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Background: In pediatric medicine, beta-blockers are primarily used for treating cardiovascular disease.
However, side eﬀects such as hypotension, bradycardia, and hypoglycemia can pose a problem. In particular,
while hypoglycemia can cause severe sequelae, its incidence and risk factors in children are unclear.
Purpose: To clarify the relationship between the use of beta-blockers and the onset of hypoglycemic attacks, as
well as related risk factors, in infants with tetralogy of Fallot.
Methods: Totally, 422 patients with tetralogy of Fallot who were examined between April 1983 and January 2011
were divided into three groups (group with pulmonary atresia: 116 patients, group using beta-blockers: 214
patients, and group not using beta-blockers: 92 patients), and the relationship between the use of beta-blockers
and the onset of hypoglycemic attacks was examined.
Results: Hypoglycemia was observed in 16 patients, all of whom were in the group using beta-blockers (16/214
patients: 7.5%). The mean blood glucose level at onset was 26.4 mg/dL, and the mean age at onset was 2.3 years.
There were no gender-related diﬀerences, and all patients were using carteolol. The mean Kaup index was 15.2,
and no premature deliveries and babies with low birth weight, severe hypoxemia, or heart failure were observed.
The causes of onset were poor oral ingestion due to common cold and fasting in 14 of 16 patients (87.5%).
Neurological sequelae were observed in 3 patients.
Conclusions: Beta-blockers were used to prevent anoxia in 214 of 306 patients (69.9%) with tetralogy of Fallot,
and hypoglycemia was observed in 16 of these patients (7.5%). In many patients using beta-blockers, hypoglycemia was caused by poor oral ingestion as a result of infection. When using beta-blockers, due care should be
exercised with regard to the appearance of hypoglycemia.
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Background
Beta-blockers are widely used in adults and children
for treating cardiovascular disease such as arrhythmia
and heart failure. The eﬀectiveness of beta-blockers has
recently led to an increase in their use in children.1‒3）

In pediatric medicine in particular, beta-blockers have
been used to prevent anoxia in patients with tetralogy of
Fallot, and their eﬀectiveness in treating this condition is
widely recognized.
Well-known side eﬀects of beta-blockers include
hypotension and the exacerbation of bradycardia and
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heart failure, and while rare, incidences of hypoglycemia
have also been reported.4‒12） Hypoglycemia can cause
severe sequelae, and while the use of insulin is considered a risk factor in adult diabetic patients,13‒15） risk
factors in children are unclear.
In the present study, we included pediatric patients
with tetralogy of Fallot as a typical disease for which
beta-blockers are used and retrospectively examined the
incidence of hypoglycemia and risk factors.

Methods
In patients using beta-blockers who were examined
and diagnosed with tetralogy of Fallot at our department
between April 1983 and January 2011, we retrospectively
examined the presence or absence of hypoglycemia on
the basis of medical records.
The sample included 422 patients with tetralogy of
Fallot. They were divided into three groups on the basis
of hemodynamics and whether beta-blockers were used.
The three groups were as follows: the pulmonary atresia
group not using beta-blockers (PA group; 116 patients),
the group with tetralogy of Fallot using beta-blockers
(TOFβ+ group; 214 patients), and the group with tetralogy of Fallot not using beta-blockers (TOFβ− group;
92 patients. The use of beta-blockers was initiated for
patients exhibiting anoxia, those who had an extremely
narrow right ventricular outflow tract, and those who
were thought to have a high risk of anoxia.
Patients with hypoglycemic attacks were defined as
those who visited the hospital for the chief complaint
of disturbance of consciousness, seizures, and severe
fatigue, at which time blood glucose measurement
revealed hypoglycemia. Hypoglycemia was determined
when the following criteria were met: blood glucose
level of ≤40 mg/dL or ≤50 mg/dL and the following
Whippleʼs trias (clinical symptoms presented, low blood
glucose, and blood glucose levels normalized with sugar
supplements).16, 17）
All patients who exhibited hypoglycemia were in the
TOFβ+ group. Therefore, patients with hypoglycemic
attacks were classified in the TOFβ+H group, and those
in the TOFβ+ group who did not exhibit hypoglycemia
were classified in the TOFβ+E group. To evaluate risk
factors for hypoglycemia, we compared the following
characteristics: blood glucose levels, symptoms, physical
stature, presence or absence of congestive heart failure,
degree of oxygen saturation at the time of hypoglycemic
J Pediatr Cardiol Card Surg Vol. 1, No. 1 (2017)

