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with Cardiopulmonary Bypass in Pediatric Patients  

with Congenital Heart Diseases̶Secondary Publication
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Objective: Carnitine is essential for long-chain fatty acid metabolism in order to produce biological energy via 
the mitochondria. Carnitine de�ciency can result in cardiomyopathy, hypoglycemia, and other complications. 
�is study aimed to determine how plasma carnitine levels changed before and a�er open-heart surgery with 
cardiopulmonary bypass (CPB) in children with congenital heart disease.
Methods: We measured free carnitine (C0) levels in the blood before and a�er CPB, as well as on each day 7 days 
a�er the procedure.
Results: We treated 50 patients with average age of 35±49 months. We identi�ed 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±24.4 nmol/mL, whereas immediately a�er CPB were signi�cantly lower [33.5±12.9 nmol/mL 
(the ratio of C0 level before and a�er CPB were: 64±19%, p<0.01)]. Although there was no signi�cant di�er-
ence in aortic clamp time, CPB time, or pre-operative blood data, the presence of extracardiac complications 
was signi�cantly correlated to the C0 level just a�er CPB (odds ratio, OR: 3.385, 95% con�dence interval, CI: 
1.858‒3.385, p<0.01).
Conclusions: C0 dropped temporarily a�er CPB and then returned three days later. Since the decrease in C0 
a�er CPB was linked to extracardiac complications in children with congenital heart disease, monitoring pre- 
and post-operative C0 concentration may be warranted in these patients.

Keywords: free carnitine, acylcarnitine, carnitine de�ciency, cardiopulmonary bypass, congenital heart 
disease

Introduction
Carnitine is essential for generating energy in the 

mitochondria of either myocardial or skeletal muscle 
cells. Its de�ciency can cause cardiomyopathy and 
arrhythmia. Some investigators recently pay attention 
to serum carnitine levels in the perioperative manage-
ment of cardiac surgery,1, 2) although the number of such 

studies remains small. In patients with congenital heart 
diseases undergoing surgery, particularly using cardio-
pulmonary bypass (CPB), the in�uence of changes in the 
substance has rarely been considered.

Carnitine exists in the human body as free carnitine 
(C0) and acylcarnitine (AC). 98% of carnitine is found 
in the myocardium and the skeletal muscles. Long-chain 
fatty acids bind to C0, being transported as AC into the 
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mitochondria to generate energy.3, 4) �e long-chain 
fatty acids in the mitochondria provide large amounts 
of energy via the β-oxidation pathway. �e myocardium 
is dependent on fatty acid β-oxidation for 60‒70% of 
its energy requirements.5) Lack of C0 prevents fatty 
acids from entering the mitochondria, impairing fatty 
acid β-oxidation. As a result, cardiomyocytes develop a 
severe energy de�ciency, causing cardiac symptoms such 
as cardiomyopathy and arrhythmia.6) Additionally, car-
nitine de�ciency is known to cause multi-organ symp-
toms, including hypoglycemia, liver dysfunction, and 
myalgia/muscle weakeness.7, 8) Meanwhile, AC accumu-
lation causes comparative de�ciency of C0; an elevated 
AC/C0 ratio is an indicator of carnitine de�ciency in the 
myocardium.9)

In adults, approximately 75% of carnitine is provided 
through a daily diet, and the remaining 25% synthe-
sized within the body.10) In children, however, carnitine 
synthesis is undeveloped, and the maintenance of the 
level of the substance is dependent on dietary provision, 
meaning that its de�ciency is liable to occur because of 
malnutrition, long-term tube feeding without carnitine, 
and/or an unbalanced diet. Furthermore, secondary 
carnitine de�ciency can be seen a�er treatment with 
pivalate-conjugated antibiotics or valproic acid, and in 
lysinuric protein intolerance or Fanconi syndrome. As 
for primary de�ciency, congenital carnitine transporter 
(OCTN2) defects is known.7, 11) C0 is also removed 
by treatment with CPB or dialysis, which could cause 
secondary carnitine de�ciency.12, 13) Since carnitine 
synthetic capacity is immature in children as mentioned 
above, it is expected that the C0 level drops more sig-
ni�cantly in infants than in adults during CPB. In this 
respect, few studies have addressed carnitine kinetics 
in the perioperative management of pediatric cardiac 
surgery using CPB.

