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HERBEEE (VCT-50) 3/ EIGEEART/\v 7 ) —
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7, BXUBHEEE L/ EEREEET/ N —
F=NCVCHHWwLML L Il o/,

2. IBHAABILVAS

HiE B O WorldHearttt ZNovacor LVAS(E 1-
A T) & Thoratectt # HeartMate VE(Vented
Electric) LVAS(R 1-B L) »#& 5. BigIXHA
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BiFMiatEsrBontns. EHIZEER
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WR > 7TaBOAK, FEEEBT AHHIE - =
FUF—HIEF - TIC X Y EAOFIEHEE
BLUZRAF-FISERESRS. FENSHIE
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M2 EOBESE, s04y 720 b -¥ar
BBELUTOGEY, EREEI S 51581104
ML, ROTFFT—LICDWTRE T 5 55,

WERE, LESME, BUROBEL ST X
v, LIRBHED FF— & L TOERIZE0E L.
TAXR L2575, B4, THS0ELET
RERBIRECEFE~DREILETH S,
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HELE) ARV 5N T O S IE4EEIC R+
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2. LEEBHEFER

WO RF—1FHRD L 5 ENAAFHTEL
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VIV Y P REECE, LBEUEYE LTI
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DIRZEEOER
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Bikmzat), LREE, FHBHELE7HEE
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() ICU,CCULR ENEFEZIZNEFER, Do, #
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Status 3 : Status 1, Status 2 TE#Eth, BRytsit (R
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FWVhsnEFroY s X(Fayrs7), 33
T2/ —NVEBETzF M (LT ERATT
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Bioh 7 R EHISIEE AT 2 MR 1 E L
MOEEI SV, W 1A UR IS RESE
HEHS, FOHBITCMVREFMAVRA T AV
Ao BMBRENSENT S, & CIZCMVE
i, ISR BEEREDHRFBED LKA T
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£ 336)
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HeartMate-IP ; 3 #1 (5188, 590H, 1,144H)
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AT ik
EviEmERt s ¥ — 200, KIRAZE 106, %
HEFEK 3G, K28, HEEK2#H,
kA1, EEKRI1H

B, RHGRENHEMERIC L 2 EiRaER
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BI9.9E T, B 1 EEFLIEFTD50%
EEHEIZIBETH 7. ab, EFEMCLE
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BWTLRHEZED DL RERETHS.
x  ®
1) Taylor DO, Edwards LB, Nohacsi PJ, et al. Regis-
try of the International Society for heart and Lung
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3) MEAS, GENEZ. 2V¥RHEIBREERCH,
PHL LD T — LIREEO LGS —DAEIR
B LA LIRS B E — . B4 2006 ; 41 2.
4) BRIEBEEFSE S, Available from : URL : http://
WWW.j-Circ.or.jp
5) PERM. BHOMES | AT R BERNE
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BB 19BIAHRELOHIE T, 18HICAELBA T OBAESE S AT, ICUASEES
LIBFITAYTUT V) —VERETHLEDIZ, SFTOER—Y Y 72TV 0% E RS
L7zo EBITFNRIVREDH TSIV L MLEET MY 9 AFIRRTF FERE L B
BRECHEOLVERN TR 7 u0XRY Y (315209 AR), 3372 ) —VBET =
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AFTIZ 1997 £ (BB ORI T 2582 HiT
%, 2006 K T TIZ39BIDMIE LIBHIAT N, +
D HURIZ20FEER L7 ERARIPZVID
DUEBEROEFRIEIRKZ LR - TWw3 D2, Bl
B, (OB 2 BIOBBEE ORI X ROz
TOARWBREEOEER L HE L7229, SH, YHkic
BB LEBEOMBEUEHERICOVWTEST 2,

I. JEfl &2

REGNIEME 16 81, Ltk 4 6l. FHER 405, EE
BITIRELGHIE 198 (5 b 28Iz LHNval F—y
ARLE230), HEEAEARLOHE]L A THo 7
(Table 1)o 20 #i5 18 BICLE LA T 0B (left
ventricular assist system, LVAS) %% &h, LVAS
HEHMIZ707 £ 398 H, BE 1444 BTH o7 LI
BHEMXIITWARRY SEEE 218 61, MABRYS
% 141, Lower-Shumway & 1 81 Cd - 7=,

1) BERER

ICU AZBROEBEREE, 3% 102 £ 10 beat:
min~!, FHEIRE 73 = 9 mmHg, HOERE O + 4
mmHg, 0E%30 £ 10'min~ ! m~2, BSEHRI
BFEBIE6S £ 5% Th ol

ICU AZE, LALTFHdHEVZERENTRI]
Y @4lx12ug-kg l'min~?Y) 2LBIHBEL, T2
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mmHg X TER U722, MEHCERKES R [mFEH
Fi B & K 8¢ 7 Whetk % % X, PEEP 8 cmH20
TEREDOBRESR (PaCO; 33 mmHg) 2477 & = 5,
WE L7z 13T FF— LB A25545 &
Bhokloh, BBMER2EI B LAFALEELT,
PEEP i L BRADG B Lk o 27z, —B{LE

