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Background: Pulmonary complications were reported in epileptic subjects, and many case reports documents lung injury caused by
antiepileptic drugs in adults, but no similar studies were done in children.

Objective: was to assess frequency of subtle pulmonary dysfunction in apparently chest free children with idiopathic epilepsy.

Subjects and methods: A case control study was done on 50 children with idiopathic epilepsy (10.04+3.641 yrs old) selected from
Pediatric Neurology Clinic, Ain Shams University. Spirometry test of forced vital capacity and impulse oscillometry maneuvers were
done for patients and compared to 25 healthy matched children.

Results: In the studied patients; 16% had evidence of pulmonary dysfunctions. Mean levels of airway resistance (R5% and R20% ) were
higher in epileptics than healthy (109.1+29.45 & 107.38+26.54 Vs 81.87+16.13 & 87.14+19.42) (p<0.001). FEV1 was significantly
lower in uncontrolled epileptics than controlled (85.27+12.70 vs. 97.28+7.08) (p <0.05). Antiepileptic polytherapy reduced FVC than
monotherapy (81.86+12.63 wvs. 93.82+8.87) (p <0.05). Carbamazepine significantly reduced FEV1/FVC than sodium valproate
(95.43+8.89 ws. 111.57+4.64) (p <0.01). FEV1 negatively correlated with duration of disease, frequency of seizures and duration of
therapy (p= 0.007, 0.01, 0.02). FVC negatively correlated with frequency of seizures (p= 0.03).

Conclusion: There is evidence of subtle pulmonary dysfunction in one fifth of apparently chest free epileptic children.

Abbreviations: PFTs: Pulmonary Function Tests, FVC: Forced Vital Capacity, FEV1: Forced Expiratory Volume in 1st second, R5:
Resistance at 5 Hz, R20: Resistance at 20 Hz, X5: Reactance at 5 Hz, AEDs: Anti-Epileptic Drugs

Keywords: antiepileptic drugs, epilepsy, pulmonary dysfunction, pulmonary function tests.

INTRODUCTION

The association between pulmonary disorders and
epilepsy is bidirectional; Seizures can cause respiratory
abnormalities, and primary respiratory dysfunction can
cause seizures (- Also, many antiepileptic drugs were
incriminated in inducing pneumonitis and disturbed PFs.
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In addition, there are many reasons why pulmonary
functions of individuals may be related to their brain
function. In other words; lower pulmonary functions are
often associated with diseases that may also affect the
brain.@ Antiepileptic drugs were implicated in pulmonary
injury; it's worth noting that phenytoin is recognized as
causing a combination of pulmonary abnormalities and
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lymphadenopathy. Okamoto et al.,® reported resistant
pneumonia not responding to antibiotics in epileptic
women on regular phenytoin. The radiologic studies
revealed bilateral ground glass suggestive of acute
interstitial pneumonitis. The drug lymphocyte stimulation
test (DLST) for phenytoin showed positive results. Lung
biopsy specimen by VATS revealed predominant
lymphocytic infiltration of lung parenchyma, compatible
with drug-induced pneumonitis. Newsome et al,®
presented a case of a 9 years old female who developed
respiratory failure with poor medical response and after
reviewing her medical history and medications;
levetiracitam was implicated in the pathogenesis of her
diffuse lung disease, suggesting that long term use of
levetiracitam could precipitate a diffuse interstitial
pneumonitis-like reaction. Furthermore, Nikaido et al.,®
presented a six month-old female infant who developed
dyspnea when she was treated with Valproate sodium
(VPA) and zonisamide (ZNS) for epileptic spasms, and
concluded that drug-induced interstitial lung disease
should be remembered as a possible complication of
anticonvulsant treatment, such as VPA and ZNS. So we
aimed to assess frequency of subtle pulmonary dysfunction
in children with idiopathic epilepsy

SUBJECTS AND METHODS

Study design: A case control study was done on Egyptian
children with idiopathic epilepsy who attended Pediatric
Neurology Clinic of Ain Shams University Hospital
between September 2008 and June 2009. Informed consents
of agreement were taken from all participants' parents and
the study was approved by Ethics Committees of the Ain
Shams University Hospitals.