attack, type and dose of beta-blocker used, presence
or absence of complications, cause of onset, treatment,
and presence or absence of sequelae. Heart failure was
determined upon the observation of at least two of the
following factors: retractive breathing, tachypnea, hepatomegalia, and insuﬃcient intake milk.18）
Results are presented as mean±standard deviation
(SD) and median for the start and completion times of
beta-blocker use (minimum‒maximum). To compare
patients with hypoglycemic attacks with those without,
data were analyzed after matching for the date of birth
and age at onset in patients with hypoglycemia. To
evaluate background factors, the diﬀerence between
TOFβ+E and TOFβ+ H groups was statistically analyzed using Studentʼs t-test and the chi-square test. To
evaluate the eﬀect of each factor, conditional logistic
regression analysis was performed. When comparing
the beta-blocker dose used, potencies were converted
to carteolol=1 and propranolol/metoprolol=0.2 before
the doses used were compared.19）

Results
1. Patients (Tables 1, 2)
Among the 422 patients with tetralogy of Fallot, hypoglycemic attacks were observed in 16. All these patients
were using beta-blockers; hypoglycemic attacks were
observed in 7.5% of the patients in the TOFβ+ group
and 3.8% of the patients overall. There were no patients
with hypoglycemic attacks in the TOFβ− and PA
groups. The mean blood glucose level on the appearance
of symptoms was 26.4±14.1 mg/dL.

Table 1 The distributions of groups and hypoglycemia probands in the TOF 422 cases: the
number of patients (percentage). All of the
probands were in the β+ group treated with
beta-blockers (7.5%)
Group

TOF
β+

Case
214
Hypoglycemia 16 (7.5%)
probands (%)

β−

PA

Total

92
0 (0.0%)

116
0 (0.0%)

422
16 (3.8%)

β+=patients treated with beta-blocker, β−=patients
treated without beta-blocker, PA=patients with pulmonary
atresia
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Table 2 Demographic characteristics of cases with hypoglycemia: all subjects took carteolol and became symptomatic early in the morning
Case

Sex

G.A.

Birth
weight

Age
(Mo)

Bw
(kg)

Kaup

Min
PG

LOC

Seizure

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

M
M
F
M
M
M
F
F
F
M
F
F
M
M
F
M

39
39
41
38
39
40
41
39
34
40
39
39
40
40
38
37

2,765
2,520
2,700
3,152
3,192
2,696
3,230
3,046
1,282
2,984
2,735
2,732
3,058
2,636
2,932
2,405

7
14
43
14
27
12
22
29
33
25
59
30
32
21
50
16

8.1
7.3
12.0
9.3
12.6
7.2
10.9
10.7
10.1
9.5
14.1
11.2
9.8
9.6
10.0
7.8

18.0
14.7
13.8
16.8
17.0
15.3
17.0
15.9
14.2
14.8
15.0
15.7
15.3
13.5
11.9
14.3

19
3
23
17
15
38
13
33
25
20
25
35
50
29
48
19

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Other
symptom

Trigger

Hypothermia

Unknown
Ordered fasting
AGE
Cold
AGE
Cold
Cold
Fast
Fast
AGE
AGE
Ordered fasting
AGE
AGE
Cold
Unknown

Hypothermia
Sweating
Hypothermia
Sweating
Hypothermia

Tachypnea
Hypothermia

Chromosomal
analysis

22q11.2 deletion
22q11.2 deletion
22q11.2 deletion
16q12.1 deletion
22q11.2 deletion
22q11.2 deletion

G.A.=gestational age, Birth weight (gram), Mo=month, Bw=body weight, kg=kilogram, Kaup=Kaup index: Bw (g)×10/Ht (cm)2,
Min PG=minimum plasma glucose, LOC=loss of consciousness, TOFβ+=patients with Tetralogy of Fallot treated with betablocker, M=male, F=female, AGE=acute gastroenterocolitis

Table 3 Comparison of characteristics between the groups: 1, 2) β+H was lower the presence of anoxic spell
without administration signiﬁcantly1) and with administration than β+E2). 3) β+H was signiﬁcantly higher
SpO2 than β+E
β+

Number
Sex (Male/Female)
Gestational ages (weeks)
Birth weight (g)
Chromosomal analysis (n)
Other features (n)
Combined medicine (n)
Starting date of administration (months)
End date of administration (months)
Month of onset
Dose (mg/kg/day)
Presence of anoxic spell without administration (n)
Presence of anoxic spell with administration (n)
Kaup index
BNP (pg/mL)
SpO2 (%)

