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Breath-holding Spells: Etiological Factors,
Laboratory Findings, and Rates of Response
to Iron Therapy
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Abstract

Aim: In this study, we aimed to investigate the etiological factors, electroencephalographic (EEG)
findings, rates of response to iron therapy, and factors affecting response to iron therapy in children
diagnosed with breath-holding spells (BHS).

Methods: The study included 136 children aged 1 to 48 months who received iron therapy after
a BHS diagnosis at our pediatric neurology clinic between November 2015 and November 2019.

N

Patient medical records (physical examination, laboratory and EEG findings, medical history, and
effectiveness of iron therapy) were reviewed retrospectively.

Results: Of all patents, 81 (59.6%) exhibited partial response (partial remission) to iron therapy
(50% decrease in BHS frequency), 52 (39%) responded completely (complete remission), and 2
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were unresponsive. Comparison of the patients with complete and partial remission revealed a

higher rate of complete remission in girls. In addition, patients with complete remission had higher
levels of hemoglobin, MCV, and ferritin than those with partial remission. Complete remission rates
were also higher in patients with normal EEG findings.

Conclusion: BHS in childhood is a benign, recurring, and non-epileptic disorder and its differen-
tiation from epilepsy is important. Children with BHS respond well to iron therapy, which can be
recommended even if the serum iron and ferritin levels are normal.
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Oz

Amag: Bu calismada katilma nébeti (KN) tanisi almis cocuklarda etiyolojik faktorleri, elektroense-
falografi (EEG) bulgularini, demir tedavisine yanit oranlarini ve demir tedavisine yaniti etkileyen
faktorleri arastirmak amaclanmistir.

Yéntem: Calismaya Kasim 2015—Kasim 2019 déneminde ¢ocuk néroloji klinigimizde KN tanisiyla
demir tedavisi géren Tila 48 ay yasindaki 136 cocuk dahil edildi. Hasta kayitlari (fizik muayene, labo-
ratuvar ve EEG bulgulari; tibbi yku ve demir tedavisinin etkililigi) retrospektif olarak degerlendirildi.
Bulgular: Hastalarin 81 (%59,6) demir tedavisine kismi yanit (kismi remisyon—KN sikliginda %50
azalma), 52’si (%39) tam yanit (tam remisyon) verirken, 2 hasta yanitsizdi. Demir tedavisine kismi
ve tam yanit veren hastalar karsilastirildiginda kizlarda tam yanit verme orani daha ytksekti. Ayrica
tam yanit veren hastalarin hemoglobin, MCV ve ferritin dUzeyleri kismi yanit verenlere gére daha
yuksekti. Ayni zamanda EEG bulgulari normal olan hastalarda tam yanit verme oranlari daha yUk-
sekti.

Sonug: Cocukluk caginda KN iyi huylu, tekrarlayan ve epileptik olmayan bir bozukluktur ve epilep-
siden ayirt edilmesi 6nemlidir. KN'li cocuklar demir tedavisine iyi yanit verirler ve demir tedavisi
serum demir ve ferritin duzeyleri normal olsa dahi dnerilebilir.

Anahtar Sézciikler: demir destegi; elektroensefalografi; katilma nébetleri
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INTRODUCTION

Breath-holding spells (BHS) are a well-known entity
occurring in 3-5% of toddlers, mainly in children aged
6-18 months (1-3). Attacks are self-limiting and gen-
erally (90%) resolve by the time patients reach school
age (4-5 years) (2). However, very rarely (4-5%), spells
may persist for up to 7-8 years (4). BHS may be cya-
notic (blue), pallid (pale), or mixed, depending on
the color change during the occurrence (1-3). Pallid
episodes are less common than cyanotic spells. Breath-
holding episodes involve infants crying for up to a
minute, and then not inhaling until a point when they
lose consciousness. A seizure may rarely be witnessed
immediately after the loss of consciousness. The infant
usually regains consciousness shortly afterward and
resumes normal breathing (1). Although these spells
are benign in nature, they may nevertheless cause fear
and distress among parents.

Mechanisms believed to be involved in this phe-
nomenon include genetic predisposition, dysregula-
tion of the autonomic nervous system, and delayed
brain-stem myelination (5-7). Anemia and iron defi-
ciency have previously been linked to BHS, although
the mechanism involved is still unclear (1,2,8). Also,
BHS may occasionally be an initial symptom of long
QT syndromes or paroxysmal cardiac rhythm abnor-
malities (6). Electrocardiography (ECG) in terms of
prolonged QT syndrome is therefore highly recom-
mended. Comorbid myoclonic jerks and generalized
seizures following crying attacks may be observed in
severe pallid spells and, to a lesser extent, cyanotic
spells (2). Studies on the findings of BHS electroen-
cephalography (EEG) are currently insufficient.