VENEREA Y Y —EEREF, R RSB
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Table 1 Patients’ profiles

BW ' . DEIGTSOf IT;?}ZU;C Duration Duration Blood Transfusion ‘On the admission to ICU
Case Age (kg) Gender Diagnosis support  donor heart of CPB of sur-gery loss volume ARF
(day) (min) (min)  (min) (m)) (mi) ISP NE EPI MIL DOB
1 40s 49 M DCM 39 226 146 559 5400 5,000 Yes
2 20s 60 M DCM - 215 176 398 800 2400 Yes | Yes Yes
3 40s 47 F DCM 227 209 147 480 2.850 3450 Yes | Yes
4 10's 42 M DCM 319 210 161 566 6,930 5,790 Yes | Yes
5 50's 46 M DCM 618 212 211 650 4,102 4,460 Yes Yes
6 30s 62 M DCM 669 188 159 600 2,096 4340 Yes/
CHDF
7 20's 45 M DCM 500 223 134 515 2,076 2,420 Yes
8 30's 60 M DCM — 208 130 290 2,030 2,040 Yes | Yes
9 30s 64 M DCM 993 137 152 605 5,580 6,340 Yes
10 40s 56 M dHCM 838 229 142 615 2,145 3,720
11 50s 35 F DCM 99 206 99 465 1,950 6,680 Yes Yes
12 60s 50 M DCM 1,227 185 127 550 3,000 5,360 Yes
13 40s 57 M DCM 1,057 255 190 640 1,700 4600  Yes Yes Yes
14 40's 63 M DCM* 1,171 207 123 560 4,660 5,100 Yes
15 30s 48 M DCM 964 166 136 475 3445 3,870
16 30's 50 M DCM 597 225 105 485 3,000 4,566 Yes
17 20s 36 F DCM 867 210 210 645 6,260 9,680 Yes
18 50's 67 M DCM* 1,444 213 113 595 3,800 8,230
19 50s 57 M DCM 674 220 193 710 3,185 8,464 Yes Yes Yes Yes
20 30's 40 F DCM 417 181 134 620 5,000 8,200 Yes
Average 52 707 206 149 551 3,500 5,236

BW, body weight; LVAS, left ventricular assist system; CPB, cardiopulmonary bypass; M, male; F, female; DCM, dilated cardiomyopathy;
dHCM, dilated-phase hypertrophic cardiomyopathy; DCM*, DCM secondary to myocardial sarcoidosis; ARF, acute renal failure; CHDF,

continuous hemodiafiltration; ISP, isoproterencl; NE, norepinephrine; EPI, epinephrine; MIL, milrinone; DOB, dobutamine.

ERAFELHBT L LHICTERT) V(021 ug-
kg lmin~Y, 30U (03 ug kg l'min~l) %
#E L7z EF4TIEFF—LDOF A LY
MIFFLTAEL (FA X3 ATy F), #iEIHEICD
B XKREC R o 7270, MEWRER 24D BOE
THBINY (066 ugkg l'min~1), F7sy3
@O ugkg l-min~Y) EHBLD,

P25 1461C, ICUABHICIIEFTLER—Y
v 7 (3% 80 ~ 110 beat-min 1) 247\, &&HI (3
B) TURBLERRR—Y VI HENELER—-Y VT
27070 MR T, BHBELOWMERE ERzEr
BET L7, AVFaFL/ -1 (002001 ug:
kg~ l'min~1) 2 9 FITIRE L1,

2) FiRER

BEOROMR L AR, FRIEXOBEHBREE T
Ly vy —HR— MEREHHE L. MPickEHI-
R LEE U N TR Mg T, 5
KEWEE4 cmH20, 7V v ¥ ¥ —¥%KR— 110 cmH0
DWBIDT, FIR - BREELSELE R
L7zo EFIBTIRAELALE BEEEBED DB 77

- 552 -

R R E L7 fEF) 14 TIRAZE 15 BMBIC—B R
TEW, YAXI ATy FBIURIBIC L AREM
WRODOEEMAKBICRBYBEEE 2, AL
WIIER102BER & 2 o725, FEH 19 THEEDT A
XIATYFNBEDH LN/, FRESBERE % BRI
ED, SFHEEL -, UEIEMNEZR ALY
Bl 12 = 760 (3~ 28 BF[) Th o7

3) BHEEDHR

Mm% L7 F = VEDH#ER # Fig. LR+, #787, I
EI7L7F=/E 15 mg-dl~ % EE A BEEEE
T IFNCED I, TAWMBMBES V7 F= AEITH
B Y 50%U L ERL-SHEHEREL SFICED
7205, WIENRLEFREEIINEL, ICUBERKOmME Y
L7 F= fEI3083 £027 mg-dl"LICET Lz, £
BITICUAZER LD NLOEMET M) 7 AFRARTF
F (human atrial natriuretic peptide, hANP) (0.07 =0.03
pgkg™t'minT!) E2HHAL, 16FTIICURBRERD
BE5EHELR, Thid, W02 TEREREES
REET2EO/-L X, hANPBENTH 7272 T
H DY FEFE6TIEY 7 aARYY YICL 55 HBRIER
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Fig. 1 Time course of serum creatinine before and after heart transplantation
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Yuji Takauchi*!, Hideaki Imanaka*!, Muneyuki Takeuchi*?!, Tomoyo Nishida*!, Kazuya Tachibana*},

Takeshi Nakatani*?

