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Free Carnitine Levels during Cardiac Peri-Operative Periods with
Cardiopulmonary Bypass in Pediatric Patients with Congenital Heart Diseases
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Objective: Carnitine is essential for long-chain fatty acid metabolism in order to produce biological energy via
the mitochondria. Carnitine deficiency can result in cardiomyopathy, hypoglycemia, and other complications.
This study aimed to determine how plasma carnitine levels changed before and after open-heart surgery with
cardiopulmonary bypass (CPB) in children with congenital heart disease.

Methods: We measured free carnitine (CO) levels in the blood before and after CPB, as well as on each day 7
days after the procedure.

Results: We treated 50 patients with average age of 35249 months. We identified 19 patients with extracardiac
complications, including eight with chromosomal disorder, three with suspected chromosomal disorder, four
preterm births, two with digestive disorders, and two with other complications. C0 levels immediately before
CPB were 55.8+24.4nmol/mL, whereas immediately after CPB were significantly lower [33.5212.9nmol/mL
(the ratio of CO level before and after CPB were: 64+19%, p<<0.01)]. Although there was no significant differ-
ence in aortic clamp time, CPB time, or pre-operative blood data, the presence of extracardiac complications
was significantly correlated to the CO level just after CPB (odds ratio, OR: 3.385, 95% confidence interval, CI:
1.858-3.385, p<<0.01).

Conclusion: C0O dropped temporarily after CPB and then returned three days later. Since the decrease in CO after
CPB was linked to extracardiac complications in children with congenital heart disease, monitoring pre- and
post-operative CO concentration may be warranted in these patients.

Keywords: free carnitine, acylcarnitine, carnitine deficiency, cardiopulmonary bypass, congenital
heart disease
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Table 2D & 35 b, CPBIH #if O Ifi H' CO i X *F
¥ 55.8+24.4nmol/mL ¢, CPB#& 1 & 1% IC 33.5=+
12.9nmol/mL (CPB [Efij & DLHH# 6419%, p<0.01)
CHEIE T L. ZO/, WINoER & ik x
ED IV =F VIR ZHE 72 B S SR R R R E
otz iR EHO COo Ml 96.3%42.1 nmol/mL ([fl
190£72%, p<<0.01), fit% 2 HHIZ 67.5+29.4nmol/
mL ([ 138+48%, p<0.01) &ffifie kL THEIC
ERUTWE ZRLED CoEDOHER M. 3 H
H, 4HH, 5HH, 6HH, 7THHTZNZN57.6
+22.2nmol/mL ([ 108+41%), 59.7+33.1 nmol/
mL ([ 95+46%), 52.6*+22.9 nmol/mL (Jf] 99+
41%), 66.5+46.5nmol/mL ([d] 120+65%), 43.2
+10.5nmol/mL ([d] 124+33%) THbH, WI N
CPB Hfifii & DI THEAIT BN - Tz

[ #% 1 AC/CO kt 1& CPB & i A% 0.40+0.19 C,
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Table 1 Patients’ characteristics

(n=50)

Main diagnosis

VSD 23

ASD 9

TOF 6

ALCAPA 2

Left isomerism 2

TAC 2

AVSD 1

Cor 1

DORV 1

PA/NSD 1

PS 1

Right isomerism 1
Age (months) 35+49
Male gender (%) 25 (50%)
Height (cm) 81.3+27.8
Body weight (kg) 11.8+11.3
BMI (kg/m?) 15.1+2.1
Total protein (g/dL) 6.7+0.6
Albumin (g/dL) 45+0.3
Total cholesterol (mg/dL) 155+30
Triglyceride (mg/dL) 115+61
BNP (pg/mL) 62+72
hANP (pg/mL) 134+135 (n=38)
Blood pressure before CPB (mmHg)

Systolic 77+10

Diastolic 41+7

CVP 5+3
Blood pressure after CPB (mmHg)

Systolic 96+17

Diastolic 51+8

CVP 7+3
CPB time (min.) 157+85
Aortic cross-clamp time (min.) 67+48

Operation time (min.) 292+129

ALCAPA, anomalous left coronary artery arising from the
pulmonary artery; ASD, atrial septal defect; AVSD, atrio-
ventricular septal defect; BMI, body mass index; BNP,
brain natriuretic peptide; Cor, cor triatriatum; CPB, cardio-
pulmonary bypass; CVP, central venous pressure; DORV,
double outlet right ventricle; hANP, human atrial natriuretic
peptide; PA/VSD, pulmonary atresia with ventricular septal
defect; PS, pulmonary stenosis; TAC, truncus arteriosus
communis; TOF, tetralogy of Fallot; VSD, ventricular septal
defect