We measured the serum level of C0 and the AC/C0 
ratio during the perioperative period in children with 
congenital heart disease undergoing cardiac surgery 
on CPB to investigate clinical factors associated with 
decreased carnitine levels.

Methods
Subjects and Study Design

Study participants were pediatric patients who under-
went cardiac surgery using CPB for congenital heart 
disease at Shimane University Hospital between Janu-

ary 2014 and December 2015. �is was a single-center 
observational study that primarily investigated periop-
erative serum C0 level and AC/C0 ratio. If an individual 
patient underwent two or more surgeries during the 
study period, each surgery was regarded as a solitary 
case.

�is study was approved by the Ethics Committee of 
Shimane University Faculty of Medicine, and informed 
consent was obtained from the patients or their parents 
(#20131227-8).

Sample Collection
Venous blood samples were collected for measuring 

the serum C0 level and the AC/C0 ratio approximately 
10 minutes before the start of CPB, 5 minutes a�er the 
end of CPB, and on each of the consecutive 7 postopera-
tive days, in principle before breakfast. Blood collection 
on the postoperative days was conducted simultaneously 
with clinically necessary blood tests; no speci�c day or 
time was additionally designed for blood sample col-
lection.

C0 Level and Total AC Measurements
AC analysis was performed by tandem mass spec-

trometry (MS/MS), as previously reported, and C0 
levels and individual AC values were measured.14) �e 
reference value used for the C0 level was the normal 
range (20‒60 nmol/mL) used in our institution. �e total 
AC value was approximated by summing individual AC 
values, because this was not an output of the analysis 
method used in this study. According to previous stud-
ies, the reference value for the AC/C0 ratio was <0.4.9)

Clinical Information, Including Biochemical Blood 
Data and Blood and Central Venous Pressures

We collected the following clinical data: age (months), 
sex, primary disorder, comorbidities, CPB time, aortic 
cross-clamp time, and operative time. In order to eval-
uate the preoperative nutritional status, we also col-
lected data on height, weight, body mass index (BMI), 
and serum levels of total protein, total cholesterol, and 
triglycerides. Furthermore, we investigated the follow-
ing: preoperative brain natriuretic peptide (BNP) and 
human atrial natriuretic peptide (hANP) levels, preop-
erative and postoperative arterial pressure and central 
venous pressure (CVP), serum creatine kinase (CK) 
and creatine kinase-myocardial band (CK-MB) levels, 
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and CK-MB/CK ratio. �ese were measured from the 
preoperative phase to the 7th postoperative day (POD) 
to evaluate the hemodynamic status, cardiac function, 
and myocardial damage, except for preoperative CK-MB 
level which was not measured in all patients. Reference 
values of the above-mentioned biochemical data were 
based on patients’ age.15)

Investigation of Cases with Carnitine Deficiency
Each patient whose preoperative or postoperative C0 

level was <20 nmol/mL was investigated for various 
factors including extracardiac comorbidities, surgical 
procedures they underwent, and preoperative blood 
biochemistry data. Clinical indicators were compared 
between patients in the “low-carnitine” and “nor-
mal-carnitine” groups.