*1Tntensive Care Unit, *2 Department of Organ Transplantation, National Cardiovascular Center

5-7-1 Fujishirodai, Suita, Osaka 565-8565, Japan

We present a summary of the intensive care provided to 20 patients who ,underwent heart transplantation at the
National Cardiovascular Center. Nineteen patients suffered from dilated cardiomyopathy, of which 18 had been supported
by a left ventricular assist system. In the ICU, cardiac pacing was applied in all patients, with 9 patients requiring isoprot-
erenol infusion in addition, to maintain an appropriate heart rate. All patients received infusions of low-dose of dopamine and
atrial natriuretic peptide. The immunosuppression regimen consisted of cyclosporine (or tacrolimus), mycophenolate mofetil,
and methylprednisolone in the patients with normal hepatorenal function. Earliest removal of catheters and tubes was
always attempted at the ICU. Most of the patients were discharged from the ICU and transferred to the ward on postopera-
tive day 8, without any serious events. In addition to the conventional intensive care provided to patients undergoing open
heart surgery, management of the denervated heart and preservation of renal function are important targets of acute care
in patients undergoing heart transplantation.

Key words: @ heart transplantation, @ denervated heart, @ atrial natriuretic peptide
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e E o pEEsosHtE . LoB#

DVSHET R R DG HHE & HER

Sl H A R LA —AR*

BAaETHL (R, BEEAJILRECHE
196 (55 2B LNV IL F=2RICED D
A& —Tid 2006 £X F T2 20 Fl .05 D), FEEMIBAELEE 1FITH o7 20 FiF

E U &I

R RE L. FRETIIINCOERNZEL, 18 Bl e -LEB AT CR (eft ventricular as-
Moo sE, ICUEBOBERIIDY sist system : LVAS) #3%#% &h, LVASE®E
TF D5, A 707398 HThH o 7. LBHEmRITE L

20 BlHAFRIZ, BrE16s, ik4pl, FiHE #1¢ Lower-Shumway &, Z0#O 16 THEKA

g1, DBEMET220H0BETR

E8 - B LVAS#B) | FH—00 | SHER | FHEM HimE Lirgiiihe
=5 | (&) BE | ma(g) | 2nG) | BEGE) | &) (ml) (mi) BTe
1 40s - B DCM 39 226 146 559 5,400 5,000
2 20s - B DCM — 215 176 398 800 2400 (+)
3 40's - &£ DCM 227 209 147 480 2.850 3450 (+)
4 10s - 8 DCM 319 210 161 566 6.930 5.790 (+)
5 50's - 8 DCM 618 212 211 650 4102 4,460 :
6 30s: & DCM 669 188 159 600 2,096 4340 (+)/CHDF
7 20's - B DCM 500 223 134 515 2,076 2,420
8 30s- B DCM — 208 130 290 2,030 2,040 (+)
9 30s - 8 DCM 993 137 152 605 5,580 6,340 (+)
10 40's - B dHCM 838 229 142 615 2,145 3720
11 50s * ¥ DCM 99 206 99 465 1,950 6,630
12 60s + B DCM 1,227 185 127 550 3.000 5,360
13 40's - B DCM 1,057 255 190 640 1,700 4600 (+)
14 40s - B DCM* 1,171 207 123 560 4,660 5,100
15 30s- B DCM 964 166 136 475 3445 3870
16 30's - B DCM 597 225 105 485 3,000 4566
17 20s - ¢ DCM 867 210 210 645 6,260 9,630
18 50s - B DCM* 1444 213 113 595 3,800 8.230
19 50's - 8 DCM 674 220 193 710 3185 8.464 (+)
20 30s & DCM 417 181 134 620 5,000 8.200
g1 40 707 206 149 551 3,500 5.236

LVAS : £ LB AT (left ventricular assist system), DCM : ?)"EE’_-Q U5 (dilated cardiomyopathy), dHCM : 35
HIEAELLGE (dilated-phase hypertrophic cardiomyopathy), DCM* @ i Va4 F— 3 R s L AR ELL AR E,
CHDF : #5iii8:BEH (continuous hemodiafiltration)

X—T7— K LB, Y4 X3IR7yF, BEEEE, b LOEEF MY D ARRXTFF

*H. Imanaka (E&) (&5 EBMAY), T. Nakatani ($58) (BIBEH), S Kitamura (BF) (LEROESH) - BT
BRBHL Y ¥ — (B 565-8565 RETTHEAE 5-7-1).
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2. ICU AEBOME/FEIE

ERE

E/ERSE o |
dopamine 20
isoproterenol 8
norepinephrine 6
epinephrine 3
hANP 20
nitroglycerin 15
milrinone 2

41+ 12 ug/kg/%
002 001 ug/kg/5%
014+ 004 ug/kg/5
012% 008 ug/kg/5
0.067+0.028 ug/kg/5
040+ 011 ug/kg/5
037 010 ug/kg/5

hANP : & MLEHET MU T ARRRTF

BIRY &5, 18 FICRIEEL L2V,
1. (BREOBES

UBENZEOMESLE LT, OKBBEL, @
BELOO—RN2EEET, @Ly¥y M
DREME, @H 4 XIATy FAHITHNE.