H

E

16
9/7
38.9±1.7
2,754.1±462.1
21tri; 0, 22qdel; 5, other; 1
2
5
2.5 (0‒42.0)
36.0 (12‒149.0)
27.1±14.2
0.25±0.04
1
2
15.2±1.5
18.7 (7.4‒56.2)
86.4±7.6

198
99/99
38.6±1.7
2,911.7±516.3
21tri; 24, 22qdel; 8, other; 7
12
41
4.0 (0‒54)
30.0 (2‒324)
26.8±21.2
0.25±0.06
54
57
15.7±1.5
19.0 (2.6‒88.0)
81.6±9.0

p

0.41
0.37
0.24
0.09
0.28
0.25
0.50
0.45
0.95
0.94
0.051）
0.132）
0.23
0.78
0.043）

β+=patients treated with beta-blocker, H=hypoglycemia, E=euglycemia, 21tri=Trisomy 21, 22qdel=22q11.2deletion

2. Background Factors at Birth (Gestational Age,
Birth Weight, and Chromosomal Abnormalities)
(Tables 2, 3)
In the TOFβ+H group, the mean gestational age
was 38.9±1.7 weeks and the mean birth weight was
2,754.1±462.1 g. Patient 9 was a premature baby
delivered at 34 weeks and weighing 1,282 g. Genetic
complications included 22q11.2 deletion syndrome in
5 patients and 16q12.1 deletion syndrome in 1 patient.
As a concurrent illness, VACTERL association was

observed in 1 patient and 1 patient had undergone
surgery for pyloric stenosis. Compared to the TOFβ+
group, in the TOFβ+H group, there were no diﬀerences
in gestational age and birth weight and no diﬀerence in
the incidence of genetic complications (p=0.09).
3. Age and Gender (Table 3)
In the TOFβ+H group, the mean age at hypoglycemia onset was 2.3±1.2 years and the group consisted
of 9 male and 7 female patients. There was no diﬀerence
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between the two groups in terms of age at the start of and
completion of beta-blocker use or gender.
4. Physical Stature (Kaup Index) (Table 3)
Physical stature was evaluated based on standardized height and body weight. In the TOFβ+H group,
the mean standardized height was −1.57±0.95 SD
and the standardized body weight was −1.32±0.96
SD Furthermore, the mean Kaup index (reference
value: 16‒18) was 15.2±1.5, indicating that the patients
had a slightly slender build. In the TOFβ+E group, the
patients also had a slightly slender build; however, there
was no significant diﬀerence from the TOFβ+H group
(p=0.23).
5. Drug (Beta-blocker Type, Dosage, Concomitant Drugs) (Table 3)
The beta-blockers used in the TOFβ+ group included
carteolol in 208 patients, propranolol in 10 patients,
and metoprolol in 1 patient. Among these patients, 5
changed to a diﬀerent drug, with 4 patients changing
from propranolol to carteolol to improve medication
compliance and 1 patient changing from carteolol
to metoprolol due to asthma symptoms. None of the
patients who changed drugs exhibited hypoglycemia,
and all patients in the TOFβ+H group used carteolol.
In the TOFβ+H group, the median age at the start of
beta-blocker use was 2.5 months (range: 0 months‒3.5
years), the mean period of use until the onset of hypoglycemia was 21.6±13.4 months, and the mean dose
of carteolol administered was 0.25±0.04 mg/kg, with
no significant diﬀerence observed compared to the
TOFβ+E group.
There was no diﬀerence observed in the frequency
in the use of concomitant drugs such as diuretics and
cardiac stimulants.

failure in any of the groups. In brain natriuretic peptide
(BNP) sampled as an indicator of heart failure, there
was no diﬀerence observed between the two groups
(p=0.78) and no patients exhibited elevated levels.
8. Relationship with Hypoxemia (Table 3)
In the TOFβ+H group, the mean oxygen saturation
was 86.4±7.6%, which was significantly higher than
that in the TOFβ+E group (p<0.05).
9. Causes (Fig. 1)
In the TOFβ+H group, up to the day prior to onset, 6
patients had gastroenteritis, 4 had common cold symptoms, and 2 complained of loss of appetite and were in
a state of poor oral ingestion. On the day of onset, 2
patients had been instructed to fast for performing tests.
In 2 patients, no clear cause could be identified. Poor
oral ingestion was observed in 14 of 16 patients (87.5%)
and was thought to have caused hypoglycemia.
10. Hypoglycemic Symptoms (Table 2)
All patients exhibited early morning loss of consciousness, and 5 patients exhibited seizures, with low body
temperature. All symptoms quickly improved with sugar
supplementation.

