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CORRESPONDENCE

In a recent News & Views article (Neonatal 
seizures still lack safe and effective treat-
ment. Nat. Rev. Neurol. 11, 311–312; 2015),1 
Thoresen and Sabir reviewed our report on 
the use of bumetanide as an adjunct to a 
second dose of phenobarbital in the treat-
ment of neonatal seizures (Bumetanide for 
the treatment of seizures in newborn babies 
with hypoxic ischaemic encephalopathy 
[NEMO]: an open-label, dose finding, and 
feasibility phase 1/2 trial. Lancet Neurol. 14, 
469–477; 2015).2 The authors concluded that 
there might be benefit from bumetanide, but 
we believe they have misinterpreted our 
paper and we disagree with their conclusions 
in several important areas.

The primary outcome in our study was 
80% reduction in seizures—without the need 
for rescue antiepileptic drugs—arising in 
>50% of infants. Thoresen and Sabir rightly 
point out that five babies demonstrated 
seizure reductions of ≥80% of baseline, but 
rescue drugs for ongoing seizures were used 
in four of these five within 24 h of the initial 
bumetanide treatment period. Nine babies 
with seizures at baseline were given rescue 
drugs during the 48 h after bumetanide treat-
ment. Of the remaining five infants in our 
sample, who did not experience a seizure by 
the time bumetanide was administered, three 
subsequently required rescue medication. 
Only two babies did not receive rescue treat-
ment, and they did not have seizures at base-
line. Thus, any ‘success’ of bumetanide was 
temporary, and the prespecified  endpoint  
was not reached by a single patient.

In addition to the primary outcome, we 
calculated the instantaneous seizure burden 
in each baby, as measured by seizure inten-
sity over the duration of the observational 
period. Two independent observers found 
no evidence that bumetanide altered the 
immediate trajectory of seizures in any baby; 
indeed, the seizures were often already decay-
ing in frequency by the time bumetanide 
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was given (Figure 1). Thus, there was no 
evidence for a direct antiepileptic effect. 
We could not exclude the possibility that 
bumetanide enhances the response to rescue 
drugs—which would require a different 
study design—however, a new study in mice 
suggests bumetanide does not improve the 
effects of phenobarbital in hypoxia-induced 
seizures,3 which supports our findings.

Our trial2 used a Bayesian dose-finding 
approach,4 and a separate Bayesian procedure 
was used to forecast the pharmacokinetics 
of bumetanide.5 We believe that Thoresen 
and Sabir misunderstood the Bayesian 
approaches that were used for both the dose-
finding and pharmacokinetics methodology: 
the dose-finding approach does not require 
a formal sample size calculation, but we did 
undertake a simulation study to evaluate the 
robustness of our models. This simulation is 

described in the web material attached to our 
original publication.2

We designed our trial with predefined 
stopping rules that required us to halt the 
study if all dose levels demonstrated toxicity 
higher than the target level. An acceptable 
safety profile was defined as serious adverse 
reactions in <10% of patients. Hearing loss is 
a serious permanent disability, and was seen 
in three of 11 surviving infants (~27%).

Thoresen and Sabir argue that the rate 
of hearing impairment we observed does 
not differ from a recent case series to which 
they contributed,6 but this level is sub-
stantially higher than was seen in a recent 
meta- analysis7 and in our own audits. In the 
case series,6 the authors conclude that high 
gentamicin levels contribute to the risk of 
hearing loss, but they reported only trough 
gentamicin levels above 2 mg/l. From a 
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Figure 1 | Instantaneous seizure burden in infants treated with bumetanide. Seizures (blue bars) 
in all infants from our cohort 4 h before and 8 h after the initial bumetanide administration (red 
dashed line). Bumetanide was given together with a further dose of phenobarbitone, and 
additional rescue medications (if necessary) are denoted by black lines. Baseline was defined as 
the 2-h period from −2 to 0 h. Drugs listed to the right of the graph relate to rescue therapies given 
in hours 9–48. Abbreviations: Ld, lidocaine; Mz, midazolam; Pb, phenobarbital; Py, phenytoin.
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pharmacological perspective, high trough 
levels are associated with renal dysfunction, 
whereas high peak levels are associated with 
ototoxicity. Other data in preterm infants 
have highlighted a confluence of risk factors 
including acidosis, loop diuretics and amino-
glycosides at target levels.8 None of the infants 
included in our study had either high trough 
or high peak aminoglycoside levels, or hypo-
glycaemia. It is plausible that aminoglycosides 
and loop diuretics (such as bumetanide) 
act synergistically to produce ototoxicity,9 
and so extreme caution is required before 
 co-administering these types of drug.

We are also surprised at the authors’ 
statement that “we do not know whether 
[hypothermia] is also beneficial in humans” 
in terms of reducing seizure burden.2 
Recent publications clearly indicate that 
hypothermia reduces seizure burden in 
infants with  moderate hypoxic–ischaemic 
encephalopathy.10,11

Given the lack of effect of bumetanide 
on either the primary outcome or the tra-
jectory of seizure burden, and the anxiety 
concerning the risk of hearing impairment, 
the NEMO investigators were unanimous 
in deciding to halt the study. Therefore, we 
firmly disagree with the conclusion that 
further clinical studies of bumetanide are 
warranted in babies with neonatal seizures 
due to  hypoxic–ischaemic encephalopathy.
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