1. BREREOTHE L

BHEGIBRHEOCTH Y, FAFAR05ER
IZE o TOHRMEE - (FERBE TS
bbb EFOD, UBTIEREH»S, &FT
ICUAZESFIZLER—Y 7 (E580~110
/7)) w8 A, EHE GF) TIROELEIE
RR— VT HBNILER-T VT T
SHIHRE  BEFEZREET 2 HETiso-
proterencl % 9 HC&k5 L7

2. BREOO—ENLEBEET

R+ —LOEEBIZTERMICERE THE 00,
Fr—LBHRIOREBDOAF 25 2 Viks, Bn
LRI, WRRTFOMEL T — 48D
ETWRL:0D, #7373 5% ELREI
WNTBEESLEL 2L, F070 ICU AEE,
dopamine %* 26123 5- L, norepinephrine % 6
#l, epinephrine % 3 #l, dobutamine % 1 #J IZ
TE L (R2)., 20KR, ICU AZEO.(ME
#102=10¥/%, FHEIRE 7329 mmHg,
O 8 IR E 9t4mmHg, 4 2 #30x10
I/5/m?, BARIRM So, 68+5% &, EERENEE
RBBULRRIFTH- 7

3. LYEIY MIORSIIE

RHMOELHEICL Y, LIy ¥y MR
BIEASETTHZ D HE. FII2FF— 3%
BRETSEHITNEE LA HMEL 25, £
B, 2HTHEMES L UZUE) HL0F7L%
ELL Fv BIKEEBE (positive end-

expiratory pressure : PEEP) #f1%°, 8&E D8
BE, —BLBERA, »7FIT73 VHETHE
SEBHTENTEL

4 HAXIZTYF

LBEOLVYEL Y MEHEBIRT A S, F
T LIy b OEEEIR-20%~+30%
HEFLnesha?y 42327y F5E
HCTOEERAESREL - L EX ONBERN%
1PIRER L7 (RD®. Fr—ofEiRLYET
Y IDOH-30%THorAt, 1y BEIOKEL R
BETUE-20%BLATH 7. AEBRIERIC
MOk 25 % EERL LIRE L/ hREE, IME 115/74
mmHg, FHMEIRE 17 mmHg, .0ERE
5mmHg, 0% H19/5/m’ & % K
2,250 dynes - #/cm® Th o 7. &R, BEO
FAABHCEE Y Pa— Mz T Lo
HE 10 BRI % & ) PURHAME 25 80 mmHg &12
EFL, (REL16~18 /H/m> MET L, &
S 2,000 dynes - #/cm® ##8Bx T /-,
12 BHBICEBREMESEITLEEE 2o
7o, BOER X AR 1R CHiAKMER DS, BRE.LTI—
TUMEREERT AR ® b7z, £ 2T, morphine
hydrochloride Ffik 51Z X 588~ ha—),
milrinone, dobutamine, ¥ b-LEMSF MY T A4
FIRRTZF F (hANP) BIHREIC L Y REATFO
B, ESOBINEY Mo 7z & & AR
L, FmEEAFEA LA (01). mATENRE
DEFAEBTHLOLMBESBEHIREL, £0
BIZNEFIC B L.

KNz BWTELAEDOERIE, ¥4 X3 R
2T, WeEEFLEETABEFMICME S LI
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DOA

NAD \\
0.005 ug/kg/ 5
ISP
0.7 uglkg/ %3

MiL ——

hANP —

DOB
130
120+
110+ 4

8p 100+

{mmHg)
HR
(/mm)

35r
30+
251

SVR

(dynes- ¥ /cm®- 10%)
Cl 15
(/5B md)
10}
051 — SVR - cl
0¥ﬁ\? izl 8 28 3R 48 5H 68

1. Y4 X227y FHTOMITENEE
DOA : dopamine, NAD : noradrenalin, ISP : isoproterenol, MIL : milrinon, hANP : & MLE
FIR~7F F, DOB : dobutamine, BP : MifE, sBP: IUEHAME, dBP : #L5RME BP, HR: 4R