In this study, we aimed to investigate (i) the etio-
logical factors involved in BHS, (ii) associated EEG
findings, and (iii) rates of response to iron therapy and
factors affecting the treatment response.

I
MATERIALS AND METHODS

The retrospective study included 136 children diag-
nosed with BHS between November 2015 and No-
vember 2019 at our pediatric neurology clinic. The

age of onset ranged from one month to four years. We
excluded children with (i) primary neurological dis-
ease, a history of epilepsy or febrile convulsions, or ab-

normal neurological examination, (ii) mimics such as
syncope, atonic fits, (iii) a history of chronic medical
illness or systemic inflammation (since these lead to
decreased erythropoietin production, impair blood cell
proliferation, and alter iron absorption), (iv) congenital
heart disease, (v) global developmental delay, and (vi)
severe anemia (hemoglobin [Hb] levels of <7 g/dL).

Developmental history and BHS characteristics
(including age of onset, frequency of spells, and family
history of BHS, epilepsy or febrile convulsions) were
recorded. The spell frequencies before and after three-
month treatment were recorded based on the state-
ments provided by parents or legal guardians.

Spells were defined as described elsewhere based
on the following clinical sequence: initial provocation
prior to crying decreasing to silence (as the infant’s
breathing ceases in expiration following a deep inspi-
ration during crying) and a simultaneous color change
(cyanosis) and loss of consciousness, either with/with-
out body tone changes or body jerks (2). In the present
study, spells were classified on the basis of frequency,
less than one a week being defined as mild, 1 to 3 a
week as moderate, and four or more a week as high.
The patients were divided into two groups according
to their Hb levels: >10.5 g/dl (non-anemic) and <10.5
g/dl (anemic). When they were re-evaluated after
three-month iron therapy they were divided into three
groups according to their response to the treatment:
(1) no response, (2) partial remission (>50% decrease
in spell frequency), and (iii) complete remission (no
spells).

All patients underwent medical examinations, and
neurological histories were obtained together with
ECG, echocardiography (ECO), and EEG. Complete
blood counts (CBC) and serum iron and ferritin val-
ues were determined from the basal laboratory tests at
the time of initial presentation.

Iron deficiency refers to a serum ferritin value
lower than 12 ng/ml. Iron deficiency anemia (IDA)
is characterized by iron deficiency and hemoglobin
levels of <10.5 g/dl (9). All patients with BHS in the
present study received iron therapy (ferrous sulfate at 4
mg/kg per day) for three months. Monthly follow-ups
were performed by the treating physicians.

The ECG and ECO assessments were made by the
cardiology department in order to exclude cardiac
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Table 1. Sociodemographic and clinical characteristics of the pa-

tients
Age at diagnosis (month), mean+SD 22.5£10.2
Sex, n (%)

Female 72 (52.9)

Male 64 (47.1)
BHS with anemia, n (%) 70 (51)
Age of BHS onset, mean+SD 13.1+8.0
Family history of epilepsy, n (%)

Yes 26 (19.1)

No 110 (80.9)
Family history of BHS, n (%)

Yes 21 (15.4)

No 115 (84.6)
Hb (g/dl), mean+SD 11.3+0.9
MCV, mean+SD 74.2+5.6
Iron (ug/dl), mean+SD 39.6+23.2
Ferritin (ng/ml), mean+SD 16.5£13.2
EEG, n (%)

Normal 107 (78.7)

Abnormal 27 (19.9)

Epileptiform 2(1.5)
BHS frequency, n (%)

Severe 30 (22.1)

Moderate 48 (35.3)

Mild 58 (42.7)
BHS frequency after prophylaxis, n (%)

Partial response 81 (60.4)

Complete response 53(39.6)

BHS: breath-holding spells; EEG: electroencephalogram; Hb: he-

moglobin; MCV: mean corpuscular volume; SD: standard deviation

pathologies. QT intervals were calculated in terms of
long QT syndrome by using the Bazett formula.

