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SUMMARY

Introduction: Type 1 human immunodeficiency virus (HIV-1) is a lymphotropic and neu-
rotropic retrovirus. Thus, it causes immunological and neurological alterations particularly
in children. In the neonatal period the maturational changes of the central nervous system
occur rapidly, and their alteration can be reflected in processes such as the sleep-awake
pattern.

Objective: To evaluate sleep organization, EEG and respiratory pattern in newborns to HIV-1
positive mothers.

Methods: 22 infants underwent polysomnography. Delta brushes number in REM and NREM
sleep, duration of interburst interval and interhemispheric synchrony were used to calculate
EEG maturation. Analysis of the sleep architecture was based on polysomnographic sleep
percentage of REM, NREM and transitional sleep to total sleep time.

Results: The difference between electroencephalographically calculated and clinically calcu-
lated conceptional age was less than two weeRs. Percentages of REM and NREM sleep ranged
from 39-64 and 30-58 with a median of 52.5 and 36.5 respectively. Concordance was lower in
newborns who had high transitional sleep percentages, compared to that in newborns who
did not have high such characteristic (p<0.05).

Discussion: Despite intrauterine exposure to HIV-1 and to antiretroviral drugs we did not ob-
serve a significant effect on EEG maturation. The decreased concordance in newborns with
high transitional sleep percentages would suggest an alteration in the maturation process, but
this aspect itself is not sufficient to consider that intrauterine exposure to HIV-1 and antiretro-
virals affect the entire sleep architecture.
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Future studies should clarify whether the decreased
concordance between behavior and NREM sleep is
replicable.
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RESUMEN

Evaluacion polisomnografica de bebés no infecta-
dos nacidos de madres VIH-1 positivas

Introduccion: el virus de la inmunodeficiencia hu-
mana tipo 1 (VIH-1) es un retrovirus linfotrépico y
neurotrépico. Esta caracteristica genera alteraciones
inmunoldgicas y neuroldgicas particularmente en ni-
nos. Durante el periodo neonatal la maduracién del
sistema nervioso central ocurre rdpidamente, y su al-
teraciéon puede perturbar diferentes aspectos del de-
sarrollo tales como el ciclo suefio-vigilia.

Objetivo: evaluar la organizacién del suefio y el
patrén electroencefalografico y respiratorio en re-
cién nacidos VIH-1 negativos hijos de madres VIH-1
positivas.

Métodos: se les hizo polisomnografia a 22 infantes.
Se calculé la maduracién electroencefalografica
usando el nimero de ondas delta en suefio REM y
NREM, la duracién del intervalo interespigas y la sin-
cronia interhemisferica. Se analizé la arquitectura
del suefio con base en el porcentaje de suefio REM,
NREM y suefio transicional con relacion al tiempo
total de suefo.

Resultados: la diferencia entre la edad electroen-
cefalogréafica y la edad concepcional calculada fue
menor de dos semanas. El rango del porcentaje de
sueno REM y NREM fue 39-64 y 30-58 y la media fue
de 52,5 y 36,5, respectivamente. La concordancia
en los recién nacidos con alto porcentaje de sue-
no transicional fue menor comparada con la de los
neonatos con menor porcentaje de suefo transi-
cional (p<0,05).

Discusion: a pesar de la exposicion intrauterina al VIH-
1 y a los antirretrovirales, no se evidenciaron cambios
significativos en la maduracion electroencefalogréfica.
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La disminucién de la concordancia en neonatos con
alto porcentaje de suefio transicional podria sugerir
una alteracién en el proceso de maduracién, pero
este aspecto en particular no es suficiente para con-
siderar que la exposicién intrauterina al VIH-1 y a los
antirretrovirales afecta toda la arquitectura del suefo.

Estudios posteriores deberian aclarar si la disminu-
cién entre la concordancia, el comportamiento y el
porcentaje de sueno NREM es duplicable.
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Electroencefalografia; Exposicion Materna; Embarazo;
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INTRODUCTION

During neurodevelopment the sleep-wake pattern
undergoes important changes. At birth, a newborn
at term sleeps from 16 to 18 hours per day, and an
additional two hours if the baby is premature. In the
neonatal period the sleep-wake cycle has polyphasic
characteristics that alternate regardless of the time of
day; this is called ultradian rhythm. During the neo-
natal period maturational changes of the central ner-
vous system occur rapidly. Changes in the sleep pat-
tern are part of this maturation process; during the
first year of life the sleep pattern acquires the circa-
dian distribution (1).