¥, SVR:AMmERH, CI: LHRE

5. WIEMOBFAHEIRNL 2 AN, MEHER
D735 & TV 72 norepinephrine X8I
12 L ARBAROREIZ L ) HBESERL, O
Aol b EZTHE.

0. R E R

LFERERT % T NP BEERT 5 % B 728012
T RBE 2 IR RE L L BV LETH .
BEORHIES L Rk, ATHRE-FELT

ESRERAREIRRE TV y Yy —FF- b
BEEBALL. 3L A EOERTIEATIRY
5OBRIIMET, BREESELOVWIERT
WETHIENTE (]RI). 2L, BLA
& BEEEE A L ES TIHIREIC 7T B E
ElL, FEROYAXIATy FOEFTIIEN
102 B O ANTIERR & 72 o 7. SEEERA 12
MEBIERAZIRYES &, EEEE IEDS
%5E, BILBRIGE, Y4 XIR<y T, BiLERE
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#£3. ICU TDI— hEIE

HF=FVOBE | ICUEZFIRETE2ERY | B AM (53H)
fEFa—-7 20 21+26
WERA 7 —F N 19 33%19
HLERS F—F v 10 95+53
EBlRHAT—F NV 8 175+54
BlFL~—> 13 70+22
RE/ S V— 10 13685
251
20F
% 15¢
b
E
S 101
05
0

EFREETH 7.
v L EMBEEOMERE .

mEFECrEBEOHEBEX2IIR-Y. WET, CrfE
A% 15 mg/dl % L [H 2 BASAERE £ 3 BB &
N7z, 7, ICUBESIZCrENFMRIMBEL Y
50% LA E ER L /-SHEHEREIZSAIED
LA, #0HERTICU BE T TIZEHEE
BEE L7 WTRID © OB R AR E R s I
WEAEREREICEEL, BEMNIZhANP %
Bz, T, WED 2 51T — By B
BELR LA EXIZhANP BT TH o 71388
ELAADTHBY. FEH6 T ciclosporin 12
I EMEREEETE L 12 BRI OBEN T
HBEMN % E L 72 H% ciclosporin % ¥ IE L
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WEBEH
® 2. LBHERE - fEOME Cr AD#E
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DHENTH, WTHROEFTLZFDHE CrEiZEL TV A,

W L OEE LB # 8/ L, ciclosporin 2 &
HEMEESIUBET I LHRES ATV YD,
20 Bl 16 B T ICU B E 82 007+0.03 ug/
kg/ D5 E#E L7z,

o N, SRR & BRR
FREREVPEE 256 RENGIEEL LT

ciclosporin (& % \* i3 tacrolimus), mycophe-
nolate mofetil, methylprednisolone @ = ¥4t F
REEiTol. WAL W FERERE2 2 L E
#1 T muromonab-CD3 THREHF % EA L7,
EBISAF o) =V V- LIEL, BERE,
AT—TIVEORREREIIED: (K3).

o Bb YIS

1) fbfﬁﬁ@%ffi%’lﬁﬁ%ﬂi@ MRS %R L
7=

BSR4 EE Vol.60 No.ll (2007-10)

2395

961




2) BRLOUABEEHERE & BERE L 29V B EE
ETIERE L REREEFLETH 5.

X #

1)

2)

3)

4)

SUMMARY

Kitamura S, Nakatani T, Bando K : Modifica-
tion of bicaval anastomosis technique for or-
thotopic heart transplantation. Ann Thorac
Surg 72 : 1405-1406, 2001

Reichart B : Size matching in heart transplan-
tation. J Heart Lung Transplant 11 : S199-
5202, 1992

Tamisier D, Vouhe P, Le Bidois J et al : Do-
nor-recipient size matching in pediatric heart
transplantation ; a word of caution about
small grafts. J Heart Lung Transplant 15 :
190-195, 1996

Bleasdale RA, Banner NR, Anyanwu AC et
al ! Determinants of outcome after heterotopic
heart transplantation. ] Heart Lung Trans-

5)

6)
7)

8)

9)

plant 21 : 867-873, 2002

RARM LB &S 55 2053-2062,
2006

THEK, 9%k TARZIED> OREBE
BHAZXIATyFHRREEZLND GRS
FKEERELR 16, BEFHRESRE 4

341-342, 2007.

SHEE BEFEE AXEIII, LEBE
Mt 2 EFAOEENEROBER HETEERE
&EE 7 1 365-372, 2000

Piquard F, Geny B, Hardy H : Lack of acute
ciclosporin nephrotoxicity in late heart-trans-
plant recipients. ] Heart Lung Transplant
19 : 507-509, 2000

Brenner P, Meyer M, Reichenspurner H : Sig-
nificance of prophylactic urodilatin (INN :

ularitide) infusion for the prevention of acute
renal failure in patients after heart transplan-
tation. Eur J Med Res 1 : 137-143, 1995

Complications and Problems of Acute Care in Patients Undergoing Heart Transplantation
Hideaki Imanaka et al., Intensive Care Unit, National Cardiovascular Center, Suita, Japan