Statistical Analysis
Measured values are expressed as a mean±standard 

deviation (SD). Changes in perioperative serum C0 
levels and AC/C0 ratios were �rstly tested by analysis of 
variance (ANOVA). �e C0 level and the AC/C0 ratio at 
the immediate preoperative phase (pre-CPB) were com-
pared with their immediate postoperative (post-CPB) 
values using the Wilcoxon signed-rank test. Correlation 
coe�cients were calculated to investigate the association 
between post-CPB C0 and CK levels (including serum 
CK-MB concentration and the CK-MB/CK ratio when 
available), CPB time, aortic cross-clamp time, or oper-
ative time. Comparisons between the low-carnitine and 
normal-carnitine groups were carried out using Fisher’s 
exact test and Wilcoxon’s rank-sum test.

Data analysis was conducted with Microso� O�ce 
Excel 2013 (Seattle, WA, USA) and JMP® 16 (Cary, NC, 
USA), with p<0.05 regarded as statistically signi�cant.

Results
Clinical Presentation

Consent was obtained from 48 patients, 24 boys and 
24 girls, during the study period. One boy and one 
girl underwent surgery twice during the study period, 
resulted in a total of 50 cases. Table 1 shows a summary 
of patient characteristics. �e mean age was 35±49 
months. �eir primary cardiac diseases were; ven-
tricular septal defect (23 patients), atrial septal defect 
(9 patients), tetralogy of Fallot (6 patients), truncus 
arteriosus communis (2 patients), and one patient 

each for atrioventricular septal defect, cor triatriatum, 
double-outlet right ventricle, pulmonary atresia with 
ventricular septal defect, pulmonary artery stenosis, 
right isomerism, le� isomerism, and anomalous origin 
of the le� coronary artery. �e latter 2 patients under-
went surgery twice. Extracardiac comorbidities were 
present in 19, comprising chromosomal abnormalities 
(8 patients; 7 with trisomy 21 and one with abnormal 
chromosome 1), clinically suspected genetic abnormal-
ity (3 patients; one with suspected Noonan syndrome 
and 2 with suspected Holt‒Oram syndrome), premature 
birth (4 patients), gastrointestinal disorders (2 patients; 
one with anal atresia surgically corrected and the other 

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/VSD 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/m2) 15.1±2.1
Total protein (g/dL) 6.7±0.6
Albumin (g/dL) 4.5±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, cardiopulmo-
nary 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.
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with esophageal stenosis), spina bi�da with hypospadias 
(one patient), and laryngomalacia (one patient). Of the 
8 patients with chromosomal abnormality, three also 
exhibited other comorbidities, including anal atresia, 
Hirschsprung’s disease, and myelodysplastic syndrome. 
No patient had suspected inherited metabolic diseases 
including primary carnitine de�ciency.

Perioperative Changes in Serum C0 Level and the 
AC/C0 Ratio

As shown in Table 2, the mean level of serum C0  
decreased signi�cantly from pre-CPB 55.8±24.4 nmol/ 
mL to a post-CPB value of 33.5±12.9 nmol/mL (64%± 
19% of the pre-CPB C0 level, p<0.01). During this 
period of time, none of the patients exhibited hypoglyce-
mia or any other features of typical clinical presentation 
suggestive of carnitine de�ciency. �e value signi�cantly 
increased on the 1st POD to 96.3±42.1 nmol/mL 
(190%±72% of the pre-CPB C0 level, p<0.01), and 
signi�cantly came down to 67.5±29.4 nmol/mL 
(138%±48% of the pre-CPB C0 level, p<0.01) on the 
2nd POD. �erea�er, the mean level of serum C0 exhib-
ited no signi�cant di�erences compared with the 
pre-CPB level; 57.6±22.2 nmol/mL (108%±41% of the 
pre-CPB C0 level) on the 3rd POD, 59.7±33.1 nmol/mL 
(95%±46%) on the 4th POD, 52.6±22.9 nmol/mL 
(99%±41%) on the 5th POD, 66.5±46.5 nmol/mL 
(120%±65%) on the 6th POD, and 43.2±10.5 nmol/mL 
(124%±33%) on the 7th POD, respectively.

