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Hyperventilation and seizures 
in an adolescent female
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Case Report

H.A., female, of Moroccan origin, aged 16,
was admitted to the Child Neuropsychiatry Unit of
our hospital because she was affected by recurrent
episodes of dyspnea and stridor, associated to
cyanosis, loss of contact with stiffening of all four
limbs, clenching of the jaw and eye retroversion
which lasted for a few seconds to one minute, fol-
lowed by slow recovery of consciousness without
any loss of sphincter control.

The mother of the patient referred that these
symptoms began at the age of 11, worsened over
time, resulted associated with ideomotor response
slowdown, and led to the gradual withdrawal and
loss of autonomy.

Upon admission to our hospital, the patient’s
neurological, cardiopulmonary examinations,
standard blood tests, chest X-ray and pulmonary
functions were normal although she had a body
mass index (BMI) of 14.6 and a significant reduc-
tion in muscle mass.

Subsequently, the patient was referred to the
Cardiovascular Unit to exclude heart disease. An
echocardiogram was normal while a 24hour ECG-
Holter (2 recordings) showed values of QT (cor-
rected according to the Bazet’s formula) consis-
tently high, up 510 msec, which were confirmed
by a 12-lead surface ECG. In order to relate the
clinical findings and the alterations of QTc, Rett
syndrome was suspected. However, search for the
MECP2 Rett Syndrome related gene and for the
long QT syndrome gene resulted negative.

The patient did not perform a cardiopulmonary ex-
ercise test as she was unable to carry out a minimum
exercise load, due to the lack of physical strength.

During wakefulness Electroencephalography
(EEG) recordings, a widespread slowdown in
cerebral electric activity was observed, with an on-
set of crisis arising from the right temporal lobe at
the end of apnea. A brain Magnetic Resonance
Imaging (MRI) and Computed Tomography (CT)
at rest were normal and Ear, Nose and Throat
(ENT) evaluation showed normal findings.
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A 16 year-old girl was admitted after suffering from
recurrent episodes of dyspnea and stridor, cyanosis, loss
of contact, stiffening of all four limbs, clenching of the
jaw and eye retroversion that lasted for a few seconds to
a minute, followed by slow recovery of consciousness
without any loss of sphincter control. These symptoms
began at the age of 11 and worsened over time. Pro-
longed rate corrected QT intervals was observed with an
ECG. Two cardio-respiratory monitorings were per-
formed (one during daytime hours while the patient was
awake, and one at night time while the patient slept). Day-
time recordings showed 17 central apnoeas and 97 central
hypopneas, with an apnea-hypopnea index (AHI) of 13.2
events/hour, that were associated with severe oxyhemoglo-
bin desaturation. In contrast, night time recordings were

normal (AHI=1.1 events/hour). The patient underwent 
diurnal monitoring of transcutaneous pCO2(PtcCO2),
transcutaneous O2(PtcO2), SpO2 and end tidal CO2
(PETCO2), with simultaneous monitoring of regional
cerebral oxymetry (rSO2) which showed values of PtcCO2
between 8 and 15 mmHg, suggesting several episodes of
marked hyperventilation. Twenty-nine episodes of severe
arterial desaturation (SpO2<50%) were registered, all
after the same number of apnea events, with ascent of 
PtcO2 up to 28 mmHg at the end of apnea. During the fi-
nal phase of apnea, the patient showed cyanosis, contact
disturbance, grimaces, oral movements of rhyme, and,
on three occasions, partial seizures. A mask was pack-
aged and applied daytime to the face of the patient dur-
ing episodes of hyperventilation to prevent, together with
a psychiatric follow up, rapid falls of PaCO2 levels deter-
mining central apnoeas.
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Sodium valproate, carbamazepine, diazepam,
amitriptyline, lorazepam, theophylline were intro-
duced, at different doses and in different associa-
tions with no clinical benefits. The patient was fol-
lowed-up for six months and the clinical picture
progressively worsened with increased numbers of
the above mentioned episodes along with progres-
sive physical deterioration.

After the second admission, some tests were
repeated (Holter ECG, EEG), confirming the pre-
vious findings.

The cognitive level was normal for her age
(the patient has learned the Italian language in 3-5
months). During wakefulness, some episodes of
hyperventilation followed by central apnoeas were
observed by the clinicians. Two cardio-respiratory
monitorings were performed: one during daytime
hours while the patient was awake, and one during
the night while the patient slept, registering nasal
flow (pressure transducer and thermistor) and oral
(thermistor), thoracic-abdominal movements
(piezo bands), oxyhemoglobin saturation (SpO2),
heart rate, ECG, snoring and body position (poly-
graph Siesta 802, Compumedics Ltd, Abotsford,
Australia). During diurnal recordings, the patient,
while awake, had 17 central apnoeas and 97 cen-
tral hypopneas, with an apnea-hypopnea index
(AHI) of 13.2 event/hour. Mean oxyhemoglobin
saturation was 87% with periods < 90% of 2 hours
and 38 minutes, < 85% of 2 hours and 18 minutes,
and < 80% of 2 hours and 3 minutes. During night
recordings these findings were not present with
AHI of 1.1 event/hour.