6. Comparison of the Incidence of Anoxic
Seizures Caused by Beta-blocker Use (Table 3)
The incidence of anoxic seizures caused by betablocker use was significantly lower prior to the start of
use in the TOFβ+H group than in the TOFβ+E group.
However, after the start of use, there was no diﬀerence
observed (pre start: p<0.05, post start: p=0.13).
7. Relationship with Heart Failure (Table 3)
There were no patients with clear symptoms of heart
J Pediatr Cardiol Card Surg Vol. 1, No. 1 (2017)

Fig. 1 Distribution of triggers for hypoglycemia:
(inducer, number of patients, percentage).
Most cases had poor oral intake
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Table 4 Risk factors for hypoglycemia in the TOF 214 cases received beta-blocker determined by conditional
logistic analysis. We deﬁned low birth weight as <2.5 kg, “Others” as chromosomal disorders and other
features except trisomy 21 and 22q11.2deletion, and a low Kaup index of <16
Variable
Male
Birth weight (g)
Low birth weight (g)
Trisomy 21
22q11.2 deletion
Others
Starting date of administraion (month)
The term of administration (months)
Dose (mg/kg/day)
The accumulated dosage (mg/kg)
Anoxic spell without administration
Kaup index
Low Kaup index
BNP (pg/mL)
SpO2 (%)

Univariable analysis

Multivariable analysis

OR

95% CI

p

0.54
1.00
1.44
1.65
3.96
1.42
1.00
1.03
0.13
1.06
0.21
0.81
1.88
0.99
1.04

0.17‒1.67
0.99‒1.00
0.44‒4.76
0.34‒8.02
0.70‒22.46
0.34‒5.89
0.94‒1.05
0.96‒1.11
0.00‒4261
0.83‒1.36
0.02‒1.77
0.55‒1.20
0.56‒6.32
0.96‒1.03
0.97‒1.12

0.281
0.682
0.548
0.533
0.120
0.631
0.877
0.377
0.699
0.651
0.150
0.299
0.309
0.671
0.241

OR

95% CI

p

1.11
1.99
4.41

0.30‒4.14
0.38‒9.96
0.68‒28.49

0.869
0.403
0.119

1.90

0.54‒6.68

0.316

OR=odds ratio, 95% CI=95% conﬁdence interval

11. Examination of Factors Aﬀecting Low Blood
Sugar Levels in Patients Using Beta-blockers
(Table 4)
Only patients using beta-blockers developed hypoglycemia. Therefore, the eﬀect of background factors
other than the use of beta-blockers on hypoglycemia was
examined by performing conditional logistic regression
analysis in the TOFβ+ group. Known exacerbation
factors for hypoglycemia were examined; however, we
found that none showed a significant diﬀerence.
12. Sequelae (Table 2)
Neurological sequelae were observed in 3 patients
(18.8% of patients with hypoglycemia and 1.4% of
patients in the TOFβ+ group), all of whom were diagnosed as having symptomatic epilepsy and were started
on anticonvulsants. One patient presented with severe
encephalopathy, and it was not noted at the time of the
initial seizure that hypoglycemia was the underlying
cause. This patient was examined in 1990, when the side
eﬀects of beta-blockers were yet to be determined and
proactive preventive measures for hypoglycemia were
not adopted. Surgery was deemed inappropriate to treat
severe encephalopathy, and the use of beta-blockers was
continued, during which time hypoglycemia occurred a
second time. The patient did not respond to treatment
and died due to cerebral herniation.

13. Outcomes
Excluding 2 patients with severe neurological
sequelae, intracardiac repair was performed at a mean
age of 3.3±1.4 years and the use of beta-blockers was
discontinued. Thereafter, progress was good, with no
hypoglycemic symptoms observed.