We have experienced 20 cases of heart transplantation at the National Cardiovascular Center. We are
discussing postoperative complications and intensive care for those cases. Hemodynamic problems may
bé summarized as the denervated heart, transient cardiac dysfunction, pulmonary hypertension in the
recipient’s pulmonary circulation, and donor-recipient size mismatch. In a case with donor-recipient size
mismatch, cardiogenic pulmonary edema developed immediately after the tracheal extubation, probably
due to wound pain and afterload mismatch. In all patients, weaning from mechanical ventilation was
smooth. Prolonged mechanical ventilation seemed to result from a delay in awakening, hemodynamic
instability, lactic acidosis, and donor-recipient size mismatch. Acute renal insufficiency occurred in 8
patients, while 1 patient needed 12 hours of continuous hemodiafiltration. All of the patients received in-
fusions atrial natriuretic peptide and restored renal insufficiency.
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' Limited Sampling Strategy for Mycophenolic Acid in
. Japanese Heart Transplant Recipients

= Comparison of Cyclosporin and Tacrolimus Treatment —

Kyoichi Wada, BS; Mitsutaka Takada, PhD*; Takeshi Kotake, PhD;
Hiroyuki Ochi, BS; Hideki Morishita, BS; Kazuo Komamura, MD#**;
Noboru Oda, MD*; Akiko Mano, MDt; Tomoko (S-) Kato, MDT;
Akihisa Hanatani, MD?; Takeshi Nakatani, MD*

Background The purpose of the study was to characterize the pharmacokinetics of mycophenolic acid (MPA)
in Japanese heart transplant recipients and to find the time point that has the best correlation with the MPA area
ander the plasma concentration curve (AUC). L o

Methods and Results Twenty-two Japanese recipients treated with mycophenolate mofetil were evaluated in
the study. Approximately 9 months after transplantation, the area under the MPA serum concentration-time curve
from 0 to 12h (AUCo-121) was evaluated. The MPA AUCo-12h values in the cyclosporine (CsA) and tacrolimus
(FK) groups ranged from 13.11to 50.98ug-h/ml and from 39.19 to 93.18ug-h/ml; respectively. Fourteen
models were developed and analyzed for their ability to estimate the MPA AUCo-12n based on a limited number
of samples in the CsA group. Sixteen models were developed in the FK group. The best modet for predicting the
full MPA AUCo-121 in the CsA group was a 3-time-point model that included Con, Cinand C2a (r2, 0.96; mean
prediction error, 0.15£7.85%); a 2-time-point model that included Con, and C2h (12, 0.94; mean prediction error,
0.495+10.35%) was also reliable. In the FK group, a 3-time-point model that included Cin, C2nand Can (22, 0.73;
meani prediction error, 2.73+17.09%) was the best model for predicting the full MPA AUCo-i2h, but it was not

reliable in clinical practice.

Conclusion ~ A 3- (Con, Cinand Czh) and a 2-time-point model (Con and Czt) are useful for predicting the full
MPA AUCo-121 in Japanese heart transplant recipients treated with CsA but not with FK.  (Circ J 2007; 71:

1022-1028)

Key Words: Heart; Mycophenolate mofetil; Pharmacokinetics; Transplantation

ycophenolate mofetil (MMF) is widely used for
M the prevention of acute rejection after organ
¥ A transplantation!-3 Following oral administra-
tion, MMF is rapidly and extensively absorbed and is
hydrolyzed to mycophenolic acid (MPA), the active immu-
nosuppressive agent*7 Pharmacokinetic studies of MPA in
transplant patients showed a large variability in pharma-
cokinetic parameters including the area under the plasma
concentration curve (AUC), time to peak plasma concen-
tration (tmax) and maximal plasma concentration (Cinax)$-!!
Several studies showed a significant relationship between
the MPA AUC and the occurrence of acute rejections-3.12-14
A low AUC in the early post-operative period is associated
with a high incidence of rejection during the first 6 months!2
Recent reports suggest that a target of 30-60.:g-h/ml might
be suitable during both the early post-transplant period and

(Received November 13, 2006; revised manuscript received March
29, 2007; accepted March 30, 2007)

Department of Pharmacy, **Cardiology and Organ Transplanta-
tion, National Cardiovascular Center. Suita, *Division of Clinical
Pharmacy, School of Pharmaceutical Sciences, Kinki University,
Higashiosaka, Japan

This work was carried out at the Department of Pharmacy, National
Cardiovascular Center, Suita, Japan.

Mailing address: Kyoichi Wada, BS, Department of Pharmacy.
National Cardiovascular Center, 5-7-1 Fujishtrodai, Suita 565-0873,
Japan. E-mail: kwada@hsp.ncve.go.jp

maintenance therapy in heart- transplant recipients?.!1,14-16
However, the routine measurement of AUC in clinical
practice is very impractical and would be cost prohibitive;
therefore, development of an abbreviated sampling strategy
for reliable estimation of the MPA AUC is required.

The pharmacokinetics of MPA in Japanese heart trans-
plant recipients has not been previously characterized. The
purpose of this study was to characterize the pharmacoki-
netics of MPA in Japanese heart transplant recipients
receiving concomitant cyclosporine (CsA) or tacrolimus
(FK), and to find the time point that correlates best with the
MPA AUC.