Subject: Fifty children with idiopathic epilepsy (19 males
and 31 females) were enrolled in the study. Their ages
ranged from 3 to 17 years (10.04+3.641yr). Patients were
diagnosed as idiopathic epilepsy according to Commission
on Classification and Terminology of the International
League against Epilepsy, 1989.6) The mean age of disease
onset was 4.86+ 3.9 years with a mean duration of illness
5.2+3.7 years and antiepileptic intake for 4.28+3.21 years.
Thirty two patients had generalized epilepsy, 18 had
partial epilepsy, 22 patients were well controlled with
antiepileptic drugs, 28 were uncontrolled, 17 patients were
on polytherapy antiepileptic drugs, 17 patients were
receiving sodium valproate (VPA) and 16 were receiving
carbamazepine (CBZ). Exclusion criteria: Patients with
symptomatic epilepsy and patients with chronic chest
disease were excluded from the study. The control group
comprised 25 age and sex matched apparently healthy
children, they were 14 males and 11 females and their age
ranged from 4 to 16 years (8.36+3.90).
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Methods:

All children were evaluated for pulmonary spirometry
(FEV1, FVC, PEF % of the predicted for age and sex) and
impulse oscillometry (IOS) techniques (R5, R20, and X5 %
of the predicted for age and sex) using VIASYS Healthcare
Gmbh, libniz strasse-7.

Oscillation techniques determine breathing mechanics by
superimposing small external pressure signals on the
spontaneous breathing of the subject without forced
respiratory maneuvers. The impulse power spectra of
pressure and flow generated by the IOS provide practical
assessment of low (5 HZ) as well as high (20 HZ)
frequency range.”) Ninety seconds of spontaneous
breathing (tidal breathing) were recorded, graphed,
illustrated and automatically analyzed by the system. Test
was considered valid only if coherence at 5 Hz (Cob5) was >
0.7 and coherence at 20Hz (Co20) was 0.9. Respiratory
resistance is referred to as R; R5 is term used to express
airway resistance at 5 Hz, R20 is term used to express
airway resistance at 20 Hz, R is considered abnormal
(increased airway resistance) if exceeded 150% of the
expected for age and sex.® Lung reactance is expressed as
X; X at 5Hz characterizes lung periphery which can be
reduced (more negative) in restrictive lung diseases ©).
Abnormal respiratory reactance (reduced lung compliance)
is diagnosed if subject’s X5- predicted X5 is > 0.15.
Spirometry was done using same apparatus. Patient was
asked to do the forced breathing maneuver. Three trials
was done, the best values were selected to be recorded and
graphed. Trials were considered valid only if they met the
ATS 2005 criteria.(9 All tests were done in the morning
before meal and patient was calmed and put in proper
erect standing position after explaining the technique.

Statistics: Standard computer program SPSS for Windows,
release 13.0 (SPSS Inc., USA) was used for data entry and
analysis. All numeric variables were expressed as mean
standard deviation (SD). Comparison of different variables
in various groups was done using student t test and Mann
Whitney test for normal and nonparametric variables
respectively. Probability (p) less than 0.05 was considered
significant.

RESULTS

In the studied patients; 16% had abnormalities in PFs; 6
had obstructive pattern of pulmonary disease, one had
restrictive pattern and one had mixed pattern. Mean values
of R5% and R20% were significantly higher in patients
compared to control children (p< 0.000, 0.001 respectively)
(table 1 & fig 1). Mean values of PFs parameters were
similar in patients with generalized epilepsy and those
with partial epilepsy. FEV1% was significantly reduced in
patients with uncontrolled epilepsy compared to patients
with controlled epilepsy (p<0.05) (table 2 & fig 2).
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FVC% was significantly reduced in patients on AEDs FEV1 was negatively correlated with duration of disease,

polytherapy compared to patients on AED monotherapy frequency of seizures and duration of therapy (p= 0.007,
(p<0.05) (table 3 & fig 3). FEV1/FVC was significantly 0.01, 0.02). FVC was negatively correlated with frequency
reduced in patients on CBZ than in patients on VPA (p< of seizures (p= 0.03) (table 5).

0.001) (table 4 & fig 4).

Table 1. Mean Values Pulmonary Function Tests Among Children with Epilepsy Vs Controls.

Cases Control
vz P Sig.
Mean +*SD Mean SD

R5 % 109.18 129.45 81.87 +16.13 431 0.000 HS
R20 % 107.38 126.54 87.14 +19.42 3.38 0.001 S
AX -0.15 +0.15 -0.10 10.06 -0.83 -0.405 NS
FEV1 % 91.63 +11.57 90.36 16.97 0.23 0.81 NS
FVC % 90.30 +11.20 82.92 18.16 1.36 0.18 NS
FEV1/FVC 102.02 +9.87 109.46 15.19 -1.60 0.12 NS
PEF % 73.59 +17.39 85.58 +14.20 -1.40 0.17 NS

¥ cases

¥ controls

PEF% FEVI/FVC FVC% FEV1% R20% R5%

Fig 1. Mean Values of Pulmonary Function Tests Among Children with Epilepsy Vs Controls
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Table 2. Mean Values of Pulmonary Function Tests in Controlled Vs Uncontrolled Children with Epilepsy.