Type 1 human immunodeficiency virus (HIV-1) is a
[ymphotropic and neurotropic retrovirus. Thus, it
causes immune and neurological alterations particu-
larly in children (2). The main neurological alterations
observed in HIV-1 infected children are progressive
encephalopathy characterized by severe develop-
mental delay and affecting cognitive and motor ac-
quisitions, peripheral neuropathy, myelopathy and
myopathy, among others (2). The clinical manifesta-
tions observed in HIV-1 positive infants with early en-
cephalopathy suggest an alteration in the myelination
process that has been confirmed by magnetic reso-
nance imaging findings (3-5).

In adults and infants neurological manifestations are
correlated with imaging findings such as atrophy,
white matter pallor and basal ganglia mineralization
(6,7). An association between imaging findings and
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high viral loads with poor immunological and clini-
cal status has been described (8). In addition, certain
reports indicate a high frequency of severe cerebral
atrophy in HIV-1 positive children with early onset
of encephalopathies that also show encephalic my-
elination delay (7) and a correlation between expres-
sive language deficit and imaginological findings (9).

Electroencephalogram (EEQG) is a noninvasive pro-
cedure that has been recognized as an important tool
in the management of newborns with seizures and
other signs of neurological diseases as well as in the
diagnosis and prognosis of neurological disorders,
including encephalopathy (10-12). Polysomnography
(PS) enhances the use of EEG particularly in neonates,
increasing the information by the evaluation of sleep
and respiratory patterns.

No previous studies have been carried out in HIV-1
uninfected children born to HIV-1 positive mothers
evaluating the alteration in both sleep and EEG pat-
terns.

The aim of this study was to describe the character-
istics of sleep organization, EEG and respiratory pat-
terns in newborns to HIV-1 positive mothers treated
with antiretrovirals during pregnancy.

SUBJECTS AND METHODS
Type of study and subjects

This is a descriptive study including 22 infants born to
HIV-1 positive mothers who were part of a prospective
cohort for the study of neurodevelopment (13). All
HIV-1 infected women were under antiretroviral treat-
ment during pregnancy and intravenously at delivery.
The neonates received preventive treatment with a
single dose of nevirapine 2 mg/Rg at 48-72 hours of
life plus oral zidovudine 2 mg/Rg four times a day dur-
ing the first six weeRs of life.

Laboratory tests and clinical evaluations

To diagnose HIV-1 infection the babies were tested
by viral load during the first six months of age. The
gestational age (GA), defined as the time elapsed be-
tween the first day of the last normal menstrual pe-
riod and the day of delivery, expressed as completed
weeks, was calculated by Capurro’s A method (14),
and correlated with data obtained during pregnancy

controls including obstetric ultrasonography. Con-
ceptional age (CONA) also known as “chronological
age” or “postnatal age” is the time elapsed after birth
and in this study is expressed in weeks. Calculated
conceptional age (CCONA) also known as “corrected
gestational age” or “adjusted age” was calculated by
subtracting the number of weeRs the baby was born
before the 40th weeR of gestation from the CONA; in
preterm newborns it represents the age of the child
from the expected date of delivery (15). A complete
physical and neurological evaluation was carried-out
by two clinicians in a controlled environment and fol-
low-up was done to finally discard the HIV-1 infection
by viral load at 12 months and by ELISA at 18 months
of age, respectively.

Polysomnography

Newborns were submitted to one polysomnographic
recording between 7 and 41 days of life. The pro-
cedure consisted of a continuous record with a digi-
tal 32-channel instrument with 11 channels for EEG;
the additional channels were for electrooculograms
(EOQG), submental electromyographies (EMG), electro-
cardiograms, monitoring of respiratory flow and tho-
racic movements (16,17). The registry speed was 15
mmy/sec and for the EEG the constant time of 0.3 sec-
onds (sec) was used; sensitivity was 10 microvolts per
millimeter (uV)/mm) and high frequency filter was of
70 Hz (18). Electrodes were placed according to the
international 10-20 system adjusted for newborns
(Fp1-C3, C3-0O1, Fp1-T3, T3-O1, Fp2-C4-O2, Fp2-T4,
T4-O2, C3-Cz and Cz-C4) (17,19,20). The state of the
newborn and all movements during the test were
recorded and video-registered. All registers were
during daytime in supine position and lasted at
[east 58 minutes (min), and the registry was taken
until spontaneous awakening, giving all children
the time to have a complete ultradian sleep cycle
(i.e. complete registry of rapid eye movement
sleep, transitional sleep and non-rapid eye move-
ment sleep).