CPB E I 0.74%0.35 (p<<0.01) &L HEIC EH LT
(Table 2). LA L, ZOREMEBHNMS7HHEHET
0.460.26, 0.530.29, 0.46+0.37, 0.540.76, 0.49=+
0.42, 0.40*0.44, 0.51+0.28 TH O, CPB EETE DL
BTEVWIhEAFERZRE TR,

AMEAIC BT S CK 5T CK-MB/CK Lt ZES)

IfiL % CK i & CPB #ii IZ 10758 U/LIC *t L T,
CPB Ef41C 775493 U/L & ER L, TR HICE
1,1562,349U/L L ¥— V7=l 2 7=, Z D%tk 4 H
HE TLERLTWEN, itk s H B oK
R - Tz, DifEEOIER E T3 CK-MB/CK Lt
WEITERRIC 1524% & @iz 7R LIe DR H I 5+
2%ICTIMD, LIS 6% Al CHERE L7z, CK-MB/
CK LED 6% LU L & 75 o Tz BB BUI FTE L DS 47/49
B (94%), #BHEICIX 14/38 B 37%) k&b, %
NLFIZ 0~1 5% TH - 72,

fir#e CO MEDZE{L & ANBIREFR, KBIBRERTEFRE,
FiiihsE, Mt CK{EL DR

CPB # T E% D CO i & Ffife ] DBIFRIC DV T
(&, RSMEERRR CF 15785 53), KENRE R R?
il (I 6748 7), KeTihlsR (17 292129 79) &
OHBERBMZNZN, 0.22,0.03,0.21 (p=0.12, 0.84,
0.15) THH, WINEARETMHMZEN > T

F7z, CPB#E 7EAD COH L OfifREDIRETH
% ffit% CK f, CK-MB {#, CK-MB/CK tt & @ #HEd
FEIZZNZ10.07, <0.01,0.24 (p=0.62,0.98, 0.14)
EWVINE HRGHBE RN - T

CO ENBEZEfERH & % o T fER

AMETIE, CPB&IC COMMEHEME FETH %
20 nmol/mL A & 7 > 7= 5E B 5 6, #fiiaiic Co A
FHEARTE 72 - TERIDS 1 BIRED 5Nz (Table 3).
D5 B 2 FNIWFZHRIIC 2 EOFMiz T - e[ —
JEG (BE5) Thole. BE 1IZDERRIEIED
7 ARTHIIVZF U Ea ORGSR RO
AL AEAERTH - 7. #ifio COo f#lF 29.0nmol/
mL & 1EH FRRIELT AC/CO [hid 0.45 &<, fhif4ic

Table 2 Serum free carnitine levels and acylcarnitine to free carnitine ratio post cardiopulmonary bypass

(CPB) versus pre-CPB

Pre-CPB Post-CPB 1POD 2 POD

3 POD 4 POD 5 POD 6 POD 7 POD

CO (n) [nmol/mL] 55.8+24.4 (50) 33.56+12.9 (50)** 96.3+42.1 (49)** 67.5:£29.4 (38)** 57.6+22.2 (28) 569.7+33.1 (5) 52.6+22.9 (25) 66.5+46.5 (8) 43.2+10.5 (5)

AC/CO ratio (n) 0.40+0.19 (50) 0.74+0.35 (50)** 0.46+0.26 (49) 0.53+0.29 (38)

0.46=0.37 (28) 0.54+0.76 (5) 0.49+0.42 (25) 0.40+0.44 (8) 0.51=0.28 (5)

** p<0.01. AC/CO, acylcarnitine to free carnitine; CO, free carnitine; POD, postoperative day; n, number of collected sapmles
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Table 4 Comparison among low C0O and normal CO groups after CPB