Controlled epilepsy Uncontrolled epilepsy
t/z P Sig.
Mean SD Mean SD

R5 % 111.38 +33.42 107.45 +26.43 -0.46 0.64 NS
R20 % 106.79 +31.83 107.85 +22.13 0.13 0.89 NS
AX -0.14 +0.19 -0.16 +0.11 -1.69 0.91 NS
FEV1 % 97.28 +7.08 85.27 +12.70 -2.44 0.027 S
FVC % 93.22 +6.90 87.02 +14.47 -1.14 0.26 NS
FEV1/FVC  104.80 +8.37 98.88 +11.03 -1.25 0.22 NS
PEF % 77.26 +14.63 69.46 +20.24 -0.91 0.37 NS

FEV1% was significantly reduced in patients with uncontrolled epilepsy compared to patients with controlled epilepsy.

¥ Controlled epilepsy

¥ Uncontrolled epilepsy

Fig 2. Mean Values of Pulmonary Function Tests in Controlled Vs Uncontrolled Children with Epilepsy
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Table 3. Mean Pulmonary Function Tests in Children with Epilepsy on Monotherapy Vs Polytherapy AED.

Monotherapy Polytherapy
vz p Sig.
Mean SD Mean SD

R5 % 108.72 +30.72 110.06 +27.69 -0.15 0.88 NS
R20 105.31 +26.50 111.41 +26.96 -0.76 0.44 NS
AX -0.15 +0.17 -0.15 +0.12 -0.49 0.623 NS
FEV1 % 94.18 +11.76 85.52 +9.40 1.45 0.16 NS
FVC % 93.82 +8.87 81.86 +12.63 2.24 0.04 S
FEV1/FVC 100.81 +10.92 104.90 +6.87 -0.76 0.45 NS
PEF % 75.23 +14.95 69.66 +23.81 0.59 0.56 NS

FVC % is significantly reduced in patients on AEDs polytherapy compared to patients on AED monotherapy

* Monotherapy

¥ Polytherapy

Fig 3. Mean Pulmonary Function Tests in Children with Epilepsy on Monotherapy Vs Polytherapy Antiepileptic Drugs
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Table 4. Mean Values of Pulmonary Function Tests in Children with Epilepsy on Carbamazepine Vs Valproate AED.

Valproate Carbamazepine
Tests T P Sig.
Mean +SD Mean iSD

R5 % 99.71 +28.97 118.30 +30.47 -1.79 0.08 NS
R20 % 98.55 +29.38 112.50 +21.69 -1.54 0.13 NS
AX -0.18 +0.19 -0.12 +0.13 -0.77 0.43 NS
FEV1 % 97.35 +4.52 92.60 +14.15 0.64 0.53 NS
FVC % 88.42 +6.93 96.52 +8.83 -1.59 0.14 NS
FEV1/FVC 111.57 +4.64 95.43 +8.89 3.35 0.007 S

PEF % 85.40 £10.39 70.15 £14.71 1.83 0.096 NS

FEV1/FVC was significantly reduced in patients on carbamazepine compared to patients on valproate

* Valproate

¥ Carbamazepine

FEVI/FVC  FVC% FEV1% R20% R5%

Fig 4. Mean Values of Pulmonary Function Tests in Children with Epilepsy on Carbamazepine Vs Valproate AED
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Table 5. Correlation Between Pulmonary Functions and Different Studied Parameters

R5 % R20 % AX FEV1 % FVC % FEV1/FVC PEF %
R 0.10 0.040 0.23 0.316 0.791 -0.474 0.000
Age years
P 0.627 0.851 0.252 0.604 0.11 0.420 1.000
. R 0.29 0.071 0.159 0.472 0.252 -0.030 0.173
Onset of disease
in years P 0.842 0.623 0.27 0.056 0.329 0.910 0.507
. R 0.143 0.16350 0.165 -0.62 -0.35 0.14 -0.27
Duration of
disease in years P 032 0.258 0.253 0.007* 0.15 0.58 0.28
R -0.145 -0.054 -0.22 -0.606 -0.52 021 -0.12
Frequency/week
P 0.31 0.709 0.11 0.010* 0.031* 0.419 0.63
. R 0.13 0.179 0.134 -0.558 -0.27 -0.19 -0.18
Duration of
therapy in years P 0.33 0.214 0.355 0.020* 0.291 0.44 0.48
R 0.17 -0.15 -0.15 0.39 0.29 0.55 0.17
Score of severity
P 0.21 0.27 0.278 0.119 0.24 0.83 0.51

This table shows; there is statistical significant negative correlation between FEV1 and duration of disease, frequency of seizures and
duration of therapy. Also there is statistical significant negative correlation between FVC and frequency of seizure.