Similarly, the AC/C0 ratio increased markedly from 
the pre-CPB 0.40±0.19 to 0.74±0.35 immediately a�er 
CPB (p<0.01) (Table 2). �e ratio was settled through 
the postoperative days; 0.46±0.26 (1st POD), 0.53±0.29 
(2nd POD), 0.46±0.37 (3rd POD), 0.54±0.76 (4th 
POD), 0.49±0.42 (5th POD), 0.40±0.44 (6th POD), 
and 0.51±0.28 (7th POD), with no signi�cant di�er-
ences compared with the pre-CPB value.

Perioperative Changes in Serum CK and the 
CK-MB/CK Ratio

�e mean level of serum CK increased from pre-CPB 
107±58 U/L to 775±493 U/L immediately a�er CPB, 
and peaked on the 1st POD (1,156±2,349 U/L). It sub-
sequently remained elevated until the 4th POD, then 
returned to the preoperative level a�er the 5th POD. �e 
CK-MB/CK ratio, an indicator of myocardial damage, 
rose immediately a�er CPB to15%±4%, decreased to 
5%±2% on the 1st POD, and remained below 6% a�er-
wards. �e CK-MB/CK ratio was 6% or greater immedi-
ately a�er CPB in 47/49 cases (94%), and this proportion 
decreased to 14/38 cases (37%) on the 1st POD. Beyond 
the period, the CK-MB/CK ratio remained 6% or greater 
in only one or even none.

Correlations between Post-CPB C0 Level and CPB 
Time, Aortic Cross-Clamp Time, Operative Time, 
or Post-CPB CK Level

In terms of the associations of the post-CPB C0 level 
to the clinical parameters, a correlation coe�cient with 
CPB time (a mean 157±85 min) was 0.22 (p=0.12), 
that with the aortic cross-clamp time (67±48 min) 
0.03 (p=0.84), and that with total operative time 
(292±129 min) 0.21 (p=0.15).

Correlation coe�cients between the post-CPB C0 
level and the post-CPB CK level, CK-MB level, or 
CK-MB/CK ratio were 0.07 (p=0.62), <0.01 (p=0.98), 
and 0.24 (p=0.14), respectively.

Patients in Whom C0 Level Was Below the Refer-
ence Value

In this study, the C0 level was below 20 nmol/mL 
a�er CPB in 5 occasions and below the reference value 
prior to CPB in one (Table 3). Among these 6 occasions, 
two instances refer to the same patient (patient 5), who 
underwent surgery twice during the study period.

Patient 1, a seven-month-old boy with atrial septal 
defect, had been born with an extremely low body 

Table 2 Serum free carnitine levels and acylcarnitine to free carnitine ratio post cardiopulmonary bypass (CPB) versus 

pre-CPB

Pre-CPB Post-CPB 1 POD 2 POD 3 POD 4 POD 5 POD 6 POD 7 POD

C0 (n) [nmol/mL] 55.8±24.4 

(50)

33.5±12.9 

(50)**
96.3±42.1 

(49)**
67.5±29.4 

(38)**
57.6±22.2 

(28)

59.7±33.1 

(5)

52.6±22.9 

(25)

66.5±46.5 

(8)

43.2±10.5 

(5)

AC/C0 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/C0, acylcarnitine to free carnitine; C0, free carnitine; POD, postoperative day; n, number of collected samples.
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weight and had been tube fed with a formula that did 
not contain carnitine. His pre-CPB C0 level was in the 
lower range of normal (29.0 nmol/mL), and his pre-CPB 
AC/C0 ratio was high (0.45). Postoperatively, his C0 
level dropped to 16.0 nmol/mL.

Patient 2 was a 14-month-old boy with tetralogy of 
Fallot in the setting of trisomy 21 and had undergone 
surgery for anal atresia before participating this study. 
His C0 level decreased from preoperative 27.1 nmol/mL 
to postoperative 14.5 nmol/mL.