All EEGs were assessed in a blinded manner by
two pediatric neurologists experienced in the field of
pediatric epilepsy. Scalp EEGs were recorded for all
patients according to the international 10-20 system
with a 19-electrode montage (Fp1, Fp2, F3, F4, C3, C4,
P3,P4,01, 02, F7, F8, T3, T4, T5, T6, Fz, Cz, and Pz).
EEG channels were sampled at 500 Hz using Neuro-
fax (Nihon Kohden Co., Tokyo, Japan). Findings were
analyzed under three headings: (1) normal, (2) back-
ground rhythm abnormalities (slow waves), and (3)
epileptic anomalies.
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Statistical analysis

Statistical analysis was performed using the SSPS (25.0)
software (SPSS Inc., Chicago, Illinois, USA). Continu-
ous data were expressed as meantstandard deviation
(minimum-maximum) and categorical variables as
frequencies and percentages. The statistical tests em-
ployed depended on data distribution, normal distri-
bution being assessed by the Kolmogorov-Smirnov
test. Non-normally distributed data were analyzed us-
ing the Mann-Whitney U test, while categorical data
were subjected to Pearson’s chi-square test and Fisher’s
exact test. The findings were analyzed with a 95% con-
fidence interval and a significance level of <0.05.

Study ethics
The study protocol was approved by the local ethics
committee (2018/191).

|
RESULTS

The mean patient age was 22.5+10.2 months. Of all pa-
tients, 72 (52.9%) were girls, and 64 (47.1%) were boys.
The mean age of BHS onset was 13.1+8.0 months. A
family history of epilepsy and BHS was present in
26 (19.1%) and 21 (15.4%) patients, respectively. The
mean Hb, MCV, and ferritin values were 11.3+0.9 g/dl,
74.2%5.6, and 16.5£13.2 mcg/L, respectively. ECO was
abnormal (mild ME and TE) in four (2.9%) patients,
while QTc was normal in all patients. Twenty-seven
(19.9%) patients had background rhythm abnormality
(slow waves) on EEG, and 2 (1.5%) had epileptiform
EEG. Eighty-one (59.6%) exhibited a partial response
(partial remission) to iron therapy (50% decrease in

spell frequency), and 52 (39%) responded completely
(complete remission). Two patients were unrespon-
sive. Spell frequencies were severe in 30 (22.1%) pa-
tients, moderate in 48 (35.3%), and mild in 58 (42.7%).
The incidence of anemia in patients with BHS was 51%
(Table 1).

Comparison of patients with complete and partial
remission revealed a higher rate of complete remission
in girls. The mean Hb levels were also higher in pa-
tients with complete remission following iron therapy
than in those exhibiting partial remission, while there
was no significant difference between the two groups
in terms of MCV and ferritin levels. The rate of com-



Hanci et al.

Breath-holding Spells g

Table 2. Univariate comparisons of patient characteristics in the partial and complete remission groups

Partial remission (n=81)

Complete remission (n=53) p

Age at diagnosis, mean+SD 23.1+11.7
Sex, n (%)

Female 36 (44.4)

Male 45 (55.6)
Family history of epilepsy, n (%)

Yes 16 (19.8)

Mo 65 (80.2)
Family history of BHS, n (%)

Yes 16 (19.8)

No 65 (80.2)
Frequency of BHS, n (%)

Severe 6(7.4)

Moderate 32(39.5)

Mild 43 (53)
Hb, mean+SD 11.15+1
MCYV, mean+SD 72.9+5.5
Iron, mean+SD 37420
Ferritin, mean+SD 13.449.3
EEG, n (%)

Normal 70 (86.3)

Abnormal 11 (13.6)

22.03£7.9 1.00°
0.014°
35 (66)
18 (34)
0.89"
10 (18.9)
43 (81.1)
0.10"
5(9.4)
48 (90.6)
0.001°
23(43.4)
15 (28.3)
15 (28.3)
11.5+0.74 0.035°
74.8+5.6 0.06°
41421 0.57
17.9+13.7 0.051*
0.021°
37 (69.8)
16 (30.2)

BHS: breath-holding spells; EEG: electroencephalogram; Hb: hemoglobin; MCV: mean corpuscular volume

Bold p-values indicate statistical significance at a=0.05
* Mann-Whitney U test
® Pearson’s chi-square test

¢ Fisher’s exact test

plete response to iron therapy was higher in patients
with normal EEGs. There was no statistically signifi-
cant difference in response rates between patients with
a family history of epilepsy and BHS (Table 2).

The spell frequencies and treatment responses of
patients with and without IDA are shown in Table 3.
The incidence of mild frequency spells was higher in
the non-anemic group. Complete response to iron
therapy (complete remission) was also more common
in the non-anemic group.