Characteristics Low CO (n=6) Normal CO (n=44) p value
Extracardiac complication (%) 6 (100) 13 (30) <0.01
Age (months) 11+7 38+52 ns
Male gender (%) 6 (100) 19 (43) <0.05
Height (cm) 65.3+10.1 83.6+28.7 ns
Body weight (kg) 6.5+2.6 12.5+11.8 ns
BMI (kg/m?) 145+1.8 15.1+2.2 ns
pre CPB
CO (nmol/mL) 27.1+8.7 59.7+23.3 <0.01
AC/CO ratio 0.53+0.25 0.38+0.18 ns
Total protein (g/dL) 6.5+0.6 6.8+0.6 ns
Albumin (g/dL) 4.3+0.3 45+0.3 ns
Total cholesterol (mg/dL) 138+25 158+30 ns
Triglyceride (mg/dL) 11466 115=61 ns
BNP (pg/mL) 122+106 53+63 <0.05
Blood pressure before surgery (mmHg)
Systolic 74+7 78+11 ns
Diastolic 42+6 41+7 ns
CVP 7+3 5+2 ns
Blood pressure after surgery (mmHg)
Systolic 83+11 98+17 <0.05
Diastolic 49+5 52+8 ns
CVvP 10+£3 6+3 <0.01
CPB time (min.) 19894 151+83 ns
Aortic cross-clamp time (min.) 82+60 6447 ns
Operation time (min.) 349+134 284+128 ns

AC/CO, acylcarnitine to free carnitine; BMI, body mass index; BNP, brain natriuretic peptide; CPB, cardiopulmonary bypass;
CVP, central venous pressure; CO, free carnitine; ns, not significant

CO & 16.0nmol/mL IT{X R L7z, &&F 2121 Y
VI—, B EGH LT 7 0 —PUBIED 1 5%
2 AT, Fini#lc COMEAY 27.1nmol/mL H 5
14.5nmol/mL ME R U7z, #8331k 21 UV I—,

Hirshsprung #fli#% 7%z & 0F U 7.0 PR ARIED 2
HWT, #fimih 5 COfElE 20.6nmol/mL & IEH R
%, AC/COtt® 081 & EF L, FiiEZKICITENT
71 14.7nmol/mL, 1.37 75 o7z, HH 4 | 3MEEATRILAE
ZEOLIET 7 a—PBUED 1% 3 20 H 7 Tliai i
HIWVZFVREFTRMN - Feht (CO 42.8nmol/mL,
AC/CO0 £k 0.29), FiffE% X CO 18.0nmol/mL, AC/
Cott0.98 &b L. T b 4%EHID CO ik, »
ITNE TR H LRI EEED E 2R Uz, —7,

B 5 13RI BN D S EEB O AR T D H
D, KFERICSMEBE 9N & 19 h I Dl
BFMi 217> 72, #1EFifiRe D Co A fiaiifii s T
25.4nmol/mL 7 5 15.8nmol/mL IC{X F L, Tl
HIZl& 35.5nmol/mL & LR L7=hY, Fii6 HHICH
U 15.8nmol/mL & 7 > 7z, it 1 H H LR T CO fif
MRAEED R e o eE—DIERI T H S, Fiz2 M
H R & ffimgh 5 CofEAY 17.8nmol/mL AKX
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LTCWED, IRICI3MER S & & TEAEEDL | THE
B U7z, H# 50 AC/CO LLiZ I Flimitg T 0.88 A
1.291, 2 [ HFMEED 033 15 0.57 & &1L LTz,
TNHD 6 IEFNCBNT, i 5 IH S h R KE I
JEREIEE R R LIz E T Wi o T

& 512, CPBHif4Ic CO M REMEMRTEIC /AR > 726
Bl & IEHEPANTZ 5 T2 44 )72 2 BERELER U 72
LT A, DAGHHEDOERE PRI, fiaT Co i, i
il BNP, iU B IR IE & it CVP I A= M
HHENT (Table 4). T 5 BAEMOMELN R &2
Z B NTAHRIEABIRIE, 1% CVP IS DWW TR
THEELIZL T A, itk CVP OBRHEEDH - .
Fz, DHABBHEIC DOV TIE Co BME R L7z4 6 filic
RHLN, DNGHHEDOEREE Co K TICIF A =AM
BIMA 57z (OR 3.385; 95%15HHX M 1.858-3.385,
p<0.01).

z £

AWFZEAERIE CPB %2 W T2 DB T 25203 72/ ]
Je KM DR B O JE R O i Co fH, AC/CO k.
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DR EIH SN LIeEDTH B, BRI COo fil
X CPBHfICLE L, CPBHEMZICAHREICIEK L, i
HICWBEREICER L, Z0%IIED 5007 EANE
X, itk 3 HELERICIEiRTOIRRE L 725 T & V]
AL 7. B TiX CPB Tl )V = F U MREEh
BTENMBNTVAEN Y, NMRICBOTERAE
[FIREIC CPBIC X D EEEH V= F 3RS B T LA
Dro7z. Nemoto DA TORLMITIC I 5 Il
COfHICBI9 2 ¢k, CPB 2 B CO fEid Al
BLTOWERVWEEINED, ZTNLED Co EOHERIX
BEHE R ENTOERW Y. K%, BIE, NROM
%ifirp CO DK Fix P &d 1 HAMTRD, &
LA ST & O LRI B ehREniz. L
MU, WL TR EAL T COo DR 238 >
TWRWIS, F)V=F > OR FIREEDM AR R
Db, EEDZA IV TREEIDI SR