Patient 3 was a two-month-old boy with ventricular 
septal defect, trisomy 21, and had undergone surgery for 
Hirschsprung’s disease. His preoperative C0 level was 
in the lower range of normal (20.6 nmol/mL), and the 
AC/C0 ratio was high (0.81), whereas his postoperative 
C0 level became 14.7 nmol/mL and the AC/C0 ratio 
1.37.

Patient 4 was a boy aged 15 months with tetralogy of 
Fallot and laryngomalacia. His preoperative C0 level and 
AC/C0 ratio were 42.8 nmol/mL and 0.29, respectively, 
and the postoperative values were 18.0 nmol/mL and 
0.98, respectively. �e C0 levels of these four patients 
were above the reference levels a�er the 1st POD.

Patient 5 presented a speci�c clinical course and had 

already undergone several surgical procedures before 
participating our study. During the study, he underwent 
cardiac surgery twice at the ages of 9 and 21 months. At 
the time of the former procedure (age 9 months), the C0 
level decreased from preoperative 24.5 nmol/mL to post-
operative 15.8 nmol/mL; then increased to 35.5 nmol/mL 
on the 1st POD, but dropped again to 15.8 nmol/mL on 
the 6th POD. �is was the only occasion in which the 
C0 level fell below the reference value throughout the 
perioperative period. At the time of the latter surgery 
(age 21 months), the preoperative C0 level was low 
(17.8 nmol/mL). �e level rose above the reference value 
immediately a�er CPB and remained over 20 nmol/mL 
therea�er. �e AC/C0 ratio in Patient 5 changed from 
preoperative 0.88 to postoperative 1.29 a�er the former 
surgery and from 0.33 to 0.57 following the latter sur-
gery. Preoperative malnutrition such as hypoalbumin-
emia or hypolipidemia was obvious in none of these six 
occasions.

�ese 6 cases were de�ned as a low-carnitine group 
in which C0 was below the reference level either pre-
operatively or postoperatively, and compared with the 
other 44 cases in which C0 was within a normal range 
(a normal-carnitine group). �ere were signi�cant dif-

Table 4　Comparison between the low C0 and the normal C0 groups after CPB

Characteristics Low C0 (n=6) Normal C0 (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/m2) 14.5±1.8 15.1±2.2 ns
Pre CPB

C0 (nmol/mL) 27.1±8.7 59.7±23.3 <0.01
AC/C0 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 4.5±0.3 ns
Total cholesterol (mg/dL) 138±25 158±30 ns
Triglyceride (mg/dL) 114±66 115±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
CVP 10±3 6±3 <0.01

CPB time (min.) 198±94 151±83 ns
Aortic cross-clamp time (min.) 82±60 64±47 ns
Operation time (min.) 349±134 284±128 ns

AC/C0, acylcarnitine to free carnitine; BMI, body mass index; BNP, brain natriuretic peptide; CPB, cardiopulmonary bypass; CVP, 
central venous pressure; C0, free carnitine; ns, not significant.
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ferences between these groups in the presence of extra-
cardiac comorbidities, sex, pre-CPB C0 level, pre-CPB 
BNP, post-CPB systolic pressure, and post-CPB CVP 
(Table 4). Post-CPB systolic pressure and CVP were 
strongly a�ected by age. When these two factors were 
adjusted for age, only post-CPB CVP exhibited a sig-
ni�cant di�erence. Furthermore, extracardiac comor-
bidities were present in all patients with low C0 levels 
(the low-carnitine group); association was statistically 
signi�cant between the presence of an extracardiac com-
plication and a low C0 level (odds ratio [OR], 3.385; 95% 
con�dence interval [95% CI], 1.858‒3.385; p<0.01).