One of the patients with epileptiform EEG and not
responding to iron therapy was a 12-month-old girl,
who had been born by cesarean section at 30 weeks
of gestation with a birth weight of 830 g and who had
spent two months in the neonatal intensive care unit.
The first BHS occurred at four months of age, and
spells occurred approximately 3 or 4 times weekly.

There was no family history of BHS or epilepsy. Neu-
rological examination and neurodevelopment were
normal, but focal epileptiform EEG was observed. The
patient failed to respond to iron therapy. MRI revealed
polymicrogyria and cortical dysplasia. Levetiracetam
(30 mg/kg per day) was added to the treatment. The
patient is currently under medical management.

The other patient who did not respond to iron
therapy was a 13-month-old boy. His prenatal, natal
and postnatal histories and EEG and MRI findings
were normal. There was no family history of BHS or
epilepsy. The first BHS occurred at six months of age,
and he had daily attacks. Due to the lack of response
to iron therapy, piracetam was added to the treatment,
after which the attacks decreased significantly.
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Table 3. The effect of iron deficiency anemia (Hb level) on spell frequency and response to iron therapy

Hb <10.5 g/dl Hb >10.5 g/dl P
(n=25) (n=110)
Sex, n (%) 0.20*
Female 12 (48) 51 (46.4)
Male 13 (52) 59 (53.6)
BHS frequency, n (%) 0.022°
Severe 10 (40) 20(18.2)
Moderate 10 (40) 38 (34.5)
Mild 5(20) 52 (47.3)
Response to iron therapy, n (%) 0.006°
Complete remission 9 (36) 71 (65.7)
Partial remission 16 (64) 37 (34.3)

Bold p-values indicate statistical significance at a=0.05
* Pearson’s chi-square test

I
DISCUSSION AND CONCLUSION
We observed that our sample included more girls than

boys, and rates of complete remission with iron thera-
py were also higher in girls. Previous studies have re-
ported a male predominance (8) or no significant sex
difference (2,3,10,11). The female predominance in the
present study may be due to the sample selection. The
mean age of onset was 13.1 months, and the earliest age
of onset was one month. The earliest age of onset re-
ported in previous studies is three days, in a case with a
family (father, sister, and paternal grandfather) history
of the condition (12). The reported mean age of onset is
generally 6-12 months (2,8,9).

The reported incidence of a family history of epi-
lepsy has ranged from 7.7 to 29% (10,13,14). In consis-
tence with the previous literature, the same figure was
determined to be 19.1% in our study.

Previous studies have shown that genetic predis-
position plays an important role in the BHS etiology
(2,15,16). In their family pedigree study, DiMario et al.
(17) proposed an autosomal dominant trait with re-
duced penetrance as the most likely inheritance pat-
tern in cases of severe BHS. The prevalence of family
history of BHS in the present study was 15.4%, lower
than in the previous literature. Data on the genetic
predisposition or family history of BHS may vary be-
tween countries. Studies from Turkey have reported
similar figures (10,11).
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One study of 115 patients with long QT syndrome
reported BHS as a presentation symptom in five (18).
In our study, we identified no patients with long QT
syndrome. It may rarely be seen in patients with BHS
and we therefore think that ECG and QTc should be
calculated.

In a study of 129 patients (77 boys, 52 girls), all but
one patient had normal EEGs. One tracing taken dur-
ing a BHS showed a slow wave but no seizure activ-
ity (19). Sleep EEGs were recorded for all patients in
another study, 98.2% (n=306) of which were normal,
while slow background rhythm was determined in
1.2% (n=4). In addition, in another study, only 18 out
of 165 patients had encephalographic abnormalities,
and only one patient was diagnosed with epilepsy (14).
In the present study, EEG was normal in 107 (78.7%)
patients, while slow waves of background rhythm
were present in 27 (19.9%), and two patients had epi-
leptiform EEGs. Only one of these patients failed to
respond to iron therapy. The patient had focal epilepti-
form EEG, and cortical dysplasia and polymicrogyria
were detected on brain MRI. In a similar case from the
literature, a 14-month-old, developmentally normal
girl presented with daily events since six months of
age. Episodes were characterized by crying (provoked
by falls or anger). This was then followed by cessa-
tion of crying, perioral cyanosis, and tonic stiffening
of the limbs and jerking. BHS with reflex-anoxic sei-
zures were diagnosed, and the patient was started on
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iron therapy but failed to benefit. These episodes later
began occurring without crying spells. Seizures were
suspected. Minimal response was achieved to pheno-
barbital and levetiracetam therapy, but a significant de-
crease in episodes, to one a month, was observed when
oxcarbazepine was added to the treatment. The patient
has currently been seizure-free for two months. MRI
revealed focal cortical dysplasia type I. Video-EEG re-
vealed generalized seizures (both spontaneous and in-
duced by breath-holding) with unclear lateralization.
Targeted epilepsy gene panel revealed a de novo previ-
ously described pathogenic variant in the SCN8A gene
linked to milder phenotypes (20). Our patient had no
spontaneous episodes. However, since these are pos-
sible at follow-up, close monitoring from that perspec-
tive is required. Genetic analysis was not possible for
financial and technical reasons.