Methods

Patients

Twenty-two Japanese recipients were enrolled in the
present study. The individuals underwent heart transplanta-
tion at the National Cardiovascular Center (13 recipients),
Japan and the overseas hospital, University of California,
Los Angeles, CA (9 recipients), USA between May 1999
and November 2006. The participants consisted of 21 re-
cipients with dilated cardiomyopathy and 1 recipient in the
dilated phase of hypertrophic cardiomyopathy. They were
treated with MMF in addition to corticosteroids and CsA or
FK as immunosuppressants. The pharmacokinetics and
clinical efficacy of MPA were evaluated approximately 9
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Strategies for Mycophenolic Acid Monitoring

Table 1 Characteristics of Study Patients
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Cyclosporine group Tacrolimus group p value
Number of patients 11
Gender (M/F) 6/5
Age (years)* 39.1%13.1(15-62) 29.5%13.5 (9-55) 0.10
Weight (kg)* 55.046.5 (45.7-67.25) 49.618.5 (33.45-63.55) 0.11
Post-transplant time (days)* 273.7+12.1 (249-290) 267+23.9 (227-305) 042
Creatinine (mg/dl)* 0.97+0.26 (0.55-1.42) 0.7630.21 (0.5-1.16) 0.091

Dose of immunosuppressants
Cyclosporine (ing-kg~'-day~')*
Tacrolimus (mg-kg~!-day-')*
Prednisolone (mg)*

8.9+5.2 (2.5-20.0)

4.34+1.30 (2.60-6.54)

- 0.095+0.058 (0.04-0.22)
6.5¢1.6 (5.0-10.0) 0.16

*Mean+SD (range).

months after heart transplantation. There were no recipients
with severe gastrointestinal disorders. All research pro-
cedures were conducted according to the clinical research
guidelines in our institute. All patients gave written in-
formed consent for disclosure of their clinical data.

Medications and Therapeutic Drug Monitoring

The dose of CsA or FK was applied according to the
original protocol of National Cardiovascular Center!7 CsA
(Neoral, Novartis Pharma K.K., Tokyo, J apan) was initially
administered at a dose of 6mg-kg-!-day! in 2 divided
doses. Thereafter, doses of CsA were adjusted to achieve
trough levels of 350 to 450ng/ml during the first month,
250 to 350 ng/ml at 2—3 months, 200 to 300 ng/ml at 4-12
months and 100 to 250ng/ml for 13 or more months after
transplantation. FK (Prograf, Astellas Pharma K.K., Tokyo,
Japan) was initially administered at a dose of 0.05 mg-kg-!-
day-! in 2 divided doses. Thereafter, FK was administered
to achieve a target trough blood level of 13 to 15ng/ml
during the first 3 months, 10 to 15 ng/ml at 4-5 months and
5 to 10ng/ml for 6 or more months after transplantation. In
addition, the doses of CsA and FK were adjusted based on
the AUC during hospital admission for periodic biopsy.
Plasma concentrations of both CsA and FK were measured

by fluorescence polarization immunoassay (TDx, Abott

Japan Co, LTDA).

MMF (Cellcept, Chugai Pharma K.K., Tokyo, Japan)
was initially administered at a dose of 1g in 2 divided doses
and then a 2 to 3 g maintenance dose in accordance with the
leukocyte count. Subsequent doses of MMF were based on
the AUC of MPA and were adjusted during admission for
scheduled biopsy.

The areas under the serum concentration time curve
from O to 12h (AUCo-12b) of MPA approximately 9 months
after transplantation were evaluated. We collected blood
samples before dosing and at 1, 2, 4, 6, and 12h after
dosing from recipients taking MMF and CsA concomi-
tantly. In addition, blood samples were obtained before

dosing and at 1,2, 4, 6, 8 and 12 h after dosing from recipi- '

ents taking MMF and FK concomitantly. Approximately
1 ml of blood was collected each time from an arm vein by
a disposable syringe and was transferred to a yacuum
blood-collection tube. The samples were centrifuged, and
harvested serum was frozen at ~30° until analysis.

Measurement of Plasma MPA Concentration

Serum concentrations of MPA were measured by re-
verse-phase high performance liquid chromotography with
the use of a minor modification of the method of Tsina et
al'® with indomethacin as an internal standard. In brief, in
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this modified method, an octadecylsilane, C18 column
(250x46 mm inside diameter, SHIMADZU, Kyoto, Japan)
was used, and the absorbance of the effluent from the
column was measured at 254 nm. The mobile phase con-
sisted of a mixture of acetonitrile and 0.05 mol/L. phosphate
solution (vol/vol, 60:40). With this method, the detectable
concentration of MPA was 50ng/ml, and the inter-day and
intra-day coefficients of variation were less than 5%.

Pharmacokinetics Data Analysis

The MPA AUCo-12h values were calculated by trape-
zoidal approximation. The time to maximum concentration
(tmax) and maximum concentration (Cmax) were derived di-
rectly from the measured values. Non-compartmental analy-
sis was used to determine the mean residence time (MRT).