Discussion
In this study, we demonstrated perioperative changes 

in the serum C0 level and the AC/C0 ratio in children 
with congenital heart diseases who underwent cardiac 
surgery using CPB. Speci�cally, the C0 level decreased 
signi�cantly soon a�er CPB compared with before going 
on CPB, then rose to a peak value on the �rst day a�er 
surgery, gradually decreased on the 2nd POD to a value 
that was still signi�cantly higher than the preoperative 
level, and returned to the preoperative level on the 3rd 
POD. Nemoto et al. reported that CPB removed C0 in 
adult patients.12) Our results recon�rmed their �ndings 
in pediatric patients. In the same report, serum C0 levels 
in adults undergoing open heart surgery did not recover 
by two hours a�er o� CPB; subsequent changes were not 
investigated.12) Our results revealed that, in children, the 
postoperative C0 level typically recovered within one 
day, even higher than the preoperative level on the 1st 
POD. Unfortunately, we did not track the postoperative 
C0 level on an hourly basis. It remains unknown how 
long the C0 level stayed low, how low it actually became, 
or when was exactly the timing of the lowest C0 level.

We also found that the AC/C0 ratio was already high 
preoperatively and was elevated further a�er CPB, indi-
cating relative de�ciency of C0 in the myocardium. In 
the present study, the AC/C0 ratio was ≥0.4 before CPB 
in 22 of 50 cases (44%). As far as the reference value 
for the AC/C0 ratio in children was similar to that in 
adults,16) our results suggested that infants with con-
genital heart diseases could have relative carnitine de�-
ciency in the myocardium even before surgery. On the 
other hand, the elevated AC/C0 ratio at the post-CPB 
might not re�ect relative carnitine de�ciency. �e C0 is 
removed by CPB, but the AC stays.13) �us, the AC/C0 

ratio super�cially tends to rise a�er CPB regardless of 
the carnitine level.

As described above, infants with congenital heart 
diseases have an overall tendency of carnitine de�-
ciency; furthermore, our results suggest that particular 
attention to carnitine de�ciency is required for children 
with extracardiac comorbidities. In this study, extracar-
diac comorbidities were present in all six cases of the 
low-carnitine group. In the �ve occasions with low C0 
level or a lower limit of the normal range preoperatively, 
their carnitine intake and absorption were considered 
inadequate due to gastrointestinal disorders and/or 
previous surgery. �e preoperative BNP level was sig-
ni�cantly higher in the low-carnitine group, suggesting 
that children with poor general conditions are more 
susceptible to perioperative carnitine de�ciency. Such 
poor conditions include not only malnutrition but also 
cardiac failure. Our results also showed that carnitine 
de�ciency cannot be estimated from general biochemi-
cal data, such as total protein and total cholesterol levels. 
Because carnitine de�ciency may be present even when 
malnutrition is not biochemically detected, carnitine 
monitoring should be warranted for children with extra-
cardiac comorbidities and those who have undergone or 
are scheduled to undergo multiple surgeries.

It remains unclear, in our study, to what extent the 
transient decline in C0 and relative carnitine de�ciency 
in the tissues a�ect cardiac and other organs’ functions. 
Previous reports showed that carnitine de�ciency last-
ing only a few days could cause generalized seizures, 
unconsciousness, encephalopathy, and cardiomyopathy 
due to severe hypoglycemia,10, 17) but, to the best of our 
knowledge, no study has reported clinical symptoms 
caused by a low C0 level lasting for less than one day. In 
the present study, no symptoms suggestive of carnitine 
de�ciency were observed in any of our cases, including 
the six occasions of the low-carnitine group. �is indi-
cates that the transiently low level of carnitine is unlikely 
a major clinical issue. We also found no association 
between postoperative low C0 and biochemical data 
(such as CK and the CK-MB/CK ratio) which re�ect 
myocardial damage. suggesting that transient carnitine 
de�ciency does not cause the degree of myocardial dam-
age which a�ects serum CK concentration. Meanwhile, 
a temporarily low carnitine level might in�uence cir-
culatory hemodynamics even in the absence of evident 
clinical signs, because the post-CPB CVP was consid-
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erably higher in the low-carnitine group than in the 
normal-carnitine group. �e direct causal relationship, 
nonetheless, is unclear between a low carnitine level and 
elevated CVP; CVP is readily a�ected by other factors 
such as invasive surgical procedures and transfusions.