The patient underwent diurnal monitoring (6
hours and 15 minutes) of transcutaneous pCO2
(PtcCO2), transcutaneous pO2 (PtcO2), SpO2, and
end tidal CO2 (PETCO2) and simultaneous moni-

toring of regional cerebral oxymetry (rSO2) with a
near infrared spectroscopic method (Near Infrared
Spectroscopy, NIRS) during the last 2 to 6 hours.
During monitoring, the patient had almost con-
stant hyperventilation with values of PtcCO2 be-
tween 8 and 15 mmHg (figure 1), confirmed by
arterial blood gas analysis (ABG), and severe res-
piratory alkalosis (pH 7.64-7.69). The values of
PETCO2 showed a similar trend. Normal values of
SpO2 or high values of PtcO2 were recorded dur-
ing hyperventilation. Twenty-nine episodes of se-
vere arterial desaturation (SpO2 <50%) were
recorded, all after the same number of apnea
episodes lasting about 60-120 seconds, with an as-
cent of PtcCO2 up to 28 mmHg at the end of ap-
nea. In the final phase of apnea, the patient always
showed signs of cyanosis, contact disturbance,
grimaces, oral movements of rhyme, and, on three
occasions, partial seizures. At the end of the
longest recorded periods of apnea, ventilation re-
sumed with a groan as inspiratory stridor. During
116 minutes of monitoring, 13 episodes of rSO2
fall were observed, with a decrease of more than
20% from the baseline, and in 7 out of 13 cases
more than 25% from the baseline. Hyperventila-
tion was characterized by high values of tidal vol-
umes and relatively low frequency.

A mask was packaged and applied to the face
of the patient during hyperventilation to prevent
marked falls of PaCO2 levels in order to avoid
functional central apnea. The patient accepted its
application by female medical staff only, and, after
some practice, she was well and conducts an ac-
ceptable social life thanks to a psychiatric follow
up. The clinical pattern may be included in the
“hysterical spectrum” of DSM-IV, possibly due to
histrionic traits, eating and somatoform disorders.

Fig. 1. - Seven hour recording of awake transcutaneous CO2 (PtcCO2) and transcutaneous O2 (PtcO2) (X axis: time, Y axis: mmHg).
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Discussion

We describe the case of a teenager who had re-
peated episodes of hyperventilation due to psychi-
atric disorders leading to extremely low levels of
PaCO2 capable of inducing central apnoeas during
wakefulness.

The ensuing severe hypoxemia was believed
to be responsible for subsequent occurrence of
seizures through a reflex cerebral anoxia mecha-
nism. It is very rare to reach the inspiratory
threshold of PaCO2 while awake with conse-
quent functional central apnea. This requires a
highly performing gas exchange apparatus capa-
ble of rapidly eliminating large amounts of CO2,
associated with low functional residual capacity
(poor dumping effect) and chronically low bone
deposits of CO2 as was likely the case with this
girl.

We report such events in a young woman, ad-
mitted with severe neurologic disturbances, suffer-
ing from psychiatric disorder.

Pseudoresistance, in which seizures persist be-
cause epilepsy has not been correctly diagnosed or
appropriately treated, must be excluded before
drug treatment can be judged as ineffective. This
phenomenon may arise in a number of situations,
in which misdiagnosis of epilepsy is probably the
most common (for instance: vasovagal syncope,
cardiac arrhythmias, metabolic disturbances, tran-
sient ischemic attacks and migraine); psychogenic,
nonepileptic seizures, are estimated to account for
more than 25% of all adult cases of apparently
drug-resistant epilepsy [7]. A complete diagnosis
of epilepsy requires differentiation of seizures
from other causes of altered consciousness behav-
iour, differentiation of spontaneous unprovoked
seizures (epilepsy) from provoked seizures (e.g.
reflex anoxia) [8].

We excluded Rett syndrome, a severe neurode-
velopment disorder in which children show a
marked neurological decline with a highly variable
course which can include an early period of devel-
opmental regression followed by phases of symp-
toms stabilization as well as late deterioration. Ini-
tial manifestations of the disease may include loss
of acquired speech, head growth deceleration and
autistic features such as emotional withdrawal and
diminished eye contact. Subsequently, such pa-
tients develop motor stereotypes, epileptiform
seizures, exaggerated responses to stress and auto-
nomic dysfunction. Of particular relevance is that
the majority of Rett syndrome patients also devel-
op severe breathing abnormalities. Prolonged, rate
corrected QT intervals (QTc) have also been iden-
tified in patients with Rett syndrome [9].

In the patients studied, the long QT may be af-
fected by the ion displacement secondary to hy-
perventilation and alkalosis; however, we have in-

formation to suggest that QT did not change after
two months from treatment institution. In addition,
stridor and groaning do not suggest a collapse of
upper airways, but a vocal cord closure. This phe-
nomenon has been reproduced in normal subjects
with experimental hypocapnia [10] and is probably
the case in this girl also. Conversely, considering
the pseudo-tetanic stiffening of all muscles,
laringeal muscles could instead be primarily af-
fected and not be the result of a sort of protective
reflex trying to treasure the small reserves of alve-
olar CO2.

Respiratory symptoms, more or less complex,
may be an epiphenomenon of respiratory, cardio-
vascular, but sometimes also of psychiatric or neu-
rological diseases. Distinguishing among these
diseases is not always easy and can lead to several
useless diagnostic tests.

Economic conditions, the certainty that the na-
ture of the disorder was functional, the impossibil-
ity of taking full charge of the patient has led to
package a special face mask that, when applied to
the patient during hyperventilation episodes, was
effective in preventing related acute symptoms.
This solution improved the physical condition of
the patient, her familiar and social relationships,
and allowed her to discontinue taking anti-epilep-
tic drugs.
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