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Case Report
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Abstract

Despite the infectiveness of conventional anti-epileptic drugs (AEDs) in refractory focal epilepsy, surgery along with medications,
as the only treatment, was not successful in 30% of the cases. Recently, cysto- and histo-physiological investigations revealed the
role of gamma-aminobutyric acid (GABA)-ergic system in etiopathology of temporal lobe epilepsy (TLE). Studies reported that the
inhibitory action of GABA neurotransmitter due to elevated intracellular Cl-concentration through abnormal expression of Na-K-Cl
cotransporter (NKCC)-1 became excessive in recurrent seizures. These primary results were confirmed in the brain tissue obtained
from patients with TLE. Based on the evidence, the current study suggested the administration of bumetanide, an NKCC1 inhibitor, as
a potential candidate for the treatment of intractable TLE. The previous study by authors showed a significant reduction in seizural
activity of 2 out of 3 patients with TLE following the administration of bumetanide. However, result of the current study showed the
control of seizure in the 3rd case of previous study by the administration of bumetanide as an adjuvant to AEDs. Moreover, his AEDs
dosage after discontinuation of Bumetanide tapered without any relapse.
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1. Introduction

Temporal lobe epilepsy (TLE) is one of the most preva-
lent forms of focal epilepsy, which is refractory to phar-
macological treatment in 70% of the cases (1). Surgery is
suggested for nonresponsive cases to reduce recurrence of
seizures (2).Surgery in patients with refractory TLE by anti-
epileptic drugs (AEDs) is invasive, expensive, and carries
a surgical risk; however, one-third of the patients develop
seizural activity following surgery (3).

Bumetanide is a diuretic agent, which blocks Na/K/Cl
cotransporter (NKCC1) (4). Experimental studies in neona-
tal animals showed that NKCC1 is highly expressed in
neonatal period. Moreover, further studies revealed that
brain insults resulting in recapitulation of immature-
like transmitter that were involved in epileptogenesis (5).
Miles et al. reported that in hippocampal slices obtained
from patients with TLE, interictal paroxysmal activity was
generated by gamma-aminobutyric acid (GABA)-ergic de-
polarizing transmission in the pyramidal cells (4). Fur-
ther studies revealed that shifting from inhibitory to exci-
tatory of GABAergic responses was related to the intracellu-
lar chloride concentration produced by altered expression
of K/Cl cotransporter 2 (KCC2) and NKCC1 (4). Deidda et

al. showed that bumetanide can reverse excitatory GABAA
receptor by restoring Ecl to wild type and make synaptic
plasticity and memory in a mouse model of Down syn-
drome (6). Moreover, bumetanide in combination with
benzodiazepines was used to treat pharmacoresistant sta-
tus epilepticus (7). Modification of chloride hemostasis by
bumetanide may play a role in restoring neuronal func-
tions.

Based on the above mentioned evidence, in a prelimi-
nary study authors showed that 2 mg/day of bumetanide
for 4 months effectively reduced seizure frequency in pa-
tients with TLE and resistant to drugs (8). Indeed, a recent
study showed that 5 mg/day of bumetanide for 2 months
improved the Parkinson disease motor symptoms without
any side effects (9).

The current paper reported the 3-year follow-up of 1 of
the study subjects whose his seizure was controlled follow-
ing the 4 months of adding bumetanide to his previous
anti-epileptic regimen and AEDs tapering without any re-
lapse.
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2. Case Presentation

The subject, a 36-year-old right handed male, was the
3rd patient in the authors‘ previous study (8). His first
seizure occurred at the age of 24 years after dental surgery.
He had no history of trauma, encephalopathy, hypoxia,
diffuse, focal extratemporal electroencephalogram (EEG)
spikes, or other cerebral lesions. The first seizure occurred
at night, but he did not receive any treatment at that time.
However, after the first attack, his epileptic seizure oc-
curred. Complex-partial seizures started with 1-2 attacks
monthly within a day. Six months later his seizure fre-
quency increased to once a week. His seizure was initiated
by loss of awareness followed by oral and right hand au-
tomatism and a short postictal phase.

2.1. Diagnostic Focus and Assessment

A long-term video-EEG monitoring confirmed the left
anterior temporal lobe origin of the seizures and mag-
nitude resonance imaging (MRI) (1.5T GE SIGNA LX) in-
vestigations showed left hippocampus and minimal right
hippocampal sclerosis (Figure 1, left). Mild hypoperfu-
sion at the left temporal lobe was detected in interictal
single-photon emission computed tomography (SPECT).
He received 900 mg carbamazepine/day and depakine 500
mg/day. His seizures were not controlled even though with
AEDs.