The electroencephalographic conceptional age
was calculated with the following quantitative
parameters: number of delta brushes, percentage
of inter-hemispheric synchrony, concordance be-
tween behavior and EEG and duration of interburst
intervals (21).

271

IATREIA VoI 26(3) julio-septiembre 2013



The recognition of transition from waking to sleeping
was made in each newborn using polygraphic (EEG,
EOG, EMG and respiratory rhythm) and behavioral
(closed and opened eyes, crying and body move-
ments) characteristics (22).

The different states of sleep were determined as fol-
lows. i) Rapid eye movement sleep (REM): EEG with
continuous mixed activity including theta, delta, al-
pha and beta waves between 40-80 wV of amplitude,
slow and rapid bursts and isolated eye movements
in EOG, low amplitudes superimposed with twitches
and phasic jerky movements in EMG and variable
beat to beat intervals in ECG. ii) Non-rapid eye move-
ment sleep (NREM): EEG continuous 50-150 uV delta
waves or tracé alternant defined as 3-8 sec bursts of
high amplitude slow waves separated by 4-10 sec low
voltage mixed EEG, no eye movements or infrequent
eye movements in EOG, low amplitude signals in
EMG, predominantly regular rates on ECG, and pre-
dominantly regular respiration. iii) Transitional sleep
or undetermined sleep: it was defined as a state that
does not meet the criteria for REM or NREM sleep (23),
the acceptable percentages of REM and NREM sleep
were not established a priori.

For respiratory patterns we placed a nasal transducer, an
abdominal band two centimeters above the umbilicus
and a pulse oxymeter in the second finger of the right
hand. Apnea was divided into central obstructive and
mixed and was measured in each sleep stage. Periodic
breathing was defined as three or more apneas lasting
more than three sec with intervals between breaks of
less than 20 sec (24); it was quantified in relationship with
total sleep time (TST) in each patient.

The total number of delta brushes, frontal and tem-
poral sharp transients, the presence of delta frontal
rhythmic activity, concordance between behavioral
sleep patterns and EEG, degree of interhemispheric
synchrony, and measurement of interburst interval
were determined during one 5 min epoch of REM
and of NREM sleep (the most typical epochs in each
PS were selected). These events were defined as fol-
lows: (a) Delta brushes: described by Lombroso (25) as
a spindle of varying frequencies (8-22 Hz) associated
with a delta wave, were scored in one channel (T3-
O1 or T4-0O92) during each examination in REM and
NREM sleep. (b) Temporal sharp transients: we verified
the presence/absence of isolated sharp waves in the
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temporal region during one five min epoch of REM
and NREM sleep (26,27). (c) Frontal sharp transients:
biphasic negative-positive sharp waves, with maxi-
mum amplitude in the prefrontal regions and often
followed by a slow wave (28,29) were verified during
one five min epoch of REM and NREM sleep. (d) Delta
frontal rhythmic activity (anterior slow dysrhythmia):
bursts of polymorphic or monomorphic delta activ-
ity in the frontal areas that may follow frontal sharp
transients (27). (e) Concordance: as defined by Lom-
broso (25) is the agreement between behavioral and
physiological parameters of REM and NREM sleep. We
scored one point for each 5 behavioral parameters
(eyes closed, presence or absence of phasic activity,
presence or absence of crying, smile and groan, iso-
lated head or body movements and respiration pat-
tern). A score of 5 points indicated concordance of the
behavioral state with the physiological pattern (12). (f)
Interhemispheric synchrony: the degree of synchrony
of interhemispheric activity was measured during 5
consecutive min of NREM sleep (25). The percentage
of synchronic bursts was calculated. (g) Interburst
interval: the maximum interval duration (defined as
having no activity greater than 15 uV in amplitude)
between 2 bursts of activity during 5 consecutive min
of NREM sleep was measured bilateraly.

Statistical analysis

We used frequency distribution and position (median)
measurements for the description; the Student t-test
for the comparison of the electroencephalographi-
cally calculated conceptional age with the real con-
ceptional age; and the Pearson correlation coefficient
for the concordance between behavioral activity and
EEG pattern.