DISCUSSION

In our study; there was a significant subclinical pulmonary
dysfunction in cases with idiopathic epilepsy when
compared to healthy controls. This was manifested as
significant changes in different parameters of pulmonary
functions of epileptic patients (16% of patients had reduced
lung functions). In our study; R5% and R20% were
elevated in epileptics than non-epileptics. Such findings
indicate increased central and peripheral airway resistance
(obstructive air way disease). This suggests that epilepsy
by some mechanism whether central or peripheral has an
association with pulmonary tissues, mechanics, volumes
and flow rates. Also, abnormal brain anatomy or electricity
may have relation to anatomy or function of lung
parenchyma and airways. In agreement with our study is
Scorza et al., M who found comparable influences of
epilepsy on basal respiratory parameters in patients with
temporal lobe epilepsy (TLE). Sachdev et al.,® designed a
study to determine the relationship of lung function to
brain anatomical parameters using a random sub-sample
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of 469 persons from a larger community sample
underwent brain magnetic resonance imaging scans and
pulmonary function tests (FVC, FEV1) and found out that
FEV1 had a significant negative correlation with overall
brain atrophy. The FEV1/FVC ratio had a significant
correlation with white matter hyperintensity concluding
that, decreased lung function is related to poorer cognitive
function and increased subcortical atrophy in mid-adult
life and that the presence of chronic respiratory disease
may be related to deep white matter hyperintensity. )

In our study also, uncontrolled epileptics with increased
frequency of seizures showed a significant decrease in
FEV1 when compared with controlled epileptics. Such
finding may raise the question if seizures have a direct
mechanical and traumatic effect on airways. The vigorous
muscular spasm associated with fits may be accompanied
with recurrent severe attacks of bronchiolar spasms or
inflammatory changes, which may by time turn into
permanent changes. Also, micro aspirations associated
with seizures may play a role in airway inflammation. This
was similar to Scorza et al., 1) who attributed the absence
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of any respiratory affection in his cases for being controlled
and stated that increase seizure frequency is a risk factor
for respiratory affection.

Drug induced lung disease has been the subject of several
recent reviews and classification 2411). In our study,
polytherapy had significantly more grave effect on
spirometric values than monotherapy. This seems logic
when we imagine that these drugs had additive or
synergistic action on lung tissues. Carbamazepine also
appeared to be more injurious on lung parenchyma than
valproate as evidenced by the significant derangement of
FEV1/ FVC. A number of reports have high lightened
pulmonary hypersensitivity to CBZ, the drug is being used
more frequently for therapy of grand mal and
psychomotor seizures. There have been around 10 cases of
pulmonary complications previously reported in
association with CBZ (1z-19).

The mechanism of lung injury by long-term use of CBZ has
been suspected to be an immune-mediated
hypersensitivity 2021). The diagnosis of hypersensitivity to
CBZ can be established either by in vivo re-exposure to the
drug or by in vitro lymphocyte stimulation tests. In
addition, it has been reported that significant lymphocyte
stimulation in vitro by CBZ could be demonstrated in all
patients on CBZ. @ Such hypersensitivity may involve
type 3 immune complex and type 4 delayed
hypersensitivity reaction. Pulmonary toxicity though a rare
complication but has been reported previously, it occurs

mostly 1-3 months after introduction of the drug
(12,13,15,18,23,24,25).

Archibald et al.,20 described CBZ induced interstitial
pneumonitis following one month therapy in 19 years old
female with a lung transplant. Bronchoscopy and lung
biopsy done for this patient confirmed diagnosis of
pneumonitis and discouraged diagnosis of acute transplant
rejection. In addition, her symptoms were improved after
withdrawal of CBZ.

In our study; FEV1 was negatively correlated with
duration of disease, frequency of seizures and duration of
therapy. Also FVC was negatively correlated with
frequency of seizures. That is to say both epileptic process
and antiepileptic medications have an impact on
pulmonary functions. However, regression analysis
revealed no single independent risk factor for lung injury
in epileptic patients.

CONCLUSION

From our study, we can conclude that epileptic children
especially those on AEDs polytherapy containing CBZ-
may have reduced PFs even during the inter-ictal period.
Therefore, we recommend doing initial and regular
periodic pulmonary functions to every epileptic child.
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