The prevalence of anemia in BHS in the present
study was 51% (32% grade 1 anemia, low ferritin, nor-
mal Hb), compared to the widely varying rates of 7.5
to 69% in the literature (21,22).

One study reported rates of higher complete and
partial remission with iron therapy in patients with
low mean Hb levels (23). In another study, all patients,
with or without IDA, received iron therapy (4 mg/kg/
day) and the treatment responses in anemic and non-
anemic patients revealed a decreased spell burden and
attack duration in both groups, although neither find-
ing was statistically significant (10). In another study,
frequency of spells at diagnosis and intolerance to oral
iron were significantly associated with poor response
to iron supplementation. No relationship was observed
between response and other factors including age of
onset, age at presentation, severity of spells, anemia,
and serum iron parameters. Of 27 children without
iron deficiency (serum ferritin levels 230 ug/L), 77.7%
responded completely to iron therapy, consistent with
the iron-deficient group (8). In the present study, the
complete remission rate following iron therapy was
significantly higher in patients without IDA than in
anemic patients. In addition, when given iron supple-
mentation, patients with BHS without IDA could show
similar or even better response, as reported in previ-
ous studies (8,10). In contrast to the study of Jain et al.
(20), the present study found a significantly higher rate
of complete remission with iron therapy in patients

with a greater BHS frequency. The complete remission
rate was 39.5% (53 patients). Rates of complete remis-
sion were higher in girls, in patients with a severe spell
frequency, and in patients with normal EEG and high
levels of mean Hb. The number of studies evaluating
factors affecting complete remission is limited.

Various explanations have been offered for the
EEG background rhythm abnormalities seen in BHS.
Anemia is considered the principal cause of decreased
cerebral blood flow. Iron is also known to be involved
in the catecholamine metabolism, and changes occur
in neurotransmission in the central nervous system in
the event of iron deficiency (24). Clinical and laborato-
ry findings have been reported to be potentially associ-
ated with cerebral erythropoietin, nitric oxide, and in-
terleukin-1 levels (24,25). Additionally, animal experi-
ments have shown changes in the cerebral dopamine
metabolism in iron deficiency (26,27). In a study, the
EEGs of children with iron deficiency exhibited slower
activity than those of a control group, which might be
associated with central nervous system dysfunction
(28). We think that the EEG background rhythm ab-
normality in the present study may be due to neuro-
dysfunction resulting from iron deficiency.

Our study has several limitations, the main of
which are the retrospective design and the absence, for
ethical reasons, of a control group. Another limitation
is the lack of data on the third-month hemoglobin and
ferritin levels and follow-up EEGs. However, a par-
ticular strength of the present study is that it is one of
the few studies to evaluate complete and partial remis-
sion with iron therapy in a sufficiently large number
of patients.

BHS are a non-epileptic paroxysmal disorder that
may be confused with epilepsy, one that is frequently
seen in the infantile period and may require EEG, par-
ticularly in the case of prolonged and frequent attacks.
In addition, ECG as an easy and inexpensive technique
may be recommended for differential diagnosis in
cases with cardiac arrhythmias. We recommend that
iron therapy should be tried in all patients diagnosed
with BHS (even without IDA), and that the treatment
should be switched to alternative methods when no re-
sponse has been achieved.

In conclusion, compared to patients with IDA, a
similar or even better response can be achieved in pa-
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tients with BHS without IDA. It should also be empha-
sized that the rate of response to iron therapy may be
higher in female patients and in patients with a high
frequency of attacks. Further prospective studies at the
cellular level are needed to elucidate why patients with
BHS respond well to iron therapy even in the absence

of IDA.
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