The protocol was approved by the Ethics Committee of
the Faculty of Medicine, University of Antioquia, and the
execution was adjusted according to the international
ethics recommendations. Parents signed an informed
consent to have their babies included in the study.

RESULTS

Subjects, EEG maturation and clinical evaluations

We evaluated 22 newborns, 9 males (41%), and 13 fe-
males (59%). The median of the mother’s age was 26
years (range: 19 to 43 years). Median birth gestational
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age was 38 weeRs (range: 34 to 40 weeRs). The bio-
electric maturation was consistent with concep-
tional age in all patients, median 40 weeRs (range:
36 to 44 weeks). The difference between electroen-
cephalographically calculated and clinically calcu-
lated conceptional age was less than 2 weeRs, with-
out reaching any significant differences -0.84 p<0.05

(table 1). Only one newborn exhibited an altered
physical examination due to cleft lip and palate, but
it was included in all analyses. The median of the
Apgar score at the first min was 9 (range: 8 to 10) and
at five minutes it was 10 (range: 9 to 10). No clinical
or neurological disorders were observed during the
neonatal period.

Table 1. Distribution of percentages for the different sleep stages in relation with conceptional age

ID GA CONA CCONA
1 35 40 40
2 38 40 39
3 34 36 36
4 38 39 39
5 36 37 38
6 38 39 38
7 38 41 42
8 34 36 37
9 39 40 40
10 38 41 41
11 38 39 40
12 37 40 41
13 38 41 42
14 38 39 39
15 38 40 38
16 38 40 40
17 38 41 43
18 38 41 41
19 38 41 39
20 38 42 40
21 37 44 44
22 38 43 44

TST REMP  NREMP TRANSP
60 53 30 17
67 49 34 7
73 50 37 13
84 45 44 11
110 56 34 10
120 49 38 13
113 39 58 3
94 49 43 8
110 56 30 14
101 54 34 12
88 64 32 4
93 59 30 11
84 51 35 14
81 53 37 8
85 50 45 5
103 54 36 10
82 50 36 14
104 50 37 13
63 61 30 9
90 53 40 7
104 58 42 0
58 52 44 6

ID, patient identifier; GA, gestational age; CONA, conceptional age; CCONA, calculated conceptional age; TST, total
sleep time; REMP, rapid eye movement sleep percentage; NREMP, non-rapid eye movement sleep percentage;

TRANSP, transitional sleep percentage

Polysomnography

The sleep cycle lasted between 58 and 120 min of con-
tinuous sleep (median 89 min, SD: 17.7). The median

percentage of REM sleep was 52.5% (range: 39 to 64%),
of NREM sleep was 36.5% (range: 30% to 58%) and of
transitional sleep was 10% (range: 0% to 17%); the de-
tailed data are presented in table 1.
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The score of concordance between REM sleep and
behavior was 100% for all babies. In NREM sleep
it varied from 60% to 100% (median: 81.82, SD:
17.3). Concordance was lower in newborns who

had high transitional sleep percentages, com-
pared to concordance in those who did not have
such characteristic (correlation -0.59, p<0.05)
(table 2).

Table 2. Respiratory characteristics, transitional NREM sleep and concordance comparison

ID GA PBP
1 35 2
2 38 3
3 34 2.8
4 38 3
5 36 2
6 38 25
7 38 35
8 34 34
9 39 2
10 38 1.8
1 38 2
12 37 25
13 38 3.2
14 38 25
15 38 3.2
16 38 33
17 38 2
18 38 1.8
19 38 26
20 38 3
21 37 1
22 38 15

Al TRANSP ~ NREMCON
9.0 17 60
2.7 7 80
4.1 13 60
5.7 11 80
6.0 10 80
7.0 13 60
3.7 3 100
3.2 8 100
1.1 14 60
24 12 60
6.8 4 100
3.2 11 80
5.0 14 60
59 8 100
7.8 5 100
29 10 80
6.6 14 60
4.6 13 100
8.6 9 100
33 7 100
1.7 0 100
3.1 6 80

ID: patient identifier; GA: gestational age; PBP: periodic breathing percentage; Al: apnea
index; TRANSP: transitional sleep percentage, NREMCON: non-rapid eye movement sleep

concordance between EEG pattern and behavior

The periodic breathing percentage was less than 5%;
the median duration of central apneas was 8 and 7
sec in REM and NREM sleep respectively. None of the
newborns exhibited apneas up to 10 sec of duration
and no evidence of obstructive or mixed apneas was
recorded; oxygen saturation was between 90% and
100%.
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DISCUSSION

The main limitation of the present study is the lack of
HIV-1 infected neonates and of healthy newborns to
compare with the group of HIV-1-exposed non-infect-
ed babies studied here. Therefore, the present findings
were compared with those described in the literature
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on the sleeping and electroencephalographic ontog-
eny of healthy children or children with conditions
different from HIV-1 exposure, considering that there
are no previous reports on a similar cohort.

