>,

ol

¢

ot 5o

A}

]

i
o
=
o
=]
aQ
d

;O
Y

g

EEREREY

[e]

I foog Hr I
S T RV

[l
o 10
o 2

o FFol grka sterh. A4E
Aol ARG ZE Aol Fe 3

E
T
f

=)
1o

)

=
oy

ek

4

o

fd

1

: =2

2

o

)

ox
i R

o

gt

o

F
N
ﬂF

R TR\ = N < < w1

o &
W To olN ]
B
el ek
B B

%0,
O,
©)
=%
=
ol
S
rlo
=
o3l
£ 1© 3 on
N
o,

o
o

aoich. Wk wge

Aoz §u AR 9FL F

ek
[
4

s

2
o
2
¢

%
)

X
>~
=

A Fi ZrolAe AlE w) HFE o] 23
© F&xe ATl e HeR AAsH dvtH
2he o2l el Hlgo] 2 Hlgo] H|F|A Aol
Ao 2 defA Aok AA o] XA u]|FEAA T
Ztol o] Al Fadt 827} Hol n7h 1%E 7]
2 1%olstellA oA e AE gt gl
13,14). AAEe] Aol = 5 F 7L 20240 o]
A A ol AuFEAATEE] A dFS
FAL, 1%E 71FoR Urolx] BEsle vl
dell= oo QA o]Ho] A%s BT B2 AVES
BHou 2099 Abol7h gllet. oljde] AW
ol It Al TS Foh AAHAN e AAE
o] Hug ni2= Fdo| e Tt B 3 T4
Zpol7b glekar geh(15,16). AAES

4

oxHe] FAe BHHoR 7 Au R 2
AR SASGEY #F /17 B AN B ¢

AZAY S8
ol, o4 Te] Azt Aw, ALY 2 W A =
7, @9l A%} 27 Fo| AFHR oY Aoz 7+ 4
Aol Belo] YT s Axpse] ZAAE B 7]
ol B ol WANE fold AolE wisA|
B2ch(11,13,14,17,18).

J Korean Soc Transplant | www ksot.org

93

Z

rhu

#hdo] ol ARG
CTolA A re] 81202 A=Y, ARED B4

= Folm 7)o tele}
AdHE Aol EAZF LAY 7}
1

2 F 370 F olxAe

f
e
s
o
d

o]2] FAIE 7|Fo g2 H 219.5% AAET AFAL]
ZE 7 AYERY = AVES HATh T9 841
7t AR F8e 94E o] HAYHFEAA TS
W RS IRl oy =5 F o B A7 ¥
8% Aoz Azt

ZAe| =

gk b 2(F) 9] A71H](5-2006-D0227-

REFERENCES

1) Yamanaka N, Okamoto E, Kawamura E, Kato T,
Oriyama T, Fujimoto J, et al. Dynamics of normal and
injured human liver regeneration after hepatectomy as as-
sessed on the basis of computed tomography and liver
function. Hepatology 1993;18:79-85.

2) Pachowka M, Zegarska J, Ciecierski R, Korczak-
Kowalska G. The role of IL-6 during the late phase of
liver regeneration. Ann Trasplant 2008;13:15-9.

3) Stone HH, Long WD, Smith RB 3rd, Haynes CD.
Physiologic consideration in major hepatic resection. Am
J Surg 1969;117:78-84.

4) Haga J, Shimazu M, Wakabayashi G, Tanabe M, Kawachi
S, Fuchimoto Y. et al. Liver regeneration in donors and
adult recipients after living donor liver transplantation.
Liver Transpl 2008;14:1718-24.

5) Ikegami T, Nishizaki T, Yanaga K, Shimada M,
Kishikawa K, Nomoto K, et al. The impact of donor age
on living donor liver transplantation. Transplantation
2000;70:1703-07.

6) Jin MB, Shimamura T, Taniguchi M, Nagasako Y,
Suzuki T, Kamiyama T, et al. Liver regeneration in living
donor liver transplantation. Nippon Geka Gakkai Zasshi
2004;105:674-9.

7) Kim SJ, Kim DG, Chung ES, Lee Y], Moon IS, Lee MD.
Adult living donor liver transplantation using the right
lobe. Transplant Proc. 2006;38:2117-20.

8) Jiang SM, Zhou GW, Zhang R, Peng CH, Yan JQ, Wan
L, et al. Role of splanchnic hemodynamics in liver re-
generation after living donor liver transplantation, Liver
Transpl 2009;15:1043-9.

9) Bolognesi M, Sacerdoti D, Bombonato G, Merkel C,

June 2011 | Volume 25 | Issue 2



Young Chul Yoon, et al: Liver Regeration after Living Donor Liver Transplantation

10)

11)

12)

13)

Sartori G, Merenda R, et al. Change in portal flow after
liver transplantation: effort on hepatic arterial resistance
indices and role of spleen size. Hepatology 2002;35:
601-8.

Park MY, Lee YJ, Rha SE, Oh SN, Byun JY, Kim DG.
Correlation of portal venous velocity and portal venous
flow with short term graft regeneration in recipients of
living donor liver transplants. Transplant Proc 2008;40:
1488-91.

Cheng YF, Huang TL, Chen TY, Tsang LL, Ou HY, Yu
CY, et al. Liver graft regeneration in right lobe adult liv-
ing donor liver transplantation, Am J Transplant 2009;9:
1382-8.

Ohira M, Ishifuro M, Ide K, Irei T, Tashiro H, Itamoto
T, et al. Significant correlation between spleen volume
and thrombocytopenia in liver transplant patients; a con-
cept for predicting persistent thrombocytopenia. Liver
Transpl 2009;15:208-15.

Chen HL, Chen CL, Huang TL, Chen TY, Tsang LL,
Ou HY, et al. Regeneration rate of left liver grafts in
adult living donor liver transplant. Transplant Proc 2010;

J Korean Soc Transplant | www ksot.org

94

14

15

16

17

18

=

~

)

~

N

42:699-700.

Kim J, Yi NJ, Shin WY, Kim T, Lee KU, Suh KS.
Platelet transfusion can be related to liver regeneration
after living donor liver transplant. World J Surg 2010;34:
1052-8.

Fukuhara T, Umeda K, Toshima T, Takeishi K, Morita
K, Nagata S, et al. Congestion of the donor remnant
right liver after extended left lobe donation. Transpl Int
2009;22:837-44.

Akamatsu N, Sugawara Y, Kaneko J, Sano K, Imamura
H, Kokudo N, et al. Effects of middle hepatic vein re-
construction on right liver graft regeneration. Transplan-
tation 2003;76:832-7.

Akamatsu N, Sugawara Y, Tamura S, Kaneko ], Matsui
Y, Togashi ], et al. Impact of live donor age (>or=50)
on liver transplantation. Transplant Proc 2007;39:3189-
93.

Lodewijk L, Mall A, Spearman CW, Kahn D. Effect of
liver regeneration on the pharmacokinetics of immunos-
uppressive drugs. Transplant Proc 2009;41:379-81.

June 2011 | Volume 25 | Issue 2