Figure 1. Video-EEG Monitoring

This patient was diagnosed with pharmacoresistant to
2 AEDs in adequate dosage. He was considered as a good
candidate for left temporal lobectomy, but pre-surgical
neurophysiological verbal and memory testing showed
above-average risk.

2.2. Therapeutic Focus and Assessment

The case was enrolled in the study of receiving
bumetanide twice a day (1 mg every 12 hours) adju-
vant to his AEDs for 4 months. Blood tests including uric
acid, creatinine, serum Na+ and K+ were performed at

the baseline (day 0), day 7, day 30, and day 90 after the
administration of bumetanide. He was followed up 4 days
before, during 4 months, and 3 years after the treatment.
Long-term monitoring (LTM) (24 hours monitoring) was
done using Stellate LTM System (Stellate, Montreal, QC,
Canada) before and after the treatment (Figure 2A and
2B) (8). A short EEG (30 minutes) was obtained recently
(Figure 2C). In addition to the baseline MRI, brain MRI
was performed according to a routine epilepsy protocol
(10), using a 3.0-T MR imaging with a 32-channel coil
(SYNGO MR B17, Trio Tim, SIEMENS) at the Neuroimaging
Research Unit, Imam Khomeini Hospital, Tehran, Iran. The
study included conventional MRI sequences: T1-mpreg.,
axial and coronal T2-weighted (Figure 1, right) and fluid
attenuated inversion recovery. Seizure localization (on the
1st MRI) was analyzed on the 2nd MRI by 2 independent
neuro-radiologists who confirmed decay of hypointensity
of T1W images after treatment. To confirm the changes
observed in the new images, binary hippocampal volume
of patient was automatically analyzed using Free Surfer
software version 5.3 (https://surfer.nmr.mgh.harvard.edu)
in comparison with 10 healthy age and gender matched
controls [mean age ± standard deviation (SD): 35.7 ± 0.67
years] (Table 1).

Figure 2. Long-Term Monitoring
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Table 1. Comparison of Hippocampal and Amygdala Volume Between the Patient and Healthy Controls

Variables Healthy Group Patient P Value Between Groups (Independent T Test)

Volume Hippocampal Hippocampal

Side Right Left Right Left Right Hippocampal: 0.33

Value 78 77.89 76.52 75.22 Left Hippocampal: 0.58

Volume Amygdala Amygdala

Side Right Left Right Left Right Amygdala: 0.36

Value 78.69 79.60 77.36 76.85 Left Amygdala: 0.56

Statistical package for social sciences (SPSS®, SPSS Inc.,
and Chicago, IL, USA) version 20 was used for the statistical
data analysis. The independent t test was used to analyze
the differences between the case and healthy controls. Dif-
ferences between the left and right hippocampal volumes
were compared using the paired t test. P value of 0.05 was
considered significant. The volumetric study showed re-
duction in the volume of hippocampus and amygdala in
patient, but it was not statistically significant compared
with those of the healthy ones (P ≤ 0.5).

2.3. Follow-Up and Outcomes

The 3-year follow-up showed seizure frequency re-
duction ≥ 75% four months after discontinuation of
bumetanide, while he was on carbamazepine (900
mg/day) and depakine (500 mg/day). The patient had
noted 3 complex-partial seizure activities after very stress-
ful situations, but was seizure free from the last one up
to now. He had residual auras for 2 years, but from a
year ago he was free from aura. He was regularly visited
by a neurologist for 3 years. Dosage of his AEDs was not
changed within the 1st year after cessation of bumetanide.
Since 2 years ago, his AEDs dosage was tapered. Now he is
on 400 mg carbamazepine/day and depakine 200 mg/day
without any relapse.

3. Discussion

Bumetanide is recently considered as a new anticon-
vulsant therapy in neonates (11), schizophrenia (12), and
neurodevelopmental disorders (13). It may revert excita-
tion mediated by GABA through modifying chloride home-
ostasis. It suppresses GABA-generated network activities
that contribute to the rhythmic interictal events (14, 15). In-
terictal events were not detected in the current case after
bumetanide treatment. For the 1st time, the current report
showed achievement of sustains shutting down of seizu-
ral activity after adding bumetanide to EAD’s regimen. The

current case report supported the possible long-term ef-
fect of bumetanide on refractory TLE without any side ef-
fects, while it was used for 4 months. Another study high-
lighted the long-term effect of this medication on sensory
behaviors in a case study (16). It is proposed that rather
than direct effects on NKCC1 and chloride homeostasis,
bumetanide may increase the efficacy of postsynaptic in-
hibition of other AEDs and thereby act as anticonvulsant
drugs. Investigation of bumetanide as an adjunctive anti-
convulsant on adults undoubtedly requires more partici-
pants. Authors are conducting a new study hiring more pa-
tients with more frequent seizures. A preliminary observa-
tion was quite promising (unpublished data).
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