Limited Sampling Strategy Development

We searched for predictive models of the MPA AUCo-12h
using a multiple regression analysis based on a limited num-
ber of samples. These analyses produced equations of the
form: AUC=a1Ci... +anCa+ 3, where an and 3 are coeffici-
ents and n is the number of samples (n<3). Data were
analyzed with Statcel 2 (Excel, Visual Basic for Applica-
tions for Windows). The final limited-sampling strategy
models were used to calculate the prediction error (%) in
each patient using the following equation: ((estimated
AUC-measured AUC)/measured AUC)x100. The variance
infation factor was calculated to check for collinearity of
the models.

Results

Patient Characteristics

The characteristics of the study recipients are presented
in Table 1. A total of 22 recipients were evaluated (16 male
and 6 female; mean age+SD, 39.1+13.1 years (CsA group),
29.5+13.5 years (FK group); mean weight+SD, 55.0+6.5kg
(CsA group), 49.6+8.5kg (FK group); mean post-trans-
plant time+SD, 273.7x12.1 days (CsA group), 267+23.9
(FK group); mean serum creatinine+SD, 0.97+0.26 mg/dl
(CsA group), 0.76+0.21 (FK group)). One patient had high
serum creatinine in the CsA group. The mean CsA and FK
dose was 4.34+1.30mg-kg!-day-! and 0.095+0.058 mg-
kgt-day-!, respectively. The mean prednisolone dose in .
the CsA and FK groups was 8.9£5.2mg/day and 6.5+
1.6 mg/day, respectively.

MPA Pharmacokinetics in CsA- and FK-Treated Heart

Transplant Recipients
Serum concentration-time profiles of MPA in the CsA
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Figl. Mycophenolic acid (MPA) plasma

concentration-time profile of Japanese heart
transplant patients for tacrolimus (FK) group
(Top) and cyclosporine (CsA) group (Bottom).

Table 2 MPA Pharmacokinetic Parameters in Heart Transplantation Patients (Cyclosporine Group and Tacrolimus Group)

Cyclosporine group Taclorimus group p value
MMF dose (mg-kg-!-day!) 25.42+74.17 (9.29-58.82)  34.01+14.95 (14.95-60.42) 0.18
tmasx (h) 1.73£0.90 (1-4) 2.18+1.54 (1-6) 0.41
Conax {ug/ml) 8.8244.10(2.78-15.90) 14.23+7.43 (6.75-30.80) 0.04
MRT{(h) 3.76+0.77 (2.56-5.54) 4.75%£0.93 (3.57-6.40) © o001
AUCo-12h (ug-h/ml) 32.57413.07 (13.11-50.98)  58.55+17.51 (39.19-93.18) <0.01

MeanxSD (range).

MPA, mycophenolic acid; MMF, mycophenolate mofetil; tmas, time o maximum concentration; Cmax, maximum concentration; MRT,
mean residence time; AUC, area under the concentration-time curve.

and FK groups are depicted in Fig 1. The pharmacokinetic
profiles of MPA were characterized by an early increase of
MPA concentration with' the first peak concentration
reached at approximately 1 to 2h-after dosing. In the FK
group, a secondary plasma peak of MPA occurred 8 h after
administration.. The pharmacokinetic parameters of MPA
in the CsA and FK groups are presented in Table2. The
mean MMF dose in the CsA and FK groups was 25.42+
14.17 mg-kg!-day-! and 34.01x14.95mg-kg'-day!, re-
spectively. There was no difference in the mean dose
of MMF -between the CsA and FK groups. The MPA
AUCo-12h values in the CsA and FK groups ranged from
13.11 to 50.98g-h/ml (mean£SD, 32.57+13.07ug- h/ml)
and from 39.19 to 93.18ug-h/ml (mean+SD, 58.55%
17.51 ug-h/ml), respectively. The mean MPA AUCo-12h in
the FK group was significantly higher than in the CsA
group (p<0.01). The correlations between the dose of MMF
per body weight and AUCo-12h are shown in Fig2. Signifi-

cant correlations between the dose of MMF per body
weight and AUCo-12n of MPA were observed in the both
the CsA and FK groups. The mean tmax in the CsA and FK
groups was 1.73+0.90h (1-4h), 2.18£1.54h (1-6h),
respectively. The coefficient of variation of tmax in the CsA
and FK groups was 52.4% and 70.5%, respectively. The
mean MPA Cmax in the CsA and FK groups was 8.82%
4.10ug/ml and 14.23+7.43ug/ml, respectively. The mean
MPA MRT in the CsA and FK groups was 3.76+0.77h and
4.75+0.93 h, respectively. The mean MPA MRT in the FK
group was significantly longer than in the CsA group
(p=0.01). In the CsA group, there were 5 recipients who
had an MPA AUCo-121 <30ug-h/ml, but no recipient expe-
rienced International Society for Heart & Lung Transplan-
tation (ISHLT) Grade II rejection. In the FK group, there
was no recipient who had an MPA AUCo-121 <3048-h/ml,
and no recipient experienced ISHLT Grade 1 rejection.
In the FK group, there were 5 recipients who had an MPA
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