X7z, HRRN T OMEE S V= F > O IRZ %
EMd % AC/CO thidflinih 5@ <, CPB&ICIEFE 5
WK ERTRCEEDo SHROBICBWNTIE
CPBiiiii 5224 (44%) D i fl T AC/CO kb4 0.4
UETH-7. AC/CO LIZ/NRTH > TEZFDEUE
BRELEDB T LIZHRNED 'Y, R MEOEERD
AN TR S RN TIEABRIC 1V = F AR
RHEATHZ NI MMNAt. 2721, CPBIEH
TNV =F IERESNEZD T IV AV =F
VidMERRE NS 20 Y, %O AC/CO ik RN
b, ERURT HHBA DIV =F VR Z OB ER
OV NDRA=S=1AN ") gWAqN

Fiz, bk X SRR O/NFIEFR T T
HIVZF VRO 5 L EZSNDD, T T
& OIVAEDHER & DIIREHNC V= F VR ZITHEED
RBETZLEZ B NT. ARWEZET CPB HifZIC CO fHAY
FAEME ARG 2 2 Uz 6 NSOV TR 2RI T O AHHE
MRH LNz, 2D 55 5 F[XfmTH S COo A IEH
PR 72 13K IRRE T, HILERERSZNE TOF
HOWBIc k> T, BHFICKDHIV=F BRI
o EfEENz. £z, AV=F VKT
FE Tl BNP IZAEICHE <, KRBT TH T
RENE R D I R EIRIEN BV IIZ L, A 2L
ZFUARRICIR DTV EEZI LN, LIEEA, A
WoF U RZEEARRIL A Ta—)LE Vo Ta—
BT — 2 bR T bRl d
bhofe. BN S R EREZ R L TWEL
TEMVZF VRZICEDEREND B 120, LG
HEDD 5, EEEOFHENDZ (HEZVESHT
EEINTVD) Lo I3V =F Ve

hE LN,

UL, SHDXS D CoET, MkA
OISR 7R A1)V = F 2 R ZIREEN E DOFEFEOBEHESFIC
B RIEFTONIRNHTH S, MEIITEER DA
JVZF VRZTHRIMBED & Dt ik, 7
FE, DIHER ERME SN TLEHN O 1 HR
D CO K N CHEARAEIRZ 5 U 725 (3 T4 DTN B (R
DROMNSEMN Tz, REICAKRME TH, CPBHi%
IV =F VIR R & 7R o Tz 6 il 2 Z a2
THIVZFVRZZTAET 2 K5 I REED BN
9, Dl LEERNICIARZEMEIREZSTH
5. T, DfiEEERML TS EEZE5NS CK,
CK-MB/CK Lt7x & D (b7 — & Lifits O CO K T
WIEEREMAEIED NG, —@ED IV =F KR
ZTIE CK WEFT 2 K5 mlifEEr kv
ZbNt. —/iTC, HVZF ME FRHIIEHRE & Hig
U CHlitk CVP AR E <, HRMICIZMERL &
& —ED AV = F K FOMEEREHREIC B L fo ]
REMLEETER Y. 2L, AV=FURINE
CVP 572K JRAEIERIHT, CVP & FIHZEE-0 i
Wx EDG BRI RITBH END, WIV=FVRZ
EDEHBEDORRERIEITHTH 5.

¥, WEICMEENIC KV F 2V REZTD
ORI ARBEENEL S LWV R Y, mA
DORtFIRNA ISATITIHBNT, AIV=F VOHFIC
X 2 DRSBELRFF AR TR ORI DR E T TV
% 1920 S, SRR 7V = F 2 aFE DR IR I 7
HWRELRERVEVSMEL R NS 22, K
FETIEHEIRIC AV = F VAR B RERX 7R o T2
n, BISIC, &2V TR BV TiE AL
ZFVREDERIBRETZEEZ SNT. R, 4E
i TR O TR DB EGHE LT R 2 G LTV 5
JERIE, BHErhOROIBEGHIRR S B S DM & 7%
ETHIV=F Y ORAWRNA 7% Fic, FiliE Ak
DIREORRE & FFE I B LTI E 53 Nh 5

BINENT2D, FIVZF VIRZ D EERRIIC RIS 7
LEBENH O, TOX S TIEFICHK > TR TEN
X, FEEAO )V = F AfiFRORIEL iR 5B
e L.