Discussion
In the present study, we examined the incidence of
hypoglycemia and the use of beta-blockers in infants
with tetralogy of Fallot. We observed hypoglycemia in 16
patients, accounting for 7.5% of the patients in the group
using beta-blockers. Hypoglycemia has been reported
as an adverse event associated with beta-blocker use in
only a few cases, and package insert notes have shown
that its incidence is less than 0.1% or unknown. The
results of the present study showed that the incidence of
hypoglycemia was higher than the incidence of ketotic
hypoglycemia commonly seen during infancy (incidence of 3.9 per 100,000 individuals)20）and the general
incidence of hypoglycemia caused by beta-blockers
(noted above).
1. Risk Factors for Hypoglycemia in Patients with
Tetralogy of Fallot
It has been reported that in infants, risk factors for
low blood glucose include premature birth,21） slim
build,22）and poor oral ingestion22）as well as organic diseases, such as diabetes in patients using insulin and sul-
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fonylurea preparations,13‒15）cyanotic heart disease,23, 24）
and severe heart failure.23, 25）
In the present study, hypoglycemia was not observed
in the TOFβ− and PA groups, in which the patients
were not using beta-blockers, but was only observed in
the TOFβ+ group. The conditional logistic regression
analysis conducted in the TOFβ+ group revealed no
significant diﬀerence in known exacerbation factors for
low blood glucose, and no impact was observed in terms
of beta-blocker dosage, period of use, or accumulated
dose. Prior to beta-blocker use, there was no significant
diﬀerence in the incidence of anoxic seizures and oxygen
saturation (Table 3). However, in the conditional logistic regression analysis, there was no increase observed
in the risk of these factors (Table 4). Only the use of
beta-blockers aﬀected low blood glucose.
In hypoglycemic patients, it was shown that infection
during infancy triggers a state of poor oral ingestion. Of
note, it appears that during infancy, there are many situations that can lead to a state of poor oral ingestion due
to infection, which tends to cause hypoglycemic symptoms. In particular, 22q11.2 deletion syndrome and trisomy 21 were found to exhibit susceptibility to infection.
However, in our conditional logistic regression analysis,
there was no significant diﬀerence observed (Table 4).
With regard to heart disease, we only examined tetralogy of Fallot with or without pulmonary atresia but
were unable to evaluate the relationship with low blood
glucose.
In heart failure, the functioning of glucose-metabolizing enzymes is maintained. However, it has been
reported that poor oral ingestion, poor circulation,
and the progression of congestive hepatopathy can lead
to reduced liver storage of glycogen and, thus, to low
blood glucose.23, 25） In the present study, we observed
no symptoms of heart failure in the TOFβ+H group.
Additionally, BNP levels were not high, and thus, no
relationship was observed (Tables 3 and 4).
In hypoxemia patients, it has been reported that tissue hypoxia caused by circulatory insuﬃciency impairs
glucose metabolism in the liver, thereby causing low
blood glucose.25）On the other hand, hypoxemia is said
to reduce insulin sensitivity.23）In the present study, the
TOFβ+H group had significantly higher oxygen saturation than the TOFβ+E group (Table 3). However, the
conditional logistic regression analysis did not show a
higher risk of low blood glucose (Table 4).
J Pediatr Cardiol Card Surg Vol. 1, No. 1 (2017)

Slender build is considered to be a risk factor for
ketotic hypoglycemia22）and is also thought to be a factor that causes low blood glucose. In the present study,
in the TOFβ+H group, with a standardized height
of −1.57±0.95 SD and standardized body weight of
−1.32±0.96 SD, the patients tended to have a slender
build, and a Kaup index of 15.2±1.5 indicated a slightly
slender build. However, in the TOFβ+E group, the
Kaup index was 15.7±1.5, also indicating a slightly
slender build, with no significant diﬀerence observed
(p=0.23). Furthermore, in the conditional logistic
regression analysis based on a Kaup index of <16, there
was no significant diﬀerence observed (Table 4).
2. The mechanism underlying the appearance of
beta-blocker-induced hypoglycemia
In general, blood glucose level is maintained via
a complex mechanism that involves hormones such
as insulin and glucagon that target the liver, muscles,
and adipose cells as well as enzymes that break down
glycogen stored in the liver and substrates supplied
from muscle and adipose cells (alanine, fatty acid, and
glycerol).26） In particular, insulin increases the uptake
of sugars, amino acids, and fatty acids to muscles and
adipose cells, thereby lowering blood glucose levels.
Glycogen is involved in blood glucose maintenance by
utilizing substrates and promoting intrahepatic gluconeogenesis and glycolysis.22, 26, 27）
During hypoglycemic attacks, insulin secretion is first
reduced and glycogen levels are increased. Next, catecholamine levels are increased, thereby promoting glycogenolysis and causing the appearance of hypoglycemic
symptoms such as palpitations and cold sweats.22）When
symptoms are prolonged over a few hours, growth hormones and corticosteroid hormones are activated, which
increases catecholamine activity and maintains blood
glucose levels.26） In other words, in the mechanism
underlying blood glucose maintenance, catecholamine
plays a key role in the control mechanism (Fig. 2).27）
During infancy, low blood glucose often presents as
ketotic hypoglycemia and excluding endocrine disease,
accounts for one-fourth of hypoglycemic cases, with an
incidence of 3.9 per 100,000 individuals.20） It has been
reported that ketotic hypoglycemia is common among
slender individuals. However, in recent years, the catecholamine response to fasting and poor muscle alanine
release have been reported.22, 28, 29）Even in ketotic hypo-
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Fig. 2 Hormonal dynamics at hypoglycemia22, 26, 27）:
When one develops hypoglycemia, ① and ②
are exercise by a minute unit. At the time of
the protraction ③ is exercise by a unit for several hours, and ④ is behind ③ several hours