A previous report showed that carnitine de�ciency 
was caused by hemodialysis impaired myocardial fatty 
acid oxidation.18) Others described that carnitine sup-
plementation was e�ective for maintaining cardiac 
function and preventing arrhythmia in adults under-
going coronary artery bypass surgery.19, 20) In contrast, 
some studies reported that perioperative carnitine 
supplementation was clinically meaningless.21, 22) Our 
results suggest that di�erential diagnosis is necessary 
for carnitine de�ciency in some cases, although none of 
our patients required carnitine supplementation. Specif-
ically, younger patients with complex cardiac anomalies 
requiring multiple surgeries seem at risk of developing 
a clinically signi�cant de�ciency of carnitine. �is is 
because such infants are more likely exposed to hyper-
catabolism due to the invasive nature of their surgery on 
top of diet restriction during the perioperative period. 
A study focusing solely on such patients would draw a 
conclusion whether perioperative supplementation of 
carnitine should work or not.

In this study, we did not �nd any association between 
the decrease in the C0 level immediately a�er CPB and 
the CPB time, aortic cross-clamp time, or operative 
time. �e serum C0 level does not necessarily re�ect C0 
concentration within the tissues.23) We initially antici-
pated that a longer extracorporeal circulation time or 
operative time should reduce the C0 level with carnitine 
depleted and its supply interrupted. �is was not the 
case. Intraoperative damage to the myocardial tissue 
could have released carnitine into the bloodstream, 
maintaining the serum C0 level. �is hypothesis can also 
explain why the C0 level was elevated on the �rst day 
a�er surgery. �e fact that there was no clear association 
between the CK and the C0 concentrations on the �rst 
POD contravenes our hypothesis.

Finally, this study has some limitations. First, the 
sample size was small for determining changes in the C0 
level and the AC/C0 ratio a�er the 4th POD, because we 
had not speci�ed a blood collection protocol. In addi-
tion, the low-carnitine group is comprised of only six 
cases; we were unable to conclude statistical association 
between carnitine de�ciency and circulatory hemody-

namics. We believe that, with a su�cient sample size, 
signi�cant associations would be identi�ed between 
the C0 level and some other factors, such as the oper-
ative time (including CPB time and aortic cross-clamp 
time) and age. �ese were not proven this time. In fact, 
being in low age might be an inherent risk factor for 
carnitine de�ciency, because of a undeveloped state 
of carnitine biosynthesis. �e quantitative analysis of 
cardiac function by echocardiography is di�cult during 
open heart surgery and in the open chest environment 
immediately a�er surgery, because the acoustic window 
is poor. Furthermore, parameters on echocardiography 
(for example changes in ejection fraction) are markedly 
a�ected by the surgical procedures; therefore, evaluat-
ing their associations with the postoperative change in 
carnitine was di�cult. In addition, we did not conduct 
comparisons with cases in which CPB was not used. 
It was undetermined, therefore, whether factors other 
than CPB, such as surgical insults themselves, would 
a�ect the carnitine level. Further studies are required to 
investigate the e�ects of those factors such as fasting and 
damage to the muscles or tissues other than the heart.

Conclusions
Serum the C0 level in infants with congenital heart 

diseases decreased a�er CPB, and began to recover within 
one day. Even with normal serum C0 concentration pre-
operatively, the AC/C0 ratio was elevated approximately 
in a half of our cases, and relative carnitine de�ciency of 
the myocardium should be noted for infants with congen-
ital heart diseases. Particularly, children with gastroin-
testinal diseases or other extracardiac comorbidities and 
those undergoing multiple surgeries are at higher risk of 
carnitine de�ciency. Careful attention should be paid to 
perioperative carnitine levels, even if carnitine de�ciency 
presented does not cause a major clinical issue.
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