The polysomnographic recording is a useful tool to
evaluate sleep ontogeny in neonates and also the im-
pact of clinical and neurological disorders on the de-
veloping brain (30).

The aim of this study was to describe the possible
impact of intrauterine HIV-1 or antiretroviral
exposure on sleep organization, EEG maturation and
respiratory patterns. However, analysis of these three
elements suggests that these intrauterine exposures
do not significantly affect the bioelectrical maturation
process in children that have not become infected
themselves.

Sleep-wake cycle maturation precedes the myelina-
tion of the majority of the prosencephalus, suggesting
that myelination does not have high relevance in this
process. The sleep-wake cycle for the term neonate
has a mean duration of 50 min (range 30 to 70 min).
This duration tends to increase with conceptional age
(31-34). In this study the median sleep-wake cycle was
89 min (range 58 to 120 min). It is important to specify
that the technician did not awake the babies after the
first cycle; she allowed them to wake-up spontane-
ously.

In the term neonates, the majority of apneas are cen-
tral (35). Several studies have shown that obstructive
or mixed apneas are rare in healthy neonates (36). In
this study all apneas were central and none of them
lasted more than 10 sec or were accompanied by a
drop in oxygen saturation or bradycardia. In addition,
the proportion of periodic respiration was less than
5% of the total sleep time in all neonates, indicating
a mature respiratory pattern. Again, these results sug-
gest that intrauterine HIV-1 or antiretroviral exposure
do not affect the respiratory pattern.

REM sleep predominates during the neonatal period;
it constitutes around 60% to 65% in the term neonates
and starts decreasing with time until it reaches adult
levels of around 25% in the complete cycle (37).

The NREM sleep percentage increase from birth to
the end of the first month of life, reaching at this time
around 50%-55% of each cycle (37,38). In this study the

percentages of REM and NREM sleep were in line with
the values previously described in the literature.

Transitional sleep is an intermediate period between
the REM and NREM phases and exhibits characteris-
tics of both. The normal amount of transitional sleep
has not been clearly determined. In one study this
percentage, in relation with the conceptional age,
ranged between 31.4% in neonates below 34 weeks to
7.2% at 40 weeRs (39). Nunes et al. reported percent-
ages between 19% and 11% in full-term infants (40,41).
There are no studies indicating if there is a correlation
between abnormalities in the transitional sleep and
neurological pathologies. The percentages found in
our study range up to 10%.

Lombroso and collaborators found that concordance
between behavioral and both REM and NREM sleep
was 100% at 38 weeks of conceptional age in contrast
with the findings in the present cohort in which we
found a subgroup with lower proportion in NREM
sleep mainly the ones with higher transitional sleep
percentages. Concordance is considered as part of
the cerebral maturation parameters. These findings
might suggest that those newborns have a behavioral
pattern less immature than the expected one for the
conceptional age (25).

In summary, sleep architecture and electroencephalo-
graphic and respiratory patterns were normal in all
babies born to HIV-1 positive mothers and exposed
perinatally to antiretroviral therapy.

The cortical maturation process is a complex and pro-
longed event that begins at the end of the first gesta-
tional trimester and continues after the baby is born.
It seems to be intimately related to variations of the
neonatal electroencephalographic patterns.

The decrease of behavioral concordance in NREM
sleep in these newborns with high transitional sleep
percentage might suggest an alteration in the matu-
ration process but this aspect alone is not sufficient
to consider that HIV-1 and antiretrovirals intrauterine
exposure affect the entire sleep architecture.

The results of this descriptive study support the need
for a better understanding of the sleep maturation
process and the possible effects of environmental
and pharmacological variables. Future studies in-
cluding a group of healthy newborns may clarify the

275

IATREIA VoI 26(3) julio-septiembre 2013



differences in sleep and respiratory patterns between
the two groups.
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