glycemia, catecholamine plays a major role in the control
mechanism involved in blood glucose maintenance.
It has been reported that beta-blockers conceal the
hypoglycemic symptoms of catecholamines and inhibit
glucose-6-phosphatase, insulin, and glucagon, which
leads to low blood glucose.30‒33） To date, cases of low
blood glucose caused by each generation of beta-blockers
including carteolol,12, 14, 24） propranolol,5‒10） and atenolol11） have been reported. However, the risk of
β1-selective and endogenous catecholamine stimulation,
as well as the presence or absence of alpha-blocking
eﬀects, remains controversial.2, 3, 35‒39） In the present
study, there were no patients observed to exhibit low
blood glucose as a result of beta-blockers other than carteolol. However, the present study was extremely biased
in that 97% of all patients were using carteolol; thus, we
believe that it cannot be concluded that the level of risk
with other agents is high. Furthermore, in the present
study, no diﬀerences were observed between TOFβ+E
and TOFβ+ H groups in terms of dosage, starting time,
or completion time, and therefore, the impact on low
blood glucose could not be determined (Table 3).
On the basis of the present results, it was inferred that
the reason for the high incidence of hypoglycemia in
the group using beta-blockers was poor oral ingestion
as a result of infection during infancy. However, the use
of beta-blockers inactivated the blood glucose maintenance mechanism primarily involving catecholamine,
which led to the onset of hypoglycemia.

3. Precautions with Beta-blocker Administration
to Infants
When administering beta-blockers to infants, we
believe that countermeasures should be adopted for low
blood glucose: ① avoiding long-term starvation as per
ketotic hypoglycemia, ② frequent ingestion of a high
carbohydrate and protein diet, and ③ when fasting is
required for performing tests, sugar supplementation
should be administered via drip infusion overnight.
Furthermore, in such infants, when seizures and disturbance of consciousness are observed, blood glucose
levels should be measured.
Limitations to the present study were the small sample
size and the fact the study included only 16 hypoglycemic patients, all of whom were found to be in the
TOFβ+ group. However, the possibility of hypoglycemic patients in the TOFβ− and PA groups cannot be
ruled out. Moreover, the eﬀects of genetic complications
and small physical stature on low blood glucose were
unclear. This study was conducted at a single center, and
we believe that the results could be further clarified by
increasing the sample size in future investigations.
In recent years, intracardiac repair for tetralogy of
Fallot has been likely to performe during late infancy.
However, it has been reported that intracardiac repair
performed within 6 months of birth has poor outcomes.40） Anoxic seizures commonly occur within
6 months of birth, and therefore, at our center, we
administer prophylactic beta-blockers. On the other
hand, there are increased therapies to use beta-blockers
such as carvedilol in infants with heart failure. When
using beta-blockers in infants, we believe that increased
awareness of low blood glucose is needed.

Conclusions
Beta-blockers were used to prevent anoxia in majority
of patients with tetralogy of Fallot [214 of 306 patients
(69.9%)] and low blood glucose was observed in 16
patients (7.5%). All patients with hypoglycemia were
using carteolol. However, in the present study, 97% of
patients were using carteolol, indicating a large bias;
therefore, we could not conclude that the level of risk
associated with other beta-blockers was high. Low blood
glucose in patients using beta-blockers was caused by
poor oral ingestion due to infection, but other causes
could not be identified. The incidence of hypoglycemia
in infants using beta-blockers was clearly higher than
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that in infants in general. Thus, we believe that betablocker use is a risk factor for low blood glucose.
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