SR OME T, CPBM&TEZD COfHDK N3
ERHVIEERIRE ], KB IRUEWTIRE R, AR g [ 1 B s
WERBH SN Tz, 1iH CO N U & MR IR
ERRKMEEZDIFTRENA?, YO FHETIE
HAVIGERER S, THRFRNEWZE AV =F D
L L HHARMEIC K D, COEMETLRTVEEZ
Tz, UL USRI e - 728l & LT,
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FAHC OB EFE S N, V= F i PIc R
U, M CofEIC 2% FIE LIz lREMED B S h
5. TDTEiF, FMBHICAHNVZF U AEN EHL
TWIEKO—DEEEZ SN, TR HLE
D CK & COED LFITHS M AMHBERED 5Nk
Moz,
RBICARIFRICIZE O OMERANH 5. £,
WMAZRD TV a0, iitk4 HEHUED
CO fE> AC/CO LEDHERB IS DWW TIE Y~ TV D
5L, IEHEAFTHMOINTETWVA EIEEVEL. £z,
HIVZF K RRED 6 il & DIxnizd IV =F 2R
Z L IRIREEEO HOMGREZ RN T2 2 IdTE R
V. SRR TRAEARDNE o Tk (CPB
RKEAERTR R F ) DEREIE TR Y > T IV
NHNIHEEANMEENTNE LIVEW. FHCERIC
DWVWTEANVZF VESROERMEIC X > TILR AV
ZFVREDIATICIED S BLEZLND. DIKEE
FHBICDWTE, DR S A TIERML Tz b
IO— ¢ Y RUNEN ST D LTzl DE &7
HEEL <, SRIOMFHCIIMA SNiahoiz. Z&%F
E, BRHROZR EEFINZDE DDOEE MR &
EZboN, M0V _F A OME R %
TEHREEZ BN, AT, AWZEIE CPB A
G DLtINENTE 59, CPB LA DA,
BIZENR T Z D E DDV =F MEIC G % % 2%
EMFITE TRV, 5%iF, MBSO D
W - MHREREIC X B CO ENDFE R & & MG % a0
HhbsEEbhs.

7w

/NRICHBWTE CPBZIC I COMEIFIE R T B4,
ZOWIME 1 HRMTHh -7z, Fiz, fifiolrd Co
fHIZIERTE, BXKZPEUC AC/CO Lk ERMNES
N, e RMEDERO VUGN O 7))V = F AR
ENESEI N TOXI BV F UREDEERR
ICRERRE L5 C E3R0VD, MEEREZED
IDINEDHED B ZIERI, LY YA BRI Tl 2 52
RN HIEWRNE, FRHCHIVZFVRZDY AT H
@<, FAREO AV = F MEIC TR ERE LTZIE S &
WweBbns.

I

BUALREUC T /10 T2 72 & F U TSR AR ARk
WL OBRKIHBIE, Pl EBiA, 7 5 T JERafERKic
(ALY AV ME [ R eV AY S IOV NS i F T

ARNRBERSBSFRIME £38F 15

ST TZ LR 9. AWIZERE RO —EOftE HLEIC D
WX, 557 B HAVNIEERBR E kR 2 - AR
B2 KA D Web BRIRIFZLAHRE = LML (H
VLR B RS 2R R v A — T—
YA TV AWM EYMETI=y b 2=y M E)
DTIRERENEEE L.

7z, RWZRIEERTNCRIFE (19K08300) DB
Kz2 I8 DTH 5.

AR
AWIRICHBNT, BRI NEFEENE (COD 7.

EEZOEHE

HRETE 7 T~ )UERR, i, 7— 2868, Hiat 2T,
TR ERT, SRR, DI RICB W CEHB L 2.
I Es, /NREAMLE ARG 2T, 7 — XA, SR RE
B, EORHH, WHRSRFER, T— X OBUCHB W TEBNL
fo. WIBEGRCIE T 0 b )UIERL, SR, BRZERERRERIC VLT
Bk U7z, BRI 7, AR, 77— X ERL, WIS R
HECBOTHEMK U, W, MTAMEBIEEHSC oS, #Et
NN, T — 2 ORI XTI NA ORI IV T
HHkL 7z,

T &
ARWFZEAE RO — RIS 52 [ H A/ NI ERR 2 it I
WTHELE.
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